ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBIJIbIM AKAAEMUACBIHBIH
Satbayev University

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

5 (443)

SEPTEMBER - OCTOBER 2020

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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URANIUM AND OTHER TOXIC ELEMENTS IN TRANSBOUNDARY
WATERS NEAR KAMYSHANOVSKY DEPOSIT

Abstract. The paper is devoted to revealing the signs of negative impact from the territory of the
Kamyshanovskoye deposit (Kyrgyzstan) on the level of contamination with uranium and other hazardous elements in
transboundary water bodies, in the first place in the Shu River. For this, six control points along the irrigation canal
at this territory were chosen together with 9 control points along the Shu river within the area. The elemental
composition of water samples was studied employing MS-ICP and OES-ICP; concentration values of 22 elements
were determined. The calculations were performed based on the obtained contents of toxic elements of the Ist and
2nd classes. Corresponding sanitary standards exceed the corresponding values by 1.5 — 6.7 times. At that, uranium
makes the main contribution to the toxicity level of the studied water in the Shu River (46%) and in the canal (61%).
The toxicity of the water canal is for ~3 times higher than that of the Shu River. The highest toxicity indicator was
found in the water delivered to the agricultural irrigation at the territory of the Kamyshanovskoye deposit. This
peculiarity and the obtained data may be of interest to the Ministry of Agriculture of the Kyrgyz Republic.

The distribution of chemical elements in water along the irrigation canal and along the Shu River bed was
studied. It is established that the canal water do not become contaminated with toxic elements while passing through
the deposit lands. It was established in the 3 control points of the Shu River that an increase (by 28 — 130%) in the
concentration of Ca, Ni, Li, Sr, U, Mg, Cr, Ba over their concentrations at the control points is higher upstream of
this river. The results obtained convincingly indicate the presence of a serious influence of the Kamyshanovskoye
deposit territory on the Shu River contamination with these elements. It is unlikely that such significant
contamination is caused by the irrigation system discharge waters. One of the possible mechanisms of water
contamination in the Shu River in its segment may be the entry of groundwater in contact with the ore body of this
deposit.

Key words: uranium deposit, transboundary waters, toxic elements.

Introduction. The uranium deposit Kamyshanovskoye is located on the territory of Kyrgyzstan
45 km from Bishkek and in the immediate vicinity of the border with Kazakhstan. It has been revealed
exploring this deposit that uranium is concentrated (up to 0.1%) mainly in peat and silt-peat deposits.
Uranium-bearing peat also contains the following chemical elements (including the toxic ones): Mo, Cu,
Zn, V, As —n-(0.1-0.01)%; Pb, Co, Ni, Sc, Ga —n-0.001% [1].

In the southern part of this field, the village of Kamyshanovka with a population of about
2.5 thousand people is located. The local population is mainly engaged in cattle breeding and cultivation
of vegetables and grain crops. These agricultural works are carried out practically on the entire territory of
the field. A complex densely interwoven irrigation system has been created for watering the cultivated
products. Water, which is a mixture of many water sources, enters this system through a special hydro-
canal. Ultimately, the waters of this system, including all return water from the irrigation fields, are
discharged into the riverbed of the Shu River flowing in the northern part of the field along the
Kyrgyzstan-Kazakhstan border.
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Since virtually any mineral exploration activity or industrial development of mineral deposits affects
the environment [2,3], al-Farabi KazNU studied the radionuclide composition and the presence forms of
uranium in peat samples from the Kamyshanovskoye deposit and soil taken near the residential village of
the same name.

The revealed specific activity of ***U in the studied soil significantly (for about 10 times) exceeded
the background value of its activity for the region. This indicates a technogenic impact from the uranium
mine. It was also shown that the main part (more than 90%) of uranium contained in the studied soil and
peat samples is in geochemically mobile forms [4, 5]. Uranium in such forms, under the influence of
various natural factors (rain, wind), can migrate to local water sources and spread over considerable
distances. Thus, the situation on the territory of the Kamyshanovskoye deposit, located in close proximity
to the transboundary Shu River, represents a potential danger of contamination of this river with uranium
(and, possibly, with other toxic elements).

Given the above, we set up a task to study the elemental composition of water samples taken in the
Shu River and the hydro-canal in the territory of the Kamyshanovskoye deposit. The purpose of this study
is to identify the signs of the negative impact of the above (or other) factors on the contamination with
uranium and other toxic elements (TE) of the waters of these transboundary objects, in the first place of
the Shu River.

Field work and methods of research. Field work was based on the experience gained in our
previous studies of radiation and environmental conditions in the Syr Darya river basin within the
framework of the international project “Navruz” (Kazakhstan, Uzbekistan, Tajikistan, Kyrgyzstan) [6].

Water was sampled as shown in figure 1 from 6 control points (CH-1 — CH-6) along one of the
irrigation canals and at 9 control points along the Shu River (SH-1 — SH-9). The vast majority of these
samples (14 out of 15) were taken on the territory of Kyrgyzstan. In Kazakhstan, only 1 water sample was
taken at the control point (CP) SH-9.

N

Kazakhstan ‘

SH-4 Legend

\ @ Checkpoints
\\ ’ Uranium-bearing peatlands
\\ Kamyshanovka
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/
i, T
Kyrgyzstan
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Figure 1 — Water sampling points in the territory of the Kamyshanovskoye field

At each control point, water was sampled at least in 5 points in compliance with the State Standard
RK GOST R 51592-2003. So, places free of algae and floating debris were chosen. A water sampling
container was immersed to a depth of 50 cm below the surface. The combined 0.25 1 water sample was
filtered through 0.3 pm membrane filters, preserved at the rate of 3 ml of concentrated HNO; per 1 1, and
hermetically packed in plastic bottles.

Inductively coupled plasma mass and optical emission spectrometry (MS-ICP, OES-ICP) were used
to determine the elemental composition of the taken water samples. MS-ICP analysis was performed at the
ELAN-9000 inductively coupled plasma quadrupole mass spectrometer PerkinElmer SCIEX. The
OES-ICP analysis was performed on an OPTIMA-8000 inductively coupled plasma optical emission
spectrometer, manufactured by PerkinElmer Inc. Each device is equipped with a computer workstation
and specialized software. All analyses were carried out according to the standard method “ISO 17294-2.
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Part 2: determination of 62 elements.” Prior to each measurement series, the sensitivity and stability of the
spectrometer system (instrument tuning) was checked using specially prepared (based on standard
samples) solutions. Upon obtaining the calibration curves, blank solutions and natural water samples were
measured, both initial and (if necessary) diluted 1/10, 1/100, etc. The isotopes for measurement (in the
case of IC-ICP) and the emission lines (in the case of OES-ICP) were selected based on a compromising
criterion assuring acceptable detection sensitivity, minimal spectral noise and low background. The
technique1 allows to determine concentrations of many elements with the detection thresholds from 0.1 to
10 pg-kg™.

The presented technique was tested on various standard samples and has been successfully used in
monitoring the transboundary rivers of Kazakhstan and studying the environmental situation in the basins
of the most contaminate water objects [6-8].

Results and their discussion. The methods of MS-ICP and OES-ICP were used to study the
elemental composition of water samples taken at all 15 CPs. The concentration values (or their threshold
values) were determined for the following 27 elements: Ag, Al, As, B, Ba, Be, Ca, Cd, Ce, Co, Cr, Cu, Fe,
Hg, K, La, Li, Mg, Mn, Mo, Ni, Pb, Sb, Sr, Th, U, V. Preliminary analysis of the obtained data showed
that the contents of Ag, Be, Cd, Hg and Th in all the studied water samples were below the detection
thresholds of the employed analysis methods and the corresponding clark values (world average) for
drinking water [9].

Table 1 shows the intervals of the concentration values for the remaining 22 elements and the average
values of their concentrations in water at the studied sections of the Shu River and the canal. The table
also presents the clark values for all elements, as well as the maximum allowable concentrations values set
by WHO (MACwno) [10] and (additionally) by Kyrgyz Republic (MACkg) [11] for drinking water. It
should be noted that the values of the MACkg for Al, Co and Li coincide with the relevant standards set by
the Republic of Kazakhstan (MACgk) [12].

Table 1 — The concentrations of chemical elements in water samples taken along the Shu river and the canal, pg-kg™

Object
Element The canal Shu River C%:;Sk Mﬁfg I;O[Ell%]’
Range Average Range Average
Al 103 -179 146+32 35.9-88.0 75.44+24.0 50.0 500
As 2.45-4.50 3.35+0.79 1.70-2.13 1.93£0.11 0.20 10.0
B 232 - 452 312495 60.9 - 149 91.6+30.5 50.0 2,400
Ba 30.2-58.1 40.4+12.1 29.3-823 62.6+15.7 60.0 700
Ca, % 62.3-90.1 73.6+11.5 37.1-77.0 57.5+10.4 134 -
Ce 0.37-0.55 0.46+0.09 0.17-0.30 0.26+0.07 0.06 -
Co 0.41-0.58 0.47+0.07 0.23-0.30 0.25+0.02 0.20 100
Cr 2.45 - 8.64 4.84+2.42 1.62 - 4.09 2.29+0.67 1.00 50.0
Cu 1.15-2.49 1.82+0.59 1.31-3.03 2.59+1.87 1.50 2,000
Fe 82.0- 163 116+43 43.6-61.4 58.84+9.6 40.0 2,000
K, % 2.58-4.33 3.53+0.74 1.52-297 2.56+0.44 1.30 -
La 0.19-0.28 0.24+0.05 0.14-0.19 0.17+0.05 0.04 -
Li 18.3-42.8 26.6+11.2 493-11.4 8.03+1.87 2.50 30.0
Mg, % 31.1-595 40.4+11.4 12.2-24.38 17.8+4 .4 3.35 -
Mn 5.22-16.6 10.6+6.1 3.99 - 10.6 9.13+3.39 8.20 400
Mo 9.09 - 14.7 10.5£2.2 4.92-5.76 5.30+0.24 0.50 70.0
Ni 6.16 - 8.60 6.92+0.98 4.15-6.58 5.19+0.58 0.50 70.0
Pb 0.40-0.62 0.51+0.08 0.30-0.60 0.49+0.11 0.10 10.0
Sb 1.06 - 1.84 1.34+0.35 <0.30-0.75 0.69+0.21 1.00 20.0
Sr 1107 - 2025 13924358 529 - 905 650+124 60.0 -
U 82.6-114 99.0+14 17.4-31.1 24.3+4.7 0.24 30.0
v 7.83-14.2 10.4+3.1 2.08-2.43 2.19+0.11 1.00 -
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The data presented in table 1 indicate that the average concentration of the vast majority of the
studied elements (with the exception of Ba and Sb) in the waters taken in the Shu River and in the canal
are higher (for many, are substantially higher) than their corresponding clark values. Also, for many of
these elements (with the exception of Ba and Cu), the concentrations in the canal are noticeably (for 1.5 —
4 times) higher than those in the river. As it has been mentioned above, the water of the irrigation system
on the territory of the Kamyshanovskoye deposit flows into the Shu riverbed. This imposes the risk of the
Shu water contamination with chemical elements contained in significant concentrations in these
wastewaters. The highest contamination danger exists due to the significant contents of uranium (U is a
chemical element of the 1* hazard class), certain elements of the 2" hazard class (Al, As, B, Li, Mo, and
Sr), and salts of calcium, potassium, magnesium.

Table 2 show the calculated values of the total chemical toxicity (the limiting indicator of the harmful
effects, Ky y, the limiting hazard indicator) of water at all CPs along the canal and the Shu River. The
calculations are performed in accordance with the following expression

K,y =D C #MAC'
i=1
where C; — is the concentration of the elements of the Hazard class 1 or 2. At that, we considered a limited
list of elements (those with significant concentrations at all 15 CPs) of the 1% and 2™ hazard classes: Al,
As, B, Ba, Li, Mo, Pb, Sr, U. This indicator for drinking water, following the Sanitary Rules of the
Republic of Kazakhstan, should not exceed 1.0 [12].

Table 2 — The values of the limiting hazard indicator K; y; for the water samples taken at the control points
in the canal and in the Shu River

Ci - MAC;"
Sample code -
Al | Aas | B | Ba | Li | Mo | P | st [ U | Ku
Canal
CH-1 0.36 0.39 0.19 0.08 1.43 0.21 0.04 0.29 3.66 6.65
CH-2 0.34 0.32 0.17 0.07 1.25 0.15 0.05 0.22 3.80 6.37
CH-3 0.32 0.25 0.12 0.04 0.68 0.14 0.05 0.18 3.55 5.33
CH-4 0.31 0.28 0.11 0.04 0.67 0.14 0.06 0.18 3.24 5.02
CH-5 0.21 0.32 0.10 0.05 0.61 0.14 0.06 0.16 2.81 4.45
CH-6 0.22 0.45 0.10 0.06 0.69 0.13 0.05 0.17 2.75 4.62
Shu River
SH-1 0.18 0.21 0.03 0.11 0.23 0.07 0.08 0.08 0.58 1.57
SH-2 0.17 0.20 0.03 0.11 0.24 0.07 0.04 0.08 0.59 1.53
SH-3 0.18 0.20 0.03 0.12 0.24 0.07 0.06 0.08 0.61 1.59
SH-4 0.17 0.20 0.03 0.11 0.25 0.07 0.05 0.08 0.60 1.56
SH-5 0.16 0.21 0.06 0.09 0.38 0.08 0.05 0.13 0.91 2.07
SH-6 0.09 0.18 0.06 0.09 0.37 0.08 0.06 0.12 1.03 2.08
SH-7 0.08 0.18 0.06 0.08 0.35 0.08 0.05 0.12 1.04 2.04
SH-8 0.07 0.17 0.03 0.04 0.16 0.08 0.03 0.08 0.94 1.60
SH-9 0.08 0.18 0.03 0.05 0.19 0.08 0.03 0.08 0.99 1.71
MACwno, MACkp, ug'l'1 500 10 2,400 700 30 70 10 7,000 30

The data presented in table 2 indicate that all the studied waters are characterized by the Ky values
exceeding the sanitary standard of 1.0. At that, the main contribution to the toxicity of the studied waters
is made by uranium (an element of the 1* class of chemical hazard): in the Shu River — for 46%, in the
canal — 61%. It should also be noted that the toxicity of the cannel waters is significantly (~3 times) higher
than that of the river waters (the average value of the K,y indicator for the canal waters is 5.41 + 0.91, for
the waters of the Shu River — 1.75 + 0.24). The highest value of this indicator (K y; = 6.65) was found for
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water at KP SN-1. This means that water significantly contaminated with toxic elements is supplied to the
irrigation system of the agricultural fields on the territory of the Kamyshanovskoye deposit. We believe
that this feature and the data obtained may be of interest to the Ministry of Agriculture of the Kyrgyz
Republic.

The distribution histograms were made to study the distribution of the studied elements in the waters
of the irrigation canal (laid through separate sections of the uranium-bearing peat deposits) and in the
waters of the Shu River. Some of them are shown in figure 2 below.
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Figure 2 — Distribution of individual elements in the waters along the canal (a) and the Shu river (b)

It follows from figure 2a that the passage of the canal waters through the field does not ultimately
lead to their enrichment with the elements presented. Moreover, the concentrations of most of them (U, B,
Li, Sr, Ni, Mg, Ca, Mo) in the water at CH-5 are noticeably lower than those at CH-1. At the same time,
one should pay attention to the sharp increase in the concentration of Cr in the canal water at the CP CH-3
(probably, due to a local contamination spot), as well as the increased contents of K, As, Ba in the water at
the CP CH-6. Additional research is needed to clarify this pattern. It is common for all elements at figure
2b that their concentrations in the Shu River are evenly distributed in the waters taken upstream from the
territory of the Kamyshanovskoye deposit at the following CPs: SH-1, SH-2, SH-3, SH-4. Further, their
distribution in the waters of this river downstream differs markedly. In accordance with the main objective
of this study, the distribution of U, B, Li, Sr, Cr, Ni, Mg, and Ca is of primary interest. The concentrations
of each of these elements in water increase sharply (for most of them) or smoothly (for Ni) at SH-5 and
remains elevated at the next two CPs SH-6 and CH-7. The excess of the average concentration in waters at
these three CPs of each of these elements over the average value of its concentration in waters at the
previous 4 CPs has the following value, %: Ca — 28, Ni — 30, Li — 55, Sr— 61, U — 66, Mg — 71, Cr — 86,
B — 130. The presented results convincingly indicate the presence of a serious influence of the
Kamyshanovskoye deposit territory on the river contamination with these elements. It is unlikely that such
significant contamination is caused by wastewater from the irrigation system. This conclusion is supported
by the comparison of the concentrations of these elements in the river at the CPs SH-8 and SH-9, in the
interval between which the waters of the studied canal flow into this river. An increase in the
concentration of these elements in the water on this segment of the Shu River is negligible and ranges
from 2.5% (Ni) to 13% (Li). One of the possible mechanisms of water contamination in the Shu River in
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its segment (SH-5 to SH-7) may be the entry of groundwater in contact with the ore body of this deposit. It
should also be added that the revealed contamination with TE, Ca and Mg of the Shu River water is
limited to the river section from the CP SH-5 to the CP SH-7. At SH-8, a sharp decrease (with the
exception of U) of the concentration of these elements in water is observed. A more detailed study is
needed in this place, on a segment of the river from SH-7 to SH-8, to clarify the essence of this
phenomenon and its profoundness.

Conclusions. As a result of the present study, the factors of serious environmental concern were
identified on the territory of the Kamyshanovskoye uranium deposit. Specific measures are required to
clarify their nature and degree of danger to the environment and the health of the local population.

It has been established that the water used for irrigation of agricultural fields in this territory is
significantly contaminated with uranium in concentrations of more than 3 times higher than the maximal
permissible level for drinking water (MPAwno = 30 pg-kg™) and with other toxic elements. It is necessary
to carry out specific studies to reveal the degree of these elements transition to the farmed agricultural
products.

It was also established that the concentration of uranium and other TEs in the water of the Shu River
in its section located near the ore bodies of this deposit significantly exceed their levels in the upstream
waters of this river. The discussed here possible mechanisms of the identified contamination is
hypothetical. In order to identify a real source and reveal the mechanism of this contamination, it is
necessary to carry out a more detailed study on this section of the deposit territory and the adjacent section
of the Shu River.

Acknowledgement. This article has been prepared under support of the Ministry of Education and
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KAMBIIIAHOBCKOE KEH OPHbI MAHBIHIATBI TPAHCIIEKAPAJIBIK CYJIAFBI
YPAH )KOHE BACKA JIA YBITTbI QJIEMEHTTEP

AnnoTtanus. KaMmeraHoBcKoe ypaH KeH OpHBI KeIpFpI3cTaH ayMarbIHAa Billlkek KajaachlHaH 45 IMaKpIPhIM KaITbIK-
Ta xoHe KazakcraH 1ekapachlHa TiKeJel KaKbIH OpHAIacKaH. byl KeH OpHBIH Oapiiay HOTH)KECIH/E ypaH HeTi3iHeH
IIBIMTE3EKTE JKOHE JIAHNBI-IIBIMTE3eKTi merinaine moreipiaanradbl (0.1% neitin) anpikTanapl. CoHOai-aK ypaHIbI
IIBIMTE3€K KypaMbIHIA KeJleci XMMUSUIBIK 3JIeMeHTTep (OFaH Koca ybITTH) Oap: Mo, Cu, Zn, V, As - n-(0.1-0.01)%;
Pb, Co, Ni, Sc, Ga - n-0.001%.

ATanMbIIl K€H OPHBI ayMarbIHBIH OHTYCTIK Oeliriame 2.5~ MBIHFa JKYBIK XalKbl Oap KambimaHoBKa KeHTI
OpHaJIaCKaH. byJ1 KeHT TYPFBIHIAPHI HETi3iHEeH Mall IIapyallbUIBIFFIMEH, COHIal-aK KOToHIC, TOHIII JaKbII 6CipyMeH
aifHanbIcanpl. by aypulmapyambuIBIK AKYMBICTAPHI iC )KY3iHAE KEH OPHBIHBIH OapibIK ayMarbIHIa JKY3€re achIpbl-
nmanbel. OcipiireH eHIMAL CyFapy VImiH Oip-OipiMeH THIFBI3 OalIaHBICTHI cyapy Kyiieci KypsUIFaH. byn xylere cy
apHafBI Cy apHACHI apKBUIBI KeJei. ATallFaH KYHEHIH Cybl, OFaH KOca CyapMallbl alKanTapIaH Kepi KelneTiH 0apIbiK
cy, aKelp coHbIHAa, Kpiprei3cTan-KazakcTaH mekapachl OOWBIHIAFEI KEH OPHBIHBIH CONTYCTIK OOiri apKbUIBI aFbITT
atkad Ly e3eHi apHackiHA xi0epineni.

On-Papabu ateiHmarsl KazYVY-na KaMeimmanoBckoe KeH OpHBIHAH alIbIHFAH MIBIMTE3EK YITUIePIHIeT] YpaHHBIH
PaIMOHYKIHATIK KYPaMbIH JKOHE OpHANACy MIlIiHiH, COHNal-aK aTTac KeHTTIH JKaHBIHAH IPIKTEIIN aJbIHFaH TOIBI-
paKTHl 3epiesey OOMBIHINA XKYMBICTAD OPBIHAALIBL. 3ePTTENreH TONMbIPAKTarsl - U MEHIIIKTI AKTHBTINIM OHBIH
aTAIMBIII alfMaKTaFbl aKTHBTLUIITIHIH asIbIK MOHiIHEH enoyip (mamameH 10 ece) acaThIHBI aHBIKTANABL. by ypan
KEHIMIHIH TEXHOTCHIIK BIKIANI eTeTiHiH kepcereni. COHIali-aK, 3epTTENTeH TOMBIPaK MeH MIBIMTE3eK YATUIepiHaeri
ypanHbIH Herisri Oemiri (90%-TeH acTambl) TEOXUMISIIBIK-MOOMIIBII IMIIiHAE eKeHAiri kepcerinreH. OchrHmai
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miliHaepAeri ypan opTypii taburu Qakropruap/biH (kaHOBIP, JKeJ) 9CEpiHEeH JKEPruTiKTI Cy KO3iHe Kellyl jKoHe
e/10yip KAIBIKThIKKA Tapaidybl MYMKiH. Ocputaiiia Tpanciiekapanslk Ly e3eHiHe jXakKbplH JKepIe OpHalacKaH
KambliiaHOBCKOE KEH OpPHBI ayMarbIH/IaFbl XKaFIail OChl ©3¢HHIH ypaHMeH (MyMKiH 0acKa Jia YbITThI DJIEMEHTTEPMEH)
BIKTUMaJI JIACTaHy KayIliH TOHAIPEI.

Makasa TpaHCIIeKapalblK cy oObeKTiIepi CybIHbIH, OipiHmi ke3ekte Illy e3eHiHIH ypaHMeH »xoHe Oacka aa
YBITTBI JJIEMEHTTEPMEH JIacTaHy JieHreliine KaMblliaHOBCKOE YpaH KeH OpHbBI ayMarbIHBIH Tepic acep eTy Oenrinepin
aHpIKTayFa apHairad. OJ YIIIH OCbl ayMaKThl CyapMainay yieci apHachIHbIH OOMbIHIaFbl 6 OaKbLIay MyHKTIHEH,
coHyiaii-ak ocbl MekeHze arbin oTeriH Iy e3eHi apHachIHBIH OOWbIHAAFbl 9 OakbuIay MYyHKTIHEH Cy ChIHaMalaphbl
ipiKTenin ajxpiHAbl. [piKkTeNnin anslHFaH Cy ChIHAMaNApBIHBIH AIeMeHTTIK Kypambl MS-ICP sxone OES-ICP onicrepi-
MEH 3epJeiieH . 22 3JIeMEHTTIH KOHLEHTpaLus: MOHI aHbIKTaj (bl KayinTimiri 1-m1i jxoHe 2-TONTaFbl YhITThI 3JI€MEHT-
TEPIiH MeJIIepi Typalbl alblHFAH ACPEKTepiH Heri3iHige OapiblK 3epAENeHIreH CYIbIH KOCBIHABI XUMHSIIBIK
YBITTBUIBIFBIHBIH MOHIHE ecernTey kyprizuial. Ecentey HoTHXKEIepl OChl mapaMeTpiiH 0apiiblK ajJbIHFAaH MOHI THICTI
CaHUTApPIIBIK HOPMATHBTEH 1.5-6.7 ece acaThiHbIH KepceTTi. by perre, 3eplelieHreH Cy/bIH YBITTBUIBIK JCHIeiiHe
ypaHHBIH KocatbiH yieci 30p: Ly e3eninne - 46%, apuana — 61%. ApHa cybiHbIH ybITTHUIBIFBI 11y e3eHiHe Kapa-
FaHza enadyip (~ 3 ece) xorapsl. KampImaHOBCKOE KEH OpHBI ayMaFbIHIAFbl aybUT [IaPYaIlbUIBIFBI AJIKANITAPEIH Cyapy
KyieciHe TYCETiH CYABIH YBITTBUIBIK KOPCETKIlll €H MOrapbl MoHre ue 0onabl. OChl epeKIIelNiK jKOHE alblHFaH
nepexrep KP Aybut mapyanibuibiFbl MUHUCTPIITIHIH KbI3BIFYIIBUIBIFBIH TYABIPYbl MYMKIH.

XUMHSUIBIK AIEMEHTTEPIIH CyIanabIpy KaHasel MeH 1y e3eHi apHachiHaa Tapaiy skaraaiibl 3epaesienai. Kanan
CYBIHBIH KEH OPHBI ayMaFbl apKbUIbl aFybl OJApJbIH YBITThl DJIEMEHTTEPMEH JacTaMaiThIHbI aHbIKTaIIbl. KeHni
HIOFBIP JKaHbIiHIa opHanackan Illy e3eHi cybiHbiH yin Oakpuiay nyskrinme Ca, Ni, Li, Sr, U, Mg, Cr, Ba
KOHLIEHTPALMSICBIHBIH, OChl ©3€H aFbICHIHBIH JKOFApFbl OOJIriHJAe OpHAlaCKaH Oakpulay MyHKTTEPIHIETl OJapbiH
KOHLICHTPALMSIChIHAH edyip jkorapbutaranbl (28-130%-ra) anbikranapl. AnbiaFad HoTikenep llly eseHiHiH ochl
JJIEMEHTTEPMEH JlacTaHy JeHrediHe KamblllaHOBCKOE KEH OpPHbI ayMarbIHBIH €[0ylp ocep eTETIHIIriH HaKThI
nonenaeni. MyHnait aiTapiisikrai 1acTaHyIbIH CyJIaHABIPY KYHECIHIH aFbIH/bI CYbIHAH TYBIH/AY BIKTHMAJBIFbI a3.
by xepae 1lly e3eHiH NacTallThIH BIKTUMAJI MEXaHU3M/IEPAiH Oipi OHBIH apHAChI APKbUIbI ATAJIMBIII KEH OPHBIHBIH
KEH/II IIOFBIPhIMEH TYHICETIH KepaCThl CybIHbIH OTKEHIHEH 00Tybl MYMiH.

Tyiiin ce3nep: ypaH KeH OpHbI, TPAHCILIEKAPAIIBIK CY, YBITThI JJIEMEHTTEP.
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1I/IHCTI/ITyT simepHo pusuku MD PK, Anmarel, Kazaxcran;
2BHOIOrO-TIOYBEHHBIH nactutyT HAH KP, bumikexk, Keipreizcran

YPAH U APYT'ME TOKCUYHBIE 3JIEMEHTBI B TPAHCTPAHUYHBIX BOJIAX
BJIN3 MECTOPOXJEHHUSA KAMBIIHAHOBCKOE

AHHoTanus. Mecropoxxaenue ypana KaMbIlraHOBCKOE pacojioxkeHo Ha Tepputopuu Keiprescrana B 45 xm
or 1. bumkek m B HemocpeICTBeHHOW Oim3octn oT rpaHmibl ¢ KazaxcraHoMm. B pesynbrate pasBenku 3TOrO
MECTOPOXKICHHS YCTAaHOBJIECHO, YTO ypaH cKoHIeHTpupoBaH (110 0.1%), B oCHOBHOM, B TOp(hax M HIOBO-TOPHSHBIX
OTJIOKEHHSIX. YPAHOHOCHBIE TOP(BI COAEPKAT TAKKE CIEIYIOUINE XUMHYECKUAE DJIEMEHThI (BKJIIOYasi TOKCHYHBIC):
Mo, Cu, Zn, V, As - n-(0.1-0.01)%; Pb, Co, Ni, Sc, Ga - n-0.001%.

B 10XKHOH YacTH TEPPUTOPHU 3TOTO MECTOPOXKICHHS PACIIONOXKEH IMOceloK KaMbImaHoBKa ¢ HacelIeHHEM
~2.5 ThIC. yenoBeK. JKuTenu 3Toro mocenka, B OCHOBHOM, 3aHMMAIOTCSI CKOTOBOJCTBOM, a TAaK)Ke BBIPAIIMBAHUEM
OBOIIEH M 3€PHOBBIX KYJIBTYpP. DTH CEIbCKOXO3AHCTBEHHBIE paOOTHI MPOBOIATCS MPAKTUIECKH HA BCEH TEPPUTOPUHU
MECTOpOXXKICHHSA. [l TMONMBa BBIPALIMBAEMON MPOAYKIMHM CO3/aHA CJIOXHAS TYCTONEpEIUIeTEHHAs CHCTeMa
opomerna. Boga mocTymaer B 3Ty CHCTEMy IO CHEIMAIBHOMY THIpOKaHATy. Boasl 3TOH cCHCTEMBI, BKIIIOYas BCE
oOpaTHbIE BOJIBI C MOJIEH OPOIICHHUs, B KOHEUHOM UTOTre, cOpachiBatotces B pycio p. Ly, nporekaromieii B ceBepHOH
9aCTH MECTOPOXKAEHUS BIOJb rpaHuIlsl Keiprecran — Kazaxcran.

B KaszHY um. anp-®Dapabu BbIIOIHEHBI Pa0OTHI 110 U3YyUYSHUIO PAJAMOHYKIHIHOTO COCTaBa U (hopM HaXOKACHHS
ypaHa B obpasuax Topda ¢ MectopoxaeHus: KaMblliaHOBCKOE U MOYBbI, OTOOPAHHOW BO3JIe OJIHOMMEHHOT'O JKUJIOTO
MocesKa. YCTaHOBJICHO, YTO yNEeNbHAas aKTHBHOCTH U B M3Y4EeHHOH MOYBE CymIecTBeHHO (mpumepHO B 10 paz)
MpeBbImaeT (OHOBOE 3HAUCHHE €€ aKTHBHOCTH B JAHHOM PETHOHE. DTO CBHIETENBCTBYET O TEXHOTCHHOM BIMSHUHU
CO CTOPOHBI ypaHOBOTO pynaHHKa. [lokazaHo Takke, 9To OCHOBHas 4acTh (bosee 90 %) ypana, comeprxamerocst B
M3Y4YEHHBIX 00pa3lax Mo4Bbl M TOp(da, HAXOAUTCS B FEOXUMUYECKU-MOOMIbHBIX (hopMax. YpaH, HAXOAALIMACS B
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Takux (opMax, IMOJA BO3ACHCTBHEM PA3INYHBIX TPUPOTHBIX (AKTOPOB (IOXKIb, BETEP), MOXKET MUTPHUPOBATH B
MECTHBIC BOJHBIE HCTOYHHKH M PACIPOCTPAHATHCS HA 3HAYMTEIBHBIE paccTOSHUA. Takum oOpa3oMm, CHUTyarus Ha
TEPPUTOPUN MECTOPOXKICHNS KaMBIIIaHOBCKOE, PACIIONOKEHHON B HEMOCPEACTBEHHON OJM30CTH OT TpaHCTpa-
HuaHo# p. Ly, mpeacraBiseT MOTEHIINAIBHYIO ONACHOCTD 3arpsi3HEHUS 3TOW PEeKU ypaHOM (BO3MOXHO, U APYTUMHU
TOKCHYHBIMH 3JIEMEHTaMH).

CraThsl TIOCBAIICHA BBISBICHUIO INPU3HAKOB HETATHBHOTO BIHSHHS TEPPUTOPHHM MECTOPOXKACHHUS ypaHa
KaMmpimanoBckoe Ha ypoBeHb 3arpsS3HEHHOCTH YPAaHOM M APYTUMH TOKCHYHBIMHU 3JI€MEHTAMHU BOJA TPAHCTPAHUIHBIX
BOJIHBIX 00BEKTOB, B mepByo ouepeab — p. Uly. Jlns storo Obiim oToOpaHbl MpoObl BOJBI HA 6-TH KOHTPOJBHBIX
MMyHKTaX BIIOJb KaHAJa OPOCHTENIBHOM CHCTEMBI 3TOH TEPPUTOPHH, a TakKKe Ha 9-TH KOHTPOJBHBIX IMTyHKTAX BIIOJB
pyciaa p. Iy, mporekaromield B 3TOH MECTHOCTH. DIIEMEHTHBIA COCTaB OTOOPAHHBIX MPOO BOJBI M3Y4YE€H METOAAMHU
MS-ICP u OES-ICP. OmpeneneHsl 3Ha4eHUSI KOHIIGHTPAIUHN 22-X 3JeMeHTOB. Ha OCHOBE MOIY4YeHHBIX JAaHHBIX O
COJIEPKAHUN TOKCHYHBIX 3JIEMEHTOB 1-TO M 2-TO KJIACCOB OIACHOCTH BBIMTOJHEHBI PAaCUeThl 3HAUYCHUHA CyMMAapHOMH
XUMHYECKOW TOKCHYHOCTH BCEX M3yYEHHBIX BOJI. Pe3ynbpTaThl pacdeToB MOKA3aliH, YTO BCE MOJIYUYCHHBIC 3HAUCHUS
3TOTO MapamMeTpa MPEeBHIIIAI0T COOTBETCTBYIOMINK CAaHUTAPHBIN HOpMaTHB B 1.5-6.7 pa3. [Ipu 3ToM OCHOBHOM BKIIaf
B YPOBEHb TOKCHYHOCTU HU3YUYECHHBIX BOJ BHOCHUT ypaH: B p. llly — 46%, B xanane — 61%. TOKCHYHOCTD BOA KaHana
cymiecTBeHHO (~ B 3 pasa) BeIme, ueM p. Illy. Hanbonee BricokOe 3HaUeHHE TTOKA3aTEIsI TOKCHYHOCTH yCTaHOBJIICHO
JUIS BOABI, MOCTYTAIOMIEH B CHCTEMY OPOIICHHUS CEIBCKOXO3SIMCTBEHHBIX IMOJEH HAa TEPPUTOPHU MECTOPOKACHUS
KamprmanoBckoe. 91a 0COOEHHOCTh M TONYYCHHBIE JAaHHBIE MOTYT MPEACTABIATH MHTEpec I MuHHCTepCTBa
cenbeKoro xozsiictra KP.

W3ydeno pacmpeneneHne XMMHUYECKHX 3JIEMEHTOB B BOJAX BJAOJb OPOCHTEIBHOTO KaHaja M BAONIb pycia
p. lly. YcranoBneHO, YTO MPOTEKaHHUE BOJ KaHAaja Yepe3 TEPPUTOPHIO MECTOPOKICHUS HE MPUBOIUT K UX 3arps3-
HEHHWIO TOKCHYHBIMH 3JleMeHTaMH. B Bogax p. Llly Ha Tpex KOHTPOJBHBIX ITyHKTaX, HAXOMSAIIMXCS ONU3 pyIHBIX
3aNeked, YCTaHOBJIEHO 3HauMTeNnbHOE moBbimeHue (Ha 28-130%) xonmentpammu Ca, Ni, Li, Sr, U, Mg, Cr, Ba
OTHOCHTENBHO WX KOHIEHTPAIMKM Ha KOHTPOJBHBIX ITyHKTAX, PACIIONOKEHHBIX BBIIIE IO TEUCHHUIO ITOH PEKH.
[TomyuyeHHbIe pe3ynpTaThl yOSAUTENFHO CBUACTEIBCTBYIOT O HATMYNH CEPHE3HOTO BIHSHUS TEPPUTOPUN MECTOPOXK-
nenns KamprmaHoBckoe Ha ypoBeHb 3arpsisHeHHOCTH p. Ly stumu snemeHTamu. MasloBepOSTHO, YTOOBI Takoe
3HAYUTEIBHOE 3arpsa3HEHHE OBLIO BBI3BAHO CTOKAMHM BOJ OPOCHUTENBHON cucTeMbl. OZHMM M3 BO3MOMKHBIX
MEXaHU3MOB TaKoro 3arpsi3HeHus p. Ly Ha 3TOM MecTe MOXET SBISATHCS IOCTYIUIEHHE B €€ PyCIIO MOA3EMHBIX BOJ,
KOHTAKTHUPYIOIIUX C PYAHBIMH 3aJ€KaMH 3TOT'0 MECTOPOKICHUSL.

KiroueBble cjI0Ba: MECTOPOXKIICHHE ypaHa, TPAHCTPAHUYHBIEC BOJIBI, TOKCHYHBIE DJIEMEHTHI.
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