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INFLUENCE OF HEAVY METALS
ON VEGETATIVE REPRODUCTION LEMNA MINOR

Abstract. In the work were considered the impact of hemvy metals (Cd™. Co®™. P&™". Zn'") on vesetative
reproduction Lemna minor. It has been established that the munmmum concentration of metzls, mn which there are
sigmuficant and visible changes in populations of Lemma finy are: cadmium and lead - 2 MPC. copper - 5 MPC. zinc -
10 BMPC. The concentration of cadmmim in 5 MPC led to total loss of plants, presence in Wednesday 10 and 20 MPC
metal cansed the loss of almost the entire populafion. Lead 1ons were much more toxic than zine and copper 1ons for
plants. Zme showed the lowest tomerty for duckweed tiny metzls smdied The resulting ws 2 pumber of tomcity of
metals: Zn = Cu = Pb = Cd 15 senerlly consistent with hiterature data. Found that the presence of hstecov and 1its
colonng intensity can serve as indicators of the presence m water of some heavy metals. The results of the analysis,
HM i the mvestgated us plants Lemna munor have shown that almost all metals have tended to accunmlate m plant
fissues.

Eeywords: heavy metals, Lemna, indicator, toxes.
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BIHAHHE TAAETBIX METATLTOB
HA BETETATHBHOE PASMHOREHHE LEMNA MINOR

Apporanma. B pafore feom pacemorpesm EnmsEwe Tamemm smetammos (Cd, Cu, PbY, Fn') ma mere-
TATEEECS PazMECESERe Lemna mmor. ¥ oTAN0RNEHED, TTC MEHMNMATEERS KOSISETPAINE MeTATIOR, P EOTOPEDN
EA0TOIAEOTCS INATEMEIS B BETHMES HIMeHSSHEY DOy DACEH KPOIIeTH0N, COCTARMMEOT. AN KAIMES B CREE-
ma — 2 IITK, xne sems — 5 [LTK, anw meesea — 10 [ITE. Kosmesrpames xamaers & 5 [T npessta & monsod radem:
pacTeEEsE, mpeeyTeTEEe B opexe 10 m 20 IITK seranna BeEsato IE0eTE OPAETETEcEH Boell momymames. Hom
CEMHTA OFA3AMHCE HAMEOTC TORCHIHSS, WoM HOHE XA B MemH 1ns pacTemmd [lmmx moxazan mamwessomyso
TOECHTHOCTE ITE DECEH EPOMSTHOH B3 HCCIEIOEIHHEN METANIoE. [lomydeEmsrl HaMe pEl TORCHIHOCTE METAT-
aoe: Zo=Cu=Fb={d — 2 menoM coOTESTCTEYST METepaTyPEEDM JaEErmd. O0EapyEeso, TT0 EaEHe OEPAacEH JTHC-
TEOOE H 68 HETEHCHEEOCTS MOCYT CIYEHT: HEINEATODAME HATHTHS E 200 HEEOTODRIN TEESMED MeTALTOR.
Pesvmratar agamrza T B mcovegosassem: Eame pacTemme: Lemmna minor DOEIIAH, 970 DOTIH BCE METATIRD
OPOSENATHE TEHARETHN SXEENTHEATECE B PACTHTMEELD: TRARD:

Kawwesrte caopa: TEReTEe MOTATIE:, PECES, EEIHEATOD, TOECHKARTEL

B macrosmes BpemE pacTymes MOCTYINISHHE CTOWHEX BOJ B OPHPOJHBIE BOJOSMEl NDHOODETAST
XApAKTep TIofaThEcH INOMOTHEeCEOH yIposl Bommble 3KOCHCTEME MOJBEPTANMTCA SHATHTEIBHOMY
AHTPOMOTEHHOMY SarPESHEHHED, UT0 OTPEEASTCE HA HX NPOIYETHEEOCTH H Ea9ecTee BOJHL CTORH
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NpeInpHATHE XHMEYECKOre H HedTeXHEMETeckoro mpodeitell coIepEaT pavEmHLle TORCHEAHTEL, CPedH
KOTOPEIX OcOOYED ONACHOCTE NPeICTABMEIOT TAEENHE MeTamnwl (IM), obmamarmme SmomormweckoH
AKTHEHOCTEE)., MYTATEHHRIMH H KAHIEDOTEHHEME CBOECTEAME. I8 MEFMMESAIHE OTPHIATEIRHOTO
s 1M Ha rEzpocdepy BeofXoMEMAa paspadoTEA HOBBX H VCOBEPIIEHCTEOBAHHE CVINECTEYROMIE
METONOB OWHCTKH CTOKOE IOyTeM CHEESHHA KOHIEHTDAINI! TOKCHEAHTOE, B TOM WHCIE H METOXOM
M}n:ﬂ:ﬂe&)ﬂu:g‘f HCNOIBIOBAEHEN BEICIIeH BOIHOH pacTHTeMbHOCTH. Cpeim Tasentx metammos Co™,
Cu”’, Pbo", Ni", Zn~ mMewnT HamGodee MHPOEOEe PACHpPOCTPAHEHNE B CTOUHLIX BOJAX MHCOTHX Opel-
NPHEETHE (TOpHECICOHEALOIEN, MeTATTVPTHISCKHY, TeKCTHTRHER, TATEEAHHTecEHX, MANTHECCTPORHHE)
[1, 2]. B mecaedmes BpeME, B CBASH ¢ BOSPACTANREDM ATPRIHEHHSM OEPYEANMEH CPeIhl TESSTHMHE
METAMIAME, HIYUSHHe DedilHH PAcTeHHE Ha VESIHHEE BelNecTBA AEITETCH BAEEOH IROICTHIeCHOHR
npodnenol. PAsERTHE METOIOE OUHCTEH BOSTYXA, IOUE H CTOYHEN BOX H OT HOHOB TAESIEX MeTALIOE
moMomERe pacTeHmil [3, 4] Tark e DOBEODAET HETEepec K BEIABICHHID MEXAHHIMOE EIaHMOTefCTEHA
PACTEEI ¢ MeTATTAME.

[leasto HecTenoBammi ARIANOCH HIYISHHE RIHSHEEe Toaemux metanmos (Cd™ Cu®™. Pb™ Zn') ma
Lemna minor.

OiBeKTEI 1 METOIBI ICCAeT0BAHI

(ipeETaME HCCTSI0BARNE ABIATHCE BOJHBIE DACTEHHA PAcka Manas Lemna minor. Inf 3pcmepH-
MEHTA GBI MPOH3BEIEH OTOOP PACTEHHE, CHOMEEXN 00 Mophonormaecieng napadeTpans. PacTerns pacim
BHIPANMEATH B CTEIAHHB eMEOCTEX ofbemon 500 uma mpE momHEatHOE TemmepaType 20-22 *C m
NOCTORHEOM OCESIISHHH MIOMMHECHEHTHOH TaMmol. B kagecTee nHTaTensHOH cpelhl HOOOMBICBATACH
cpeda [ltefmtepral6]. B crasammmax (130 wT) © TOTOBEDME pACTEOPAMHE MOMEITATOCk IO METH PACTE-
HHE pACEHE. B omemEse cocvasl pofapname Th B pommesTpammi?, 5, 10, 20 ITOE & sExe Culls, ZnCl.,
PiCl:, CdClz-2,3H-0 KomTponey oTvEmn EapHAHET Oe3 Jo0apmermid MeTAnnoE. CTAKAHE Ha DEOE CVIOK
CTABHTH OOI THOMHEECUHSHTHVE) TAMIV OpH EOMHATHOH TeMmepaType. Uepes 48 wacoR mpoBommmca
AHATHZ MOPOOTOrHYSCEIN H3MeHeEmH pacTeEmi. [lo doTorpadmay v PACEE MATOH VITHEATHE HIME-
HEHHe KOMHUECTEd MHCTENCE (BEICHIMEHEHHEE O00er, KOTODLE HMEST BEI OEPVIIOTC IHCTA), COCTOE-
HHE KODHEH, OMEPTEISHHE — HeKPOs TEAHeH PACTeHHH H HIMPHEHHE OEDACEH, 4 TAKES PAINelsHHE Po-
3ETOE Ha OTISMBEEIE MHCTEDH. B KOHIpON® H B EA&I0H KOHUSHIPAIME Ha OCHOBAHHH ICTYISHHBIN
PeSYIRTATOR PACCTMTHEATH Eo>(HIMEEHT pocTd OOOVIMEE oo gopuyie r = NeNpft, roe Ny —
HATATEHAT THCISHHOCT AHCTENSE, N, — EOHEUHAR UHCISHHOCTE JHCTEN0B,; t- BpeMd 3ncmosEmeH [7.8]
Comep#aEse TE#EIEX METATIOB B DACTEHHTL ONPEISIEIH METOIOM STOMEC-IMHCCHOHHOH COSETPO-
cromes Ha 1CAP 6300 Duo ("Thermo Electron”, CIIA-BemaroSpHTaE:A) M0cTe MORPOTe osomerHs (0%
HNO: (o.cm).

PezvasTtaTel n ofcyacaenne

Tasensle METATIE HIPAHT BAEHYH PONE B SHIHEIRATeNBHOCTH pacTeRHH. Muorme m3 mix sBnm-
HOTCH MERDONIEMEHTAME (MeTh, HHKeTh, KOOANLT, IHEK H Ip.), VIaCTBYHIEE B CAMEX PasHO0ODAIHbX
(ETIHOMOTEYIACKIE OPOMECccax: 0T OTOCHETS3a A0 PeryIalHE KTHEHOCTH reHos. OIHAKD SHATHTETRHERE
EOHITEHTPANHE MEEPOMISMEHTOE COCCOGHE! BEEEATH NATOIOTHIECKHE HIMEHEHHS B KNISTEaX: o0paso-
BaHHE ANTHEHEIX (OPM EHCIOPONA, ORHCIHTeNBHEN cTpece B T. I 18 pala MeTamnos (KaIMHeH, PIyTE,
CEHHeN, cepedpo) He BEIEBIEHE! BHIHEHHC HeoOxomiMele dyeEmmmm, kxpode JecTpyETHEasX [7]. B sox-
HoH cpels DOIEHAHOCTS, OHODOCTYIHOCTE METATIOE Bhime, TeM B mouse [10].

ITpe ZeHCTBHE TEESTHX METATICE B PAsHERX EOHISHTpamHTIpestinaromee [LIF zna opHpoIRemx
BOI OBII0 VCTAHOBISHO, TI0 HAHGOUBIDHM TOECHTeCEHM 3dubenTon 00IamareT HOHE EADMHAS KOH-

& 2 I1]IK esshEATa SHATEMOS CHEEEHHE CEODOCTH POCTA H BPEMeHH YIBOSHHE ITHCTHECE HA
15 %. KommenTpamss kamms & 5 [ITK opepena k monHcd rHESeMH pacTeHHH, OpHCYVTCTBEE B cpele 10w
20 TIOK setanna BRZEATO THOSIL OpaKTHUSCEH Beell MOMyIamm, k 12 cyTHaM oCTABATHCE JHINE M-
EHe, He Oomee | MM B DHaMeTpe MOWEH, COSIHEEHHHE ¢ MEDTELIMH HeEPOTHIHDOBAHHEIME MATEDHH-
CEMEMH THCTenaMH (Tafmma 1)
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Homsl cBHEINa OXasamgHch HAMEOTO TOKCHYHES, TeM HOHH UHEKA H MeTH 11 pacTemmd. [lepsas
peariEs Ha MeTanl opH xoEnesrpanss 2 [TTK — nossrmace 9epes 4 gaca mocTe HATATA 3KCOSPHMEHTS.
Hacnegyrom Je6s THCTRANPECGPEIH cCEeTI0-38IeHVEe okpacky (Tadmmma 1). KoenesTpanss cemana 5.
103 20 TTTK npusena & Dot THOSIH pacTEEHE.

Tadmma 1 — Peasints pecse Matol (Lemmg minor) B3 TESSTER METATIE

Metam FosmesrTparms Tecromse peasipm Kosddommesr
(ITTE) (O'EpaCEa TECTEEDE Paccoememerme PeAEITRE THCTHEDE pocTa
THCTHEDS
EoHETpomE /] HHETeECHERD 3STEHAE - Her 3,50
cd’ 2 Kopermenas + CEEm0S VOEITIsS 0,53
Cu’ 2 CBeTI0 367208 + VEITasES EpasE 30
P 2 Ceerao-Gypas + ViEreazme
" 2 erro -3e1eman - e e 32
ca 5 Tane=0 —EopHEeEas + CHIEs0S YOHIazms 02
Cu’ 5 Eemas + CHIEs0S YOHIazms 21
P 5 TenE —EOpIEEEaT + CETEE0e YOEDTIEDEE 0,23
o 3 CeeTno-3enenas, Gypas + VEETIERE 3l
cd’ 10 Eetag + TMogcsooasme U]
'’ 10 Benag + Toacsrasme ]
L 10 Benax + Toacsroasms 0
o 10 CeeTmo- Gypas + VEDamme 28
cd”’ 0 Benag + Toacsrasme ]
cu’’ ] Betag + TMoncsocasme U]
o 0 Benag + Toacsrasme ]
Zn* 20 Bemax - z:'m“- S 14

B miratemsoil cpexe ¢ ommesTpammeii Cu+ 2 IIJK v cTapskx MHCTHECS GBUTH OTMETEHE! OpH-
IHAKH XMOPO33, HO CHOPOCT: PAIMEIOEEHHS B 3TOM CTyUas 3HAYHMO He OTIHUATACE oT KoHTpond. IIpm
5 ITIE moasaTenrs CEOPOCTH POCTa CHESHACE Ha 63 % oo cpasHemHio o EoHTpodsw. Kpome storo
CTMETANHCE HEKPOIE H rHOTL BIpOCTEl NepeCame e THCTHECE (Tadmama 1).

[TeeE: moRa3aT HAHMEHBITYE TORCHYHOCTS ITE PECKH EpOIIedHcH HI HOCTeIOBAHHEDN METAMNos. B
manasoHe KoEneRTpam of 2 10 3 [I0K oF Be BEISHEAT CTATHCTHYECEH IHATHMEL CHIDESHMH CHOPOC-
TH POCTA H BpeMeHH YIBOSHHS MHCTHECE. |oasko ope keEnenTpamss 10 IITK s xyasTypamsscd cpens
JAHHED] MeTAWT EEI3BAT CHICEEHHS CKOPOCTH BETETATHEHOTO pasumomeHHA Hal(%, a yBeaHweHHe KOH-
nerTpamss 1o 20 IIKcamspreckopecTs pasMEcEesmT Ha 63%. Kpoue 3Tore, DHHE B CTOME BEICOBHX
KOHIEHTPAIHAX DOBIHTT H Ha MOpOONorHIo pacTy I THCTHEOE (Tabmuna 1). Bemo ofmapyseso, 910 ¥
MOIOTEX, PASEHBAROIENCA THCTHEOE, GOPMHEPYeTCE XApAKTePHAS 30HA HEKPO3A, CEOSTO POJA NePeTEEka
B IeHTpe THCTEN:, THG0 BOMHIH CCHOBAHHA, B OPOKCEMATEHOH TacTH.

H3gectso, 9To pacTeHHS NOBOMBHC TYTEC PEAHDYEOT HA NOBHINSHHE ECHIEHTPAIHE XEMEMECHHEX
JIeMeHTOE B oEpyEammed cpege. Hecnenoparsmave MEorEx asTopos GRITC MOKA3AHO, IO OPH YBEIH-
UEHEH EOIHYSCTBC METATIOB B IHTATENRHOM PAcTBOpe HaGMIODAeTcH VESNHIeHHe HX CONSIEAHHA B
pacTHTesEEX TEaREX [11]. Havm mecmencsatccs HakommeHHe TOEENBIX MeTATICE pacTeEHaME Lemma
minor IpH ECHIEHTPAEH MeTALIOE, EOTOPED HaOMEONARTCE IHATHMEIE H BHTHMES H3MEHeHHT IIOIV-
IADHE PACKH EpomedncH T.e, xamvud B csEHen opH 2 [ITK sems ope 5 TITE, mEexa ope 10 TITE.
Pesyaeratel amammsa TM B HCCIeTOBAHERDX HAMH pacTeHHEX Lemng minor DOEASATH, 9T0 DOTIH BCe
METAMIE] NPOARTETH TEHTEHIHE HARANIHEATECE B DACTHTSIEHEN TEAaHEX (TadmeEma 2). Ilomywesmwe
JAHERE CEHISTEILCTBYIOT © TOM, WTC 33 HCCISTOBAHHELE CPOK EOHITEHTDENEE HIYIAeMEX NIEMEHTOE B
MOJETH ¢ pacTeEHAME SHATHTENEED CHEIHIACE OT DePEOHATATHHOTO YPOBEE MeTAIIOE.

-
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Tabaema 2 — AREyMyTEEE TEETEN METATIOR Pa cTeRmae Lemmg mumar

Tememnt E oemresTpanes 3o HATAT KoEmerTpams € cpexs Komempamnpanm
METATT IECTIEPEMEETE, M T NI JECTEPEMENTI, M1 OOCTE 3NCNSPEMEETS, MrT
Zn 1 0,13=0,02 0.86=0,05
Cu 0.5 0,160,004 0,33=0,03
b 0,06 0,012=0.006 0,046=10,02
Cd 0,002 0,0006=0,008 0,0012=0,02

VeTaRoENeED, IT0 MEHMATEHEE ECHIEHTPAIEE MeTALICE, IPHE KOTOPSIX EAGIE0 TATCT THATHMELS
H BHIHMEIS HIMEHEHES DOTY/LAEE PAcKH EpoMedHol, cOCTARLIOT: QA KATMHEE B cBEEma — 2 TITTK, o
mexs — 5 TITTK, zas mamsa — 10 TITOK. Komnerrpanss xamers & 5 [T nperena k nomsed refers pac-
TeHHE, mpHcyTeTEHe B cpexe 10 m 20 [I0K setanma BeEEanc rEdelb OPAKTHISCHH BOSH IOy /LIIEH.
Honbm cEHHITA OEA3AMHCH HAMHOTO TOECHIHEee, 9eM HOHH ITHHEA H MedH 118 pacTenmi. [THEE mokasan
HAHMEHBITYED TOECHUHOCTS IR PACKH KPOMEUHCH HI HCCTEIOBAHHBI MeTawios. [lomyweHHBO HaMH
paz ToxcHuEoCTH MeTarics: Zn-Cu~Pb=Cd — B memoM cooTEeTCTEYET IHTEpPATYPHRMM JiHHEN. OOH3-
DVESHO, TT0 HATHYHE OEPAcHH THCTEIOR H 22 HETEHCHEHROCTE MOMYT CTYENTE HETHEATOPAME HATHHE B
BOJE HEKOTODHIX TAEENBX MeTawios. Pesymeratw amammsa TM B BcenenoBaHEED HaME pacTeHHRX

Lenmaminor DOEAZATH, IT0 IOYTH BCOE METALTE OIPOABLATH TEHISHIHED HAKANINMHEATECE B PAaCTHTEIbHED
TEAHTY.
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LEMNA MINOR BETETATHETI 6CYIHE
AVBIF META/LTIAPTIBIH 0CEPI

Anmoramna. Fperera Lemnaminor sereTateeTi ecyiEe ayep MeTamTnmupoeE acepi (Cd°7.Cu™, PE 20
3eprTenm. Barmspmen eciMIri=Els DOy TETESCEET aETADIEETAR S3TEPICTep DAERITANATHE MEERMATEIS EOHE-
OeETPaTEs: EATMEE Mo opracs yime — 2 [IME, sere ymms — 5 IIIME, serpemm vz — 10 TIME sypagmeme:
ameETanme Kamonims sosmesrpamesce: 5 [IIME ecivmenimronsmenage, anll meme 20 [IIME momy mamsr e
TOMEE FOMEITYRES AMEDT EeTeTl. KopracsH SoETapsl MaIC DeH MEIDEIITISE CATECTAPFARTE SCIMIETEPTe YASITEEE!
FOTAPE! DOMTEL. JepTTeNTes MeTANTAPIAN FIRNEEEl DOHEEIA TEMeRT] ESPCeTRINIT] MEIPEIT EepoeTTl. AYep Me-
TATIIAPIEE TORCHETININ E8Tec] KaTapmel palmr Zn-Cn=-Pb={d - mamme: agels MamveTTeprs callec KaIeml.
SCIMTE EATEIPAETAPS0EIAFE] TYCTIE EAPEEEIEITESEl MaE Domy DOMMaysl aVElD MeTATIITIADMEE TacTAEY JesTeiis
AERETAYIA EETHEITOD ERIEMETIH FTEAPE ANTEER AERETAMTE. AYHp MeTATIIZDEE TALIAY ESTEESCIEIS 38pT-
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