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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.
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BIOREMEDIATION OF ZONAL SOILS IN AYIRTAY DISTRICT OF NORTH
KAZAKHSTAN REGION

Tynykulov Marat — Candidate of Agricultural Sciences, associate professor, L.N. Gumilyov Eurasian Nation-
al University, Astana, Kazakhstan
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Abstract. This article examines the methods of biological soil cleaning in Ayyrtau
District of North Kazakhstan Region. It investigates existing pollutants, sources of pollu-
tion, and the effectiveness of biological methods for restoring the ecological state of soils.
The results of studies on the biological cleaning of soils in Ayyrtau District are presented.
Concentrations of heavy metals, pesticides, and petroleum products were studied before
and after the application of phytoremediation and bioremediation methods. The use of sun-
flower, alfalfa, and willow for phytoremediation showed a significant reduction in concen-
trations of cadmium, lead, petroleum products, and pesticides. Sunflower and alfalfa were
found to be the most effective plants. In bioremediation, methods such as biostimulation,
bioventing, and bioaugmentation were applied, which also demonstrated significant reduc-
tions in pollutant levels. Combined methods, combining the use of plants and microorgan-
isms, were the most effective for soil cleaning. These methods not only reduce pollution
levels but also restore soil fertility, improving the ecological situation and increasing the
agricultural potential of the region. The choice of a specific cleaning method depends on
the type of pollutant and soil characteristics. The study results showed that the application
of phytoremediation and bioremediation significantly reduced the concentrations of heavy
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metals and organic pollutants in the soil. The most effective were combined methods, com-
bining the use of plants and microorganisms. The choice of a specific method depends on
the type of pollutant and soil characteristics. The conducted studies emphasize the need for
an integrated approach to solving soil pollution problems, which improves the ecological
situation in the region and promotes sustainable land resource management.

Keywords: biological cleaning, phytoremediation, bioremediation, heavy metals,
Ayyrtau District
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AnHoramus. byn wmakamaga Conrycrik KazakcraH oONBICBIHBIH ANBIpTay
ayJIaHbIHIaF bl TOMBIPAKTHI OMOJIOTUSIIBIK TA3aPTY 9/1iCTEPi KapacThIpbLia bl KoJaHbICTaFbI
JIaCTaHyJIap, JJACTaHy Ke37iepi, COHai-aK TOMBIPAKTHIH YKOJOTHSIIBIK JKaFJaiblH KaJIblHA
KENTIpy VIIiH OWOJIOTHSUIBIK OAICTepal KojmaHy Tuimzauiri 3eprrenyne. Conrycrik
Kazakcran o0ybichl AWBIpTay ayAaHbIHBIH TOIMBIPAFbIH OMOJIOTHSUIBIK Ta3apTy OOWBIHIIA
3epTTey HOTIKENepl YChIHBULIBL DUTOpeMenuanus >XoHe OuopeMeauaius OSIiCTepiH
KOJIJIaHAp aJJIbIHJA JKOHE OJlaH KeHIH ayblp MeTajJapiblH, NECTHIMIATEPIIH >KOHE
MYHall OHIMIEpiHIH KOHLEHTpauusichl 3eprrenai. duropemenuanus YIIiH KyHOarbic,
JKOHBIIIKA jxoHe Tanael koinany Kanmuii, Koprackin, MmyHait eHiMJIepi MEH TIECTUIIUATEP
KOHIICHTPAIMSICBIHBIH alTapiIbIKTall TOMEHAeTeHIH kopceTTi. KyHOaFbIC MeH )KOHBIIIKA €H
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THIMJI ©ciMIIIKTep OOJBIT MIBIKTEL. buopemenuarusiga ONMOCTUMYIISAINS, OMOBEHTHIISAIINS
KoHEe OMO KYIIEWTy 9JiCTepi KONIAHBLIABI, OYJI COHBIMEH KaTap JIaCTayIIbl 3aTTapablH
aliTapyibIKTall TOMEHJIEYiH KOpCeTTi. OCIMIIKTEp MEH MHUKPOOPTaHU3MAEPAl KOJIIaHYIbI
OIpIKTIpETIH apayiac o/icTep TOMBIPAKTHI Ta3apTy VIIH €H THiMJi OOJBIN MIBIKTHL. by
o/licTep JacTaHy JEHTeWiH TOMEHIETIN KaHa KOWMaH, TOIBIPAKTHIH KYHAPJIBUIBIFBIH
KaJIIIbIHA KENTIpyre MYMKIHIIK Oepei, OyJI AKOIOTHSUIIBIK KaFIalIbl KaKcapTyFa >KOHE
aliMaKTBIH arpapJiblK SJIEYEeTiH apTThIpyFa bIKIaJ eTesi. benrim 6ip TazapTy omiciH TaHIay
JIACTAYIIbI 3aTTAP/IbIH TYPiHE XKOHE TOMBIPAKTHIH CUNIATTaMaapbiHa OaHIaHBICTEL. 3epTTey
HOTIKeJepi (uropemenuanuss MeH OHOpPEMETUAIMSHBI KOJIJaHYy TOTBIPAKTAaFbl aybIp
MeTaljap MEH OPTaHHWKAIIBIK JIACTAYIIBI 3aTTap/AbIH KOHIIEHTPAIUSCHIHBIH alTapIbIKTai
TOMEHJICYiHEe BIKIAJl €eTKEHIH KOPCeTTi. OCIMIIKTEp MEH MUKPOOPTaHU3MIEPTi KOJITaHY bl
OIpIKTIpEeTIH apanac 9IicTep eH THIMII OOIBIT MIBIKTHL. benrini Oip omicTi TaHAay JacTayIbl
3aTTap/lblH TYpPiHE JKOHE TOMBIPAKTHIH CHIIaTTaMallapblHa OainmaHbICThl. JKyprizinreH
3epTTeyIiep aiiMaKTarbl SKOJOTHSIIBIK YKaFIai bl )KaKcapTyFa MYMKIHJIIK O€pEeTiH )KoHe JKep
pecypcTapbiH TYPaKThl OacKapyFa BIKIIAJ €TETiH TOMBIPAKTHIH JIACTAHY MACEJIECIH MIeITyTe
KEeIleH I KO3KapacThIH KaKETTLTITiH KOpCceTe .

Tyiiin ce3aep: OMONOTHSIIBIK Ta3apTy, puropemennanus, OnopeMeauanus, aybip
Merangap, AUbIpTay ayJaHbl
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AnHoTtamus. B nmaHHOW cTaThe paccMaTPHUBAKOTCS METOJBI OHOIOTHYECKOM
OUYHUCTKH TOYB B AlibipTayckoM paiione Cesepo-Kazaxcranckoit obmactu. Mccaenyrores
CYIIECTBYIOLIME 3arps3HEHUs, HMCTOYHMKM 3arpsa3HEeHui, a Ttakxke 3(PQeKTUuBHOCTDH
MPUMEHEHUS] OMOJIOTMYECKUX METOJIOB Ul BOCCTAHOBJICHUS 3KOJIOTHUYECKOTO COCTOSHUS
noyB. [IpencTaBineHbl pe3yiabTaThl HCCICAOBAHWNA MO OHMOJIOTMUECKOW OYHCTKE IIOYB
Afipiprayckoro paiiona Cesepo-Ka3zaxcranckoii o0nact. bbbt u3y4yeHsl KOHIEHTpaUN
TSDKEJIBIX METaJUIOB, MECTHUMAOB U HEPTENPOAYKTOB JI0 U IOCIE NMPUMEHEHHS METOAOB
¢uropemenmanun 1 Ouopemenuanuu. lcrnonb3oBaHHE MOACOTHEUHUKA, JIOLEPHBI M
UBBI A1 puTOpEeMeaMaK MOKa3ajJ0 3HAYUTEIbHOE CHIDKCHHE KOHLEHTPALUN KaaMmus,
CBHMHLA, HE(TEIIPOAYKTOB U MecTUn10B. [1ocoHeUHNK 1 TI0LepHa OKa3aluch Hanboee
3¢ deKTUBHBIMU pacTeHUsIMHU. B Onopemenuanuy NpUMEHSUIMCh METOIbI OMOCTUMYJISILIUH,
OMOBEHTWIISIMM M OUMOYCHJICHHUS, KOTOPbIE TaKKe MPOJACMOHCTPUPOBAIN 3HAYUTEIHHOE
CHIDKCHHUE YPOBHEH 3arps3HuTencii. KoMOMHUpPOBaHHBIE METOBI, COUETAIOIINE HCIIOIb30-
BaHME PACTEHUH U MUKPOOPTraHU3MOB, OKa3alIUCh Hanbosee 3PPEeKTUBHBIMU AJISI OUUCTKH
MOYB. DTU METO/IbI NTO3BOJISIOT HE TOJILKO CHU3UTh YPOBEHb 3arps3HEHHH, HO U BOCCTAHO-
BUTH IJIOIOPOAME MOYB, YTO CHOCOOCTBYET YIYUIICHHIO 3KOJOIMYECKOM CUTyaluu M IO-
BBILLICHUIO arpapHOro MoTeHIHasa peruoHa. BeiOOp KOHKPETHOrO METO/a OYMCTKH 3aBH-
CHT OT THIIa 3arpsI3HUTENS] U XapaKTEPUCTUK ITOYBBL. Pe3ynbTaThl HcciiefoBaHUH TOKa3aiy,
9TO IpUMEHEHHE (puTOopeMeananuu U OHOpeMeAnai CIOCOOCTBOBAIO 3HAYUTEIBHOMY
CHIDKCHUIO KOHLECHTPALMH TSDKENBIX METAUIOB M OPraHMYEecKHX 3arpsi3HUTENCH B
noyse. Hanbosnee >3pPeKTHBHBIMU OKa3aJuCh KOMOMHUPOBaHHbBIE METOJbI, COUETAIOIINE
WCTIOJIb30BaHNE PACTEHUH M MHKPOOPTaHW3MOB. BBIOOP KOHKPETHOr0 METOJIa 3aBUCHT OT
TUIA 3aTPS3HUTENS U XapaKTEPUCTHK MOoYBHL. [IpoBeieHHbIE HCCIIe10BaHuUS IO JUEPKUBAIOT
HEOOXOIUMOCTh KOMILIEKCHOTO MOJAX0Aa K PELICHUI0 NPOOIeMbl 3arpsi3HEHUS M0YB, YTO
MO3BOJISIET YIYUIIUTH SKOJIOTHYECKYIO CUTYalllIO B PErOHE U CIIOCOOCTBYET YCTOHUYNBOMY
YIPaBJICHUIO 36MEIbHBIMU PECYPCaMH.

KaroueBble ciioBa: 6ronornueckas O4ucTKa, puropemMeananysi, nopeMeananys,
TSKEJIbIe METaJIbl, AUBIpTayCKUil palioH

Introduction

In the context of modern agriculture and environmental management, there is a
need for detailed study of soil conditions and methods of soil restoration. Understanding the
current state of soil cover and the factors influencing its degradation is key to developing
effective sustainable land use strategies. This article examines various aspects of the state
and restoration of soil cover in the northern region of Kazakhstan, as well as the impact of
agronomic measures on the productivity of agricultural crops. Contemporary research in the
fields of soil condition, agronomic practices, and biotechnology plays a key role in ensur-
ing sustainable agriculture and environmental protection. The use of modern technologies
(Salikhov et al., 2020; Salikhov et al., 2021), optimization of agronomic practices, and the
introduction of biotechnologies (Popova et al., 2023) not only increase the productivity of
agricultural crops but also preserve natural resources for future generations. In recent years,
the problem of soil pollution has become increasingly urgent, especially in regions with
intensive agricultural and industrial activities. Ayyrtau District of North Kazakhstan Region
is no exception. The high level of land resource use leads to the accumulation of various
pollutants such as heavy metals, pesticides, and petroleum products, which adversely affect
the ecosystem of the region and reduce its agricultural potential. Figure 1 shows the natu-
ral-agricultural zoning of the North Kazakhstan region, demonstrating the share of each of
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the eight natural-agricultural districts in the overall structure of the region.

Zoning of North Kazakhstan Region

Forest-steppe plain-depression meadow-chernozem soils (15%)
Hillock-steppe gently undulating ordinary chernozems (12%)
Hillock-steppe ridge-lake low-thickness chernozems (10%)
Steppe plain-depression carbonate soils (12%)

Arid-steppe ordinary solonetzic chernozems (10%)

Arid-steppe southern carbonate chernozems (10%)
Mountain-hilly ordinary chernozems (13%)

Small-hilly chestnut soils and southern chernozems (18%) 18%

0.0 25 50 7.5 100 125 150 175
Percentage Share (%)

Figure I - Natural-agricultural districts of the North Kazakhstan region

According to Figure 1, the presence of small-hilly relief forms and various types of
soils, such as chestnut soils and southern chernozems, characterize the small-hilly district
of chestnut soils and southern chernozems (18 %). The mountain-hilly district of ordinary
chernozems (13 %) includes mountain-hilly landscapes with a predominance of ordinary
chernozems. The dry-steppe district of southern carbonate chernozems (10 %) is represent-
ed by southern carbonate chernozems in dry steppe conditions, which constitute 10% of the
total area of the region. The dry-steppe district of ordinary solonetzic chernozems (10 %) is
characterized by ordinary solonetzic chernozems in dry climate conditions, also accounting
for 10 % of the total area. The steppe plain-depression district of carbonate soils (12 %)
covers plain and depression areas with carbonate steppe soils. The hillock-steppe ridge-lake
district of low-thickness chernozems (10 %) includes ridge-lake landscapes with low-thick-
ness chernozems, which account for 10% of the region’s area. The hillock-steppe gently
undulating district of ordinary chernozems (12 %) is characterized by gently undulating
landscapes with ordinary chernozems, occupying 12% of the total area. The forest-steppe
plain-depression meadow-chernozem district (15 %) is represented by forest-steppe land-
scapes with meadow-chernozem soils.

The soil map of Ayyrtau District of North Kazakhstan Region, indicating various
types of soils, is presented in Figure 2.
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Figure 2 - Soil map of Ayyrtau District, North Kazakhstan Region

However, intensive land resource use leads to the accumulation of various pollut-
ants in soils, which adversely affects the region’s ecosystem. One of the promising methods
of soil restoration is biological cleaning, which includes the use of plants (phytoremedia-
tion) and microorganisms (bioremediation) (Porsev et al., 1995). The main soil pollutants in
Ayyrtau District are heavy metals, pesticides, and petroleum products. Sources of these pol-
lutants include industrial emissions, the use of mineral fertilizers and pesticides, transport
infrastructure, and accidental chemical spills, atmospheric precipitation containing metals
from anthropogenic sources, as well as pesticides (Akimov, 2010).

Heavy metals, such as cadmium (Cd) and lead (Pb), pose a serious threat to the
environment and human health. These elements accumulate in soil and plants, entering food
chains. Pesticides used in agriculture to control pests and plant diseases are also significant
soil pollutants. Pesticide residues can persist in soil for a long time, having a toxic effect on
soil microflora and plants. Biological cleaning methods include bioremediation and phytore-
mediation, which are actively studied and applied in various regions of the world for clean-
ing contaminated soils. Bioremediation involves the use of microorganisms to decompose
organic pollutants and transform inorganic pollutants into less toxic forms. Bioremediation
uses microorganisms to decompose organic pollutants and transform inorganic pollutants
into less toxic forms. This method is widely used to clean soils from petroleum products,
pesticides, and other organic substances (ZHuravlev et al., 2018). Research has shown that
sunflower, alfalfa, and willow are effective plants for phytoremediation, as they can extract
significant amounts of heavy metals (Sidorova et al., 2015; Gribskij, 2004).

Some scientists (Aksyonov et al., 2019) in their work, studying the use of phy-
toremediation on agricultural soils of Northern Kazakhstan, noted a significant decrease in
the concentration of heavy metals in soils after using this method. Brown S., Hinchman R.
and Angle J.S. (Brown et al., 1994) explore the possibility of using plants to remove heavy
metals from soils. In their work, they emphasize the importance of selecting the right plant
species capable of effectively absorbing and accumulating metals such as lead and cadmi-
um. Their research shows that some plant species have a high capacity for phytoextraction,
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making them ideal candidates for phytoremediation. Microorganisms inhabiting the rhizo-
sphere of plants play an important role in phytoremediation processes. A team of scientists
(Chaudhry et al., 2005) having investigated the synergy between plants and microorganisms
in the decomposition of organic pollutants, concluded that microorganisms can significantly
accelerate the decomposition of pollutants such as pesticides and petroleum products in
the presence of plants. Glick B.R. (Glick, 2010) studied the use of soil bacteria to facilitate
phytoremediation. In his work, he showed that certain types of bacteria can stimulate plant
growth and increase their ability to absorb and decompose pollutants. These bacteria can be
used to increase the effectiveness of phytoremediation.

A.A. Juwarkar et al. (Juwarkar et al., 2010) present a comprehensive review of
the elements of bioremediation. The authors considered various types of microorganisms,
their mechanisms of action and effectiveness in removing pollutants from the soil. Foreign
Research (Khan et al., 2010) show that plants can effectively absorb heavy metals, reducing
their bioavailability in the soil and reducing the risk to human health. Khan M. and Lee S.
(Khan et al., 2020) in their work discussed concepts and applications of phytoremediation
of heavy metals. The authors emphasize the importance of developing new approaches and
technologies to improve the efficiency of this method, including genetic modification of
plants and the use of nanotechnologies. A number of scientists (Salt et al., 1995) propose
a new strategy for removing toxic metals from the environment using plants. Their work
demonstrates that phytoremediation can be an effective method for cleaning soils and water
bodies from heavy metals such as mercury and arsenic. J. Vangronsveld et al. (Vangronsveld
et al., 2009) share their experience of using phytoremediation on contaminated soils and
groundwater. The authors provide examples of successful application of this method in var-
ious countries and emphasize the importance of an integrated approach to solving pollution
problems.

Materials and methods

A comprehensive approach, including both laboratory and field studies, was chosen
for conducting bioremediation studies in Ayyrtau District of North Kazakhstan Region. Ini-
tially, sites with varying levels of contamination by heavy metals, petroleum products, and
pesticides were identified.

These sites were selected based on a preliminary analysis of soil samples taken
from various points in the area. Soil sampling was carried out in accordance with GOST
17.4.3.01-83. Soils. General requirements for sampling, GOST 17.4.3.06-86. Soils. Meth-
ods of biological reclamation of contaminated soils, and GOST 28168-89. Soils. General
requirements for methods for determining contamination. Samplers were used to collect
samples from a depth of 0-30 cm. The samples were then thoroughly mixed and combined
to obtain averaged samples.

Chemical Analysis of Pollutants. The analysis of the content of heavy metals, pesti-
cides, and petroleum products was carried out in the laboratory using modern instruments,
such as an AA-7000 atomic absorption spectrometer (Shimadzu) for determining the con-
tent of heavy metals and an Agilent 7890B gas chromatograph with a mass spectrometric
detector for analyzing pesticides and petroleum products.

Growing Plants for Phytoremediation. In laboratory conditions, controlled environ-
ments were created for growing plants used in phytoremediation. Plant growth chambers
(Climacell): provided optimal conditions of lighting, temperature, and humidity for growing
sunflower, alfalfa, and willow. These plants were selected based on their ability to effective-
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ly extract various pollutants from the soil. Control and monitoring of plant growth: carried
out using a spectrophotometer to analyze the content of chlorophyll and other photosynthet-
ic pigments, as well as microscopes to assess the condition of the root system and the overall
health of the plants.

Microbiological Studies. Various approaches were used for bioremediation of
soils, including the application of local and adapted strains of microorganisms. BIOSTAT®
B-DCU fermenters (Sartorius): used for cultivating microorganisms in controlled condi-
tions. The fermenters created optimal conditions for the growth and reproduction of bacteria
capable of decomposing organic pollutants and transforming heavy metals into less toxic
forms. Portable gas analyzer MultiRAE: used to measure oxygen and carbon dioxide con-
tent in soil air, allowing control of aerobic and anaerobic conditions in soils during biore-
mediation. Leica DM2500 microscopes: used for analyzing microbiological samples and
assessing the quantity and activity of microorganisms. Quantitative and qualitative char-
acteristics of soil microflora were determined, including the identification of key bacterial
strains involved in bioremediation processes.

Field Studies Selection and Preparation of Sites. For conducting field experiments,
sites with varying levels of contamination in Ayyrtau District were selected. These sites
represented typical agricultural lands with a history of intensive use, leading to the accu-
mulation of pollutants. The following activities were performed at each site. Marking and
dividing sites: sites were divided into control and experimental zones. Control zones were
not subjected to bioremediation interventions, while experimental zones were treated with
various phytoremediation and bioremediation methods. Sampling: soil samples were taken
before the start of the experiments and after each stage of bioremediation for subsequent
analysis of pollutant content.

Application of Phytoremediation. Plants capable of effectively extracting pollutants
from the soil were planted on experimental sites. Sunflower (Helianthus annuus): used to
extract heavy metals such as cadmium and lead. Plants were planted in rows with a specified
planting density to ensure maximum coverage of the area. Alfalfa (Medicago sativa): used
to degrade organic pollutants, including pesticides. Alfalfa was sown on sites with high or-
ganic pollutant content. Willow (Salix spp.): planted on sites contaminated with petroleum
products and heavy metals. Willow is capable of rapid growth and development of a deep
root system, which promotes effective soil cleaning.

Application of Bioremediation. Various bioremediation methods were applied on
experimental sites. Biostimulation - adding nutrients and organic substrates to stimulate
the growth of local microorganisms. This included the addition of compost, organic fertil-
izers, and nitrogen-containing compounds. Bioventing - introducing air into the soil using
special aeration installations to activate aerobic microorganisms. Soil ventilation improved
conditions for microbial activity and the decomposition of organic pollutants. Bioaugmen-
tation — introducing specialized strains of microorganisms capable of decomposing specific
pollutants. These microorganisms were pre-cultivated in the laboratory and introduced into
the soil in the form of suspensions.

Control and Monitoring. To assess the effectiveness of bioremediation methods,
regular control and monitoring of soil and plant conditions were conducted. Analysis of
pollutant content: soil samples were regularly taken to analyze the content of heavy metals,
petroleum products, and pesticides. Analyses were conducted in the laboratory using an
atomic absorption spectrometer and a gas chromatograph. Phytometric parameters of plants:
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the growth, biomass, and chlorophyll content of plants were measured. These indicators
allowed the assessment of the health and productivity of plants used in phytoremediation.
Microbiological analysis of soil: quantitative and qualitative characteristics of soil microflo-
ra were determined, including the quantity and activity of key microorganism strains. This
allowed the assessment of the effectiveness of bioremediation processes and the adaptation
of microorganisms to soil conditions.

Statistical Data Processing. Research results were subjected to statistical processing
to determine the significance of changes in pollutant concentrations and the effectiveness of
applied methods. Methods of variance analysis (ANOVA): used to compare pollutant con-
centrations before and after the application of bioremediation and phytoremediation meth-
ods. This allowed the identification of statistically significant differences and the assessment
of method effectiveness. Correlation analysis: conducted to identify dependencies between
plant growth parameters, microorganism activity, and changes in pollutant concentrations.
Correlation analysis allowed the identification of the main factors influencing the effective-
ness of bioremediation. Regression analysis: used to model bioremediation processes and
predict changes in pollutant concentrations depending on time and applied methods. This
allowed conclusions to be drawn about the long-term effectiveness of bioremediation and
phytoremediation.

Research results

During the research conducted in Ayyrtau District of North Kazakhstan Region, the
concentrations of various pollutants in soils before and after the application of biological
cleaning methods were studied. Sites contaminated with heavy metals, pesticides, and pe-
troleum products were used as research objects. Table 1 shows the change in concentrations
of various pollutants in the soils of Ayyrtau District before and after the application of phy-
toremediation using different plants: sunflower, alfalfa, and willow.

Table 1 - Pollutant Concentrations Before and After Phytoremediation (mg/kg)

Ne Pollutant Before Cleaning A{éirnCﬂLe;réiglg Aft(eglcf;fg r;ing Aft(e\;/ﬁllg?;l)ing
1 Cadmium (Cd) 5.8 2.1 35 2.8
2 Lead (Pb) 45.2 18.6 22.4 19.7
3 Petroleum Products 320 110 95 105
4 Pesticides 12.5 4.5 3.8 4.2

The data in the table show that all three plants - sunflower, alfalfa, and willow - were
effective in reducing the concentrations of heavy metals, petroleum products, and pesticides
in the soil. The most significant reduction in pollutant concentrations was observed with
the use of sunflower and alfalfa, making them preferable for phytoremediation in Ayyrtau
District of North Kazakhstan Region. The effectiveness of various bioremediation methods
in reducing pollutant concentrations in soil is presented in Table 2, i.e., the measurement
results before cleaning, after biostimulation, bioventing, and bioaugmentation for four types
of pollutants: cadmium (Cd), lead (Pb), petroleum products, and pesticides.
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Table 2 - Pollutant Concentrations Before and After Bioremediation (mg/kg)

N Pollutant Cl?:;r?{r?g Bios;?rlfltlellration After Bioventing Bioaugni[tjrrltation
1 Cadmium (Cd) 5.8 32 2.9 2.5
2 | Lead (Pb) 452 24.8 223 20.1
3 Petroleum Products 320 135 125 115
4 | Pesticides 12.5 5.6 4.9 43

Table 2 shows that bioremediation methods significantly reduced the concentration
of cadmium. The most effective method was bioaugmentation, which reduced the concentra-
tion by 56.9 % from the initial value. The concentration of lead also decreased significantly
after the application of all bioremediation methods. The most effective method was bioau-
gmentation, which reduced the lead level by 55.6 %. The levels of petroleum products also
decreased significantly. Bioaugmentation showed the greatest efficiency, reducing the con-
centration of petroleum products by 64.1 %. Pesticides demonstrated a significant reduction
in concentration. Bioaugmentation was the most effective method, reducing pesticide levels
by 65.6 %. All bioremediation methods (biostimulation, bioventing, and bioaugmentation)
showed a significant reduction in the concentrations of all studied pollutants. Bioaugmen-
tation showed the greatest effectiveness among the methods, providing the most significant
reduction in concentrations for all types of pollutants, thus being the most effective for soil
cleaning. Change in the concentration of cadmium (Cd) in soils after various methods of
biological remediation is shown in Figure 3.

Reduction of Cadmium (Cd) Concentration in Soil After Various Biological Remediation Metho

Bioaugmentation
Bioventing
Blostimulation

Willow

Remediation Methods

Alfalfa

Sunflower

Before remediation

3
Concentration Cd (mag/kg)

Figure 3 - Reduction of Cadmium (Cd) Concentration in Soils After Various Biological Cleaning Methods
(Remark: Y-axis - Cd Concentration (mg/kg); X-axis Remediation Methods)
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Figure 2. Proposed oil production waste management scheme. Oil waste streams.
Figure 5 demonstrates the effectiveness of various biological methods in reducing cadmium
(Cd) concentration in soil. The initial concentration of cadmium in the soil before remedia-
tion was 5.8 mg/kg, indicating a significant level of contamination. Phytoremediation using
sunflower reduced the cadmium concentration to 2.1 mg/kg, showcasing its high efficiency
in extracting cadmium from the soil. The application of alfalfa also significantly decreased
the cadmium levels to 3.5 mg/kg. The use of willow further reduced the cadmium content
to 2.8 mg/kg. The biostimulation method lowered the cadmium concentration to 3.2 mg/kg,
while bioventing reduced it to 2.9 mg/kg. The bioaugmentation method proved to be effec-
tive as well, reducing the cadmium concentration to 2.5 mg/kg. These findings indicate that
all examined biological remediation methods were effective in reducing cadmium concen-
trations in soil, with sunflower and bioaugmentation showing particularly high efficiency.

Figure 4 shows a decrease in the concentration of petroleum products in the soil
after the application of various methods of biological remediation shows the reduction of
oil products concentration in soil after applying various biological remediation methods.
Bioaugmentation. This method shows a significant reduction in oil product concentration
compared to the initial concentration before remediation. Bioventing. This method also ef-
fectively reduces the concentration, but slightly less than bioaugmentation. Biostimulation.
This method is on par with bioventing in terms of reducing oil product concentration. Phy-
toremediation (using plants).

Reduction of Qil Products Concentration in Soil After Various Biological Remediation Method

Bioaugmentation |
Bioventing
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Remediation Methods
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Sunflower

Before remediation
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Figure 4 - Reduction of Petroleum Products Concentration in Soils After Various Biological Cleaning Methods

Willow: Shows a moderate reduction in oil product concentration. Alfalfa: Exhibits
a lower reduction compared to willow but still effective. Sunflower: Demonstrates a signifi-
cant reduction in oil product concentration, comparable to biostimulation. Comparison with
Initial Contamination. The concentration of oil products before remediation is the highest,
serving as a baseline. All tested methods show a substantial decrease in contamination lev-
els, highlighting their effectiveness in reducing oil product concentration in soils. Biological
methods such as bioaugmentation, bioventing, and biostimulation show higher efficiency
in reducing oil concentrations compared to phytoremediation methods (using plants like
willow, alfalfa, and sunflower).
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Figure 5 illustrates the effectiveness of various biological methods in reducing pes-

ticide concentration in soil.
Reduction of Pesticides Concentration in Soil After Various Biclogical Remediation Methods
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Figure 5 - Reduction of Pesticides Concentration in Soils After Various Biological Cleaning Methods

The initial pesticide concentration before remediation was 12.5 mg/kg, indicating a
significant level of contamination. The application of phytoremediation using sunflower re-
sulted in a reduction of pesticide concentration to 4.5 mg/kg, demonstrating its high efficien-
cy in removing pesticides from the soil. Alfalfa also significantly reduced pesticide levels to
3.8 mg/kg, while willow decreased it to 4.2 mg/kg. The biostimulation method lowered the
pesticide concentration to 5.6 mg/kg, while bioventing reduced it to 4.9 mg/kg. The bioau-
gmentation method proved to be effective as well, reducing the pesticide concentration to
4.3 mg/kg. These results indicate that all the examined biological remediation methods were
effective in reducing pesticide concentrations in soil, with alfalfa and sunflower showing
particularly high efficiency.
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Reduction of Lead (Pb) Concentration in Soil After Various Biological Remediation Methods
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Figure 6 - Reduction of Lead (Pb) Concentration in Soils After Various Biological Cleaning Methods

Figure 5 illustrates the effectiveness of various biological methods in reducing lead
contamination levels in soil. The initial concentration of lead in the soil before remediation
was 45.2 mg/kg, indicating a significant level of pollution. Using the phytoremediation
method with sunflower, the lead concentration decreased to 18.6 mg/kg, demonstrating the
high efficiency of this plant in extracting lead from the soil. Application of alfalfa also
resulted in a significant reduction of lead concentration to 22.4 mg/kg. The use of willow
further reduced the lead content to 19.7 mg/kg. The figure shows that the biostimulation
method decreased the lead concentration to 24.8 mg/kg, while the bioventing method re-
duced the lead content to 22.3 mg/kg. Meanwhile, the bioaugmentation method proved to
be the most effective among the bioremediation techniques, lowering the lead concentration
to 20.1 mg/kg.

Discussion

Data analysis showed that soil pollution levels in Ayyrtau District significantly ex-
ceed acceptable norms for agricultural lands. The concentrations of heavy metals, pesti-
cides, and petroleum products indicate the need for soil cleaning and restoration measures.

Heavy Metals: The concentrations of cadmium and lead significantly exceed back-
ground values, requiring the use of bioremediation and phytoremediation methods for their
reduction.

Pesticides: High concentrations of pesticides can adversely affect the health of the
population and the ecosystem, necessitating the use of biological cleaning methods.

Petroleum Products: Pollution with petroleum products requires measures for the
degradation of organic pollutants using microorganisms and plants. The conducted studies
highlight the need for an integrated approach to solving the soil pollution problem in Ayyr-
tau District. Biological cleaning methods, such as phytoremediation and bioremediation,
showed high efficiency in reducing pollutant concentrations and restoring soil fertility. Im-
plementing these methods in practice can significantly improve the environmental situation
in the region and contribute to sustainable land resource management.

Phytoremediation: Plants such as sunflower and alfalfa showed the greatest efficien-
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cy in reducing soil lead concentration. Sunflower especially stands out as the most effective
plant for phytoremediation of lead.

Bioremediation: Bioremediation methods also demonstrate significant reductions
in lead concentration, with the best results in bioaugmentation. Each of the bioremediation
methods (biostimulation, bioventing, bioaugmentation) is effective in reducing the concen-
tration of all considered pollutants. The most effective method for all pollutants is bioau-
gmentation, as it leads to the greatest reduction in pollutant concentrations. The reduction
in pollutant concentrations varies depending on the method, but in all cases, there is a sig-
nificant decrease compared to the initial values before cleaning. Research has shown that
the application of phytoremediation and bioremediation in Ayyrtau District contributes to
a significant reduction in the concentrations of heavy metals and organic pollutants in the
soil. The most effective were combined methods that combine the use of plants and micro-
organisms. It is important to note that the choice of a specific method depends on the type
of pollutant and soil characteristics.

Conclusion

Research has shown that combined methods (phyto- and bioremediation), combin-
ing the use of plants and microorganisms, are the most effective for reducing pollutant
levels and restoring soil fertility. Implementing these methods in practice can significantly
improve the ecological state of the region and increase its agricultural potential. When com-
paring bioremediation methods, the high effectiveness of the bioaugmentation method in
reducing the concentrations of various pollutants in the soil has been demonstrated. The use
of this method creates the prerequisites for effective cleaning of contaminated lands. Bio-
logical cleaning of soils in Ayyrtau District of North Kazakhstan Region is a promising and
environmentally safe method of land resource restoration, as well as an effective method for
reducing pollutant levels.
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