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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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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 area. 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 elements 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, microelements, 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 generated 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 SO,* HCOy 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 0,2-1,2 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 HCO3_ HCO- HCO
Place of selection —>1 _— (0.1 - 0.6) 3 <1 — <1
S0, ClI™ + 50, cl~ SOy
Taysoygan 7,5-20,0 0,15-0,47 0,13-0,4 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 HCO5™ is in the range of 0.6-1.0 meq/100 g; SO,* 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:F >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) - .
No. Element Xy criterion
Cp (Xn) c Min Max Cp (Xy) c Min Max
1 Silicon 9604,2 | 91094 1120 5220 71352 | 49385 200 20850 1,4 1,7
2 | Aluminum 846,49 1220 40 8352 416,6 251,9 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 | 41239 | 4055 2049 5064,1 3595 200 14440 0,9 0,4
5 | Iron 662,94 | 1014,6 26 6264 396,9 315,6 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 1,41 1,22 0,01 5,82 1,7 1,7
8 | Cobalt 0,7923 | 1,4236 0,01 8,352 0,424 0,456 0,01 1,87 1,9 1,9
9 | Vanadium 2,889 5,327 0,1 41,76 1,72 1,71 0,02 7,5 1,7 1,6
10 | Chromium 5,995 11,63 0,2 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 1,2 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 2097,3 | 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)
At the test site (n = 65) In the backgrot;r;d territories (n = Xn csrtlltl::iri)lrtl
No. Element ) Xg Min Max
Cp (Xy) G Min Max Cp (X,) c
1 Iron 365 10 600 390 50 1500 0,93 1,9
2 Manganese 29,9 0 120 38,2 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 4,2 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 disease 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
elements 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].

100 -~

80 —

60 —

40 —

20 —

0
Soil Vegetation

Ocopper Bzinc Ocadmium Omanganese Mlead Ocobalt Bchromium Ovanadium

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
element 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. Moreover, 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 elements
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 areas
by about 8§ times.

M. C. Ecenamanosa’, JI. X. Canrapkuesa’,
K. C. EcenamanoBa', A. E. TaenGeprenosa’

'X. JlocMyxameoB aThIHAaFsI AThIpAy MEMIIEKETTIK YHUBEpCHTETI, AThipay, Kazakcran;
’B. B. T'opooBHKOB aThiHAaFkl KanMak MeMIekeTTiK yHusepeuteti, dmicra, Kanmak Pecry6mukacei, Peceit

HPUKCAINIMA OUITATBIHJIAFBI IOJIUTOHJIAP AMMAFBIHIA
MHUKPOSJIEMEHTTEPAIH KOIII-KOH BEJICEHAILJIITT

AnnoTrauus. Makanaga Kacnuii MaHbIHIAFbl OoMmaThiHAa OpHanackaH A3fblp >koHe TaiicoliFaH MoJIMroHja-
PBIHBIH ayMarblH/Ia MHUKPODJIEMEHTTEPAIH KOIIi-KOH OeJICeHAUIri Tangananbl. ATeipay oOnbIChIHBIH KypManrassl
ay/laHbIHAa OpHAaJacKaH «A3Fblp» NONUroHbiHAa 1966-1979 sxpuinap apanbiFblHAa «[aluT» KOHIBIPFBICHIHIA
165-ter 1500 M TepeHmiKTer] Tay TY3AapbIHBIH KaJbIHIBIFBIH/A SAPOJBIK KAPBUFBIII TEXHUKAHBI KOJIIAHY apKBLIBI
17 spoIIBIK KapbUIBIC XKYPri3iareH. ATeipay oOnbIChIHBIH KpI3buikyra aynansiana 1952 sxeinan 6acran Taiicoliran
MIOJIMTOHBI )KYMBIC icTel 6acTapl. Byt momuron ym Oesimre Oemini: Makat ydackeci, TalcoliFaH IMOJUTrOHBI XKoHE
Yro6a ayblIbIHBIH )KaHBIHJIAFbI TIOJIUTOH.

[Monuronnapaa Tomblpak KaTThl TY3JaHyMEH cHIATTalalbl, ajl KYpraK KaJIbIKTarbl TY3[blH Mmeimepi 0,28-
0,71% xypaiinsl. AHHOHIAPABIH KypaMbl OOWBIHIIA Ty3/laHy TYpiHE Kapail onap cyib(ar-cona-xJopHj TYpiHEe
JKaTaJIbl, a1 KATHOHIAPIBIH KypaMbl OOWBIHIIIA TY3aHyABIH MarHUA-HATPHUIA TYpiHe jkaTaabl. by sxarnaiina 0,3-teH
5,2 MakB/100 r-ra neiiH yJibl XJIOpUATEPAIH oTe Xorapbl Menmepid aran ety kepek. HCO; - oprama mesmepi
0,6-1,0 M3xB/100 T apaibIFeIHAA; SO,* 0,2-0,4 m3xB/100r; Ca* - 0,6-1,2 m3xB/100 13 Mg2+ 0,8-1,6 M3xB/100 13
Na' - 0,9-3,8 M3xB/100 T.

OKOJIOTHSIIBIK TYPFBIAH allFaH/a, OpTallia eMec, TIilTi OJaH Ja MaHbI3/bl MOHI ©CIMIIKTEPIETri YiIbl JJIEMEHT-
TEPiH opTalla MOH/EpPI eMec, OJIapAbIH JKeKe HYKTeJepiHae HeMece ayMaKThIH yJacKelepinae OaliKalaTblH MaKkCH-
MyYMBI 0OJybl MYMKiH. [loMMroH TONBIparbIHIArbl OipKaTap XUMMSUIBIK DJIEMEHTTEpPAIH Kypambl (OHIBIK 3je-
MEHTTEpre KaparaHia OipHEIIe ece >KOFapbl, MbICAJBI, BAHAIWN, IIUPKOHUN, aFOMUHHN, MarHui, KaJdblUd, KaJIUH.
Bipkarap XMMUSUIIBIK 3JIEMEHTTEPIIH KypaMbl (PUTOYJIBUIBIK IIETiHEH acajbl, MbICANbl, BaHAMH{, MBIPBIII, KOOAJIBT
1,5 ecenen acanpl. I1oMMTrOHHBIH TONBIPAFBIHIAFEl BaHAAWIAIH opTama Menmiepi (79 MI/kr) GUTOYIBUIBIK HIETiHEH
(50 mr/xr) 1,5 ece >xorapsbl, an KeiOip yiriiepae oHbIH KypaMbIHBIH MakcuMaiabl MaHi (100-150 mr/kr) sxeprimikri
aJbIHFaH/ABIKTaH Oaiikanansl. Epekme Hazap ctpoHnuiire aynapy kepek. Oprama Kypamsl 6oiibiamta (109 mr/kr) on
TOTBIPAKTAFbI KAJBIIITHI MOJIIEPCH Je, GUTOYIBLUIBIK IieriHeH (600 MI/Kr) acnaiIpl. AFOMUHIA, MarHUi, KaTblAH
JKOHE KyMic (OHIAFbl yiTijiepre KaparaHaa opTa €celeH Kell Oouiipl. 3bIMBIpaH KyJlaFaH j>Kepiiepie ajlbIHFaH
TOIBIPAK ChIHAMAJAPbIHIA TeMip MeJIlepi mamaMeH Oipaed, an (OHBIHAA JKOHE OpTalla €CEIeH OJ TOJKYXKaT
cTanaapTeiHa colikec kenexi (34300 Mr/kr). 3pIMBIpaH KyJlaraH jKepJiepie MapraHell, MbIC KoHE THTAHHBIH KYpaMbl
3bIMBIpaH/ap JKardalblHAA OHMIK JeHreWneH xorapbl. CoHbIMEH Oipre, opTypii TOOBIHBIH YJTUIEpIHAEIT MBIC
MOJIIIEpiHiH opTalla MoHI MaclnopT CTaHIapThiHA jkakblH Oomnabl (30 Mr/kr), Oipak 3bIMBIpaH KyJlaraH >Kepiepre
aynpIHFaH OipKaTap ChIHAMaJIap YBITTBUIBIK mIeriHeH achin KeTTi (60 mr/kr). Hukenb, KoprachlH, Kajlaibl, TaIui,
JUTHUH, Oapuii *oHE XPOM 3bIMBIPaHAAPBIH OapJIbIK TYPJIEPiHIH 9CEpiHEH allbIHFaH YIITUIep/e opTalla ecenreH Kol
Gomnpbl. by ecy eH aibIMeH 3bIMBIpaHAApPMEH KOHE dye-)KepAeri TAKTUKAIBIK pakeTaJapMeH aHbIKTanabl. KeiOip
yJirinepaeri xpom Medmepi puToyasuiblK merine xerti (75-100 mr/kr).

BrovnnankanmsiblK 3epTTeyiep 3epTrey aiiMmarbiHga OuoTaga OojaThlH TaMak Ti30€KTEpiHIEri yJIbl MUKpO-
3JIEMEHTTEP/IiH MOJIILIEpiH aHbIKTaAbl. OCIMIIK TIHAEPIHIE KOPFAChIH, KYMIC, TUTAH >KOHE MBIPBIIITHIH aifTapiabIKTal
ecyi Tipkenmi. A3FBIp IMana3oHbl ©CIMIIKTEpIHIET] KpeMHHUH, AJIIOMUHUIN, MarHui, KaJblMi, MapraHew MeJiepi
HOpPMaJaH aclaljpl, ajaija pakeTajap KylaraH >XepiiepAe ajblHFaH OipKarap Y/ruiep MeH ChlHamajgap LIEKTi
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YBITTBUIBIKTAaH achlll KeTTi (Kyprak 3at 70 mr/kr). bys1 Hukenbre ne ToH OOJIbI: OpTalia MOHAEP Meuiepe OoJibl,
Oipak pakerayap KyJIaraH >Kepiieple alblHFaH KeHOip yJriiep ybITTBUIBIK LICTiHEH achlll KeTTi (KYprak caliMarbl
6,7 mr/kr). KobanbTKa yKcac HOTHIKE aibIH/IbI, OHJIA KEWOIp YIIriIep YBITTBUIBIK IETIHEH achI KeTTi (2 MI/KT KypFak
3ar). TuraHHBIH MeJmepi KaablnThl mekrepae Oommer (380 mr/kr Kyprak 3ar). Banaamii MeH XpoMm, COHman-ax
MUPKOHHUH JKOHE MOJIMOMEH YIIIH MOJIICPIHIH OpTalia MOHI KAIbINThI meKTepae 00Jabl, Oipak 3bIMbIpaH KyJiaraH
OpbIHAApAarsl (DOHABIK YITIep MEH YITUIep IIEKTI MOJIEPiHIH YbITThUIBIFBIHAH achlll TYCTi. MBIC Kypambl opra
©CeIeH MOJIIIepre CoiKkec 00, alaiiia 3pIMBIPAH KyJIaraH JKkepiepaeri keioip GOHIBIK Yiriiep MeH ChiHaMasap
HIEKTI YBITTBI MOJIIepAeH achlll TycTi (25 Mr/kr kyprak 3at). KopracelH VIIiH LIEKTI MONIIEPIHIET] YBITTHUIBIK
(5 mr/kr kyprak 3at) acwin KerTi. [loJIMroH eciMAIKTEpPiHIH KYPFaK 3aThIHIaFbl OpPTalla KYMIC IIEKTI YBITTHI M-
miepaer acein ketTi (0,2 mr/kr). Keibip GOHABIK y/riaepaeri MBIPBIII MOJIIIEP] KOFAPFhI MIEKTI ACHIeHIEeH achIll
kerti (100 mr/kr). Kamaiiel Mesmiepi KaablThl IIeKTepae Kauasl (5 mr/kr geiid). Iloauron eciMmikTepinmeri
CTPOHIMI MeJlepi YBITThI feHreire xerneai (100 mr/kr).

TomnblpakTarsl XoHE OCIMAIKTEPJEr] XUMHSJIBIK JJIEMEHTTEP/IH apakaThlHACKI Typalibl HOTHXKEJep, 9pTypii
Typiep OOWBIHIIA EpEKIICICHETIHAINIHEe KapaMacTaH, ©Te TOMEH MOHACPAl KepcerTi. JKeTKUTKTI CeHIMIUTIKIIEH
aNbIHFaH HOTHXKEJIEP TOIBIPAKTHl METAJIAPMEH KOChIMINA OaibITy OJapIblH OCIMIIKTEpIe *KHHATYbIHA OKENIETIH-
JITiH KepceTe .

Tyiiin ce3nep: A3rbIp HOMHUroHEI, TalcolFaH MOIUTOHEI, TY3/1aHy TYPi, MUKPOAJIEMEHTTED, GUTOYIBUIBIK, KOP-
pemsiipst ko3 urmenTi.

M. C. Ecenamanosa', JI. X. Canragpkuena’,
K. C. Ecenamanona ', A. E. Tinen6eprenosa’

' AThipayckuii rocynapcTBeHHbIH yHIBepeuTeT uM. X. JJocMyxamenosa, Kasaxcras;
*KanMBbIIKuHii rocyaapcTBeH bl yauBepeuteT uM. b. B. [oponosukosa, Dmucra, Pecry6iuka Kamvbixus, Poccus

MUT'PAIIMOHHASA AKTUBHOCTb MUKPO3JIEMEHTOB
HA TEPPUTOPUSAX MOJUTOHOB ITPUKACITUMCKOM HU3SMEHHOCTH

AnHotanusi. [IpoBesieH aHaIM3 MHUIPAllMOHHOW aKTHBHOCTH MHKPO3JIEMEHTOB HAa TEPPHUTOPHSX IOJMIOHOB
Asrup u Taiicoiiras, pacnonoxeHHbIX B [Ipukacanuiickoil Hu3MeHHocTH. Ha A3rupckoM NOJMTOHE, pacHoiI0kKeH-
Horo B KypmaHrasmHckoMm paitfoHe AThIpayckoi obyiacTu B mepuoi ¢ 1966 mo 1979 roael Ha oObekTe «l amuTy,
METOJAMHU SJI€PHO-B3PBIBHOM TEXHUKH OBIJIO MPOBEACHO 17 SAEpHBIX B3PHIBOB B TOJIIE IUIACTOB KAMEHHON COJIM Ha
riyoune ot 165 o 1500 m. Pakernsiit monuron Talicoiiran, pacnonosxeHHbIH B KbI3bUIKYTHHCKOM paiioHe AThIpay-
CKO#l oOyiacTu Hauan JeiicTBoBaTh ¢ 1952 ronma. JlaHHBIA MOJUIOH MOAPA3ACISUICAd HA TPHU YYacTKa: IUIOIIAIKa
«Maxkar», nonuron «Talicoiran» 1 y4acTOK HOJIMTOHA HEJaJIeKo OT Mocelka YIuTooa.

Ha monironax mouBbl XapaKTEpU3YIOTCSI CHUIIBHOM 3aCOJICHHOCTBIO, KOHIIGHTpAIIMU COJIEH B CYyXOM OCTaTKe
cocrapisior 0,28-0,71%. Ilo Tumy 3acosieHHs COTJIACHO COCTaBa aHMOHOB OHU OTHOCSTCS K CYJb(aTHO-COJOBO-
XJIOpUJAHOMY THIYy, @ IO COCTaBy KaTMOHOB K MAarHuCBO-HATpUEBOMY THUITY 3aCOJICHUS. HpI/I 9TOM HeO6XO}II/lMO
OTMETHTh OYCHb OOJIBIIOEC COJACpPKAHUE TOKCHYHBIX XjopuaoB ot 0,3 1o 5,2 make/100r. CpenHee conepikaHue
HCO; - naxoautes B npexanax 0,6-1,0 Moxs/100 r; SO,” 0.2-0.4 Moxs/100r; Ca™” - 0,6-1,2 M3kB/100 r; Mg - 0,8~
1,6 Make/100 r; Na* - 0,9-3,8 M3kB/100 T.

C Touku 3pC€HHA 5KOJIOTUH, HE MCHBIIIEC, a HCPCAKO JaXKE 60.]'[])].[166 3HAYCHUC MOTI'YT UMETh HC CPCIHUC BCIIU-
YHHBI COACPIKAHUA TOKCUYCCKUX DJICMCHTOB B PACTCHUAX, 4 UX MAKCUMYMBbI, OTMEYACMbIC B OTACJIbHBIX TOYKaX HUJIN
yuactkax teppuropun. CojepikaHue psja XMMUYECKUX DJIEMEHTOB B MOYBE MOJUIOHA B CPAaBHEHHH C (DOHOBBIMU
BbIIII€ B HCCKOJIBKO pa3, HAIPpUMEP, BaHaAusd, HUPKOHUA, AJTIOMUHWA, MarHus, KajJblus, KaJus. Couep)KaHMe paaa
XUMHUYECKUX 3JIEMCHTOB MNPEBLIIIAIOT ITOPOT (bHTOTOKCI/I'-IHOCTI/I, Halpumep, BaHaaus, MUHKa, KO6aﬂbTa MpeBLIIIACT
1o 1,5 paza. Cpennee conepkaHie BaHaaus B 1MouBax rnosurona (79 mr/kr) 6onee B 1,5 pasa Bbliie nopora ¢puro-
TokcnuHocTH (50 MI/Kr), a MakcMManbHble 3HaueHus ero coaepxanus (100-150 mr/kr) oTMedeHbl B HEKOTOPBIX
npo0ax Kak B3sThIX Ha MECTax MaJieHHs pakeT, Tak U GpoHoBbIx Oco0oe BHUMaHUE ClielyeT 00paTuTh Ha CTPOHIIMH.
ITo cpennemy comepxkanuio (109 MI/kr) oH HE MPEBHIIIACT HU HOPMAJIBHON KOHIICHTPAIlMK B MOYBAX, HU MOpora
¢urorokcuynoctu (600 Mr/kr). AJIOMUHMS, MarHusi, KajbLus U cepeOpa OKa3aloch B CpeIHEM OoJiblle, YeM B
(onoBBIX mpobax. CoxeprkaHue xeje3a OKa3bIBaeTCs NMPUMEPHO OJMHAKOBBIMHU B Mpo0ax MOYB, B3ATHIX Ha MecTax
MaJieHus] pakeT, 1 B ()OHE U B CPEAHEM XOPOIIO COMIACyeTcsl ¢ macmopTHeiM craHaaptoM (34300 mr/kr). Comep-
JKaHUEC Mapraiua, MCJIi U TUTaHa Ha MECTax MaJCHUA PaKET MPEBbINIACT (1)0HOB06 B ClIy4dadX KpbUIATBIX PAKET. le/I
3TOM CpEIHHE 3HaYeHHsI KOHICHTPAIlMU MU B MPOo0axX pasHbIX Py OKa3aJuCh OJIM3KUMH K MACIOPTHOMY CTaH-
napty (30 mr/kr), HO psa mpoO, B3ATHIX HAa MECTax IAJCHUS PaKeT Jall MPEBBIIICHHE IOPOra TOKCUYHOCTH
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(60 mr/xr). Hukens1, CBHHIIA, OJI0OBA, TAJUIHS, JTUTHSA, OapHs K XpOMa 0Ka3ajoCh B CPEAHEM OOJIbIIe B MPOOax, B3ATHIX
Ha MECTax MaJeHHs BCEX THUIOB PakKeT B IEJIOM. JTO YBEIWYCHHE ONPENEIBUIOCh B MEPBYIO OYepeab KPBUIATBIMHU
pakeTaMH ¥ TaKTHIECKHMHU PaKeTaMH «BO3AyX-3eMis». Conepkanrue XpoMa B HEKOTOPBIX PpoOax JOCTUTaIo IIopora
¢durorokcuunoctu (75-100 mr/kr).

BuonHIUKAIIOHHBIE UCCIICIOBAaHNS BBIIBMINM KOHIICHTPHPOBAHME TOKCHYHBIX MHUKPOJIEMEHTOB B LEISAX ITH-
TaHMsl, CYIIECTBYIOLIMX B OHMOTE B pailoHe MCClieloBaHH. 3aperuCTPUPOBAHO 3aMETHOE YBEIWYEHHE COJCPIKaHUS
CBHUHIIA, cepeOpa, TUTaHA M LIMHKA B TKaHAX pacTeHuil. KOHIEHTpaluu KpeMHUs, allOMUHUS, MarHus, Kalblus,
MapraHiia B pacTUTEIbHOCTH MOJIUTOHA A3TUp HE MPEBBILAIOT HOPMBI, OHAKO PsiJ (OHOBBIX POO U MPOO, B3ATHIX B
MecTax MajeHHs KPbLIAThIX PAKET, Al MPEeBbIlIeHUe oporoBoi TokcuyHoctH (70 Mr/kr cyxoro Beriectsa). To ke
ObUIO XapaKTepHO M JUIS HUKEIs: CPeJHHE 3HAYCHUs] HAXOAWIMCh B MpE/eNaX HOMBbI, HO HEKOTOpbIe (OHOBBIE
npoObl, B3sIThIE HA MECTaxX MaJeHHs KPbUIATHIX paKeT Jajiy MpPEBBIIICHHE OpOora TOKCUYHOCTH (6,7 MI/KI CyXOro
BECIIEeCTBa). AHAJIOTWYHBIN Pe3yibTaT OBLT MOJYYEeH M IS KoOasbTa, TAe HEKOTOpHIE MPOOBI Ay MPEBBIIICHNE
nopora Tokcu4HocTH (2 Mr/Kr cyxoro BeiectBa). Comepikanue THTaHa ObUIO B mpenenax HOpMbI (1o 380 mr/kr
cyxoro BemiecTBa). s BaHAgus W XpoMa, a TaKkKe IMPKOHMS M MOJNHMOAEHA CPEJHHE 3HAYCHHS KOHIICHTPALUU
JIeXaNH B Tpeeiax HOPMBI, HO psix (POHOBBIX mpod u mpod ¢ MecT MajeHUs pakeT Jall MPEBBIIIEHHE ITOPOTrOBOM
TOKCHYHOCTH KOHIeHTpanuu. CoaepKaHne MeIH, B CPeIHEM COOTBETCTBOBAJIO HOPME, OJHAKO HEKOTOPHIE (POHO-
BbI€ MPOOBI U MTPOOBI C MECT MaJICHHS PAKET AU MPEBbILICHUE TTOPOrOBO TOKCHYECKOH KOHIEeHTpalmu (25 Mr/kr
CYXOro BelIecTBa). AHAJOTUYHO MPEBBIIIANACH TOPOrOBasi TOKCHYHOCTh KOHIEHTPAIMHU JUTsSl CBUHILIA (5 MI/KI CyXOro
BeiectBa). CpeiHue 3HAYCHUS] KOHLIEHTPALUK cepedpa B CyXOM BEIECTBE PACTCHHIA TOJIMTOHA JANIM NPEBbIIICHHE
MoporoBoil Tokcuueckoi koHreHTparuu (0,2 mr/kr). KoHneHTpanuu nmuHKa B HEKOTOPBIX (POHOBBIX Mpodax mpe-
BBICWJIM BepXHHUil moporoBeiii ypoBeHb (100 mr/kr). KoHueHTpauusi ojioBa ocTaBallCh B Ipejesiax HOPMBI (10
5 mr/kr). KoHIeHTpamus CTpOHIMS B PACTUTENBHOCTH TIOJIMTOHA HE I0CTHralia TOKcuieckoro ypoBHs (100 mr/kr).

Pe3ynbraTsl 110 KOPPEISIIUN COEPKAHNS XUMHYECKIX IIEMEHTOB B ITOYBE U PACTEHHUX ITOKAa3aJl OYeHb HU3KHE
3HAYCHHS, IPU TOM, YTO OHU PA3INYAIHCh 10 TIOKA3aTEeNIM y Pa3HBIX BUAOB. IlodydeHHbIe pe3yIbTaThl ¢ JOCTATOU-
HOW OIIPEAEICHHOCTHIO TOBOPAT O TOM, YTO JIOIOJHUTENBFHOE 00OTaIleHHe MOYBbl METAIIaMH MIPUBOANT K WX Ha-
KOIUICHHIO B PACTEHIIX.

KioueBble caoBa: moymrod Asrup, monurod Taicoirad, THI 3aCOJCHHS, MHKPOIJIEMEHTHI, (UTOTOKCHY-
HOCTb, KO3 (OUIIUEHT KOPPEIISAIINH.
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