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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
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 Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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STUDY OF THE EFFECT OF HEAVY METALS ON SOIL COVER
AND METHODS OF THEIR BIOREMEDIATION CONTROL

Abstract. The article provides information on literature and patent information on the analysis of heavy metals
formed during the extraction and processing of various types of raw materials for the production of non-ferrous
metals and chemical products. The influence of heavy metals on the environment and living organisms, fauna and
flora, as well as people living in different industrial regions of Kazakhstan is shown. Migration of heavy metals in the
soil cover hydrosphere and atmosphere is shown. Based on the analytical review, the goals and objectives of the
study are outlined, the chemical composition of raw materials for the main heavy metals formed in solid and dust -
like production waste, and for technological processing in the production of lead and zinc in the East Kazakhstan and
Turkestan regions is shown. Information is provided on the presence of heavy metals in the soil and their purification
by various bioremediation methods. The data of soil analysis on the territory of the Turkestan region in recreation
areas of people and in non-ferrous metallurgy enterprises nearby to the mining complex are presented. The
dependence of the distribution of heavy metals and the chemical composition of the analyzed samples taken in
various points of the Turkestan region and the city of Shymkent is shown. Data on the maximum content of heavy
metals in the soil at which experimental worms die are established.

Key words: soil, heavy metals, worms, control, dust and gas mixture, maximum permissible concentrations,
phytoremediation, cleaning.

Introduction. The problem of utilization, deep processing of technogenic waste and raw materials
containing heavy and other metals in the industrial regions of the Republic of Kazakhstan, as well as
cross-border countries of the world is an urgent task.

Soil cover is the most important formation of the globe, which is very important for the life of
humanity and the environment. This is due to the fact that the soil cover is the main source of food. In the
form of plant and animal origin, not only in the Republic of Kazakhstan, but also in other States. In
addition, the most important property of the soil is its fertility, which ensures the quality and quantity of
agricultural products. The natural fertility of the soil cover is regulated by the supply of nutrients, which
can be affected by various factors - impurities and soil pollutants.

The authors ' work [1] established that lead pollution occurs mainly due to the burning of gasoline
(60%) in motor transport, the production of non-ferrous metals (22%), iron, steel and ferroalloys (11%), as
well as other factors.

According to the authors ' work [2], it is noted that in some soils the increase in chromium is almost
2 times, lead is 1.8 times, copper, vanadium and nickel is 1.4 times, and zinc is 1.2 times.

However, ongoing efforts to reduce heavy metals in oil-contaminated soils do not produce the desired
results in terms of their content in the soil cover.

Anthropogenic sources of heavy metals are mining and processing of minerals and raw materials, the
combustion of fuel of vehicles and technical means of agriculture, wastewater, and oil spill and oil, ferrous
and nonferrous metallurgy [3-16]. Based on this the role of soil cover on the life and productivity of
terrestrial ecological systems is of great importance.
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For example, contamination of soil cover, which is an important component of photosynthetic
processes in plants with heavy metals, has two negative features:

- intake from the soil to plants, from plants to the human and animal bodies, causing serious diseases
and reducing vital activity, due to the toxicological effects of agricultural products containing harmful
components;

- accumulating in the soil in large quantities, they change the physical, chemical, biological and other
properties of the soil cover, violating its fertility and the main importance for the agro-industrial complex.

Therefore, the object of research is the ecological safety of densely populated territories of industrial
regions, cities and localities with agricultural land to ensure the normal life of fauna and flora.

The subject of the study is soil contamination with such heavy metals as lead, arsenic, copper,
cadmium, zinc, and the possibility of their bioassay by bioremediation method.

It is known that heavy metals have a significant impact on the deterioration of the structural and
agrochemical properties of the soil. This leads to an increase in spore-bearing fungi, bacteria and, in many
cases, to the death of plants. When heavy metals get into water, they cause irreparable damage and upset
the balance of the ecological system, participating in redox processes, due to the variable valence,
complexing properties change.

The danger of the influence of heavy metals on humans and animals is manifested not only in the
direct impact of high concentrations and accumulation in the body, but also in the fact that they are
difficult to remove and have a Toxicological effect with the possibility of abnormal diseases and
poisoning.

Studies by a number of authors of scientific papers [5-7,14-16] revealed the environmental impact of
metals such as Pb, Zn, Wi, Cu, W, Co, etc., carried away from the sources of formation by migration along
with dust and gases.

For example, the Mangistau region of the Republic of Kazakhstan is one of the regions with a rather
tense radioecological situation. This is due to the extraction and processing of radioactive raw materials
used for energy, industrial, medical and research purposes. Radioecological conditions are determined by
the degree of saturation of dangerous objects of natural and man-made origin. Dangerous man-made
radioecological objects include sinkholes over the site of underground nuclear explosions Sayotes,
Koshkar ATA tailings storage, places where radioactive waste is buried at Mangystau nuclear power plant
industrial sites, uranium quarries and waste from the oil industry.

Soil analysis of these regions based on soil maps of the Mangistau region allowed us to establish that
the main factors that affect the degree of their ecological disturbance are the prevailing types of soil
pollution and salinization. Indicators for soil bonitet of the region are very low, which is due to the low
content of humus in zonal soils and the presence of negative signs, such as salinity, salinity, crushed stone,
and only in certain areas of the region used for irrigated arable land, the bonitet score is higher [17].

The analysis of literature and patent information finds that contamination of areas located close to
industrial enterprises in the mining of non-ferrous metallurgy and processing them on lead and zinc, the
value of heavy metals and degree of contamination they have different indicators. This is due, in our
opinion, to the direction of the prevailing wind and the presence of the MPC level of heavy metals above
acceptable standards, which is common for industrial regions and the soils of nearby cities and towns.

To reduce the content of heavy metals, patent information on methods for determining, disposing of,
and cleaning contaminated soils from heavy metals was collected and analyzed [13-20]. The authors of
[15] conducted research to determine heavy metals in the human body, from the influence of dust and gas
emissions and wastewater from the enterprises of JSC Kazzinc (Ust - Kamenogorsk lead - zinc plant) and
JSC UKTMP (Ust - Kamenogorsk titanium - magnesium plant), located within the city of Ust -
Kamenogorsk, East Kazakhstan region of the Republic of Kazakhstan.

Based on the literature and patent analysis of the available information, studies were conducted to
determine the contamination and presence of heavy metals in the soil on the territory of the former
Shymkent lead plant and Achisay mining and processing plant located in the Turkestan region.

Analysis of soil contamination with heavy metals in industrial regions of the mining and processing
complex of non-ferrous metallurgy enterprises was carried out by selecting point representative soil
samples weighing at least 15 kg from the survey sites to a depth of 20 cm from a square hole.
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Arsenic containing dusts of various stages of lead - zinc production formed during the operation of
non-ferrous metallurgy enterprises were studied.

The average chemical composition of raw dusts from different production stages and sampling points
is shown in tables 1, 2 and 3.

Table 1 — Average chemical composition of raw materials of the Achisayskoye field

Name of the object Pb Zn Cu Cd Bi As Sb Ag ALO3
Achisayskoe field 18,87 116 3,5 0,041 H/0" 0,64 0,2 615,0 3,5
Note*: n/a detected
Table 2 — Average chemical composition of dusts of various stages of lead - zinc production
Name of the material Content of components in %, %
Pb % Zn % Cu% Fe % S % Sb % As % Ca0 %
Fine dust 39,79 15,19 10,94 32 8,3 0,51 1,0 n/d*
Dry cleaning dust 39,9 8,88 2,06 7,87 14,37 0,34 0,37 H/0
Cyclone dust of the mine furnace | 32,37 7,987 2,32 9,84 - 0,19 0,65 1,62
Cyclone dust of the sinter shop 38,68 7,32 2,69 9,2 11,74 0,16 0,404 2,54
Converter dust 63,33 3,47 1,82 0,23 n/d 0,66 7,08 n/d
Converter dust from: 6 29,9 1,79 40,82 5,51 n/d
Note*: n/d not detected

In the course of the research, the content of the studied heavy metal components exceeded the MPC

standards.

Table 3 — analysis of samples from various points of the industrial region of the Turkestan region of the Republic of Kazakhstan

. Component content, mg/kg Method
Ne Objects .
Pb cd Zn Cu As of testing
Dendro Park Shymkent 4.0 1,0 10,0 0 0
2 Achisay (Turkestan region) 1287 37 871 344 0,64
Internal overburden generated during
3 mining of brown coals of the Lenger 461 10 871 62 0,59 MV.08-47/203
Deposit (Tolebi district)
Industrial Corporation Yuzhpolymetal
4 JSC, Shymkent 1287 37 7164 344 0,68
MPC 32,0 0,5-1,0 23 23 2,0

The elemental and morphological composition of the selected presented samples of point samples

from various locations of research objects obtained using the JSM-6490LV electron scanning microscope
is shown in figures 1, 2, 3 and 4.

ik,

4

10

12

Figure 1 — Chemical composition of spot samples of soil of the Achisai State Production Complex, with content in (%)
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Figure 2 — Chemical composition of spot soil samples, internal overburden rocks formed during the extraction
of brown coal from the Lenger deposit (Tolebi district), with a content in (%)

L%
L}

T T
0 2

Figure 3 — Chemical composition of point soil samples "Yuzh - polymetal", with content in (%)

h

Figure 4 — Chemical composition of spot soil samples (control) Dendropark of Shymkent, with content in (%)

2 & 6 8 10 12

On the basis of the obtained analyzes of point samples using a JSM-6490LV scanning electron
microscope, it was revealed that in the soils of the territory of the industrial enterprises under study, the
content of heavy metals is above the MPC (Pb - 32.0 g/ cm®, Cd-0.5-1.0g/cm’, Zn - 23 g/ cm’,
Cu-23 g/cm’ As - 2.0 g/ cm®), which causes irreparable damage to the fauna and flora of the studied
regions of the Turkestan region and requires the development of methods for phytoremediation soil control
and a method for cleaning soil from heavy metals.

Conclusion. 1. The analysis of patent information on soil cover contamination with heavy metals,
such as lead, copper, zinc, vanadium, Nickel, arsenic, cadmium, etc. was carried out in Russian and
foreign literature.

The sources of the formation of heavy metals in the Aktobe region have been established - the plants
of TNK Kazchrome JSC, in the East Kazakhstan region - 2 enterprises, in the Turkestan region -
2 enterprises of the Achisai State Production Complex and Yuzhpolymetal JSC, excluding motor vehicles.

2. Point samples were taken of land contamination from the plant territory.

The analysis of the morphological and chemical composition of the selected soils was also carried
out. Revealed the content of heavy metals in the samples on a scanning electron microscope company
JSM-6490LV, the content of heavy metals is above the maximum permissible concentration
Pb-32,0 g/cm3, Cd-0,5-1,0 g/cm3, Zn—23 g/CM3, Cu-23 g/cm3, As-20 g/CM3, which requires the use
of cardinal solutions for bioremediation. A method for cleaning soil from heavy metals is shown.
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A. Jl. BaiiooTtaeBa, I'. /I. Ken:kaauena, K. T. JKanraco, M. K. Kanracosa, E. H. Kouepon
M. Oye3soB artbigarbl OnTycTiK Kaszakcran yausepcureri, LlIsivkenTt, Kasakcran

AYBIP METAJIJAPABIH TOIIBIPAK KAMBIJIFBICBIHA 9CEPIH 3EPTTEY
KIOHE OJIAPIbI BUOPEMEJIUANUAJIBIK BAKBIJIAY 9AICTEPI

AnHOTanmsi. by Makanaza Typiui-TycTi MeTanjgap MEH XUMHS OHIMAEPIH eHAIpyre apHaJfaH LIMKi3aTThIH
ayaH TYpJepiH aly jKoHe eHZAeYy Ke3iHae maiina OoiraH ayblp MeTalgapAbl Talay Typalbl ofeOueTTep MeH MaTeHT-
TIiK MOIIIMETTEp KeNTipiireH. Ayslp MeTanIapaslH KOpIIaraH opTaFa oHe Tipi opranmmuepre, GayHa MeH (iopara,
coHpaif-ak KazakcTaHHBIH TYpITi ©HIIPiCTIK aiiMaFbIHAA TYPATHIH alaMAapFa dcepi KopceTireH. Ayslp MeTalgapabH
TONBIPAK KAMBUIFBICBIHIAFBL, TUApocdepasarsl sxoHe aTMoc(epagarbl MUTPalUsIChl KOPCETireH. AHaIUTHKAJIBIK
IOy HETi3iHJe 3epTTEYAiH MaKCaTTaphl MEH MIHIETTEPl KOPCETIIreH, KaTThl KOHE MIaHIBl OHIIPiC KalABIKTapbIHIA
maiina GonaTeIH Heri3ri ayelp MeTangapra KarelcTsl LlIbrbic Kazakcran men Typkicran oOmbIcTapbiHIa KOPFACHIH
MEH MBIPBII OH/IpiCI Ke3iH/Ie TEXHOJOTMSUIBIK KaiTa 06y YILIIH MIMKI3aTThlH XUMHSIIBIK KYpaMbl KOPCETIIreH.
TombIpakra ayblp MeTaJIIapAbIH OOJYBI )KOHE OJIApAbI TYpJIi OMOopeMeaualys SAiCTepiMEeH Ta3apTy Typalibl MAIIMET-
Tep kenripiiren. TypkicTan OOJBICBIHBIH ayMarblHAa adaMIapAblH JeMally allMaKTapbIHAarbl )KOHE Tay-KeH KellICHIHEe
JKaKbIH TYCTI METaJLTYprisl K9CIIOPBIHAAPBIHIAFE TONBIPAKTHI Tajlay MaJiMeTTepi Kenripinren. TypkicTan oOIbICH
MeH LIIBIMKEHT KajlachIHBIH TYPJIi HYKTECIHEH aJbIHFAaH ayblp MeTalIapiblH Tapallybl MEH TaJAaHaThIH YITUIepAiH
XUMISITBIK, KYPaMBIHBIH TOYENIiIiri kepcerinres. ToxipuOemik KypTTap ©JIeTiH TONBIPAaKTaFbl ayblp MeTalapIbIH
MaKCHMaJIIbl KypaMbl Typajibl MOJIIMETTep aHBIKTAIIbI.

Tyiiin ce3aep: TombIpak, ayblp MeTanaap, KypT, Oakpuiay, IIaH MEH ra3 KOCIIACHl, MIeKTi pyKcaT eTireH KOH-
LEeHTpauust, puropeMenuanus, Ta3apry.

A. Jl. baiiooTaeBa, I'. /I. Ken:xanuena, K. T. ZKantacos, M. K. ZKanracoBa, E. H. Kouepos
IOsxHo0-Kazaxcranckuii yHuBepcutet uM. M. Aya3osa, [lIsimkent, Kazaxcran

UCCJIEJOBAHUE BJIUSHUSA TAKEJIBIX METAJLJIOB HA IOYBEHHBIN IIOKPOB
N METOJbI UX BUOPEME/IUAITMOHHOI'O KOHTPOJIA

AHHoTanusl. B cratbe npuBOIATCS CBEAEHMS I10 JUTEPATYPHBIM M MATEHTHBIM JAHHBIM 10 aHAIH3Y TSDKEIIBIX
METaJUIOB, OOpa3yromuxcs NMpH A00BME M MepepaboTKe Pa3INYHBIX BHIOB CHIPBS UIS TPOM3BOACTBA IIBETHBIX
METaJUIOB M XUMUYECKOH MpoAyKiuu. IIoka3aHO BIMSHHE TSKENBIX METAIOB HA OKPYXKAIOUIYIO CPEly M JKHUBBIE
OPTaHMU3MBI, )KUBOTHBIM M PACTUTENBHBIM MU, a TaKXKE Ha JIFOJICH, MPOXHUBAIOIIUX B PA3IMYHBIX HPOMBIIIICHHBIX
pernonax Kazaxcrana. [lokazaHa Murpamnus TSOKEJIbIX METAIOB B ruapocdepe u arMochepe MOYBEHHOTO MOKPOBa.
Ha ocHoBe aHamuTHueckoro 003opa HaMedeHbl LeIM U 3aJa4d UCCIEA0BaHUS, II0Ka3aH XUMUYECKHH COCTaB ChIPbs
JJIs1 OCHOBHBIX TSKCJIBIX MCTAJIJIOB, O6p8.3leLHI/IXCH B TBEPABIX U NBIJICBUJIHBIX OTXOAaX MPOU3BOJACTBA, 4 TAKIKE JJId
TEXHOJIOTHYECKOW TepepadOTKH IpH MTPOM3BOJICTBE CBUHIA M IIMHKa B Boctouno-Kazaxcranckoit u TypkecraHckoi
obnactsx. [TpuBopsaTcs cBeleHNS! O HAJIMYMH TSDKENBIX METAUIOB B IIOYBE M MX OYMCTKE PAa3IMYHBIMH METOJaMHU
O6uopemennanuu. IIpencraBneHs! NaHHbIE NOYBEHHOTO aHaM3a HAa TEPPUTOpUM TypKecTaHCKOW oOiacTu: B 30HaX
OT/bIXa HACENCHUS U Ha NMPEANPHUATHAX [IBETHON METaJUTypI'H, PaclOIOKEHHBIX BOIU3M TOPHOPYJHOTO KOMILIEKCA.
ITokazaHa 3aBUCHMOCTb PaCHpeNeNeHUs TKEIBIX METAIIIOB M XUMHIECKOTO COCTAaBa aHAIN3UPYEMBIX ITPO0, B3ATHIX
B Pa3IMYHBIX TOYkax TypkectaHckoi obOmacti u ropoma lllpiMkeHTa. YCTaHOBIEHBI JaHHBIE O MAaKCHMAaJbHOM
COZIEPKaHUH TSDKEIIBIX METAIJIOB B II0YBE, IPH KOTOPOM MOAOTMBITHBIE YEPBH MOTHOAIOT.

KiroueBble c10Ba: ouBa, TSDKEIbIE METAIUIBI, YEPBH, KOHTPOJIb, IIBUIETA30Basi CMECh, IPEAEIBHO JOIYCTHMBbIE
KOHLIEHTPALUH, pUTOpEMEInanusl, OUHCTKA.
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