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COOEPXAHWE TAXEJIbIX METAJI/ZTOB
N MPOAYKTOB NMNEPEKNCHOIO OKUCNTEHWNA NNNNAOB
Y TOMONEWN B YCNOBUAX 3ATPA3HEHWNA

ViccnefoBaHa 3aBMCMMOCTb MEXKAY HAKOMMEHWeM TSDKeNbIX MeTal0B U COAEp>KaHWEM [AMEHOBbIX KOHBLIOraTOB,
OMEHKETOHOB 1 TEK-aKTMBHbIX NPOAYKTOB B acCUMUNSALMOHHOM annapaTe Populus deltoides Marsh., P. italica Moench,
P. simonii Carr., P. candicans Ait.,, npouspacTalwWmMx B YCNOBMAX C PpasHON CTeneHbl 3arpssHeHus. [lokasaHa
BMAOCMELM(UYHOCTD HAKOMMEHUS >Kenesa, MapraHua, LUWHKa, HWUKens, Mefu, CBUHLA U KagMmus WHTPOAyLeHTamu.
YCcTaHOoBNEHO CTAaTUCTUWYECKN AOCTOBEPHOE YBE/MUEHUE COAEPXKaHWs NPOAYKTOB MEPEKVNCHOr0 OKWUCEHWUS NUMUAOB B
NNCTbAX TOMoNeli, NpouspacTaloLUX B YCNOBUAX 3arpsi3HEHNS.

WccnegoBaHue Buaocneuu@uUUHbIX afanTus-
HbIX peakuunii pacTeHWid B pa3iMyHbIX YCNOBU-
AX Npom3pacTaHus —ofHa W3 rnaBHbIX 3a4ad
MHTPOAYKLUMU. B ycnoBmAX KpyMHbIX Mpo-
MbILEHHbIX LEeHTPOB YKpawWHbl C pa3BUTON
rOPHO-MEeTalypruyeckoli MPOMbILLIEHHOCTbIO,
B YacTHocTu B KpuBom Pore, JOMUHUPYIOLWUM
TEXHOTEHHbLIM (DaKTOPOM AB/MSETCA MOBbILWEH-
HOe COfepXaHWe B TFPyHTe TSXKenblX MeTan-
nos. Hanbonbliee BO3feliCTBME OHU OKa3blBa-
0T Ha BMAbl TOMOJMEN, WMPOKO UCNONb3yemble
B 03€/1€eHEHUM MPOMbILLJIEHHbIX M0WAaf0K K
CaHWTAPHO-3alMUTHLIX 30H pygooboratuTesib-
HbIX (habpuk (PO®). Peakyusa pacTeHuidi Ha
MOBbILIEHHOE COAEPXaHNe B TPYHTE TAXKENbIX
MeTan/ioB NPOABMAETCA Ha YPOBHE OpPraHus-
Ma, opraHa u KneTku. MocTtynneHue B KNeTKy
TOKCMYECKMX BELWECTB MPUBOLUT K U3MEHe-
HUIO  (DU3UMKO-XMMMUYECKUX CBONCTB MpOTO-
nnasmbl, HapyweHut @YHKLNOHWPOBAHUSA
6enKoBbIX CTPYKTYp ¥ MembpaH opraHenn.
Pa3sBuBalOTCA CTPECCOBble peakuumn, cCOMpo-
BOXJaeMble YCUIEHWEM MNPOLECCOB Mepekuc-
Horo okucnenuns nunugos (MOJ) [3]. B 3asu-
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CUMOCTW OT WMHTEHCUBHOCTU WU AAUTENbHOCTU
BO3[ENCTBUSA 3TN HAPYLUEHUS MOTYT 3aTparu-
BaTb W Apyrve XW3HEHHO BaXHble MpPOLECChHI,
B YacTHOCTU (DOTOCUHTE3, AblXaHWe, N NPOAB-
NATbCA BM3YasbHO B BUAE X/IOPO30B U HEKPO-
308 [6, 12]. WMmetoTca faHHble 06 MHTEHCUB-
HocTu npoueccoB MOJ1 y pacTeHWin npu aei-
CTBMMW ra3oobpasHblX OPraHUYecKnMx u Heopra-
HUYEeCKNX COEAMHEHWI W PTYTWU, HO OCTaeTcs
HEeU3yUYEeHHbIM KOMMAEKCHOEe BAUAHUE TsAXe-
NbIX MEeTanfoB B MPOMbIWAEHHbIX BblGpocax
[4, 11, 12]. AkTyanbHoOW ABnseTca npobnema
OLleHKM cnocobHoCcTM Tononei HakanauMBaTb
TAXEeNble MeTan/bl B YCNOBUAX 3arpA3HeHuUs
cpefbl ropHo-nepepabaTtbiBalOWMMKU  MNpea-
npuatuamMu. Moatomy AnA BbIACHEHUS MeXa-
HU3MOB (YHKLMWOHWPOBAHMA cUCTeM ajanTa-
UMW Y MHTPOLYLEHTOB Ha MPOMbILUAEHHbIX N/10-
WafKax ropHo-nepepabatbiBaloWwux npegnpu-
ATUIA BbINN U3YYeHbl MPOLECChl aKKYyMYnsauum
TAXENbIX MeTanl0B U UHTEHCUMBHOCTb OTBET-
HbIX peakuyuin MOJI.

B KkauyecTBe 00BEKTOB WCC/MeAOBaHUA wc-
NMoNb30BaNNCb NUCTbS pacTteHuid Populus del-
toides Marsh., P. italica Moench, P. simonii
Carr, n P. candicans Ait., npouspacTatLwmnx
Ha TeppuTopuu npomnaowWwagku pypoobora-
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Cogep>KaHue Ts>KeNbIX MeTan 0B U NPOAYKTOB NepeKUCHO?0 OKWUCAEHWUSI TMMWUAOB Y TOMOsei

TUTeNbHOI (abpukn CeBEPHOr0 ropHo-060-
ratutensHoro kom6uHara (CesOK) u geHppa-
pus KprUBOPOXCKOro 6GOTAHWYECKOro caja
HAH YkpauHbl (YCnoBHbI KOHTpoOnb). Cogep-
XaHue TAXKenblX MeTannoB (Kenesa, mapraH-
ua, LUMHKa, HUKensd, Meau, CBUHLA U Kagmus)
Onpefensnoch C NOMOLLbI0 aTOMHO-agcopbum-
OHHOro cnektpooTtomeTrpa C-115 (YkpauHa).
MwuHepanusauma npo6 nposogunacb MeTOAOM
CYXOro 030/1eHUs, 3KCTPaKuusa TAXenblX Me-
TannoB OCYLLeCTBAANACb C WCMNOMb30BaHUEM
pasBegeHHoi (1:1) a3oTHOW kucnoTsl [13]. Konu-
yecTBo npoaykrtos MOJT onpegensnu B 20%-x
roMoreHatax J/IMCTbEB, MNPUIOTOBNEHHLIX Ha
0,1 M kanwuii-pocthaTHoro 6ydepa, cogepxa-
wero 0,25 M caxapo3bl; cofep)kaHue AWEHO-
BbIX KOHBIOraToB U AWEHKETOHOB —MO0 MeTony
W.[. CTanbHo B Hawel mogudukayun [7], co-
fepxaHne TBK-akKTUBHbLIX MPOAYKTOB — MO
metogy 3.H. KopabeliHnKOBON € MCnonb30Ba-
Huem TMo6ap6UTYpPOBOIA KNCNOTLI B MOAUGNKA-
umn B.H. Mpuwko n O.B. Ceiwmnkosa [4].

AHann3 nNoflyyeHHbIX pe3ynbTaToB MOKa-
3an, 4To B acCMMMUAALMOHHOM anmnapaTe To-
nofei B yCNoBMUAX 3arpsisHeHNs YpPOBEHb Ha-
KOMMEHNA TAXEeNbIX MeTas/ioB MOBbIWEH MO
CpaBHEHUO C KOHTponem (Tabn. 1). B nnctb-
ax P. italica megn HakannmBaeTCcs B CpefHEM
B 2,5, a xenesa - B 1,5 pa3a 6onblie, Yem y
OCTaNibHbIX BUAOB. MoONy4YeHHble faHHble XO-
powo cornacytTcs C yBe/ln4vyeHuem Ha 25-
30% coaepXaHuUs MNOABUMXXHBIX (QOPM 3TUX
3/1IEMEHTOB B MO4YBE MPOMbILWIEHHONW No-
waakn PO® [5]. Mpu aHannse HakKoneHus
MeTaN/ioB pacTeHUAMU CnedyeT YUYUTbIBATH
TOT (PakT, YTO B OTHOLWEHWW Meau, BEpOAT-
Hee Bcero, npeo6nagaeT naccuBHasd agcopo-
LMA 13 NMOYBEHHOrO pacTBopa B K/ETKWU KOP-
HA, TOrjga Kak >efnes3o Morfowaercad pacre-
HuamMuU Metabonuyeckum nytem [8, 10].

Kak nokasanu Hawwu uccnefoBaHus, B yc-
NOBUAX MPOMBIWIEHHOW NAOWagKN Hanmbob-
lee KO/MIMYECTBO LMHKA HakanjumeaeTca B
nuctbax P. italica, Torga kak y P. simonii, P. del-
toides n P. candicans ero cogepXaHne MeHb-
we B 12, 17 n 4,8 pas3a COOTBETCTBEHHO
(Tabn. 1). Umetowmeca nuTepaTypHble faHHbIe
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CBUAETENbCTBYIOT, YTO PacTBOPUMbIE (hOPMbI
LWHKa JOCTYNHbI ANA pacTeHWin n noraowe-
HWe 3TOro 3neMeHTa NMNHeNHO BO3pacTaeT ¢
MOBbILIEHWEM €ero KOHLUeHTpauuunm B pacTBope
unu noyse. Bonpoc o ToMm, ABNfeTCA U NOT-
pebreHne LWHKA aKTUBHBIM WAW MacCUBHbIM
npoLeccom, ocTaeTca AUCKYCCMOHHbIM. O gHa-
KO MonyyeHHble OGONbLWIMHCTBOM WUCClefOBa-
Teneil pe3ynbTaTbl MNOKa3blBAT, 4TO NOT-
pebneHne uUMHKaA onpegensercs MeTabonus-
MOM pacTeHWUM, X0TA HEKOTOPY PO/b B 3TOM
MOXET urpaTb 1 HemeTabonnyeckunin npouecc
[10, 15, 16].

MocTynas B KNeTKW pacTeHWid B 3HaYWU-
TeNIbHbIX KOMMYECTBaX, TAXenble MeTaifbl
0Ka3blBAlOT MHIMOMPYIOLLee AeliCTBME HA NpO-
TeKaHue MHOrMxX (Mr3nonoro-6MoXMMmnYeckmnx
npoueccos. O6LENPU3HAHO, YTO TOKCMUYHOCTb
TAXKENbIX MEeTanl0B BO3pacTaeT Mo Mepe
YBENMNYEHNS OTHOCUTESIbHON aTOMHOM Macchl.
CornacHo knaccudukauum HO.B. Anekceesa
UMHK, Mefb, Xene3o, MapraHewy U Kagmuii oT-
HOCATCA K rpynmne yMepeHHO TOKCUYHbLIX 3/e-
MEHTOB, Torfja KakK HWKenb W CBWUHeL ABNSA-
IOTCA O4YeHb (PUTOTOKCUYHbIMU [1]. TonyueH-
Hble HaMW faHHble CBUAETENbLCTBYIOT O TOM,
4YTO Kak B YCNOBMUAX MPOMbILWIEHHON Naowag-
KW, TaKk U feHfapapua 60TaHMYeckoro cafga, B
acCMMMWNALMOHHOM annaparte Tonosnei cogep-
XaHve YMEpPeHHO TOKCUYHbIX 3/1eMEHTOB 3Ha-
YUTENbHO BbIle, YeM OYeHb TOKCMUHbIX. Tak,
y P. simonii KOHUeHTpauus >xenesa, MapraH-
ua v uymHka B 10-200 pa3s Bbile, YeM HUKeNA
M cBMHUA. Takum o6pas3oM, NMOATBEpPXKAAaeTCA
nocTynar 0 HaIMyumn 3alUTHbIX 6apbepoB Ha
NyTW TMNPOHUKHOBEHUA B K/eTKy Haubonee
TOKCUMYHbIX 3n1eMeHTOoB [6, 8].

[nsa oueHKn BMAOBOW CNeunnyHOCTU Ha-
KONMIeHNA TAXenblX MeTan/ioB TONoAAMU 6bin
MCMoNb30BaH KO3 ULMEHT HAKONeHUS 3ne-
MeHTa, MpeAcTaBnAlOWMiA co60 OTHOLWEHUE
COfEepXXaHuda meTanna B YCNOBUAX 3arpsasHe-
HWUA K ero KO/NM4yecTBy B KOHTpose [14]. AHa-
N3 NONMYYEHHbIX faHHbIX (Tabn. 2) nokasbiBa-
€T, YTO B YC/NIOBMAX MPOMbILIAEHHOM naowag-
Kn PO® Tonond ABNAKTCA HaKonuTenamu
TSOXKeNblX MeTannos (Kpome MapraHua). And
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Cofep>kaHune TS>KeNbIX MeTasanoB U MPoLYKT OB NepeKNCHOro OKUCIEHUA NUMNLOB Y Tononei

nocnefHero KoO3M@UUMeHT HaKoMnjeHus He-
3HauMTenbHo npesbiwan 1 (P. italica) nnm 6bin
MeHblle 3TON Benuuuubl (P. simonii, P. del-
toides n P. candicans). Cpefu W3y4YeHHbIX BU-
[OB TOMonei Hanbosbliee COfgepXKaHue megm,
HWUKeNa 1 cBuHLa Habnwganock y P. deltoides,
Xenesa u uuHka - y P. italica, a kagmunsa —y
P. candicans. HanmeHblIe 3Ha4YeHUs KO3(-
(hUuMeHTa HaKoMeHNa xenesa U HUKens 6bl-
nn xapakTepHbl ans P. candicans, Megu u
UWHKa - ans P. simonii, Torga Kak no Hakonne-
HWKO CBMHLA 3TU BUAbl OTAMYANUCb HE3Hauu-
TeNbHO. Takum 06pa3om, MOXHO KOHCTaTupo-

Ta6nmnua 2. KoahpuymeHTbl HAKONNEHUSA TSHXKeNblX
MeTasI/1I0B TOMOMISIMU B YCNIOBUSAX 3arps3HeHUsN

OnemeHT P. deltoides P. italica P. simonii P. candicans

Fe 4,42 11,15 4,09 1,42
Mn 0,51 1,03 0,43 0,39
Cu 3,06 2,74 1,05 2,04
Zn 2,53 3,80 1,06 1,50
Ni 1,73 1,49 1,45 1,13
Pb 2,62 2,41 1,32 1,36
Cd 1,24 2,30 1,69 2,46

Tabnuua 3. CogepxxaHme TBK-akTnBHbIX
NpPoAYKTOB B NUCTbAX TOMNOMEA B pasfNnMYHbIX
3KO/IOFMYECKNX YycNnoBUAX, MKM/Mr 6enka

MecTo V, % K
npouspa- M+ m 9%  KoHTponto st
cTaHus
P. deltoides
[eHppapuin 0,10 £ 0,003 4,68 - -
PO® 0,28 £+ 0,016 9,87 272,8 0,96
P. italica
Oenppapuii 0,25 + 0,012 8,43 - -
PO® 0,53 + 0,002 0,65 2143 3,15
P. simonii
Oenppapuii 0,07 + 0,001 1,47 - -

+ I+

PO® 0,30 £ 0,003 1,88 438,1 9,97

P. candicans

003 439 - -

[eHppapunin 0,13
1 ,009 2,57 458,3 9,44

+0
PO® 061 +0
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EA/Mn
0,24
12 12 12 12
P. deltoides P. italica P. simonii P. candicans
A
EA/Mn

Ko/IM4YecTBO AMEHOBbIX KOHbIOraToB (A) U AUEHKeTO-
HOB (B) B NMNCTbAX TOMOMel B YCNIOBUSAX 3arpsA3HeHNs:
1- AeHApapwii; 2 - NpoMmbllIeHHaa naouagka (pas-
NMUns CTaTUCTMYECKM [0CTOBEPHbI, P < 0,05)

BaTb, YTO HaMbBOMbWIMMWN HAKONUTENAMWU W3Y-
YeHHbIX TAXenblX MeTannos asnasatTca P. del-
toides u P. italica.

MocTynneHne 3HAYUTENbHLIX KOJIMYECTB
TAXENbIX MeTannoB NPUBOAUT K MHTEHCU( K-
Kauumn npoueccos MNOJ1 B KfeTKax accumMunsa-
LMOHHOro anmnapaTta WHTPOAYLEHTOB. Tak, co-
fep>XaHue AMNEHOBbIX KOHbIOraToB, ABMIAIOLUX-
CA O4HUMM M3 MepBUYHbLIX npodyktos IO/,
B nuctbax P. italica n P. simonii, pactywux
Ha NPOMbIWAEHHON nnowagke PO®, Bo3pac-
TaeT B cpefHeM B 2,2 pasa, Torga kak y P. del-
toides - Ha 20% no cCpaBHEHUIO C PacTEHUSAMMU
feHapapus (CM. pUucyHoK). B ycnoBusx 3arpss-
HeHus B6bicTpee Bcero (B 2,6 pasa) MoBbiWaeTcs
KOMMYECTBO NepBUYHBLIX MPOAYKTOB MepeKkuc-
HOr0 OKWCNEHMA NUNUAOB B NUcTbax P. candi-
cans. B To xxe Bpems MakcumanbHOe COfepxa-
Hue atux npoayktos (0,19 EA/mMn romoreHa-
Ta) xapakTepHo ana P. deltoides. Hapsgy c
yBennyeHneM COLEepXXaHUd AUEHOBbIX KOHbIO-
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ratos BO3pacTaeT KO/IMYECTBO [MEHKETOHOB.
Hanbonbluee NoBblILIEHNE COAEPXKAHUSA 3TUX CO-
eAnHeHUn (B 2 pa3a) oTmeyeHo y P. deltoides,
P. simonii n P. candicans, npouspacTtalowunx B
yC/I0BUAX 3arpAsHeHus (CM. pucyHok). Makcu-
Ma/fibHOe cojepXxaHue [AmeHKeToHoB (0,053
EA/Mmn) obHapyxeHo B nuctbax P. italica.

OfLHMMM M3 KOHeYHbIX npoaykToB MO/ aB-
nawtca TBK-akTuBHble npodykTbl. W.W. Kop-
WMKOBLIM MOKa3aHo, UYTO COfepXXaHue 3TUX
COeVIHEHUN Y YKOPEHEHHbIX YEepeHKOB pas-
NNYHBLIX KNOoHOB P. canadensis Marsh, npwu
hymuraumm cepHuUCTbIM rasom B 5-7 pas, a
theHonom —B 1,3 pasa NpeBbILAeT 3HAYEHUA
KOHTponsa [11, 12]. B pe3ynbTaTe NpOBEAEH-
HbIX HaMW WCCNefOBaHWA YCTaHOBMIEHO, 4TO
Konmyectso TBK-akTUBHbIX MNPOAYKTOB B
nnctbax P. italica n P. deltoides B 2—2,8, a y
P. simonii n P. candicans B 4-4,7 pa3sa cTa-
TUCTUYECKN [OCTOBEPHO BbIle B YCNOBUAX
NPOMbILLIEHHOV MNAOWaAKN NO CPaBHEHMWIO C
KOHTponeMm (Tabn. 3). MakcumanbHoe cofep-
XaHue TBK-akTUBHbIX npoaykToB (Mo abco-
NOTHLIM 3HAYeHWAM) OOHapyXXEHO B NINCTbAX
P. candicans n cocTtaBnset 0,61 mKkM/mr 6en-
Ka. 3TW [aHHble XOpOLWOo CcornacywTcd C pe-
3ynbTaTamMnm KOMMN/EKCHOW OLUEHKN YCTOR4YU-
BOCTW TOMOMEA K pasn4YHbIM ra3oo6pasHbiM
COEAMHEHUAM, OCYLLECTBAEHHON B.I. AHTUMNOBLIM
n .M. VInbKyHOM, coOrnacHo KotopbiM P. del-
toides u P. italica xapakTepun3yrTca Hanb6onb-
Wwen yctoiiumsocTbio [2, 9]

Takum 06pa3om, MOXHO KOHCTATMPOBATb,
4yTO BMAbl TONOMEN 06NajardT pasIMYHON cno-
COBHOCTBIO K HAKOMMNEHUIO TSXESbIX MeTanl0B
NMPOMbILLJIEHHBIX BbIOPOCOB pyAoob6oratnTesb-
HbIX (habpuk. Hambonbwumy HakOMUTENAMU
asnaoTca P. italica u P. deltoides, B To xe
BPEMS Y BbllUleNepeyncneHHblX WMHTPOAYLEH-
TOB NPOLECChl MOPaXeHUs MeMOpaHHbIX CTPYK-
TYp NPOXOAAT MEHEe WHTEHCUBHO, Yem Y P. si-
monii n P. candicans. 3Tum, no-suanumMomy, u
0b6bAcHAeTCA 60Mbluas ycTonumsocTb P. italica
n P. deltoides He TONbKO K ra3oo6pasHbiM TOK-
CUKaHTaM, HO W K TSXKenblM MeTannam.
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KpuBopi3bkuin 60TaHiuHmin cag HAH Ykpainu,
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BMICT BAXKWNX METAJIIB

TA MPOAYKTIB MEPUKNCHOIO
OKMNCNEHHA NINigiB ¥y TOMNOJb
B YMOBAX 3ABPYAHEHHSA

[ocnigKeHa 3aneXHIiCTb MK HarpoMapKeHHsIM BaX-
KMX MeTaniB Ta BMICTOM AiEHOBUX KOH'tOraTiB, fi€HKe-
TOHIiB | TBK-aKTUBHUX NPOAYKTIB B acuminsyinHomy
anaparti Populus deltoides Marsh., P. italica Moench,
P. simonii Carr., P. candicans Ait., SKi 3pocTal0Tb B
yMOBax 3 pi3HWM piBHeM 3abpyaHeHHSA. Noka3aHa BU-
focneyndiyHicTb HarpoMagKeHHSs 3ai3a, Maprauto,
LUMHKY, HIKen, Mifi, CBMHUI0O N Kagmito iHTPOAYLEeH-
Tamu. BCTaHOBNEHO CTATUCTUYHO AOCTOBipHe 36i/b-
LEeHHA BMICTy NPOAYKTIB MEPeKNCHOr0 OKMWC/IEHHS
ninigiB y nucTkax Tonosb, SIKi 3pocTaldTb B yMOBax
3a6pyHEHHS.
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CONTENTS OF HEAVY METALS
AND PEROXIDE LIPIDS OXIDATION
PRODUCTS AT POPLARS IN THE
CONDITIONS OF CONTAMINATION

The dependence between accumulation of heavy
metals and maintenance of dien conjugates, dyenke-
tones and TBA-active products in the assimilation
apparate of Populus deltoides Marsh., P. italica
Moench, P. simonii Carr., P. candicans Ait., which
grow in conditions with a different degree of pollu-
tion is investigated. Speciespecifity of iron, man-
ganese, zinc, nickel, copper, lead and cadmium accu-
mulations by the introducents is shown. The reliable
increase of maintenance of peroxide lipids oxidation
products in the leaves of poplars sprouting in the
conditions of contamination is set statistically.
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