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The main aim of this study was to investigate the impact of the coal mine in Lazarevac, and the
coal-fired power stations in Obrenovac, on the activity concentrations of radionuclides 40K,
238U, 232Th, and 137Cs in some parts of human food chain of people living in the surrounding
area. The obtained results showed that natural environment around the examined coal mine
and the coal-fired power stations are not significantly affected by the emission of primordial
radionuclides. The activity concentrations of 238U in the soil around the open coal mine and
the coal processing installations (66.4-76.0 Bq/kg) and in the soil around the coal-fired
power stations (55.5-61.2 Bq/kg) were not significantly higher than the average values in Serbia. The significant increase in the activity concentrations of natural radioisotopes in the samples of soil, vegetation, and animal products, was not confirmed. Food of animal origin used
in human consumption is safe, i. e. not contaminated by radiation.
Key words: food chain, radioactivity, coal mine, coal-fired power station

INTRODUCTION

Worldwide use of nuclear energy, coal combustion, production and application of phosphorus
fertilizers, mining industry and radioactive waste
production, all contribute to distribution of natural
radioactiv ity [1].
Energy production from coal is one of the major
sources of increased exposure of man to artificially
perturbed natural radioactivity. Coal contains trace
quantities of all primordial radionuclides and their decay products, in particular 40K and the decay series
headed by 232Th and 238U. The radioactivity in coal is
comparable with that in other environmental materials. However, all the stages of the coal fuel cycle including mining, combusting, and utilization or disposal of ash, cause minor perturbation of the natural
radiation. The radioactive contamination of the environment from the above source, is expected to be concentrated around the centres of extraction and utilization of coal [2, 3]. The problem associated with the use
of coal is very high ash content. Therefore, the problem for the future should be addressed from radio-ecological and pollution points of view [4].
* Corresponding author; e-mail: radijacija@net.bg.ac.rs

Coal-fired power station spreads around the pollution and moves the radioisotopes to local ecosystem
at a distance of several kilometres [5]. Dust emitted to
the atmosphere by the coal-fired power station is a dangerous and serious problem for the environment [6].
However, the significant increase in the activity concentrations of natural radioisotopes in the samples of
air, soil or vegetation have not been detected experimentally, nor even in the territories surrounding
coal-fired power plants. In general, the activity concentrations of primordial radioisotopes in coal are of the
same order as those in common rock and soils, on average 35 Bq/kg for 238U [7]. Occasionally, a high concentration of uranium can be found in coal. Mining and utilization of uraniferous coal resulted in considerably
elevated activity concentration of 238U, 226Ra in the soil,
through the deposition of fly ash and slag. It was documented that the soil around a coal-fired plant can be
contaminated with a measurable amount of radioactivity [8, 9]. The activities of natural radionuclides, which
are discharged to the atmosphere from a coal-fired
power plant depend on a number of factors. One of
them is the efficiency of the filtering system.
The main pathways through which the population living in the vicinity of a coal-power plant, are ex-
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posed to the enhanced level of natural radionuclides
are inhalation and ingestion, following deposition of
the activity on the ground. Therefore, the activity concentrations of radionuclides in the soil and food chain
should be examined. The results of our previous research [10], during years 2007 and 2008 showed that
the samples of feedstuffs, animal products, and meat
of wild animals from natural environment around Belgrade, where the most food for human consumption
originates from, are safe for human consumption regarding radioactivity.
The aim of this paper was to determine the activity concentration of radionuclides 40K, 238U, 232Th,
and 137Cs in the samples of soil, feedstuffs and animal
products collected from the people living on the territory around the coal mine in Lazarevac and the
coal-fired power plants in Obrenovac.
MATERIALS AND METHODS

The samples were collected during 2011 in the
area of three regions ([opi}i, Stepojevac, and Vreoci)
in the vicinity of Lazarevac open coal mine and the installation for coal processing (washing, drying etc.),
and in the area of two locations (Konatica and U{}e)
around Obrenovac, in the vicinity of the coal-fired
power plants.
From all these sites, 3 samples of each sampling
type were taken for analysis. The soil samples, in
amount of 3 to 5 kg were collected from a depth of
10-29 cm, homogenized, dried at the temperature of
105 ºC and put in 1 L Marinelli beakers. The feedstuffs (alfalfa and maize) samples were collected,
dried at air temperature, ground and put in 1 L
Marinelli beakers. The samples of milk, cheese,
meat, and eggs were collected and put in 1 L Marinelli
beakers in fresh weight.
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All the samples were kept for 40 days prior to
measurements, in order to achieve a radioactive equilibrium.
Radionuclides activity concentration was determined by gamma spectrometric measurement on
HPGe detector (ORTEC, USA), with relative efficiency of 30% and energy resolution of 1.85 keV
(1332.5 60Co). Radioactive measurements were performed according to the procedure described in our
previous work [11].
All obtained results were expressed as means ±
standard deviation.

RESULTS AND DISCUSSION

Table 1. represents the average values of measured results in locations of [opi}i, Stepojevac, and
Vreoci, around Lazarevac. It shows the activity concentrations of investigated radionuclides, in the samples of food chain collected in the vicinity of the open
coal mine and the coal processing installation, and tab.
2. shows the average values of the measured results in
locations of Konatica and U{}e, around Obrenovac, in
the vicinity of the coal-fired power plants.
40K represents the most dominant natural radioactive element. The detected average activity concentrations of this radionuclide, were high in both the
samples of soil (cultivated and uncultivated) and alfalfa, while in the samples of maize the activity concentrations were significantly lower.
The activity concentrations of 238U in the soil
around the open coal mine and the coal processing installations (66.4-76.0 Bq/kg) and in the soil around
the coal-fired power stations (55.5-61.2 Bq/kg) were
not significantly higher from the average values in
Serbia [1,10] and from food chain samples in Belgrade
environment [11]. Similar results were obtained for
226Ra and 232Th activity concentrations in the soil. One

Table 1. 40K, 238U, 226Ra, 232Th, and 137Cs activity concentrations in th soil, feedstuffs, milk, cheese, eggs, and meat of
domestic animals, in Lazarevac, around the open coal mine (average values for locations [opi}i, Stepojevac, and Vreoci)
40
K
[Bq kg–1]

238
U
[Bq kg–1]

226
Ra
[Bq kg–1]

232
Th
[Bq kg–1]

137
Cs
[Bq kg–1]

Soil cultivated

680 ± 21

66.4 ± 3.2

58.7 ± 4.1

57.0 ± 1.9

33.2 ± 1.3

Soil non-cultivated

660 ± 20

76.0 ± 5.1

69.0 ± 2.6

60.8 ± 1.7

61.9 ± 1.8

Alfalfa

760 ± 10

<5.6

1.1 ± 0.2

<1.2

1.1 ± 0.2

Maize

120 ± 4

<1.2

<1.3

<0.2

<0.1

Cow milk

55 ± 2

<1.2

<1.5

<0.2

<0.1

Goat milk

73 ± 3

<1.2

<1.3

<0.3

1.3 ± 0.1

Cow cheese

40 ± 2

<1.2

<1.5

<0.3

<0.1

Eggs (chicken)

41 ± 2

<1.4

<1.7

<0.3

<0.1

Beef meat

96 ± 3

<1.4

0.7 ± 0.2

<0.3

<0.1

Sheep meat

92 ± 4

<2.5

<1.5

<0.3

<0.1

Pork meat

99 ± 3

<1.3

0.4 ± 0.1

<0.2

<0.1

Chicken meat

73 ± 3

<1.4

0.5 ± 0.1

<0.3

<0.1

Samples
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Table 2. 40K, 238U, 226Ra, 232Th, and 137Cs activity concentrations in the soil, feedstuffs, milk, cheese, eggs, and meat of
domestic animals, in Obrenovac, around the open coal-fired power stations (average vaues for locations Konatica and
U{}e)
40
K
[Bq kg–1]

238
U
[Bq kg–1]

226
Ra
[Bq kg–1]

232
Th
[Bq kg–1]

137
Cs
[Bq kg–1]

Soil cultivated

590 ± 22

61.2 ± 7.4

67.8 ± 5.2

68.1 ± 2.1

25.3 ± 0.9

Soil non-cultivated

650 ± 19

55.5 ± 3.3

50.8 ± 2.8

55.3 ± 1.7

42.6 ± 1.2

Alfalfa

980 ± 14

<1.5

<2.3

<0.3

<0.1

Maize

105 ± 4

<1.1

<1.5

<0.3

<0.1

Cow milk

41 ± 2

<1.1

<1.3

<0.2

<0.1

56 ± 3

<1.5

<1.5

<0.2

<0.1

Cow cheese

44 ± 2

<3.4

<0.7

<0.3

<0.1

Eggs (chicken)

401 ± 2

<1.1

0.6 ± 0.1

<0.2

<0.1

Beef meat

97 ± 3

2.1 ± 0.2

<1.5

<0.4

<0.1

Sheep meat

99 ± 4

<1.5

<1.5

<0.3

<0.1

Pork meat

99 ± 4

<1.5

<1.5

<0.3

<0.1

Samples

Goat milk

of the possible reasons for these results is that the activity of natural radionuclides, which are discharged to
the atmosphere from the coal-fired power plant, depends on the efficiency of emission control devices
and the efficiency of the filtering system [9].
The activity concentrations of 137Cs in the soil
samples ranged from 25.3-33.2 Bq/kg in cultivated, to
42.6-61.9 Bq/kg in uncultivated soils. Activity is almost 2 times higher in non-cultivated soils. This results stand in accordance with the results of authors
[10, 11] who have suggested that applying of
agro-technical procedures (ploughing, manuring) are
measures which are undertaken to decrease the concentration of 137Cs in soil.
In the samples of feedstuffs, which are mostly
present in diet of animals (alfalfa, maize) low level activity of primordial radionuclides was measured while
137Cs was on a border of the detection range.
In the examined samples of animal products
(milk, cheese, meat, and eggs) originated from the regions around the coal mine and the coal-fired power
stations, low level of activity concentration of primordial radionuclides was identified and 137Cs was near
the detection limit. The obtained results suggested that
the examined animal products are safe for human consumption.
The significant increase in the activity concentrations of natural radioisotopes in the samples of soil
or vegetation has not been found both in the territories
surrounding coal-fired power plants and in the coal
mine, which stands in accordance with UNSCEAR
2000 Report [7].

fected by the emission of primordial radionuclides.
The significant increase in the activity concentrations
of natural radioisotopes in the samples of soil, vegetation, and animal products was not confirmed. Food of
animal origin used in human consumption is safe, i. e.
not contaminated by radiation.
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RADIOAKTIVNA KONTAMINACIJA LANCA ISHRANE U
OKOLINI RUDNIKA UGQA I TERMOELEKTRANA NA UGAQ
Ciq ovog istra`ivawa bio je da se ispita uticaj procesa va|ewa i prerade ugqa iz
otvorenog rudnog kopa u Lazarevcu, kao i sagorevawa ugqa tokom proizvodwe elektri~ne energije u
termoelektranama u Obrenovcu, na prisustvo radionuklida 40K, 238U, 232Th kao i 137Cs u lancu
ishrane qudi koji `ive u okolini ovih postrojewa. Nivo ispitivanih radionuklida meren je
gamaspektrometrijski, u uzorcima zemqi{ta, sto~ne hrane (lucerka, kukuruz), mleka krava i koza,
kravqeg sira, jaja i mesa goveda, ovaca, sviwa i `ivine. Uzorci su uzimani od lokalnog
stanovni{tva i to po tri uzorka na svakom lokalitetu. Na podru~ju Lazarevca, uzorkovawe je
izvr{eno na lokalitetima [opi}i, Stepojevac i Vreoci, a na podru~ju Obrenovca na
lokalitetima Konatica i U{}e. Dobijeni rezulati pokazali su da se nivo aktivnosti 238U u
zemqi{tu, na podru~ju oko rudnika ugqa (Lazarevac) kretao u rasponu 66,4-76,0 Bq/kg, a na podru~ju
oko termoelektrana u Obrenovcu 55,5-61,2 Bq/kg. Ove, kao i vrednosti dobijene za ostale
radionuklide, nisu bile zna~ajno vi{e od prose~nih vrednosti za Srbiju. U uzorcima sto~ne hrane
i animalnih proizvoda, nivo aktivnosti, ispitivanih radionuklida bio je veoma nizak i ~esto na
granici detekcije. Na osnovu svega, mo`e se zakqu~iti da rudnik ugqa, postrojewa za preradu ugqa
kao i termoelektrane, nemaju zna~ajnog uticaja na pove}awa nivoa aktivnosti primordijalnih
radionuklida u `ivotnoj sredini Lazarevca i Obrenovca.
Kqu~ne re~i: lanac ishrane, radioaktivnost, rudnik ugqa, termoelektrana

