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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 Bulletin
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most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybniukacbkl ¥nmmbiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fblfibIMU XypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabbindaHraHbIH xabapnatidbl. byn uHdekcmeny 6apbicbiHOa Clarivate Analytics KoMraHusiCbl XypHarobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, b6acnawbinap MeH Mekemesiepze KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n1 npuHam 0nsi uH0ekcuposaHusi
e Emerging Sources Citationindex, obHosneHHoul sepcuu Web of Science. CodepxxaHue 8 3mom UHOEK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate Analytics 0ns danbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4dpexdeHul. BkmoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 05151 Hauea2o coobuwecmea.
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HYPERACCUMULATOR PLANTS FOR PHYTOREMEDIATION
OF SOIL CONTAMINATED WITH HEAVY METALS

Abstract. Environmental pollution, including pollution of urban soils by heavy metals causes serious
environmental concern around the world. Heavy metals accumulate relatively quickly in soil but their removal
rate is very slow. Hyperaccumulator plants help cleanse the environment from heavy metals. Phytoremediation
is cleansing of soils contaminated with heavy metals, using plants that accumulate significant amounts of
metals. An important environmental problem in large industrial cities is pollution by toxic compounds,
including heavy metals. Due to the potential toxicity and high resistance of metals, soils contaminated with
these elements are an environmental problem that requires effective and affordable solution. In soils heavy
metals are in varying degrees of accessibility to plants. Water-soluble forms of heavy metals, as a rule, are
presented in the form of various salts and organic complex compounds. Phytoremediation of urban soils from
heavy metals is an important environmental challenge. Among the wild species, a special group of heavy metal
hyperaccumulator plants is highlighted. Some of the land plants that can accumulate abnormally high levels
of potentially toxic trace elements are known as “hyperaccumulators” and their number includes about 500
taxa. Phytoremediation is much more environmentally friendly and cheaper than other techniques, so recently
it has received widespread use in various countries.

Key words: Phytoremediation, heavy metals, hyperaccumulators, phytoextraction, urban soils.

Introduction. Recently, there has been an increased interest in study of ecological state of environ-mental
object located in urban areas. Study of soil and soil cover takes an important place in such research. Urban
soils are poorly studied biological systems that differ in some properties from natural ones. They are
characterized by high mosaic and irregularity of profile, significant compaction, alkaline reaction, pollution
with various toxic substances. Thus, an important environmental problem in large industrial cities is pollution
by toxic compounds, including heavy metals [1-3]. In soils, heavy metals are in varying degrees of accessibility
to plants. Water-soluble forms of heavy metals, as a rule, are represented by chlorides, nitrates, sulfates and
organic complex compounds. Heavy metals accumulate relatively quickly in soil and are very slowly removed
from it: the half-removal period of zinc is up to 500 years, cadmium - up to 1100 years, copper - up to 1500
years, lead - up to several thousand years [4]. Heavy metals are highly toxic substances due to their high
lethality; they are not biodegradable and have low mobilization ability in the environment. Therefore, they
cause soil and water pollution, as well as toxic, genotoxic, teratogenic and mutagenic effects in living
organisms, causing endocrine and neurological disorders even at low concentrations [5-7].

Regarding phytoremediation technology. Restoring the environment with plants is of great interest
around the world due to the possibilities that phytoremediation technology opens up for cleansing upper layers
of contaminated soils [4,15]. Phytoremediation is the most suitable alternative to traditional technologies of
physical and chemical rehabilitation, which are very expensive and technically more suitable for small areas,
create secondary pollution and impair soil fertility. Phytoremediation method does not require large
expenditures, it is simple in practical implementation, and is applicable in any environmentally unfavorable
zones [10-13].

The effect of nickel hyperaccumulation by plants was first noted in the seventies of the twentieth century
[8.9]. Since then, study of hyperaccumulators has attracted attention of plant physiologists, molecular
biologists and biotechnologists. Advances in study of hyperaccumulators have led to identification of about
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500 taxa capable to hyperaccumulate various elements [14]. Some of the land plants that can accumulate
abnormally high levels of potentially toxic trace elements are known as “hyperaccumulators” [15]. These
plants have been the subject of intensive research in recent decades, which has led to their widespread use in
biotechnologies for soil cleaning [16], phytoproduction [17] and nanotechnology [18,19].

Studies show that plants can cleanse the environment from metals, and phytoremediation allows use of
green plants for removing pollutants from surface layer of soils or turn the latter into harmless compounds,
making it a promising method. Among wild-growing species, a special group of heavy metal hyperaccumulator
plants is distinguished. Their shoots are able to accumulate from 1,000 to 30,000 mg of metal per kilogram of
dry mass of plant without visible signs of damage [20,14]. Cultivation of heavy metal hyperaccumulator plants
in contaminated areas allows to cleanse soil of excess metals [21-23].

Hyperaccumulation of heavy metals in soil. The first threshold values for hyperaccumulation of trace
elements were determined as follows: 1000 mg / kg for Ni, Co, Cu, Cr, Pb and > 10000 mg / kg for Zn and
Mn [20, 24]. According to Yang et al. [25], the threshold value for Zn should be reduced to 3000 mg / kg. Sun
et al. [26] suggested that the threshold for Cd should be 100 mg / kg. A new updated and revised proposal for
thresholds considers a plant a candidate for hyperaccumulator if its dry matter of aboveground tissue contains
more than 100 mg / kg Se, Cd and TI, 300 mg / kg Cu, Co, Cr, 1000 mg / kg Ni and Pb, 3000 mg / kg Zn and
10000 mg / kg Mn [14]. In addition, Pratas et al. [27 suggested a threshold level of 1 mg / kg for Ag.

Critical evaluations of hyperaccumulation reports mentioned that hyperaccumulative plants are now
broadly divided into eight groups: (i) plants from ultrabasic soils showing hyperaccumulation of Ni (and rarely
Co); (ii) plants from soils enriched with chalcophilic elements, such as Zn, Pb, Cd and TI, which may exhibit
hyperaccumulation of any of these elements; (iii) plants from soils rich in Cu and Co, exhibiting
hyperaccumulation of one or both of these elements; (iv) plants exhibiting hyperaccumulation of Mn, which
may arise from some ultrabasic soils and from some other substrates; (v) plants with unusually high
concentration of Se from soils with increased concentrations of this element; (vi) plants that have been
identified as hyperaccumulators based on the absorption of elements from industrially contaminated soils,
which include many of the elements listed above, as well as reports of hyperaccumulation of Cr and As; (vii)
plants reported to accumulate light rare earth elements such as Ce and La; and (viii) plants reported to be
hyperaccumulating basic soil elements (that is, those that are higher than concentration of microelements),
such as Fe or Al, a category that we will not discuss further [14,28,29,12,30].

Since the decorative flower crops used to create flower beds are practically not considered as means of
soil remediation, but rather for decorative purposes and so far haven’t been taken much into account, studying
their accumulating abilities is also very important [31].

Due to the potential toxicity and high durability of metals, soils contaminated with these elements are an
environmental problem that requires an effective and affordable solution. Phytoextraction has been developed
as part of intensive research for more efficient, cheaper and less hazardous methods to remove contaminated
soils. It is based on removal of metals by plants through absorption and accumulation in biomass [32].

Hyperaccumulative plants. Hyperaccumulators have found their widest application in phytoextraction,
which is one of the phytoremediation strategies [33,24,35]. The ideal plant kinds to be used in this process
should have: (i) high biomass production, rapid growth and easy assembly (the short time needed to effectively
reduce the concentration of elements in phytoremedic soils, [36-38] (ii) the ability to exist outside its native
region [33,39,40]. The second feature is often problematic because hyperaccumulators are often endemic and
their appearance is limited to contaminated sites. It is estimated that almost 90% of known hyperaccumulators
are endemic for metal-containing soils, such as serpentine soil [41].

Along with hyperaccumulative herbaceous plants, several species of tree species are considered promising
for further study. Since many woody plants grow quickly, have deep roots, produce abundant biomass, and
several species show some ability to tolerate and accumulate heavy metals. In recent years, significant progress
has been made in identifying native plants and developing genetically modified woody plants to restore the
environment contaminated with heavy metals. On a large scale, metal uptake by trees can be more efficient,
mainly because of a deeper root system and higher biomass yields [42,43].

Phytoremediation is based on removal of contaminants from soil by using mechanisms such as
phytoextraction, phytodegradation, rhizofiltration, phytostabilization and phytovolysis [44,45,6,12], but the
mechanisms involved in heavy metals regeneration are limited by absorption, adsorption, transport and
translocation, sequestration in vacuoles, supersaturation and, in some cases, volatilization [46].

Two main areas of interest for the study of new hyperaccumulators include: (i) identification of new
indigenous plant species that demonstrate tremendous ability to bind elements [47,48] and (ii) search for multi-
element hyperaccumulators called coaccumulators [49] that can be used during phytoremediation of
contaminated soils.
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Use of synthetic chelators and mineral fertilizers effectively stimulates accumulation of heavy metals in
plant organs by increasing bioavailability and productivity [50-55,45]. The addition of certain PGPR - bacterial
strains and mycorrhizal fungi to plants rhizosphere also stimulates accumulation of heavy metals in plant
organs [56-59].

One of the promising areas of phytoremediation of soils contaminated with heavy metals is usage of
transgenic plants specially designed as hyperaccumulators [51,55,11,6].

Phytoremediation methods are developed and implemented in Bulgaria, the USA, Great Britain, Spain,
Canada, China, Mexico, New Zealand and other countries [15,16]. However, implementation of this
environmental protection technology in the CIS countries is largely hindered by the need to search for heavy
metal accumulator plants adaptable to our environmental conditions or use of introducers. Nevertheless, the
work of researchers from Kazakhstan and the CIS on accumulation of heavy metals by wild-growing and
cultivated plants provides sufficient grounds for finding plants suitable for introducing phytoremediation
technology in Kazakhstan and the CIS [55,60-66]. In Kazakhstan, scientists from the Institute of Biology and
Biotechnology of the MES RK and other organizations are actively involved in improving phytoremediation
methods [55,63,64].

Conclusion. Heavy metals are highly toxic substances, they are not biodegradable and have low
mobilization ability in the environment. Therefore, restoration of the environment through plants is of great
interest throughout the world, which opens possibilities for phytoremediation technology for cleaning the
upper layers of contaminated soils. The phytoremediation method does not require large expenditures, is
simple in practical implementation, and is applicable in any environmentally unfavorable zones. Advances in
study of hyperaccumulators have led to the identification of about 500 taxa capable of hyperaccumulation of
various elements. The phytoremediation method does not require large expenditures, is simple in practical
implementation and is applicable in any environmentally unfavorable zones. Almost 90% of known
hyperaccumulators are endemic. The use of synthetic chelators and mineral fertilizers effectively stimulates
accumulation of heavy metals in plant organs by increasing bioavailability and productivity. Among promising
areas of phytoremediation of soils contaminated with heavy metals is use of transgenic plants specially
designed as hyperaccumulators. Phytoremediation methods are developed and implemented in different
countries of the world, including Kazakhstan.

Acknowledgment. This research has been funded by the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan (Grant No. AP08957443).
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AYBIP METAJIJAPMEH JJACTAHFAH TOIIBIPAK ®PUTOPEME/INALIIUSACBIHA
APHAJITAH OCIMAIK-TUIIEPAKYMYJIATOPJIAP

AnHotanus. COHFBI yaKbITTa KaJla ayMarbIHIaFbl KOPIIaFaH OpTa OOBEKTIICPIHIH 3KOJOTHUSIIBIK JKal-
KYHiH 3epTTeyre KpI3bIFYIIBUIBIK apThI Keneni. Kana Tonsiparsl — a3 3epTTenreH OMoIorusiibIK xKyiie. Omap
yJIbl KOCBUIBICTap, OHBIH ILIIHAE ayblp METanJapMeH JacTaHaibl NIl CUIarTagaabl. Aybslp MeTainaap
TOIIBIPAKTa TE3 KUHAJA Bl )KOHE oTe Oasty, SIFHU OipHEIIe MBIH XKbUTFa JCHiH IIbIFapblIajbl.

duropemeanaiysi GU3NKAIBIK-XUMHUSUIBIK OHAITYIBIH JOCTYPJIi TEXHOJIOTHsJIapbIHA €H KOJIaiibl Oanama
KOHE YJIKCH IUBIFBIHIBI Tajlall eTIeil, ic JKy3iHAe JKY3ere achlpy KEHIJ XKOHE Ke3 KEJI€H 3KOJIOTHSUIBIK
KOJIAfCBI3 aiiMaKTap/a KoJmanyra 0omaapl. 3epTTeyiep KOpCeTKeHACH, Keilip oCciMIIKTep KOpIIaFraH OpPTaHbI
MeTaJ/iaH Ta3zapra ajajsl. JlacraHFaH xepiepae ayblp METal THIEPAKKYMYJISTOPIapbIH ©Cipy TOMBIPAKTHI
aybIp MeTalAapAaH Ta3apTyFa MYMKIHJIIK Oepei.

OcCiMAIK THUNEepaKKyMyJIATOpJiap Ka3ipri yakpITTa ayblp MeTajJapAblH MIOFBIpIaHy KabinmeTiHe
0aiilaHBICTHI ceri3 Tonka OesiHeni. OChl MPOIECTe KOMIAHBUIATHIH OCIMIIK TYpJiepi OMOMAacCaHbIH JKOFaphl
OHIMI, JKBUIaM Ocyi JKoHE JKEHLUI KUHATYBl, COHAal-aK ©31HiH JKepruTiKTi aiiMarbIHaH THIC XKepiepae oceTiH
KabineTi 60ysl THiC. OUTKEHI allbUIFaH TUIEPaKKyMysTopaapabie 90% KypaMmbIHIa MeTal Oap TOMBIPaK
YIIiH 5HAEMUKAJIBIK TYpJep OOJIbIN caHalaIbl.

duropemeananysi (GUTOIKCTpaKkUMs, QuTOACTpaganus, pU30QWIBTpAlHs, (UTOCTAOMIH3ALUS KOHE
(UTOBONM-3aTTay CHAKTBI TETIK KOMETIMEH TONBIPAKTaH JIACTAYIIBI 3aTTapAbl IIbIFapyFa Heri3aenrex, 0ipak
ayplp MeETalapabl pereHepanmsuiayra KaThICAaThIH MEXaHM3MAEpP CIHIpY, aacopOIus, KONK KOoHE
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TPaHJIOKalMs, BaKyoJIbAApAAFbl CEKBECTpALMs, aca KaHBIFY oHE KeHOip jkaraia YIUBIN KETy apKbUIBI
miexrenred. COHIBIKTaH XKaHA TUIIEPAKKY-MYJISITOpIapabl Ta0y ©T€ MaHbI3IbL.

CHHTETHKANIBIK XeJaTopJiap MEH MHHEPAABIK ThIHAWTKBIIITAPIbl KOJJAaHYy OMOXKETIMIUII MeH
OHIMAUIITIH apTThIpy ece0iHeH eciMIOiK OpraHmapblHAa ayblp METalAbIH IIOFBIPIAHYBIH THIMAI
bIHTaTaHIbIpaabl. Kelbip pgpr - OakTepusIbIK ITaMMAAp MEH MHKOPH3MAl CaHBIPAyKYJIAKTapIbIH ©CIMIIK
pusocdepacsiHa KOCBUTYbI, COHAAW-aK ©CIMAIK OpraHIapblHAa ayblp METalapAblH LIOFBIPIaHy KaFIaibIH
BIHTAJIAHIBIPAIBL.

AybIp MeTanapMeH JacTaHFaH TOMBIPAKThl (PUTOPEMEIHALMSIIAY IbIH IEPCIIEKTUBATIBIK OaFbITTaPBIHBIH
OipiHe THIIEPAKKYMYJISATOP PETiHIE apHAWbI )koOalaHFaH TPAHCTCHIIK ©CIMIIKTEP i TaligaiaHy jKaTabl.

'unepakkyMyasTOpIapaAsl 3€PTTEYNET] KETICTIKTep SPTYPIi dIEMEHTTEpi THUIEPAKKyMYJSIIHiIayFa
kabinerri 500-re KybIK TaKCOH aHBIKTaNFaH. DUTOpeMemuTanus JICTepi SJEMHIH TYPHl eNiHIe, COHBIH
imiaae Kazakcranma o3ipieHin, eHriziryae.

Tyiin ce3gep: duTopemMenuanus, ayslp MeTajaap, THHEPaKKyMyJsATopiap, (UTOIKCTpaKIusA, Kaja
TOIIBIPAFHI.

B.K. Enux6aes’, Mapceaa K. Iarano?, I'.A. Kamasosa®

1Satbayev University, Anmartsl, Kazaxcras;
2Federal University of Minas Gerais, Beio Opusonte, Munac-XKepaiic, Bpazumus

PACTEHUSA-TUIIEPAKKYMYJISITOPBI 1JIs1 ®UTOPEMEJINALIUNA
3ATPA3ZHEHHBIX TAXEJBIMH METAJIJIAMHU ITIOYB

AnHoTauus. B mocnennee BpeMst oTMe4aeTcsl MOBBILIEHHBIH HHTEPEC K UCCIIEIOBAHUIO SKOJIOTHYECKOTO
COCTOSIHHSI 00BEKTOB OKPY’KAIOLIEH Cpebl TOPOICKUX TEPPUTOPUil. ' OpoaCcKHe MOUBEI — 3TO MaJIOU3y4EHHbIE
OMOJIOTMUECKHE CHCTEMbl, OTJIMYHBIE [0 pSAAYy CBOMCTB OT mnpupogHblX. OHM  XapakTepu3yrTcs
3arpsi3HEHHBIMH TOKCHUYHBIMH COCAMHEHHSMH, B TOM YHCIIE THKEIBIMH MeTajulaMH. TshKelble MeTaJulbl
CPaBHHUTEIBHO OBICTPO HAKAIJIMBAIOTCS B MOYBE M KpaliHE MEUIEHHO M3 Hee BBIBOIATCS 10 NEpHojAa B
HECKOJIBKO THICSY JIET.

Oduropemenuanus — Hauboiee MOIXOMANIAs aJbTEPHATHBA TPAIUIIMOHHBIM TEXHOJIOTHSIM (QH3HKO-
XMUMUYECKOW peaduiuTauu U He TpeOyeT OONBIIMX 3aTpar, IMpocTa B MPAKTHYECKOM OCYIICCTBICHHH U
MIPUMEHUMA B JIFOOBIX AKOJIOrMYECKH HeOIaronpusTHBIX 30HaX. McciaenoBanus moka3piBaloT, YTO HEKOTOPHIE
pacTeHus TO3BOJISIOT OYHCTUTHh OKDPYXKAIOIIYI Ccpeay OT MeTaioB. KylIbTUBUpOBaHWE pacTEHHIA-
THIIEPAKKYMYJISITOPOB TSDKENIBIX METAJUIOB Ha 3arps3HEHHBIX TEPPUTOPHSIX IMO3BOJSIET OYUCTUTH MOYBY OT
N30BITKA METAJUIOB.

Pactenus runepakkyMyJIiTOPbI B HACTOSIIIEE BPEMsI IIOAPA3ACIAIOTCS HA BOCEMb I'PYIII B 3aBUCUMOCTH
OT CIOCOOHOCTH AaKKyMYISIIMH TSDKENBIX MeETalyioB. MjeanbHble BHIBI pAcTEHH, KOTOpbIE OyIyT
HCTIONIB30BaThCsl B ATOM TIpoLiecce JOKHBI MMETh BBICOKOE MPOU3BOJCTBO OMOMAcCCHI, OBICTPBIA POCT M
JETKyI0 COOpKy, a TakKe CIOCOOHOCTb pacTH BHE CBOEH abopureHHod obnactu, Tak Kak moutd 90%
M3BECTHBIX TUIIEPAKKYMYJIITOPOB SIBJISTIOTCS SHAEMHYHBIME JUISI METAIIOCOJICPIKAIINX MTOYB.

duropeMeanalysi OCHOBaHA Ha yIAICHUH 3arpSA3HEHUN M3 MOYBHI C IIOMOMIBIO TAKUX MEXaHU3MOB, KaK
¢uroskcTpakuus, guronerpagauus, puzoduiabTpanusa, GUTOCTaOMIU3aIMI U (PUTOBONM3aTHPOBAHUE, HO
MEXaHHU3-Mbl, YYaCTBYIOLIME B PETCHEPALUH TSDKEIBIX METAJIOB, OTPaHUYEHBI MTOIVIOIIEHUEM, afcopouueii,
TPaHCIIOPTOM M TpPaHCJIOKAaIMel, CEKBECTpaIMel B BaKyOJIsIX, CBEPXHACHIIICHHEM U, B HEKOTOPBIX CIy4asXx,
yneTyunBaHueM. [103ToMy MOMCK HOBBIX THIIEPAKKYMYJISITOPOB OUE€HBb BaXKEH.

[IpuMeHEeHHEe CHHTETHYECKUX XEJIaToOpOB M MHUHEpalbHBIX yHOOpeHuil 3((EeKTHBHO CTUMYIHPYET
AKKyMYJIS-IIMIO TSDKEJIBIX METaNIOB B OpraHax pAacTeHHWH 3a cyeT yBENHYeHHsS OHWOJOCTYITHOCTH H
ypoxaitHoctu. JloOGaBnenuss HekoTopbix PGPR — OakrepuanbHBIX INTAMMOB M MHKOPU3HBIX TPHOOB B
puszocdepy pacTeHUH TakKe CTUMYJIUPYET aKKyMYJISLHUIO TSHKEIIBIX METAJJIOB B OpraHax pacTEHHH.

OJHUM U3 MEPCIIEKTUBHBIX HANPABICHUIN (GUTOpEMEINAIINH 3arPSI3HEHHBIX TSOKEIBIMA METalIaMH TTOYB
SIBTSIET-CSl  MICTIOJIb30BAaHUSl TPAaHCTEHHBIX PpACTEHHH, CIENUaIbHO CHPOCKTHPOBAHHBIX B KayecTBE
THIIEPAaKKyMYJISITOPOB.

VYcnexu B U3y4eHUH THIIEPAKKyMYJIITOPOB IIPUBENH K HIEeHTUUKAMN 0K0JI0 SO0 TAKCOHOB, CIIOCOOHBIX
K THIEPAKKyMYJISIIUU Pa3JIMYHBIX AJIEMEHTOB. MeToabl uTopeMenranu pa3padbaThiBAlOT U BHEIPSIOT B
pa3HbBIX CTpaHax MUpa, B TOM unciie u B Kazaxcrane.

KaoueBbie ciaoBa: duTopeMenuanus, TsDKENbIE METAJUIbl, THICPAKKyMYJIATOPHI, (UTOIKCTPAKLUS,
TOPOACKHE ITOYBBI.
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