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ABSTRACT

Data from gamma-spectrometry analyses of soils and sediments samples taken along the Danube river is presented in
the paper. Results about the content of natural and artificial radionuclides like Sr-90 and Cs-137 are discussed. The
region around the Kozloduj NPP including its exclusion zone is investigated in more details. Data from the last years
is compared with such from former investigations of similar samples from the region.

The soil is a natural depot and initial reservoir for spreading of all man-made radionuclides and natural radioactivity.
The man-made isotopes with the longest half-life time, like Sr-90 and Cs-137 are mainly investigated. Because of
their feature to be bioelements, that is to include themselves in human’s metabolism, they are especially dangerous
when their concentrations in the nutritious chain increase. That is why the investigation of these nuclides together with
the natural once like uranium, thorium and radium started in 1978 with annual determination of their concentrations
in soils collected from the region of “Kozloduj” NPP and some places along the Danube river potentially exposed to
radioactive contamination.

The aim was to make a picture of the radioecological status of the soils along the Danube river. The period after 1986
is concerned as the accident in Chernobyl’s NPP changed basically the radioactive situation in the country.
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PE3IOME

B paGorara ca mpencTaBeHH pe3ylaTaTd OT TaMa-CIIEKTPOMETPHYHHN aHAIN3W Ha TIOYBH M CEAUMEHTH OT MTOPEUUETO
Ha p. yHaB. OOGCBHICHN ca TaHHH 32 ChABP)KAHHETO HA €CTECTBEHA PAJHOAKTHBHOCT U TEXHOTCHHH PaIHOHYKIHIH,
karo Sr-90 u Cs-137. [To-neTamiHo € npoydeH paiiora okoio AEILL “Ko3snomy#i™ 3aeqHo ¢che caHUTApHO 3alUTeHATA
30Ha. CpaBHEHH ca JJaHHH OT MOCJeTHAaTa TOIMHA C TAKMBa OT MU3CJICABAHUS HA MPOOU OT TO3M PaliOH M3BHPIICHH B
TIPEUIITHHI TOTNHH.

[TouBara e ecTeCTBEHO JIeNO M IBPBHYCH Pe3epBOap 3a pasMpoCTpaHCHWE Ha BCUYKH M3KYCTBEHH PaIHOHYKIHETH
U €CTECTBEHa PaTUOAaKTHUBHOCT. M3cie3BaHM ca TIIaBHO TEXHOTCHHHTE DPAIMECOHYKIHIN C HAW-ABIBI TEPHON Ha
nosrypasnan, kato Sr-90 u Cs-137. Tlopaan XxapakTepuCTUKATE UM Ha OMOEIEMEHTH, T.€ Jla e BKITFOUBAT B MeTa00IM3Ma
Ha YOBeKa, T€ ca 0COOCHO OITaCHU NPH yBeTUYaBaHEe Ha KOHIICHTpPAIMATa M B XpaHWUTENHATa Bepura. [lopaan ToBa
ot 1978 3amouBa M3CIeBAHETO HA TE3W PATUOHYKIHAN €THOBPEMEHHO C €CTECTBEHH, KaTO YpaH, TOpPUH M paIuii,
KaTo ce MpaBy €KETOTHO OIpe/IeNsTHe Ha KOHIIGHTPAIIMUTE UM B TTOYBH, ChOMpanu oT paiiona Ha AEIL] “Koznonyii” n
HSKOW OOJIaCTH T10 TIOpeureTo Ha p. JlyHaB, MOTEHIIMATHO M3JIOKEHHN Ha PaJoaKTHBHO 3aMbpcsaBane. LlenTa e na ce
M3paboTH KapTHUHA Ha PaJMOCKOJIOTHIHHMSI CTaTyC Mo mopeunero Ha p. JlyHas. Pasmiexxnan e mepuoja cien 1986 t.,
THH Karo nHIHIeHTa B YepHoOmickata AELL, mpoMeHn 0CHOBHO pajaninoHHaTa 00CTaHOBKA B CTpaHaTa.

KNKOYOBU OYMWU:pagnoakTUBHOCT, MOYBA, Lie3Ui, CTPOHLMIA, raMa-CneKkTpoMeTpus
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PA3LUWPEHO PE3IOME

Ot cpenara Ha cenemjaeceTTe TonuHu B Jlaboparopusra
10 PAJAMOCKOJIOTUS M PATHMOM30TOITHU H3CIEABAHUS CE
M3BBPIIBAT IPOYYBAHUS BBB BPB3KA C IOBEACHUETO
U Pa3sNpOCTPAHEHHUETO Ha €CTECTBEHA W TEXHOTCHHA
PannoOaKTUBHOCT B ITOYBH OT PA3TUYHHU PAafOHHU B CTPAaHATA.
ITopanu Hammaneto Ha AELL “Kosnomnyii 1 mpoeKkTHpaHus
ctpoex Ha AEL] “benene”, palloHbT, KONTO MPEAN3BUKBA
Hal-rOIIM MHTEPEC B TOBAa OTHOIIECHHUE € OBITapCKUAT
Opsr Ha p. [lyHas, BrumouBamy 30-KmiioMeTpoBaTa 30Ha
OKOJIO IIEHTpajara cieqBala po3aTa Ha BeTposeTe. [Ipu
ToBa B JlaboparopusTa e HaTpymaHa 6orata 6a3a JaHHU
[1,2,3].

3aenute Ha HacTosiara padora npes 2003 r.ca crOpanu
HpO6H OT TIOYBH U CEAUMCHTU OT MNPEABAPUTECIHO
pernepupany 00EKTH 10 TIOPEYHeTo Ha pekara. M3BbplieH
€ TaMa-CIIeKTPOMETPHYCH aHaIN3 Ha mpobute. 3a mpodu
OT Te3u OOEKTH, HO CHOMpPAHU B MPEIUIIHU TOIMHU €
ompefneneHo chAabpkanue Ha Sr-90. M3momsBanm ca
METOIUKHU OT PyTHHHATa MPaKTHKa Ha jaboparopusral4,
5]. Ompenensiuero Ha Sr-90 e U3BBPIIBAHO TIO
IBLIEpHUS My TpoayKT Y-90, upe3 ekcrpakuus ¢ ThD
(TpubyTtundocdar) [4].

Pe3yJ'ITaTI/ITe OT TramMa-CIiCKTpOMETpUYHHA aHaJiu3 Ha
nousuTe ca npeacraBenu B Tadnuna 1, a B Tabnuna 2 — Ha
cenuMeHTHTe. HEXOMOreHHOCTTa Ha pa3NpOCTPaHEHNUETO
Ha W3CJICBAHUTE PAJMOHYKIHIM MOXE Ja Ce BUJAU OT
OCpEJJHEHUTE CTOWHOCTH, TPEICTaBEHH B TOCIEIHUS
pen Ha Tabmuma 1. CpaBHEHHE 3a Pa3lpPOCTPAHCHHUETO
Ha JiBaTa TeXHOreHHM panuonykinga Cs-137 u Sr-90 B
nouBu oT CeBepHa u lOxxna brarapus e nmpencraBeHo Ha
¢wur.1. TTo-nogpoOHO MpoyuBaHe Ha Pa3NpPOCTPAHEHUETO
Ha JiBaTa TEXHOTCHHU DPAJMOHYKJIM/Aa € HalpaBeHO 3a
enquH oT myHkToBeTe “Kosmomyii-akammeBa ropuuka’.
Bsetu ca 12 nOBPXHOCTHH IPOOH OT IO OKOJIo 10m?,
KaTo B JIBC OT TOYKUTEC Ca B3CTHU HpO6I/I U B }:["I)J'I60‘II/IHa
no mnpoduna. OTHOBO € yCTAaHOBEHA IOBBPXHOCTHA
HEXOMOI'CHHOCT B paslpe/elieHHeT0 M Ha JBaTa
panuonykiauaa. Pesynrarure 3a Murpanusta B 11004nHa
ca nipezictTaBeHu Ha ¢ur. 2 u 3. HarpaBeHo € 10CTOBEpHO
npuOIIKEHHIE ¢ CKCITOHEHIMaHa GyHKIus. HampaBenu
ca CJICJIHUTE U3BOJIH:

1. Cpapp)KaHHETO Ha E€CTECTBEHA DPaJMOAKTUBHOCT B
MOYBM M CEAMMEHTH OT ObJrapckusi Opsr Ha p. [lyHaB
€ CPaBHUTEJIHO XOMOTCHHO U € B PaMKHTE Ha HHBaTa
YCTAHOBEHH 3a THIIA IOYBH Pa3IIPOCTPAHEHU B paiioHa.
2. He e KOoHCTaTUpaHO JOMBJIHUTENHO oTiaraHe Ha Cs-
137, xaro 3ambpcsBanero ¢ Cs-137 u Sr-90 Bce ome e
TBBP/IE HEXOMOTEHHO.

3. Murpanusra 1o nouBeHus: NpoQuir 3aBUCH NPEIUMHO
OT TIOYBCHUTE XapaKTEPUCTUKK U HE € PEaHO MOBJIUSHA
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OT NOBBPXHOCTHOTO 3aMbpPCABAHE.

INTRODUCTION

Studies on determination of the amount of man-made
and natural radioactive elements in soils from sites
potentially subjected to radioactive contamination have
been conducted in the Laboratory of Radioecology and
Radioisotope Researches since mid of 1970s. The whole
area along the Bulgarian side of the Danube river was
of special interest because of the Kozloduj NPP and the
foreseen construction of new NPP in Belene. Sampling
points were selected along the river including the 30-
kilometer area around the Kozloduj Nuclear Power Plant.
Soil and silt from the Danube were regularly collected and
analyzed. As a result of these analyses, the Laboratory has
at its disposal a rich database regarding the presence of
technogenic and natural radioactive elements — Cs-137,
Sr-90, uranium, radium, thorium, etc. [1, 2, 3].

MATERIALS AND METHODS

In 2003 an expedition was done for collecting soil and silt
samples from the sampling points included in the regular
program for monitoring of the region. The samples were
dried, homogenized and grinded before being analyzed
by gamma-spectrometry. Specific activity of Sr-90 was
determined for samples collected in previous years.
Procedures used in the routine practice of the lab were
used for the analyses [4, 5]. Strontium was determined
using its daughter product Y-90 after extraction with
TBP (tributylphosphate) from an acidic leaching solution
[4]. The measurement was done by a low background
counter.

The measuring system for the gamma-spectrometry
consists from HPGe detector with MCA of CANBERRA
type. Data accumulated in this way together with the
information received before 1986 allows to make
comparative assessment of the radioactive status of the
soils and silts in the region.

RESULTS AND DISCUSSION

Results from the gamma-spectrometry analyses of the
samples collected in the year of 2003 are presented in
Table 1. Cesium 137 was measured by its 661.7 keV
gamma-ray. U-238 was determined using its progeny Th-
234 with its gamma-rays at 62,3 keV and 92.3 keV. For
determination of Ra-226, the peaks of Bi- 214 at 609,3
keV and Pb-214 at 351,9 keV were used.

In the last row of the Table 1 the average values for
different radionuclides are estimated. Interesting is the
non homogeneity of the distribution of Cs-137 isotope
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Table 1: Results from gamma-spectrometry analyses of soil samples from different sites along the Bulgarian part of
the Danube river [Bq/kg]
Tab6nuia 1: Pesynrartu oT raMa-CieKTpOMETPHYHN aHAJIN3U HA TIOYBEHHU MPOOU OT Pas3IMYHU MECTa Ha

poboB3eMaHe 1o Owirapckara yact Ha p. Jlynas [Bq/kg]

Ne Sampling place Depth  Cs-137 U-238 U-235 Ra-226 Th-232
cm
1. Belene, the harbor 0-5 4+0,5 37+10 1+£0,5 9+2 30+3
2. Oresh 0-5 26+2 45+ 10 2+0,5 20+ 3 25+3
3. Petkladentzi 0-5 28+2 50+ 10 2+£0,5 30+3 50+£5
4. Svishtov-1 0-5 21 +1 35+ 10 1+£0,5 30+ 3 30+ 3
5.Leskovetz 0-5 76+2 45+ 10 2+0,5 40+ 4 40+ 4
6.0ryahovo 0-5 12+1 40=+10 2+0,5 25+3 24+ 3
7.Kozlodouy-the piping 0-5 3+1 50+ 10 2+0,5 35+5 40+4
8. Kozlodouy —acacia 0-5 21+1 40<£10 2+0,5 36+5 40+ 4
forest.
9. Kozlodouy —Botev 0-5 17+2 50+15 2+0,5 35+5 42+4
alley.
10. Kozlodouy 0-5 2+0,5 40+ 10 1+0,5 30+3 30+3
—veterinary station
11. Kozlodouy -harbor 0-5 2142 25+7 1+£0,5 25+3 23+3
12.Dolni Tzibar 0-5 20+ 1 30+ 10 1+£0,5 25+3 30+£3
13.Glogene 0-5 24 +2 35+7 1+0,5 30+3 38+4
14.Boutan 0-5 15+£2 45+10 1+0,5 33+5 35+4
15.Hiredene 0-5 17+ 1 23+5 1+£0,3 18+2 20+2
16. Septemvrijtzi 0-5 16 +1 35+7 2+0,5 28 +3 35+4
17. Bazovetz 0-5 38+2 50+ 10 2+0,5 40+5 50+5
18. Sofronievo 0-2,5 13+£2 28+6 1+£0,3 20+ 4 12+2
19.Bjala Slatina 0-2,5 20+1 40+ 8 1+0,5 35+5 40+ 4
20.Knega 0-5 14+1 50+ 10 2+0,5 38+5 36+5
21.Vratza 0-5 9+1 46 + 14 24+0,5 36+2 50+3
22 Belene 0-5 111 45+ 8 1,5+0,5 40+5 50+ 8
23.Svishtov -2 0-5 33+1 3547 1+0,5 30+3 30+3
AVERAGE 20+ 14 40 £ 8 30+ 8 34+ 12
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Fig.1: Average amount of Sr-90 and Cs-137 in soils from Northern and Southern Bulgaria in different years.
®ur.1: Ocpenneno ceabpkanue Ha Sr-90 u Cs-137 B mousn ot CesepHa u HOxHa bearapus B pa3nuyHu roquHu
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Table 2: Results from gamma-spectrometry analyses of silt samples from different sites along the Bulgarian part of
the Danube river [Bq/kg]
Tabmuna 2: Pesynrati oT rama-CrieKTpPOMETPHYHH aHAIN3H Ha CEIMMEHTH OT Pa3IHYHKA MECTa Ha MpoOOB3eMaHe 1Mo
Obarapckara yact Ha p. Jlynas [Bg/kg]

Ne Sampling place Cs-137 U-238 U-235 Ra-226 Th-232
I Belene - silt g+ 1 42+38 1,5+0,5 3445 40+ 5
2. Svishtov -silt 9+1 40+ 8 1,5+0,5 35+5 30+3
3. Oryahovo -silt 25+1 40+ 8 1,5+0.5 35+5 33+4
90 . 80
80 y = 84,437e0:123% y = 62,8960.1019
Y . R? =0,8855 n e R? = 0,9477
60
60
g’ 5 50 *
340 40
30 30
20 20 ¢
10 10 ¢
0 ¢ 0
0 5 10 Deptl‘:sin cm 20 25 30 0 5 10 Depth‘lsin cm 20 25 30

Fig. 2: Migration of Cs-137 down the soil profile for two sampling points at Kozlodouy — acacia forest

®ur.2: Murpanus Ha Cs-137 B 1b1004YHMHA 110 TOYBEHHS PO(MII 32 1BE TOUKU Ha MpoboB3emane ot Kosmonyii-
akalueBa ropuyuka
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Fig. 3: Migration of Sr-90 down the soil profile for two sampling points at Kozlodouy — acacia forest
®ur.3: Murparus Ha Sr-90 B ab10049HHA 110 TIOYBEHUS MPO(UIT 3a B TOUYKH Ha mpoboB3emane oT Koszmoayii-
aKaryeBa ropuyKa

a fact which leads to great variations in estimating the
average values. This also makes it difficult to establish
slight variation in the case of radioactive contamination
with this radionuclide. Such big variation is not established
for the natural radionuclides which show lack of artificial
contamination with them.

The Table 2 shows some results for silts from the river.
The specific activities for the different measured isotopes
are in the range of the background quantities.

For a more precise evaluation of the changes in the soil
radiation status in the studied region, Fig. 1 provides
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the average values for the amount of Cs-137 and Sr-90
measured in soils from Northern and Southern Bulgaria.
In all the studies non homogeneity of distribution of
these two radioisotopes was observed. The variations in
calculating the average values were up to 80%.

In order to characterize the distribution of Cs-
137 and Sr-90 one of the sampling places (Kozlodouy
— acacia forest) was studied in more details. The samples
for this study were collected in a previous year. Twelve
samples were taken from an area of about 10 m>. The
specific activities of Cs-137 varied from19 to 80 Bq/kg.
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Variation in estimating of the average value was about
50%. The same lack of homogeneity was established
for Sr-90 with variety up to 50% as well. In two cases
samples were taken from depth down to 30 cm in five
cm layers in order to study the migration of the nuclides
down the profile of the soil. The results are graphically
presented on Fig. 2 and 3, for Cs and Sr respectively.

The experimental results for both isotopes
were successfully fitted with exponential function with
coefficient of regression (R*) almost equal to 1. In
spite of the difference in the surface contamination the
distribution down in the depth of the soil is similar for
both points what logically was expected as it depends
mainly on the soil characteristics.

CONCLUSIONS

As a result the following conclusions may be done:

1. The distribution of natural radioactivity in the
analyzed soils and silts samples taken from the area
along the Bulgarian site of the Danube river is relatively
homogeneous and the amount is in the levels characteristic
for the types of soils characteristic for this region.

2. Compared to the previous years no additional amount
of Cs-137 was determined, the contamination with Cs-
137 and Sr-90 is still quite non homogeneous.

3. The migration down the soil profile depends mainly
on the soil characteristics and is not really affected by the
surface contamination.

J. Cent. Eur. Agric. (2005) 6:1, 85-90
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