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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 clements 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.
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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 varyving 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].
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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 500 taxa capable to hyperaccumulate various elements [14]. Some of the land
plants that can accumulate abnormally high levels of potentially toxic trace c¢lements 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); (i) 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 c¢lements from industrially
contaminated soils, which include many of the clements 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 phytoextrac-
tion, 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] (i1) 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,
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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 (i1) search for
multi-element hyperaccumulators called coaccumulators [49] that can be used during phytoremediation of
contaminated soils.

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.
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AYBIP METAJIJAPMEH JACTAHTAH TOIIBIPAK ®UTOPEMEJUAIIUACBIHA APHAJIFAH
OCIMAIK-THIIEPAKYMYJATOPJIAP

Annotanmmsi. COHFBI VaKbITTA Kajla ayMaFbIHAAFBl KOPIIAFAaH OPTa OOBCKTITCPIHIH JKOJOTHSNBIK KaH-KYHIH
3ePTTEYIE KbI3BIFYLIBLIBIK apThII Keneal. Kana Tombiparst — a3 3¢pTTEIIeH OUOTOTHATIBIK sKyHe. Onap y bl KOCBLIBIC-
Tap, OHBIH INIHAE ayblp METAIAAPMEH JIACTAHAIBI JCT CHIATTAJAAbl. AyBIp METAJJAp TONBIPAKTA TE3 KUHAIAIBI
JKOHE 6T¢ Oasty, sSFHH OIPHEIIE MBIH JKbIIFA JCHIH IIBIFAPHIIA/IBL.
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Ouropemennanyst PU3NKATBIK-XUMISLIBIK OHANTY IBIH JSCTYPJI TEXHOJOTHSTIAPHIHA CH KOJAiIbl 0anama sKoHe
YAKCH INBIFBIHABI TAMAN CTHCHII, iC JKY3IHAC KY3ET¢ achIpy >KCHUT KOHC KE3 KCATCH SKOJOTHAIBIK KOIAHCHI3
afiMakTapaa KojjaHyFa Oomamgsl. 3epTTEyNiep KOPCETKEHACH, KeHOIp eCIMAIKTEp KOPINAFaH OPTAHBI METANIAH
Tazapra anaapl. JlacTanFaH JKepiepac ayblp METALT THIICPAKKYMYILITOPJIAPBIH 6CIPy TOMBIPAKTHI aybIP METANIAPAAH
Ta3apTyFra MyMKIHIIK Oeperi.

OCIMIIK THICPAKKYMYTOPIAP KA3ipri YaKbITTa ayblp MCTAITAPIBIH MMOFBIPIAHY KaOiaeTiHe OaHIAHBICTHI
ceri3 Tonka OemiHeai. Ochl MpouecTe KOIJAHBUIATHIH 6CIMIIK TYprepi OMOMACCAHBIH KOFAPhl OHIMI, )KbUIIAM 6cyi
JKOHC JKCHIN JKHHANYBI, COHAH-aK ©3iHiH JKCPTiTIKTI aHMAFBIHAH THIC KCPACPAC 6CCTiH Kalinmeti OOMyBI THIC.
ONTKEH] aIbUFaH THIEPAKKYMYJBITOPIapasH 90% KypaMblHAa METalI 0ap TONMBIPAK YINIH 3HACMHKAJIBIK TYPICP
00JIBIN caHAIAIBI.

Ouropemenuanust GpuroskcTpakums, Guromerpaganus, pu3opHIbTPAILL, (PUTOCTAOMIH3ALNS JKOHE (PUTOBOIH-
3aTTay CHAKTHI TETIK KOMETIMEH TOIBIPAKTAH JIACTAYIIEI 3aTTAPABI MBFAPYFA HET13IC/TeH, Oipak ayblp METaIAAPIbI
PCTCHEepAIMATIAYFa KATBICATBIH MCXAHH3MICP CIiHIpY, aacopOImsd, KOJiK JKOHC TPAHIOKALHA, BAKyOIbJApIaFbl
CCKBECTPAIIMS, aca KAHBIFY KOHE KEHOIp »Karjaia yImbIn KeTy apKbuIbl meKkTeareH. COHOBIKTAH KAHA THICPAKKY-
MyJBITOpIapasl Tady 6Te MaHBI3IbL

CHHTCTHKABIK XCJIATOPIAP MCH MHHCPATIIBIK THIHAHTKBIITAPIBI KOJIAHY OHOMKCTIMILNITI MCH OHIMILTITIH
apTTHIPYy eceOIHEH 6CIMIIK OPTaHAAPhIHAA Ay BIP METAIIBIH IMOFBIPIAHYBIH THIMII BIHTaMaHAbIpansl. Keidip pgpr -
OAKTCPHANBIK IMTAMMIAP MCH MHKOPH3Il CAHBIPAYKYIAKTAPABIH OCIMAIK pH30Cc(epachiHa KOCBUIYBI, COHTAM-aK
6CIMIIK OPTraHJAPBIHA AYBIP METANIAPABIH IOFBIPIAHY KA JAHBIH BIHTAJIAHIBIPAIBL.

AypIp MeTanIapMeH JIACTAHFAH TOBIPAKTHI (PUTOPEMETHAIMSIIAY IbIH NEPCIICKTHBAJIBIK OAFBITTAPBIHBIH, OipiHEe
THIICPAKKYMYJLITOP PETIHIE ApHAHBI KOOATAHFAH TPAHCTCH K 6CIMIIKTEP/I MAHIATAHy SKATaIbL.

IMumepakkyMy IITOpIapAbI 3€PTTEYACT] KETICTIKTEP dPTYPIL 3IEMEHTTEPAl THICPAKKY MY JSIIHIAyFa KabieTTi
500-Te KyBIK TAKCOH aHBIKTAIFAH. PuTOpEMEeIuTaIMS SJICTEPI SNIEMHIH TYPIIl exiHAe, COHbIH iminae Kazakcranma
Q3IpICHIIL, SHII31Tyae.

Tyiiin ce3aep: PutopeMeHanys, ayblp METAIAAP, THICPAKKYMYIATOPIAP, (PHTOIKCTPAKIHA, KAJIA TOMBIPAFHL.

B. K. Emk6aes’, Mapcena K. IMarano®, I, A. Kamasosa'

'Satbayev University, Anmatsr, Kaszaxcrax;
*Federal University of Minas Gerais, Beno Opusonte, Munac-Kepatic, Bpasumis

PACTEHUA-THINEPAKKYMYJATOPBI JJ1d PUTOPEMEJUAIIMN
SATPA3ZHEHHBIX TA’KEJBIMHA METAJIJIAMMU IIOYB

AnHotamusi. B mocnenHee BpeMsi OTMEYACTCS TOBBIMICHHBIH HHTEPEC K HCCICIOBAHUIO 3KOJOTHYCCKOTO
COCTOSIHHSI OOBEKTOB OKPYXKAIOIIEH CPEIbl TOPOJCKHX TEPPUTOPHHA. ['OpPOACKHE MOYBBI — 3TO MAJOHM3YUCHHBIC
OHMOJIOTHUYCCKAEC CHCTEMBI, OTIMYHBIC MO PsIy CBOWCTB OT MPHPOAHBIX. OHH XapaKTCPU3YIOTCA 3arpsA3HCHHBIMHU
TOKCHYHBIMH COCAHHCHWIMH, B TOM YHCJIC TOKCIBIMH MCTAJIJIAMH. Toxeapie METAIBI CPABHUTCIIBHO 6I>ICTp0
HAKAIUIMBAKOTCA B IMOYBC H KpaﬁHe MCIJICHHO M3 HCC BBIBOOATC A0 NMEPHUOAA B HECKOJIBKO ThICAY JICT.

Ouropemeuanys — HaMOOJIEE MOAXOIAIMNAS AMPTCPHATHBA TPATUIHOHHBIM TEXHOJIOTHAM (DH3HKO-XUMHICCKOH
peadmmHTanme u HE TPeOyeT OOJBIIMX 3aTPaTr, MPOCTa B MPAKTHUCCKOM OCYIICCTBICHHH W MPHUMCHHMA B JIEOOBIX
JKOJIOTHHYECKH HEOIArONMPHATHBIX 30HAX. VcclaenoBaHMs IMOKA3bIBAIOT, YTO HEKOTOPBIC PACTCHUS IO3BOJLIIOT
OYHCTHTh OKPYIKAIOIIYFO Cpeay OT MeTamioB. KyIbTHBHPOBAHHE PACTCHHU-THICPAKKYMYJATOPOB TSYKEIIBIX
MCTAJITIOB HA 3aTrPA3ZHCHHBIX TCPPUTOPHUAX MO3BOJLICT OUUCTUTD ITOYBY OT H30BITKA METAJLIOB.

Pactenusa THNCPAKKYMYJLITOPBI B HACTOAIICC BPEMA MOAPA3ACILIIOTCA HA BOCCMb IPYyIIT B 3aBUCHUMOCTH OT
CHOCOOHOCTH aKKyMYJUINUH TSDKCIBIX META/UIOB. MneanbHble BUABI PACTCHHH, KOTOPBIC OYAYT HMCIOJB30BAaTHCA B
3TOM TIPOIIECCE AOIDKHBI MMETHh BBICOKOE IPOM3BOACTBO OMOMACCHI, OBICTPBIH POCT M JETKYIO COOPKY, a TaKke
CHOCOOHOCTh PACTH BHE CBOCH abOpUTCHHOW OONacTH, Tak Kak MOYTH 90% WM3BECTHBIX THIIEPAKKYMYJLITOPOB
ABJLROTCA SHACMHWYIHBIMH AJI1 MCTANIOCOACPIKAIITUX OB,

(DI/ITOPGMGI[I/IHI.[I/I}I OCHOBAHA Ha YJAJICHUH SaI'p}ISHeHI/IfI H3 MOYBBI C TIOMOIIBK) TAKHX MCXAHH3MOB, KaK
(urorkcTpakus, puroaerpasamus, pusoumpTpamma, gurocTadmiH3anug U (YUTOBOJIH3ATHPOBAHAC, HO MCXAHM3-
MBI, YYACTBYIOINNE B PETCHEPAIMH TSDKEIBIX METAJUIOB, OTPAHMYCHBI MOTTIONICHUEM, aJCOPONHCH, TPAHCTIOPTOM H
TPAHCIOKAIMEH, CEKBECTpAliCH B BAKyOJLIX, CBEPXHACHIIICHHEM M, B HEKOTOPBIX CIYYasX, YICTYUHBAHUCM.
ITo3TOMY HOHCK HOBBIX THIIEPAKKYMYJIATOPOB OUYCHB BAYKCH.

[TpuMeHEHHE CHHTETHYECKUX XCIATOPOB M MHUHEPATIBHBIX YAOOPCHUH 3(P(PEKTHBHO CTUMYIHPYET aKKyMYyJIsI-
IHFO THKCJIBIX MCTAIIOB B OPTaHAX PACTCHHH 3a CUCT YBCIHUCHHSA OHOJOCTYIHOCTH H YPOKaWHOCTH. [lo0aBIcHHA
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