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HccnenoBaHo BIMSIHME HA KOMIIOHEHTHI OKpY»Kalollleil cpebl 00bEKTOB 3aXOPOHEHMST OTXOJ0B — 3aKPbl-
TBIX U 3a0pOIISHHBIX CBaJIOK OBITOBBIX M MPOMEBIIUICHHBIX OTXOIOB I. YiaH-Ym3 Pecryonuku Bypsitus.
[Monpo6GHO paccMoTpeHo noBeaeHue TsoKeabix MetayuioB (Pb, Cu, Zn, Ni, Cd, Co, Sb, Sn, Bi, Hg, a takke
Cr) B mouBax, pacTUTEIbHOCTH, McTIapsolleiics Biare (KoHaeHcare). BBIIBIEHO, YTO MMOYBBI, pACTCHUS U
KOHJIIEHCAT Ha CBaJIKax oboralleHbl TskeabiMu MeTaiiaMu (TM) o cpaBHeHUIO ¢ DOHOBBIMU Yy4acTKaMU.
B mmouBax Ha cBaJIKax HaGJIIOMAIOTCS MPEBBIIIEHUST HOPM TTPeAeIbHO-IO0MyCTUMBIX KOHIIeHTpauuit TM ot
1.1 mo 90 pa3. Konuenrpanuu TM B pacTeHUsIX Ha CBaJIKax ITpeBBIIIAIOT (DOHOBEIE MoKa3aTeau ot 1.1 no
104 pas. I1peBrilIeHEe MAaKCUMAaIbHO-IOIIYCTUMOTO YPOBHS conepXaHus TM B pacTeHUSIX BBISIBJICHO
mist Zn, Cd, Cr. B koHaeHcare, oToOpaHHOM Ha cBajiKax, 3a(hMKCUPOBAHBI MPEBBIIICHUE HOPMATUBOB
ITIK ,6-x05 IO Cu, Zn, Hg. YcraHoBieH cxoxuii xapakrep pacnpezenenust TM B KOHIEHCATE U PACTEHU -
ax. boyiee 80% cymmapHOro BKiaga ot comepxaHus TM B cocTaBe KOHIAeHcaTa M pacTeHU BHOCAT Zn U
Cu, B mouse — Zn, Cr, Ni, Cu, Co, Pb. Ha kaxxnoii cBajike pacCuMTaHbl CYMMapHBIE UHIEKCHI (Z,) 3arpsi3-
HEHUs IS TIOYB, KOHAEHCAaTa U pacTUTENbHOCTU. Ha oCHOBaHUHU Z, OOBEKTHI UCCAETIOBAHMS IPOPAHKK-
POBaHBI 10 CTETIEHN WX OTIACHOCTH [IJIST OKPY>KAIOIIE CPEIbl, YUTO MOXKET SIBJISITHCSI OCHOBAHUEM LTSI TIPU -
HSITUSI pellIeHNs] O HEOOXOIUMOCTH PEKYIbTUBALIUM HAPYILIEHHBIX TEPPUTOPUIA.

KiroueBble clioBa: ceanku, Obimosble U NPOMbLULICHHbIE OMXO00bL, NOY8A, pACMEeHUs, KOHOeHCam
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BBEAEHWE

OOBEKTHI pa3MellleHUs TTPOMBILIJIEHHBIX U ObITO-
BBIX OTXOIIOB SIBJISTFOTCSI KOJIOTHUYECKOM MTpoOIeMoit
MHOTMX HaceJeHHBIX MYHKTOB, KaK Ha TEPPUTOPUU
Poccuu, Tak u 3a ee ipenenamu [9, 12, 13]. B uactHo-
ctr, B Pecniy6iuke BypsaTus mpakTwaeckm Kaxkmoe
MYHUIIUIIAJIbHOE 00pa30oBaHUe pacioyiaraet CBajaIKomn
oTxon0B. Ilo JaHHBIM TEPPUTOPUAILHOI CXEMbI B

006J1aCTH 0OpALLEHUS C OTXONAMU! BCETO B PECITYOJIHKE
HACUMUTHIBAETCS S TOJUTOHOB, BKJIIOYEHHBIX B TOCY-
JapCTBEHHBIN peecTp pasMelleHust otxoaoB (I'POPO)
n 18 cBanok, He BkiIodeHHEIX B POPO. Ocobyio
OIMaCHOCTb TPEJCTABISIOT COO0I CBAJIKU, OTKPBIThIE

1 ITpuka3 MUHHUCTEPCTBA MPUPOIHBIX PECYPCOB pecityouku by-
psitust ot 29.04.2020 Ne 159-TIP “O6 yrBepxxaeHuun Teppuro-
pUaJIbHOI cxeMbl B 00JIaCTU OOpallleHUsI C OTXOJdaMH, B TOM
YKCJIe ¢ TBEPABIMU KOMMYHAJIbHBIMUA OTXOHaMu, PecryOinku
Bypsatust” [DnektponHslit pecypc]. URL: http://ias.burpriro-
da.ru/ekologiya/tsoo.php (nata o6pawenus 10.10.2022).
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JIO BCTYIUICHUS B CHITY XKECTKUX 9KOJIOTUYECKUIA Tpe-
OOBaHMI TI0 OpraHM3alli OOBEKTOB pa3MEIICHUS
orxonos (CIT 320.1325800.2017). Takue cBajaKu pac-
roJjarajy paHee, Kak IIpaBUIO, B HU3MHHBIX YaCTSIX
penbeda, moiiMax pek, oBparax, T.e. B I'€OJIOruye-
CKOIl cpelle HauMEHee YCTOMYMBOM K 3arpsi3HEHUIO
MIPOAYyKTaMM pa3IoXeHMsI CBaJIOYHOTO MaTepuaia [9].
I1pu 3TOM HE ITPOBOAMIIMCH PAOOTHI O TOATOTOBKE
OCHOBaHUS CBaJIKU, KOHTPOJIO COCTaBa U O0OBbEMOB
3aXOpaHUBAEMEBIX OTXOIO0B, IIEPECHINTKE OTXOI0B 130~
JIMPYIOIIMM MaTepUaioM, YTO YCUJIMBAJIO IIPOLIECCHI
paccessHUSI TOTEHLMAJIIbHO OITaCHBIX BEILECTB BO
BCEX cpemax, OKpyXamlmux cBajiku. CTOUT OTMe-
TUTh, YTO B HACTOSIIEE BpeMs aIMUHUCTPALMSIMU
MYHULIMIAJILHBIX 00pa30BaHW pecIyOInKU IIPOBO-
JISITCSI pabOTHI IO JIMKBUAALIUY HECAaHKIIMOHPOBaH-
HBIX CBAJIOK: OHM CTaBSATCS HA y4eT, pa3padaTbIiBalOT-
cs TIPOEKTHI X peKyJabTUBaluu. Bmecre ¢ TeM 3Ha-
YUTEJIbHOE KOJMYECTBO CBAJIOK OCTAETCS Ha CBOMX
MmecTtax. Ha tepputopnn roponckoro okpyra “lI'opon
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Tabomuna 1. Xapakrepuctrka o0beKTOB pa3MeIleHUs OTXO0B

Mectonono- | Tum 3axopoHeH- | Ilmomans | OO0beM HaKOILUIEH- Tepuon GyrKiMOHUpOBa- PaCCTUO AAHNC 1O
HUST 00BbEeKTa pa3Mellie- | OIMKaNIIero XXu-
KEHUE HBIX OTXOI0B 00BEKTa, Ta | HbIX OTXOIOB, ThIC. T
HUS OTXOJIOB JIOTO MacCuBa, M
n. CotHukoBO | BeITOBBIE 2.8 97.1 2011-2015 1000
n. Crexio3aBon | BeIToBBIE 1 CTPO- 65 4898 1960—2006 150
HUTeNIbHbBIE
n. babacanoBa | [IpoMbllIJIeHHBIE 1960—1989
10 He n3BectHO (BekprITa 2000—2003) 100
n. [Inomanka | 3oyo111aKOBbIE 4.5 245 20112023 10

VinaH-¥Yo5” K TakuM 00BEKTaM B YACTHOCTHU OTHO-
CSTCS CBaJIKM, pacIioNiokeHHbIe B moceiakax CoOTHH-
koBo, BocTounslii, CreknosaBon, ITnomanka.

IToauroHbI OBLITOBBIX U MPOMBIIIIEHHBIX OTXOI0B
SIBJISIIOTCSl UICTOYHMKAMU MOCTYIJIEHUSI B OKPYXkalo-
IIYIO Cpeay pa3InyHbIX MPOAYKTOB MUHEPAJIBHOTO U
opraHuyeckoro IipoucxoxnaeHus [2, 4]. OcoOyio
OIMaCHOCTb TPEACTABIISIET BbICOKAsI CTEMEHb 3arpsi3-
HEHHOCTH OOJIBIIIMHCTBA TTOJUTOHOB TSXKEJBIMUA Me-
tayiaMu (TM) [6], BBIHOC KOTOPBIX 3a MPeaesTbl IO~
JIMTOHA MOXET MPUBECTU K 3arpsi3HEHUIO UMU TO-
BEPXHOCTHBIX U MOJA3EMHbBIX BOJ, NTOYB U IPYHTOB, a
TakKXe K yTHETEHUIO pAaCTUTEIbHOCTH Ha TTIPUMBbIKAIO-
IIMX K TOJIUroHaMm Tepputopusix. TM obiagarort pas3-
JIMYHON CTEeTIEHbIO OMOTEOXMMUYECKO aKTUBHOCTH:
K IpuMepy, yctaHoBieHo, uto Cd, Br, Cs oueHb Jier-
KO TIOIJIONIAIOTCS pacTeHUSIMU, B TO BpeMsl Kak Ba,
Ti, Pb — upes3BpIuaitHo cirado.

Ilenp HacTOsIIErO UCCIIENOBAaHUS — aHAJIM3 KOM-
TuiekcHo# murpauuu TM, obnagaronmx pa3anaHoOR
OMOTeOXMMHNYIECKOM aKTUBHOCTBIO, B CCTEME “TIOU-
Ba—BOJa—pacTeHne” ¢ OLIEHKON BO3MOXKHOCTH pac-
IIPOCTPAHEHUSI B Cpele TEeXHOTeHHO-HAapYILIEHHBIX
TepPPUTOPUIA TOPOACKOTO OKpyTa I. YiIaH-YI3.

OBBEKTbBI U METOAbI NCCIIEAOBAHMA

OOBeKThI MCCIENOBAaHUN — 3aKOHCEPBUPOBAHHbIE
CBAJIKU OBITOBBIX U MPOMBIIIJIEHHBIX OTXOI0B, pac-
MOJI0KEHHBIE B OKPECTHOCTIX I. YiIaH-Y13 (Tabi. 1).

CBasika OBITOBBLIX 0TX0HOB IT. COTHMKOBO ObLIa
opranmn3oBaHa B 2011 r. ¥ mpemHasHayajach s
CKJIAAUPOBAaHUS KOMMYHAaJIbHBIX OTXOHOB TI. YJIaH-
V. Ilocne 3amojHEHUST OMHON U3 KapT CBaJIKU Ha
rmomany 2.77 ra BBIICHUIIOCH, 9TO €€ MECTOITOI0XKeE -
HUE MOMNajgaeT B 30HY C OCOOBIMM YCJIOBUSIMU MC-
MOJIb30BaHUsI aspornopTa I. YiaaH-Yi3 (peecTpoBbIit
HoMep 03: 00—6.184), u pacTymiasi cBaika MOXKeT IO~
MelllaTh MOCagKe aBHMAIMOHHOIO TpaHCIoOpTa, IO-
3TOMY OodUILIMaIbHO CBaiKa OblIa 3akphbiTa B 2015 T.
ITpoekT peKyIbTUBALIMU CBAJIKU T10 pSAY IIPUYNUH HE
MpoIIeS TOCYAapCTBEHHYIO 3KOJOTMYECKYIO BKCIep-
TU3Y, U OTKPBITasi KapTa CBaJIK OKa3ajlach 3a0po-
IIeHHOM. Ha TeXHOreHHOM IrpyHTEe CBaJIOUHOTO TeJjla

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

€CTECTBEHHBIM ITyTeM Hadajl (h)OpMUPOBATHCS II0Y-
BEHHO-PACTUTENbHOM CIOH, JOCTUTAIOIINIA B HEKO-
Topbix MecTax 20 cM, TMOSIBUJIUCHh KYCTapHUKU (BUILI-
HsI, CMOpPOIMHA, WJIbM) I MHOTOJIETHHUE TPaBSIHUCTEIC
pactenus. K coxaneHnio, HeCaHKIIMOHUPOBAaHHBIN
BBIBO3 HaceJIeHMEM Mycopa ITPOI0JIKAEeTCsI, YTO CIO-
COOCTBYET 3arpsi3HEHUIO U 3aXJIaMJICHUIO IIpuJjIeTaio-
e TeppUTOPUM CBAJTTKH.

CBajka OBITOBBIX U CTPOUTENIBHBIX OTXOIOB
n. Crexyio3aBod (GYHKIIMOHWPOBAJa HAa TEPPUTOPUN
. YnaH-Yuo 46 aet (1960—2006 rr.). K HacTrosmemy
BpPEMEHU OOBEM HAKOJIEHHBIX OTXOJOB COCTaBJISIET
okosio 7.31 MiH M3. CBasiKka NpOAOIKAET UCTIONB30-
BaTbCS U151 CKJIAAMPOBAHUSI CHeTa OT yOOPKY ropoji-
CKOUM TeppuUTOpMM B 3UMHUI mnepuon. Ha cpanke
chopMHpoBaH YCTOMYUBBIN ITOYBEHHO-PACTUTEITh-
HBII CJI0Mi, ITyOMHA TTOYBEHHOTO FOPU30HTA AOCTU-
raet 10—30 cm. CBajka MMeeT orpaxkaeHue U IMyHKT
OXpaHbl, MOATOMY TpUJIeraloniasi TEppUTOpUst CBaJ-
KW HAaXOJIUTCSI B YIOBJIECTBOPUTETBHOM COCTOSTHUU.

Caaika n. Inonragka pa3MelleHa Ha TepPUTOPUN
OTpadOTaHHOTO IIIMHSHOTO Kapbhepa TI. YIIaH-YId 1 C
2011 r. ucmonp3yercd YiaH-YI3HCKMM aBUAILIMOH-
HBIM 3aBOJIOM B Ka4eCTBE IUIOIIAAKUA PEKYJIbTHBA-
uuu. [1momans BHIAENEHHOTO IMOM CKJIAAWPOBAaHUE
oTX0moB yJacTtka — 4.5 ra. PekymbTuMBalsI oOCy-
IIECTBJISIETCS B OCHOBHOM 30JIOIIIAKOBBIMU OTXOa-
MU OT KOTEIbHOI 3aBOa 1 MHEPTHBIMU CTPOUTEIb-
HbIMU oTxojgamu. Ha cBanke Bemetcst peryisipHbIit
MOHUTOPUHT 3arpsi3HeHus] moa3eMHbIx Box. K Ha-
CTOSIIIEMY BpeMEHU PEKYJIbTUBUPOBAHHAS YaCTh Ka-
pbepa 3ackinadHa rpyHToM TomuuHoi 20—40 cm. Ha
OCTaBIIEICS TEPPUTOPUM PEKYIBTUBALIMS ITPOIOJI-
xaetcd no 2023 .

Caaika B 11. BocTouHbiii B MecTHOCTH T1aab baba-
caHoBa (nmayiee 1. babacaHoBa) OblJla OpraHM30BaHa
OpUeHTUPOBOYHO B 1960 r. Ha cBanky BBEIBO3WJICS
IIMPOKUIA aCCOPTUMEHT HPOMBIILJIEHHBIX OTXOIIOB:
MaKyJjaTypa, BETOIIb, OTXOAbI IIJIACTMACC, OIWJIKH,
[IUIAMBbI TaIbBAHMYECKMX BaHH, IIIJIAMBI aJIIOMUHATA,
OTXOHbl JIMTEMHOIO ITPOU3BOACTBA, CTPOUTEIbHBINA
MYCOpP, KapOUIHBIM W1, IIUIAK 1 30j1a KOTEIbHbBIX, OT-
paboTaHHbIE PACTBOPUTEIN U APYTUE OTXOIBI IIpe-
NpUATUIM TOPOAA, TOYHBIN COCTaB KOTOPbIX HE yCTa-

Nel 2023
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Puc. 1. Cxema (a) 1 o61umii Bug (0) MOOUIBHOM YCTAHOBKU IJis cOopa KoHOeHcara: /| — MOBEPXHOCTh MOYBHI; 2 — UCIIa-
psitolasics Biara (KoHaeHcar); 3 — eMKOCTD JIUIsi cOopa KoHaeHcaTa; 4 — Ipy3; 5 — CTeHKU LUJIUHIAPA; 6 — MOJIUATUIIEHO -

Bas IIJICHKa.

HOBIIEH. MI3BeCTHO, YTO MpeaBapUTeIbHBIX PabOT I10
YCTPaHEHUIO0 BO3MOXHOCTEH IpeHaka TOKCUYHBIX
BEILECTB C JOXIAEBLIMU M CHErOBBIMM BOJAMU HE
nposeneHo. [Imomane, 3aHsATast CBaJIKO, — OKOJIO
10 ra, u3 HUX 5 ra — OCHOBHOE TeJIO BhICOTOM 7—10 M.
B 1989 1. cBasika 6bl1a 0(pULIMATBbHO 3aKpbITa 1 3aChI-
MaHa 30JI0IIJIAKOBLIMU OTXOAAMH, HO B IIEPUOI
2000—2003 rr. BHOBb BCKpPHITA “OXOTHUKAMU 3a Yep-
HBIM MeTauioM”. K HacTosIeMy BpeMeHM Ha CBaJIKe
chOpMUPOBAaH PACTUTEIbLHBINA CJIOM, BCTpEYarOTCs
KyCTapHUKU (UJIbM, O0JIeNrXa).

IlepeuncieHHBIE OOBEKTHI MTPEACTABIISIIOT COOOI
MNOTEHUIMAJIbHYIO OIIACHOCTh HE TOJIBKO IS OKpYKa-
IOIIEH cpenbl, HO W IS HaceJIeHUsI, TaK KaK B CUITY
AKTHUBHOM 3aCTPOMKHN B YACTHOM CEKTOPE MHOTHME U3
paccMaTpuBaeMbIX CBAJIOK OKa3aJIMCh B OKPY:KCHUU
KIJIOTO MacCHBa JAYHBIX XO3SIMCTB, aKTUBHO Pa3BU-
BaOIIMXCS Ha 3TOM TEPPUTOPUU B T€UECHUE TTOCHIE-
HEro JIeCSITUICTHSI.

Jas mpoBedeHUsST KOMILUIEKCHOM T'€03KOJIorrnde-
CKOI1 OLIEHKM Ha MCCIeAyeMbIX 00BbEKTaX pa3Melle-
HUST TIPOMBIIIJIEHHBIX M OBITOBBIX OTXOMOB TI. YJIaH-
V5 6bUIM TIpOBeeHbl OTOOPHI MPOO MOYB/TPYHTOB,
pPacTUTEILHOCTU M MCHAPSIOLIeics BiIaru (KOHIEH-
caTa) HEeIoCpeICTBEHHO Ha TeJie CBaJIOK 1 Ha (pOHO-
BBIX IUIOIIAnKax. B KauyecTBe ¢poHa ObLIM BBIOpAHBI
He3arpsi3HEHHbIE yJYacTKU 3a T'paHUIIAMU CBaJIOK C
YYETOM PO3bI BETPOB M Oporpadpuieckmnx 0COOeHHO-
creit MectHocTU. Bcero 6nu1o0 oTOOGpaHo 69 Mpo6G:
32 mouB/TpyHTOB, 27 pacteHuii, 10 KOHIEHCATOB.

st orbopa Ipo0O MHOYB/TPYHTOB TEPPUTOPHUSI
M3BICKAaHUSI pa30uBajach Ha TIPOOHBIC TJIOIIATKH
MJIoIIaAbo 25 M2, Ha KaxI0il U3 KOTOpbIX OTOMpa-
JIOCh HE MeHee OTHON OOBbENUHEHHOU MTPOOLI METO-

IOM KoHBepTa B coorseTcTBuM ¢ [OCT 17.4.3.01-20172,

2TOCT 17.4.3.01-2017. “MexrocynapcTBeHHBIN ctaHAapT. OxpaHa
npuponbl. [Toussl. O0IIME TpeOoBaHMS K OTOOpY Mpo6” (BBeACH
B nevictBue [Ipukazom Poccranmapra ot 01.06.2018 Ne 302-cr).
[@nekrponnsiit  pecypc]. URL: https://docs.cntd.ru/docu-
ment/1200159508.

I'EOBKOJIOTHUA. UHXKEHEPHAA 'EOJIOTUA.

T'OCT 17.4.4.02-2017° 1“3 NOBEPXHOCTHOIO CJIOS C
norpyxeHueM Ha nryouHy 0.3 M.

ITpoObI pacTUTETBHOCTU OTOMPATTUCh HAa TEX XKe
y4acTKax, 4To 1 00pa3ubl ToYB/TpyHTOB. OCHOBHOM
KpUTeprei Ipu BEIOOpE pacTeHUI — X HaJIMIne Ha
BCeX M3y4yaeMbIX yyacTKax. bbl1o BHIOpaHO nBe TpyTi-
bl paCTeHU [5] — TpaBSIHUCTBIE: NBIPEH MON3YYUA
(Elytrigia repens), mapp Oemnasg (Chenopodium al-
bum), kpanuBa koHomieBas (Urtica cannabina), 1mo-
JIBIHb TkKMoJncTHaAs (Artemisia tanacetifolia), 1mo-
JILIHb MeTenbuaras (Artemisia scoparia), IOJBIHb
oObIKHOBeHHas (Artemisia vulgaris), U ApeBeCHEIE:
niabM npu3eMucThiil (Ulmus pumila).

I1poOnI KoHIEeHcaTa OBLIN OTOOPAHBI C UCIIOJIB30-
BaHHEM MOOMJILHOIM YCTAHOBKU MO cOOpPY KOHIEHCATa,
pa3paboTaHHOI COTpyIHUKaMU J1abopaTopuu TUIPO-
reosioruu u reoskosioru 'MH CO PAH (A.M. Ilmtoc-
HUH, A.B. 3anyuxuit). [TpyHUIMT paboThl YCTAHOBKHA
OCHOBaH Ha COJTHEYHO# TUCTUIUISILMHU (puc. 1).

MoOwuibHast ycTaHoBKa, cocTosimast n3 [BX-1m-
muHapa (mnameTpoMm 1 M? u BeicoToii 0.5 M), ycTaHaB-
JIUBajach Ha MOBEPXHOCTU TTOYBBI/TpyHTa. B 11IeHTpe
OKPYKHOCTH CTaBMJIACh EMKOCTD IJIs1 COOpa KOHIEeH-
cata. llmnmuHap 3aKkpbIBajics NOJUATUIICHOBOM IIJICH-
KO, B LEHTP KOTOPOI MOMEILLAJICS T'Py3, CO3NAIOIIIA
pebpa xectkoctu. Kpas IUIeHKM BBIBOOWIMCH 3a
Kpas IWIMHAPA 1 3aKPeIUISUIMCH IS TIPEeIoTBpallie-
HUS BBIXOJA UCHapsoleiics Biaru. 1o Mmepe Harpe-
BaHMS ITOBEPXHOCTU OT COJIHEYHOI SHEPrun, o0beM
YCTAaHOBKM HACBHIIIAJICS WCHApEHUSIMHU MOYBEHHOM
BJIary, KOTOPBIE TP HACTYIIJICHUH TOUYKU POCHI KOH-
JIEHCUPOBAJINCh HAa BHYTPEHHEN CTOpOHE TUIEHKM (6)
M CTEKaJIn MO pedpam KeCTKOCTU B eMKOCTh (3).
06beM KOHIEHcaTa BapbupoBaics oT 10 mo 60 cm>.

3 TOCT 17.4.4.02-2017. “MexxrocygapcTBeHHbII cTaHaapT. OxpaHa
npuponsl. [TouBsl. MeTonbl 0T60pa M TTOATOTOBKU MPOO TS XU-
MMYECKOTo, 6aKTepUOJIOrMYECKOro, IeIbMMHTOJIOTMYECKOIO aHa-
Jm3a” (BBeneH B nelictue [Tpukazom Poccranmapra ot 17.04.2018
Ne 202-cT). [9nexrponHsblit pecypc|. URL: https://docs.cntd.ru/
document/1200158951.

TMAPOTEOJIOIUA. TEOKPUOJOIMA  Ne1 2023



I[TOBEAEHWE TAXEJIBIX METAJIJIOB B CUCTEME 53

CopepXxaHue XUMHUUYECKUX DJIEMEHTOB B IIOUBE
onpenensii B HKIT “I'eocniektp” TMH CO PAH
(r. YnaH-Yn3) MeToaoM pPeHTITeHOCHEKTPabHOro
¢dayopeclieHTHOro aHajiu3a Ha KpucTaul-gudpak-
nuoHHoM criekTpoMeTpe ARL Perform’X 4200 (mo-
BepuUTeNIbHasT BeposaTHOCT P = 95%) [3]. AHanu3
3JIEMEHTHOI'O COCTaBa pacTeHUI U KOHAeHcaTa ObLl
MPOBENEH METONOM MAacC-CHEKTPOMETPUU C MHAYK-
TUBHO-CBsI3aHHOU Tu1a3moii (ISP-MS) Ha macc-
cuekrpomerpe “Agilent 7500 ce” (CILIA) B JIumHO-
jgormyeckoM uHctutyre CO PAH (r. Hpkytck).
OuurbKu U3MepeHUsl OLIEHUBAIU C TIOMOIIbIO MMOKa-
3areisi 3aBUCUMOCTU Ko3ddUuliMeHTa Bapualuu
(RCD, %) or BeIUYMHBI aHAJTUTUYECKOIO CUTHaIa
(N, uMI/c), YyCTaHOBJIEHHOTO 3KCIIEPUMEHTAIbHO:
RSD% = —125.71 N-933193 e N =20—20000 umri/c.

PE3VIIBTATHI 1 ObCYXKIEHWA

MeTomoM peHTreHOCHEKTpaJIbHOTO  (hiryopec-
LICHTHOTO aHa/IM3a MOJy4YeHbI CBEICHUS O COmepKa-
HUU B rmouBe 30 XMUMUYECKUX 9JIEMEHTOB B OCHOBHOM
JINTO- U XaJbKO(WIBHON TeOXMMWYECKMX TPYIIII,
npexne Bcero metauioB (Rb, Cs, Sr, Ba, V, Gr, Ni,
Cu, Zn u n1p.), B TOM 4nciie peako3emenbHbIX (Ce) u
panuoaktuBHbIX (U, Th), a Takke moaymeTasioB
(Sb, As) n HemetasioB (S, Cl, Br). I1o pesynbratam
npoBeAeHHOro aHanu3a metogoM ISP-MS B 06pa3s-
IaX PaCTUTEIILHOCTHU M KOHIeHCAaTa MACHTU(UIIUPO-
BaHO 72 »3JleMeHTa: MNpPaKTUYECKNM BCE METAJLIbI,
BKJIIOYasi TPYIINy PeaKo3eMeJIbHbIX METaJJIOB U pa-
JIMOAKTUBHBIX 371eMeHTOB 1 HeMeTalIbl (P, S, Cl, Se,
I, Br). Ilepeuenr TM, momiexamux 0osee Ioapoo-
HOMY aHaJiu3dy, ObLI COCTaBJIEH Ha OCHOBE KJIaCCHU-
dukanu H.®. Peiimepca [7], K HUM ObLIIO OTHECEHO
11 anemenToB: Pb, Cu, Zn, Ni, Cd, Co, Sb, Sn, Bi, Hg
u Cr.

JJ1s1 OLIeHKY CTeNeHW XMMUYECKOTO 3arpsi3HEHUST
MOYB OBLIN paccUMTaHbl KO(MPUIINECHTH KOHIICH-
tpauuu TM (K,,) u cymMapHBbIii moKa3aTesb 3arps3-
HEHMSI TI0YB (Z,,)) 1o popmynam (1), (2).

K.:_f’ (1)

rne C; u Cy; — KOHUEHTpauusa U (POHOBAs KOHLIEH-
Tpalusl i-ro dJIEMEHTA B IIOYBE COOTBETCTBEHHO,
MT/KT.

Zc(n) = ZKKI - (I’l - 1)’ (2)
=

e K,; — k03hdULIMeHT KOHLEHTpaluu i-ro Jje-
MEHTA B ITIOYBE; # — YHCJIO U3YyYaeMbIX DJIEMEHTOB.
I1pu ycTaHOBICHUM KAaTErOpUU XUMUYECKOTO 3a-
I'PSI3HEHUS MOYBLI ObIJIa MCIIOJIb30BaHa Cieayloiast
rpagauus: Z,,, <16 — nonycrumas; Z,,, = 16—32 —
YMEPEHHO-OMAaCHast; Z.q, 32—128 — ormacHag;
Zm > 128 — 4pes3BbIYaifHO OnacHasi KaTeropusi 3a-

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

rpsasHeHus*. PesyabTarhl MpencTaBieHbl B Tadl. 2.
B rpynTax Ha cBanke 1. babacanoBa BBISIBIIEH BECh
criekTp usydaeMbix TM, Ha cBanke . COTHUKOBO B
repeyHe BbISIBICHHBIX 3JIEMEHTOB OTCYTCTBOBa Sn,
Ha cBankax 1. Ilmomanka u 1. Crekiozason Cd, Sn,
Sb He oOHapyXeHbI. B 00IbIIMHCTBE ClTydaeB COAEP-
xanue TM B mouBax/TpyHTax Ha cBajiKaX OBLIO
BBIIIIE (POHOBBIX MokKa3ateneil. KoHLieHTpaus BbI-
sBiAeHHbIX TM B rpyHTax Ha CBaJIKax ITPEBBIIIACT
"Hopwmel [T11K B mmpokom auamna3one: 1. COTHUKOBO
or 1.3 ITAK (Sb) mo 13.2 ITAK (Gr), . Ctekno3aBon
ot 1.6 ITIK (Ni) mo 7.3 ITIAK (Gr), . [Tmomanka ot
1.1 IAK (Zn) mo 6.0 IIJIK (Cr), n. babacaHoBa ot
1.2 ITAK (Ni) go 90 ITAK (Cd). Ocoboe BHUMaHUE
CTOUT OOpaTUTh Ha CBaJIKy Nn. babacaHoBa, B IOY-
Bax/TpyHTax KOTopoii cogepxkaHue TM rmipeBbliliaer
aHopMmbel T1J1K 1 KitapkoBbIe 3HaYCHMS B IECITKU pas.

ITo cymMmmapHOMY noKaszaTesto 3arpsi3HeHUsI Mou-
Bol TM TpyHTBI YaCTUYHO pPEKYIbTUBUPOBAHHBIX
00BbEeKTOB pazMelieHus: orxonoB (1. Ilnomanka u
. CTeki03aBoa) XapaKTepU3YIOTCS IOOMYCTUMbIM
YPOBHEM 3arpasHenus (Z,, < 2.87), m. COTHMKOBO —
YMEPEHHO-OMACHBIM (£, ;) = 18.4), n. babacanosa —
4pe3BbIYaiiHO-OMaCHbIM (Z,, = 536.81). I1o nokasa-
TeMO Z ), PACCMATPUBAEMbIE OOBEKTHI 3aXOPOHE-
HUS OTXOJOB MOXHO Pa3MECTUThb B CIEIYIOIIUii
CPaBHUTENIbHBIN psif (IO YMEHBIIIEHUIO CTETICHU 3a-
rpsi3HeHUs ouB): 1. babacaHoBa > 1. COTHUKOBO >
> 1. Crekio3asor > 11. [Tomanxka.

CopepXxaHue TSDKEJBIX METAJIOB B PAaCTCHUSIX,
OTOOpaHHBIX Ha CBajIKax (Ta0JI. 3), HAXOMUTCS B IIpe-
JeJjiax €CTeCTBEHHOIro Auaria3oHa KoJjie0aHuii, pu-
HSITOTO Ha OCHOBaHWU paboT reoxuMukoB A. KabGa-
ta-Ilennnac u X. Ilenouaca [11] 1 He mpeBHIIIAECT

MaKCUMAaJIbHO-IOIyCcTUMbIE ypoBHU (MLY)S.

HckmoueHust coctaBisiioT Zn, Cd, Cr, nmpeBhlLie-
HUs1 MY 110 KOTOpBIM HOCTHUTaIoT 1m0 25 pa3. Mak-
cUMasibHbIe KOHIeHTpaunuu TM Obutn 3apuKCUpO-
BaHbI B pACTEHUSIX, OTOOPAHHbBIX Ha CBAJIKE ITPOMBIIII-
JICHHBIX OTX0H0B I1. babacaHoBa, xapakTepu3ylomieics
YpEe3BbIYAMHO-OMNACHOM KAaTEeropuen 3arpsi3HEHUs
MOYB, MpeBhILIcHUS KoaudyecTBa TM Han ¢poHOM Ha
9TOi1 cBaJIKe BapbupoBanuch oT 1.3 (Ni) no 104.2 (Cd).
IToBriieHHOE comepxkanue TM HaOIIOOaIOCh HE
TOJILKO B PACTEHUSIX, OTOOPAHHBIX Ha Tejle CBAIKU
n. badacaHoBa, HO 1 B 30HE e¢ BJIMSIHUS Ha PacCTOSI-
HUKU okoio 200 M IT0 XOody ABMXKEHUS TTOA3EMHBIX

4 Meronuueckue yKazaHus 2.1.7.730-99. TurueHuueckast oueH-
Ka KayecTBa IOYBBI HaceJeHHbIX MecT. M.: DenmepaiabHblit
LIEHTp roccaHsnuaHana3opa MunHanpaBa Poccuu, 1999. 38 c.
URL: https://files.stroyinf.ru/Datal/6/6862/.

3 BpemeHHbIIT MakcMMaIbHO IOMYCTUMBINM ypoBeHb (M/1Y) co-
Jiep>kaHUsI HEKOTOPBIX XMMUYECKUX 3JIEMEHTOB U TOCCUTIONA B
KOpMax ISl CebCKOXO3SIMCTBEHHBIX XUBOTHBIX U KOPMOBBIX
nob6aBkax /yTB. [aBHBIM ymnpabieHueMm BeTepuHapuu locy-
JIapCTBEHHOTO arporpomsbliiuieHHoro komureta CCCP 7 aBry-
cra 1987 r. Ne 123-4/281-8. [DnekrponHslii pecypc]. URL:
https://docs.cntd.ru/document/1200086835 (mata oGpaiieHus
10.10.2022).

Nel 2023



54

YEPEOOBA u ap.

Taomuua 2. [Iuana3oH coaepKaHMs TSKEIbIX METAJUIOB (UMCINUTENb, MI/KT), KO3(M(GUILIMEHT KOHLEHTpaLK (3HaMeHa-

ax i Z, VY Vi
Tenb, Ky ™) M CyMMapHBIil MHIEKC 3arpsi3HEHUs I0YB (Z;;)) Ha CBAJIKAX I. YaH-Yio

MecTormonoxeHue Pb Cu Zn Ni Cd Co Sb Sn Cr Ze(m)
1. COTHHKOBO 18-31 | 31-53 |46-269 | 19-35 |2.8—3.1| 9-22 |6.0-6.7 H/0 24-179 18.4
1.82 2.29 4.64 1.17 6.24 1.16 6.70 1.38
n. Cteky103aBo — — — — — —
il 24-75113-17 | 40-86 | 18—20 H/0 9-20 H/0 H/0 34-44 )87
2.14 1.21 1.23 1.05 1.33 0.92
. [Tromanka 20—23 | 20-21 | 55-60 | 18—20 8§—11 33-36
H/O | —— H/O H/O -
1.00 0.86 0.87 0.79 0.65 0.67
1. baGacanosa 17—-735|22—-144778—-3147 24 —-46 | 9.1—-45| 12—-33 |5.7—47 [13-229|40—-451 536.81
33.41 76.16 | 50.76 6.35 | 189.82 | 2.20 47.11 | 228.98 | 0.02
MAK, mr/xr 32 33 55 20 0.5 5 4.5 — 6 -
Kuapk B mouBe [1], Mr/kr 10 20 50 34 0.5 8.9 — 10 190 —

ITpumeuaHue: H/0 — He OOHAPYKEHO;

@ %

— HE€ YCTaAHOBJICHO.

Taoauua 3. ConepxaHue TSKEIbIX METAIOB (YUCIUTENb, MKI/KT), KO3(h(ULIMEHTH KOHLIEHTpaUuu (3HaMeHartenb, K, )
Y CyMMapHBIN UHIEKC 3arpsA3HEHUs pacTeHuit (Z,,)) Ha CBaJIKax I. YiaH-Yio

MecTononoxeHue Pb Cu Zn Ni Cd Co Sb Sn Bi Hg Cr | Zyp)
11. COTHUKOBO 149 | 5000 (13800| 320 | 100 | 85 | 10 | 22 | 3.8 | 31 | 250 95
15 32 | 20 | 1.7 | 21 |26 |12 ]20] 09 | 1.1 ’
1. CTeKy103aBox, 400 | 6000 |29000| 480 | 500 | 107 | 34 | 14 | 2.9 | 42 | 330 | 554
37 [ 21159 | 1.1 | 68 | 1.3 |26 | 14 | 24 | 70 | 1.1
. Tlnomanka 820 | 8100 75000 1020 | 910 | 220 | 24 | 7L | 9.3 | 25 |1490 |,
1.5 |19 | 77 | 1.4 | 38 | 3.1 | 1.2 | 20 | 36 | 09 | 2.9 ’
1. babacaHosa 1250 |14300(76000| 780 | 7400 | 129 | 72 | 65 | 3.2 |29.0 | 900 |59 ¢
(Tesio cBanKm) 91 | 19 | 51 | 1.3 [1042] 1.8 | 6.5 | 33 | 2.1 | 1.5 | 3.0 '
1. Babacarosa 340 |10800(33000| 630 | 260 | 230 | 15 | 20 | 3.4 | 25 | 890 | |5,
(30Ha BIUAHMS) 26 |14 | 22 | 1.1 | 37 |32 |14 |10 | 23] 1330 :
TIpenensl KojiebaHuii B TpaBsi- 100— |1000—|6000—| 70— | 30— | 10- 060 40— 020 0.9— | 110— _
HUCThIX pacteHusx [11], mxr/kr [10000{33100(80000| 4800 | 1260 | 390 A 100 . 21 3400
MakcumarbHO HomyCTHMbIit 5000 |30000[50000| 3000 | 300 | 1000 | 500 | — | — | 50 | 500 | —
YPOBEHBb, MKT /KT

«

ITpumeuanue:

—  — HE€ YCTAHOBJICHO.

Bon. Ha cBanke n. COTHMKOBO IPEBBIIICHUSI KOH-
nenTpamu TM Hag ¢poHoM BapbupoBaauch oT 1.1 (Cr)
1o 3.2 (Zn), Ha cBankax 1. Crekiio3aBon u 11. Ino-
maaka — ot 1.1 (Cr, Ni) o 7.7 (Zn). O4eBUIHO, YTO
Ha XMMMYECKMI1 COCTaB pacTEHU oKa3ajiu BIUSHUE
3aXOPOHEHHbBIE OTXObI, pa3MelllecHHBIC He TOJIBKO B
30HE NMUTAHUS KOPHEM pacTeHMIii, HO U B OoJiee TIy-
ookmx ropu3oHTax. Ha cBanke m. Ilmomanka — 31o
30JIONUIAKOBBIE OTXOIBI, Ha cBajKe IT. CTeKIT03aBod, —
OBITOBBIE OTXOJIbI, HaKaIJIMBAaIOLIMECs B TeUeHUE
MHoTHX JieT. HemManoBaxXHBIM (paKTOPOM TTOCTYTIIC-
HUSI XUMWYECKMX DJIEMEHTOB B PACTCHUS SIBIISICTCS
BO3pacCT CBaJIKU: Ha 0oJiee CTapbIX CBajJKaX HabJoaa-
IoTCs 00Jiee BBICOKME KOHIICHTPAIIMM TSIKEJIBIX Me-

TEOBKOJIOTUA. MHXEHEPHAA T'EOJIOTUA. TUAPOTEOJIOI'MA. TEOKPUOJIOTUA  Ne 1

TaJUIOB, YEM Ha OTHOCHUTEJILHO “Moyoabix”. Jjs co-
CTaBJICHHS PAaHXXUPYIOIIETO psifa, OTpaXKalolero co-
IepkaHue TSOKETbIX 2JIEMEHTOB B PACTeHUSIX Ha
pa3HBIX CBaJIKax, MO aHAJIOTUM C CyMMapHbIM MOKa-
3aTesieM 3arpsiI3HeHUsI TIOUB ObLJT pacCUMTaH CyMMap-
HBI TIOKa3aTelb 3arpsA3HEHUs pacTeHuii (Z;,). Pac-
cMaTpuBaeMble OOBEKTHl 3aXOPOHEHUsI OTXOIOB
MOXHO PasMeCTUTb B CICAYIOIIUN CpaBHUTEJIbHbBINI
psia (110 yMeHbLIEHUIO Z,,)): 1. babacanosa (129.8) >
> 11. CrexiiosaBor (25.4) > 1. [Tnomanxka (20.0) > 1. Cot-
HUKOBO (9.5). [TonydeHHbBIN CpaBHUTEIbHBIN PsII OT-
JINYaeTcsl OT aHaJOTUYHOTO psiga, COCTaBJIEHHOIO
IUIST TIOYB, B YaCTHOCTH cBajika IT. COTHUKOBO XapakK-
TEpU3yeTcs] TOBBIIIIEHHBIM YPOBHEM 3arpsi3HEHUS
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Ta6mmua 4. ConepXaHIe TSOKEIBIX METAIUIOB (YHCIIUTENb, MKT/IM), K03(DMOULUEHTH KOHIICHTPALNHY (3HAMEHATEITb, K
Y CyMMapHBI/ WHIIEKC 3arpsi3HeHUsT KOHIeHeara (Z;y)) Ha CBaJKax I. YnaH-yuo

Mecronono- | | oy |z | Ni | cd | Co Sb Sn Bi He | Cr | Zyyo
2KEHUEC
o Commxoso | 0:69 | 6.8 | 132 | 0.97 | 0.056 | 0.124 | 0.095 | 0.15 [0.007 | 0.1 | 07 | 55
153 | 145 | 1.81 | 145 | 1.24 | 1.43 | 1.34 | 094 | 212 | 323 | 0.97
1. Crexosason | 163 | 58 | 23 | L15 | 0.07 | 0.153 | 021 | 0.046 | 0.008 | 0.11 | 0.93 | 59
240 | 1.93 | 142 | 139 | 1.00 | 243 | 072 | 0.96 | 1.54 | 1.10 | 1.00
o Mromamca | 084 | 33 | 82 | 102 | 0.051 | 022 | 0.22 | 0.047 | 0.007 | 0.08 | 0.86 | 45
0.92 | 1.00 | 1.34 | 0.96 169 | 2.89 | 034 | 1.89 | 0.89 | 1.00
o Babacamopa | L79 | 78 | 26 | 17 . 0.23 | 0.25 | 0.096 | 0.009 | 0.09 | 1.09 | 1353
263 | 1.86 | 2.60 | 239 | 429 | 232 | 342 | 082 | 0.56 | 0.69 | 1.65
TAK 10 | 1000 | 5000 | 20 1 100 5 [ 2000 | 100 | 05 | 50 -
TIIK 16100 6 1 10 10 5 10 - 112 — | o001 | 20 -

«

HpI/IMC‘{aHI/IC: — — H€ YCTAHOBJICHO.

MOYB, HO TIOHMKEHHBIM YPOBHEM coaepxkaHuss TM
B pPaCTEHUSIX II0 CPAaBHEHMUIO C (DOHOM.

T'eoxumMuyeckasi MUTrpalysl TSDKEIbIX METAIOB B
TeJie CBATKU MOXKET OCYIIIECTBIISIThCS 3a CYET pa3Iny-
HBIX IIPOILIECCOB: B pe3yjbTaTe MPECCOBAHUSI OTXO-
JIOB, 3a cueT (GUIILTpALIMU C HUCXOISIIEH BIaroif aT-
MoC(hEPHBIX OCAAKOB, MOCPEACTBOM MEpPEMEIICHUS
XKUBBIX OPTraHM3MOB, HACEJISIOIINX CBAJIKY (YEpBH,
MUKPOOpPTaHU3MBEI), 1 Ap. B paMKkax HacTosiIero mc-
clieloBaHUsI 0c000€ BHUMAHUE YIEJIEHO MUTpPaAIlUU
TM ¢ KanmJUISIpHOI Blaroii, oopa3oBaHne KOTOPOI
BO3MOXKHO BHYTPM T€XHOT€HHOTIO IpyHTa. buoreoxu-
MUYECKHEe MPOLECChl B TeJle TTOJMTOHA CITOCOOCTBY-
10T nepexony TM, comepXalluxcs B COCTaBE€ OTXO-
JIOB, B MOABUXKHYIO BOIOPACTBOPUMYIO (DOPMY M UX
MUTpAlMM B pe3yabTaTe UCIapeHUs K TIOBEPXHOCTHU
Teja MOJIMTOHA.

Ilonanas B 30HY MUTaHUSI KOPHEM, KaNWJUISIpHAST
Biara, oboraiieHHass TM, cTaHOBUTCSI MUTATENbHOM
cpenoii Ui pacTeHM, MpOoU3pacTalOlIMX HA MOJU-
roHe. B tabiu. 4 nokasaHo comepxxaHue TM B KOH-
JieHcaTe, oTOOpaHHOM Ha 00BbEKTaX 3aXOPOHEHUS OT-
XOJIOB, M PACCYMTAHHBIN MO aHAIOTUU C Zy ) U Ly,
CyMMAapHBIil TIOKa3aTeb 3arpsi3HeHUs] KOHAeHcaTa
(Z,(x))- B CBSA3M C OTCYTCTBUEM YCTAHOBJIEHHBIX 9KO-
JIOTUYECKUX HOPMATMBOB IS KOHAEHcCaTa B Kaye-
CTBE 3TajJloHA CpaBHEHMS OBLJIM BBIOpAHBI CaHUTAP-
HO-TUTMEHUYECKHE U PbIOOXO3SIIICTBEHHbBIE HOPMBbI
NpeeIbHO-10MYCTUMbIX KOHUEHTpatmid (ITAK pp .
HHK]JLI6—X03) .

B KoHzaeHcaTe, 0TOOpaHHOM Ha CBajIKax, Ha0JItO-
naercs npesbiieHre HopM TTIK,, 6 1o, o Cu, Zn, Hg.
Haubonee Bricokue KoHLeHTpauuu TM B KOHIEH-
caTe HaOJIIOAAIOTCS Ha CBaJIKe MPOMBILIJIEHHBIX OT-
xoJ10B 1. babacaHoBa, rj1e OTMeUeHbl MaKCHMaJlbHbIE
KoHueHTparmu st Pb (1.79 mxr/nm?), Cu (7.8 Mxr/mm?),
Zn (26 mxr/om3), Ni (1.7 mxr/mm?), Cr (1.09 Mxr/om3) 1
Ipyrux sJeMeHTOB. [IpeBbillleHHUs1 KOHLIEHTpalUid

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

3arpsI3HSIOIIMX BEIIECTB B KOHIeHcaTe Hal ()OHOBBI-
MU TIOKa3aTesIMUA Ha cBajike I1. babacaHoBa Bapbu-
pytotcs ot 1.65 (Cr) mo 4.29 (Cd). K cremyrorum 1o
YPOBHIO 3arpsi3HEHMsI OTHOCSITCS  KOHIEHCAThI:
n. CotnukoBo (K, = 0.94—3.23), n. Crexno3aBon
(K, = 0.72—2.43), . Ilmomanka (K, = 0.34—2.89).
ITo comepxanuio TM B KoHIeHCcaTe paccMaTpHUBae-
MbIe OOBEKTHI MOXHO Pa3MECTUTh B CJICIYIOLIUA
CPaBHUTEbHBIN pAN (10 YOBIBAHUIO Z(,): 1. baba-
canoBa (13.23) > . CoraukoBo (7.51) > 1. Crekio3a-
Bon (5.89) > 1. ITnomanka (4.51).

151 BceX n3ydeHHBIX CBAJIOK XapaKTEepPHO CXOXKee
pacripeieieHue TSKEJIbIX METAJIOB B MCCIIEIYEMBbIX
cpenax. B kauectBe mpumepa Ha puc. 2 TipeacTasie-
HBI Tpaduku pacrpeneiaeHus TM B mouBe, KOHIEH-
caTe M pacTEeHUSIX Ha CBaJIKe U (P)OHOBOM YYacTKe
1. COTHUKOBO.

s 6onee mMoaApoOHOTO aHaIu3a paclipeaeICHUs
TM B cucteMe “noyBa—BojJa—pacTeHue” OBLIM CO-
CTaBJICHBl CpaBHUTEJbHbIE T€OXMMUYCCKUE PSIIbI
pacnpeneiaeHus BkJaga TM, ocHOBBIBasicb Ha %
MacCOBOM KOHILIEHTpAallUU COAEPKaHUSI dJIeMEeHTa B
KaxXaoi 13 naydaeMbix cpen (puc. 3). B yactHocTH,
st cBayik 1. COTHMKOBO CpPaBHUTEIbHbBIE T€OXU-
MUYECKUe Psilibl pacIipeiesIeHUsI UMEIOT CIeay oI
BUI:

— B pacteHUsIXx — Zn > Cu > Cr > Ni > Pb > Cd >
> Co > Hg > Sn > Bi;

— B KoHaeHcate — Zn > Cu > Ni > Cr > Pb > Sn >
> Co > Hg > Sb > Cd > Bi;

—BMnouBe —Zn > Cr>Cu>Ni>Pb > Co >Sb =
= Sn > Cd.

AHan3 reoOXuMUUYECKUX PSAOB (CM. pUc. 3) IMoKa-
3aJ1 CXOXKWI XapakTep pacrnpenenacHust TM B KOHICH-
cate u pacteHusix. bonee 80% cymmapHOro BKjaga OT
conepxanusa TM B cocTaBe KOHAEHCAaTa U pacTeHUM
BHOCAT Zn n Cu, oTHOCAIIMECS K XaTbKODMIEHBIM
aneMeHTaM (110 ki1accudukanuu B.M. TNonpammu-

Nel 2023



56 YEPEIOBA u 1p.

T
—~
o
~

JIepxXaHue B mouBe coctabBiisieT >1%. K aneMeHTam,

1 000000

100000 - cojepXaHKe KOTOPhIX B mouBe cocranisieT <1%, or-

10000 Hocsgtcesa Sb, Sn, Cd.

1000 -

100 F ) B nenom HaGirogaeTcsl KOppeysiiys MeXIy co-
10 - T nepxaHuem TM B 1ouBe, KOHIEHCATE U PACTEHUSIX.
0 % :c:""bf cu n Nlc 0 CooSb.So B He OnHako pacTeHUsI MOTYT BBICTYIATh HE TOJBKO IMac-
0.01 - CUBHBIM PELIETITOPOM MUKPOIJIEMEHTOB (3aXBaThIBast
0.001 NbLUIb /WKW MOIIOLIAs KOPHSAMM), HO U 00JIanaloT
(6) CITOCOOHOCTBIO KOHTPOJIUPOBATH MOCTYIJICHUE WIN
100000 YIAIEHUE HEKOTOPBIX BJIEMEHTOB IMTOCPENCTBOM COOT-
10000 - \’/M BETCTBYIOIINX (pu3nosorndyeckux peakumii. K rpu-
1000 - e Mepy, B paCTEHUSIX, OTOOpAHHBIX HA BCEX UCCIEOye-
1?8 i e MbIX yJacTKax, HaOI101aeTcsl MOBbIIIIEHHAs KOHIIEH-
b MG tpauusa Cd, HECMOTpPA Ha €r0 OTHOCUTEILHO HU3KOE
0.1FC Pb Cu Zn Ni~Cd Co Sb_.So Bi He COACpPXKaHUE B IMOYBE M KOHACHCATE, YTO HAITISAAHO
0.0l PacTeHIS MKF;'KF : g BUJHO MpPU aHaU3e reOXUMUUYECKUX psaoB. Cuura-
0.001 + g ercs, uto Cd He BXOAUT B YMCJIO HEOOXOIMMBIX IJIsI

-- KoHaeHcar, MKT/JT
-~ ITouBa, MKI/Kr

Puc. 2. Pacnpenenenue TM B cucteme “moyBa — Boga —
pacteHne” Ha: a — CBajke, 6 — (OHOBOM YyYacTKe
(1. COTHUKOBO).

Ta). BeposiTHO, 3TU 31eMEHTHI 00JIAJAIOT CXOXHUM
MeXaHU3MOM MOIJIOLIEHHSI KOPHEBOI CUCTEMOI pac-
TeHWIA, YTO MOATBEPKIAETCSI MHOTMMM HMCCIIeIoBa-
Hugmu [8, 10, 13]. K TM, comepkaHue KOTOPHIX B
KOHJeHCcaTe U pacTeHusx Bapbupyetrcs oT 1 1o 10%,
otHocaTcsa Cr, Ni, Pb, octagbHbIe 3J1eMEHThI Haxo-
ISITCS B paccMaTpUMBaeMBIX CpelaX B KOJIMYECTBE
<1%.

B nouBe e 0CHOBHBIMU BKJIAAYMKaMU SIBJISTIOTCS
XabKOPUWIbHBINA Zn 1 autoduiabHblil Cr, cymmap-
HBII BKJIaJ KOTOpBIX coctaBisieT >50%. K ciaemyro-
mieii rpyrire MmoxxHo otHectu Ni, Cu, Co, Pb, ux co-

pacTeHuil 3JIeMEHTOB, OAHAKO OH 3(h(MEKTUBHO I0-
IJIOIIAETCS KaK KOPHEBOI CUCTEMOI, TaK U JIMCThSI-
mu [13]. TTockonbKy pacTeHHs Jierko mu3BiekaoT Cd
KaK U3 TMMOYBEHHBIX, TaK U U3 BO3AYIIHBIX UCTOYHU-
KOB, €r0 KOHILIEHTpalusl B HUX ObICTPO BO3pacTaeT B
paiioHax C MOBBIIIIEHHBIM 3arpsi3HEHNEM aTMocdep-
HOTO BO3[dyxa, YTO XapaKTEpHO IJISI BCEX MCCIeaye-
MBIX YYaCTKOB, TaK KaK OHHM PacCIOJOXEHbI B 30HE
BJIMSIHUSI TOPOACKOI 3aCTPOMKU.

3AKJIFTOYEHHME

OOBEKTHI pa3MEIIEHUS IIPOMBIIIUICHHBIX M OBITO-
BBIX OTXOOB IIOCJI€ 3aKPBITUS TTPOIOIKAIOT OKAa3hI-
BaTh 3HAUYUTEIbHOE BIUSIHUE HA OKPYKAOIIYIO Cpe-
ny. ComepxkaHKe TSDKEIBIX METaJ/UIOB BO BCEX M3ydae-
MBIX cCpelaX, KOHTAaKTUPYIOIIUX CO CBAJIOYHBLIM
TeJoM (ITOYBbI, paCTEHUS, KOHAEHCAT), IMPEBbIIIACT
¢OoHOBBIE MMOKA3aTeJIM, BO MHOTUX CJIydasXx HaOJIo-

(@)
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0% 10% 20% 30% 40% 5((]);)%7 60% 70% 80% 90% 100%
o

Puc. 3. PacnipeneneHue TsoKeNbIX METALIOB B ITouBe (a), KOHIeHcaTe (0) U pacTeHUsIX (B) Ha TpuMepe cBaJIkKK 1. COTHUKOBO.

TEOBKOJIOTUA. MHXEHEPHAA T'EOJIOTUA. TUAPOTEOJIOI'MA. TEOKPUOJIOTUA  Ne 1



I[TOBEAEHWE TAXEJIBIX METAJIJIOB B CUCTEME 57

JAlTCS MNPEBBILIEHUSI HOPM MpeaesibHO-OOITYCTU-
MBbIX KOHLIEHTPALMI U KJIAPKOBbIX 3HAUYEHUIA.

CreneHp 3arpsi3HeHUS MMOYB Ha OOBEKTaxX pa3Me-
IIEHUSI OTXOOB 3aBUCUT OT CTEIIEHU X PEKYJIbTUBA-
LI ¥ BapbUPYETCS OT JOIMYCTUMOTO YPOBHS 3arpsi3-
HEHUS IIJISI YaCTUYHO PEKYJIbTUBUPOBAHHBIX CBAJIOK
JIO0 Ype3BBIYaitHO-OMAaCHOI KaTeTOpUU 3arpsi3HEHUS
JIJIsI HepeKYJIbTUBUPOBAHHBIX OOBEKTOB.

CyMMapHbI€e TToKa3aTeIn 3arpsI3HEHUS [IOYB, pac-
TeHUIA U KOHJeHcaTa IMO3BOJIMJINA ITPOPAHKUPOBATh
u3ydyaeMble OOBEKTHI pa3MelleHUs] OTXOA0B MO CTe-
MEHU UX BIUSHUSI HA OKPYXAIOIIYIO Cpedy. YUUTHI-
Bast paboOTy OapbhepHBIX MEXaHU3MOB PACTCHUU MpU
HAKOILJICHUM TSDKEJIbIX METaJUIOB, PacCMOTPEHHEIC
OOBEKThI MOXHO COCTaBUTHh B CIECOYIOLIWI PsO IO
YMEHBIIICHUIO CTETIEHU 3arpsi3HeHus: 1. babacaHo-
Ba > 1. CotHUKOBO > 11. Crekito3aBson > 1. [iomanka.
YkazaHHasi TOCJEIOBATEIbHOCTh MOXET SIBIISIThCS
OCHOBaHUEM JJIs1 TIPUHSTUS PELICHUs O HEOOXOmu-
MOCTU PEKYJIbTUBALIMU HAPYIICHHBIX TEPPUTOPUIA.
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BEHAVIOR OF HEAVY METALS IN SOIL-CONDENSATE-PLANTS SYSTEM
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IN THE ULAN-UDE LANDFILLS
T. V. Cheredova*~*#, S. G. Doroshkevich?, and S. V. Bartanova“®

“Dobretsov Geological Institute, Siberian Branch, Russian Academy of Sciences,
ul. Sakhyanovoi, 6a, Ulan-Ude, 670047 Russia

bEast Siberian State University of Technology and Management,
ul. Klyuchevskaya, 40b, Ulan-Ude, 670013 Russia

# E-mail: cheredova-tv@yandex.ru

The impact of waste dumps on environmental components, i.e., soil, evaporating soil water (condensate) and
plants is studied. It has been revealed that industrial and municipal waste dumps continue to affect signifi-
cantly the environment after their closure. The behavior of heavy metals (Pb, Cu, Zn, Ni, Cd, Co, Sb, Sn, Bi,
Hg, and Cr) in soils, plants, and condensate in landfill areas and beyond them (the background) has been
studied in detail. It has been found out that soils, plants and condensate at landfills are enriched in heavy met-
als as compared to the background sites. The degree of soil contamination at waste dumps depends on the
reclamation stage of the latter. The landfill soils exceed the norms of maximum permissible concentrations
for heavy metals by 1.1-90 times. Concentrations of heavy metals in plants exceed the background values
from 1.1 to 104 times at all dumps. The maximum level of heavy metals in plants is exceeded for Zn, Cd, Cr.
In the condensate sampled at the dumps, MPC is exceeded for Cu, Zn, and Hg. Based on the analysis results,
the geochemical rows of heavy metal distribution in different landfill environments were compiled: in plants
—Zn>Cu>Cr>Ni>Pb>Cd>Co>Hg>Sn > Bi; in condensate — Zn > Cu > Ni> Cr > Pb > Sn > Co >
> Hg > Sb > Cd > Bi; in the soil — Zn > Cr > Cu > Ni > Pb > Co > Sb = Sn > Cd. The distribution of heavy
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metals in the condensate and plants is similar. In these environments, contribution of Zn and Cu is more than
80%, contribution of Cr, Ni, Pb varies from 1 to 10%; contribution of Cd, Co, Sb, Sn, Bi, Hg is less than 1%.
Heavy metals are distributed in soil according to a different pattern: the main contributors are Zn and Cr
(their input is more than 50%), then go Ni, Cu, Co, and Pb (their content in soil varies from 1 to 50%), fol-
lowed by Sb, Sn, and Cd (their content is less than 1%). Total pollution indices (Zc) of the soil, condensate
and plants have been calculated for each landfill. Based on Zc, the landfills were grouped in a ranking series,
which can form the basis for assigning the sequence of landfill reclamation measures.

Keywords: dumps, municipal and industrial waste, soil, plants, condensate
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