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COJIEP)KAHUE TSAXKEJBIX METAJLJIOB B IIOJAX

JTAKOPACTYIIMX PACTEHUI B 30HE ADPOTEXHOTEHHOI'O

BO3JEVCTBMS CPEJHEYPAJIBCKOT'O MEJEILIABHJILHOTO
3ABOJIA (CBEPIJIOBCKASI OBJIACTb)

© M. P. Tpyouna,' C. B. Myxaueesa, B. C. bezenw, E. JI. Bopobeituux

Onenerno coxepykanne Tsoxenbix metamwio (Cu, Pb, Zn u Cd) B mmomax 6 aukopacry-
X BunoB (Fragaria vesca, Rubus idaeus, R. saxatilis, Vaccinium myrtillus, V. vitis-idaea
U Rosa sp.), COOpaHHBIX HA PAa3HOM YIAJICHHH OT KPYIHOIO MEICIIAaBHIIBHOTO 3aBOJa Ha
Cpennem Ypasie. BoIBIeHBI CyIIIeCTBEHHbIE MEKBHUIOBBIC Pa3INUUsi B YPOBHSAX HaKOIUIE-
HUS U BBICOKOC BapbHPOBAaHUE COJCPKAHHS METALUIOB MEKIY 0oOpas3lamMu OJHOTO BUIA B
mpejenax Kaxaoro yyactka. Boinsu 3aBojia B 110/1aX UCCIIEJOBAHHBIX BUIOB COJICPIKAHISI
TSDKENBIX METaJUIOB MHOTOKpaTHO (B 4—18 pa3) mpesrermarot ux [1JK. [laxke Ha paccros-
Huu 30—60 KM OT 3aBojIa B 3HAYMTENbHON YacTu 00pa3mos (10 93.8 %) npesbrmens! [TIK
no Pb u Cd. [To mepe npubirmKkeHns K MICTOYHUKY BIOPOCOB B HAUOOJIbILICH CTEIIEHH BO3pa-
craio conepxkanue Cd (B 2—7 pa3) u Pb (B 2—4 pasa). MakcumansHoe conepxanue Cd 3a-
PETHCTPHUPOBAHO B IUIOJAX MpeAcTaBuTeNei ceM. Rosaceae (Fragaria vesca, Rubus idaeus,
R. saxatilis u Rosa sp.), y 9TUX e BUJIOB 00JIee BBIPAKEHO YBEIMUYECHHE COJICPIKAHUSI ITOIO
JJIEMEHTA 110 Mepe MPUOIMIKEHUSI K KICTOYHUKY BHIOPOCOB 0 CPABHEHHUIO C BUAAMU U3 CEM.
Ericaceae (Vaccinium vitis-idaea n V. myrtillus). MakcumansHOe comepkanue Pb 3apern-
CTPUPOBAHO B Twionax Rubus idaeus, Rosa sp. u Vaccinium vitis-idaea.

KnwueBbie cnoBa: Fragaria vesca, Rubus idaeus, R. saxatilis, Vaccinium myrtil-
lus, V. vitis-idaea, Rosa, TUTO[IbI, MAIICBBIC PACTUTCIBHBIC PECYPChI, aKKYMYIISALHUS, TSKE-
JIbI€ METAJLJIbI, ME/lb, CBUHEL, KaJIMUM, [IUHK, ME/ICIUIABUIIbHBIN 3aBO/I, TPOMBIIIIIICHHOE 3a-
rps3HeHne, CpenHuil Ypai.

B nocienHee BpeMsi 3HaUNTENILHO BO3POC MHTEPEC K OLECHKE COJEPKAHUS TSIKe-
ne1x MeTauioB (TM) B cenbCKOX03HCTBEHHON TPOAYKIINH (cM. 0030p: Kabata-Pen-
dias, Mukherjee, 2007), pacTUTETFHOM CHIPbE, UCMIOIB3YEMOM IS (hapMalieBTHYe-
ckux neneit (I'pasens, [Insikuna, 2010; Chizzola et al., 2003; Haider et al., 2004), a
TaKkXe B AMKOPACTYIIMX MUILEBBIX U JIEKAPCTBEHHBIX pacTeHusAx (JIsHrysona, 2008;
Eropoga, 2010; Konomuern u ap., 2010; Baranowska et al., 2002; Zheljazkov et al.,
2008; Abu-Darwish, 2009; Hussain et al., 2011). B 3HauuTeIHHON CTEIICHU 3TO CBSI-
3aHO C BBICOKMM YPOBHEM aHTPOIIOTEHHOTO 3arps3HEHUs IUTAHEThI: HECMOTPS Ha
OIIPEICJICHHbIC YCHIINS [0 CHIDKEHHUIO BBIOPOCOB BO MHOTHX CTPaHAaX, IMHCCHUS B
atMocdepy pspa TM B pesyibraTe AEATEIBHOCTH YEIOBEKA BCE €IIE COCTaBIISIET
necsatku (Cu, Ni, Zn, Cr) u cotau (Pb, V) TbIc. TOHH B To1 (Kabata-Pendias, Muk-
herjee, 2007); cOOTBETCTBEHHO, 3arpsa3HeHue oKpyx aromeil cpeast TM, kak u apy-
MMHU TOKCHYHBIMH BELIECTBAMH, OCTAETCS OJITHOW M3 HanboJiee cepbe3HbIX MpolIeM
COBPEMEHHOT'0 MHUPA.

Kak npaBuiio, B 1uioiax HakaruiMBaeTcsl 3HAYUTEIbHO MeHbIne TM, yeM B Iu-
CThAX U cTebmsax pactenuil (Beyer et al., 1985; Kabata-Pendias, Mukherjee, 2007).
Tem He MeHee pe3yibTaThl Psiia UCCIIEAOBAaHUN CBUIETENbCTBYIOT, YTO BOJIU3HU UC-
TOYHHMKOB IIPOMBILIICHHBIX BBIOPOCOB KOoHLEeHTpauun TM B mioxax Vaccinium vi-
tis-idaea L. v V. myrtillus L. MoryT nipeBbIIIaTh (JOHOBBIC 3HAYCHUSI B JICCATKH Pas;
CJICAOBATEIBHO, YIOTPEOJICHNE UX B IHIY MOXKET MPEICTABISAT yrpo3y AJisl 310pO-
Bbsl yenoBeka (Barcan et al., 1998; Poykio et al., 2005).
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Kaxk npaBuiio, A7st OLIGHKH YpOBHEH 3arpsi3HEHHS MTUILEBBIX PECYPCOB, B YACTHO-
CTH IIOIOB IMKOPACTYIINX PACcTEHHH, B TIpe/ieNaXx KOHKPETHOTO PErHOHa, UCTIONb3Y-
10T 04YeHb HeOoJbIoe (1—3) 9rcino BUIOB U JOCTATOYHO OTPaHHMYEHHOE YHCIIO TOYEK
cbopa (Sheppard, Sheppard, 1991; Bagatto et al., 1993; Poykio et al., 2005). Takoit
MIOJTXO/T HE TIO3BOJISIET MTOTYYUTh IIEJIOCTHYIO KapTHHY 3aKOHOMEPHOCTEH M3MEHEHHS
KauecTBa MHUIIEBBIX PECYpPCOB MO ICHCTBUEM MPOMBIILICHHOTO 3arpsi3HEHMS, TaK
KaK CoJiep’KaHue TOKCHKAHTOB MOJKET CYILIECTBEHHO BapbUPOBATh KaK B CHIIY BUAOBOH
cnenr(UKU B aKKyMyJSIuH dnieMeHToB (Anekceesa-Ilomosa u np., 2008; TpyOuna,
2010; Broadley et al., 2001; Freitas et al., 2004), Tak 1 ©3-3a MIPOCTPAHCTBEHHOW HE-
PaBHOMEPHOCTH pacHpeielieHUs] TMOJUTFOTAHTOB W (akTopoB cpenbsl. Hanpumep, B
paboTe ¢ HCIIOIb30BaHNEM HECKOJIBKUX BHUAOB PACTEHN U 3HAYUTEIHHOTO KOJIHYe-
CTBa TOYEK cOOpa I OJHOTO M3 YeThIPeX M3YUEHHBIX BUIOB (Vaccinium myrtillus)
He OBUTO BBISIBIIEHO 3aBUCUMOCTH MEKIY PACCTOSIHHEM OT UCTOYHHKA BHIOPOCOB (MOH-
YEeTOPCKUI HUKENEBBI KOMOMHAT) U coaepkanueM TM B I10/1aX, TOTAa Kak s JIpy-
I'MX BHJIOB Takas 3aBHCMMOCTH Oblia mpojeMoHcTpupoBaHa (Barcan et al., 1998).

Llens HacTosed paboThl — OleHKa ypoBHs 3arpsizneHHoctr Cu, Pb, Zn u Cd
TUIO/IOB JTUKOPACTYIMX PAcTEHHi, MPOU3PACTAIONINX B 30HE JEHCTBUSI KPYIHOTO
TOYEYHOTI'0 UICTOYHHMKA SMUCCHH MOJUTIOTAHTOB Ha Y pasne — CpenHeypaibcKoro Me-
nermnaBuiabHOTO 3aBoma (CYM3). IlompoOHas xapakTepHUCTHKAa OCOOCHHOCTEH
TpaHcopMauy pa3IMdHbIX KOMIOHEHTOB OWOTHI M paclpeeNeH sl TTOJUTIOTAaHTOB
BO3JIe JTAHHOTO TPEINPHUATHS W3J0KeHa BO MHOTHX TyOnmkanwsx (BopoOeiuwk,
1998, 2007; KaiiropogoBa, Bopobeitunk, 1996; Myxauesa, 2001, 2005; benbckuii,
Jlsxos, 2003; Epmakos, 2004; Hectepkos, Bopo6eituuk, 2009; Bopobeitunk, [1u-
urynus, 2009; Trubina, 2009; Cmopkaiio, Bopobeiiuuk, 2011; 3onorapes, beib-
ckas, 2012; Tpyouna, Bopobeitunk, 2012), B TOM 4uclie TOCBSIIEHHBIX HAKOILIC-
Huto TM xuBotHeiME (MyxaueBa, besens, 1995), pacrennsamu (besens u ap., 2010;
Tpybuna, 2010) u nmumaiinukamu (Mwuxaiinosa, lapynosa, 2008; Muxaiinosa,
Kmrasices, 2012). Psg paboT ObUT CIieIUaIbHO TOCBSIICH M3YUYECHUI0 HAKOILICHUS
TM nexapctBeHHbiMU pacTeHusmu (TpyOmna, BopoOeitumk, 2013) u rpubammu
(Kamnenbscon u jp., 2011). [IpenBapuTenbHbIe JaHHBIE, XapaKTEPU3YIOIIHE TOJIBKO
00I1IyI0 TEHJICHLIMIO B U3MEHEHNH coaepkanust TM B ruiofjax AMKOpacTyLIMX pacTe-
Hui o Mepe npubmmkennss K CYM3y, Ho Oe3 aHanu3a CTENeH BapbUPOBAHUS KOH-
LEHTpalri B IpeiesiaX y4acTKOB, a TaKKe 0e3 CONOoCTaBIICHHsI COJIepKaHus ¢ pede-
PEHTHBIMU YPOBHSIMH, IPUBEACHBI B HAIIUX MpeAbayuX cratbix (besens u ap.,
2010, 2012). Hannas paboTa, BO-TIEPBBIX, BOCTIONHSIET 3TOT MPOOEN, a BO-BTOPHIX,
OasmupyeTcst Ha 0oJiee OOIIMPHOM MaTepuaje, YTO YBEIMIUBACT TOYHOCTH OIICHOK.

MATEPHAJ U METO/JBbI

CYM3 pacmnonoxeH B moa30He 10kHOM Tairu (Cpegauit Ypan, 50 kM K 3amany
ot 1. Exatepunbypra) u Bxoaut B PeBanncko-llepBoypanbckuii mpOMBIIUIEHHBIH
pation CBeptoBckoit 00i1. 3aBoa pyHkmuonupyeT ¢ 1940 1. u cunraercst OTHUM U3
KPYTHEHUIITIX UCTOYHIUKOB aTMOC(EpHOTO 3arps3Henus B Poccun: B konte 1980-x rT.
o0BeM ero smuccun jgocturan Oonee 135 THIC. T MOIITIOTAHTOB / TOJM, K CepearHe
2000-x — cHum3wmcs 10 30 ThIC. T / TOJI, B HACTOSAIIEE BpEeMEHHU BHIOPOCHI KOMOWHA-
Ta COCTaBISIIOT MeHee 25 Thic. T / roa. OCHOBHBIE MHTpeANEHTHI BEIOpocoB CYM-
3a — ra3o000pa3Hble COSUHECHUS CEPbI, PTOPA U a30Ta, & TAKIKE MBIJICBBIC YaCTUIIBI
¢ copbupoBanubeiMi TM (Cu, Pb, Zn, Cd, Fe, Hg u ap.) u metannonnamu (As).

B kadecTBe yCIIOBHO «YHCTBIX» TEPPUTOPUIN MPUHATHI YYaCTKH, PACTIOIO0KEH-
Hble Ha paccTossHUN 20—34 kM (PpoHOBBIN) 1 35—55 KM (KOHTPOIBHBIN) OT 3aBOIA.
[To mepe mpubmmwkennss k CYM3y BwImenaeHBI 30HBI yMmepeHHOTO (OydepHas,
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3—10 kM) u cuwibHOTO (MMIIakTHasA, 1—3 kM) 3arps3Henus. CpelHue KOHIIEHTpa-
UM TTOJIBUKHBIX ()OPM METAJUIOB B TIOACTHIIKE MEX/Y CONPSKEHHBIMH 30HAMU Ha-
TPY3KH OTJIMYAINCh B HECKOJIBKO Pa3 M CYIIECTBEHHO BapbHUPOBAJHM B Tpeienax
Kak1olt 30HBI. B yacTHOCTH, KOHIIeHTparus Cu B POHOBOI 30HE MEHSIIACH OT 52 110
108 mr/kr, B 0yepHoit — oT 64 10 2467, a B uMnakTHOW — OT 2467 10 9585 mr/KT
(Tpybuna, Bopobeituuk, 2012).

Uccnenoanust mpoomm B 2009 . O0BEKTOM UCCIICIOBaHUS ObLITH 6 BUIOB
pacTeHmii: 3eMIsHHUKa JiecHas Fragaria vesca L., manuHa oObIKHOBeHHast Rubus
idaeus L., xoctssHuka Rubus saxatilis L., mmnoBHUK Rosa sp. (Rosaceae), a Takxe
yepHuka Vaccinium myrtillus L. u 6pycHuka V. vitis-idaea L. (Ericaceae). OGpa3s-
bl TUTOZIOB IS DJIEMEHTHOTO aHaJM3a Ha BCEX yJacTKax cOOMpalii B MIOJIe—CEH-
Tsa0pe. B mpeaenax kakmoit 30HbI cOOp 00pasmoB Ka)aoro BHIAA TPOBOIWIH B TOU-
KaX, pacloyIOXKEHHbIX Ha paccTossHuM He MeHee 500 m apyr ot apyra. Konuuectso
TOYeK cOopa COCTaBWIIO JIJISl 3eMISTHUKH — 94, ManuHbl — 43, KOCTSIHUKH — 25,
munoBHUKa — 43, yepauku — 187, 6pycauku — 28. B kaxxao# Touke Gpopmuposa-
i cOopHbIi obpazen n3 20—30 mionoB, codpanubix ¢ 10—15 pacrenwuii, ynaneH-
HBIX Ha pacctosiuuu 5—10 M npyr ot apyra. Beero orodpano 419 obpasios. O6-
pasnpl CYImWINA B CylImibHOM IiKady npu temmeparype +75 °C 10 BO3IyIIHO-CY-
xo# Macchl. [lanee oOpa3mpl M3MeENbUYaiy, B3BEIIUBAIN HAa aHATUTHYCCKUX Becax
KERN-770 ¢ Ttounoctsto 0.00001 r u o30/5UI1 B MHUKPOBOJTHOBOM ey MWS-2
(Berghof, I'epmanus) MeToioM MOKpOH MUHEpanu3auuu B 7 Ma 65%-HO# a30THOH
KHCJIOTHI ¢ 00aBiIeHHeM | MJI TMCTHIUIMPOBaHHOM Bobl. KOoHILIEHTpanuio 31eMeH-
ToB (Cu, Zn, Pb, Cd) onpenensiiim METo10M aTOMHOM aOCOpOIMY Ha CIIEKTPOMETPE
AAS 6 Vario (Analitik Jena AG, 'epmaHusi) ¢ UCTIONB30BaHUEM TUIAMEHHOTO (U151
Cu, Zn) wnu 3nekrporepmudeckoro (Pb, Cd) BapuanTa aToMmu3anuu. AHaJIU3bI BbI-
MOJTHEHBI B JTA0OPATOPUU IKOTOKCUKOJIOTUM TOMyNsanuid u coobdmects MOPuK
YpO PAH, akkpennToBaHHON Ha TEXHUYECKYI0 KomreTeHTHOcTh (aTTectat POCC.
RUO0001.515630). IIpenen obHapyxenus coctasui st Cu 0.0135 mr/mn, ams Pb —
0.0840, mmst Zn — 0.0051 u st Cd — 0.0046 mr/n. KagectBo m3mepeHuii orieHnBa-
U TI0 MEKAYHapoIHBIM cTaHAapTHbIM obOpasunam CRM 100 (amctest Oepessl) u
CRM 482 (nmumaitauk). [TomydenHoe usBnedenue coctasuio aist Cu 93.2 %, mis
Pb—94.4,Zn—99.8 u Cd — 114.2 %. 1ns nepecuera coaep:kaHusi METAJIOB Ha
€JMHHUILy CBIPOM Macchl IJIOJIOB, HEOOXOAMMOIO JJIsi CPaBHEHMs C BETWYMHAMU
[TAK, 66utn onpeienieHbl KOAQQHUIMEHTHI TOTEPH BiIar (OTHOIIEHUE CHIPOH MacChl
K cyxoif). JJist Toro 66Ut TOCTPOEHBI KATMOPOBOYHbIE KPUBBIE TOTEPH MACCHI TUIO-
JIOB TIPH BBICYIIMBAHUH (KOJIMYECTBO STOA MEHsIOCH OT 1 10 100 mIT., KommaecTBo
rpaganmii coctaBmio 12). Cpenaue (+ ommodka) Kod(hGUIIMEHTHI TOTepH BIary IS
W3YUYEHHBIX BUJIOB COCTABWIM: 3eMisiHUKa — 7.9 = 1.3, manuna — 6.1 = 0.1, mu-
noBHUK — 2.3 = 0.2, uepnuka — 7.2 £ 1.4, Opycauka — 6.5 £ 0.05. Koadpuuuent
MOTEPU ISl KOCTSIHUKU HE OTPEACISUTN U MPHUHSIN TaKUM K€, KaK U JUIs MaJIMHBI.

JI71s1 OLIeHKM 3HAYMMOCTH BIIMSIHHSL Y4acTKa cOopa M TAKCOHOMHUUYECKOH MPHHAIICK-
HOCTH Ha YpOBHH conepkanus TM Hcronb30Baiy 1ByX(aKTOPHBIN INCTIEPCHOHHBIH
aHaJIM3, JJIs TIOTTAPHOTO CPAaBHEHMUS CPEHIX M3 Pa3HBIX yU4acTKOB cOOpa — MHOXKe-
CTBeHHbIe cpaBHeHUs (TecT Hptomana). [lepen npoBeneHneM AMCIIEPCHOHHOTO aHAJIH-
3a JTaHHBIE OBUTH TTPEe0Opa30BaHBI C TIOMOIIBIO JorapudmupoBanus (y = Ln (x + 1)).

PE3VYJIBTATBI U UX OBCYXJIEHUE

Copepxanue Cu B 1u1ofjax MCCIIEJOBAHHBIX BUJOB B Ipejenaax KOHTPOJIbHBIX
Y4acTKOB B cpemHeM coctaBuiio 4.8 £ 0.1 Mr/Kr cyxoit Macchl U OBIIIO 3HAYUMO HH-
xke (P < 0.001), uem B hoHOBOI 30HE Harpy3ku (5.8 = 0.2 Mr/kT). MUHHUMAIIEHBIM
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CoJIepKaHnueM B 000MX CITydasX XapaKTepHU30BAIUCH IUI0/IbI OPYCHUKH, MAaKCUMaIIb-
HBIM — 3eMJITHUKH (Tabu1. 1). MeXBUIOBBIE pa3Iuyiys M0 YPOBHIO HAKOTJICHUS Me-
Tajta CTATUCTUICCKU 3HAYUMBI (TabI. 2).

ITony4eHHbIe TaHHBIE IO KOHKPETHBIM BHIaM JOCTAaTOYHO OJIM3KU K HMEIOILUM-
Csl B JINTEpaType CBEACHUAM Ul C1a003arpss3HEHHBIX WK (POHOBBIX pailoHOB. Tak,
Ui HauOoJiee yAaJeHHBIX TOYEK B 30HE ACUCTBUSI MOHYETOPCKOI'O HHUKEIIEBOTO
KoOMOWHaTa MPUBOJATCA cleayromue KoHuentpauun Cu: OpycHuka — oT 2.5 1o
8.6 Mr/kr, uepauka — oT 5.8 o 11.7 mr/kr (JIsary3osa, 2008; Barcan et al., 1998).
ComnocraBnenue 1Jisi APYTUX BUAOB HEBO3MOXKHO M3-32 OTCYTCTBHUSI MH(DOPMAIHH.
Tem He MeHee M3BECTHO, YTO JJIsi MOPOIIKH Rubus chamaemorus L. congepxanue
Cu B miogax cocrapisieT S Mr/kr (Barcan et al., 1998). O1n 3nHauenns oueHb OIU3KN
K TOJIy4€HHBIM HaAMM 3HAYCHMSM I10 APYTHM BHJAM 3TOr0 POAa — MalMHbI Rubus
idaeus v xocTssHUKA R. saxatilis, KoTopbie cocTaBIstOT 4.3—4.9 1 4 MI/Kr COOTBET-
CTBEHHO (Tab. 1).

ITo mepe npuOIMKEHNsT K HCTOUYHUKY BBIOPOCOB coaepskanue Cu B II01ax Beex
BUJIOB CYIIECTBEHHO YBEJIMUMBAIOCH: B Oy(DEepHOI 30HE OHO COCTABIISUIO B CPEAHEM
8.1 £ 0.3, B umnaktHoit — 8.8 = 0.4 mr/kr. KoHlieHTpauu B 1iogax U3y4eHHbIX

TABJIUIA 1

Copaep:kaHue TSZKEJIbIX METALI0B (MI/KI CyX0ii Macchl)
B IUIOJAX JAMKOPACTYUIUX PACTEHUI B 30HE a3POTEXHOT'e€HHOIr0 BO3/1eHCcTBUS
CpeaHeypasibCKOro MeJleNJaBHILHOIO 3aBOJIa

30Ha TeXHOTCHHOI HArpy3Ku
Bun
KOHTPOJIbHAS (doHoBas OydepHnas HUMIIaKTHas
Mens
Fragaria vesca L. 7.1 (1.1) [28] 8.1(2.3) [42] 9.6 (2.4) [21] 9.4 (3.3) [3]
54—9.8 3.3—13.7 5.7—14.3 5.6—114
Rubus idaeus L. 4.3 (4.9) [12] 4.5 (1.3)[18] 8.2 (2.6) [7] 11.4 (4.9) [6]
1.9—6.1 2.8—8.3 53—11.6 8.1—21.3
R. saxatilis L. 4.0 (0.4) [16] 4.1 (0.6) [6] 6.6 (1.2) [3] —
3.2—4.7 3.5-—-52 53—7.8
Rosa sp. 3.3(0.9) [10] 4.0 (0.9) [14] 3.9(0.7) [5] 6.0 (1.2) [14]
1.6—4.3 2.7—52 2.9—4.7 4.7—8.4
Vaccinium myrtillus L. 4.8 (1.1) [66] 4.8 (1.1) [43] 8.1 (2.6) [44] 9.0 (2.9) [34]
2.0—4.0 2.3—7.7 4.3—18.9 4.1—17.6
V. vitis-idaea L. 2.5(0.6) [12] 3.0[1] 4.9 (1.8) [2] 9.6 (3.5) [13]
2.0—4.0 3358 42—173
Huuk
Fragaria vesca L. 23.1 (6.4) [28] 54.1 (74.5) [42] 39.5(23.7) [21] 46.1 (34.3) [3]
13.8—39.2 13.9—325.1 19.1—119.5 23.9—85.7
Rubus idaeus L. 34.1 (14.6) [12] 31.3(11.8)[18] 37.1(6.9) [7] 49.3 (31.3) [6]
18.9—57.6 15.0—59.7 26.4—46.6 26.9—101.2
R. saxatilis L. 32.5(12.2) [16] 30.2 (17.5) [6] 40.9 (15.3) [3] —
18.0—70.0 6.3—55.9 30.9—58.5
Rosa sp. 15.6 (8.4) [10] 14.0 (4.5) [14] 19.0 (3.3) [5] 21.9 (4.5) [14]
4.8—31.3 6.7—22.3 14.3—22.9 14.8—34.4
Vaccinium myrtillus L. | 18.2 (38.2) [66] 37.4 (49.8) [43] 32.6 (47.0) [44] 62.3 (72.3) [34]
1.3—204.3 1.2—1453 2.9—157.8 5.0—313.2
V. vitis-idaea L. 17.1 (18.3) [12] 9.0 1] 12.8 (4.9) [2] 25.6 (5.6) [13]
4.5—73.2 9.3—16.3 17.9—35.4
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TABJIUILA 1 (npodonxcenue)

30Ha TeXHOTCHHOH Harpy3ku
Bun
KOHTPOJIbHAS (honoBas OydepHas HUMIIaKTHas
Kagmui
Fragaria vesca L. 0.8 (0.4) [28] 1.2 (0.7) [42] 2.1(0.9) [21] 2.6 (1.9) [3]
0.1—1.6 0.01—3.1 0.6—4 0.5—4.3
Rubus idaeus L. 0.2 (0.1) [12] 0.2 (0.2) [18] 0.6 (0.1) [7] 1.3 (0.8) [6]
0.02—0.5 0.03—0.7 0.4—0.8 1.2—2.6
R. saxatilis L. 0.6 (0.2) [16] 0.4 (0.2) [6] 1.3 (0.7) [3] —
0.2—0.9 0.1—0.7 0.7—2.1
Rosa sp. 0.2 (0.1) [10] 0.1 (0.1) [14] 0.3 (0.1) [5] 0.4 (0.2) [14]
0.1—0.5 0.001—0.2 0.1—0.4 0.1—0.8
Vaccinium myrtillus L. 0.2 (0.1) [66] 0.2 (0.3) [43] 0.2 (0.2) [44] 0.4 (0.3) [34]
0.001—0.4 0.04—2.1 0.03—1.2 0.03—1.2
V. vitis-idaea L. 0.2 (0.1) [12] 0.08 [1] 0.1 (0.03) [2] 0.4 (0.2) [13]
0.04—0.4 0.04—0.1 0.1—0.8
CBuHEN
Fragaria vesca L. 2.8 (2.1) [28] 4.0 (0.7) [42] 4.3 (0.9) [21] 4.8 (5.3) [3]
0.1—8.0 0.01—19.6 0.4—9.6 1.6—11.0
Rubus idaeus L. 3.3(2.1)[12] 1.1 (1.4)[18] 4.7 (4.1) [7] 11.9 (16.6) [6]
1.1—8.9 0.1—4.8 1.5—13.4 24—454
R. saxatilis L. 3.6 (3.1)[16] 3.7(1.7)[6] 7.0 (6.8) [3] —
0.2—10.1 1.4—5.7 1.1—14.4
Rosa sp. 2.5(2.4)[10] 1.4 (1.6) [14] 4.3 (2.6) [5] 8.0 (6.2) [14]
0.1—6.9 0.03—6.7 1.9—7.6 1.3—25
Vaccinium myrtillus L. 2.2 (1.7) [66] 2.4 (1.9) [43] 4.3 (3.3) [44] 4.1 (5.0) [34]
0.03—6.4 0.1—8.1 0.2—18.5 0.1—26.9
V. vitis-idaea L. 3.5(2.1)[12] 0.4 1] 3.7(1.3)[2] 14.6 (10.4) [13]
1.6—7.5 2.8—4.7 2.9—39.7

IIpumeganue. Hax ueproil — cpenHee apudMeTHiecKoe, Mo 4epToil — MHUHHIMAIbHOE H MAKCHUMAIbHOE
3HAUYCHUS. B KpyTiIbIX CKOOKaX — CTaHAAPTHOE OTKJIOHEHHUE, B KBAAPATHBIX CKOOKAaX — KOIHYecTBO mpoo. [1po-
4epK 03HAYaeT OTCYTCTBHE JTaHHBIX.

TABJIUIA 2

Pe3yabTaThl I1ByX(paKTOPHOr0 JHCHEPCHOHHOTO AaHAJIN3A PA3JIHYU
MesKAY BHJIAMH U 30HAMH HATPY3KH B YPOBHSIX HAKOIJIEHHUS TSZKeJbIX MeTANI0B
B I10JaX AUKOPACTYLIHX PacTeHHIt

I/ICTO‘{HI/IK HN3MCHYHUBOCTH
Dnement | Bux pactenns (df=4; 375) | 3oma narpysku (df = 3; 375) 331?;;‘;’]?;?3(2}3;‘%’:‘ ?7;""“
F P F P F P
Cu 34.98 0.001 70.91 0.001 5.54 0.001
Zn 9.48 0.001 4.74 0.003 0.95 0.498
cd 90.93 0.001 25.47 0.001 5.99 0.001
Pb 2.65 0.033 19.21 0.001 3.84 0.001
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BUJIOB B UMITAKTHOM 30HE OBUIM BBIIIIC KOHTPOJILHBIX 3HaUCHUH B 1.3 (3eMiIsiHUKA),
2.7 (manuHa), 1.8 (mumoBHUK), 1.9 (uepHuka) u 3.8 (OpycHuKa) pa3a. Makcumanb-
HBIM cojiepkanreM Cu XapaKTepH30BAINCH 10l MATTMHBI, MUHUMAaIIbHBIM — IITHU-
nmoBHUKA. C yBeNWYeHHEM BEIHMYMHBI HATPY3KH HAOIIOMAIOCh TaKKe HUBEIMPOBA-
HUE MEXBHJIOBBIX Pa3lIM4Mii B YPOBHAX HaKOIUIEHHs. Pa3HbIN XapakTep HakoIie-
Huss Cu BUJaMH B 3aBUCHMOCTH OT 30HBI HAarpy3KH TOJTBEPXKIACTCS JTaHHBIMH
JUCTIEPCHOHHOTO aHaIM3a (B3auMojeiicTBre (PakTOPOB «BUI X 30Ha» CTaTHCTHYE-
CKH 3HAYMMO, Ta0II. 2).

B npeznenax ycliOBHO YHCTBIX Y4acTKOB (KOHTPOJBHBIX U (POHOBBIX) COJEpIKa-
Hue Cu B TUI0J1aX MCCIIEIOBAaHHBIX BHJIOB OBLIO CYIIECTBEHHO MEHBIIIE, YeM B TO/I-
3eMHBIX OpraHax, HO MPAKTHYECKH OJJMHAKOBBIM C KOHIICHTPAIIUSMHU B HAJ3EMHBIX
BETETATUBHBIX OpraHax 3Tux ke BumoB (Tpyouna, Bopooeitunk, 2013). Tonbko mpu
YBEIMUYEHUH YPOBHS 3arpsi3HeHus (OyQepHas 1 UMIAKTHAs 30HbI) YETKO TPOSBUIICS
HaunOoJiee yacTo oTMeuaeMblil B tutepatype (Beyer et al., 1985; Bagatto, Shorthou-
se, 1991; Kabata-Pendias, Mukherjee, 2007) psix yObiBaHuS KOHIeHTparmii TM
«KOPHHM > JIUCThSI/CTEOH > TUIOJbI/CEMEHA, CBA3aHHBIA C HAJIMYMEM Pa3iUYHbIX
0apbepoB, MPEMATCTBYIOMNX TpaHcokaud TM B poTOCHHTE3UpYIOLIHNE U TeHepa-
TUBHBIC Oprabl. Tak, Mo HAIlUM JAHHBIM, COJICPIKAaHHE MEJIU B HAJ3EMHBIX Opra-
HaX KOCTSHUKH B ()OHOBOM 30HE COCTABHIO 4.1 MI/KT, 4TO MOJIHOCTBHIO COBIAIALT C
JMIAHHBIMH TI0 COJCP KaHUIO B TIomax (Tabm. 1), B MOa3eMHBIX opraHax — 9.2 Mr/kr
(Tpybuna, Bopobeitunk, 2013). B Oydepnoii 30He conepkanue Cu B miogax co-
CTaBILIO 6.6 MI/KT, 9TO CyIIECTBEHHO MEHbIIE, YeM B HaJ3eMHBIX (17.7) u moa3em-
HbIX (75.1) opranax (Tpyouna, BopoOeituunk, 2013).

Copep:xkanue Zn B npefiefiaX KOHTPOJIBHBIX YYaCTKOB B CPEIHEM COCTABIISLIO
21.8 £ 2.3 MI/KT CyXOil MaccChl U B 3aBUCHMOCTH OT BHJIa MEHSIOCH OT 15 (ImIoB-
HUK) 710 34 (ManuHa) MT/KT. Yke B (POHOBOU 30HE COJICp)KaHUE IeMEHTa OBLIO BbI-
me (P < 0.001) u cocraBmsmo 39.3 + 4.8 Mr/kr, mpudeM CyIIecTBEHHOE (B 2 pa3a)
yBEIMYEHHUE COJIePIKaHMs DIIEMEHTA BBISIBIICHO TOJBKO JIJIS IBYX BUIOB — 3€MJISTHU-
KM 1 YepHUKA. Y OCTAIBHBIX BHJOB KOHIIGHTpANWs Zn BO3pacTalia, Kak MpaBHIIo,
TOJIEKO B UMNAKTHOW 30He. CpejiHee cofepKaHue 3JeMEeHTa B TuIoAax B OydepHoit
30He cocTaBmiio 33.8 + 4.1, B umnaktHoit — 45.7 £ 6.5 mr/kr. KoHlleHTpaluu B M-
MaKTHON 30HE B CPABHEHUH C KOHTPOJIbHBIMH Y4acTKaMH B HauOOJbIIEH cTereHn
BO3pacTaiu Juist YepHUkH (B 3.4 pasza) u 3eMJITHUKH (B 2 pa3a), JUIsl OCTAILHBIX BU-
JIOB — TOJIbKO B 1.5 paza. Ha Bcex y4yacTkax HaMMEHBIINE KOHIEHTpAUU Zn ObLIH
3aperuCTPUPOBAHBI B IIMTIOBHUKE M OpycHUKe. Pa3nmiuust Mex 1y BUJaMu 110 Cojep-
YKAHWIO 3JIEMEHTa B TUIO/IaX CTATUCTHYECKH 3HAYMMBI, TOT/Ia KaK B3aMMOACHCTBHS
(hakTOpoB «BUJ X 30HA HArpy3KW» HE BBISBJICHO (TabIl. 2).

Copepxanue Zn B TUIOAaX HCCIIEIOBAHHBIX BHIOB OBLIO CYIIECTBEHHO MEHBIIIE,
YeM B BEI€TaTHBHBIX HaJJ3¢MHBIX OpraHax He TOJIbKO Ha 3arpsi3HEHHON TepPUTOPHH,
HO ¥ Ha yCJIOBHO YMCTOM. B 4yacTHOCTH, 1O HAIIMM JAaHHBIM, COAEPKaHUE Zn B HaJl-
3eMHBIX BETETAaTUBHBIX OpTraHaxX 3eMJISTHUKH M KOCTSHHKH B (DOHOBOW 30HE COCTaB-
nsuto 82.5 u 101.5 mr/kr coorBetcTBeHHO (TpybOuna, Bopobeitunk, 2013), Torna kak
B wiogax — 54.1 u 30.2 Mr/kr cooTBeTCTBEHHO (Tab. 1).

Conep:xanue Cd B miogax MCCIEOBAHHBIX BHJOB B MpejesiaX KOHTPOIBHBIX
y4acTkoB B cpeaHeM coctaBmuiio 0.35 £ 0.03 Mr/kr cyXxo#l Macchl U B 3aBUCHMOCTH
ot Buja MmeHsuiock ot 0.15 (Opycumka) mo 0.79 (3emusiHuka) mr/kr. Habmonae-
MBbI€ CpE/IHNE KOHLEHTPAIMK Y KOHKPETHBIX BHJOB CYIIECTBEHHO — Ha MOPSI0K
BEJIMYMHBI — BBIIIE, YeM NPUBOJMMEBIEC B JIMTEPAType 3HAUYCHUS AJS IPYTHX Clia-
0o3arpsi3HEHHBIX WM (OHOBBIX pailoHOB. B wacTHOCTH, /)11 HauboJiee yIaaeHHbBIX
TOUEK B 30HE JICHCTBHsI MOHUYETOPCKOTO HUKEJIEBOr0 KOMOWHATA TIPUBOJISTCS Clie-
nytormue kormneHTpanun Cd: 6pycauka — 0.04, geprauka — 0.03 mr/kr (Barcan et
al., 1998).

72



3aMeTHM, YTO Takoe BbICOKoe cojepkanue Cd B ucciegyeMoM HaMu paioHe
MOJKET OBITH CBSI3aHO C PSAZIOM OOCTOATEIHCTB: 1) MOBBIIEHHBIM €CTECTBEHHBIM (hO-
HOBBEIM yPOBHEM H3-3a TCOXMMHYECKUX OCOOCHHOCTEH TEeppUTOpHH; 2) O0IBIION
JATBHOCTBIO aTMOC(EepHOTO TIepeHoca JaHHOTO JIEMEHTa M3-3a er0 acCOIHAIlNH C
MEJIKUMH a’pO30JbHBIMHA YaCTHIIAMU; 3) 3HAUYUTEIBHON KOHIICHTpAIMe KPyITHBIX
METAJLTyPTHUSCKUX MPEANPHUITHIA B YPaJbCKOM PETUOHE W JITUTEIHLHOW UCTOPHUEH
€ro MPOMBIIIICHHOTO OCBOEHUs, HacuuThiBaromie Oonee 300 ner (Emumun, 1997;
Bounkos, 2001). Bee 3T0 mo3BosisieT paccMaTpuBaTh OOMIMPHYIO YacTh CpeaHero
VYpana Kak MOJOKUTENBbHYIO (B 3HAYUTENBHOM CTETIEHN TEXHOTEHHYI0) KaJMHEBYIO
FCOXUMHUYECKYI aHOMAJIUIO, IPUYPOUYCHHYIO K KPYIHEHIIUM I[EHTpaM METaJLIyp-
THUYECKOT0 TepeJiesia KOTUEAaHOBBIX PYJI, B MIEPBYIO OYepe/b, K MEJICIUIABUIIbHBIM
3aBoaam Bosne T. PeBnbr u . Kuposorpana (Emmun, 1997; Bonkos, 2001).

B ¢onOBOI1 30HE B CpaBHEHUN C KOHTPOJIHHBIMU Y4aCTKaMH 3apErHCTPHPOBAHBI
Kak OoJiee BEICOKHE (3eMJISTHUKA M YEpPHHKA), TaK U Ooyiee HU3KHE (IIUITOBHUK U KO-
ctsHuKa) conepkanus Cd. Cpennss koHnerTpanus Cd B mro1ax Bcex BHIIOB COCTa-
Buna 0.54 = 0.06 mr/kr, yto cymectBeHHo (P < 0.001) mpeBblliaeT 3HaYCHHUE HA
KOHTPOJIbHOM yuacTke. B OydepHoii 30He copepkanne Cd ObLI0 3HAUUTEIBLHO yBe-
JIMYEHO TOJBKO B IUIOJAX 3eMIISTHUKH, MAJMHBI U KOCTSHUKH; CPEJIHEE COepIKaHUe
aJeMeHTa 1o BceM Buaam Obuto Bhime (P < 0.01), yem B (hOHOBOI1 30HE B COCTABUIIO
0.78 £ 0.1 mr/kr cyxoit maccel. [lo Mepe nanpHEHIIero NpuOIMKCHUS K HCTOTHUKY
BBIOPOCOB COJIEpKaHUE DJIEMEHTa B TUIOJAaX BO3pACTall0 Y BCeX BUAOB. B TO ke
BpeMs CpeliHee 0 BCeM BHJaM 3HaueHHe B MMIAKTHOH 30He (0.56 £ 0.08 Mr/kr)
obu10 HIKe (P < 0.01), uem B OydepHOli 30HE U HE OTIMYATIOCH OT BEJIMYMHBI B (hO-
HOBOH 30He. JlaHHOE 00CTOSITENBCTBO MPEKAE BCEro 00YCIOBICHO MpeodaaiaHueM
B BBIOOPKE M3 UMITAKTHOW 30HBI 00PAa3lOB ¢ OTHOCUTEIBHO HU3KHM COJICPIKaHHEM
Cd — uepnuku, OpycHuky u munoBHuka. Konnenrpanus Cd B 1iogax 3TUX BUI0B
B TPa/IN€HTE HArpy3KH Bo3pacTaia Toibko B 1.7—2.5 paza. Hanbonee cymecTBen-
HO KOHIICHTPAIIMS YBEIMYNBAJIACh Y MAJIHMHBI (B 7 pa3) M 3eMJITHUKH (B 3 pasa), HO
00pasIpl 3TUX BUJIOB OBIITN KpaliHe MaJIOYHCICHHBI B UMITAKTHOM 30HE, a KOCTSHUKA
oTcyTcTBOBaja coBceM. Ciiabasi MpecTaBIeHHOCTh HIIM OTCYTCTBHE 00Pa3IOB ATHX
BHJIOB B UMIIAKTHOW 30HE B IEPBYI OYepe/b OOYCIOBIICHBI MX KpailHe HHU3KOM
BCTPEUAEMOCTBIO TIPU BBICOKHX YPOBHSX 3arpsi3sHeHus. CaMbIM BBICOKHM COJICpIKa-
nuem Cd He3aBHCHMO OT ydacTKa cOopa XapakTepru30BaIMCh 3eMIISTHUKA U KOCTSHH-
Ka. MeXBH/IOBBIC pa3inyus B ypoBHsX HakorwieHuss Cd v B OTKIIMKE HA YBEIIMYCHHE
YPOBHS 3arps3HEHUS OBUTH CTAaTUCTUICCKU 3HAYUMBI (Ta0II. 2).

Kaxk u B ciygae ¢ Zn, comepxxanue Cd B murogax MCCICIOBAHHBIX BHIOB OBLIO
CYIIIECTBEHHO MEHbIIIE, YeM B BET'€TaTHBHBIX HA/I3eMHBIX OpraHax pacTeHUH, He TO-
JIbKO Ha 3arps3HEHHBIX yYacTKaxX, HO W Ha yCIIOBHO YHMCTHIX. B wacTHOCTH, 11O Ha-
IIUM JIaHHBIM, cojiepkanre Cd B HaJ[3eMHBIX BETE€TATHBHBIX OpraHaxX 3€MIISTHUKH H
KOCTSIHUKU B ()OHOBO# 30He cocTtanisuio 2.09 u 2.06 mr/kr coorBercrBenHo (Tpy-
ouna, BopooOeiiunk, 2013), Torja kak B Ijiojax 3THX BUAOB ObUIO MOYTH B 3 pasa
MeHnbIe (Tadm. 1).

Copaepxxanue Pb B mpegenax KOHTPOIHLHOTO W (JOHOBOTO YYACTKOB Y HUCCIIEO-
BaHHBIX BHJIOB MEHSIIOCH OT 1 710 4 MI/KT CyXOil MaccChl, IpuYeM KOHIEHTPAIUH B
(hoHOBOI1 30HE MOTJIM OBITH KaK BBIIIE, TAK U HU)KE, 4EM Ha KOHTPOILHOM YYacTKe.
Haubonee Beicokre KoHIIEHTpaI Pb Ha KOHTPOJIIEHOM y4acTKe ObUTH OTMEUYEHBI Y
KOCTSIHUKH, OpYCHUKHU 1 ManuHbl. CpeiHee 10 BCEM BHJIaM COJIepKaHUE Ha KOHTPO-
JTBHOM ¥ (POHOBOM ydacTke Obl10 0Mu3kuM U coctaBuio 2.7 + 0.2 u 2.8 + 0.2 mMr/kr
COOTBETCTBEHHO. [10 Mepe MpuOIMKEeHUsI K HCTOYHUKY BBEIOPOCOB CpefHEe Cozep-
xanue Pb B rutoyiax cymecTBeHHO yBEITMUMBAIOCH: B Oy(hepHO 30HE OHO COCTaBH-
70 4.5 = 0.4, B ummakTHOM — 7.9 & 1.1 mr/kr. B Hambomwmmeit crenenn (B 4 pasa)
KOHIeHTparuu Pb Bo3pocin y OpyCHHUKHM ¥ MaJTuHBI, B HAUMEHBIIIEH — Yy 3eMJIISTHU-
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ku 1 yepHuku (B 1.7 u B 1.8 paza coorBercTBenHo). Conepxanue Pb B miogax mm-
MTOBHHKA 110 CPAaBHEHHIO C KOHTPOJIbHBIM Y4acTKOM ObLIO BbIE B 3.2 pa3a. MexBH-
JTIOBBIE pa3NIN4MA B YPOBHAX HaKOIUICHUA Pb 1 B OTK/IMKe HA yBETHMUEHHE YPOBHS 3a-
TPSI3HEHUSI CTATUCTUICCKU 3HAYUMBI (TabII. 2).

Copneprxanue Pb B riogax nccieoBaHHBIX BUAOB B IPEAEIax YCIOBHO YHCTHIX
Y4acTKOB (KOHTPOJIBHOTO U (POHOBOT0), TaK ke Kak U cogepkanue Cu, ObUI0 MEHb-
11e, YeM B MTOI3EMHBIX OpraHax, HO IPaKTHYECKU TaKoe ke, KaK B Ha/I36MHBIX Bere-
TAaTHBHBIX OpraHax 3Tux e BuAoB (TpyOuna, Bopobeitunk, 2013). OTMeueHHBIH
BBIIIE PsiJi yObIBaHUSI KOHIEHTpauuil TM «KOpHU > JIUCTHsI/CTEOIN > TUI0 Ibl/ceMe-
Hay, TaK)Ke TMPOSBUIICS TOJIBKO Ha 3arpsA3HeHHON Tepputopuu. Tak, Mo HamMM JaH-
HBIM, cojfiepkanue Pb B Hag3eMHBIX OopraHax 3eMIITHUKH M KOCTSHUKH B (POHOBOM
30HEe cocTaBmwIO 3.7 U 4.7 MI/KI' COOTBETCTBEHHO, YTO HE3HAYNUTEIHHO OTINYAETCS
OT cofiepaHus B TUIOAax dTUX BHIOB (Tadm. 1). B Oydepnoii 30He conepxanue Pb
B IJIOAAX 3E€MJITHUKU M KOCTSHUKH COCTaBsuIo 4.3 u 7 MI/KT, T. €. CyIIECTBEHHO
MEHBIIIE, YeM B HAJI3EMHBIX BET€TaTUBHBIX OpraHax 3TuX BumoB (12.3 u 17.3 mr/kr
cootBeTcTBeHHO) (Tpybuna, Bopobeitunk, 2013).

BapsupoBanne coaep:xxkanust TM, ocobenno Cd u Pb, Mmexny oOpaszuamu of-
HOTO M TOTO € BHJAa OBbUIO CYIIECTBEHHBIM B TpEJesiaX BCEX HCCIIETOBAHHBIX
y4acTkoB (Tabin. 1). Jlaxke B 0[fHOW 30HE HArPy3KH KOHIICHTPAIMH 3THUX 3JIEMEHTOB
MOTJIM OTJIMYaThCA HA MOPSIOK BelWduHbl U Oojnee. Kpome Toro, MakcuManbHbIe
KoHUIeHTpauuu TM B mpenesnax KOHTPOJIBHOTO M (POHOBOTO y4acTKOB OBUIH COIIO-
CTaBUMBbI WM JJa’kKe MPEBBILIAIN CPEIHIE KOHLEHTPAUN 3JIEMEHTOB B MMIIAKTHON
30He. Bee 310 cBHIETENBCTBYET O 0OJBIION BapuaOeNbHOCTH YPOBHS 3arpsi3HEHUS
HCCJIEIOBAaHHON TEPPUTOPUU U XOPOILIO COTIacyeTcsl C HalllMMU JAHHBIMH O HEPaB-
HOMepHocTH pacnpezeneHuss TM B mpocTpaHcTBe B 30He BozfeiictBus CYM3a
(BopoGeiiuuk, 2004; Tpyouna, Bopobeituuk, 2012).

CpaBHenue ¢ pepepeHTHBIMU ypoBHsAMHU (PY) ouenp nHpopMaTHBHO I Xa-
PaKTEpUCTUKU 3arpsi3HEHHOCTH MHUILEBBIX pecypcoB. llomumo conocrasieHus
CPEIHMX KOHLEHTPAUUH YacTO MCIOJIB3YIOT OO0 00pa3LoB, MPEBbIMIAIOIINX BbI-
OpaHHbII pedepeHTHBIH YPOBEHb, B YACTHOCTH MPEJEIBHO AOMYCTHUMbIC KOHIICHT-
paunu (ITAK). B nacrosimee Bpems [IJK ans ¢ppykros u siron B Poccun ycranose-
HBI TOJIBKO JUIS IByX M3 paccMaTpuBaeMbIX Hamu 3ieMeHToB — Pb (0.4 Mr/kr cbl-
poii maccel) u Cd (0.03 mr/kr ceipoit maccsl) (I'uruenndeckue.., 2001). B kauectse
pedepenTHBIX ypoBHEH st Cu 1 Zn MBI B3sUTH paHee ucnoib3opasimuecs 1K ams
stux snmemeHToB (becnamsataos, Kpotos, 1985) — 5.0 m 10.0 Mr/kr cbIpoil Maccel
COOTBETCTBEHHO.

ITony4yeHHble HAMU JaHHBIE CBUACTENBCTBYIOT, YTO HU ISl OJHOTO U3 U3y4eH-
HBIX BUAOB cozaepxkanue Cu B miogax He mpesblmano PY naxke B HemocpeacTBeH-
Hol Onm3ocTH OT 3aBoja (puc. 1). JlaHHOe 00CTOSTENBCTBO € YUETOM OYEHb BBHICO-
KHUX YPOBHEH 3arpsi3HEHHUS] UCCIEIOBAHHOM TEPPUTOPUU MOXKET OBITH O0YCIOBICHO
pasHbBIMHU MPUYMHAMH, B YaCTHOCTH BBICOKOH 3(h(eKTHBHOCTHIO (YHKIIMOHUPOBa-
HUS Y pacCTeHUI KOPHEBBIX 0apbepoB U 0apbepoB B HAJ[3EMHBIX OpTraHax, HalpuMep
B CHCTEME «cTeOelb—TeHepPaTHBHBIE OPTaHbDy, 0 OTHOIIEHUIO K JAHHOMY SJIEMEHTY.

VYBenmnueHne J0IU 00pa3IoB C MpeBbIIcHHEM PY mo Zn B 30HE ACHCTBUS
CYM3 BBIABICHO Y YETHIPEX BUAOB — UYCPHUKH, 36MIITHUKH, MAJIIMHBI U IIUTIOBHU-
Ka (puc. 2). Jons takux oOpa3noB B npezesax KOHTPOJIBHOIO y4yacTKa COCTaBIIsIa
6.1 (uepnuka), 0 (3emnsiHuKa), 8.3 (ManuHa) u 20 % (IIMMIOBHUK), TOT/Ia KaK B UM-
nakTHOM 30He — 32.4, 33.3, 33.3 u 50 % cooTrBeTCTBEHHO. Ba)XHO OTMETUTH, UTO
yxe B (pOHOBOI 30HE J10J1s1 00pa3ioB ¢ npesbilicHueM PY 1o Zn y oTaeIbHbIX BU-
OB OBLTA JOCTaTOYHO BHICOKA M cocTaBisuia 14 (3emistHuka) u 28 % (depHuKa).

Cy1miecTBeHHOE YBeIMUeHUE J0TU 00pa3ioB ¢ mpessimeHneM PY mo Cd mo me-
pe TPHUOIMKEHUS K HCTOYHUKY BBIOPOCOB OBUIO OTMEUEHO Y BCeX BHIOB (pwC. 3).
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Puc. 1. Comeprxanue Menu B miioAax 6 AUKOPACTYIIUX BUIOB, COOpaHHBIX HA Pa3HOM yjaa-

neHun oT CpeaHeypabCKOr0 MEACTIIIaBUIIBHOTO 3aBOIA.

Ilo ocu abcyucc — 30Ha TEXHOTEHHOTO 3arpsi3HeHMs: | — KOHTpoJbHAas1, 2 — ¢oHoBast, 3 — Oydep-
Hasl, 4 — UMITaKTHAS; 10 OCU OPOUHAN — KOHIECHTPAIIHS DJIEMEHTA B TT0/[aX (MKT/T CBIPOI MaccChl); TO-

pusonTanbHast auHus — 3Hauenue [1JIK.

A — Rubus saxatilis, b — Fragaria vesca, B — Rubus idaeus, I' — Rosa sp., I — Vaccinium

vitis-idaea, E— V. myrtillus.
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Puc. 2. ConepxaHue IIMHKA B IUIOAAX 6 TUKOPACTYIIUX BUIOB, COOPAHHBIX HA Pa3HOM y/a-
aennu ot CpeiHeypalibCKOro MeJIeINIaBUIILHOI0 3aBOJIA.

O6o03Ha4eHus Te e, 4TOo U Ha puc. 1.
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Puc. 3. Conepxanue kaaMus B IUIofax 6 TUKOPACTYIIMX BUAOB, COOpaHHBIX Ha Pa3sHOM
ynanenun ot CpeHeypaabCKOro MEAETIaBHIBHOTO 3aBOJA.
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[TomuepkHeM, 4To Aa)ke B Mpejesiax KOHTPOJBHOTO y4acTKa KOJMYECTBO 00pa3IoB
¢ nipeBbIlieHHeM PY ObUIO OUeHb BHICOKUM, OCOOCHHO Y MPEICTaBUTENICH CeMEHCT-
Ba Rosaceae: mamunsl (41.7 %), 3emnsauku (88.7 %), mmumoBauka (90 %), KocTs-
Hukn (93.8 %). Yixe B Oydepnoii 3oue mpessierne PY mo Cd y aTux BuA0B OBLIO
BoisiBiieHO B 100 % cobOpanHbix oOpa3umoB. Y mpencrtaButesell ceMm. Ericaceae
(OpycHUKa M YepHUKA) B MpejiesiaX KOHTPOIBHOTO yUaCTKa JI0JIST 00pas3IoB C MPEBHI-
menneM PY Taxoke Obuta Boicoka (25 u 27.3 % COOTBETCTBEHHO), HO BCE KE MCHbB-
1Ie, 4eM y IpeacTaBuTese ceM. Rosaceae. Jlons o0pasnos ¢ npesbiienreM PY no
Cd B OydepHoii 30He yBenuunBanack 10 47.7 % (4epHuKa), a B UMIIAKTHOU 30HE CO-
craBuna 70.6 (uepuuka) u 76.9 % (OpycHuka).

JHons oOpasnos ¢ npessimieHneM PY mo Pb B mpenenax KOHTPOJIbHOTO U (OHO-
BOT'0 YIaCTKOB Y BCEX U3YUCHHBIX BUAOB Takke Obla Beicoka: 30.3 (uepHmka), 33.3
(3emmstHMKa), 43.8 (KocTsHUKA), 58.3 (OpycHuka), 60 (mmmnoBHUK) 1 83.3 % (Manu-
Ha). Yxe B OydepHoii 30He 1011 00pa3IoB ¢ mpeBbilieHneM PY y n1Byx BUIOB (mIu-
MOBHUK U OpycHuka) cocrasisuia 100 %, y manunel — 86 %, y OCTaIbHBIX BUIOB
HECKOJIBKO MEHbIle: 3eMIIIHUKN — 57.1, yepHuku — 61.4, xoctssHukn — 66.7 %.
B ummakTHO# 30HEe Mol 00pa3noB ¢ mpesbinieHneM PY mo Pb y mumnoBHuka n
Opycuuku take cocraBisia 100 %, Torma Kak y OCTadbHBIX — OCTaBajach Ha
YPOBHE KOHTPOJIBHOTO ydacTka (puc. 4).

Cam ¢axT MoBHITIICHHOTO coaepkannus TM B TuIo7aX TUKOPACTYIINX PACTCHHM,
MIPOM3PACTAIOIINX B 30HE a9POTEXHOTEHHOTO BO3CHCTBHS KPYITHOTO MEJIeTINIABUIb-
HOTO 3aBOja, BIOJHE OXKUaaeM. B TO jxe BpeMs MpoCTpaHCTBEHHBIE MacIITa0bl Ta-
KOT'O TOBBIIIEHHUS JOCTaTOYHO HEOXKHJAHHBI: Jaxe Ha paccTossHUM 30—60 kM oT
3aBO/Ia B TJIOJIaX M3YYCHHBIX BUJIOB B 3HAYMTEIBHOW YAaCTH 0Opa3OB MPEBBIIICHBI
IAK mo Pb u Cd, coeriHEHUsT KOTOPBIX CYUTAOTCS OJJHUMH M3 HauOOJIee TOKCUY-
HBIX ]ISl JKUBBIX OpPraHnu3MoB. boree Toro, 3apeructpupoBannbie KoHeHTpanuu Cd
CYIIIECTBEHHO — Ha MOPSAIOK BEJIMYNHBI — BHIIIE TPUBOIUMBIX B JIUTEpaType 3Ha-
YeHHH T APYTUX cnabo3arps3HeHHbBIX WK (DOHOBBIX paiiloHOB. CleyeT moauepK-
HYTbh, YTO OTMEUYCHHBIE BHICOKHE YPOBHU 3arPsS3HEHHOCTH TUIOJIOB 3apErHCTPHPOBa-
HBI B IEPUO/] CYIIECTBEHHOTO CHI)KEHUS BBIOPOCOB npennpusits. CienoBareibHo,
BO3JIE KPYMHBIX MEAEIIaBIIIBHBIX 3aBOJIOB Ka4e€CTBO PACTUTENBHBIX PECYPCOB MO-
JKET 0CTaBaThCSl HU3KUM B T€UYEHHUE JUINTEIBHOTO BPEMEHHM M1OCIIE€ YMEHBIIEHUS I10-
CTYIIJICHUSI TTOJUTFOTAHTOB. DTO CBSI3aHO KaK C KpaifHe Me/IJIEHHBIM OYMIIEHUEM TTOUBBI
OT HaKOIUICHHBIX TM, Tak U CO CIIOCOOHOCTHIO pacTeHUH K akKymy s TM (oco-
6erno Pb n Cd) naxke nmpu HU3KMX YPOBHSX MX COJEPKAHUS B OKPY’KaIOIIEH cpesie.

3AK/IIOYEHHUE

[IpoBeneHo uccaenoBanue coaepxkanus Tshxensix Metamnos (Cu, Pb, Zn u Cd) B
IUI0/1aX 3eMIISTHUKH JIeCHOW Fragaria vesca L., ManuHbl OOBIKHOBEHHOW Rubus
idaeus L., xoctssHukYu Rubus saxatilis L., munoBHuKa Rosa sp. (Rosaceae), a Taxxe
uepHUKU Vaccinium myrtillus L. n 6pycuuku V. vitis-idaea L. (Ericaceae), codpan-
HBIX Ha TEPPUTOPHSIX, HAXOMIMXCS B PA3HOH CTENeHH yaalneHHoCTH oT CpenHe-
YPaJIbCKOTO MEJETIaBIIIBHOTO 3aBoja. Pe3ynbraThl Hamield paboThl MOKa3bIBAIOT,
YTO B palilOHE a’POTEXHOTEHHOTO Bo3jeHcTBUs CpenHeypanbCKOro MEACIIaBUIb-
HOTO 3aBO/JIa IUIO/BI JUKOPACTYLINX PACTEHUH COACPIKAT TSKEIIbIe METaUIbl B KOJIH-
YecTBaX, MHOTOKpaTHO (B 4—18 pa3) mpeBbIIaonX NPUHATEIE B HACTOALICE Bpe-
ms [TJIK. [laxxe Ha paccTossaun 30—60 KM OT 3aBOj/Ia B 3HAYUTEIILHOW YacTh 00pas-
11oB (710 93.8 %) npessimens! [1JIK mo cBunIy u kaamuto. I1o mepe npubnmxeHus K
HCTOYHUKY BBIOPOCOB B TUIOJIAX HCCIICJOBAHHBIX BHJIOB B HAaHOOIBIICH CTENEHU
Bo3pactaet comepkanue Cd (B 2—7 pa3) u Pb (B 2—4 pa3za).
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B npenenax xaxaoi 30HbI co/iepyKaHUE TSKEJIbIX METAJIOB B TIO/IaX CYIIECT-
BEHHO pa3yinyaeTcs y U3yueHHBIX BUI0B. Hanbosnee BbicOKOe coepkaHne KaJaMUs
3apeTUCTPUPOBAHO y TpeacTaBuTeneit ceM. Rosaceae (Fragaria vesca, Rubus idae-
us, R. saxatilis m Rosa sp.). JIns 2THX ke BUIOB XapaKTepHO U 0oJiee BEIPAKCHHOE
yBEIMUYEHHUE CO/ICPIKAHUS ATOTO DIIEMEHTA 110 Mepe MPUOIMKEHNS K NCTOYHUKY BBI-
OpOCOB MO CpPaBHEHUIO C BUAAMHU U3 ceM. Ericaceae (Vaccinium myrtillus n V. vi-
tis-idaea). MakcuManbHbIC KOHIIGHTPAIIMA CBHHIA 3apETUCTPUPOBAHBI y Rubus
idaeus, Rosa sp. u Vaccinium vitis-idaea. BoisiBlieHne IPUYUH HAOTFO1aeMbIX MEXK-
BUJIOBBIX Pa3JIMUMil B aKKYMYJISLIUU TSAXKEIbIX METAJLUIOB TPEOYeT MPOBECHUS CIIe-
[IAAIBHBIX UCCIEIOBAHUN.

Cpenn 00pa3IoB OJIHOTO M TOTO K€ BHJa HAOJIOAETCs CYIIECTBEHHOE BaphH-
pOBaHME COMEPIKAHUS TSKEIBIX METAJUIOB: KOHIIEHTPAIINY KaJMFsI U CBHHIIA Ta)Ke B
TpeJieax OJHOW 30HBI HATPY3KH MOTYT OTJIMYAThCS Ha MOPSAIOK BEIWYHHBI U 00-
Jiee, YTO CBHJIETEIbCTBYET 00 OYEHb BHICOKOM HEPAaBHOMEPHOCTH 3arpsi3HEHHUSI Tep-
PUTOpPUU B 30HE BO3ACUCTBUS MEACILIABUILHOIO 3aBOJIA.

B nenom monyueHHbIe JaHHBIE CBHAETEIBCTBYIOT, YTO B palloHaX a’pOTEXHO-
TEHHOTO BO3JACUCTBUS MPEANPHUSITUN IIBETHOM METAUTypTHMHM KaueCTBO IHUIIEBBIX
PaCTUTEIBHBIX PECYPCOB M3-3a HAKOTUICHHSI TSHKEIIBIX METAIIJIOB MOYKET OBITH CHITh-
HO CHIDKEHO HE TOJIBKO BOJTM3M MCTOYHUKA 3aTPS3HEHUS, HO Ta)Ke Ha 3HAUUTEITHHOM
yAaneHuu OT Hero. JlaHHoe 00CTOATeNhCTBO HEOOXOANMO YUHTHIBATh KaK TP Xa-
paKTepHCTHKE KauyecTBa MUIIEBBIX PECYPCOB B MIPE/IENIaX KaKOTO-TH00 pernoHa, Tak
Y TIPU TIPUHSITHH YIIPABJISIOMINX PEIIEHUH B cepe MpUpOI0IoIb30BaHus.
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CONTENT OF HEAVY METALS IN WILD BERRIES
IN THE ZONE UNDER AEROTECHNOGENEOUS IMPACT
OF THE MIDDLE URALS COPPER SMELTER (SVERDLOVSK OBLAST)

M. R. Trubina, S. V. Mukhacheva, V. S. Bezel’, E. L. Vorobeichik

SUMMARY

Concentrations of heavy metals (Cu, Pb, Zn u Cd) in the wild growing Fragaria
vesca L., Rubus idaeus L., R. saxatilis L., Vaccinium myrtillus L., V. vitis-idaea L.
and Rosa sp. fruits, collected at different distance from a large copper smelter in the
Middle Urals were estimated. Significant interspecific differences and high variati-
on in heavy metals concentrations between samples of the same species within the
each sample plot were revealed. In the sites closest to the smelter, maximum permis-
sible concentrations (MPC) of metals in fruits are exceeded in 4—18-fold. Even in
30—60 km from the smelter, MPC for lead and cadmium are exceeded at significant
part of samples (up to 93.8 %). Cadmium and lead concentrations are those that inc-
reased to the greater extent with decreasing distance to the smelter: 2—7-fold (Cd)
and 2—4-fold (Pb). Maximal concentrations of Cd were found in fruts of the Rosa-
ceae species (Fragaria vesca, Rubus idaeus, R. saxatilis, Rosa sp.); maximal increa-
se of Cd with decreasing distance to the smelter was revealed in berries of these spe-
cies also as compared to Ericaceae species (Vaccinium myrtillus, V. vitis-idaea).
Maximal concentrations of Pb were recorded in Rubus idaeus, Rosa sp. and Vacci-
nium vitis-idaea fruits. The results indicate strong decline in the quality of plant fo-
od resources because the high concentrations of heavy metals not only in the vicini-
ty of smelter, but even at the considerable distance from it.

Key words: Fragaria vesca, Rubus idaeus, R. saxatilis, Vaccinium myrtillus,
V. vitis-idaea, Rosa, fruits, plant food resources, accumulation, heavy metals, Cu,
Pb, Zn, Cd, copper smelter, industrial pollution, Middle Urals.
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