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MIGRATORY ACTIVITY AT THE LANDFILL SITE
OF MICROELEMENTS OF THE CASPIAN DEPRESSION

Abstract. The article analyzes the migration activity of microelements in the territories of the Azgir and
Taysoygan polygons located in the Caspian Depression. At landfills, soils are characterized by strong salinity, and
the concentration of salts in the dry residue is 0.28-0.71%. According to the type of salinization according to the
composition of the anions, they belong to the sulfate-soda-chloride type, and according to the composition of the
cations to the magnesium-sodium type of salinization. The content of a number of chemical elements in the soil of
the landfill is several times higher than the background ones, for example, vanadium, zirconium, aluminum,
magnesium, calcium, potassium. The content of a number of chemical elements exceeds the threshold of phyto-
toxicity, for example, vanadium, zinc, cobalt exceeds 1.5 times. Bioindication studies have revealed the con-
centration of toxic trace elements in food chains that exist in biota in the study arca. A noticeable increase in the
content of lead, silver, titanium and zinc in plant tissues was recorded. The results on the correlation of the content of
chemical eclements in the soil and plants showed very low values, despite the fact that they differed in terms of
different species. The results obtained with sufficient certainty indicate that additional enrichment of the soil with
metals leads to their accumulation in plants.

Key words: Azgir landfill, Taysoygan landfill, salinization type, microclements, phytotoxicity, correlation
coefficient.

Introduction. In the Caspian Depression on the territory of the Republic of Kazakhstan, there were
two training ranges, one of which Azgir was a nuclear training ground and Taisoigan, which was used as a
military training ground.

At the Azgir landfill, located in the Kurmangazy district of Atyrau region from 1966 to 1979, 17
nuclear explosions were carried out in the thickness of rock salt strata at a depth of 165 to 1,500 m using
nuclear explosive techniques at the Galit facility.

The Taysoygan landfill located in the Kyzylkuginsk district of the Atyrau region began operating in
1952. This landfill was divided into three sections: the Makat site, the Taysoygan landfill and the landfill
site near the village of Ushtoba.

Wastes gencrated as a result of the activity of these landfills are dangerous in that mobile
radioelement can migrate and become involved in the biological cycle, that is, there is a big threat to the
agricultural fields of pastures and therefore to rural residents who consume water and use agricultural
products.

The composition of water-soluble salts migrating in the soil and weathering crust is limited by a
relatively small number of chemical compounds. These are sodium, calcium, magnesium and potassium
salts of hydrochloric, sulfuric, carbonic, silica and much less often nitric acid. Water soluble salts have a
great effect on plants and soil properties. The presence of salts has a great effect on plants and soil
properties. The presence of salts causes an increase in the osmotic pressure of the soil solution. Salts have
toxic effects on plants, disrupt metabolism, make it difficult for plants to absorb nutrients from the soil,
and cause a decrease in yield and deterioration in the quality of agricultural products [1]. Under the
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influence of sodium and magnesium chlorides, the absorption of calcium and iron by plants decreases
3 times, phosphorus and manganese 2 times, SO4, Si0, 1.5 times.

Methods. A comprehensive research method was used in the work, including experimental and
laboratory methods and the method of correlation and regression analysis. Spectral emission analysis
made it possible to estimate the content of 42 chemical elements in the samples taken.

Results. The studied soils from the Azgir and Taysoygan landfills are represented by saline and
highly saline soils. The degree of salinity is determined by the dry residue [2]. The concentration of salts
of about 0.3-0.5% of the dry residue in the water extract inhibits the development of most cultivated plants
and belongs to saline soils. Chemical studies have shown that the solids content is 0.28-0.71%, that is, the
soil is saline (table 1).

Table 1 — The results of the analysis of water extracts of soils

No Place of Dry Cr SO4* HCOs Ca? Mg? Na*
' selection residue meq/100g | meq/100g | meq/100g [ meq/100g | meq/100g | meq/100g
1 Taysoygan 0,28-0,52 1,5-5 0,2-0,4 0,6-1,0 0,08-1,2 0.8-1,4 0,9-3.8
2 Azgir 0,22-0,71 0,3-2,5 1,03-7.41 02-12 0,4-2.3 0,5-7.8 0,08-5,9

Along with determining the degree of salinity, the type of salinity was also established (table 2).
According to the composition of the anions of the soil, they belong to the sulfate-soda-chloride type.

Table 2 — Sulphate-soda-chloride composition of water extract of soils

cl HC03_ HCOT HCO™
Place of selection —>1 —_— (0.1 - 0.6) 3 <1 — <1
SO, CI™ +50, ci- SOy
Taysoygan 7,5-20,0 0,15-0,47 0,13-04 1,25-5,0
Azgir 0,25-0,33 0,12-0,15 0,48-0,66 0,16-0,19

It should be noted a very high content of toxic chlorides from 0.3 to 5.2 meq / 100g. According to the
composition of cations, the studied soil belongs to the magnesium-sodium type of salinization (table 3).

The average content of HCOs™ is in the range of 0.6-1.0 meq/100 g; SO4* 0.2-0.4 meq/100g; Ca* " -
0.6-1.2 meq /100 g; Mg* " - 0.8-1.6 meq/100 g; Na“ - 0.9-3.8 meq/100 g [3].

Table 3 — Magnesium-sodium type of salinization according to the composition of cations

++ +
Place of selection % Ca_++ <1 NL_:’_ >1 NL_H_ >1 Mg_: >1
Mg Ca Mg Ca
Taysoygan 0,5-1,67 0,5-1,0 1,1-3,1 1,1-3.9 1,0-2,0
Azgir 0,08-0,58 0,29-0,8 0,2-2,56 0,146-0,75 1,25-3.4

From an environmental point of view, not the average, and often even more important, values may be
not the average values of the content of toxic elements in plants, but their maxim observed at individual
points or sections of the territory. Animals that feed on vegetation in such areas for even a short time may
receive an excessive amount of toxic elements and in turn, accumulate them in their tissues and organs.

The data from tables 4 and 5 show that the content of a number of chemical elements in the plants of
landfills in many cases exceeds the thresholds of toxic effects on animals [4].

The content of vanadium, zirconium, aluminum, magnesium, calcium, potassium in the soil of the
landfill is higher than in the background areas by about 8 times. Soil contamination with these elements is
recorded in a two-kilometer strip adjacent to the border of the Azgir landfill. Thus, the maximum contents
of titanium, manganese, magnesium, lead, nickel, copper, cobalt, strontium, silver, phosphorus and
molybdenum recorded in the landfill significantly exceed the toxicity threshold [5].
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Table 4 — Comparison of elements of the composition of vegetation at the Azgir landfill and in the background areas

(in mg/kg of dry weight)
. o X Student
At the test site (n = 65) In the background territories (n = 27) e
No. Element Xy criterion
Cp (Xn) c Min Max | Cp(Xn) c Min Max
1 Silicon 9604,2 | 91094 1120 5220 71352 | 49385 200 20850 14 1,7
2 | Aluminum 846,49 1220 40 8352 416,6 2519 10 1165 2,1 2.7
3 | Magnesium 2017,8 | 1339,5 | 2445 5444 2138,9 | 1350,5 100 5526 0.9 0.4
4 | Calcium 4590,1 | 4123,9 | 4055 2049 5064,1 3595 200 14440 0,9 0.4
5 | Iron 662,94 | 10146 26 6264 396,9 3156 25 1312 1,7 1,9
6 | Manganese 41,91 50,26 4 239,1 44,7 31,9 1 100 0.9 0.3
7 | Nickel 2,328 3,983 0,2 23,9 141 1,22 0,01 5.82 1,7 1,7
8 | Cobalt 0,7923 | 14236 0,01 8,352 0,424 0,456 0,01 1,87 1,9 1,9
9 | Vanadium 2,389 5,327 0,1 41,76 1,72 1,71 0,02 7.5 1,7 1,6
10 | Chromium 5,995 11,63 02 68,32 3.1 2,16 0,05 9,37 1,9 1,9
11 | Molybdenum | 0,846 0,984 0,14 5,045 0,54 0,854 0,964 2,77 1,1 0.4
12 | Zirconium 13,025 8,825 1 51,24 11,48 6,62 0,5 29,52 1,1 0.9
13 | Copper 14,087 | 13,449 0,83 68,32 13,76 10,55 0,25 41,9 1,0 0.3
14 | Lead 1,9447 | 2,8593 0,01 1708 1,6 1,64 0,015 7.5 12 0,7
15 | Silver 0,0735 | 0,0851 0,007 0,451 0,0401 0,053 0,003 0,28 1,5 2,0
16 | Zinc 9,2060 | 7,9692 1 36,14 6,53 5,15 0,2 20,58 1.4 1,9
17 | Tin 0,2157 | 0,3535 0,01 2088 0,185 0,21 0,01 0,75 1,2 0,5
18 | Lithium 20973 | 1,9330 | 0,662 10,44 2.59 2.06 0,35 5622 1,1 0,8
19 | Strontium 45,987 | 83,313 0,01 5202 67 73,07 0,01 320,6 0,7 1,2
Table 5 — Comparison of vegetation composition elements at Taysoygan landfill and in the background areas
(in mg/kg of dry weight)
o X
No. Element At the test site (n = 65) Inthe backgrogn% territories (n = xn csrtltlgrfl:(ljltl
% Min Max
Cp Xn) c Min Max Cp (Xn) o

1 | Iron 365 10 600 390 50 1500 0,93 1,9

2 | Manganese 29.9 0 120 382 25 60 0,78 0,3

3 | Cobalt 0,125 0,05 0.38 0,17 0,05 0,23 0,74 1,9

4 | Molybdenum 1,56 0,3 42 1,35 0.3 2,7 0,29 0,3

5 | Copper 1,5 0 6,0 5,1 0,9 27 0,29 0.3

6 | Lead 1,05 0.3 3,65 0,16 0,02 0.4 6,56 0,7

7 | Zinc 13,8 4,0 57 15,68 6,0 31,0 0,88 1.9

8 | Tin 0,39 0 0.8 0,22 0 0,5 1,8 0,5

9 | Cadmium 0,42 0,08 1,66 0,12 0,02 0,29 3.5 2,1

Bioindication studies revealed a significant infection of the territory of the Azgir landfill with a
number of toxic chemical elements and found their migration from soil to plants and further to herbivores,
in which the concentration of pollutants was noted, which could cause disecase in the population. An
increase in the content of lead, titanium, zinc and other heavy metals in the tissues of farm animals was
recorded [6].

In order to assess the degree of environmental hazard and pollution detected, the concentrations of
clements taking place were compared with average norms, as well as threshold ones with respect to toxic
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effects on living organisms. The maximum concentrations of cobalt, vanadium, chromium, molybdenum,
zinc and strontium, and even average concentrations exceed the phytotoxicity thresholds “in accordance
with figure”. Thus, the average vanadium content in the soils of the landfill (79 mg / kg) is more than 1.5 times
higher than the phytotoxicity threshold (50 mg / kg), and the maximum values of its content (100-150 mg / kg)
were noted in some samples, as taken at the places where rockets fall, and background [7].
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The content of heavy metals in soil and vegetation

The average zinc content in the soil of the landfill (102 mg/kg) significantly exceeds the phytotoxicity
threshold (70 mg/kg), and its maximum concentration reaches 100-150 mg/kg for samples taken at the
places where the winged rivers fall. With such a concentration of zinc, anemia, inhibition of oxidative
processes, and plant chlorosis are possible. With respect to cobalt, it should be noted that its maximum
concentrations exceed the phytotoxicity threshold at sites 1 and 4, where they reach 30 mg/kg. The content
of molybdenum and zirconium did not statistically significantly differ in the samples taken at the places
where different types of missiles fell, and in the background samples, not reaching the phytotics limit in
the case of molybdenum [8].

Particular attention should be paid to strontium. In terms of average content (109 mg/kg), it does not
exceed either the normal concentration in soils or the phytotoxicity threshold (600 mg/kg). However, this
clement is completely absent (or rather, its content is below the detection threshold of 10 mg/kg in soils in
the background areas. Therefore, its increased content at the landfill is quite obviously due to technogenic
factors. In addition, the strontium content in the soil significantly exceeds the phytotoxicity threshold
(600 mg/kg) reaching 1000, 1500 and even 2000 mg/kg It should be noted that strontium content in soils
in an amount of more than 600 mg / kg can lead to human disease, and concentrations above 1000 mg/kg
cause rickets and bone fragility at home [9].

Aluminum, magnesium, calcium and silver turned out to be on average more than in the background
samples. Moreover, the greatest excess of aluminum and calcium over the background was observed at the
places where air-to-ground missiles fell. The layers that are richest in calcium turn out to be carried out to
the surface in funnels at the places where rockets fall. Morcover, the minimum value of silver
concentration in soil samples, both taken at the places where rockets fell and background ones, is critical
with respect to phytotoxicity (2 mg/kg). The iron content turns out to be approximately the same in soil
samples taken at the places where the rockets fell, and in the background and on average it agrees well
with the passport standard (34300 mg/kg). The content of manganese, copper and titanium at the places
where rockets fall is higher than the background in cases of cruise missiles. At ethos, the average copper
concentration in the samples of the triz groups turned out to be close to the passport standard (30 mg/kg),
but a number of samples taken at the rocket fall sites exceeded the toxicity threshold (60 mg/kg).

Nickel, lead, tin, thallium, lithium, barium and chromium turned out to be on average more in
samples taken at the places of impact of all types of missiles in general. This increase was primarily
determined by cruise missiles and tactical air-to-ground missiles. The chromium content in some samples
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reached the phytotoxicity threshold (75-100 mg/kg). Note that the passport standard (110 mg/kg) also
exceeds the toxicity threshold. The average values of thallium content in soil samples turned out to be
close to the passport data of the State Standard (13 mg/kg).

Discussion. The results of the analyzes allow us to unequivocally state that at the places of impact of
various types of rockets there is a change in the chemical composition of the soil. The content of
aluminum, magnesium, calcium, manganese, nickel, cobalt, titanium, chromium, copper, lead, silver, zinc,
tin, lithium, and barium in soils at the places where different types of rockets fall. The places where cruise
missiles fall are especially prominent, where there was an increase in the concentration of all these
elements [10].

It must be emphasized that the concentration of vanadium in some samples exceeded the toxicity
threshold, the same was characteristic of the concentration of chromium; a number of samples taken at the
places of impact of different types of missiles are already the minimum silver concentration for soil
samples are critical in terms of toxicity, and are very distinguished by the silver content of the soil in the
places of the fall of tactical missiles: both in the places of the fall of the missiles and background, the toxic
level for zinc.

Plant samples were also analyzed. The minimum, maximum and average values and standard
deviation of the concentration of each of the elements in the composition of plant samples from the
polygons were obtained. The element content in samples of each group was averaged for all collected
plant species [11].

The concentrations of silicon, aluminum, magnesium, calcium, manganese in the vegetation of the
Azgir range do not exceed the norm, however, a number of background samples and samples taken at the
places where cruise missiles fell, exceeded the threshold toxicity (70 mg/kg dry matter). The same was
characteristic of nickel: the average values were within the range of noma, but some background samples
taken at the places where cruise missiles fell fell exceeded the toxicity threshold (6.7 mg/kg of dry
weight). A similar result was obtained for cobalt, where some samples exceeded the toxicity threshold
(2 mg/kg of dry weight). The titanium content was within normal limits (up to 380 mg/kg of dry weight).
For vanadium and chromium, as well as zirconium and molybdenum, the average concentration values
were within normal limits, but a number of background samples and samples from rocket fall sites
exceeded the threshold concentration toxicity. The copper content, on average, corresponded to the norm,
however, some background samples and samples from the rocket fall sites exceeded the threshold toxic
concentration (25 mg/kg of dry weight). The threshold concentration toxicity for lead (5 mg/kg of dry
weight) was likewise exceeded. The average silver concentration in the dry matter of the landfill plants
exceeded the threshold toxic concentration (0.2 mg/kg). Zinc concentrations in some background samples
exceeded the upper threshold level (100 mg/kg). The concentration of tin remained within normal limits
(up to 5 mg/kg). The concentration of strontium in the vegetation of the landfill did not reach a toxic level
(100 mg/kg).

The data presented make it possible to assume that the increased content of the majority of identified
micro- and microelements in the soil accumulation horizon of the landfill can lead to further migration of
these elements into plants and further into animals that feed on them and their accumulation in these
organisms. From plants and domestic animals, toxic elements can enter human food and lead to the
appearance of diseases and other negative consequences [12].

An analysis of the relationship between the content of chemical elements in soil and plants showed,
firstly, very low, practically irreplaceable, in general, correlation values; secondly, differences in species
for this indicator. In other words, the amount of metal in the soil does not yet indicate its mandatory
accumulation in the plant, and vice versa. Two random variables can be interconnected and not being in a
functional relationship. This relationship is called correlation. Using extremely reliable (at the level of
0.95) values of the correlation coefficient, although not high, we are convinced that only a few clements
have such a relationship: soil-wormwood (n = 40) - Cr (r = plus 0.34); ebel-soil (n = 50) - Mn (r> 0.30);
Fe (r = plus 0.28) Zn (r = plus 0.28); Pb (r = plus 0.25); quinoa soil (n = 35) — correlation coefficients are
close to reliable in Mn and Cr (r = plus 0.25).

A calculation at 20 points at which samples of all three plant species were taken confirmed the
validity of the correlation for chromium in soil and plants (r = plus 0.44) for wormwood, for Pb
(r = plus 0.55) for ebelek and found a new relationship - according to Sr (r = plus 0.45) for the quinoa
[13].
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Conclusion. The results obtained with sufficient certainty indicate that the additional enrichment of
the soil with metals leads to their accumulation in plants. Indication of the allochthonous origin of the
metal in the plant is associated with a level of KO>20. The coefficient calculated for all elements made it
possible to rank these elements by the degree of contamination of wormwood by them: Ag - 103, Mo - 24,
Sn - 24, Zn - 20, Cu - 16.

The studied soils from the Azgir and Taysoygan landfills are represented by saline and highly saline
soils with a solids content of 0.28-0.71%. The content of a number of chemical elements in plants and soil
in many cases exceeds the thresholds of toxic effects on animals. The content of vanadium, zirconium,
aluminum, magnesium, calcium, potassium in the soil of the landfill is higher than in the background arcas
by about 8 times.

M. C. Ecenamanogal, JI. X. Canrakuena’,
K. C. Ecenamanoral, A, E. TnenGeprenona

X, JlocMyXaMe/I0B aThIHIAFbl ATBIPAY MEMIICKETTIK YHHBEPCHTETI, AThipay, Kaszakcram;
%B. b. l'opomoBukoB athiHAarsl Kamvak MeMiiekeTTik yHuBepCUTeTi, Dmucta, Kanvak Pecmy 6iukacer, Peceit

HNPUKCANNAM OMIMATBIHIAFBI IOJTATOHJIAP AMMAFBIHIA
MHUKPOSJIEMEHTTEP/IH KOIII-KOH BEJICEHILIITT

Annoramusa. Makanaga Kacrmii MaHBIHAAFRI OWNATHIHIA OPHANACKAH ASFBIp koHC TaHCOWFaH MOIMTOHIA-
PBIHBIH ayMarblHIA MHKPOXICMCHTTEPAIH KOII-KOH OCICeHIUNTI Tanmanaapl. ATepay OOIBICHIHBIH KypMaHFa3sl
ayJaHBIHAA OPHANACKAH «A3FbIp» MOMHTOHBIHAA 1966-1979 xerimap apamsEbiHma <« amuT» KOHIBIPFBICHIHIA
165-ten 1500 M TepeHiKTeT] Tay TY3JAPBIHBIH KATBIHABIFBIHIA SAPOJIBIK KAPHUFINI TEXHUKAHBI KOJIJAHY apKbLIbI
17 SIpOITBIK >KapBLIBIC XKYPri3iareH. ATeipay oOmbICHIHBIH KpI3pInKyFa aymansiHaa 1952 xeminan 6acran Taticoiran
TIOJMTOHBI XKYMBIC icTel 6acTaasl. Byn momwron ym OemiMre Oeminai: Makar yuackeci, TaWCOFaH IMOJMTOHBI KIHE
Ymro6a ayblIbIHBIH KAHBIHIAFI IOIHTOH.

[Nomuronmapaa TONMBIPAK KATTHI TY3IAHYMCH CHIATTANANBL, A KYPFaK KATABIKTAFbl TY3AbIH Memmepi 0,28-
0,71% xypa¥imsl. AHHOHIAPABIH KypaMbl OOWBIHINIA TY3JaHY TYpiHE Kapail osap cynb(ar-coma-xXJopuj TYpiHEe
’KaTazpl, a1 KATHOHJAPABIH KypaMbl OOMBIHIIA TY3AaHY IbIH MAaTHHH-HATPUHA TYpPiHE >kaTamsl. byn skarmaiina 0,3-TeH
5,2 MakB/100 r-Fa nmeiiiH yiubl XJOPUATEPAIH ©T¢ >KOFapbl MemmmepiH aran ery kepek. HCOs - oprama memmepi
0,6-1,0 Mox8/100 T apamemremaa; SO42 0,2-0.4 Maks/100r; Ca?" - 0,6-1,2 aoks/100 T, Mg>*  0,8-1,6 MoKB/100 T,
Na" - 0,9-3,8 max8/100 r.

DKOJOTHATIBIK TYPFBIJAH aIFaHIA, OpPTalla €Mec, TIlTI O1aH Ja MAHbI3IBI MOHI 6CIMIIKTEPICT] Vbl JICMEHT-
TEPiH OpTama MOHACPI €MEC, ONAPABIH KCKE HYKTCICPIHAC HEMECEC ayMAaKTHIH YIacKeIepiHae OaHKATIATHIH MAKCH-
MyMBI O0OIyBl MYMKIH. [IOJMIOH TONBIPAFbIHAAFBI OIPKATAP XHUMIBIIBIK JIEMCHTTEPAIH Kypambl (DOHABIK 3IIc-
MCHTTCPTC KaparaHga OipHEIIC eCe >KOFaphl, MBICATIBL, BAHAAWH, ITUPKOHHH, AFOMUHHUH, MATHUH, KAJTBIHH, KAJIHH.
Bipkarap XUMHSIIBIK 3JCMEHTTEPAIH KypaMbl (PUTOYIBLIBIK INETIHCH acajbl, MBICAJbL, BAHATUH, MBIPHII, KOOAILT
1,5 ecenen acanpl. I10MMTOHHBIH TONBIPAFBIHAAFEl BAHAAMIAIH oprama Memmepi (79 MI/Kr) (pUTOYIBUIBIK IIETiHCH
(50 mr/xr) 1,5 ece xorapbl, al KeHOIp yarinepae OHbIH KYpPaMbIHBIH MakcuMainabsl MoHI (100-150 Mr/kr) sxeprimkri
ANBIHFAHABIKTAH Oaitkamaasl. Epexime Hazap cTpoHIMATE ayAapy kepek. Oprama Kypambl Ooiterama (109 mr/kr) on
TOTBIPAKTAFBI KAJBINITHI MOTIICPACH AC, PUTOYIBLTHIK meriHeH (600 MI/KT) acnaiiasl. AFOMAHNI, MATHHH, KaIbIHH
JKOHE KyMic (pOHIAFBI YATLIEpre KaparaHAa OpTa €CEMICH Kol OONbl. 3bIMBIPAH KYJIAFaH JKEPICpAC AaJbIHFAH
TONBIPAK CHIHAMAJAPBIHIA TEMIp MeIIIEpi ImamMaMeH OipacH, an (OHBHIA ’KOHE OPTAIIA ECEIMCH OJI TOIKYKAT
CTaHAAPTHIHA Corkec Kenedi (34300 Mr/kr). 3pIMBIPAH KYJIAFaH JKEPICPAC MAPTAHEL, MBIC KOHE THTAHHBIH KYpaMbl
3BIMBIPAHAAP JKAFAAWBIHNA OHMIK JACHreHWAacH Xorapbl. COHBIMEH Oipre, opTYpil TOOBIHBIH YITITEPIHAETI MBIC
MOJIIICPiHIH OPTAIA MOHI HMACTIOPT CTAHJAPTHIHA >KAKBIH Oonmbl (30 Mr/kr), Oipak 3BIMBIPAH KYJIAFaH JKCPICPIC
aneiHFaH OipKarap CBIHAMANIAD VHITTBUIBIK IICTiHCH achim KeTTi (60 Mr/kr). HUKe b, KOPFACHIH, KATAMHI, TAJUTHH,
TUTHH, OapHil JKOHE XPOM 3BIMBIPAHIAPABIH OAPIIBIK TYPICPIHIH OCCPIHCH ANBIHFAH YATLICPAC OpTAma CCCNICH KTl
0onnpl. By ecy eH anapIMEH 3BIMBIPAHTAPMEH JKOHE OYC-KCPACTI TAKTHKAIBIK PAKCTATAPMCH aHBIKTAIIbl. Keidip
yarinepaeri XpoM Memuepi GUTOY IbLIBIK HIerine skerTi (75-100 mr/kr).

BroMHAMKAINAIBIK 3epTTEYIep 3epTTCY aWMarblHAa OmoTaza OONATHIH TAMAK Ti30CKTEpPIHIETI YIIBI MHKPO-
3IEMEHTTEP/IH MOIIIEPiH AHBIKTAAbl. OCIMIIK TIHACPIHAC KOPFACHIH, KYMIC, THTAH KOHE MBIPBIIITHIH aHTapIBIKTaH
eCyl Tipkenai. A3FBIp JUANA30HBI OCIMIIKTEPIHACTT KPEMHHH, AMFOMHUHUI, MATHUH, KAIbLIWIl, MApraHel MeJmepi
HOpMAJaH acmaiiipl, amaiiia pakeTajap KYJIaFraH >KCPICpAC aiubIHFAH OipKaTap YATiACP MEH CHIHAMAJAP IMICKTi
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VBITTBUIBIKTAH aCBIN KETTi (Kyprak 3at 70 mr/kr). by HuKenbre e TOH OONABL: OpTama MOHACP Meimepae 00mmbl,
Oipak pakeTajap KYJIAFaH KCPJCPAC ATBIHFAH KCHOIP YATLUICD YBITTBUIBIK IICTIHCH ACBHIT KCTTiI (KYPFAK CajIMAaFbl
6,7 mr/kr). KobambTKa yKcac HOTIOKE alIbIHBI, OHIA KEHOIp YArLIep YHITTBUIBIK IIETIHEH aChIT KeTTi (2 MI/KT Kyprak
3at). TuTaHHBIH Memiepi KambImTel mekrepae Ooxasr (380 Mr/kr Kyprak 3ar). Banamwit MeH XpoM, COHzmai-ak
OUPKOHUH KOHE MOJMHMOJCH YINIH MOJIICPIHIH OPTAlia MOHI KAJbINTHI IIEKTEpAe O0mbl, OipaK 3bIMBIPAH KyJIaraH
OpBIHAAPAAFs! (DOHABIK YATLIEp MEH VITLIEp IIEKTI MONMICPIHIH YHITTBUIBIFBIHAH achll TYCTi. MBIC Kypambl opra
€CEIITICH MOJIIepre COMKEC O0IIBI, alaiaa 3bIMBIPAH KYJIAFaH >Kepiaepaceri keHOip (GOHIBIK YITiaep MEH ChIHAMAIap
IICKTI VBITTHI MOJIIEPACH achIl TYCTi (25 Mr/kr Kyprak 3ar). KopracblH YINiH INEKTI MENIIEPIHACT] YBITTHIIBIK
(5 mr/kr Kyprax 3ar) acwin KerTi. [TomuroH eciMAiKTepiHiH KYPFAK 3aThIHAAFBI OPTAIIa KYMIC INEKTI YBITTHI MOI-
mepaeH acwm kerti (0,2 mr/kr). Keidip GoHAbIK yarizepaeTi MBIPHINI MOIIIEP] KOFAPFHI MIEKTI ACHTCHICH achIm
kerri (100 mr/xr). Kanaifer Memmmepi KamsImTHI MICKTEpAC Kamasl (5 wmr/kr nachid). [lomwroH ecimaikTepiHmeri
CTPOHIHH MeJIICPi YHITTH AcHTeire skermedi (100 Mr/kr).

TombIpakTarsl JKOHE OCIMIIKTEPACTI XHMIUIBIK 3ICMCHTTCPIIH APAKATBIHACHI TYPAIbl HOTIOKSIICP, OPTYpIl
TYypacp OOMBIHIIA CPCKIICTICHCTIHAITIHG KAapaMacTaH, 6T¢ TOMCH MOHACPAI KepceTTi. JKeTKimiKTI CCHIMITIKIICH
ANBIHFAH HOTIDKCIICP TOIBIPAKTHI METANTAPMEH KOCHIMIIA OAaifbITy ONApAbIH 6CIMIIKTEPIC KHHAIYBIHA SKEICTIiH-
JTiH KepCeTe .

Tyiiin ce3aep: A3rbIp mOMroHsl, TalCOMFAaH MONMHUTOHBL, TY3IAHY TYPI, MEKPOJICMEHTTED, (PUTOY IBLIBIK, KOP-
pensuns K03 QUIHeHTI.

M. C. Ecenamanonal, JI. X. Canragxnesa’,
K. C. Ecenamanora ', A, E. Tnenoeprenonal

' AThIpayCKmii rOCY JapCTBEHHBINA YHUBEPCHTET HM. X. JlocMyxamenosa, Kazaxcran;
ZKaMbinkui roCy1apcTBeHHbIN yHuBepeuteT uM. B. B. T'oponosukosa, dmucta, Pecnybmka Kanmpikus, Poccus

MHUTI'PAIIMOHHAA AKTUBHOCTb MUKPOJJIEMEHTOB
HA TEPPUTOPHUAX INOJUT'OHOB NTIPUKACITMUCKOU HU3MEHHOCTH

AnHotamus. ITpoBeAcH aHANW3 MHUTPAIHOHHOW AKTHBHOCTH MHKPO3JICMEHTOB HA TCPPHTOPHSX IIOJUTOHOB
Asrup u Taticoliran, pacnonoxeHHbIX B [Iprkacanmiickoii HU3MEHHOCTH. Ha A3rHMpCKOM MOJIMTOHE, PACIOIOKCH-
HOTO B KypMmaHTa3sWHCKOM paiioHe AThIpayckod oOmactu B mepuod ¢ 1966 mo 1979 roxsr Ha oObekTe «I ammTy,
METOJAMH SICPHO-B3PBHIBHON TEXHHUKHU OBLIO MPOBEACHO 17 SOCpPHBIX B3PHIBOB B TOJIIE IJIACTOB KAMCHHON COJH HA
ryouHe oT 165 10 1500 M. Pakernbiit momron TalCoHTaH, paCOI0KCHHBIH B KBI3BUTKYTHHCKOM paloHEe ATHIpAy-
CKo#f 00macTm Hauam AcicTBOBAThH ¢ 1952 roma. JIaHHBIN MOMMTOH MOAPA3ACIDLICA HA TPH VYACTKA: IJIOIIAIKA
«Maxkar», noimron «TalficoiTaH» u y4acTOK IOJINTOHA HEAAJICKO OT MOCENIKa YIuTooa.

Ha monmronax mo4Bbl XapakTEpH3YIOTCSH CHIBHOH 3aCOJICHHOCTBEO, KOHICHTPALMH COJIEH B CYXOM OCTaTKe
cocraBror 0,28-0,71%. Tlo Tumy 3acoieHHS COTIACHO COCTaBa AHHMOHOB OHH OTHOCATCSA K CYIIB(ATHO-COIOBO-
XJIOPHJHOMY THITy, 4 0 COCTaBY KATHOHOB K MAaTrHHCBO-HATPHCBOMY THIy 3acosicHms. [Ipm 3TOM HE0OX0IMMO
OTMETHTH OYCHBH OOJBINIOE COACP)KAHME TOKCHYHBIX XnopuaoB ot 0,3 go 5,2 mdke/100r. CpemHee coaepskaHue
HCO:; - naxomurcs B npenanax 0,6-1,0 moxs/100 r; SO+ 0.2-0.4 m3x8/100r; Ca* - 0,6-1,2 Mox8/100 r; Mg - 0,8-
1,6 m3kB/100 r; Na* - 0,9-3,8 max8/100 1.

C TOUKH 3pEHUS HKOJOTHH, HE MEHbIICE, 4 HEPEIKO AAKE OOTIbINEE 3HAYCHHE MOTYT HMETh HE CPETHUC BEIH-
YHHBI COJCP)KAHM TOKCHYCCKHX JJICMEHTOB B PACTCHHSAX, 4 IX MAKCHMYMBbI, OTMEYACMbIC B OTJACIBHBIX TOUKAX HIIH
ydacTkax Teppuropun. CoaepKaHuE Psta XHUMHUICCKHX 3JIEMECHTOB B IIOUBC IIOJIMTOHA B CPABHCHUH C (DOHOBBIMH
BBIIIIC B HECKOJIBKO Pa3, HANPHMEP, BAHAAWS, LHPKOHWS, AMFOMHHIS, MArHUA, Kanpipwl, Kamst. Comep.aHue psga
XHMHYCCKHX 3JIEMCHTOB IPEBHIIAIOT MOPOT (PUTOTOKCHYHOCTH, HANIPHMED, BAHAIWS, IIMHKA, KOOAIbTA MPEBHIACT
mo 1,5 pasa. Cpeanee coacpikaHHC BaHAAHWA B Mo4BaxX mojmroHa (79 mr/kr) domee B 1,5 pasa Bemue mopora (puro-
TOKCHYHOCTH (50 MI/KT), a MAKCHMajbHbIC 3HA4YeHHA ero coaepkanmsa (100-150 mMr/Kr) OTMEUYECHBI B HEKOTOPBIX
mpo0ax Kak B3ATHIX HA MECTaX MAACHUSI PAKeT, Tak u (oHOBBIX Oco00C BHUMAHUE CIICAYET OOPATHTbh HA CTPOHITUH.
ITo cpennemy comep:kanmto (109 MI/Kr) OH HE NMPEBBINIACT HW HOPMAJIbHOW KOHICHTPAILMH B IOYBAX, HH MOPOTa
¢uroTorcmuroCcTH (600 MI/KT). ATFOMHHHA, MATHHUSA, KATbIMA H cepedpa OKa3aaoCh B CPEAHEM OOJBINC, UCM B
(horoBeIX mpodax. CoacprkaHHE KelIe3a OKA3hIBACTCA MPUMCPHO OJHHAKOBBIMH B MPOOAX IOYB, B3ATHIX HA MECTaX
TAJCHUSI PAKET, U B (JOHE M B CPEIHEM XOPOIIO COTJIACYETCS C MACTOPTHBIM cTaHmaptoM (34300 mr/kr). Coxmep-
’KAHWE MApraHIa, MEAH W THTAHA HA MECTAX IMAJCHHUS PAKeT NMPEBbIIacT (JOHOBOE B CIyUasX KPbUIATHIX pakeT. [Ipu
3TOM CPEIHHEC 3HAYCHH KOHIICHTPAIIMH MEIU B MPOOAX Pa3HBIX TPYII OKA3AIHCh OJM3KUMHE K MACTIOPTHOMY CTaH-
mapry (30 Mr/kr), HO psAx mpoO, B3ATHIX HA MECTAX IAACHUS PAKET JAJN NPEBBINCHHE MOPOTa TOKCHYHOCTH
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(60 mr/kr). Hukens, CBHHIA, OJIOBA, TAJUIHA, JTHTHS, OapHsI U XPOMa 0KA3aJI0Ch B CPCIHEM OO0JIBIINC B MPOOAX, B3ATHIX
HA MECTAaxX IMAJCHUS BCEX THIOB PAKET B LEJOM. JTO YVBEIMYCHHE OMPENCILIIOCH B IEPBYIO OUCpPEIb KPHUIATHIMHA
paKeTaMH M TAKTHYICCKUMHE PAKETaAMH «BO3AyX-3eMir». Coaeprkanne XpoMa B HEKOTOPBIX MPOOAx AOCTHUTaJIo mopora
¢uroroxcmarOCTH (75-100 MI/KT).

BronHAMKAIMOHHBIC WCCICAOBAHNS BBHUIBHIA KOHIEHTPHPOBAHHUE TOKCHYHBIX MHKPO3JIEMCHTOB B LEILIX ITH-
TaHW, CYIICCTBYIOIMX B OHOTE B PalOHE HMCCICIOBAHMH. 3apPETHCTPHPOBAHO 3aMETHOC YBEIMYCHHE COICP)KAHHS
CBUHIA, cepeOpa, THTAHA M IIMHKA B TKAHAX pacTeHWi. KOHUCHTpaumuu KPEeMHHUS, ATFOMHHES, MArHUS, KaJbIHI,
MapraHia B pACTUTECIABHOCTH HOIUTOHA A3THD HE MPEBBIMIAIOT HOPMBL, OHAKO P (JOHOBBIX IIPOO ¥ IPOO, B3ATHIX B
MeCTaxX MAACHHUI KPbUIATHIX PAKET, AN MPEBBIMCHAE MOPOTOBOH TOKCHYHOCTH (70 MI/KT CyXOro Bemectsa). To e
OBUTO XapaKTEpHO M I HHUKEII: CPEIHHC 3HAUCHUS HAXOAWJIHMCh B IPEIENaX HOMBL, HO HEKOTOPHIC (POHOBBIC
mpoOBI, B3ATHIC HA MECTaX MAJCHUS KPBUIATHIX PAKET JalM IMPEBBINICHHE MOPOra TOKCHYHOCTH (6,7 MI/KT CyXOTO
BCCINECTBA). AHANOTHYHBIA PE3yJIbTaT OBLI MOJYUCH M 1 KOOAIbhTa, TAC HEKOTOPBIC MPOOBI JATH HMPEBBIMICHHUE
MOpOTa TOKCHYHOCTH (2 MI/KT cyxoro Bemiectsa). ComepaHue THTaHa OBIIO B mpenesax HOpMBI (10 380 mr/kr
cyxoro Bemectsa). [ BaHADWA W XpOMA, a TAKKS HMUPKOHHSA W MOJHOICHA CPCAHUC 3HAUCHHA KOHIICHTPALHH
JICKAMH B MPEACTAX HOPMEL, HO pAa (POHOBBIX mpod W mpod ¢ MECT MANCHHA PAKCT AN MPCBHIICHHC MOPOTOBOH
TOKCHYHOCTH KOHUEHTpanuu. CoAaecp:KaHue MEIW, B CPEIHEM COOTBETCTBOBAJIO HOPME, OJJHAKO HEKOTOpbIC (hoHO-
BbIC TIPOOBI U IMPOOBI C MECT MANCHHS PAKET JANH IPEBBIMICHUE OPOTOBOM TOKCHUECKON KOHIEHTpAIHH (25 MI/KT
CYXOTO BEHIECCTBA). AHATIOTHYHO MPEBBIANACH TOPOTOBAS TOKCHYHOCTD KOHICHTPAIMHA 1L CBHHIA (5 MI/KT CyXOTo
pemmecTsa). CpenHue 3HAYCHHS KOHIEHTPAIUMK cepeOpa B CYXOM BEINECTBE PACTCHHI MOJIMTOHA JATH HMPEBBIIICHHUC
MOPOTOBOH TOKCHUECKOH KoHIeHTparmy (0,2 Mr/kr). KoHueHTpanun 1mMHKAa B HEKOTOPHIX (POHOBBIX IPOOAxX Ipe-
BBICHJTH BCPXHHH MOPOTOBBIH ypoBeHb (100 mr/kr). KoHUICHTpaImms 00Ba OCTABATHCH B NPCACTAX HOPMBI (0
5 mr/kr). KOHICHTpam|sa CTPOHINSA B PACTUTCIFHOCTH TIOJIUTOHA HE JOCTHTANA TOKCHYCCKOTO YPoBHA (100 Mr/KT).

Pe3ympTaTs! M0 KOPPEILIIUE COACPKAHUS XUMHICCKUX 3IEMCHTOB B MOYBE W PACTCHUX MOKA3aJ OUCHb HHU3KHC
3HAYCHI, IIPU TOM, YTO OHM PA3IMYAIKNCH MO MOKA3aTEe/BIM Y PA3HBIX BUAOB. [10JyUCHHBIC PE3yIbTaThl C JOCTATOY-
HOH OIIPEIEICHHOCTHIO TOBOPAT O TOM, UTO JOTOJHHUTCIHHOE OOOTANICHUE MOYBBI METAIUIAMH TIPHBOJUT K HX Ha-
KOIUICHHUIO B PACTCHUAX.

KmodeBnie ¢10BA: MOMHTOH ABrHp, NMOAMTOH TaifcOWTaH, THI 3aCOJICHHA, MHKPO3JICMCHTHI, (DPHTOTOKCHY-
HOCTb, KOI(PPUIUCHT KOPPEILIINH.
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