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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
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
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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ABOUT RATIO AND VALUES OF THE EMPIRICAL COEFFICIENT
OF ALKALI METALS (Na" and K*) IN SURFACE WATERS
OF KAZAKHSTAN ON THE EXAMPLE OF THE ILE RIVER

Abstract. Issues concerning to insufficient knowledge of such important aspects in the field of regional
hydrochemistry, which are the patterns of formation of the regime and the dynamics of alkali metals (sodium and
potassium) in surface waters are considered. It is pointed out the need for reliable analytical data on the separate
concentration of sodium and potassium in natural waters to solve important practical problems in the field of
assessing the suitability of the composition of the water of reservoirs for acclimatization of valuable forage
organisms for fish, when choosing water sources for irrigated areas. Special attention is paid to the importance of the
empirical coefficient (EC) of sodium and potassium, which is necessary in determining the total mineralization of
natural waters, on which the level of their use for various household and drinking needs depends. On the state
monitoring data, the nature of changes in the ratio of sodium and potassium along the Ile River was studied and the
EC was established to calculate their absolute concentration (in mg/dm®) and total water mineralization. Based on the
analysis of literature data and the results of our own research on the item under consideration, conducted in different
years for a number of reservoirs and watercourses in Kazakhstan, it was concluded that: previously adopted for the
entire territory of the former USSR, the EC equal to 25 for freshwater reservoirs can be used for waters of some river
basins of the Republic of Kazakhstan with their mineralization up to 350-400 mg/dm’. A decisive role in the
formation of the regime and the dynamics of the concentration of sodium and potassium in surface waters has a
complex of regional physiographic conditions: climate, nature of the soil, groundwater, anthropogenic influences,
etc. The necessity of establishing the EC for reservoirs and watercourses of different climatic zones of the Republic
of Kazakhstan, especially for large transboundary basins, is recommended.

Key words: sodium and potassium, values of their ratio in surface waters, empirical coefficients of alkali
metals.

Introduction. The sodium and the potassium are one of the main components of the chemical
composition of natural waters. However, until now, due to the sufficient laboriousness of their separate
chemical analysis and limited distribution of sensitive and relatively simple methods for determining these
ions, they are often not determined separately, and the total content of Na” and K" is calculated from the
difference between the sum of anions and cations. The data obtained in this case cannot be considered
reliable, since the calculated value of the sum of Na” and K contains errors of chemical determination of
all major ions.

In terms of assessing the genetic conditions for the formation of the chemical composition of waters
of different types of reservoirs, as well as to develop a number of methodological approaches in their stu-
dy, it is very important to know about the content of water and migration characteristics of alkali metals —
Na’ and K. The study of the dynamics of Na’, K" and their ratios is of great importance in determining
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the characteristics of their migration in surface waters and other natural objects in different climatic and
soil zones, in the characteristics of biological productivity and quality of natural waters, for search pur-
poses, etc.

Literature review. The research of the content and dynamics of sodium and potassium in the
lithosphere and natural waters are devoted to the works of a number of geochemistry classics, like F. Clark
[1], V.M. Goldschmidt [2], A.P. Vinogradov [3, 4], E.D. Goldberg [5], J.P. Reilly and G. Skirrow [6].
Subsequently, these elements were studied in sufficient detail by A.A. Beus [7], G.S. Konovalov and
V.1. Koreneva [8, 9], A.M. Almazov and I.G. Enaki [10].

The scientific data on this issue for surface waters of Kazakhstan have until recently been found in
the work of A.I. Mun and A.B. Bekturov [11]. A fairly wide range of issues related to alkali metals (Na"
and K), we studied in some years in the water of a number of important and large brackish-water and
fresh water objects in Kazakhstan [12-17].

It is known that a number of aquatic organisms that serve as a fodder basis for fishes can live and
reproduce only at certain ratios of potassium and calcium concentrations in water. As the value of the
K'/Ca®" ratio (above 0,2) increases, unfavorable water properties for aquatic organisms increase. The toxic
effect of potassium on organisms can neutralize calcium ions at certain ratios and concentrations [18-19].

A clear example that confirms these conclusions is the results of our experimental work on the
survival of mysids in the water of in the water bodies in Kazakhstan. According to the results of a number
of years of acclimatization works, the introduction of mysids (Paramysis (Mesomysis) intermedia, P
(M).kovalevski) and other food items in the large brackish lake Alakol has failed. The reason was
precisely in the high concentration of potassium in the water, unbalanced, respectively, by antagonist ions.

In the waters of Lakes Sasykkol and Koshkarkol, which are part of the Alakol lakes system, the
concentration of potassium is low, according to average values of 3,9 and 9,4 mg/dm’, respectively.
Mysids were successfully were acclimatized to these lakes, the conditions were optimal for the life of
invertebrate organisms, including the ratio of K'/Ca" is characterized by values of 0,06-0,16. The ratio of
K*/Ca® in the water of lake Alakol, taken for experience, was 1,11-0,75. In some areas of the water area,
the ratio of K'/Ca®" in the water of this lake reached 4,1 and 5,6. In our experiments, the survivorship rate
of mysids in the water of Lake Alakol was 14-16 %, and in the water of other reservoirs it reached 80 %.
According to Yu.V. Epova [20], the mysids have not been found in the Lake Alakol so far.

Separate concentration of sodium is an important indicator in the agro-industrial sphere in assessing

the irrigation quality of natural waters. Thus, when calculating the values of the irrigation (alkali) coeffi-

6620

cient (Ka) proposed by H. Stabler using an equation K, Not126 0=

as well as the sodium absorption ratio

SAR (used by the Department of Agriculture US farms), which characterizes the danger of soil salinity

. . Na* . L .
according to the equation SAR = \/%, the value of elemental sodium concentration is quite large.
CaT+Mg™
2

Sodium and potassium have similar chemical properties, but on the earth's surface, their migration
paths diverge. Na" leaches from hypergenic formations, while K' is trapped by soil colloids and living
material.

The geochemical mobility of potassium is many times lower than that of sodium, which is explained
by a number of reasons: slower destruction and greater persistence of primary potassium minerals in
comparison with sodium; potassium adsorption by sedimentary rocks, soil, potassium absorption by living
organisms, especially by plants. The difference in the behavior of sodium and potassium in the weathering
crust is reflected in the peculiarities of the ratio of sodium and potassium in natural waters. Sodium
prevails in the hydrosphere. About 65% of the total removal of sodium from the weathering zone to the
ocean comes mainly in the dissolved state, most of the potassium is in the composition of suspended
sediments [8, 21].

The intake of Na" and K" into natural waters is largely determined by the interaction of water with
living organisms, especially with plants. Researches of N.A. Kudryatseva [22] showed that with the loss of
aquatic vegetation a significant portion of alkali metals goes into water. From the dry plant mass,
according to the results of experiments, on average, 79,2 % of potassium is extracted, and 77,9 % of their
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total content is sodium. It turns out that aquatic plants are able to concentrate potassium selectively. For
example, in the clasping-leaved pondweed and water persicaria, the potassium content was respectively
41,4 and 54,7 % of the sum of calcium, magnesium, potassium, and sodium.

Baseline data, research results and discussion. In this paper, based on data from the state moni-
toring of RSE «Kazhydromet», the dynamics of sodium and potassium in the water of the r. Ile, which is
one of the main transboundary rivers of Kazakhstan. The features of the change in the ratio of these
elements along the river were studied and empirical coefficients (EC) were established for recalculating
the amount of Na” and K* from mg-eq/dm” to mg/dm’.

The laboratory of hydrochemistry of RSE «Kazhydromet» (Almaty), the content of Na" and K" ions
was determined by the ion-selective method. This method is the most accessible, since the determination
takes place with the help of the portable ionomer «Anion-7051» and two electrodes for each element; this
allows a series of definitions to be taken directly at the object in a short time [23, 24].

Baseline data for the study and calculation of these characteristics are presented in table 1. According
to them, the average sodium concentration for 2009-2014 in the water of four hydrological posts located
along the river from transboundary hydrological section to the delta (Iength of 815 km) varied from 22,1
to 27,0 mg/dm3, and potassium — from 3,0 to 2,5 mg/dm3 in the delta zone. At the same time, their
maximum concentrations reached 31,6 and 4,8 mg/dm’, respectively. Average values of sodium in the
water along the river gradually increase from 22,1 to 27,0 mg/dm’, while potassium remained at
3,0 mg/dm’, only at the top of the delta decreased to 2,5 mg/dm’. In changing the concentration of sodium
in the water along the river can be traced dependence on the value of water mineralization. Average mine-
ralization of river water for 2009-2014 varied in the range from 356 mg/dm’ in the border hydrological
section to 386 mg/dm’® — at the top of the Ile river delta.

Table 1 — Mineralization (X;) and the concentration of sodium, potassium in the water of the river Ile, mg/dm’

Years
Hydrological post Ingredient Average3,
2009 | 2010 | 2011 | 2012 | 2013 | 2014 mg/dm
% 342 340 362 374 358 368 356
Dobyn village (border) Na* 20,0 | 25,7 | 20,7 | 24,8 | 19,0 | 229 22,1
K" 48 | 22 | 23 | 24 | 25 | 35 3,0
% 348 | 345 | 345 | 370 | 360 | 395 361
11163r1:;ea§;’f£§$m of the Kapshagay Na* 203 | 23,7 | 21,8 | 24,6 | 203 | 27.9 23,0
Y K' 37 | 1,8 | 41 | 1,7 | 24 | 43 3,0
% 336 | 347 | 372 | 375 | 358 | 380 368
37 km below the Kapshagay dam Na* 21,7 | 28,3 | 29,1 | 28,8 | 23,6 | 31,6 25,5
K" 3,0 2,2 3,9 1.4 2,7 4,0 3,1
% 366 | 383 | 384 | 394 | 379 | 410 386
Ushzharma village (the top of the r.Ile delta) Na® 242 | 28,5 | 30,9 | 29,2 | 23,6 | 25,5 27,0
K* 33 1,9 2,9 1,3 2,7 3,1 2,5

Analysis of the change in the relative content of sodium and potassium from their sum shows
(table 2) the increase in the relative proportion of sodium downstream from 88,2 to 91,3 % and the
decrease in the proportion of potassium from 11,8 to 8,7 %. As is known, the relative content of sodium
and potassium in waters of different salinities is not the same. In sea waters, the relative content of sodium
is on average 96 %, potassium is 4 % of their total. In river waters, the potassium content increases to
12-20 %, and sodium decreases to 88-80 % [10].

According to J.P. Railey and G. Skirrow [6], when the salinity of seawater is 10, sodium concen-
tration is 3,074 g/dm’, potassium is 0,111 g/dm’, and at salinity 41 %o their content increases to 12,603 and
0,454 g/dm’, respectively. When the salinity of seawater changes, the relative content of these elements
remains constant — sodium 96,5 %, potassium — 3,5 %. In the literature there are data charac-terizing the
close proximity of the content of sodium and potassium in the waters of the seas and oceans.

Thus, according to A.P. Vinogradov [4], in oceanic water, sodium is contained in the amount of
10 354 mg/dm’, potassium — 387 mg/dm’, and in the sea water by E.D. Goldberg [5], 10 500 mg/dm’ and
380 mg/dm’, respectively. At the same time, the relative proportion of these elements also remains
unchanged.
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Table 2 — The values of ratio and empirical coefficients (equivalents) of sodium and potassium in the water of the River Ile

Hydrological post Na', % K" % Na'/K*, mg/dm’ Erna 1k
. 80,6-92,1 7.9-19.4 3.8-12.0 23.8-25.2
Dobyn village (border) 88.2 1.8 8.3 242
164 km above the dam of the Kapshagay 84.2-93.5 6,5-15.8 5,3-14.5 23.6-24.6
hydroelectric station 88,5 11,5 8,8 24,2
87.9-95.4 4,6-12,1 7.2-20,6 23.4-24.2
37 km below the Kapshagay dam 90.5 9.5 10.6 23.9
. 88.0-95.7 4,3-12.0 7.3-22.5 23.4-24.2
Ushzharma village (the top of the r.Ile delta) 913 8.7 12.1 23.9

According to our data, in the water of brackish reservoirs of Kazakhstan: in the Lake Alakol the
relative content of potassium decreased to 1,5-1 %, sodium reached 98,5-99 % [15], in the brackish
eastern part of Lake Balkhash the content of potassium decreased to 4 % [13].

Such significant differences in the content of these elements in natural waters are due to their
different migration ability, although the Clarke content of these components is very close: according to
A.P. Vinogradov [25] sodium — 2,64 %, potassium — 2,60 % , according to S.P. Taylor [29] — 2,36 and 2,09
%, respectively.

In accordance with the changing of the relative content of sodium and potassium, the values of the
ratio Na'/K" change. The high mobility of sodium compared to potassium (sodium ionization potential is
5,12, potassium is 4,32) is determined by its best leaching from sedimentary formations, potassium
accumulates in weathering products, it is easily adsorbed by rocks, soils and their colloidal part, which
greatly limits its migration.

Among natural objects, the highest values of the Na'/K" ratio are characteristic of natural waters. As
their mineralization increases, the ratio between these ions increases. In [8] were given the values of the
ratio Na'/K "™ for the main rivers of the Soviet Union. Depending on the physiographic conditions, they
varied from 0,75 to 58. At the same time, the greatest significance is characteristic of the rivers of Central
and Northern Kazakhstan, which are in arid climate.

The value of the ratio of Na'/K" (mg/dm”®) in the water of the Ertis River near the city of Pavlodar is
on average 7,3. It gradually increases along the route of the Ertis-Karaganda canal. The highest values of
the Na'/K" ratio (from 34 to 160) are noted in the sections of the canal route, affected by groundwater
[12]. In the water of the r. Syrdarya and Shardara water storage reservoir averaged 26,6 and 30,3,
respectively [16], water storage reservoirs on the Tobol River from 15 to 51, on average of 27,8, and
reservoirs on the Esil River from 3 to 19, on average of 13,8 [14]. In the waters of brackish reservoirs: in
the Lake Alakol, it was in the range from 23,2 to 79,2, on average of 54,8 [15], in the Lake Balkhash —
from 7,2 to 29,1, on average of 14,0 [13].

Directly the value of ratio Na'/K' is defined by the EC (Na" and K"), that are needed for the
calculation of the sum of these ions from mg-eq/dm’ in mg/dm’. This indicator for waters of all reservoirs

. . . A+B .
and watercourses studied by us was calculated using the equation Ey,+,x+ = 7—5 , where A is the
+_

E'E
amount of Na* in a sample, mg/dm’; B is the amount of K" in the sample, mg/dm®; Ey," is the equivalent
of Na', equal to 23, Ex" is equivalent of the K', equal to 39,1.

The EC of Na" and K, established by us for a number of reservoirs and watercourses of Kazakhstan
are shown in table 3. From the estimates, it follows that from among total surface waters studied on this
subject, the EC equal to 25 was registered only for the water resources of the Ertis River and the
Vyacheslavsky (Astana) water-storage reservoir, built in the Upper Esil River. The average coefficients
equal to 24 and 24,8 are characteristic for the water of the Ile River and the Sergeevsky water-storage
reservoirs located in the Middle Esil River. For waters of all other reservoirs and watercourses, the average
values of the EC of Na™+K" were in the range of 23,1-23,8, including the brackish reservoirs (Lake
Balkhash and Alakol), as well as freshwater reservoirs such as the Syrdarya River, a cascade of water-
storage reservoirs on the Tobyl River, on the Ertis-Karaganda canal, Shardarinsky water-storage reservoir.

As is well known by definition of P.A. Kashinsky [26], the EC of Na™+ K" for the highly mineralized
lake brine is close to 23,5; for the fresh water, as well as for water extraction of basic sediment and soil it
is in cases in close to 24,5. In the practice of hydrochemical analysis to date, when calculating the total
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content of Na" and K from the difference mg-eq. of anions and cations, these values are rounded and are
taken equal: for saline water is 24 and for fresh is 25 [27, 28].

These coefficients are also adopted in the system of RSE «Kazhydromet» and are used by those that
are to some extent related to the chemical analysis of natural waters.

In this regard, the following should be noted. According to our research, in 1970-1984 the mine-
ralization of water of the cascade of reservoirs on the Tobol River was in the range of 530-833 mg/dm’,
the Sergeevsky reservoir in 1974-1984 from 365 to 489 mg/dm® [14], Shardarinsky reservoir — 700-
1000 mg/dm’® in 2003-2005 [16], in the water of the reservoir cascade on the Ertis-Karaganda canal the
values of this indicator in 1969-1978 marked within 238-676 mg/dm’ [12]. The EC values for the waters
of these reservoirs are from 23,3 to 24,8 (table 3). Consequently, the use of EC is 25 for these fresh
reservoirs in accordance with the generally accepted scheme will be overvalued of the concentration of
both the alkali metals themselves and the value of the total water mineralization. The limits of admitted
errors will especially increase in the quantitative assessment of reserves of mineral salts in reservoirs,
annual and long-term volumes of the flow of chemicals along rivers, salt balance and forecast calculations.

Table 3 — The value of ratio and empirical sodium and potassium coefficients
established for waters of various types of water objects in Kazakhstan

. Na+/K+ ENa++KJr
Water objects Source
1 2 1 2
Rivers:
Ertis 42-12,3 7,3 24.2-26,1 25,0 [12]
Syrdarya 24,0-29,3 26,6 23,3-23.4 233 [16]
Ile 3,8-22.5 9,9 23,4-254 24,0
Shiderty 89-111 92 23,1-23.2 23,1 [12]
Water-storage reservoir:
Cascade on the River Tobyl 15-51 27,8 23,5-23,8 23,6 [14]
Vyacheslavsky Sergeevsky 3-18 12,9 24,3-26,1 25,0 [14]
Shardarinsky 6-19 14,6 24,1-25.2 24,8 [14,12]
Cascade on the Ertis- 24,3-33.9 30,3 23,3-23.4 233 [16]
Karaganda canal 5,4-349 16,8 23,4-25,7 23,8 [12]
Brackish reservoirs:
Lake Balkhash 7,2-29,1 14,0 23,3-24.2 23,6 [13]
Lake Alakol 23,2-79,2 54,8 23,2-23,5 233 [15]
Note: 1 —limits, 2 — average values.

One of the important conclusions resulting from our research is that the ratio of Na'/K" and the EC
value of these elements in surface waters largely depend on the complex natural conditions of the territory
where the water object is located. The dependence of the dynamics of these characteristics on the value of
the total water mineralization, of course, cannot be excluded, but the influence of this factor has a
secondary role, if we consider the peculiarities of these characteristics in the regional aspect. The impact
on the dynamics of the characteristics of water mineralization is mainly manifested only through the
concentration of sodium ions, which increases with the growth of mineralization, and the potassium
content within certain values of the latter does not change significantly.

According to research by A.M. Almazov and 1.G. Enaki [10] in water objects of Ukraine, with the
water mineralization in the range of 100-500, the EC was 27, and with 500-1000 — this indicator was in
the range from 25 to 26,4. At the same time, the authors indicate that this coefficient for some fresh waters
can reach higher values — 28-30.

As it was shown above, EC 25 was registered by us for Ertis River water with mineralization of 180-
195 mg/dm’ and Vyacheslavsky reservoir with mineralization of 294-360 mg/dm® [12,14]. When water
mineralization above these values, even not reaching 1000 mg/dm’, the EC recorded in the range from 23
to 24. Indicators of the EC 23,5-23,7, according to studies [10], recorded when mixing of river and sea
water in the Dniprobuzkiy Lyman with the mineralization of 1000-2000 mg/dm’.

The results obtained by us on the values of the EC of sodium and potassium for water reservoirs of
various territories of Kazakhstan confirm the conclusions made by G.S. Konovalov and V.I. Koreneva
[8,9,21], on the basis of detailed studies of the regime and the EC of sodium and potassium in the waters
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of the rivers of the Soviet Union. In particular, they indicated the absence of a clear dependence of the EC
on the mineralization of river waters. At the same time, it is concluded that this indicator is determined by
the complex of physical and geographical conditions in the catchment area of the river basin, the degree of
soil and rocks washing, the presence of underground inflow, the amount of precipitation and the balance of
radiant energy. Several EC amounts of sodium and potassium have been proposed for rivers of different
climatic zones, namely, for rivers in the mountainous region, in the flood — 28,0, in low water — 27,0, for
the rivers of the steppe zone and forest-steppe — 25,0 and 24.0, respectively, for rivers of semi-desert and
desert zones in the flood — 24, in the low water — 23,5.

From all that has been said in this work, in our opinion, it follows that it is necessary to establish the
EC at least for large reservoirs and watercourses of various climatic zones of Kazakhstan, including
especially water objects in the basins of the main transboundary rivers. This would allow to eliminate the
inaccuracies that occur in the quantitative assessment of the level of water mineralization, especially in the
objects of the country's large water basins. It is mineralization that is the determining component of the
degree of suitability of natural waters for their use in all economic sectors and for safe drinking.

Conclusion. Sodium and potassium are among the insufficiently studied chemical elements in surface
waters, particularly in Kazakhstan. To some extent, this is due to the extremely limited data on their
separate concentration in the water of reservoirs and watercourses.

Along with the theoretical significance of knowing their dynamics and migration in nature,
information about the separate concentration of sodium and potassium is necessary when solving the
number of important practical problems in the use of water resources for various needs. For the water of
the Ile River, the values of the empirical coefficient of sodium and potassium are set in the range of 23,9-
24,2, on average 24,0. The empirical coefficient, which is 25, generally accepted for freshwater reservoirs,
which is applicable to the waters of individual river basins of the Republic of Kazakhstan with
mineralization up to 350-400 mg/dm’. The formation of the regime and the dynamics of the concentration
of sodium and potassium are determined by regional physiographic conditions.

The results of the research presented in the manuscript were carried out within the framework of the
Grant Financing of the Committee of Sciences of the MES of the RK Ne AP05133353 «Monitoring
concentration and distribution of toxic compounds in the snow cover on the territory of Almaty agglome-
ration and assessment of their impact on natural sites.

H. A. Amupraaues’, Kpucruan Onn®, M. Ackaposa’, P. A. Kyxn6exosa', JI. T. McmyxanoBa'

!«Teorpadus unctutys» XKIIC, Kazakcran PecryGnukachiHbIH GiTiM jKOHE FbLITBIM MUHHCTPIIIr,
Anmarel, Kazakcras,
*Map6ypr Yausepcureri, Map6ypr, Tepmarus;
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KA3AKCTAH KEP BETI CYJIAPBIHJIAFBI CLITLIIK METAJIJAPIBIH (Na* )KOHE K"
SMITMPUKAJIBIK KOD®OUIUEHTIHIH MOHI MEH KATBIHACHI TYPAJIBI,
IJIE ©3EHI MBICAJIBIHJA

AHHOTANMA. ANMAaKTBIK THAPOXUMHUS CaNaChIHIAFbI a3 3€PTTENINCH, MaHbBI3/bl aCTIEKTIIePAiH Oipi — xep OeTi
CyJIapbIHJAFLl CUITUTIK MeTanaap (HaTpuil JKoHE Kalui) PeXKUMIHIH KAJIBINTACY 3aHIBUIBIKTAPHI MEH IMHAMHKACHI
GoMbIHIIA MOceNeNnep KapacThIphUIFaH. OnebueTke momy Oemiminge nutocdepa MeH Taburu cymapaarsl Na'm K
MUrpalUsAChiHA KaTbICTBl T'€OXHUMHMS CaJIaChIHIArbl OipKaTrap KJIACCHUK FajibIMIApIbIH E€HOEKTEpiHEH MOJliIMETTep
Kenripiared. TaOury cynapaarbl HATPUH MEH KalWiIiH JKeKe KOHLEHTPALMAChl OOMBIHINA CEHIMII aHaIUTHKAJIBIK
JIEPEKTEP/IiH OChI caiajga Kelleciied MaHBI3Ibl MPAKTUKAIBIK MOCceeNep/ i IIeNIyAeri KaKeTTUIri aram T
CyapMalibl MacCHUBTEpre Cy Ko3/lepiH TaHaay Ke3iHae; OablK YIIiH KYHIBI ar3ajapisl OeifiMuey YIIiH cyKoHMaHBIH
CY KYpaMBbIHBIH XapaMIBUIBIFbIH Oaranay. OMBIPTKAChI3Iaplbl aKKIMMaTH3AlMsUIay MEH Cy KOMMallapbIHBIH OHO-
OHIMIUIITIH apTThIpy TIXkipuOeci Ke3iH[e Cynarbl HEri3ri HOHIAPABIH KAThIHACKI Typasibl OUTIMHIH MaHBI3/IbUIbIFBI
TOXKIPUOETIK JKYMBICTAPIBIH HOTHIKEIIEP] OOMBIHIIIA HAKTHI MBICAJIIa KOPCETUITEH.

OPTYPIi TYPMBICTHIK JKOHE aybI3Cy KaXETTUTIKTEpiHe MaiiianaHy NCHIeiliH aHBIKTaHTBIH, TAOWFH CyJIapIbIH
JKaJIbl MUHEPAIIAHYbIH aHBIKTAyFa KOKETTI HATPUK MEH KaJMWAiH sMIUpHKaiblK Kodddunuentiniyg (OK) MaHbi3-
JIUIBIFBIHA €PeKIle Ha3ap ayAapbULbL.

MeMIlekeTTiKk MOHUTOPUHI' MAJIIMETTepi HeriziHzae lie e3eHiHIH arbichl OOMBIHIIA HATPUIT MEH KalWiIiH KOH-
LIEHTPAIHACH MEH KATBIHACHIHBIH ©3Tepy CHIIAThl 3€PTTEIIl, ONapIblH a0COMOTTIK KOHIEHTPAIHACH (MI/IM’) MEH
CYJIBIH JKaJIbl MUHEpaJIaHybIH ecentey yiriH DK aHbIKTanabl. ©3eH arbichl OOMBIMEH CyAarbl HATPUH KOHIIEHTpa-
LUSICBIHBIH, ©3TepyiH/ie CYIbIH MHHEpaIIaHy MeJIIepiHe TOYeNIUIri aHblKTangsl. Harpuil MeH KaimiaiH >KaJbl
COMACBIHJIAFBI OJIAPJIBIH CaTBICTRIPMATBl MOJIIIEPiHIH ©3TePICiH Talay HOTHKECI, ©3¢H aFbIChl OOMBIMEH HATPHHIIH
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meomrepi 88,2% -man 91,3% -ra neifiH KoFrapbUIAYbIH JKOHE KaTHUIIH yiec canMarsiHbH 11,8%-man 8,7%-ra neliin
TOMEHICYiH KOPCETTI.

Jox I1. Peitmu, Jx. Cxuppoy, A.Il. Bunorpanosa, E.JI. ['omnoepr, C.I1. Teitnopasiy ipreni FRUIBIME 3€pTTEY
KYMBICTApbIHAH TEHi3 O0€H MYXWT CyIapBIHAAFBl CUITIIIK MeTalgapAblH KaThIHACKI OOWBIHIIA MOIIMETTEp KUHAK-
TanFa" Typae kentipinred. KasakcTaHHBIH Cy KoWManaphsl OOHBIHIIA ©3 MaTEepHAIIapbIMBI3Fa CANbICTHIPMAIIBI Tal-
Jaynap KeNTipiirex.

Kasakcranubiy Oipkarap Cy KoWMaiapsl MEH Cy aFbIHIAphl YIIIH 9PTYPIIi JKbUIAAPAA JKYPTi3UIreH 3epTTeyiep
OOMBIHIIIA o1e0M MAJIIMETTEP MEH O3IHAIK 3epPTTEYJICP/IiH HOTIIKEICPIH Tajlaay HETIi3iHAe MbIHAJaH TYKbIPhIMIAP
xacangpl: 0ypbiFbl KCPO-HBIH Oapiiblk ayMarbl YIIIH TYIIBI Cy KoliMasiapsiHa OypbiH KaObuinanran DK 25-ke TeH
moni KP keiiGip e3en GacceifnepiHin cynaphl yiiH, seHu onapiasiH 350-400 Mr/am’ neilin MEHepalIaHIbIpy Ke-
3iHA€ MaijanaHbuUTybl MYMKiH. JKep yCTi cynapblHIarel HaTpUi MEH Kajduii KOHLEHTPALMSCHIHBIH PEXHUMI MEH
JMHAMHKACBHIHBIH KaJbINTACTRIPyAa alMaKThIK KeIIeH/I (HU3MKAIBIK-reorpa@usiIblK JKaraaiiapAblH ey peti
Gap: KIMMaTt, TONBIPAK, XEP acThl CYITAapbIHBIH CHUIATHI, aHTPOIOTCHIIK acep eTy koHe T.0. KP Typmi kimmmarThik
alfMaKTapBIHBIH Cy KOMMallapbl MEH Cy aFbIHAApHI YIIIiH, dcipece ipi TpaHcmiekapaiblk Oaccelinaep ymin DK Oenri-
JIey Ka)KeTTLIIT1 YCHIHBUIFaH.

Tyiiin ce3aep: HATPHil KOHE KalHii, OJIAP/IbIH TAOUFH CyJaparbl KAThIHACBIHBIH MOHI, CUITLIIK MeTalgap/AblH
AMIUPHUKAIBIK KO3()PHUITHEHTI.

H. A. Amupramues’, Kpucruan Onn’, M. Ackaposa®, P. A. Kyi6exosa', JI. T. McmyxanoBa'

'TOO «MuctuTyT reorpadum» MunncrepcTsa obpasosanus u Hayku Pecryomuku Kazaxcras,
Anmarel, Kazaxcran;
*Vungepcurer Map6ypr, MapOypr, Tepmanns;
*KasHY um. anp-®apadu, Anmater, Kazaxcran

O COOTHOIIEHUMHA U BEIMYNHAX SMIIMPUYECKOTI'O KO®PUIIUEHTA IEJOYHBIX
METAJJIOB (Na'M K') B IOBEPXHOCTHBIX BOJIAX KA3BAXCTAHA HA TIPUMEPE PEKU WIE

AnHoOTanus. PaccMOTpeHBI BOMPOCHI, Kacaroluecs HEAOCTAaTOYHON M3YYeHHOCTH TaKUX Ba)KHBIX ACTICKTOB B
00TacTH pernoHaIHHON THAPOXUMHH, KAKAMHU SBIIOTCS 3aKOHOMEPHOCTH (OPMHPOBAHHS peKAMAa M JHHAMHUKH
MIETIOYHBIX METAJUIOB (HATPHUS U KaJvsi) B TOBEPXHOCTHBIX BozaX. B pa3BepHyTOM IuTepaTypHOM 0030p€e MPHBEICHEI
HEKOTOpbIe JaHHBIC W3 TPYHOOB psAAa KIACCHKOB B OOIACTH T€OXMMHUH, KACAIOIIMXCS MUTPAIH HATPHUS M Kalds B
mutochepe U IPUPOTHBIX BOAaX. YKa3aHO Ha HEOOXOAMMOCTD JTOCTOBEPHBIX aHAMTHYECKUX JAHHBIX O paszlelbHON
KOHLIEHTPAIMH HATPHUS M KaJIKS B MIPUPOAHBIX BOJAX JJIS PEUICHUS BaXKHBIX MPAKTUYECKHUX 33739 B 00IaCTH: OLIEHKH
MPUTOAHOCTH COCTaBa BOJbI BOJOEMOB JUIS aKKJIMMATHU3AIMK [EHHBIX KOPMOBBIX UIsl PbIO OPraHU3MOB, NPU BBIOOpE
HUCTOYHUKOB BOI[OCH8.6)KCHI/ISI opomIa€MbIX MaCCHUBOB. BaxHOCTbh 3HaHMSA O XapakTepe COOTHOIIICHUH ITIaBHBIX MOHOB
B BOAC B NPAKTUKE aKKJIMMaTU3alluU 66CHO3BOHO‘{HI)IX U IIOBBIIIICHUEC 6HOHpO}1yKTI/IBHOCTl/I COJIOHOBAThIX BOAOCMOB
MOKa3aHO Ha KOHKPETHOM IIPUMEPE MO Pe3yNIbTaTaM OIBITHBIX Pa0oT.

Ocoboe BHUMaHHE y/IEJIEeHO BaKHOCTH AMITMpHueckoro kodddumuenra (OK) Harpus u xamus, HE0OOXOIUMOTO
MIPU OTIPENIEICHUU OO0IIeH MUHEPaTU3alliy MPUPOIHBIX BOJ, OT KOTOPOH 3aBHCHT yPOBEHBb WCIIONB30BAHHS WX JUIS
Pa3TMYHBIX XO3SHCTBEHHBIX U ITUTHEBBIX HYX]I.

Ha maHHBIX TOCyZapCTBEHHOTO MOHHTOPHHTA U3YUYEeH XapaKTep M3MEHEHHs 10 Te4eHuto p. Ve KoHIeHTpanuu
W COOTHOIICHUS HATpWs M Kaius W ycTaHoBieHbl DK mims pacuera mx abCONMIOTHOHN KOHIEHTparwu (B MI‘/,IIM3) u
o0mield MUHEpalu3ali BOAB.. B M3MEHEHWH KOHIIEHTPALWH HATPUS B BOJE IO TEUCHUIO PEKH MPOCIICKHBACTCS
3aBHCHMOCTh OT BEJIMYMHBI MHUHEPAIM3alHMN BOABL. AHATN3 W3MEHEHHH OTHOCHTEIBHOTO COIEp)KaHWS HATpUsi U
KaJHusg OT UX CyMMBI ITOKa3bIBaeT POCT OTHOCHTENBHOW JOJIHM HAaTPHUs BHH3 IO T€YEHHIO peku oT 88,2 mo 91,3 % u
CHIDKEHHUE 101 Kanus oT 11,8 no 8,7 %.

B ckoHIlleHTpHpoBaHHOW (opMe MpencTaBiceHbl cBefcHUs u3 (QyHIameHTanbHbIX TpyaoB JDk. I1. Peinu u
I'. Cxuppoy, A.Il. Bunorpanosa, 3./1. Tonpaoepra, C.I1. Teiiopa mo COOTHOIICHHUIO MISIIOYHBIX METAJUIOB B MOPCKUX
M OKEaHMYECKUX BoJaxX. JlaeTcs COMOCTaBUTENBHBIN aHATN3 COOCTBEHHBIMHU MaTepHaiiaMu o BogoeMam KazaxcraHa.

Ha ocHoBe aHanmm3a JIUTEpaTYpPHBIX CBEICHHN W PE3yJAbTaTOB COOCTBEHHBIX HCCICIOBAaHUN IO paccMaTpH-
BacMOMY BOIIPOCY, IPOBEICHHBIX B PAa3HBIC TOIBI IS Psila BOAOSMOB M BOZOTOKOB Ka3axcraHa, clieinaHbl BBIBOIBI O
TOM, YTO: IPUHATHIN panee ans Bcerd Tepputopun ObiBirero CCCP OK mms mpecHOBOTHBIX BOIOEMOB, PaBHEIHN 25,
MOXKET HCITONIB30BaThCS JJIS BOI HEKOTOPHIX peuHbIX OacceitHoB PK mpu mx munepammzamum mgo 350-400 Mr/om-.
Pemratortyto pons B (hopMHEpOBaHUM peXUMa M JHHAMUKE KOHIICHTPAIMH HATPUS M KAIHS B MIOBEPXHOCTHBIX BOAAX
MMEET KOMIUIEKC PErHOHANbHBIX (H3UKO-Teorpaguyeckux YCIOBHUil: KIMMAT, Xapakrep IOYB, IOJ3EMHBIX BOJI,
AHTPOIIOTEHHBIE BO3ICHCTBHA U JIp. PeKoMeHI0BaHO HEOOXOMUMOCTh ycTaHoBIeHHS DK I BOZOEMOB U BOIOTOKOB
pa3nuyHBIX KiauMaTHdeckux 30H PK 0coGeHHO I KPYITHBIX TPaHCTPAHWYIHBIX OaCCEHHOB.

KiroueBrle ciioBa: HanI/lﬁ nu Kaﬂﬂﬁ, BCJIMYMHBI UX OTHOLICHHSA B IMOBEPXHOCTHBLIX BOJAAX, SMIHNPUYCCKHUC
KO3 QHUIUEHTHI LIETOUYHBIX METAILIOB.
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