ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne4 (101). 2024 https://bb.kaznu.kz

IRSTI 87.15.91 https://doi.org/10.26577/bb.2024.v101.i4.a6

Sh.Zh. Arynova!* ", N.P. Korogod> ", I.Yu. Chidunchi' ",
A.B. Kaliyeva? ", K.K. Akhmetov' "*, S.B. Zhangazin

'Toraighyrov University, Pavlodar, Kazakhstan
*Margulan university, Pavlodar, Kazakhstan
3Eurasian National University named after L.N. Gumilyov, Astana, Kazakhstan
*e-mail: shinar uzh@mail.ru

CONCENTRATION OF RADIOACTIVE ELEMENTS (U, Th)
IN COMPONENTS OF NATURAL ENVIRONMENT

The research resulted from the necessity of constant radio-ecological monitoring of the territory of
Pavlodar region being under the influence of natural and technological factors. The tense radioecological
situation in the region is due to the presence of uranium mining areas, rocks with increased radioactiv-
ity (granites, granosienites), geological exploration, groundwater and underground with a high content
of radionuclides, and polygon activities. The purpose of the work is to assess the content of radioactive
elements in natural environments (water, salt deposits, the aboveground part of wormwood, leaves of
poplar, children’s hair) of Pavlodar region of the Republic of Kazakhstan. Objects: components of natural
environment — drinking waters (groundwaters and surface waters), salt deposits (limestone), the aboveg-
round part of wormwood (Artemisia absinthium), leaves of black poplar (Populus nigra), children’s hair.
The main methods of the research of chemical content of environments studied are the instrumental
neutron activation analysis and inductively-coupled plasma-mass spectrometry. Content of uranium and
thorium in five components of environments of Pavlodar region were studied. Halos of higher concentra-
tion of radioelements are of natural and technological genesis. The uranium content in drinking waters
is mainly typical for the central and northern parts of the region. The concentration of the studied radio-
elements in salt deposits of drinking waters is typical for the northern part of the region. On the territory
of the Lebyazh, May and Bayanaul areas, there are an increased content of uranium in the leaves of the
black poplar. Human hair is characterized by a predominant uranium content in the southern and east-
ern parts of the region. Higher content of thorium in all components of natural environments, except for
leaves of black poplar, is indicated in the northern part of the region, which results from the geological
component. Thorium-uranium ratio varies from 0,0003 to 2,3.

Key words: uranium, thorium, radioactivity, components of natural environment, regional features.

LLIK. ApbiHoBa', M.10. YunayHun', H.T1. Koporoa?,
A.b. Kaaunesa', K.K. AxmetoB, C.b. XKaHrasun?
"TopaifblpoB yHMBepcuTeT, MaBroaap k., KasakcraH
2MapryaaH yHuBepcuTeT, [TaBroaap K., KasakctaH
3 A.H. TymuaeB atbiHAaFbl Eypasust yATTbIK, yHMBepcHTeTi, AcTaHa K., KasakcTtaH
*e-mail: shinar_uzh@mail.ru

Taburu opTa KOMMOHEHTTEPIHAETI PAAMOAKTUBTI SIAeMEHTTEPA|H,
(U, Th) KoHLLeHTpaLMsCbI

3epTTey TabWFKM XKOHE TEeXHOTEHAIK (pakTopAapAblH ocepiHeH 6oAatbiH [1aBAOAApP OBAbICHIHbIH
aymMarblH PaAMO3KOAOTMSAbIK, OaFaray KaXeTTiAiriMeH aHblkTarasbl. OOGAbICTaFbl  LIMEAEHICTI
PaAMO3KOAOTUSIABIK, YKaF Aall YPaH KeHi ay AaHAAPbIHbIH, PAAMOAKTUBTIAITI XKOFapbl Tay >KbIHbICTAPbIHbIH,
(rpaHUTTEP, rPAHOCUEHUTTEP), FTEOAOTUSAbIK, 6APAAY >KYMbICTapPbIHbIH, PAAMOHYKAMATEPI >KOFapbl XXep
aCTbl XXOHE >Kep IPYHT CyAapblHbIH, MOAMIOH KbISMETiHiH, XXYpPri3iAyiMeH GanAaHbICTbl. XXyMbICTbIH,
Makcatbl — KasakctaH PecnybaukacbiHbiH, [1aBAOAAp OOAbICHIHbIH, TabuWFK OpTaAapblHAAFbl (Cy,
TY3Abl WOTIHAIAEp, XyCaH, XarblpakTap, 6aAaAap WalITapbl) PAAMOAKTUBTI SAEMEHTTEPAIH KypPambiH
6araray. HbicaHAapbl: KOpLIaFaH OpTa KOMMOHEHTTEPI — aybi3 Cy (Kep acTbl XXeHe Xep YCTi), Ty3Abl
weriHaiAep (kak), >kycaH (Artemisia absinthium), kapa Tepek >anbipakTapb! (Populus nigra), 6ararap
wawTapbl. 3epTTeAreH OpTaAapAblH XMMMUAABIK KypamblH 3epTTeyAiH Herisri eaicTepi acnanTblk,
HEMTPOHAbI aKTMBTEHAIPY TaAAaybl, WMHAYKTMBTI 6alAaHbICKAH MAA3MaMeH MacC-CreKTPOMEeTpus
60AbIN TabblAaAbl. [1aBAOAAP OBABICHIHBIH, KOPLIAFaH OpTacbiHbiH, 6eC Kypamaac GeAiriHaeri ypaH MeH
TOPUMAIH KypaMbl 3epTTeAAl. PaAMO3AEMEHTTEPAIH >KOFapbl KOHLEHTPAUMSCIHBIH, aiMarbl TaOUFn-
TEXHOTEHAIK reHe3ucke me. Aybl3 CyAaFbl YpaHHbIH MOALIepi Heri3iHeH OOAbICTbIH OPTaAbIK, >KoHe
COATYCTIK GOAIKTEPIHE TOH. AybI3 CYAbIH TYy3Abl LUGMIHAIAEPIHAETT 3ePTTEAETIH PAAMOIAEMEHTTEPAIH,
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COATYCTIK OeAiriHe ToH. Aebsixki, Mait >xeHe basHaybiA ayAaHAApPbIHAQ Kapa Tepek >arblpakTapbiHAA
YpaHHbIH, XKOFapblAaybl 6aiiKarasbl. AAaM Luallbl OOAbICTbIH OHTYCTIK XKOHE LbIFbIC BOAINHAE YpaHHbIH
6acbiM OoAybiMeH cunaTTarasbl.Kapa Tepek >karblpakTapblH KOCrnaraHAd, Tabuen opTaHbiH OGapAbIK,
KOMIMOHEHTTEPIHAE TOPUIN MOALLIEPiHIH, XKOFapbiAaybl OOAbICTbIH, COATYCTIK OOAiriHAe 6arkaaabl, OyA
reOAOTMSIAbIK, Kypamaac 6eAikke 6aAaHbICTbl. Topui-ypaH apakartbiHacbl 0,0003 neH 2,3 apaAbifbiHA.

Ty#in cesaep: ypaH, TOpui, PaAMOAKTUBTIAIK, TabWF OpTa KOMIMOHEHTTEPI, aiMaKTbIK, epexLie-
AiKTEpI.
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KoHueHTpauus paamoakTuBHbix s3aemeHToB (U, Th)
B KOMIOHEHTaX NMPUPOAHOMI CpeAbl

McecaepoBaHmne 00yCAOBAEHO HEOOXOAMMOCTbIO PAAMO3KOAOTMUYECKOM OLEHKM TeppuTopum [aB-
AOAAPCKOM 0OAACTM, HAXOASLLENCS MOA BAUSIHUEM NMPUPOAHBIX M TEXHOrEHHbIX (hakTopoB. HanpsixkeH-
Hast PAAMO3KOAOIMYECKash CUTyaums B 06AACTM 0OYCAOBAEHO HAAMUMEM YPAHOBOAOPYAHbBIX PafiOHOB,
FOPHbIX MOPOA C MOBbILLEHHOMW PAAMOAKTUBHOCTbBIO (FPaHMTbI, IPAHOCUMEHUTbI), FEOAOrOPA3BEAOYHbIX
paboT, rPYHTOBbLIX M MOA3EMHbIX BOA C BbICOKMM COAEPIKAHMEM PAAMOHYKAMAOB, AEITEABHOCTM MO-
AMroHa. LleAblo paboTbl SIBASIETCH OLEHKA COAEPXKaHMS PAAMOAKTMBHBIX SAEMEHTOB B MPUPOAHbBIX
cpeaax (BOAA, COAEBbIE OTAOXKEHMS, MOAbIHb, AUCTbSI, BOAOCHI AeTen) [aBaoaapckoit o6Aactu Pecny-
6AnKm KazaxcraH. OObeKTbl: KOMMNOHEHTbI OKPY>KAIOLWEN CPeAbl — MUTbEBbIE BOAbI (MOA3EMHbIE U MO-
BEPXHOCTHbIE), COAEBbIE OTAOXKEHUS (HaKUMb), MOAbIHb Fropbkasi (Artemisia absinthium), AMCTbs TOMOAS
yepHoro (Populus nigra), BoArocbl aeTeit. OCHOBHbIMW METOAAMM MCCAEAOBAHUS XMMUMYECKOro CoCTaBa
M3YUEHHbIX CpeA SBASIOTCS MHCTPYMEHTAAbHbIN HEMTPOHHO-aKTUBALIMOHHbIN aHaAM3, MacC — CMeKTPO-
MEeTPUS C MHAYKTUBHO CBSI3aHHOM MAA3MON. M3yUeHo coaeprKaHme ypaHa 1 Topus B NATU KOMMOHEHTax
okpyxkatowen cpeapl [MaBaopapckoin 06AacT. OpeoAbl NOBbILLEHHbIX KOHLEHTPALMIA PAAMOIAEMEHTOB
MMEET MPUPOAHO-TEXHOTEeHHbI reHe3nc. CoaepykaHue ypaHa B MUTbEBbIX BOAAX MPENMYLLLECTBEHHO
OTMEYAETCS B LIEHTPAAbHOM M CEBEPHOM YacTaX 00AaCTM. KOHLIEHTPALIMS MCCAEAYEMbIX PAAMOIAEMEH-
TOB B COAEBbIX OTAOXKEHMSIX MUTbEBbIX BOA XapaKTEPHO AASI CEBEPHOM YacTn obAacTu. Ha tepputopumn
AebsixkeHckoro, Maickoro 1 basHayAbCKOro panoHOB OTMEYAETCs MOBbILLEHHOE COAEPXKaHME ypaHa B
AUCTbSIX TOMOAS YepHOro. AAsSi BOAOC YeAOBEKA XapaKTepHO MPenMyLLLECTBEHHOE COAEp KaHWe ypaHa
B I0>KHOM M BOCTOUHOM YacTsx 06AacTu. [oBbIleHHOE CoAEpIKaHMe TOpMs BO BCEX KOMIMOHEHTaxX npm-
POAHbIX CpeA, 3a UCKAIOUEHMEM AMCTHEB TOMOAS YUEPHOTO, OTMEYAETCA B CEBEPHOM YacT 06AaCTU, YTO
00YCAOBAEHO reOAOTMYECKOM COCTaBAsIOWEN. Topuii-ypaHoBoe oTHolleHne koaebaeTcs ot 0,0003 a0
2,3.

KAroueBble cAoBa: ypaH, TOpUii, paAMOaKTUBHOCTb, KOMIMOHEHTbI MPUPOAHOIM CpeAbl, perMoHaAb-
Hble 0COBEHHOCT.

Introduction

Radiological situation on the territory of Ka-
zakhstan has been studied from the end of the ‘40s
and has been concerned with the increased need
for uranium exploration. A row of deposits such as
Kurday, Botaburum, Kyzylsay, Kubasadyr, Many-
bay, Zaozernoye and Ishim, were discovered in the
50s of the past century. First customized uranium
explorations also allowed discovery of two uranium
ore districts. In the second period (the ‘60s) a row
of undertaken expeditions allowed formation of the
idea of a possible connection between uranium min-
eralization and boundaries of ground and formation
oxidation zones. The third period of works had been

lasted from the end of the ‘60s to the ‘90s, which
is concerned with implementation of a method for
development of water-flooded deposits, which was
called as the in-situ leaching (ISL).

To date extensive research [1,2], including
radio-hydrolytic survey [3] based on the study
of water sources and bottom sediments, has been
conducted on the territory of the Republic of Ka-
zakhstan. Maps of radionuclide activity, reflecting
radio-ecologic reality defined by the presence of six
uranium ore provinces (Shu-Sarysu, Ili, Syrdarya,
North Kazakhstan, Betpakdala-Shu-Ili, Mangistau)
[4], activity of former Semipalatinsk testing site [5],
higher radioactivity of water sources [6], activity of
research reactors, have been constructed.
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Radiologic research conducted [7] allowed zo-
nation of the territory of Kazakhstan regions by the
sum of radiation factors and identification of areas
for the detailed monitoring. Pavlodar region was
not an exception in such assessment of radiological
situation. The tense radiological situation in the re-
search territory is formed by:

- areal contamination by artificial radionuclides
from numerous nuclear explosions on the territory
of former Semipalatinsk testing site and a number of
other nuclear incidents;

- high radiation background in the regions ac-
commodating uranium ore districts and separate ar-
eas of development of rock with higher radiation;

- presence of sites of radiation poisoning in the
form of radioactive dumps of rock, generated in
geological prospecting of uranium, polymetals and
rare earth occurrences;

- wide distribution of natural groundwaters and
surface waters with high content of radionuclides,
often attached to cavities of salt lakes.

Since the research has been involved identifica-
tion of radionuclide activity (Cs ., U,.., Th,.,, .,
Ra,, K,) only in two components of natural en-
vironments (groundwaters and surface waters, sedi-
ments), this did not allow complex radio-ecologic
assessment, which must include research of various
objects of environments, notably research of chemi-
cal composition of bio-substrates, because exactly
the human body is under the polyfactor influence of
environment.

Material and methods of research

Territory of the research. The research was con-
ducted on the territory of Pavlodar region, located in
the northeastern part of the Republic of Kazakhstan.
The total area of the region amounts to 124 755 km?.

In metallogenic zonation by uranium on the ter-
ritory of the Republic of Kazakhstan Turgay-Pav-
lodar uranium-bearing (potentially ore-bearing) one
occupies the northwestern quarter of the region. The
leading type of uranium deposits is exodiagenetic
in paleo-valleys (ground-infiltration). Schiderty ore
occurrence in the area of Tortuy settlement is known
within the belt on the territory of the region.

Spurs of the Kazakh hills, which are a peneplain
ancient folded mountain country, are located in the
southeast of the region. Hill lowlands are isolated in
the south of the hills — Bayanaul (maximal height
is 1022 m above sea level) and Kyzyltu (maximal
height is 1055 m above sea level). Alaskite gran-
ites of Bayanaul mountains, where Bayanaul small
uranium ore occurrence is, possess higher radioac-
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tivity among them. Massifs of alaskite and normal
granites, rhyolites with specific activity of uranium
(62-125 Bg/kg), thorium (41-123 Bg/kg) are located
in the area of Burkitty settlement, Zheltau mountain,
the right bank of Aschisu. Small uranium and tho-
rium ore occurrences are also located here.

Ulken-Tuz uranium ore node, located in the
northwestern end of Chingiz lifting, on the junction
with Central Asian fracture zone, is attached to the
northern part of a meridionally stretched volcanic-
tectonic structure, folded by volcanics of neutral-
acid composition and sediments. Here uranium min-
eralization is identified in greisen (Shommakol ore
occurrence), in albites and albiterised rock (Kara-
kuduk, Aschikuduk, Erirbaysor, Ushkara); nasturan-
sulfide and molybdenum-nasturan mineralization is
identified in beresites and argillisites (Ulken-Tuz,
Karazhir, Tleumbet, Batyrsha). Ore occurrences of
Ulken-Tuz uranium ore node also tend to ways to
surface of granites, granosienites [8].

Maykuben brown coal basin is located in the
southern part of the region between Shoptykol and
Birlik settlements, and is widely stretched on the
length of 60 km. Shoptykol large deposit is devel-
oped, Tamdy and Taskuduk small deposits are pres-
ent. In the west of the region, on the left bank of the
Olenty river Koitas small deposit is known. Brown
coal can present potential radio-ecological hazard in
oxidized formations, exposed at surface or revealed
by mine workings [9].

North Kazakhstan province of alluvial titanium
content occupies the entire north-eastern half of
Pavlodar region. Two small iron-titanium-zirconi-
um deposits are known. One is on the left bank of
Olenty, another, Druzhba, is to the north-west of
Taldy settlement, attached to Druzhba mass of mid-
dle and late Eocene [10,11]. Titanium-zirconium
deposits possess higher radioactivity due to thorium
containing minerals.

On the territory of Pavlodar region there are no
uranium mining and processing enterprises, never-
theless there are sources of radioactive contamina-
tion. The main source is former multi-year activity
of Semipalatinsk nuclear testing site from 1949 to
1989.

Methods of the research. The work is based on
the extensive factual material — 450 samples on the
territory of Pavlodar region. Chemical composition
of samples (limescale, leaves, the above-ground part
of wormwood, children’s hair) is identified by the
instrumental neutron activation method in nuclear
geochemical laboratory of “Uranium geology” In-
ternational Innovative Scientific and Educational
Center named after L.P. Rikhvanov on the base
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of IRT-T research nuclear reactor of National Re-
search Tomsk Polytechnic university (certificate of
accreditation NeRA.RU.21AB27 dated 27.05.2015,
personnel, conducting analytical research — A.F. Su-
dyko, L.V. Bogutskaya). Content of radioactive ele-
ments in drinking waters was defined by the method
of inductively-coupled plasma-mass spectrometry.

Objects of the research. Salt deposits of drink-
ing waters (limescale) were collected in accordance
with patent Ne 2298212 [12] from the walls of enam-
elware by the method of accurate knocking with a
stainless steel knife. Sample preparation: limescale
was dried at room temperature, rubbed to powder in
an agate mortar, packed on 100 mg.

Drinking water was collected in accordance
with GOST R 51592-2003 [13] in the amount of 0.5
liters in containers from polymer materials.

Leaves of black poplar were collected in ac-
cordance with the method [14] on 50-100 g with-
out stalks from the lower part of a crown from the
branches growing in various directions at a height of
no more than 2 meters. When collecting samples of
wormwood, its above-ground part was used. Gen-

eral sample preparation of vegetation: washing with
distilled water, drying at room temperature, manu-
al grinding, rubbing to powder in an agate mortar,
weighing, ashing in a muffle furnace (550 °C), ash
weighing, packing on 100 mg.

Children’s hair was collected by the method
of envelope from five points of head [15]. Sample
preparation: washing with distilled water, drying,
grinding, packing in packets from foil on 100 mg.

Results and discussion

Statistical data on content of uranium and tho-
rium, uranium-thorium ratio in various components
of natural environments are presented in table 1.
Analysis of the data received demonstrated unequal
distribution of the elements studied in most environ-
ments on the territory of the region (Table 1). Ho-
mogeneity of thorium distribution in leaves of black
poplar in Pavlodar region indicates accordance with
the law of normal distribution. Thorium-uranium ra-
tio in components of natural environments varies in
a sufficiently wide range from 0,0003 to 2,3.

Table 1 — Statistical data U, Th, Th/U in components of environment on the territory of Pavlodar region

Content of uranium Content of thorium Thorium-
Components of natural ¥4+ . .
environment v - uranium ratio
Min ..max M ... max Th/U
0,015 + 0,01 0,000004 + 0,0000007 0.0003
Drinki 1 _ 2 ’
rinking water (mg/l 0.000001 ..0.13 >>F | 70,000001 -..0,000009
L | i 335+ 17 72 0,15 + 0,03 263 0.005
mescale (mg/ke) 0.01..479 '© 0.001..49 - :
Leaves of black poplar 0.4+ 0,04 9 0,37 £ 0.05 100 0.89
(Populus nigra) (mg/kg) 0.01..L1 0,02..1.9 '
Wormwood wg w? -
(Artemisia absinthium) (mg/kg) 0,002 ... 2,9 0.3..5.0 ’
0,29 + 0,02 -0 0,01 + 0,001 101
hil ’s hai k I — P
Children’s hair (mg/kg) 002 .12 0.001 .. 0,096 0,03

Note: in numerator — arithmetic mean =+ standard error, in denominator — minimal and maximal values.

Natural waters. On the territory of the research
groundwaters and surface waters are predominantly
hydrogen carbonate and sulfate-hydrogen carbon-
ate, natrium-calcium with mineralization 750 mg/1.
Average content of uranium in natural waters of
Pavlodar region amounts to 0,015+0,01 mg/l. Maxi-
mally high concentrations of radionuclides are not-

ed in waters of Pavlodar district, predominantly on
the right bank with the epicenter in Naberezhnoye
settlement. It should be mentioned that according to
the research conducted previously in this settlement
maximal content of uranium was recorded in the
above-floodplain terrace of the right bank of Irtysh
in 2004.
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The given part of the region was allocated by
the researchers as Ertis-Kulundy potentially radio-
ecological danger zone. Concentration of uranium
in sediments amounted to 50-74 Bg/kg. Here it
should be noted that zircon-ilminite deposits, which
possess higher radioactivity, localize in the north-
eastern part of the region, in Paleogene mass in the
valley of the Irtysh River.

Spatial distribution of thorium in drinking wa-
ters is preferentially noted in the northeastern part
of the territory the research. Higher concentrations
of uranium and thorium in natural waters affected
composition of salt formations (limestone).

Limestone. Salt deposits (limestone), forming
on the inner walls of heating devices in the process
of boiling, are sufficiently informative environment,

U
W32-355
[735,5- 51,1
151,1-81,2
B 81,2-151,3
B 151,3- 2872

30 100

0—:—

used in ecological-geochemical research [16-18].
Average concentration of uranium in salt forma-
tions of Pavlodar region amounts to 33,5+1,7 mg/
kg. Maximal content of radionuclides is identified in
salt formations of Terenkol district (43,2+7,7), (pic-
ture 1), which is in good accordance with the data
received by specialists of “Volkovgeology”. The
text continues here (Figure 1).

Higher concentrations of uranium in limestone
(39,7 + 6,1) of the southern part of the region are
of natural and artificial genesis, which is con-
nected with development of deposits of Ekibastuz
and Maykuben brown coal basins. Content of ura-
nium in Maykuben coal amounts to 5,0 = 2,0 mg/
kg, which exceeds the Clarke level more than 2.1
times [19].

150 xkm

Figure 1 — Schematic map of distribution of uranium in salt formations
(limestone) of Pavlodar region, mg/kg

Zhana Akshiman settlement (the southern part of
the region) with concentration 46,5 mg/kg in lime-
stone is located on the territory of Ulkentuz uranium
ore node at the distance of 7 km from Ulkentuz ore
occurrence and within 15 kilometers from Tleumbet
and Karazhir ore occurrences. Ore occurrences tend
to ways to surface of granites, granosienites, which
possess higher radioactivity.
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It should be noted that in the southern part of
the region higher content of radionuclides in salt
deposits is possibly connected with activity of for-
mer Semipalatinsk site (1949-1989), accounting for
more than 400 explosions.

When comparing the data received with the
research conducted previously on the territory of
Tomsk region, Baykal area, Altay, the Republic
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of Bashkortostan [17,18] it was found that Pavlo-
dar limestone is different in maximal content of
uranium. Average content of thorium in limestone
amounts to 0,15+0,03, minimum — 0,001 mg/kg,
maximum — 4,9 mg/kg (Figure 2).

Distribution of thorium in salt formations pref-
erentially in the northern part of the territory of the
research. Here high concentrations of rare earth el-
ements are observed, which is probably connected

Th
m001-02
m02-03
C103-06
EmO06-1
mi-22 0 30 100

150 s

e — |

with formation of rare metal — rare earth occurrenc-
es in waste mantle in depths of water or with distri-
bution of titanium-zirconium deposits.

Thorium-uranium ratio in salt deposits (lime-
stone) of Pavlodar region is one of the low — 0,005,
for example, it amounts to 0,008 in Baykal area, to
0,2 in Altay, to 0,05 in Tomsk region, and only in
the Republic of Bashkortostan this indicator is even
lower 0,002 [17,18].

Figure 2 — Schematic map of distribution of thorium in salt formations
(limestone) of Pavlodar region, mg/kg

Leaves of black poplar and the above-ground
part of wormwood. As is known, plants have the fea-
ture of selective concentration of elements, which
allows their usage in biochemical research of urban-
ized territories [20-21]. Thus, for example, leaves of
trees can serve as a so called natural tablet, which
not only accumulates contamination, but also re-
flects intensity of the anthropogenic impact on eco-
systems [22].

The in-depth analysis of content of radioactive
elements in the ash of leaves of black poplar revealed
three settlements on the territory of Pavlodar region
with maximal values of uranium and thorium. These
are Akkuly, May and Bayanaul districts with values
Th (0,37£0,05 mg/kg) and U (0,4+0,04 mg/kg) in
objects of plant origin. Ways of bedrock to surface

are observed in Bayanaul district. In the given settle-
ment alaskite granites of the Bayanaul mountains,
where Bayanaul small uranium ore occurrence is,
also possess higher radioactivity. On the area of the
right bank of the Aydos and Aschysu rivers, mas-
sifs of alaskite and normal granites, rhyolites with
activity of uranium 62-125 Bq/kg; thorium 41-123
Bg/kg are located. Here small uranium and thorium
occurrences are also located. As is known, Bayanaul
district includes Maykuben brown coal basin, which
is located in the southern part of the region.

A halo of higher content of thorium in leaves
of black poplar of May district is possibly con-
nected with underground explosions, which were
conducted on former Semipalatinsk testing site
(Figure 3).
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Figure 3 — Schematic map of distribution of Th in the ash of leaves
of black poplar on the territory of Pavlodar region, mg/kg

Higher concentration of uranium (0,91 mg/kg)
and thorium (2,38 mg/kg) was detected in the ash of
the above-ground part of wormwood in Irtyshsk and
Pavlodar districts.

The highest content of uranium is noted in sam-
ples of vegetation (leaves of black poplar and the
above-ground part of wormwood). This is possibly
a consequence of location of large coal mines and
their dust load.

One of the relevant indicators of industrial
sources of contamination is thorium-uranium ratio.
In most cases, it is less than 1 or equal to 1, which
points to uranium specialization of Pavlodar region.
Districts with high Th/U ratio, May, Akku and Ak-
togay districts, in particular, are singled out. Origin
of anomalous zones is connected with glacial ero-
sion of high thorium containing rock and also mona-
cite deposits in Kalba-Narym thorium rare metal ore
province, located in East Kazakhstan region along
the Irtysh river.

Thorium-uranium ratio in leaves of black poplar
in Pavlodar region amounts to 0,89, by comparison,
to 0,42 in Ust-Kamenogorsk, to 0,86 in Taraz, to
0,88 in Aktobe, to 1,78 in Tomsk and Seversk, to
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1,88 in Kyzyl, to 0,49 in Krasnokamensk, to 2,88 in
Blagoveschensk [21,22].

Human hair. For assessment of modern eco-
logical and geochemical situation of the territory the
research human bio-substrates (hair, blood, nails,
urine) are used, which are not only instant indicators
of supply of chemical elements, but also indicators
pointing to the long-term impact on them.

In the study of content of radioelements in chil-
dren’s hair, attention should be paid to high content
of uranium in hair of the children living in the terri-
tory of Pavlodar, Sharbakty, Akku districts. In gen-
eral, higher content of uranium and relatively low
concentration of thorium in human hair are charac-
teristic of regions of Kazakhstan (North Kazakhstan,
Akmola, Pavlodar) by comparison with regions of
Russia (Tomsk, Chita, Kemerovo) [23,24].

This points to uranium specialization, which
was caused by supply of uranium with drinking wa-
ter on the example of Pavlodar region.

It should be mentioned that excessive concentra-
tion of uranium in children’s hair is connected with
distribution of circonium-ilminite deposits, which
are located in the valley of the cross-border Irtysh
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river. This may be reflected in the research of sedi-
ments below Pavlodar city according to the data of
JSC “Volkovgeology”.

Thorium-uranium ratio in human hair of Pavlo-
dar region (0,03) is considered to be one of the low
by comparison with Akmola (0,06), North Kazakh-
stan (0,06), Tomsk (0,21), Kemerovo (0,01), Chita
(0,26) regions [25].

Conclusion

Thus, distribution of uranium and thorium in
components of natural environments on the territory
of Pavlodar region is unequal.

Halos of higher concentration of uranium in the
components of natural environments studied by us
correspond to the research conducted previously
and confirms allocation of Ertis-Kulundy potentially
radio-ecological dangerous zone.

Within Pavlodar region according to geo-
chemical conditions and the radio-ecological
situation studied, rich for areal and local sources
with anomalous concentration of uranium and
thorium (granitoids, carbon-silicon slates, ore
nodes of endogenous ore occurrences of ura-
nium, occurrences of thorium — rare metal min-
eralization of various scale, activity of former
Semipalatinsk testing site), districts of region
are clearly allocated: Pavlodar, Terenkol, Bay-
anaul, May, Akkuly.

Thorium-uranium ratio in limescale, leaves of
black poplar, human hair is considered one of the
low by comparison with settlements of Kazakhstan
and Russia.

The data received can be used for ranging of the
territory of the region by the complex of radiation
factors determining the status of modern radio-eco-
logical situation.
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