N. M. Antovi¢, et al.: Radioactivity in Soil from Mojkovac, Montenegro, and ...
Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 1, pp. 57-63 57

RADIOACTIVITY IN SOIL FROM MOJKOVAC, MONTENEGRO,
AND ASSESSMENT OF RADIOLOGICAL AND CANCER RISK

Nevenka M. ANTOVIC', Danilo S. BOSKOVIC,
Nikola R. SVRKOTA %, and Ivanka M. ANTOVIC 3

1Faculty of Natural Sciences and Mathematics, University of Montenegro, Podgorica, Montenegro
“Center of Ecotoxicological Research, Podgorica, Montenegro
3Depamment for Biomedical Sciences, State University of Novi Pazar, Novi Pazar, Serbia

Scientific paper
DOI: 10.2298/NTRP1201057A

Soil samples from Mojkovac, Montenegro, were analyzed by standard gamma-spectrometry
for radioactivity due to 226Ra, 232Th, 40K, and 137Cs. Average activity concentrations have
been found to be 28.6,43.1, 620.8, and 55 Bq/kg, respectively. In order to evaluate the radia-
tion hazard, radium equivalent activity, absorbed dose rate, annual effective dose, external
and internal hazard indexes, and the annual gonadal dose equivalent were determined and
found to be at an average of 133.79 Bq/kg, 65.18 nGy/h, 79.93 uSv/y, 0.37, 0.45, and 0.46
mSv/y, respectively. With life expectancy taken to be 70 years, a mean lifetime outdoor gamma
radiation was calculated as 5.6 mSy, yielding a lifetime cancer risk of 2.8-10-.
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INTRODUCTION

Natural background radiation makes up approxi-
mately 80% of the total radiation dose a person receives
inayear [ 1], with soil radionuclide activity concentration
as one of the main contributors. This radiation was
formed by the process of nucleosynthesis, but only
radionuclides with half-lives comparable to the Earth’s
age, such as *’K and radionuclides from the uranium and
thorium series, can still be found in different geological
materials. A majority of them can be considered as
y-emitting radionuclides. Namely, “’K decays by electron
capture and *-decay to stable “’Ar (10.7%) (with an
emission of 1460.83 keV y-ray), and by "-decay to sta-
ble “’Ca (89.3%) [2]; Z*U series contains 18 daughter
radionuclides (including **Ra, with a half-life of 1600
years), and ends with stable lead — *"Pb [2]
(radioecological importance of *°Ra is mostly related to
its decay product radon (***Rn) which contributes about
50% to the average annual effective dose that the human
population receives from all natural radiation sources
[3]); ***Th series contains 10 daughter radionuclides and
ends with stable **Pb [2]. Their gamma radiation (fol-
lowing decays of “’K and daughters in the uranium and
thorium series) represents the main external source of ir-
radiation and can be considered as the largest contributor
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to the external dose absorbed by the world population.
Total external exposure rates from terrestrial gamma ra-
diation worldwide showed the absorbed dose rates me-
dian of 57 (18-93) nGy/h and a population-weighted av-
erage of 59 nGy/h. The median value of the absorbed
dose rates in air from radionuclides of the **U series has
been found to be 16 nGy/h, witha population-weighted
value of 15 nGy/h, as is the case with radionuclides of the
*Th series — 18 nGy/h, with a population-weighted
value — 27 nGy/h [4].

Potassium-40 activity concentrations in soil
worldwide showed medians in the range from 140 to
850 Bg/kg, with a mean of 400 Bq/kg, whilst?>Ra ac-
tivity medians ranged from 17 to 60 Bg/kg, with a
mean of 35 Bg/kg, and those of 2>Th— from 11 to
64 Bg/kg, with a mean of 30 Bq/kg [4].

On the other hand, soil radioactivity is also af-
fected by artificial radionuclides, in particular by '3’Cs
(a fission product with a half-life 0of 30.1 years) formed
through nuclear tests and accidents. This is why soil
samples from Mojkovac, Montenegro, have for the
first time been analyzed for radioactivity due to >?°Ra,
232Th, 49K, and 37Cs.

In order to evaluate the health hazards of natural
radioactivity, radium equivalent activity, gamma-ab-
sorbed dose rate, annual effective dose, hazard index
(external and internal), annual gonadal dose equiva-
lent and the excess lifetime cancer risk were also esti-
mated and presented here.
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MATERIALS AND METHODS
Sampling and sample preparation

A map of the study area (Mojkovac) with 13 soil
sampling locations (tab. 1) is shown in fig. 1.

The town of Mojkovac, with a population of
10000 (census of population, households, and dwell-
ings in the Republic of Montenegro in 2003), lies on
the west bank of the Tara River, between mountains
Bjelasica and Sinjajevina. It is located around 850 m
above sea-level, and the geology of the region is char-
acterized by marl, sandstone, and schist, Triassic lime-
stones with chert, keratophyre, quartz keratophyre and
tuffs, and Quaternary alluvium.

In addressing environmental problems in
Montenegro, Mojkovac was marked as an ecological
hot spot, mostly due to the waste storage site
(“Jaloviste” in fig. 1, separated from the town only by
a road) of flotation sludge from re-processing of
Pb-Zn of the Brskovo mine (closed in 1991). There-
fore, ecological hazards (including impact upon the
ecosystem of the National park Durmitor) were con-
sidered in many studies (particularly in those dealing
with heavy metals) but, until now, there has not been a
study evaluating environmental risk due to radioactiv-
ity in soil.

A standard procedure for soil sampling [5] has
been applied in the present study. The surface (0-5 cm)
of uncultivated soil has been taken (from a frame of
25 cm x 25 cm), foreign bodies were removed and the

remaining soil placed in clean bags. The samples were
dried at room temperature, passed through 2 mm
sieves, weighed, placed in Marinelli beakers and kept
for around 40 days before the analysis at airtight con-
ditions, so as to allow secular equilibrium between ra-
dium and its daughters.

Determination of radionuclide activity
concentrations and radium
equivalent activity

Gamma-spectrometry is a standard procedure for
40K and '37Cs measurements, but is widely used for var-
ious radium and thorium measurements, as well. So, the
soil samples from Mojkovac were measured using the
coaxial HPGe detector (ORTEC — GEM-40190, rela-
tive efficiency — 40%, FWHM — 1.80 keV at 1.33 MeV,
FWHM - 840 ¢V at 122 keV; background — 1.23 cps;
software — Gamma Vision 32 A66-B32 V 4.12 and
Gamma Vision 32 A66-B32 V 5.2), calibrated using
standard mixtures of gamma emitting isotopes in
Marinelli beakers (Czech Metrological Institute). The
soil samples were measured over different live measur-
ing times (from 23 156 s /Skolski centar/ to 64 747 s
/Mala $kola/), and activity concentrations of 2*°Ra,
232Th, 4K, and '*’Cs were determined by using inten-
sive photopeaks — *?°Ra (295.22 keV, 351.93 keV,
609.31 keV, 1120.2 keV, 1764.4 keV), **Th (338.32
keV, 911.20 keV), “K (1460.83 keV), and ¥’Cs
(661.62 keV), in a standard procedure (based on the to-
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Figure 1. Soil sampling locations
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tal net counts under the selected photopeaks, live mea-
suring time, photopeak efficiency, gamma ray intensity,
and weight of the sample).

The radium equivalent activity (Ra,,) in Bq/kg
represents the uniformity with respect to exposure to
radiation, as the distribution of2°Ra, 23*Th, and *°K in
soil is notuniform. It was calculated by the relation [6]

Ra,, = 4(**°Ra) + 1.434,(**Th) +
+0.074,(*K) 1)

where 4. **°Ra), 4.(***Th), and 4,(*’K) [Bqkg'] are
the activity concentrations of **Ra, >**Th, and *’K, re-
spectively, in soil samples. At the base of calculating
Rag i. e., eq. (1) is the assumption that 370 Bq/kg of
Ra or 259 Bq/kg of **Th or 4810 Bg/kg of *’K pro-
duce the same y-dose rate.

Absorbed and effective dose rate

The gamma absorbed dose rate in air at 1 m
above the ground level, D [nGyh™'] was calculated us-
ing the equation

D = 4,(**Ra)0.462 + A,(***Th)0.604 +
+ A,(*°K)0.0417 (2)

where A.(**°Ra), A(**Th), and A(*K) are activity
concentrations of *°Ra, **Th, and K, respectively,
and 0.462, 0.604, and 0.0417 (nGy/h)/(Bq/kg), re-
spectively, are corresponding dose coefficients [4]. In
eq. (2), it is assumed that all decay products of **’Ra
and ***Th are in radioactive equilibrium with their pre-
CUISOTS.

The annual effective dose rate, £ was estimated
by equation

E=D [nGyh™] 8760 h -0.2:0.7 Sv/Gy™!  (3)

where the dose conversion factor (0.7 Sv/Gy), outdoor
occupancy factor (0.2) and time (8760 hours per year)
are taken into account, as proposed by the UNSCEAR
[4].

Hazard index, annual gonadal
dose equivalent and excess cancer risk

The external hazard index (/) was calculated
by [6]
H,, = A,(***Ra)/370 + A (***Th)/259 +
+ A,(*K)/4810 (4)

The maximum value of this index equal to unity
corresponds to the upper limit of radium equivalent ac-
tivity (370 Bg/kg).

Asitis known, radon and its short-lived products
are also hazardous for respiratory organs. The internal
hazard index H,, (quantifying the internal exposure to

radon and its decay products) is given by the equation
[7, 8]
Hy, = A(*°Ra)/185 + 4,(*?Th)/259 +
+ A,(YK)/4810 (5)

It is important to point out that the values of indi-
ces H, and H; must be less than unity for the radiation
hazard to be negligible. For a safe use of a material in
the construction of dwellings, the index H;, should be
less than unity and its maximum value needs to be less
than unity [7].

The gonads, active bone marrow and bone sur-
face cells are considered as the organs of interest by the
UNSCEAR [3]. Thus, the annual gonadal dose equiv-
alent (G) in uSv/y due to *°Ra, *2Th, and *°K activity
concentration was calculated using [9]

G = 4,(**%Ra)3.09 + 4,(*2Th)4.18 +
+ 4,(YK)0.314 (6)

Moreover, excess lifetime cancer risk (CR) was
calculated by [10]

CR = E-T'RF (7)

where, E is the annual effective dose rate, T— the life-
time (70 years), and RF — the risk factor [Sv '], fatal
cancer risk per Sievert. For stochastic effects, the
ICRP 60 recommended a value of 0.05 for the public
[11]. On the other hand, taking the fatal cancer risk for
a population of all ages, the ICRP 103 uses a value of
0.04 [12], and its detriment-adjusted nominal risk co-
efficients for stochastic effects after exposure to radia-
tion at low dose rate (derived from incidence data), dif-
fer from those given in the ICRP 60 (derived from
mortality data).

RESULTS AND DISCUSSION

Radionuclide concentration and
radium equivalent activity

The results of soil measurements, i. e., 22°Ra,
232Th, 4K, and '37Cs activity concentrations in the 13
samples from Mojkovac, as well as radium equivalent
activities calculated by eq. (1), are given in tab. 1. A
cumulative activity concentration at each location is
shown in fig. 2.

Minimum detectable activities ranged from 0.47
Bg/kg (Rudnica 1) to 2.25 Bq/kg (Skolski centar) — for
22Ra; from 1 Bg/kg (Rudnica 1) to 3.65 Bg/kg
(Mikronaselje) — for 232Th; from 2.6 Bg/kg (Rudnica
1)to 10.9 Bg/kg (ul. Dusana Tomovi¢a) — for *°K; and,
from 0.29 Bq/kg (Braunoviéi) to 1 Bq/kg (Rudnica) —
for 137Cs. From the data in tab. 1, it follows that 22°Ra
activity concentrations in sampled soil ranged from
20.5 to 38.3 Bg/kg, with a mean, standard deviation
and a median of 28.6, 4.3, and 28.6 Bq/kg, respec-
tively. This average value is in accordance with a mean
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Table 1. Radionuclide activity concentrations and radium equivalent activities

Location i Activity concentratlz?( [Bg/kg] e o
1 Braunovici 26.42 +£0.29 47.68 £ 1.73 614.64 £20.21 4.94+0.22 137.63
2 ul. Dusana Tomovica 30.05 £1.50 42.95+2.70 567.60 +21.94 28.64 £1.22 131.2
3 | ul. Svetozara Drobnjaka 38.26 £ 1.36 39.30+2.52 517.63 £19.81 80.36 +2.82 130.73
4 Mala skola 25.56 £ 1.08 38.46 £ 1.82 515.61 £17.84 66.03 £2.21 117.65
5 Park 26.97 £ 1.26 47.17£2.51 678.86 £ 24.06 1.26 £0.35 141.94
6 Pumpa 26.13 £ 1.04 39.70 + 1.80 753.41 +£25.60 33.60 + 1.18 135.64
7 Tlic¢i 33.56 £ 1.39 56.33 £2.52 598.05 £21.02 8.32+0.47 155.97
8 Rudnica 1 20.49 +£0.74 31.24+1.22 575.21 £ 18.90 6.50 £ 0.26 105.43
9 Rudnica 29.92 +1.38 33.98 £2.03 674.11 £24.01 276 +9 125.69
10 Hotel Sinjajevina 28.59 +1.48 41.77 +2.73 565.96 £21.58 79.17 £ 2.80 127.94
11 Mikronaselje 30.86 = 1.56 44.63 +2.79 632.21 +£23.88 41.34+1.62 138.93
12 Juskovica potok 24.78 £ 1.09 45.16 +2.11 692.89 +23.85 4.78 £0.36 137.86
13 Skolski centar 29.88 £ 1.65 52.34+2.97 684.78 +25.95 84.20 £ 3.01 152.66
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Figure 2. A cumulative activity at the locations — in
Bqg/kg (a), in % (b)

226Ra activity concentration measured in Greek and
Spanish soil, for example (25 and 32 Bq/kg, respec-
tively [4]). At the same time, it is slightly lower than
the average radium activity measured in Botswana
(34.8 Bg/kg [13]) and northern Jordanian soil (42.5
Bg/kg [14]). A median of (around, 28.6 Bg/kg) is
found to be lower than the global average (35 Bq/kg
[4]).

Average 2*Th activity concentrations in the re-
gion of Southern Europe (Albania, Croatia, Greece,
Portugal, Slovenia, and Spain) are found to be 24
[4-160],45[12-65],21[1-190], 51 [22-100], 35 [2-90],
33[2-210] Bg/kg, respectively [4] (the range of individ-
ual measurements is given in brackets). In the case of

soil from Mojkovac (from 31.2 to 56.3 Bq/kg), a mean
value of thorium activity (43.1 Bq/kg, with a standard
deviation of 6.9 Bg/kg) is found to be in accordance
with the one in Croatia, but somewhat higher than in
Slovenia and Spain, as well as those of above men-
tioned soil samples in Botswana (41.8 Bq/kg) and Jor-
dan (26.7 Bqg/kg). The median (42.9 Bqg/kg) is also
higher than the worldwide average median (30 Bg/kg
[4D).

The minimum, maximum, mean, standard devi-
ation and median of 4°K activity concentration in soil
from Mojkovac have been calculated to 515.6, 753 .4,
620.8,72.7,and 614.6 Bq/kg, respectively. Atall loca-
tions, “°K activity was found to be higher (for 7 up to
36%) than the highest previously measured value in
Montenegro (1994, using in situ gamma-spectrometry
—481 Bg/kg [15]). In comparison with other Southern
European countries (Albania, Croatia, Cyprus,
Greece, Portugal, Slovenia and Spain, with an average
40K activity of 360, 490, 140, 360, 840, 370, and 470
Bg/kg, respectively [4]), an average of “°K activity in
soil samples from Mojkovac was found to be for the
most part higher (except for Portugal). Moreover, a
median of 614.6 Bg/kg is higher than the global aver-
age (400 Bg/kg).

The highest '3’Cs activity concentration deter-
mined in sample 9, Rudnica (276 Bq/kg), is signifi-
cantly higher than, for example, that one found in the
neighbouring Serbia (Lazarevac) (38.1 Bg/kg [16]),
but lower than the maximum one measured in
Montenegro in 1994 (740 Bg/kg [15]). As follows
from data in tab. 1, the lowest 137Cs level was found at
location 5, Park (1.26 Bqg/kg), while its average activ-
ity concentration was calculated to be about 55 Bq/kg,
with a standard deviation and median of 73.5 and 33.6
Bq/kg, respectively.

At the same time, the highest contribution of
137Cs to cumulative activity was found at location 9
(Rudnica) — 27% and, subsequently, at location 3 (ul.
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Svetozara Drobnjaka) — 12% (fig. 2). A negligible con-
tribution was found to exist at location 5 (Park), as well
as at locations 12, 1, 8, and 7 (1%, in all four cases).

Location 8 exhibited the highest “°K_ contribu-
tion to the total activity (91%), location 9 — the lowest
being (67%). Radium-226 contributed to the total ac-
tivity similarly at all locations — between 3% (loca-
tions 6, 8,9, 12) and 6% (location 3), as well as 232Th —
between 3% (location 9) and 8% (location 7).

In general, the highest cumulative activity fig.
2(a) was found at location 9 — Rudnica, whilst the low-
est one was at location 8 — Rudnica 1. The radium
equivalent activity (tab. 1) was very similar for all mea-
suring points in Mojkovac (ranging from 105.43 to
155.97 Bg/kg, with a mean, standard deviation and me-
dian 0f133.79, 13.4, and 135.64 Bq/kg, respectively).

Absorbed and effective dose rate

Absorbed dose (D) and effective dose (F) rates
due to natural radionuclides only (*°K, ?*Ra, 2**Th),
calculated by egs. (2) and (3), respectively, are given
in tab. 2.

The absorbed dose rate eq. (2) was estimated to
be in the range from 52.32 to 74.47 nGy/h, with an av-
erage of 65.18 nGy/h (standard deviation — 6.17
nGy/h), which is lower than, for example, environ-
mental gamma dose found in northern Rechna Doab,
Pakistan (the mean value of 109.1 nGy/h [17]), higher
than the average previously obtained for the entire ter-
ritory of Montenegro — 55 nGy/h [15], and slightly
higher than the average (total) absorbed dose rate in
other 7 South European countries (62 nGy/h [4]), or,
for example, in Belgrade, Serbia (60.5 nGy/h [18]).
Additionally, the median of absorbed dose rates
(66.6 nGy/h) is also found to be higher than the global
average (57 nGy/h [4]).

Table 2. Absorbed and effective dose rates due to natural
radionuclides

Location Absorbed dosE Effective dogﬁ: rate,
rate, D [nGyh '] E [uSvy ']
1 Braunovici 66.63 81.72
o | ul Dusana 63.49 77.87
Tomovica
3 “}jfo‘gg’azlf;a 63.02 77.28
4 Mala $kola 57.00 69.91
5 Park 69.26 84.94
6 Pumpa 67.47 82.74
7 1liéi 74.47 91.32
8 Rudnica 1 52.32 64.17
9 Rudnica 62.46 76.59
10 |Hotel Sinjajevina 62.04 76.08
11 | Mikronaselje 67.58 82.88
12 | Jugkovi¢a potok 67.62 82.93
13| Skolski centar 73.97 90.72

A relative contribution of *°K, 22°Ra, and %32Th
to the highest (Ili¢i, location 7) and the lowest
(Rudnica 1, location 8) absorbed dose rate is shown in
fig. 3(a) and (b), respectively. In the case of the highest
absorbed dose rate, thorium contributed with 46%,
whilst in the case of the lowest one, it is potassium
(46%, as well).

(a)

Figure 3. A relative contribution of YK, 2°Ra, and **Th
to the highest (a), and lowest (b) determined absorbed
dose rate

The corresponding mean effective dose was esti-
mated as 79.93 uSv/y (with a standard deviation and
median of 7.56 and 81.72 uSv/y, respectively) which is
less than the maximum permissible dose of 1 mSv/y, as
well as less than both the average annual effective dose
(exposure to natural radiation sources) of 2.4 mSv and
thetotal external terrestrial radiation of 0.48 mSv [4].
The maximum determined gamma-dose rate (91.32
1Sv/y) was also found to be less than the mentioned ref-
erence values. In regard to outdoor external terrestrial
radiation, a mean effective dose rate was found to be
somewhat higher than the global average (0.07 mSv

[4D).

Hazard indexes, gonadal dose
equivalent and excess lifetime
cancer risk

Hazard indexes (H., and Hj,, calculated by egs.
(4), (5), respectively), for all the locations are pre-
sented in tab. 3.

As follows from tab. 3, the external hazard index
(H,,) ranged from 0.29 to 0.43. The mean value is 0.37
(as standard deviation and median — 0.04 and 0.38, re-
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Table 3. Hazard index for all analyzed locations in
Mojkovac

Location Hey H,
1 Braunoviéi 0.38 0.45
2 ul. Dusana Tomovicéa 0.36 0.44
3 ul. Svetozara Drobnjaka 0.36 0.46
4 Mala $kola 0.33 0.40
5 Park 0.39 0.47
6 Pumpa 0.38 0.45
7 Tliéi 0.43 0.52
8 Rudnica 1 0.29 0.35
9 Rudnica 0.35 0.43
10 Hotel Sinjajevina 0.36 0.43
11 Mikronaselje 0.38 0.47
12 Juskoviéa potok 0.38 0.45
13 Skolski centar 0.42 0.50

spectively), which is in accordance with neighboring
countries, e. g. Serbia, where a mean value of external
hazard index was found to be 0.35 [19], lower than
some obtained previously for soil worldwide (e. g.,
0.76 — soil in the Islamabad capital territory of Paki-
stan [20] or, 0.42 — a mean value for some areas in
Haryana, India [21]).

The calculated values of the internal hazard in-
dex (H;,) vary from 0.35 to 0.52, with a mean, standard
deviation and median of 0.45, 0.04, and 0.45, respec-
tively. This average value is significantly lower than,
for example, that of 1.02 (from 0.2 to 4.8), found at the
U-mines area in India [22] or the one 0f 0.95, found in
Islamabad [20], both of them being close to unity.

As mentioned, the values of H,, and H;, forama-
terial must be less than unity to keep radiation hazard
negligible and allow its use as a construction material
in dwellings.

For all analyzed locations in Mojkovac, H, and
H,, are significantly lower than unity, and both showed
a narrow range of values.

The annual gonadal dose equivalent (G) and ex-
cess lifetime cancer risk (CR) were calculated by egs. (6)
and (7), presented in figs. 4 and 5, respectively (for each
measuring point). The first one (i. e., the annual gonadal
dose equivalent (G) due to **°Ra, ?*Th, and *’K activity
concentration in soil) ranged from about 0.37 to about
0.53 mSv/y, as shown in fig. 4. An arithmetic mean, stan-
dard deviation and median were found to be 0.46, 0.04,
and 0.47 mSv/y, respectively. The values of G for soil
samples from Mojkovac studied in this work proved to
be higher than the world average (0.3 mSv/y [23]).

The excess lifetime cancer risk (CR) based on
the ICRP 60 recommendations (fig. 5), showed a
range from 0.22 to 0.32 (-107), with an arithmetic
mean, standard deviation and median of about 0.28,
0.03, and 0.29 (-107°), respectively. This is lower
than, for example, in Kirklareli, Turkey (0.43-0.61
(-107) [10]), and slightly higher than the global aver-
age (0.2-107, taking into account outdoor external
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Figure 4. The annual gonadal dose equivalent for
each measuring point
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Figure 5. Excess lifetime cancer risk for
13 measuring points

terrestrial radiation, i. e., the average annual effective
dose of 0.07 mSv [4]). At the same time, the CR cal-
culated following the ICRP 103 recommendations
ranged from 0.18 to 0.26 (-107), with a mean, stan-
dard deviation and median of about 0.22, 0.02, and
0.23 (-107), respectively.

CONCLUSIONS

None of the measuring points in the study area
(Mojkovac, Montenegro) showed a radium equivalent
activity higher than 370 Bq/kg. The external and inter-
nal hazard indexes were found to be significantly lower
than unity (a mean of 0.37 and 0.45, respectively),
which means that the radiation hazard is insignificant
for the population living in the investigated area. How-
ever, the median of absorbed dose rates was found to be
higher than 57 nGy/h. The annual gonadal dose equiva-
lent and excess lifetime cancer risk were also found to
be slightly higher than the global average values.
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PAINOAKTUBHOCT Y 3EM/BMIITY N3 MOJKOBIA - IIPHA TOPA U
MMPOIEHA PAINOJJOMKOI PUBNKA U PU3UKA O KAHIIEPA

Y3opmu 3emspmmrTa u3  MojkoBuna - llpna Topa, aHanmm3mpaHum cy CTaHJapIHOM
rama-ceKTpoMeTpHjoM 1 ofpebene cy aktusnoctu 2*°Ra, 232Th, “K u ¥’Cs. Cpeame KoHIEHTpanuje
aKTHUBHOCTH Ouite cy 28,6, 43,1, 620,8 u 55 Bq/kg, pecnektusHo. [la 61 ce IPOLEHUO PU3UK Of] 3payeHa
aHAMM3MPAaHU Cy PaliijyM eKBUBAJICHTHA aKTUBHOCT, jauMHa ancopOOBaHe 03¢, TOAUIImba epeKTUBHA
103a, MHACKC PaijalliOHOTr pu3uKa (ycie] Closballber U YHYTPAIIher H3JIarama) u TOUIIba FOHaTalHa
mo3a, ca cpemuM BpemHocTuMma — 133,79 Bg/kg, 65,18 nGy/h, 79,93 uSvly, 0,37, 0,45 u 0,46 mSvly,
pecrekTuBHO. 3a BpeMe KuBoTa off 70 TouHa, cpefiiba IeI0KMBOTHA []03a TaMa 3pauera m3HocH 5,6 mSv, a
ca OBUM IOBE3aHU PU3MK Of KaHuepa je 2,8-1074.

Kwyune pequ: paouoakimiu8HOCI 3eMbUULTUA, PAOUOAOULKA OUACHOCI, PU3UK 00 KaHuepa



