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This pa per pres ents the re sults of iden ti fi ca tion of nat u ral ion iz ing ir ra di a tion in the vi cin ity
of Nikola Tesla B power plant ash dis posal field. The in ves ti ga tions have com prised the de ter -
mi na tion of nat u ral gas (ra don and thoron) activities with a pas sive discriminative nu clear
track de tec tor (CR 39) in the air col umn of the depth of 80 cm in the soil. The de ter mi na tion
of gamma dose rate has been given as well, in clud ing the cor re spond ing GPS co or di nates of
28 mea sur ing points.
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IN TRO DUC TION

Nikola Tesla Power Plant B (TENT B) is one of
six power plants in Ser bia us ing low en ergy coal, lig -
nite. The plant was built in the vi cin ity of Obrenovac,
37 km south west of Bel grade (fig. 1). The geo log i cal
pro file of the TENT B sur round ings shows the pres -
ence of a main sandy gravel aqui fer be tween two for -
ma tions of shal low al lu vial clay-like sed i ments and
Miocenic marly clay. A tar geted in ves ti ga tion of the
con cen tra tions of the nat u ral radionuclides of ura -
nium, tho rium, and po tas sium was per formed in 1996
in or der to de ter mine the po ten tial con tam i na tion of
the soil and un der ground wa ters orig i nat ing from the
power plant in dus trial waste: ash and dross, how ever,
no sig nif i cant quan ti ties of these radionuclides were
found [1]. The con cen tra tions of nat u ral radionuclides
were mea sured again in 2004 in a short-term in ves ti ga -
tion by an ac tive method (Al pha Guard), when low
con cen tra tions of ra don and thoron were found, in di -
cat ing that the TENT B zone was a low nat u ral ra di a -
tion area [2]. In a pre lim i nary in ves ti ga tion, per formed 
in the pe riod of 2005-2007, the low con cen tra tion of
nat u ral radionuclides in the vi cin ity of TENT B was
con firmed [3].

The nat u ral ra dio ac tiv ity mea sure ments given in
this pa per (nor mal oc cur ring ra dio ac tive ma te rial –
NORM) com prise tech no log i cally ad vanced and more 
de tailed in ves ti ga tions of cer tain nat u ral ion iz ing ir ra -
di a tion com po nents, pre dom i nantly those of ra don
and thoron, which com prise more than 51% of nat u ral
ra dio ac tiv ity [4]. Gamma dose rates were mea sured on 
the same lo ca tions with scin til la tion coun ter at the
height of 80 cm above the ground.
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* Cor re spond ing au thor; e-mail: jugnik@eunet.rs Fig ure 1. Ash dis posal field of TENT B



The ex per i men tal pro ce dure based on the use of
pas sive ra don/thoron discriminative de tec tors (with
the com mer cial name of RADUET [5]) aiming of de -
ter min ing the con cen tra tion of these ra dio ac tive gases
in soil has been used in the in ves ti ga tion of an ash dis -
posal field in Ser bia and in the world for the first time.
The field work re sults are sys tem atized as the data on
the mea sur ing point co or di nates, their height above
the sea level, mea sured ra don and thoron ac tiv i ties,
and gamma dose rate.

MA TE RI ALS AND METH ODS

Soil ra don and thoron con cen tra tions were de -
ter mined with the pas sive ra don/thoron discriminative 
de tec tors. The de tec tors used for mea sure ments of the
con cen tra tion of both gases, ra don and thoron, have
been de vel oped and cal i brated in the Na tional In sti tute 
of Ra dio log i cal Sci ences (NIRS), Chiba, Ja pan [5].

The de tec tors were deployed at 28 mea sur ing
points in the vi cin ity of the TENT B ash dis posal field,
and im mersed into air col umns of the depth of 80 cm in 
the ground. The mea sur ing points, shown in fig. 2,
were lo cated ra di ally in the TENT B vi cin ity, and the
geo graph ical po si tion and the height above the sea
level were de ter mined for each of the points.

The de tec tors were in stalled in the sur vey area as 
shown in fig. 3(a). First, holes of depth 80 cm were
drilled in the soil with a spe cially de signed iron drill.
The depth of the holes was af fected by the soil hard -
ness and some times its higher hu mid ity, though these
fac tors did not pres ent an ob sta cle in the ex per i ment.
Each de tec tor was tied with an elas tic string to the stick 
placed over the hole, so that it could hang down and
reach the bot tom. The hole open ing of about 10-15 cm
in di am e ter was cov ered with a poly eth yl ene bag, and
then a loop of mud was made into which a piece of
knauf of 20 ´ 20 cm was in serted and the soil pre vi -
ously dug placed over it. Thus, an air col umn of 70-80
cm was formed and tightly sealed.

The in flu ence of hu mid ity on ra don and thoron
con cen tra tion mea sure ments has been in ves ti gated in
NIRS on the ba sis of the ex per i men tal pro ce dure con -
ducted in this pa per and it has been shown that hu mid -
ity does not have any sig nif i cant in flu ence on the mea -
sure ments [6]. The de tec tors in the air col umns were
ex posed to ra don and thoron for seven days, af ter
which they were pulled out, fig. 3(a) and sent to be
etched in their orig i nat ing NIRS lab o ra tory. In or der
for al pha par ti cle tracks to be ob tained, the etch ing
pro cess was per formed by a stan dard chem i cal method 
last ing six hours in 6.25 M NaOH so lu tion at 90 °C [7].

Ad di tion ally, at the same lo ca tions, five gamma
dose rate measurings were per formed. A scin til la tion
coun ter was used, and the count ing time was 100 sec -
onds for each mea sur ing.

RE SULTS AND DISCUSSIONS

The mea sur ing re sults ob tained from 28 lo ca -
tions are given in tab. 1.

Based on the data pro cess ing and re sult anal y sis,
the arith me tic means of ra don ac tiv ity of 6600 Bq/m3,
thoron ac tiv ity of 1600 Bq/m3, and gamma dose rate of
114 nGy/h were cal cu lated. Re gard ing the geo log i cal
pro file of the TENT B sur round ings (al lu vial sed i ment),
these val ues iden tify the in ves ti gated TENT B ash dis -
posal field sur round ings as a low nat u ral ra di a tion area.
The re sults are in ac cor dance with the pre vi ous in ves ti -
ga tions per formed in the pe riod of 1996-2007, when the
low con cen tra tions of nat u ral radionuclides of ura nium,
ra dium, tho rium, and po tas sium were mea sured in the
soil and un der ground wa ters. This con clu sion is con -
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Fig ure 2. Sam ple lo ca tions – the mea sure ment points

Fig ure 3. Installation (a) and col lec tion (b) of the passive
ra don-thoron discriminative de tec tors



firmed by the mea sured maximum ra don ac tiv i ties of
24917 Bq/m3 and thoron ac tiv i ties of 1944 Bq/m3, as
well as the maximum gamma dose rate of  131 nGy/h.

 Soil gas map ping in the vi cin ity of a coal power
plant dis posal field con ducted with CR 39 pas sive ra -
don/thoron discriminative nu clear track de tec tors with 
the par al lel gamma dose rate mea sur ing com pletes the
pic ture of high and low ra di a tion ar eas in Ser bia, al -
ready marked by the sev eral years of in ves ti ga tion [8,
9].
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Ta ble 1. Ra don and thoron ac tiv i ties, and the gamma dose rate

No. of sample
position

North latitude East longitude
Elevation

[m]
Radon (222Rn)

[Bqm–3]
Thoron (220Rn)

[Bqm–3]
Gamma dose rate

[nGyh–1]

1 44°40'05.35'' 20°02'18.33" 82.4 18051 ± 450 n. d.* 131

2 44°39'17.93'' 20°02'57.39" 88.6 7038 ± 283 3 120

3 44°38'53.49'' 20°02'52.80" 84.2 23835 ± 517 n. d. 117

4 44°38'43.69'' 20°02'58.91" 81.8 5922 ± 259 n. d. 123

5 44°39'37.92'' 20°05'11.02" 84.2 24917 ± 530 n. d. 109

6 44°38'55.40'' 20°04'30.47" 82.0 1714 ± 141 649 121

7 44°38'30.07'' 20°04'13.03" 83.1 3088 ± 188 n. d. 109

8 44°38'21.03'' 20°04'12.45" 79.3 2253 ± 161 179 119

9 44°37'28.71'' 20°04'39.33" 92.3 4638 ± 230 n. d. 131

10 44°37'33.04'' 20°04'57.51" 85.3 >83398 n. d. 127

11 44°37'48.88'' 20°05'09.42" 82.0 5960 ± 260 n. d. 118

12 44°38'22.85'' 20°06'07.35" 111.5 9143 ± 321 n. d. 105

13 44°36'53.43'' 20°05'25.58" 79.0 2574 ± 173 1655 102

14 44°37'06.56'' 20°04'53.61" 61.0 839 ± 102 1677 118

15 44°37'08.20'' 20°04'44.56" 73.0 1477 ± 132 1884 122

16 44°36'21.41'' 20°04'00.52" 84.0 1503 ± 132 n. d. 101

17 44°36'15.31'' 20°04'08.56" 79.0 5078 ± 240 n. d. 109

18 44°35'53.48'' 20°04'13.76" 79.0 10208 ± 340 1599 113

19 44°36'46.96'' 20°02'47.56" 80.0 2836 ± 180 132 105

20 44°36'37.04'' 20°02'36.56" 83.4 3447 ± 199 53 119

21 44°36'19.42'' 20°02'26.19" 82.9 8788 ± 315 n. d. 93.9

22 44°37'18.03'' 20°02'35.12" 89.0 10768 ± 161 n. d. 107

23 44°37'14.76'' 20°02'08.35" 77.9 2235 ± 185 472 112

24 44°37'00.71'' 20°01'43.90" 84.0 5134 ± 242 43 106

25 44°38'07.61'' 20°02'26.45" 80.7 8186 ± 304 7 104

26 44°38'14.24'' 20°01'58.65" 86.4 2858 ± 181 203 106

27 44°38'17.87'' 20°01'42.93" 84.3 856 ± 103 1944 117

28 44°38'43.63'' 20°00'34.72" 88.8 2475 ± 169 509 109

*n. d. – non-de tect able
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MAPIRAWE  ZEMNOG  GASA  U  OKOLINI  ODLAGALI[TA
PEPELA  TERMOELEKTRANE  „NIKOLA TESLA“

U radu su prikazani rezultati identifikacije jonizuju}ih zra~ewa iz prirode u okolini
odlagali{ta pepela termoelektrane „Nikola Tesla“ B. Istra`ivawa su obuhvatila odre|ivawe
aktivnosti prirodnih radioaktivnih gasova radona i torona pasivnim diskriminativnim
nuklearnim trag detektorima (CR 39) u vazdu{nom stubu na dubini od 80 cm u zemqi{tu. Tako|e,
odre|ena je ja~ina doze gama zra~ewa ukqu~uju}i odgovaraju}e GPS koordinate 28 mernih ta~aka.

Kqu~ne re~i: ra don, toron, ja~ina gama doze, pasivni radonsko-toronski diskriminativni 
jjjjjjjjjjjjjjjjjjjjjjjdetektor, termoelektrana


