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Abstract. In this manuscript the species of uranium isotopes in Akshatau deposit of
Karaganda region of Kazakhstan are described. Akshatau rare metal deposit is located in
the northern part of the Dzungaro-Balkhash geosyncline. By origin, it is Greisenian with
molybdenum-tungsten mineralization, genetically associated with an array of leucocratic
granites of Permian age.

The species of elements are the most important in studies of investigation of mig-
ration ability of contaminants, as well as their bioability and hence bioaccumulation. The
knowledge of total content of element is less informative in these questions.

The study of the sequential extraction of uranium isotopes from the waste of the
Akshatau deposit, according to A. Tessier protocol, showed that uranium-238 was recor-
ded in the following order: F6 residual > F1 exchangeable > F3 bound to Fe-Mn oxides
> F5 acid soluble > F2 bound to carbonates > FO water-soluble > F4 bound to organic
matter; and uranium-234 has the following order: F6 residual > F1 exchangeable > F3
bound to Fe-Mn oxides > F5 acid soluble ~ F2 bound to carbonates = FO water-soluble
> F4 bound to organic matter.

Keywords: sequential extraction, uranium isotopes, Akshatau, species, migration
ability, alpha-spectrometry.

Introduction. Most radioactive isotopes of natural origin include uranium
isotopes. Among these are three isotopes of uranium (uranium-238, uranium-235
and uranium-234) and are presented in subsoils in different values of concen-
tration. As a rule, they are located in the deeper layers of the Earth's crust, but as a
result of the mining industry, natural radionuclides fall on the Earth’s surface,
further spreading over its surface, causing more significant harm to the local
population, in the absence of any shielding and radionuclides entering the human
body. It is known that minor concentrations of radionuclides, including uranium
isotopes, are contained in all minerals, rocks and soils [1]. Soils in the mining
industry are usually enriched with radionuclides to levels that are often well
above background levels [2].Oxidation of sulphides present in minerals favors
leaching of uranium isotopes [3].The migration ability and bioavailability of
radionuclides are primarily affected by species of radionuclides. A number of
compounds of uranium and its isotopes have increased solubility and, as a
consequence, increased migration ability. For Kazakhstan with sufficiently large
reserves of natural uranium, today it is extremely important to predict the
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behavior of uranium isotopes and its accumulation in the human body, especially
considering the dense population of the region.

MATERIALS AND METHODS

Object description. Akshatau rare metal deposit is located in the northern
part of the Dzungaro-Balkhash geosyncline. By origin, it is Greisenian with
molybdenum-tungsten mineralization, genetically associated with an array of
leucocratic granites of Permian age. Ore bodies are located in the form of separate
sections of their clusters: West, North, North-East, Bulgak, South-West, Central,
South-East, Aksai. The main reserves are in the South-Eastern and Central areas,
which are mined by the South-Eastern mine, the development of which began in
1941. The main ore minerals are wolframite, scheelite, molybdenite and pyrite.

Sampling. Soil samples for research were sampled at the burial site of the
mining and processing complex located near the village of Akshatau of Kara-
ganda region. Soil sampling was carried out based on the results of a preliminary
determination of the gamma dose using a portable gamma dosimeter.

Figure 1 — Landfill of tungsten-molybdenum deposit Akshatau

The soil was sampled by a special sampler at a depth of 0-15 cm. The soil
was sampled using an envelope method with a side of 10 m. The soil samples
obtained from 5 points were combined, fragments of glass, plants, concrete and
metals were removed, after which the samples were thoroughly mixed and sealed
in plastic bags with preliminary prepared markings [4].
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A preliminary assessment of gamma-emitting radionuclides showed the
following contents:

219ph _ 4360+260Bq/kg

20Th < 390Bq/kg

28 (via 2*Th) — 340+150Bq/kg

*26Ra - 5200+160Bg/kg

228Ra < 44 Ba/kg

Sequential extraction. The determination of species of the radionuclides was
carried out by the method of sequential selective extraction of minerals from the
solid phase of separate groups of compounds soluble in various reagents. To
determine the radionuclides in the mineral components of the soil and bottom
sediments, a modified sequential extraction method proposed by A. Tessier was
used [5]. For carrying out the leaching processes, 1.0 g of a dry sample was
investigated, and the ratio of the solid and liquid phases was 1:20. After each
extraction, the liquid portion was separated by centrifugation for 25 minutes at
5000 rpm, then the precipitate was washed with 15 ml of distilled water and
filtered through membrane filters with a pore diameter of 0.45 um. The main
conditions for performing selective leaching and the necessary reagents are listed
in table 1.

Tablel-Sequential extraction of radionuclides [5]

Tempe- Duration
Fraction Reagent rature, | of extraction,
o°c h
FO water-soluble H,O 20 2
F1 exchangeable 1 M CH;COONH, 20 2
F2 bound to carbonates 1 M NH,Ac in 25% HAc, pH=5 20 2
F3 bound to Fe-Mn oxides 0.04 M NH,0H-HCl in 25% HAc 80 6
F4 bound to organic matter 30% H,0,in 0.008 M HNOj3, pH=2 80 6
F5 acid soluble 7 M HNO; 90 6
F6 residual HF+HCIO,+HCI

The first four fractions are represented by reactive geochemically mobile
compounds that can be transformed by changing the physicochemical parameters
of the environment, such as pH, Eh, salinity, organic matter content.

The last two forms are residual or geochemical-inert forms, represented by
terrigenous particles, in which the radionuclides are fixed in the crystal lattice of
minerals. Thus, these fractions do not represent an environmental threat to envi-
ronmental objects, due to the almost impossible migration of radionuclides.

Determination of uranium isotopes. The fractions obtained during sequen-
tial extraction were transferred into 7M HNOj5 nitric acid solutions, from which an
alpha spectrometric analysis was subsequently carried out. The determination of
uranium isotopes was carried out according to [6-8]. Radiochemical purification

281



XUMWYECKHH )KYPHAJI KA3AXCTAHA

was carried out by extraction with 30% tributyl phosphate solution according to
the equation:

UO,%* + 2NOy + 2TBP«< [UO,(NO3),-2TBP]

Preparation of the counting sample was carried out by electrolysis on a steel
disk using an electrolyte consisting of a mixture of a 25% solution of ammonium
chloride and a saturated solution of ammonium oxalate. The resulting counting
sample was measured on an Alpha-analyst high resolution alpha spectrometer
(Canberra) with Genie-2000 software. The control of the chemical yield was
carried out on the basis of the activity obtained previously entered strictly dosed
tracer.

RESULTS AND DISCUSSION

The results of the sequential extraction of uranium isotopes according to the
protocol proposed by A. Tessier are presented in table 3 and figure 2.

Table 3 — Results of alpha spectrometric measurement

Fraction U-238, Ba/kg U-234, Ba/kg Y28y U, palkg
FO water-soluble 0.50 £ 0.37 0.92 +0.45 1.85 40
F1 exchangeable 191+£0.71 52+10 2.73 154
F2 bound to carbonates 0.96 +0.48 1.07 £0.48 1.12 78
F3 bound to Fe-Mn oxides 1.44 £ 0.55 1.32£0.50 0.92 117
F4 bound to organic matter 0.30+0.25 0.66 +0.32 221 24
F5 acid soluble 1.11+£0.30 1.0+0.27 0.90 90
F6 residual 5.80 + 0.90 6.5+0.9 1.13 460

The data of table 3 shows that the content of uranium-238 and uranium-234
in water-soluble species is small and equal to 0.50+£0.37 and 0.92+0.45 Bg/kg,
correspondently. The exchangeable form also showed small content of uranium-
238 and uranium-234, equal to 0.96+0.48 and 1.07+0.48 Bqg/kg, correspondently.

The figure 2 revealed that 48% of uranium-238 is presented in residual form,
and 39% of uranium-234 is presented in residual form. Uranium-238 is
represented in the following order: F6 residual > F1 exchangeable > F3 bound to
Fe-Mn oxides > F5 acid soluble > F2 bound to carbonates > FO water-soluble
> F4 bound to organic matter; and uranium-234 has the following order:
F6 residual > F1 exchangeable > F3 bound to Fe-Mn oxides> F5 acid soluble
~ F2 bound to carbonates ~ FO water-soluble> F4 bound to organic matter.

If we take into account the high total content of uranium in the waste, then
uranium fixed in geochemically-labile forms can be released and migrate from the
soil depending on changes in environmental conditions, such as pH, Eh, salinity,
etc.
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Figure 2 —Species of uranium isotopes

As about 50% of uranium isotopes is presented in mobile or potentionally
mobile forms it is recommended to control the content of radionuclides in the
investigated area regulary in order to prevent the potential exposure of local
population.

Conclusion. The study of the sequential extraction of uranium isotopes from
the waste of the Akshatau deposit, according to A. Tessier protocol, showed that
uranium-238 was recorded in the following order: F6 residual > F1 exchangeable
> F3 bound to Fe-Mn oxides > F5 acid soluble > F2 bound to carbonates > FO
water-soluble > F4 bound to organic matter; and uranium-234 has the following
order: F6 residual > F1 exchangeable > F3 bound to Fe-Mn oxides > F5 acid
soluble ~ F2 bound to carbonates ~ FO water-soluble > F4 bound to organic
matter.
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KAPAFAH/IBI OBJIBICHI AKIIIATAY KEH OPHBIHBIH
YPAH U30TOITAPBIHBIH TABBLITY ®OPMAJIAPBIH 3EPTTEY
(KA3AKCTAH)

Maxanaga Kaparauabl OOMBICBIHBIH AKIIaTay KCHOPHBIHIAFBI yPaH H30TONTAPBIHBIH
TaOBLTy (pOpMaaphl 3ePTTCY HOTIDKENEPI KOPCETINreH. AKIIATay CHpEK XXep MeTauiaap
keH opHbl JKoHFap-bBankam T'€OCHHKIMHACBIHBIH COJNTYCTIK O6JiriHAe OpHAIAacKaH.
Ty3imyi OoOWBIHINIA KEH OpPHBI T'pel3eHIi-MOTUOICH-BONBGPAMIBl MUHEPAIN3AIUSIIEL
THUIKE KaTa-fbl. DJIEMEHTTEP/IH TaObuty (OpManapblH aHBIKTAY JaCTAyIIbl 3aTTap/IbIH
MUTPAIMSIIBIK KaOUIeTiH 3epTTeyne, COHIai-ak OJIapIblH OHWONOTHSUIBIK OCEpiH, SFHH,
OMOAaKKYMYJISILMS-HBI 3€pPTTey/ie MaHbBI3Abl OOJIBIT TaObLIAAbl. JJIEMEHTTIH O Kbl
MeJIIIepiH Oy aTtanraH Macelneliepe a3 akmapar oepei.

A. Teccuep ycbiHFaH XaTTaMa OOHBIHIIA AKIIATay KEH OPHBIHBIH KaJIbIKTapbIHAH
ypaH U30TONTapbIH TaHJaMalbI [IaiiMaiay d/ici apKbUIbIAHBIKTAY, YpaH-238 U30TOIBIHBIH
opTypii Tabbuly (opManapbiHIa KelieCl peTTe TapaFaHIbIFbIH KOpCeTTi: F6 Kaiablk
> F1 aypicmianer > F3 Fe-Mn okcuarepimMen Oaitnanpickan > F5 kprmikpuina eputid > F2
kapOoHarTapMmeH Oaiinansickan > FO cynma epurtin > F4 opranmkanblk 3aTreH Oaiina-
HBICKAH, aJl ypaH-234 n30TONBIHBIH Tapany peti: F6 xamaeik > F1 ayeicmansr > F3 Fe-Mn
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okcuaTepiMeH OaitmaHpickaH > F5 kpimikeuiga eputin ~ F2 xapOonarTapmen Oaiina-
HbIckaH ~ FO cyaa eputin > F4 opraHukaisik 3aTiicH OailylaHBICKaH.

Tyiiin ce3mep: TaHmamaibl maiimManay, ypaH U30ToONTapsl, AKmaray, Tadbuty Gop-
Majiapbl, MUTPAIMSUIBIK KabiieT, anbha-CreKTpOMETpHSI.

Pe3rome

UI. H. Hazapxynosa, A. C. Anubex, H. A. Hypcanuna,
b. C. Camwibanoues, . B. Mameeesa, A. H. I ypun

M3YYEHUE ®OPM HAXOX/IEHHS U30TOIIOB YPAHA
MECTOPOY/IEHUSI AKIIIATAY KAPATAHIMHCKO OBJIACTU
(KA3AXCTAH)

B crartee paccMorpeHbl (OpPMBI HaXOXK/IEHHs H30TONOB ypaHa B AKIIATayCKOM
Mmectopoxxaenun Kaparanaunckoi obnactu Kazaxcrana. Akiiatayckoe MECTOPOXKICHHE
PEAKOMETAIUIBHBIX METAJJIOB pacloiiaracTcs B ceBepHOU uyacTu JlxyHrapo-banxamckoit
reocHHKIMHAIN. [10 IpONCXOXKICHNIO OHO SIBISIETCS TPEH3EHOBBIM C MO0 1€H-BOJIb(pa-
MOBOI MHHepaii3anuel, TeHeTHYEeCKH CBSI3aHHBIM C MacCHBOM JICHKOKPATOBBIX I'PaHU-
TOB EPMCKOTO Bo3pacta. PopMBI HAXOXKICHUS JIEMEHTOB SIBIISIIOTCSI HanOoJIee BaKHBIMH
B HCCIECIOBAHUAX H3YYCHHS MHUIPALMIOHHON CIOCOOHOCTH 3arps3HSIOIIMX BEIIECTB, a
TaKXKe MX OMOIOTHYECKOH CIOCOOHOCTH H, CJIEIOBATENbHO, OMOAKKYMYJAIMH. 3HAHUE
o0wIero coaepKaHus IEeMEHTa MeHee HH(YOPMATUBHO B STHX BOIPOCAX.

H3ydenue mocienoBaTeIbHON SKCTPAKIMK M30TONOB ypaHa M3 OTXOJOB AKIIaTay-
CKOTI'0 MECTOPOKAeHHS 1o npotokony A. Teccuepa mokasano, uto ypaH-238 npezicraBieH
B Pa3NMuHBIX (pOpMax HaXOXKJICHHMs B clieayronieM nopsike: F6 ocratounsiii > F1 oomen-
HBIH > F3 cBs3aHHbIi ¢ okcupamu Fe-Mn > FSkucioropactBopumblii > F2 cBsi3aHHBIH C
kapOooHartamu > FO BomopacTBOopuMbIil > F4 CBS3aHHBI ¢ OPraHWYEeCKUM BEIIECTBOM; a
ypan-234 umeer cnexyroumii nopsiaok: F6 ocrarounsiii > F1 oOmenHsbIit > F3cBs3aHHbIH
¢ okcunamu Fe-Mn > FSkucnoropactBopumslii ~ F2 cBs3anHbIi ¢ kapooHatamu ~ FO Bo-
JIOPacTBOPUMBIH > F4 CBsI3aHHBII ¢ OPraHUYECKHM BEIIECTBOM.

KnioueBbie cji0Ba: CeeKTHBHOE BBIIEIIAYNBAHNE, U30TOIBI ypaHa, AKmaray, Gop-
MBI HAX0XKJICHUS], MUTPAIIMOHHAsI CHOCOOHOCTB, allb(ha-CIIEeKTPOMETPHSL.
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