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TSIKEJIBIE METAJIJIBI B ATPOCEJMTEBHBIX JIAHIIIA®TAX I'. TOPKH

T. H. MBICJIBIBA, O. H. JIEBIIYK

YO «benopycckas eocyoapcmeennasn cenbCKoxo3aicmeeHHas akaoemusy,
2. T'opxu, Pecnybnuxa Benapycw, 213407, e-mail: byrty41@yahoo.com, levshuk-2011@mail.ru

(Ilocmynuna ¢ peoaxyuio 20.03.2019)

Ha ocnosanuu cobcmeennbix IKCNEPUMEHMANbHBIX UCCIeO08AHUL BLINOTHEHA KOMNIEKCHAS OYCHKA 3A2PAZHEHUs. MAXHCETbIMU
memannamu (Cu, Zn, Pb, Cd, Mn) yp6anosemos, a makaice kapmoghens u 08oujeti, 8blpauusaemvlx 6 NPeoeiax meppumopull ¢ UHOU-
sudyanvroul Jcunou zacmpoukou 2. Iopxu (Moeunesckas obracms, Pecnybnuka benapycy). Ycmanosneno, umo npuopumemHnvimu
3agpsAzHUMensIMU ypoaHo3emo8 aeisomes Kkuciomopacmeopumvle gpopmul yunka (Ke = 8,84), meou (Kec = 2,04), u ceunya (Kc =
1,05), a xapaxmep pacnpedenenus nOIIOMAHMOE 8 NOUGE UMeenm HEPABHOMEPHBI MO3AUUHbLIL Xapakmep, C8UOemenbCmeyouull o
HAMUYUY 3HAYUMeENbHO20 KOIUYeCmea J0Kanbhblx ucmounukos 3azpssienus (Cyzn = 86 %, C,c, , pp = 55 %, Cycg = 49 %, Cymn =
31%). Bvino ycmanosneno Hanudue CUHepeuiecko2o 83aumo0eticmels cpeoHell UHMeHCUBHOCIU MedcOy mMedbio u yutkom (r = 0,76);
Meovro u mapeanyem (r = 0,84); yunxom u ceurnyom (v = 0,76); yunxom u xaomuem (v = 0,72). 3acpazuenue ogoweti u kapmoghens

umMeem NONUDIEMEHMHbII Xapakmep, a OOMUHUpyrowumu ux sazpsasHumenimu evicmynatom Zn (K,, = 1,13 — 3,37) u Cd (K,, =
1,13 — 3,20). B paspese omoenvhvix Kynomyp OJis UCCAEOYeMOl MEPPUmopuu YCmaHo8IeHA 8blCOKAsL 6ePOSIMHOCMb 3A2PA3HEHUs
CEBUHYOM CBEKJIbl Cmosoeol u K(l@Mue‘M — JIyKa pendamoco. Ilo C}’ZOCO6HOCWIM K 6140]10214‘!66/(0/%)/ HAKONJICHUIO mAdHcesible Meniailjvl
pacnonazaiomcs 6 cledyowue Hucnaoarwue paost: 1) kapmogpens: Cu > Zn > Cd > Pb > Mn, 2) ceéexna cmonosas: Cu > Zn > Cd
> Mn > Pb; 3) mopkoss cmonosaa: Cu > Cd > Zn > Pb > Mn; 4) nyx penuamouii: Cu > Zn > Cd > Pb > Mn.

Knroueswie cnosa: msowcenvie memaiiniol, yp6aHO3eMbl, Kapmoqbe/zb, o60wWuU, 3aepsA3HeHue, HaKonjleHue.

Based on our own experimental studies, a comprehensive assessment was made of pollution with heavy metals (Cu, Zn, Pb, Cd,
Mn) of urbanozems, as well as potatoes and vegetables grown within the territory with individual residential buildings of the city of
Gorki (Mogilev region, Belarus). It has been established that the priority pollutants of urbanozem are acid-soluble forms of zinc (Kc
= 8.84), copper (Kc = 2.04), and lead (Kc = 1.05), and the distribution of pollutants in the soil has an uneven mosaic character,
indicating the presence of a significant number of local sources of pollution (C,z, = 86%, Cycy ang pb = 55%, Cycq = 49%, Cymn =
31%). The presence of a synergistic interaction of medium intensity between copper and zinc (r = 0.76) was established; copper and
manganese (r = 0.84); zinc and lead (r = 0.76); zinc and cadmium (r = 0.72). Pollution of vegetables and potatoes has a polyelement
character, and their dominant pollutants are Zn (K, = 1.13-3.37) and Cd (K, = 1.13-3.20). In the context of individual crops for the
study area, there is a high probability of lead contamination of beetroot and cadmium contamination of onion. In terms of bioaccu-
mulation, heavy metals are arranged in the following falling rows: 1) potatoes: Cu > Zn > Cd > Pb > Mn; 2) table beet: Cu > Zn >
Cd > Mn > Pb; 3) carrots: Cu > Cd > Zn > Pb > Mn; 4) bulb onion: Cu > Zn > Cd > Pb > Mn.

Key words: heavy metals, urban soil, potatoes, vegetables, pollution, accumulation.

Brenenne

Jerpanamus 3eMenb ONpeneieHa Kak 0JlHa U3 OCHOBHBIX YTPO3 HAIIMOHAIBHOM Oe3onmacHocTH PecmyOnu-
ku benmapych B sKoorndeckoi cdepe, mo3ToMy UCKIFOUUTEIHHO BAXKHBIM CTAHOBUTCS KOHTPOJIb 332 COXpa-
HEHHUEM 3eMeJIb U BO30OHOBJICHHEM MOYBEHHOIO IIOAOPOAUS. TEeXHOTEHHOE 3arps3HEHUE BCIICICTBUE BO3-
JEHUCTBUSA MPOMBIIUICHHBIX YMUCCUH MOJUTIOTAHTOB, MPEXIE BCErO TSKENBIX METAJUIOB, SIBJISIETCS OJHON U3
OCHOBHBIX IPHYUH YXYAILICHUS KAa4eCTBA IOYB M BBHIPAIIMBAEMON Ha HUX CEJIBCKOXO3SHUCTBEHHON MpPOIYK-
nuu [1]. CnemyeT OTMETUTH, YTO BCJCACTBUE YCHICHHSI aHTPOIIOTEHHOTO BIMSHUSA HA OKPYXKAIOIIYIO CPEIy
YXYALIEHUE JKOJOTHYCCKON CUTYyaIlud HAOJI0JAeTCsS HE TOJBKO Ha TEPPUTOPUU KPYIHBIX METAlOIMCOB H
MTPOMBINIUIEHHO Pa3BUTHIX PETMOHOB, HO W JIAJIEKO 33 MX IpeJlellaMi — B arpapHbix pernonax [2, 3]. Ctpare-
THYECKOH IIENIbI0 Pa3BHUTHS CEIbCKOro X03sicTBa benapycu siBisercss GOopMHUpPOBaHHE KOHKYPEHTOCIIOCOO-
HOTO Ha MUPOBOM PBIHKE M SKOJIOTHYECKH 0€30MacHOr0 MPOU3BOJICTBA CEIbCKOXO3SMCTBEHHBIX MPOIYKTOB,
HEOOXOUMBIX TSI TTOJEPKAHUS IOCTUTHYTOTO YPOBHS IPOJIOBOJILCTBEHHON 0€30MacHOCTH, 00ecIeueHus
MOJTHOIIEHHOTO TIUTAHUS M 370POBOTO 00pa3a »W3HU HACENIEHUS MPH COXpaHeHHH Iuionoponaus mous. Co-
BpEMEHHAsd SKOHOMHUYECKAs] CUTYyallusl U TPAJAUIMOHHBIN YKJIaJ >KU3HU MOJJAEPKUBAIOT BBICOKUNA HMHTEpEC
HaceJICHUs K MOIMOJIHEHUIO MUILEBOT0 PallMOHa 32 CYET CENIbCKOXO035MCTBEHHON MPOAYKIIUH, BBIpALIUBAEMON
B YaCTHBIX XO3sICTBaX HACEIEHHUs, YUCIIO KOTOphIX B benapycu no cocrostauro Ha 1.01.2018 r. cocTaBnser
2652. Banogoii cOop kaprodelis, BRIPAIICHHOTO B Takux xo3sicTBax B 2017 roay, coctaBui 5256,7 ThiC. T,
opomieit — 1329,5 teic. T [4]. OqHAKO Ka4yeCTBO CEIHCKOXO3SHCTBEHHON MPOMYKIUH, ITOy9aeMOH B TaKHX
XO3SICTBaX, BBI3BIBAET 00ECIIOKOSHHOCTh, MIOCKOJIbKY €€ MOHHUTOPUHT MPAKTHYECKH OTCYTCTBYET BCIIEICT-
BUE TOI0, YTO TPAJAUIIMOHHO KOHTPOJb CO CTOPOHBI IOCYAAapCTBA OCYLLECTBIAECTCA UCKIFOUUTEIIHEHO HAJl 3€M-
JIAMH CEJIbCKOXO3SIICTBEHHOTO Ha3HaueHus. HekoHTposimpyeMoe NpUMEHEHNE XUMUYECKUX CPEACTB 3alllu-
THI PaCTEHHIA, OPTaHMYECKUX U MUHEPAIBHBIX YOOPEHUH B YaCTHOM CEKTOPE, OYCHb YacTO HAy4yHO HeobocC-
HOBAaHHOE, MPUBOAUT K 3arPA3HEHUIO ITOYBBI TSDKEJIBIMA METAJNIAMHA U OCTaTKaMU IECTULHUIOB, YTO HEMU-
HyeMO BJIeUeT 3a COOOW W 3arpsS3HCHHE BBIPAITMBAEMOM Ha ATHX IOYBAX CEIHCKOXO3SHWCTBEHHON MPOMYK-
LYH.
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W3yuenuro u oleHKe NPOCTPAaHCTBEHHOI'O paclpeiesIeHHs TSHKEIbIX METaJUIOB B [TOYBaX U PACTEHUSX I10-
CBSIILIEH LIEJIbIM psin uccienoBaHuil. B yacTHOCTH, BoIIpocaM IPOCTPAHCTBEHHOTO PACHpPEAEICHUs XUMUYe-
CKHX 3arpsi3HUTEINICH B MOYBAX B 30HAX BO3JCHCTBHS MPOMBIIUICHHBIX TPEINPHUITHI MTOCBAIIEHBI paboThI [5,
6]; 3arpsA3HEHUIO MOYB CENLCKOXO3SIMCTBEHHBIX YTOJHMH, MPWIETaloNINX K PETHOHAM C BBICOKOHM CTETICHBIO
KOHIIEHTPAIMH IIPOMBIILICHHOTO IPOM3BOACTBA, — paboTsl [7, 8]. MccnenoBanus [9] MOCBSIMIEHBI OLIEHKE
(hOHOBOTO COnEepKAHUS TSHKEIBIX METAJUIOB B IIOYBAaX M PACTCHUAX NPUPOAHBIX JaHAmadToB LleHTpanbHoit
30HbI benapycu, a pabota [10] — cogepkaHiIO MOABHWKHBIX (HOPM TSDKENBIX METANIOB M MUKPO3JIEMEHTOB B
noyBax KapOOHATHOro psiza roro-3amazna bemapycu. Psa pa®oT mocssiiieH 3arpsi3HEHUIO TSDKEJIBIMU METall-
mamu nouB T. Morunes [11], r. boOpyiick [12], r. XKoauro [13]. Bompocs copepikaHns XUMHYECKUX dJe-
MEHTOB B [TOYBAX arposiaHIIa(ToOB U JIECHBIX 3KOCHCTEM OCBEIICHBI B padoTax [14-16].

OpHako mofaBisitoniee OONBIIMHCTBO MCCIENOBAHMH KacaeTcsi OLUEHKH YPOBHS 3arpsi3HEHHsS MOYBHI U
pacTeHuii B 00IaCTHBIX LIEHTPaX U B TOPOJAaX C BBICOKOH CTENEHBI0 KOHLIEHTPALUU IPOMBILIUICHHOTO MPOU3-
BOJICTBA, TOTJa KaK HCCIEIOBAHUN MO OLEHKE IKOJOTMYECKOTO COCTOSHHS arpocelnuTeOHBIX JaHAmadToB
MaJIbIX TOPOJIOB, B YaCTHOCTH B MOTHIIEBCKOH 00:1aCTH, IPOBEACHO HEAOCTATOYHO.

VYuuThIBas BBILIECKA3aHHOE, BHIIIOJHEHNUE HCCIIEIOBAHUM, HANPABICHHBIX HA OLEHKY YPOBHS 3arps3He-
HUS TSOKENBIMU MeTaJUlaMu (Meab, LIMHK, CBHUHEL, KaaAMHH, MapraHel) IOYBEHHOI'O IOKPOBa, KapTodens 1
OBOIIICH B TpejiesiaX MHIUBUAYAIbHOM skuiol 3actpoiiku r. ['opku (Moruiesckas o6nactb, PecriyOmnrka be-
Japych), U YCTAHOBJIEHUE OCOOCHHOCTEW MHIPAalUH M aKKyMYJSIIUHU TSDKEIBIX METAIOB B KOMIIOHEHTax
arpocenuTeOHbIX JaHAA(TOB MPEICTABISIET cOO0M Ba)KHYIO HAay4yHYIO 3a[ady, PELICHHIO KOTOPOW M IO-
CBSIICHA JJaHHAs paboTa.

OcHoBHas 4acTh

Uccnenoanus BeimonHsuch B 2017-2018 rr. Ha TeppuTOpUr MEKpOpalioHOB «3apedbey», «Croboma» u
«AKazieMus», a TakKe cafoBbIX ToBapuilecTB « Tpya» 1 «CamoBo», HAXOAAIIMXCS B MPeJieNiaX TePPUTOPHH
r. F'opku. OT6op 00pa3noB MOYBEI MPOBOAMIICS B COOTBETCTBHUHM C TpeOOBaHUsIMU, yka3aHHbIMH B TKII
17.03-02-2013 «llpaBuna u MOPSIIOK OMpeAETeHHs 3arps3HEHUs 3eMeNb (BKITFOYas TOYBBI) XUMUYECKUMHU
BemiectBamm» [ 17]. Pasmep nmpoOHoit mmomanku coctasisit 10x10 M, mouBa oTOMpanack METOJJOM «KOHBEP-
Ta» u3 cynost 0-20 cm. OuH penpe3eHTaTUBHBIN MOYBSHHBIN 00pasel GpopmupoBaics u3 20 TOUSUHBIX MPOO.
Ot6op 1po6 OBOIIHBIX KYJIBTYp M KapTo(denst MPOBOIUIICS B COOTBETCTBHHU C TPEOOBAHUAMH, YKa3aHHBIMH B
I'OCT 17.4.3.01-83, TOCT 17.4.4.02-84, TOCT 28168-89. [IpoObI 0TOMpanCh Ha UCCIELYEMBIX y4acTKax
10 TMaroHalv, Yepe3 paBHbIE PACCTOSHUS, B TPEX TOUKAX, MacCor 1 Kr Kaxjaas.

AHaIMTUYECKUE UCCIICAOBAHUS MTPOBOJAMINCH Ha 0a3e XUMHUKO-3KOJIoruueckoi abopatopun YO «beno-
PYCCKasi TOCyAapCTBEHHAs CEJIbCKOXO3SIMCTBEHHAS aKaJIeMUs», aKKpeAUTOBaHHOW B CHCTEME aKKpeAUTalun
Pecnybnmuku Benapyces B coorBerctBun ¢ CThb MCO/MOK 1 7025-2007 (aTTectar akKpeAUTaLMH HOMEp
BY/112 02.2.0.4043 ot 05.07.2015 r.). OnpenienieHre coiepanus TSHKEIBIX METAJUIOB BBIMTOIHSIIOCH METO-
JIOM aTOMHO-a0copOMoHHON ciekTpoMeTpun Ha nmprudope SOLAAR S Series AA ¢upmsr Thermo Scientific
(CHIA). DOxcrparupoBaHue TsDKENbIX MeTaiioB BeimonHsuin 1H HpSO4, MuHEpamuzanuio pacTHTEIbHBIX
po0 MPOBOJIMIIN METOZOM CYXOT'O O30JICHHS.

VYpbano3embl B Tpejiesiax MHAMBHUIAYILHOW JKUIIOW 3aCTpOiKH T. [OpKM XapaKTepHu3yIOTCsl JOBOJBHO
OIaroNpHUATHBIMH arpOXUMHYECKAMH CBOWCTBaMU (Tab. 1).

Ta6nuna 1. CraTucTuyecKkue XapaKTePUCTHKHM arpOXUMHUYECKHX U GU3NKO-XHUMHUYECKHX NO0Ka3aTeeil ypoaHo3eMoB
r. Copkn, n = 32

CTaTI/ICTI/I‘{CCKaﬂ XapaKTepI/ICT“Ka TTIOKa3aTest
Haspanwue nokasarens - -
min max mid Sq Cy
TonsmxHBIH pocdop, MI/kr 267,5 602 440,8 115,7 26,2
[ToaBMKHBIN Kajui, MI/KD 1275 558,5 325,7 132,1 40,6
pHkcl 5,35 6,99 6,46 0,51 7,9

[Ipumeuanue: Sy — cpeaHeKBaapaTHyeckoe oTkIoHeHue; C, — ko3 duimeHT Bapuamun; mid — cpeiHee 3HaUYCHHE.

[Mox ypOaHO3eMaMH B HaIlleM ClIydae MOHHUMAIOTCS MOYBBI, POPMHUPYIOIINECS HA aHTPOIOTEHHO Hapy-
IIEHHBIX (C MHOPOJIHBIMU BKIIIOUEHUSIMH, HAPYIICHHBIM CIIO)KEHHEM) TPYHTaX, HE MOIBEPTaBIINXCS IIeJIeHa-
MPABJICHHOW PEKYJhTHUBAIIMK HA BCIO TIYyOMHY KOpHeoOuTaemoro cios (10 1,5 M) U UMEIonuX ryMyCHpO-
BaHHbII FTOPU30HT (MCKYCCTBEHHO CO3/[aHHBIN, THOO C(HOPMHUPOBAHHBII MOYBOOOPA3YIOIIUMH MPOIEcCaMH in
Situ). YcraHnoBieHo, UTO cojiepKaHne TOABIKHOTO (ochopa B HUX BapbUPYET OT BEICOKOTO 10 M30BITOUHO-
0, MOJABM)XHOTO Kallusi — OT HU3KOTO JI0 M30BITOYHOTO, 2 pH MOYBEHHOTO pacTBOpa KOJIEOIETCS OT CPEeIHe
KHCIIOTO JI0 OJIM3KOTO K HEUTPaTbHOMY M HEHTpainbHOro. CTOUT OTMETHUTh, YTO BAPHUPOBAHUE UCCIIEAYEMBIX
arpOXMMHUYECKHX TOKa3aTelell B ypbaHozemMax ObuIO He3HaduTeNdbHBIM (V = 26—40 %), a mokazatenu pH
BappUpOBaIX B Tpeaenax 7,9 %, 94To CBHAETENBCTBYET 00 OTHOCHTEIHHON OJHOPOIHOCTH IMOYBEHHOTO II0-
KpOBa B Mpejieax TePPUTOPHUH, TC MPOBOIUIUCH UCCIICIOBAHMS.

212



ONEHUTh TEeCTPOTY M KOHTPACTHOCTH CTPOCHUS ATMOTEXHOTCHHBIX OPEOJIOB PACCEMBAHHS MPOJYKTOB
TEXHOTeHe3a Ha 00cIelyeMoil TepPUTOPUN MOXKHO IO BeJIMYHHE KO3 dHIIMeHTa BapHaIllUH, KOTOPBIH SBIIsI-
€TCSl KAYECTBCHHBIM KPUTEPUEM OIICHKH CTEIICHHU 3arpsi3HeHus ypOaHo3emoB. Uem Oombiie koddduimeHT
BapHaluu, TeM 0oJice HEPAaBHOMEPHO PaCIpe/elICHUE MTeOXUMHUYECKUX MMapaMeTPOB B MPOCTPAHCTBE, U TEM
(dparMeHTapHee U KOHTPACTHEE CTPOCHHE AaTMOTEXHOTCHHBIX OPEOJIOB PAaCCESHHS, MOCKOIBKY DIIEMEHT —
MIOJIFOTAHT MUMeeT OoJiee BHICOKYIO CTETIEHb BapbUPOBAaHUS B IIPOCTPAHCTBE, YeM IeAOTeHHbIN dmeMeHT [18].
Cpenu uccieyeMbIX TSKEIIBIX METAJUIOB HanOoJiee CUIbHO B ypOaHO3eMaxX arpoCeIUTEOHBIX JIaHIIa(TOB
r. ['opku BappupyeT cofepkaHne KHCIOTOPACTBOPUMBIX dopM uHKa (V = 85,6 %), 9TO OATBEPKAALT TeX-
HOTEHHYIO MIPUPOIY MPOUCXOXKACHHUS 3TOTO IMOIIOTAHTA B MPEAETax UCCIeAyeMon Tepputopun (Tadm. 2).

Tabnuna 2. CraTHCTHYECKHE XapPAKTEPUCTHKH CONEPKAHUS TSKeJbIX MeTAJIJIOB B ypoanozemax T. I'opkmu, n = 32

CTaTl/lCTI/I‘iCCKaﬂ XapaKTEPUCTHKA IMOKA3aTEIIsL
HasBanwue >meMeHTa n —
min max mid Sy C,

Menpb 3,36 19,32 9,36 5,19 55,4
Iuuk 13,44 192,28 64,98 55,62 85,6
Mapraneng 282,27 705,44 454,97 141,51 31,1
CBuHen 3,69 17,52 8,38 4,69 55,9
Kanmuit 0,001 0,34 0,20 0,097 48,5

Ouennth 00IIEe SKOJOTUIECKOE COCTOSIHUE HCCIISIYyeMOH TepPUTOPHU MO 3arpsi3HEHHUIO €€ TSHKEIIBIMH
MeTaJuIaMl MOKHO, HCIONB3ysl Kodhdunuent konnentpamun (K.), KOTOpBI paccuuThiBaeTCs Kak 4acTHOE
OT JeneHus PaKTHIECKOTO COIep KaHUs MeTallla B TOYBe Ha ero (hoHOBOe cojaeprkaHue (Tadm. 3).

Tabnuna 3. CraTucTHYecKHe XapaKkTepUCTHKU K03 uuuenTa konuentpauuu (K,) TsikeabIx MeTaI0B B
yp6anosemax r. [opku, n = 32

CraTucTudeckas XapaKTEPUCTHKA IMOKa3aTEIst
HasBanue s1eMeHTa n T
min max mid Sd Cv
Menn 0,73 4,2 2,04 1,13 55,2
Iunak 1,09 31,89 8,84 6,76 76,5
CBuHen 0,68 3,24 1,55 0,87 56,1
Kanmmit 0,04 1,3 0,77 0,37 48,1

dakTryeckoe colepKaHue MeIH, IUHKA U CBUHIA B ypOaHO3eMaX B CpEIHEM NPEBBINIAET X (OHOBOE
conepxanue B 2,1; 6,8 u 1,6 paza COOTBETCTBEHHO, TOTAa KaK COAECpXKaHUE KaIMUS HAXOAWIOCh HA YPOBHE,
kpatHoM 0,37 oHa, TUIIE B OTHEIHHBIX CIy4yasX NOCTUTas BeMWYHHBI, kpaTHOH 1,3 ¢dona. Koaddumment
KOHIIGHTPAIlM B TIOYBE MapraHila HE ONPEAENSICS BCIEJCTBHE OTCYTCTBUSI BEIHMYHHBI €ro ()OHOBOTO CO-
nepkaHusi uis Tepputopun bemapycu. OTMeTHM, 4TO NMEpedeHb NPEAENbHO JOMYCTHMBIX KOHLEHTpauul
(ITAK) u opuenTtrpoBoyHO AonmycTHMBIX KoHIeHTpauui (OK) xumuyeckux BemecTs B nouse B PecryOnu-
ke benapycs pernmamentupyercs ['H 2.1.7.12-1-2004 [19]. Oxnako, JaHHBINA JOKYMEHT COJACPKUT HOPMATH-
BBI, IPUMEHSEMBIE JIJISI TTOJIBHXKHBIX (POPM DIIEMEHTOB, H3BIIEKAEMBIX alleTaTHO-aMMOHUIHBIM Oydepom ¢ pH
4,8. Kpome T0ro, B HeM MOJIIHOCTBIO OTCYTCTBYIOT HOPMATHBBI COAEPKaHMS B II0YBE MOABHKHOTO KaJMHUSL.

BbL10 ycTaHOBIEHO HANMMYHE CHHEPTHYECKOTO B3aMOIEHCTBHS CUIIbHOM NHTEHCUBHOCTH MEXTY [IMHKOM
u kagamuem (r = 0,81-0,82); menpio u kaamuem (r = 0,83-0,86); nuuakom u ceunioM (r = 0,92-0,95) (tabu.
4). Ha Hamuue CMHEpru3Ma MKy JaHHBIMU 3JIeMEHTaMHU yKa3biBaeTcs U B padote [20, c. 59].

Tabnuna 4. CuHepreTuyeckoe B3auMo/ieiicTBHE MEKAY COAEPKAHNEM TSIZKeJbIX METAJJIOB B MOYBe

B . DyHKIMS, ONHCHIBAIONIAs Cwuuta B3aUMOJICHCTBUS
WL BSAMMOICHCTBHA THIT B3aUMOJICHCTBHS (BesmuMHa KOO (PHIMEHTA AeTePMHHALINH, RZ)
Cu-Zn CrenexHast 0,55-0,63
Cu-Mn [ToMHOM BTOPO#A CTETICHH 0,75-0,78
Cu-Pb [TonmHOM BTOPO¥ CcTeTeHN 0,61-0,68
Cu-Cd [onmHOM BTOPO¥ cTeTeHI 0,69-0,74
Zn—Mn [TonmHOM BTOPO¥i cTETIeHN 0,49-0,53
Zn-Pb [ToMHOM BTOPO# CTETICHH 0,84-0,90
Zn-Cd [TonrHOM BTOPO#A CTETICHH 0.66-0.68
Mn-Pb [TonmHOM BTOPO¥ cTeTeHN 0,49-0,50
Mn-Cd [onmHOM BTOPO# cTeTIeHI 0,54-0,55
Pb-Cd CreneHHas 0,39-0,42

OTHeceHne MOYBHI K paspsiay OMAcHO 3arpsi3HEHHOM, MCXOAS W3 COJACP)KaHWUS B HEH KHUCIOTOPACTBOPH-
MBIX (DOPM TSDKEIIBIX METAJUIOB, €Ille He 3HAYHT, YTO BhIpalliBaeMasi Ha Hell pacTeHUEBOIYECKas TIPOTYKITUSI
OyJeT HENPUTOJHOM K MOTPEOJCHUIO 1M3-3a BHICOKOIO 3arpsi3HeHHs. PacTeHus BIaeioT LEIbIM KOMILUIEKCOM
3aIIUTHBIX CBOWMCTB, B PE3YJIbTATE YEro B OPTraHbI 3aMacaHys aCCHMIUITHTOB OMAAAaeT OCIAa0IeHHBI TTOTOK
MMEIONTNXCS B MOYBE B M30BITOYHBIX KOJNMYECTBAX XMMHYECKUX JJIEMEHTOB. He Bcerna Ha 3arps3HeHHON
MOYBE MOJTYYAIOT TAKYFO JK€ MPOJYKIIUIO, K TOMY e 00Hapy>KEHO, YTO PA3JINYHBIC OBOIIHEIC KYIbTYPBI CIIO-
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COOHBI B pa3HOW CTETEHW HAKAIUTUBAThH IMOJIIOTAHTHI, B 3aBUCHMOCTH OT OMOJIOTHYECKHX OCOOCHHOCTEW M
MecTa MPOU3PACTAHUSI KyJIbTYPbI (PUCYHOK).

Crnmen | —— CpHHen —m
Maprasen Mapragen =
i Tk
Memr E— Mem [
0 0.1 02 03 04 05 0.6 0.7 08 0.9 0 0.5 1 1.5 2 25 3
a) 6)
CBHHeT| [— CBHHell [—
Mapraner = Maprasen
LuHK [ iz
Mess  — Meznp —
0 0.2 0.4 0,6 0.8 1 1.2 1.4 1.6 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
B) r)

Puc. KoaddummenT 610I0rnuecKoro HakOIICHHUS TSHKEIIBIX METAJUIOB PACTCHUAMHE:
a — kaprodernem; 6 — CBEKJIOH CTOIOBOH; B — MOPKOBBIO CTOJIOBOH; T' — JIyKOM PEIYaThIM

Hecmotps Ha To, uTO cpenHee 3HaYeHHE KOAPPUUMEHTA KOHICHTPALMY MEIN B IIOYBE JOCTUIAJIO BEJIH-
yuHbl 2,04, 3arpsi3HEHNE 3TUM 3JIEMEHTOM CBBIILIE YCTAHOBJIEHHBIX HOPMAaTHUBOB ObUIO 3a(MKCHPOBAHO TONb-
KO y MOpKOBH cTOJIoOBOH. I HAo0opoT, Tpu cpeaHeM Kod(pHUIMEHTe KOHIEHTPAUUN KaAMHs B MOYBE Ha
yposae 0,77 uMeno MecTo 3arpsa3HeHue 3TuM sieMeHToM oT 90 o 100 % npoaHann3upoBaHHBIX 00pa3LoB
MOPKOBH U CBEKJIBI CTOJIOBBIX M KapTodes, B cpenneM nocruraromee 1,1-3,2 TTJIK.

B paspese OTHENBHBIX KYJNBTYp MO CHOCOOHOCTH K OMOJIOTHYECKOMY HAKOIUICHHUIO TSDKENble METallIbl
PacIONIOKHUITNCH B CIIEAYIOIINE HUCHamaromue psaapl: 1) kaprodens: Cu > Zn > Cd > Pb > Mn; 2) cBekia
cronoBast: Cu > Zn > Cd > Mn > Pb; 3) mopkoBs ctonoBas: Cu > Cd > Zn > Pb > Mn; 4) nyk penuatsiii: Cu
>Zn > Cd > Pb > Mn.

Cpenu uccieZJoBaHHON pacTEeHHUEBOAYECKONH MPOIYKIIMU MaKCHMAIbHYIO CIOCOOHOCTh K HAaKOIUICHHIO
MOJIFOTAHTOB MMEET CBEKJIA CTOJIOBAs, KOTOpasl B CIydae HAJMYMs ONACHBIX YPOBHEH 3arps3HEHHS MOYBBI
MOKET pacCMaTpHUBATHCS B KAUECTBE MOTEHIMAIBHOTO UCTOYHHKA MMOCTYIUIEHHS TSXKENBIX METAJIJIOB B Opra-
HU3M YeioBeka. He uCKiIIoueHo, 4To OMacHOCTh OT 3arpsi3HEHUS MOXKET YCUIIUBATHCS U 33 CUET aJTUTHBHOTO
HEraTHBHOTO BO3JIEHCTBHS Ha 3/10POBbE YEJIOBEKa MPHUCYTCTBYIOIIMX B PACTEHHEBOIYECKOM MPOAYKLIUHU TSI-
KEJIBIX METAJUIOB, OLIEHUTHh KOTOPOE Ha CErOHS MBI HE UMEEM BO3MOXKHOCTH.

XapakTepHBbIM JJIsl BCEX UCCIIEYEMBIX KYJIbTYp 0Ka3aJoCh HAKOIUIEHUE KaMHusl, Oojee 4acToe, 4eM JIpy-
T'HX JJIEMEHTOB. M3BECTHO, YTO KaJMUil HE BXOJUT B YHCIIO HEOOXOJAUMBIX JIJIsl PACTEHHUI DJIEMEHTOB, a €T0
¢usnonoruyeckas poyib MOKa HE yCTAHOBJIEHA, OJHAKO JAHHBIA 3JeMEHT 3((EKTHBHO MOTJIOIMIAETCA Kak
KOPHEBON CHUCTEMOM, TaK U JUCThIMHU. [IprunHON 3TOr0, Ha HAII B3IJISAA, SBISETCS TO, YTO KaJAMUMN BIajeeT
BBICOKOH MOOWMJIBHOCTBIO: OH MOJBHMKEH B MTOYBE, JIETKO MOTJIOMIAETCS] PACTEHUSIMHU U MIPOHUKAET BO BCE X
oprausl. Ilociiennee, BeposiTHO, BO3MOXKHO M3-3a XUMHUYecKoro poactsa Cd ¢ Zn, BCiaeaCTBHE Yero pacTH-
TEJNBHBIA OPraHNu3M OYEBHIIHO HE Pa3lInvaeT 3T dJieMeHTHl. Ha 3T0 yKa3pIBaloT Takke U aBTOpHI pador [21,
22]. lunk xe, Oyaydd SIPKAM BJIEMEHTOM — OMO(QWIOM, aKTUBHO YYacTBYET BO MHOTHX IpoIleccax MeTabo-
JM3Ma, 0COOEHHO B TeX, KOTOpPBIE MPOTEKAIOT B PEMPOJYKTHBHBIX OopraHax pacteHuil. [Tockonbky kaaMuit
JBUTAeTCs BMECTE C HUM, TO IIPH TaKUX OOCTOSTEIbCTBAX 3arps3HEHUE STHM DIIEMEHTOM OPTraHOB 3aIllacaHusl
ACCUMUWJISTHTOB B OOJIBIIIMHCTBE CEIHLCKOXO3IHCTBEHHBIX KYJIbTYP CTAHOBUTCS TOYTH HEMHHYEMBIM, YTO W
MMEET MECTO B HAIlIEM CIIy4Yae.

YcraHoBNIeHA 3aBUCUMOCTh MEXIY KOI((GHUIMEHTOM OHMOJOrMYECKOr0 HAKOIUIEHHsI CBHHIA M KaJMUS
KapTodeneM 1 oBolamu U ko3 duuuentom ero onacHoctH. [lomyueHHbIe TaHHBIE CBUACTENBCTBYIOT O TOM,
YTO IPU NPOYMX PABHBIX YCJIOBHSIX HauOoJiee BEPOSITHO 3arps3HEHUE CBEKJIbI CTOJIOBOI CBHHILIOM M JIyKa
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permyaToro KaaMueM, Torga Kak BO3MOXHOCTH 3arpA3HCHUA CBUHIIOM KapTO(beJIH OCTAaCTCs AOBOJIBHO HU3-
KOH.

CJ'ICI[yeT OTMETUTb U TOT q)aKT, 4YTO HC BO BCCX ClIydadx (bl/IKCI/IpOBaJ'IaCI) npsamMast 3aBUCUMOCTb MCXKIY
COACPIKAHMUEM J3JICMCHTA B IIOYBE U €ro KOHIICHTpaIlHeﬁ B paCTCHUAX. B YaCTHOCTH, Y KapTO(beHH cimabast
3aBUCUMOCTD ycTaHoBieHa Tobko 1t Cd (r = 0,57), y cBexusl crosoBoit — mist Mn (r = 0,64), y MOpKOBH
CTOJIOBOM — crabast 3aBucuMocTh st Cu u Pb (r = 0,62) u cusbrast wis Zn (r = 0,87), y Jiyka pem4aroro —
crnabas 3aBucuMocTh aas Cu u Zn (r = 0,57 u 0,68 coorBeTcTBeHHO) M cHibHas s Pb u Mn (r = 0,90 u
0,93 COOTBETCTBEHHO).

3akioueHue

Pe3yJ'II)TaTI)I BBIITOJTHEHHBIX I/ICCJ'ICI[OBaHI/Iﬁ Jar0T OCHOBAaHUA IJIA CICAYIOLIUX BBIBOJOB! 1) yp6aH03eMm B
npeaciax aI‘pOCGJ’II/ITG6HLIX J'IaHI[HIaq)TOB TI. FOpKI/I XOpOUIIO OKYJIBTYPCHBI U XaPAKTCPU3YIOTCA B LICJIOM Oma-
TONPUATHBIMY U1 BRIpAIIMBAHUSA KapTO(esss U OBOIIECH arpOXUMHUICCKUMHU M (PH3UKO-XUMHIECKIMH ITOKa-
3aTCIIsIMU . HeﬁTpaﬂLHOﬁ WA OIM3KOHN K Hel peaKHI/IeP'I IMOYBCHHOI'0 paCTBOpA, 3HAYUTCIbHBIMU 3alaCaMunu
IIOABUKHOI'O cbocq)opa 1 0OMEHHOTr0 KaJius, 2) MIPUOPUTETHBIMU 3arpsA3HUTCIIAMU yp6aH036MOB SABJISIFOTCSA
kucioTopacTBopuMeie popmel nuaka (K, = 8,84), memu (K. = 2,04), u ceunna (K, = 1,05); 3) pacmpenencuue
MOJIFOTAHTOB B ypOaHO3eMaxX MMEeT HepaBHOMEPHBIH MO3aMYHBIA XapaKTep, CBUIAETEIHCTBYIONIUN O HaIH-
YHH 3HAYUTENLHOTO KOJMMYECTBA JIOKAIbHBIX UCTOUHHUKOB 3arpsisHeHus (Cyzy, = 86 %, Cycyypp = 55%, Cycq =
49 %, Cymn = 31%); 4) 3arpsi3sHeHue OBOLICH U KapTodessi, BEIpalliBaeMbIX B IPEAEIax arpoceIUTEOHBIX
nmaHamadToB T. ['OpKH, IMEET MOIMAIIEMEHTHBIN XapakTep U 00YCIIOBICHO KaK YCIOBUSIMH MeCTa Mpou3pa-
CTaHUusA paCTCHHﬁ, TaK U NX OHMOJIOTMYECKUMH OCO6CHHOCT$1MI/I; 5) CAaHUTAPHO-TUTUCHNYCCKOEC KaUuCCTBO Kap-
TOQems U OBOIIEH, BEIPAIIUBACMBIX B MpEJesiaX arpoceIMTeOHbIX JTaHAMA(TOB, SBISIETCS HEYIOBIETBOPH-
TEJTHHBIM, a JOMUHUPYIOMUMHU UX 3arpsHATEsIMEA BbicTynaoT Zn (K., = 1,13 — 3,37) u Cd (K., = 1,13 —
3,20); 6) HE0OXOAUMO MPHHSATHE COOTBETCTBYIONINX YIPABICHYECKNX PELICHUH, B IEPBYIO ouepeab HHPOp-
MUPOBaHHUE XHTeNEeH 00 OMacHOCTH M o0eclieueHue MOHMTOPHHTA KauecTBa PAacTCHUEBOJYECKOW MPOAYK-
MY, BRIPAIIMBAEMON HACETICHHEM B TIpeJIeNiaX arpocenuTeOHbIX TanamadTos T. ['opku.

HaﬂbHCﬁH.IPIC HCCIICAOBaHUA CIEAYET COCPEAOTOUYUTL B HAIIPABJICHUU IIPOTHO3UPOBAHUS IIPOCTPAHCTBEH-
HOI'0 pacrpeaciaCHud TAXKEIIbIX MCTAJIJIOB B IIPEacIax aI‘pOCCJ'II/IT€6HI)IX J'IaHIHHa(bTOB " OIIpCACIICHUA KaHIIC-
POreHHOr0 U HEKAHICPOICHHOI'O pHUCKa JI 3J0POBbS HACCIICHUA.
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