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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.
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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 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].
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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 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 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] (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,
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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 (ii) 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 METAJTIAPMEH JIACTAHFAH TOIIBIPAK ®UTOPEMEJUALINSICBIHA APHAJIFTAH
OCIMAIK-THIIEPAKYMYJISITOPJIAP

Annoranusi. COHFBl YakbITTa Kajla ayMarbIHJaFrbl KOpIIaraH OpTa OOBEKTUIEPiHIH SKOJOTHSUIBIK JKak-KYHiH
3epTTeyre KbI3bIFYIIBUIBIK apThIl Kenelli. Kana Tombipars! — a3 3epTTenreH OMOoNorusuIbIK xKyie. Onap yisl KOChUIBIC-
Tap, OHBIH IMIIHAE ayblp METAIAApMEH JIaCTaHaJbl JeNl CHUIATTajdaibl. AybIp METajlap TONbIpaKTa Te3 KHHaJaJlbl
XoHe oTe Oasy, sFHU OipHeIle MBIH JKbUIFa AEHIH MIBIFapbUIaIbl.
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duropemenuanus HU3NKaIBIK-XUMHUSUIBIK OHAITYABIH A9CTYPJIl TEXHOJIOTHSIIapbIHA €H KOJalibl Oanama skoHe
YJIKEH HIBIFBIHABI Tajall eTHeWnl, ic Ky3iHIe JXy3ere achlpy >KeHIT KOHE Ke3 KEJreH SKOJOTHSUIBIK KOJalChI3
aliMakrapyia KosimaHyra Oojaibl. 3epTTeyliep KepceTKeHAeH, KeWOip eciMaikTep KoplLIaraH OpTaHbl MeTajJaH
TazapTa anazabl. JlacTaHFaH Keprepe ayblp METalll THIEPaKKyMYJIATOPJIapbIH ©Cipy TOIBIPAKTHI ayblp MeTanapaaH
TazapTyFa MyMKIHIIK Oepei.

OcCIMIIK THUMEPaKKyMYJTOpiap Ka3ipri yakpITTa ayblp MeTaJmapIblH MIOFBIpIaHy KaOineTiHe OalIaHBICTHI
ceri3 Tonka Oexineni. Ockl TporecTe KONJaHBUIATHIH OCIMAIK Typiepi OnoMaccaHbIH KOFaphl ©HIMI, JKbUIIaM ocyi
JKOHE KCHIN JKUHAIYBI, COHIAi-aK ©3iHiH JXeprilikTi aiiMarplHAH TBHIC JKepliepAe oceTiH KaOimeri OOiybl THiC.
OITKeH] ambUFaH TUNEPakKyMyIaTopiaapasiH 90% KypaMblHAAa MeTana 0ap TONBIPAK YINIH SHAEMHKAJBIK TYpiep
OOJIBIIT cCaHAIAIEI.

duropemenuanus GpuTodKcTpakuus, GuUTOAETpaganus, pu30HIbTpanus, GUTOCTAOMIN3ANS )KIHE (PUTOBOIH-
3aTTay CUSKTHI TETIK KOMETiMEeH TOIMBIPaKTaH JIaCTayIIbl 3aTTap/bl LIbIFapyFa HEeri3eNreH, OipaK ayblp MeTajiapbl
pereHepanusiayra KaThICATBIH MEXaHU3MJIEp CiHIpy, aAcopOIys, KeJiK >XOHE TPaHJIOKALUs, BaKyoOJIbJIapIarbl
CeKBecTpalysl, aca KaHbIFy oHe KeHOip jkarjaia YIIbI KeTy apKbUIbl mekrenreH. COHIBIKTaH XKaHa THIICPaKKy-
MyJIsTOpiiapAbl Taly eTe MaHbBI3/bL.

CHHTETHKAJIBIK XEJIaTOpiap MEH MHHEPAJABIK ThIHAWTKBIIITAPAbI KOJJAHY OHMOXKETIMILTIN MEH OHIMIUIITiH
apTTHIPY eceOiHeH eCiMIK OpraHAapBIHAA aybIp METAABIH IIOFBIPIaHYBIH THIMI BIHTaMaHAeIpansl. Keitdip pgpr -
OaKTepHUsIbIK [ITaMMAAp MEH MHKOPH3II CaHBIpayKYIaKTapIblH ©CIMIIK pu3ocdepachlHa KOCBUIYBI, COHIAH-aK
ociMIIK OpraHAapbIH/a ayblp METaJIapbIH [IOFBIPJIAHY XKAFIalbIH BIHTAaHABIPAIBL.

AyBIp MeTalIapMEH JIaCTaHFaH TOIBIPAKTHI (PUTOpeMeTHalHsIayablH NepCIeKTHBAIBIK OaFbITTapbIHBIH OipiHe
THIIEPAKKYMYIISATOP PETiHIE apHaWBI )K0OaJaHFaH TPAHCTECHIIK OCIMAIKTEp I TaljanaHy >KaTalbl.

lumepakkyMynsaTopIapasl 3epTTEYACTi JKETICTIKTEp OpTYPIIi IEMEHTTEP I THIIePaKKyMYIALIUsIIayFa KaoiieTTi
500-re *xybIK TakCcOH aHbIKTanFaH. duTopemMenuranys sicTepi SJeMHIH TypJi eniHne, coHblH imrinae Kasakcranma
93ipJICHIII, CHTI31Ty e,

Tyiiin ce3nep: puropemennanys, ayblp MeTajlap, FUIEPaKKyMyJsITopiap, GUTOIKCTPAKIMS, KaJla TOMBIPAFhI.
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PACTEHUA-TUNNEPAKKYMYJATOPBI 1JIA PUTOPEMEJINALIUNA
3ATPA3HEHHBIX TAXEJBIMU METAJIJTIAMMU ITIOYB

AnHoTanusi. B mocienHee BpeMsi oTMeuaeTcsl MOBBIMICHHBIH HHTEPEC K HCCIEIOBAHUIO SKOJOTHYECKOTO
COCTOSTHHSI OOBEKTOB OKpPY)KaIOIIEH Cpeapl TOpPOACKHX TEPPUTOpPHHA. ['OpojcKHe MOYBBI — 3TO MaJOM3yYCHHBIC
OMOJIOTMYECKUE CHUCTEMBI, OTJIMYHBIE TI0 DAY CBOMCTB OT NMPHUPOAHBIX. OHM XapaKTEpPHU3YIOTCS 3arpsi3HEHHBIMU
TOKCUYHBIMH COCJIMHEHUSIMHM, B TOM YHCJIE TSDKEIBIMU MeTaiulaMH. TshKelble MeTajllbl CPaBHHTEIBHO OBICTPO
HaKaIUTMBAIOTCS B [TOYBE U KpaifHe MEJIEHHO U3 Hee BBIBOASTCS /10 NEPHO/a B HECKOJIBKO THICSY JIET.

®duropemenuaiysa — HanbOoJee MOAXOAAIMAs aTbTePHATHBA TPAAUIIHOHHBIM TEXHOJIOTHIM (PU3UKO-XUMUYECKOI
peabunuTanyu U He TpeOyeT OONBIIMX 3aTpaT, MPOCTa B MPAKTUYECKOM OCYIIECTBIEHWU U MPUMEHUMA B JIFOOBIX
9KOJIOTHYECKH HEOJIAarompusATHEIX 30HaX. VIcclemoBaHWS IOKAa3bIBAIOT, YTO HEKOTOPBIE PACTEHHUS IO3BOJIIIOT
OYHCTHUTH OKPYXAIOIIyI0 Cpeay OT MeTamwioB. KyJIbTHBHpOBaHHE pPACTCHHH-THIIEPAKKYMYJISTOPOB TSKEIIBIX
METaJJIOB Ha 3arps3HEHHBIX TEPPUTOPUSIX ITO3BOJISIET OUUCTUTD TIOUBY OT M30BITKA METAJIJIOB.

PacTeHus runepakkyMyssiTOpsl B HAcTOsIIiee BpeMs IOJPa3JeisioTCss Ha BOCEMb I'PYII B 3aBUCHMOCTH OT
CHOCOOHOCTH aKKyMYJISALIUH TSDKEJIBIX METauIoB. VjeanpHble BUIBI pacTeHUH, KOTOpble OyIyT HCIIOIb30BATHCS B
3TOM TIPOILECCE JOJDKHBI MMETh BBICOKOE IPOM3BOICTBO OMOMACCHI, OBICTPBI POCT M JIETKYIO COOpKY, a Takxke
CIIOCOOHOCTh pacTH BHE CBOEH abOpUreHHOW oOyacTH, Tak Kak mouyTH 90% H3BECTHBIX THIIEPAKKyMYJISITOPOB
SIBISIFOTCS 9HJIEMUYHBIMH JUIS1 METAJUIOCOIEPIKAIUX TTOYB.

Ouropemenuays OCHOBaHA Ha YHAJCHWH 3arpsS3HEHHH W3 TMOYBBI C ITOMOINBI0 TaKHX MEXAaHH3MOB, Kak
¢buTodKCTpaKIys, puronerpananys, pusoduibTpanys, putocTabunmzanus U GUTOBOIU3ATHPOBAHUE, HO MEXaHM3-
MBI, YJaCTBYIOIINE B PETEHEPANU TSDKENBIX METAaJUIOB, OTPAaHWYCHBI HOTJIONICHUEM, aIcOpPOLHeH, TPaHCTIOPTOM H
TPaHCIIOKAIlMEeW, CEeKBeCTpalMell B BaKyoJIIX, CBEPXHACHIIIEHHEM H, B HEKOTOPBIX CIyYasx, YJIECTyYHBAaHHEM.
[TosTOMY MTOVICK HOBBIX THIIEPAKKYMYJISTOPOB OYCHb BaXKEH.

[IprMeHeHHe CUHTETHYECKUX XEJIaTOPOB W MUHEPAIbHBIX YH0OpeHUH 3((eKTHBHO CTUMYIUpPYET aKKyMyJIs-
LU0 TSDKEJIBIX METAJUIOB B OpraHax pacTeHWl 3a CUeT yBEJIMYCHUS] OMOJOCTYIHOCTH U ypoxkalHocTH. JloOaBneHus
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HekoTopbix PGPR — GakrepralbHbIX ITAaMMOB M MUKOPH3HBIX TPHOOB B pH30C(epy PACTCHUH TaKXkKe CTUMYIHPYET
AKKyMYJISIIMIO TSKETIBIX METAJUIOB B OPraHaxX PacTeHUM.

OnHMM U3 NEPCHEKTUBHBIX HANPABICHUH (PUTOpPEMEIHAlH 3arps3HEHHBIX TSHKEIBIMH METAIAMH TT0YB SIBJISET-
s HCTIOJIb30BaHMS TPAHCTEHHBIX PACTEHUH, CTIEIIUAIbHO CIIPOEKTUPOBAHHBIX B KaUeCTBE THIEPAKKYMYJIATOPOB.

Ycenexu B M3yYEHHH THIIEPAKKyMYJSTOPOB NPHUBEIH K uaeHTH(UKanuu okosno 500 TaKCOHOB, CIIOCOOHBIX K
THIEPAKKYMYJSIOUU Pa3IMYHBIX 3JIEMEHTOB. MeToapl (uTOpeMennanny pa3padaThIBAalOT W BHEAPSIOT B Pa3HBIX
CTpaHax MHpa, B ToM uncie u B Kazaxcrane.

KaroueBble ciioBa: puTopeMeauariisl, TSHKEIbIE METAIIIBI, THIIEPAKKyMYJISTOPBI, (PUTOSKCTPAKIHS, TOPOJICKHIE
MOYBBHI.
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