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XUMHAUYECKHUE DJIEMEHTDI B IIOYBAX,
I'PYHTAX U MAKPOMUIETAX TOPOACKOHU
TEPPUTOPUU ITETPO3ABO/ICKA

PBIBAKOB DeoepanvHulil ucciedosamenvckutl yeump "Kapenvcxkuii Hayunviil yenmp
Jmutpuii CepreeBud  Poccuiickoul akademuu nayk", rybakovd@kre.karelia.ru

KnioueBble cnosa: AHHOTauma: MiayyeHo cogeprkaHue nnosegeHne 50 XMMUYeCcKMX 31eMeHTOB
XUMUYECKME INEMEHTDI B MoYBax, rPyHTax 1 N1oaosbix Tenax Verpa bohemica (Krombh.) Schroet. u
TOKCUYHbIE 3/1EMEHTbI Leccinum scabrum (Bull.: Fr.) S. F. Gray n3 30Hbl OCTaTO4HOr0 (HaKOM/eHHOoro)
OoCTaTo4YHOe (HaKoMN/MeHHOE) MNPOMbILWAEHHOrO 3arpsA3HeHMA B LEHTPaabHOW YacTu [leTpo3aBoacKa.
NPOMbILLIEHHOE OnacHOCTb 3arpA3HEHHbIX MOYB W FPYHTOB OUEHEHa MO MpPeBblWEeHUo
3arpAasHeHune npeaenbHo aonyctumbix Konndects (MNAK, OOK) XMMUYECKUX 31EMEHTOB U
Verpa bohemica CYMMapHOMY NoKa3aTe/ito 3arpAsHeHns (Cy4eToOM TOKCMUYHOCTM 3/IEMEHTOB),
Leccinum scabrum MaKpPOMMULETOB KaK NPOAYKTOB NUTAaHUA — Nno cogepaHuto Pb, Cd, Zn n Cu
npeaesnbHO JoNyCcTUMble nyTem COMNOCTaBAEHUA C YCTaHOB/IEHHbIMW HOpMaTueamu. Ona L. scabrum
Konnuectsa (MAOK/OAOK) MOCTPOEHbl PAAbl COAEPXHAHUA XUMUYECKUX 3/IEMEHTOB B LWAAMKAxX W
NMoYBeHHbIN cybcTpaT HOYKKax MO OTHOLLEHMIO K POHY, YC/IOBHO onpeneseHHOMY Ha KOHTPO/IbHOM
MHAEKC aKKYMYAALUN y4acTKe, 3HaAUYUTENbHO VYAANEeHHOM OT KaKUX-IM6O MNPOMbIWAEHHbIX

LEHTPOB, @ TaKKe KPYMHbIX aBTO- M KenesHbix gopor (MpaKUHCKKIA
palioH Pecnybaunku Kapenusa). MokasaHO, YTO cofepKaHuMe TOKCMKAHTOB
33 HEKOTOPbIM UCK/OYEHMEM B BECEHHUX FPUbBAX Bbille, YEM B OCEHHMX.
OTHOCMTENbHO NoYBEHHOTrO cybcTpaTa B V. bohemica yctaHoBAEHa CUIbHAA
akkymynaums P, a B L. scabrum — P 1 Rb. CpegHeli cteneHbio HakonaeHun
XapakTtepwusytotca: Zn, Rb, Tl, Cu, Cd, Ag, Sc, Ni, Cs (V. bohemica), Cd, Ag, Tl,
Zn, Cs, Sc, Ni, Cu (L. scabrum).
© MNeTpo3aBOACKUI FOCYAAPCTBEHHbIN YHUBEPCUTET

PeueHseHT: K. B. CazaHoBa
PeueH3eHT: A. A. OKonenosa

MonyueHa: 28 man 2018 roaa MoanucaHa K nevatu: 24 gekabpa 2018 roga

BBepeHue Tan OpPYXEeMHO-NUTENHbIN 3aBoa, nocne 1917
r. — MEeTannypruyeckmn, a ¢ 1956 r. HanaxkeHo
NPOM3BOACTBO N1€CO3AarOTOBUTE/NIBHON TEXHUKMN
(Cagbl 1 napku...,, 2003). MNpoun3BoacTBEHHAA
[eATeNbHOCTb Ha 3aBOACKOW naowaake non-
HOCTbO npeKkpaTnaacb K 2008 r., a 8 2010-m
yKa3aHHaa Tepputopua oGuUUMANBHO YTBEPK-
[eHa KaK 30Ha 06LLeCcTBEHHO-A4e/10BOr0 U Ky/b-
TYPHOrO LEHTpPa ropoACKOro 3HayeHua (30Ha
PeKOHCTPYKUuMn Tepputopumn OT3) (Mpasuna
3em1enonb3oBaHus..., 2010). Ha Hei Hayanocb
CTPOUTENbCTBO KWUJbIX U TOPTroBbIX OOBHEKTOB,
NAaHUPYeTCA Co3A4aHWe 3eNeHblX 30H, KOTo-
pble B KOMNeKce 06pa3ytoT HOBbIM FOPOACKOMN
KBapTan.

B cBA3M C 3TUM LeNnb Hawero nccaefoBaHUA
3aK/04anacb B BbIABEHUM YYaCTKOB HaKo-

Xnmunueckoe 3arpAsHeHne, pe3yibTaToOM KO-
TOPOro CTaHOBUTCA HAaKOM/IEHME TOKCMKAHTOB B
OKpyrKatowei cpeae n buote, U BO3HUKaoWMe
BCNeACTBME 3TOr0 pasnyHblie npobnembl co-
XPaHAKT CBOK aKTyaNbHOCTb M MPOAOIKAIOT
nHTepecoBaTb Uccneposatenei. Ocoboe mecto
NPUHAANEKUT U3YYEHMIO NOANEKALMX PEKOH-
CTPYKUMM ObIBLUIMX MPOMbILAEHHbIX 30H, rae
onacHoe 3arpssHeHne GopmMMpoBaNoChH B Teye-
HME ONUTENbHOrO BPEMEHMU.

B 1774 r. Ha 6epery pekun JIOCOCUHKU B LEH-
TPanbHOM 4YacTM coBpemeHHoro r. [leTposa-
BOACKA OblNO OTKPLITO NPOMbILJEHHOE MpPO-
M3BOACTBO, HEOAHOKPATHO MeHABLLEe HanpaBs-
NIeHUA OeATeNbHOCTM Ha MPOTAXKEHUN MHOTUX
pecatunetnin. B XVIII-XIX Bekax 3gecb pabo-
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NAEHHOro 3KO/I0rMYecKoro yuwepba B npegenax
ropoAcKor TeppuUTopumn, NOABEPKEHHON AN-
TeNbHOMY MNPOMbIWNEHHOMY 3arpA3HEHMUIO,
BK/IOYAA onpeaeneHune COAEpPrKaHUA TOKCU-
KaQHTOB B MOYBax, FPyHTax U npeacraBuTenax
6MOTbl.

MepBbit 3Tan paboT No M3yyYeHUto pacnpe-
AEeNeHNA 3arpA3HALLNX XMMUYECKUX S1eMEH-
TOB Ha TEPPUTOPMN ObIBLLUEN NPOMbILLIEHHON
naowaakn nposegeH 8 2010 r. YacTnyHoO ero
pe3ynbTaTbl OTPa*keHbl B MoHorpadpum (Poiba-
KoB 1 ap., 2013). B 4acTHOCTK, Ha NPOMbILL/IEH-
HOM N/ioWafKe NpoBeAeHbl UCCNeA0BAHUA XU-
MWYECKUX 3NEMEHTOB U3 BEPXHETO (He rybike
10 cm) c/10A NOYBEHHO-TPYHTOBOM TONLWN. AHa-
N13y nogsepranacb ¢pakumMa pasmepHOCTbHO
< 0.1 mm, Kak Hanbonee 3KONOTMYECKN onac-
Haa M MHGOPMATMBHAA B MJIaHE BbIABAEHUA
MaKCUMANIbHOTO KO/IMYECTBa 3arpA3HALLMX
KomnoHeHToB. CocTaBneH paa, B KOTOPOM TA-
efble MeTannbl U MeTanNonapl PacnonoxKu-
JIMCb NO Mepe yMeHblleHUA KoappuumeHTa,
PACCYNTAHHOrO KaK OTHOLIEHWEe cpeaHero co-
OEPXKAHUA i-TO 3NeMeHTa B NOYBAX U FPyHTaX
NPOMbILW/IEHHOW NAOWAAKM K CpefHemy co-
AEepXKaHUIO 3TOrO Ke 3nemeHTa B noysax r. lNe-
TPO3aBOACKa (6e3 cTaTUCTMYECKM aHOMA/IbHbIX

«TPEXCUTMOBbIX» 3HaueHuii): W, Mo, , Pb,_S
b8.18cr4.84cu4.295n4.04N|3.83zn3.65Mn3.08C01,96V1.92AS
Cd,,,- B uenom ypoBseHb 3arpA3HeHWA No4s

1.76 .
M HaCbIMHbIX FTPYHTOB Ha NMPOMbILW/IEHHOW NNO-

LWaZKe XapaKTepusyeTcA KaK BbICOKMW, a Mo
npesbiweHuto NMAK no Pb —KaK o4eHb BbICOKMIA.
Mo MaKcMManbHbIM M aHOMaNbHbIM (Tpexcur-
MOBbIM) 3HAYE€HMAM KOHLEeHTpauu Zn, Cu, As,
Cd, Ni, V HekoTOpble 06cnenoBaHHbIE YH4ACTKU
TaKXKe XapaKTepun3ytTcA O4eHb BbICOKMM ypOB-
HeM 3arpAsHeHuA.

BbicoKoe copep)kaHne TOKCMKAHTOB B MO-
YBaX M FPYHTAX HE MOKET He CKa3aTbCA HA aKKy-
MYAALUM NOTEHLMANBHO ONACHbIX 91€MEHTOB B
obuTaloWMX Ha JaHHOW TEPPUTOPUN OpPraHm3-
Max, B TOM Yncne obHapy»KeHHbIX 34eCb B He-
60/1bLLOM KO/IMYECTBE U HAMU UCCAeA0BaAHHbIX
MaKpOMMULETaAX.

MaKpomMMLETbI M3BECTHbI CBOEW CMOCOOHO-
CTbO HaKaNAMBATb TAXKE/Ible MeTaN/ibl U MeTan-
nonabl, B TOM Yncae Npm TeEXHOreHHOM 3arpsas-
HeHuu (Radulescu et al., 2010; fopbyHoB U Ap.,
2013; Schlecht, Sdumel, 2015). 3ameTum, uto
HeKoTopble cneunanuctol (Lernos, LiBeTHOBa,
2002) cpean BO3MOMKHbIX NMPUYMH MACCOBOro
oTpaBneHus B page obnacten Poccumn B 1992—
2000 rr. Ha3bIBalOT ynoTpebaeHme cbeaobHbIx
rpnboB, 3arpA3HEeHHbIX ONAaCHbIMKU 3/1eMeHTa-
Mu. MosaTomy OgHUM U3 YCIOBUIN BO3MOMKHOTO
BK/IlOYEHMA TPMOHON NPOAYKLUMM B PALLMOH AB-

NAeTCcA ee 3KONOrMYeckoe Kayectso (besonac-
HOCTb 151 34,0POBbA NH0AEN).

Hapagy c obcyaeHnem npemmyLLects u
ycnosuit notpebneHma rpubos Kak NpoayKTOB
NUTaHMA, Bce HBoNblle NOABAAETCA AAHHbLIX O
BO3MOXHOCTAX MUKopemegmaumm (Stamets,
2005). Bbicka3bliBaeTcs MAes O MNEepPCrneKkTUB-
HOCTM OAHOBpPeMeHHOoro obe3BperKnBaHuA
3arpA3HEeHU U MONYYEHUA NPAMO HaA CeNb-
CKOXO3SIUCTBEHHbIX M MPOMbILLIIEHHbBIX OTXO-
Aax npurogHon (6esonacHoi) gns notpebne-
HUA rpubHol npoaykumm (Kulshreshtha et al.,
2014). Ee 6e30onacHoOCTb NPeAnoNOXKUTENbHO
CBA3bIBAETCA C BbIBOPOM TeX BUAOB Cbef06HbIX
rpnboB, KoTopble 06e3BpeXMBaOT OTXOAbl 33
cyeT BblpabaTbiBaemMbix GepMEHTOB M MPU 3STOM
He aKKYMY/IMPYHOT TOKCMKaHTbI B NJ1040BbIX Te-
nax. CcblIKM HA uccnenoBaHMA cnocobHoCTM
Pa3/INYHbIX BUAOB WM 3KONIOTMYECKUX TPYnn C
HEOAWMHAKOBOM MHTEHCUMBHOCTbIO MNOMNOLWATb
HeKoTopble TAXeNble MeTanlbl NpPUBOAATCA
B pabotax (Kala¢, Svoboda, 2000; Zhu et al.,
2011; Ucaes.a, 2014; AHuwWwEHKO U Ap., 2016 n
Ap.). OTmeyatoTcs pasinumMs 1M B HAKOMNAEHUU
TOKCMKAHTOB B LWAAMKAX M HOXKaX MA040BbIX
Ten makpomuuetos (Kala¢, Svoboda, 2000;
Ncaesa, 2014 u ap.). Mo BennYMHe MHAEKCA
akkymynauum (I ), paccumTbiBa@MOro Kak OTHO-
LWeHMe coaeprKaHua B rpmbax K coaeprkaHuio B
nouyse (Byrne, Ravnik, 1976; KabaTta-lNeHauac,
Menanac, 1989), anemeHTbl PaACMNONOKUAUCH
B cneaytowem nopagke: Hg > Cd > Se > Cu > Z
n > Br > As > Mn > V. Mpwu atom rpubsl, cyan
no ob6obueHHbIM AaHHbIM (KabaTa-MNeHauac,
Menanac, 1989), ropasgo cunbHee 3eneHbIxX
PacTeHUI HAKaN/MBAKT OTHOCUTE/IbHO NOYBbI
Se n Hg, cunbHee — Cu, cnabee — Cd, As, Mn,
V u Br. MpMmepHO Ha ogHOM ypoBHe B rpmbax,
pacTeHUsAX M noyBax (MoysBeHHoM cybcTpate)
KOHLeHTpupyeTca Zn.

Huxe Ha ocHoBe maTtepuana, cobpaHHOro
B 30HE NMPOMBbILLNEHHOrO 3arpA3HeHnsa Ha BTO-
pom 3Tane uccneposaHuii (2014 r.), gaHa no-
BTOPHAA, paclMpeHHas U YTOYHEHHaA OLeH-
Ka YPOBHA 3arpsisHEHMA No4YB U rpyHToB. Mpwm
3TOM YYTEHbl CTeneHb TOKCMYHOCTU XMMMUYe-
CKMX 3/IEMEHTOB M PAa3MEPHOCTb WM3Yy4YeHHbIX
dpakuunii. Kpome Toro, npeaBaputenbHo (Ha
HeboblOM Yncie ob6pasLLoB) U3y4yeHO coaep-
KaHNEe XMMUYECKUX 3N1EMEHTOB B LUNAMOYHbIX
ronbax, OrpaHWMYeHHO MPOM3PACTAIOLMNX Ha
AAHHON TeppuTOpUMK, OLEHEHA MX OMACHOCTb
KaK MPOAYKTOB MWTaHMA, NPOBeAEH CPaBHU-
TeNbHbIX MNONMINEMEHTHbIA aHaNn3 4acTen
nnoAoBbIx Ten L. scabrum, BMA0OB MakpomuLie-
TOB, BbINO/IHEHO MX CPaBHEHWE C NMOYBEHHbIM
cybcTtpaTom.
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MaTtepuanbl

UccneposaHuna nposegeHsbl B 2014 r. B 30He
HAKOMMIEHHOrO NMPOMbILWNEHHOrO 3arpA3HeHun
B UeHTpe r. MNeTpo3aBoacKka (bbiBlWas naowaa-
Ka OHeXCKoro TpaKTopHoro 3aBoga). Ha aak-
HOM TEPPUTOPUN AETaNIbHO M3YYeHbl XMMUYe-
CKM M3MEHEHHbIE NOYBbI M FPYHTbI, @ TaKXKe BCe
OobHapyKeHHble NPeacTaBUTENN BbICLUMX FPU-
608 (Buabl Verpa bohemica (Krombh.) Schroet.
n Leccinum scabrum (Bull.: Fr.) S. F. Gray).

O6cnefoBaHHbIE XMMUYECKM 3arpsi3HEHHblEe
noysbl, cornacHo Knaccnodmkaunm M. H. Ctpo-
raHoBoM 1 ap. (1997), oTHeceHbl HAMMU K UHAY-
cTpuzemam (Pbibakos, Kesnuu, 2017), TexHo-
reHHble TPYHTbl — K KOHCTPYKTO3emam. MoyBbl

B OCHOBHOM MNecyaHble 1 cynecyaHble. B To ke
BPeMSs Ha rasoHax, rae oTHOCUTE/IbHO Pa3BUTa
KOpHEeBasA cuctema pacTeHUn, MULLEAUIA U Cco-
XpaHsaeTca anctoson onag (puc. 1), dopmupy-
IOTCA YEepPHO3eMOBUAHbIE No4Bbl. [laHHOe 06-
CTOATENbCTBO OTMEYaN0Ch /1A CTAPOHACIMHbIX
MOYB C BbICOKMM COAEPIKaHMEM OPraHMUYECKOro
BewecTtea (Penopeu, Measeaesa, 2005).
MnogoBble Tena MakKpomuueToB oTbupa-
Nncb aBaxkabl: BecHon — 20 masa (V. bohemica)
N oceHblo — 25 ceHTAbpAa (L. scabrum) 2014 .
HEenocpeACcTBEHHO Ha TeppuUTopuUKM bBbiBLIETO
TPAKTOPHOro 3aBoaa. MectoobuTaHWe: ra3oH C
NCTOPUYECKMMM NocaKamm b6epesbl U KycTap-
HUKOM (cm. puc. 1). Obwan naowaab obcneno-
BAHHOrO y4acTKa cocTaBu/ia nopsaka 80 m2,

S A S

Puc. 1. O6wunit BUA yyacTka mectoobutaHus rpubos (cnesa), V. bohemica cpeam onaaa npoLunorogHen nu-
cTBbl (cnpasa). ®oTto aBTopa. 20.05.2014 r.

Fig. 1. General view of the habitats of fungi (left), V. bohemica among the litter of last year's foliage (right).
Photos by the author. 05/20/2014

Buabl rpnboB COOTBETCTBYHOT OMMUCAHUAM
M3 3/1eKTPOHHOro CnpaBoYHWKa (Areees, by-
NboHKoBa, 2017). B yactHocth, y V. bohemica
WANAMNKa NPUPAcTaeT K HOMKe TO/IbKO Ha ca-
MOM BEpPXYLUKE, HUXKHWIA Kpal LWANAMNKKA CBO-
604HbIN (OTIMYME OT CMOPYKOB — HACTOSALLENO
M KOHM4Yeckoro). Mpubbl 3penble, Ha YTO YyKa-
3bIBAeT NoNaa HoXKa. [na L. scabrum xapak-
TEePHA NJIOCKO-BbINYKNAA LWAAMNKA, YTO OTBeYa-
eT 3penblM 3K3emnaapam. MNoBepxHOCTb cyxan
TEMHO-KOpUYHeBaa. HoXKKa UMAMHApUYeckas,
pacLMpAIOLLAACA K OCHOBaHMIO, cepas uam be-
NI0BaTan, MOKPbLITA CEPbIMU U YEPHbIMU YeLlyin-
Kamu. MakoTb 6enan, Npu NoBpexxaeHun LBseT
MOYTU HE U3MEHSET.

Ona uccnepoBaHMA Mcnonb3oBanancb cbop-
Haa npoba V. bohemica w 4 3K3emnaapa
L. scabrum. Hebonbwon ob6bbem U3BATOrO
Ha y4aCTKe maTepuasa M BblABNEHME JINLWb
ABYX BUAO0B rpnboB, Kak Ham npeacTaBaseTcs,

B KAKOM-TO CTEMNEHWN KOMMEHCUPYIOTCA PeaKuM
HaxoXAeHMeM MaKPOMULETOB B 30HE 3HAYU-
TE/IbHOro NPOMbILINIEHHOTO 3arps3HeHus, bes-
YC/IOBHO, CKa3blBaOLWErocs Ha UX 3/IeMEHTHOM
cocTaBse. B Hawem cnyyae apyrnx mectoobuta-
HUMA Ha OblBWEN NPOMbIWAEHHON MAOLLAAKE
0b6HapyXnTb He y[anoCb, HECMOTPA Ha TWA-
TenbHoe ee obcnesoBaHue.

B KauecTBe KOHTPO/bHbIX (pOHOBBLIX) NpPob
npoaHannM3MpoBaH matepuan L. scabrum, oTto-
6paHHbIN oceHblo 2014 1. B YCNOBHO YMUCTOM,
CcBOOOAHOM OT BbIOPOCOB CTAaLMOHAPHbIX M Nne-
PeABUMKHbIX MICTOYHUKOB, 30HE B MPAXKMHCKOM
panoHe Pecnybnunku Kapenus (toro-BoctouyHee
03. CBATO3€ep0) U AOMNONHEHHbIN HOBbIMW 06-
pa3LaMun C 3TOM Ke TeppuTopuM B CeHTAbpe
2018 .

OugeHKa coaeprKaHMA XMMUYECKUX dNEeMEH-
TOB B MOYBEHHOM CybCTpaTe Ha JAHHOM y4yacT-
Ke NpoBOAMAACH C UCMO/Ib30BAHMEM aHANIN30B
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npo6, otobpaHHbIX B 2010 1 2014 rr. (maii m
MIOHb COOTBETCTBEHHO). 3aKpbiTMe 3aBoAa B
2008 r. UCKNHOUYMNO0 BO3MOXKHOCTb Aa/ibHenle-
ro 3Ha4YMTENbHOrO0 A3POreHHOro 3arpA3HeHuA
TEPpPUTOPUM, B TOM YUC/Ie OT FNaBHOMO UCTOM-
HUKa TAXENbIX MeTa/NoB — JINTEMHOro Lexa,
pacnonarasweroca B 150 m oT yyacTka otbopa
0bpasuos.

MeTtoapbl

[na n3yyeHma noys M rpyHTOB UCMNOJIb30Ba-
JICb cneaytolme MeToabl:

e re0OXMMMUYecKoe onpoboBaHMe C y4eToM
CyLLecTBylOWMX pekomeHgaumni (Haumo-
HaNbHbIN cTaHAapPT..., 2008);

e MNOArOTOBKA BaJIOBbIX NPO6 K aHaNUTU-
YEeCKUM UccnenoBaHUAM;

e ONpeseneHne cogepxaHma 50 xu-
MWYECKUX 3SNEMEHTOB MEeTOAOM  Macc-
CNEKTPOMETPUM C WMHAYKTUBHO-CBA3AHHOWM
nnasmoii (ICP-MS) Ha 6a3e UHcTUTYTa reo-
norun KapHL, PAH.

[eoxumuueckoe onpobosaHue NPoBeAEHO B
noHe — ntone 2014 r. 8 60 TouKax, pacnpege-
JIEHHbIX NO BCEN MPOMbILW/IEHHON Naowaake
Ha y4acTKax, cBOOOAHbLIX OT OCTaBLUMXCA MNO-
NlypaspyLleHHbIX KOoprnycoB 3aBoga WM HOBOW
3aCTPOMKK, a TaKKe YaCTUYHO 3a npesenamu
NAOLWaAKN B NpMMbIKatoLLen 3oHe (50—60 m oT
ObIBLUMX UCTOYHMKOB 3aBOACKMX BblbpocoB). B
LeNomM NpUMeHsnacb KOMbUHaLMA OLLEHOYHO-
ro n perynapHoro otbopa npob.

Mpobbl oTbupannck U3 BepxHero (He rny6-
e 10 cm) cnoAa NoYBEHHO-TPYHTOBOWM TOJILLM.
MpenBapuTenbHO mecto otbopa Npu Heobxo-
ANMOCTM 0CBODOXKAAN0Ch OT KPYMHbIX KAMHEN,
BETOK, OCTaTKOB /INCTBbI M TpaBbl. Bec Kaxkaom
oTobpaHHOM Npobbl coctaBnsan okono 500 r. B
oTbope nNpob NpMHUManK yyactme ctygeHTsi Il
Kypca ropHo-reosnornyeckoro ¢akynbreta [le-
TPO3aBOACKOrO roCyAapCTBEHHOIO YHUBEPCU-
TeTa, NPOXOAUBLUME MPOU3BOACTBEHHYIO NMpPaK-
TUKY.

MoaroTtoBKa BaNoBbIX NPob K aHanM3am npo-
BOAMNACb B HECKO/IbKO 3Tanos: 1) BbiCylMBa-
HWe Npob B KOMHATHbIX YCI0BUAX; 2) LONONHU-
TeNlbHOe MX 0CBOOOXAEHME OT NMOCTOPOHHErO
MaTepuana (Menknux KamHeln, OCTaTKOB PacTu-
TENbHOCTU U T. N.); 3) py4yHOe pa3aeneHne Ha
dpaKLMKM KPYNMHOCTM C UCMOIb30BaHMEM Habo-
pa cuT c auerkamu pasmepom: 1.0, 0.5, 0.25 u
0.1 mm; 4) nsmenbuyeHune (gpobneHune, pactm-
paHue).

AHanus MmeToaoOM macc-criekmpomempuu
C UHOYKmMueHo-cesa3aHHol nnaasmotli (ICP-MS)
nposegeH B UHcTUTyTe reonorum KapHLU, PAH no
CTaHAapTHOM meToaumKe (CBeToB u ap., 2015).

Mpu 06paboTKe MNONYYEHHbIX reoxmmuye-
CKMX OAHHbIX METOAAMM MaTeMaTUYeCKoM cTa-
TUCTUKM NPOBEPAIACh TMNOTeE3a O HOPMAJIbHO-
CTU pacnpeaeneHns KOHUEHTpauun xmmuye-
CKMX 3/IEMEHTOB, PaCcCYUTbIBAIUCL ANUCNEPCUM,
CTaHAapPTHbIE OTK/NIOHEHUA U CpefHne 3Haye-
HUA. PacuyeTbl OCYLLECTBASANUCL C MOMOLLbIO
CTaTUCTMYECKOro nakeTa «AHanu3 OaHHbIX»
nporpammbl Microsoft Excel.

MogaepHU3NpPOBaHHbIM (BoasHuu-
Kuii, 2008) cymmapHbIi nokasaTenb 3a-
FPA3HEHUA  paccuuTbiBascA no  dopmyne:

8 :iKET—(n—l},

i=1

(1)

rae K_=K_® K_— koapduumeHt KOHLIeHTpa-
UMM i-r0 3NeMeHTa, NPEeBbIWAWMA eaNHULY
(K), y4uTblBalOWMM KNacc OnacHOCTU TOKCK-
kaHTa (K ). LnAa 1-ro knacca onacHoctm K = 1.5,
ana 2-ro—1, ana 3-ro—0.5.

O6pasubl rpnboB TWATENBHO OYULLLASIUCH OT
YacTMYeK NoYBbl, TOHKO Hape3a/nCb, BbICYLIU-
BAa/MCb HA BO3A4yXe M OKOHYATe/NIbHO noagep-
ranncb U3MeNb4eHUI0 B KOPEMO/IKE HOXKEBOTO
TMNa. 3aTem NoJslyYeHHble NPobbl aHaNU3NpPO-
Banucb metogom ICP-MS B UHCTUTYTE reono-
rum KapHL, PAH.

C nomoLWpblo CpaBHEHUA C AEWUCTBYHOLLMMMU
NAK ana Cd, Pb, Zn n Cu (MpeaenbHo gonyctu-
Mmble...,1986;CaHMTapHO-aINMAEMNOAOTNYECKNE
npasuna..., 2001) oueHeHa onacHOCTb U3yYeH-
HbIX TPMBOB B Cy4yae MX BO3MOXKHOIO ynoTtpe-
6neHuns B nuwy. MNpu 3TOM OUEHKA AaHa ¢ yye-
TOM NPUHATOrO COAEPKAHUA B MCXOAHOM NpPO-
AYKTe (cBexux rpubax) nopaaka 90 % soapl, B
cyxmx rpnbax — 10 %. Hg B rpubax He onpege-
nAanacb M3-3a OTCYTCTBMA Heobxoammoro obo-
PYAOBaHUA.

C wucnonb3oBaHMem BCeEX MNPOaHANU3UPO-
BAHHbIX 3/1€MEHTOB MNPOBEAEHO CpPaBHeEHUE
AaHHbIX MO 3arpsA3HeHHbIM obpa3uam c aB-
TOpPCKMMK GOHOBbIMKW onpeaeneHnamn (gna
L. scabrum), BbINONHEHO COMOCTaBAEHME CO-
AEPXKAHUA 3N1EeMEHTOB MeXay LWAANKaMmu u
HOXKamu L. scabrum, a Takxe mexay Bugamm
MaKPOMMWLLETOB, PaCcCYMTaHbl 3HAYEHUA UHAEK-
ca akkymynsauum (/). Ana rpapmyeckmx nocrpo-
€HUM NPUMEHANCA NaKeT «AHanNU3 AaHHbIX»
nporpammbl Microsoft Excel.

Pe3ynbratbl
YpOGHu 302pPA3HEeHUA no4e U epyHmoe

[Ons pacyeta meAmMaHHbIX 3Ha4YeHUN WU Bbl-
ACHEHUA NPefenoB COAEPXKaHUA XMMUYECKUX
3/1IEMEHTOB B WMCXOAHYIO BblOOPKY BKJIOUYEHDI
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[aHHble No 60 npobam MoYB U rPYHTOB, BKAO- TaTbl pacyeTa 414 pALa 3N1eMEeHTOB npusese-
yaa 7 pe3ynbTaToB, YCPeAHEHHbIX M3 ABYX Hbl B Tabn. 1.
aHanM308B (OCHOBHOTO M NOBTOPHOrO). Pe3ynb-

Tabnumua 1. MeaunanHoe (x,, ), npegenbHoe (x ., X ) COAepM*aHue 31eMeHTOB B BEPXHEM C/10€ NOYBO-
I'pyHTOBOM Tonwwm (no d)paKu,MM < 0.1 mm), Knapku no A. IN. BuHorpagosy (CnpaBoyHuK..., 1990), pervo-
HanbHbIK GoH (x . ) (Pepgopeu, u ap., 2008), cpeaHee coaeprkaHue B NoYBax r. I'IeTpo3aBo,D,CKa (xnem)
(PbibakoB 1 gp., f813), Knaccbl onacHoctu, NAK n OAK (MeToguueckue ykaszaHus..., 1992; MrueHude-
CKMEe HopMaTuBbl..., 2006, 2009), nokasaTenn BpeaHocTu (TurneHnyeckas oueHkKa..., 1999): nsmepaemble
3Ha4YeHMA NPMBOAATCA B MI/Kr

Table 1. The median (x,, ), the limiting (x _, x ) content of elements in the upper layer of soils (by
fraction < 0.1 mm), clarkes. by A. P. Vmogradov (nHandbook , 1990), regional background (x | ) (Fedorets
et al., 2008), average content in the soils of Petrozavodsk (x .) (Rybakov et al., 2013), hazard classes,
MPCs and TPCs (Guidelines..., 1992; Hygienic standards... 2006 2009), and |nd|cators of harmfulness
(Hygienic assessment ., 1999): the measured values are given in mg/kg

Mapametp Pb Zn As Cd Co Ni Cu Mo Cr Sb Mn Y W  Sn
Xye 390 494 8.92 1.14 21.3 120 207 27.1 277 6.25 2140 228 71.5 14.7
Xun 499 112 ~1.97 0.45 8.14 31.2 72.7 1.26 36.1 1.14 774 ~35.1 ~0.89 3.00
Xpx 234503020 32.0 5.63 83.4 1270 2320 198 2700 31.5 7200 13740 2490 244
Knapk 16 83 1.7 013 18 58 47 1.1 83 05 1000 90 13 25
X 15 20 M 10 10 20 10 M a0 M 200 He onp.

onp. onp. onp.
Xoep. 206 821 2 136 7.05 19.4 31.5 0.94 30.4 0.62 399.3 62.6 0.75 1.9
Knacc N

OACHOCTH 1 1 1 2 2 2 2 1* 2 3 3 3 -

NAK nan
oK 55 2 05 ° 0 e He 45 1500 150 e Me

onp. onp. onp. onp. onp.

Ke=Xye/Xpoe 26.0 24.7 4.46 1.14 2.13 5.71 599 289 6.92 10.1 10.7 3.65 95.4 7.74

[MoKasatenu BpeaHOCTH
K, 35 2 4.5 3500 170
K, 260 15 4.5 1500 350
K, _ _ _ -
K, 32 10 50 1500 150

namx, =x,. .3.[loKasaTtenn BpefHocTU: K, — TpaHc-

Mpumeyanue. 1. * —no: Boganuukuii, 2008. 2. x o
NIOKAUMOHHbIN, K, — BOAHbIW, K, — BO34YLIHbIN, Kb o6pUJ,ecaHM?fapr|M

Note. 1. * — by: Vodyanitsky, 2008. 2. x, = x , or x, = x,_.. 3. Indicators of harmfulness: K, — translocation, K, —
migration in water, K, — migration in air, K general h&alth and sanitary.
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MpoBeaeHO cOMoOCTaBNeHME PACCYUTAHHbIX
MeANAHHOIO M MaKCMMA/NIbHOrO COoAgepKaHuA
3/1EMEHTOB C UX CPEAHUM COAEPKAHNEM B 3eM-
HOM Kope — Knapkamu no A. M. BuHorpagosy
(cm. Tabn. 1). B cnyyae megmaHHbIX 3HAYEHUN
3NeMeHTbl Pa3buTbl Ha creayolme rpynnbi
(npeBbllWweHWe KNapKa, pas):

» 6bonee 1000 -Te, .
e« 0T 100 40 10 - Se67 1W55 0M024 7Pb24 4Sbl
Bi12 3 | | | |
e0T10805-Cd,_,
e0T75 a0 1-Hf,_Cu, Cr

Ni, Ti. Ba '

2.5

Zn___Sn

5.95

As

5.88 5.24

3.33Ag2461v

2.54

an_

C Z 4.39
2.07 ° '1.52 1.23 01.19 r‘1.00

MeaunaHHoe coaep)kaHWe ocTanbHbIX 28
3N1eMEHTOB He MPEBbIWAET KNAapPKOBbIX 3HaYe-
HUN.

CrnnCOK 3/1IeMEHTOB, MakCMMaibHOe coaep-
YKaHMe KOTOpPbIX NPEBbILIAET K/1apKu bosiee yuem
B 3 pasa, BbIrNAAMT caeayowmnm obpasom:

e bonee 1000-Te.. W.__ Bi._ Pb

2596 © 1915 1843 1466

« 01500 0 100 -Se, Mo V. Ag, ,

407

« 0710080 50-Sn,, Sb_
«0T 50 go 10 — Cu

Cd Zn36.3cr32.6Ni21,9
ASlS.SHfl4.6

49.4 43.3

eor110805—-Mn_, 7Zr

eoT5003-P,_Co, _.Ba,  Ti

4.72 4.63 4.51 " '3.90

3TOT CNUCOK NPAKTUYECKN NOBTOPAET Npea-
bIAYWMIA 33 WUCKAOYEHWEM AonosiHeHus P B
HUXKHEeM rpynne M HEKOTOPbIX NepemeLLeHUin
MeXay rpynnamm.

ObpauLaeT Ha ceba BHMMAHME 3HAYUTEND-
HOe CoAeprKaHMe B U3YYEHHbIX MOYBAX U FPYH-
Tax Te (ot 0.25 go 2.6 mr/kr). MakcumanbHoe
copgeprkaHmne Te 3adpukcupoBaHo B npobe, B
KOTOPOM TaKe onpeaeneHo Hambonblee w3
Bcex cogepskaHue (mr/kr): Se (20.3), Zr (971) n
Hf (14.6).

B Tabn. 1 npmuBeaeHbl cBeAEHUA O Knaccax
onacHoctv, NAK (OAK), nokasatensx BpeA-
HOCTU M (GOHOBOM COAEPKAaHUN OCHOBHbIX
3/1eMEHTOB-3arpAsHUTENEN U3y4aeMon Teppu-
TopuKn. OnA HEKoTOopbIX 3/71eMeHToB $OHOBOE
coAeprkaHMe He BbIACHEHO, MO3TOMY MpPU pac-
yeTax no popmyne (1) ncnonbayerca ux coaep-
*KaHue B nouysax r. [eTpo3aBoacKa (6e3 yyeTa
CTaTUCTUYECKM aHOMANbHbIX «TPEXCUIMOBBIX»
3Ha4yeHWI)? 6ansKoe K KnapKy (cm. Tabn. 1).

B Tabn. 2 nokasaHbl YPOBHW 3arpAasHeHUs
NoYB XMMUYECKUMU SNEMEHTAMM.

Tabnumua 2. OueHKa CTENEHN XMMUYECKOTO 3arpsisHeHUs noysbl (CaHMTapHO-3NMAEMMNOIOTMYECKME TPe-
6oBaHus..., 2003)

Table 2. Assessment of the degree of chemical soil contamination (Sanitary-epidemiological
requirements..., 2003)

CoagepraHue B nouse, Mr/Kr

KaTteropusa 3arpasHeHus Z_nous
1 Knacc 2 Knacc 3 Knacc
Yucrasn Ot ¢doHa go NAK Ot dpoHa go NAK OT doHa po NAK -
[lonycTumas Ot 2 poHOBbIX Ot 2 poHOBbIX Ot 2 dpoHOoBbIX <16
Y 3HavyeHu go NAK 3HaveHun ao NMAK 3HayeHnuin go NAK

YMmepeHHO onacHas OrNnAKpo K 16-32
OnacHasa OrnaKkmoK OrnAaK mo K >K 32-128
YpesBblyaliHO onacHas >K >K > 128

MpumeyaHwue. Kmax — MaKCMMaJibHO€E 3Ha4vyeHne JoNnyCTUMOro ypoBHA COoAEePXKaHUA I1eMEHTA NO OAHOMY U3

yeTblpex rnokasaresnen BPEOHOCTU.

Note. K §
of harmtulness.

—the maximum value of the permissible level of the element content for one of the four indicators
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dnemeHTbl, ONA KOTOPbIX AENCTBYHOLWMMMU
HOpMaTMBaMKM YCTAHOB/IEHbl BaJsi0Bble rpe-
OENbHO NN OPUEHTUPOBOYHO AONYCTUMbIE KO-
nuyectsa (MAK / OOK), dopmupyoT no npesbi-
weHuto NAK (OAK) B necyaHbIX U cynecyaHbIx
noysax c yuetom GpoHa UK KNapKa cneaytouimne

psaabl (pas):

e N0 MeAMaHHOMY 3HAYEHMUIO: Pmeng_61
Cu5.96N|4.99A53.61Mn1.295b1.28V0.92Cd0.29'.

e 0 MaKCMMaibHOMY 3HauyeHuto: Pb

Cu, Ni_ Zn_ As . Cd . Sb . Mn

.0 70.0 624 54.5 15.1 9.26 6.88

B KauectBe POHOBbIX 3HAYEHUIM NPUHATO Me-
AVaHHOe cogepaHue Pb, Zn, Cu, Mn, Ni, Cd B
nousax Kapenuu (cm. Tabn. 1). Ona ocTanbHbIx
3N1eMEHTOB pacyeTbl CAeNaHbl C Y4eTOM Knap-
KOBOTrO COAEepKaHMUSA.

Hanbonblias 3Ko/MOrMyeckas OMacHOCTb
CBfi3aHa C MeIbYaLLIMMM YaCTULLAMM NbIU, KO-
TOpble MOTyT NPU NPOBEAEHUU CTPOUTENbHbIX,
norpy3oYHbIX paboT nam pasHoce BETPOM No-
nagaTth B OpraHbl AblXxaHMA pabounx u xKutenemn
ropoaa. B cnyyae ecnm aTm YacTuubl cogepkat
TOKCUYHbIE BELLEeCTBA, MX ONACHOCTb BO3pacTa-
eT. Kpome TOro, onacHble 3/IeMeHTbI, CoOCpeno-
TOYEHHbIE B NblJIEBATbIX YAaCTULLAX, MOTYT Jierye
nonagaTb B NOBEPXHOCTHbIE U FTPYHTOBbIE BOAbI,
N3BNIEKATbCA pacTeEHMAMMU. B cBA3M C 3TUM C no-
MOLLbIO NpPeacTaBAEeHHbIX FTEOXMMUYECKUX PA-
[0B 1 Tabn. 1 n 2 oueHnBaeTca CTeNeHb XMMMU-
YyecKkol onacHocTu ¢paKkuum KpynHoctn < 0.1
MM M3y4YaeMbIX TEXHOreHHO 3arpsA3HEeHHbIX
MoYB U FPYHTOB, COAEPMKALLMX TaKME YacTuULbI.

AHanu3 nokasbiBaeT, YTO MO MeAMaHHO-
My coaeprkaHuto Pb, npesblwatowemy K
(260 mr/Kkr), 3arpsasHeHne Ha 6onbluel YacTu
N3yYEHHOW TEPPUTOPUM OTHOCUTCA K KaTero-
pun «4pesBblYaliHO onacHaa», Zn, Cu, Ni, As,
Sb — «onacHasa», Mn, — «ymepeHHO onacHasay,
V — «gonyctumasn». OTmeyeHo, yto NMAK (O4K)
Pb, Zn, Cu n Ni npeBbiweHbl B 100 % To4eK oT-
6opa npob. Tak, MaKCMMasibHOE coaepyKaHue
Pb (23450 mr/Kr), aBnstoLlLerocs npexae Bcero
0TXO040M NINTEMHOro NPOU3BOACTBA, NPEBbILLa-
et NAK ana noys 6onee yem B 730 pas, MUHU-
manbHoe (49.9 mr/kr) — B 1.6 pasa.

B npobax TexHOreHHoro rpyHta, otobpaH-
HbIX B MECTaX JIMKBMAMPOBAHHOIO MOJIOTHA XKe-
NIe3HOM A0POrv B CEBEPHOM U LLEHTPA/IbHOM Ya-
CTAX 3aBOACKOWN TEPPUTOPUU, B 3HAYUTENbHbIX
Ko/iMyecTBax NpucyTcTBytoT (NpesbiweHne OAK
c yuyetom ¢poHa): Cu (ot 16.7 oo 70), Zn (o1 15.8
10 54), Cd (ot 3 o 9). Ha aTux ke yyacTkax no-
BbllleHO coaepxaHue (mr/kr): W (680-2490),
Mo (27.7-170), Bi (0.21-0.35), Sb (6.86—31.5
nnu 1.4-6.9 NAK).

732V91
4.67°

B palioHe ObiBLIEN 33aBOACKOM KOTENbHOMW,
paHee paboTaBLie Ha Ma3yTe, MOYBbl CUAbHO
3arpasHeHbl V (ot 8 go 91 NAK ¢ yyeTom Knap-
Ka) n Ni (ot 12 go 62 OAK c yuetom ¢oHa).

CTaTUCTMYECKM aHOMaNbHOE coaepKaHme Sn
(203-284 mr/Kr) 1 pe3ko MoBblWEHHbIE KOMU-
yectsa Zn (1760-2650 mr/kr unmn 32—-48 NAK)
obHapyKeHbl 3a nNpeaenamm NPou3BOACTBEH-
HOM NNOLWAAKM, B 3aBOACKOM Napke «AmKa»
Ha NpPoOTMBONO/IOKHOM bepery p. JIocOCUHKa.
CopeprkaHue Pb B aTux npobax gocturaet 890—
1130 mr/Kr (B 2010 r. B 3TOW Ke TOYKe 3adPuK-
CMPOBaHbl CXOAHbIE KOHUEHTpauuu (Mr/Kr): Sn
—267,Zn—1840, Pb — 1040).

BennunHa Z_ ana mesinaHHOTO coaepaHua
31eMEHTOB-3arpA3HUTeNEN, NPUBEAEHHDbIX B
Tabn. 1, yuntbiBaeMblx Npu ee pacyeTe no ¢op-
myne (1), coctasuna 193.4 (Z = 220.5 — Ges
yyeTa cTeneHu TOKCUYHOCTU 3anemeHToB). Co-
rnacHo Tabn. 2, No sTOMy NoOKasaTesnto 3arpss-
HEHME CaMOM MENIKOM U3 U3yYeHHbIX GpaKkummn
MOYB U FPYHTOB B LLEJIOM COOTBETCTBYET KaTe-
ropumn «4ypessBbl4aliHO onacHas». pu 3Tom K
AAHHOM KaTeropum 3arpAsHeHua OTHOCUTCA
75 % Touek otbopa Npob, a K KaTeropmum «onac-
HaA» — ocTanbHble 25 %.

3arpA3HeHne OTHOCUTCA K KaTeropmm «ypes-
Bbl4alHO onacHas» 1 no npesbliweHuto NAK Ta-
KOro 3nemeHTa NepBoro Kaacca onacHoOCTH, Kak
Pb. 13 100 % 2/3 Touek onpoboBaHus cooTBeT-
CTBYIOT KaTeropuu 3arpssHeHma Pb «uypesBbl-
YyalHo onacHaa». Mpu atom 3.3 % onpeapene-
HWIA B BbIbOpKEe He nepeceKarTca ¢ Npobamm
KaTeropum «4ypessBbl4allHO oOMacHas», BblIAB-
NEeHHbIMW MO KpuTeputo Z_. Taknm obpasom,
He meHee 78 % mecT oTbopa npob no dppakumm
< 0.1 mm cnenyeT OTHECTU K KaTeropuu 3arpas-
HEHWA «4pe3Bbl4aliHO OMACHaA», @ OCTa/ibHble
— K KaTeropuu «onacHas».

C 6onee KpynHbIMK GpakUMAMM, 33 PeLKUM
WCKNIOYEHNEM, CBA3AHO MEHbLUee CcopepKa-
HWe 3/1eMeHTOB-3arpA3HUTENEN, B CBA3M C YEM
no cpegHMM 3HAYEeHUAM, PACCYMTAHHbIM C y4e-
TOM BbIOPAHHOIO 3aKOHA pacnpeneneHns, oHu
nonaaatoT B KaTeroputo «onacHaa» (tabn. 3).

OTcyTcTBME onpeaeneHnii poHOBOro coaep-
*KaHuAa Te, Bi n Se, KOHUEHTpPaAUMM KOTOPbIX B
3arpA3HEeHHbIX NOYBAX U FPYHTAX MHOTOKPATHO
NPEeBbILAIOT KAAaPKOBble 3HAYEHUA, He MO3BO-
MO paccunTaTb KOIOPUUMEHTbI KOHUEHTpPa-
UMM 3TUX anemeHToB. COOTBETCTBEHHO, MpwU
onpegeneHnMn CyYMMapHOro noKasaTensa 3a-
rPA3HEHMA OHW HEe MCMO/Ib30BA/IUC.

CaHlwuH 2.1.7.1287-03 [13] ycTaHaBAMBaEeT
npaBuaa MO MCMNO/Ib30BAHUIO MOYB B 3aBUCK-
MOCTW OT KaTeropum mx 3arpasHeHus (tabn. 4).
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Tabnvua 3. PacyeT CyMMapHOro nokasaTesa 3arpAasHeHna 41A CPEAHNX 3HAUEHUI COAePKaHMUA INEeMEH-
TOB (Mr/Kr) no ppaKkLmam KPynHOCTM (Mm)

Table 3. Calculation of the total pollution index for the average values of elements content (mg/kg) by
particle size fractions (mm)

Xy, MT/KT X mr/ Kcr,
InemeHT $oH.

1.0-0.5* 0.5-0.25 0.25-0.1 <0.1 KT 1.0-0.5 0.5-0.25 0.25-0.1 <0.1
Pb 674.0 334.1 295.5 536.4 15 49.08 24.33 21.52 39.06
Zn 541.7 451.0 500.8 854.5 20 9.90 8.24 9.15 15.61
As 4.05 3.34 3.80 7.80 2 3.04 2.51 2.85 5.85
Cd 0.58 0.45 0.59 1.10 1 <1 <1 <1 1.18
Co 13.9 9.89 12.2 20.8 10 1.96 1.39 1.72 2.93
Ni 52.8 43.4 51.0 90.6 20 2.72 2.24 2.63 4.67
Cu 146.8 83.9 89.7 156.2 10 4.66 2.66 2.85 4.96
Mo 7.60 4.86 8.46 20.49 0.94 8.09 5.17 9.00 21.80
Cr 105.6 71.8 99.9 214.7 40 5.21 3.54 4.93 10.59
Sb 2.44 1.79 2.29 4.53 0.62 3.94 2.89 3.69 7.31
Mn 1402.5 1006.6 1086.4 1754.3 200 1.76 1.26 1.36 2.20
\% 104.3 77.5 111.4 204.2 62.6 <1 <1 <1 1.63
' 14.2 12.7 20.4 58.5 0.75 9.47 8.47 13.60 39.00
Sn 70.4 49.0 41.1 69.1 1.9 18.53 12.89 10.82 18.18
Zz 107.3 64.6 73.1 162.0

MpumedaHue. 1. * — dpakuMM KPyNnHOCTU, MM. 2. [laHHble NO CPeAHUM 3HaYEHUAM KOHLEHTPaLUMIiA Npu-
BeAeHbl Ana 8 06pasLoB, M3 KOTOPbIX BbiAeneHo no 4 ¢pakumu KpynHocTu. 3. 3a GOHOBble 3HaYeHMA
MPUHAT PErMoHanbHbiM GOH UK CoAEPIKaHME SNEMEHTOB B NoYBax r. [eTpo3aBoacKa (611M3Koe K Knapky)

(cm. npumeyaHue 2 B Tabn. 1).

Note. 1. * — particle size fractions, mm. 2. Data on average concentrations are given for 8 samples, each of
which are separated into 4 particle size fractions. 3. A regional background or content of elements in the
soils of Petrozavodsk (close to clark) is adopted as background values (see Note 2 in Table 1).

Takum 06pasom, pesynbTaTbl UCCAEL0BAHUM
NOATBEPAMAN HaNUUYME 3HAYUTENbHOIO OCTa-
TOYHOrO (HaKOM/IEHHOro) 3arpsA3HEHUn TaXe-
NbIMU MeTanNaMuM U MeTannioMaamu Mnoys u
rPYHTOB B LleHTpanbHOM YacTu r. MNeTpo3asoa-
CKa.

HaKonneHue MOKCUYHbIX 371eMeHmMoe8 8
Makpomuyemax

Hopmupyemosie mokcukaHmel. B Tabn. 5
NPeAcCTaBNEHO CcoAepyKaHMe OCHOBHbIX (Hop-
MMWPYEMbIX) TOKCMKAHTOB B MAKpPOMMLIETAX,
COb6paHHbIX B 30HE 3arpA3HEHNA Ha NaoLWaaKe
3aKpbIBLUEroca TPAKTOPHOro 3aBoAa.
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Tabnunua 4. PekomeHaaumm no UCnosib30BaHUIO NOYB B 3aBUCMMOCTM OT CTEMEHWN UX 3arPsi3HEHMUA
Table 4. Recommendations on the use of soils depending on the extent of their contamination

KaTeropwusa

PeKoMeHZaLMW No UCNONb30BAHMIO NOYB
3arpA3HeHuns Noys

Yucran Ncnonb3oBaHue 6e3 orpaHnyeHui

Jonyctumas Ncnonb3soBaHue 6e3 Ol'paHM'-IEHMﬁ, NCKNtoYaA 06beKTbl MOBbILEHHOTO PUCKa

Mcnonb3oBaHMe B Xoae CTPOUTENbHbIX PaboT Nof, OTCbINKM KOT/I0BAaHOB U
YMepeHHO onacHaa BbIEMOK, HA y4aCTKax 03e/1eHEHMA C MOACLIMKOM CN0A YNCTOrO FPyHTa HE MeHee
0.2m

OrpaHMYeHHOe NCNo/b30BaHMe MoA, OTChbIMKM BbIEMOK U KOT/IOBaHOB

C NepeKpbITUEM C/I0EM YMCTOTO FPYyHTa He meHee 0.5 m. Mpu Hanuumum
OnacHas 3NNAEMMNONOTMYECKON ONACHOCTM — UCMO/Ib30BaHWE NOC/1e NPOBeAEHMSA

AesnHbeKumn (Ae3nmHBasnmn) No npeanmncaHnio oOpraHoB rocCaHaNUACAYKObI C

nocaeayolwmm nabopaTopHbIM KOHTPOIEM

BbIBO3 M yTMAM3ALMA HA CNELNANN3NPOBAHHbIX MOAUTOHaxX. Mpy HaAMuUm
YpesBblyallHO  3MMAEMMOJIOTMYECKOM OMACHOCTU — UCMO/Ib30BAHME NOC/AE NPOBEAEHNS
onacHas aesnHobekumn (aesnHBasmm) No npeanmMcaHnio OpraHoB rocCaHaNUACAYKbbI €
nocseayroLLMm N1abopaTopPHbIM KOHTPOIEM

Tabnuua 5. CopeprkaHne TAXKENbIX METANI0B B MAKPOMMULLETAX M NMOYBEHHOM CybCTpaTe NPOMbILIEHHO
3arpA3HEeHHON TePPUTOPUN, MI/KT BO3AYLLIHO-CYXOl Macchbl
Table 5. The content of heavy metals in macromycetes and soil substrate of industrially contaminated
territory, mg/kg of air-dry sample

Ob6beKT Pb Cd Zn Cu
npeaenbl 1.53-14.3 0.366-2.47 96.3-300.7 20.1-31.0
L. scabrum (wnsnka), n =4
meamnaHa 9.42 0.606 149.8 23.2
npeaenbl 1.04-4.18 0.146-0.981 65.0-119.2 7.07-16.7
L. scabrum (HoXKa), n=4
meauaHa 2.44 0.189 84.1 10.2
L. scabrum (WwnaAnKa), KOHTPOb 0.360 1.83 140.1 12.8
L. scabrum (HOKKa), KOHTPO/b 0.397 0.607 86.7 8.04
V. bohemica (cbopHas npoba) 2.38 0.315 341.5 92.0
MouBa Ha 3arpA3HeHHOM y4acTKe cbopa rpnbos
52010 r. (y6uHa 0-0.1 M) 92.7 0.304 168.4 66.2
To ke (rnybuHa 1 m) 705.0 0.432 257.3 559.3
MouBa Ha 3arpA3HeHHOM y4acTKe cbopa rpnbos
82014 1. (my6uHa 0-0.1 m) 117.8 1.15 392.6 181.1
MNAK B rpubax 0.5 0.1 20 10

MpumeyaHue. NAK npuBogmMTCca B nepecyeTe Ha UCXOAHbIN MPOAYKT C yY4ETOM COAEPHKAHUA CYXMX BELLECTB
B HEM M B KOHEYHOM NPOAYKTE.

Note. MPCs are %iven in terms of the initial product, taking into account the content of dry substances in
it and in the final product.
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N3 T1abn. 5 BuaHo, 4yto bonblie Bcero Pb
n Cd HakannuBaeTca B waAnkax L. scabrum,
Zn n Cu — B V. bohemica. MNpesbiweHne MAOK
(Ha cbipyto Mmaccy) oOTmevaetca B LWAAN-
Kax (Pb, Cd, Zn) u Hoxkax (Cd) L. scabrum
n 8 V. bohemica (Zn, Cu). CogepkaHue Cd B
WAANKAX KOHTPOJIbHbIX 06pasuos L. scabrum
Takke npesblwaetr MNAK (1.16-3.34 mr/Kr).

CpasHeHue ¢ ¢poHom. CopeprkaHmne Pb, U,
Bi, Y, 2TR, W, Th, Ba, Cu, Ag n Ni B wnsankax
L. scabrum BO Bcex cny4asx npesbiwaeT ¢o-
HOBble 3Ha4YeHuA (puc. 2). B HOMKKax AaHHOrO
BWAA YNC/IO TAaKUX INeMeHTOB MeHblue: Pb, U,
Bi, Ba n Ag (puc. 3). Ins meamnaHHOro coaeprka-
HWA B YCNOBMAX OCTAaTOYHOIO NPOMbILIAEHHOMO
3arpA3HeHua anemeHTbl GOPMUPYIOT cnepyto-
Wme paabl NpeBblleHnin Hag doHom: Pb >> U
>Bi>Y>ZXTR>W >Th >Ba > Cu > Ag > Sr
> Ti>Ni>Zr > Nb > Sb =Zn (wnsankn) n Pb >
U>Bi>Ba>Ag>Th>W>ITR>Cu>Y>Ti
> Tl (HOXKHK). Kpome Toro, MHoraa K asTum ane-

C'/C g (urmarmm)
100 -

MmeHTam moryTt gobasnatbea: Tl, Cd, Li (wnan-
Ku), P, Cd, Zn, Hf, Zr, Ta (HoxKM) (cm. puc 2, 3).

B L. scabrum poHoBOe coaepKaHue Sc, Rb,
Cs, Sn, Co, Mo n Mn BO Bcex cly4anx Bbilwe, Yem
B30oHe3arpAsHeHua. AnaTl>Pb>Cd>Bi>Sr>Zn
(Bwnankax) MCd>Bi>TI>Y>Mo>Pb>Ta>Zr>Hf
= P (B HOXKKax) HabntogaeTca HanbonbLKn pas-
6poc 3HayeHu (Hanbonbllana KOHTPACTHOCTb).

B KOHTpobHOM 30He coaepkaHue Tl, Sb, Li,
Nb, Sr, Zr, Bi, Y, Sn, Cr, Th, Mn, Pb, Ni, Co, Sc, 2TR,
U, W B wnankax L. scabrum He npeBbIWaeT Nx
coaepxaHua B HoxKax (C_/C <1), B 30He npo-
MbILL/IEHHOTO 3arpA3HeHna — Tonbko Tl, U, Bi u
Ta (puc. 4). 3a UCKNOYEHMEM NEPEUYNCTIEHHDIX
BCE OCTa/ibHble 3/1eMeHTbl B 6onblien crene-
HU KOHLEHTPUPYIOTCA B WAsANKax rpubos. Kak
BUAHO M3 puc. 4, 6onbluee YNC/IO INIEMEHTOB
aKTUBHEEe HaKan/AMBaeTca B LIAAMKAX, YeM B
HOYKaX, Ha 3arpsi3HEHHOM Y4YacTKe Mo cpaBHe-
HUIO ¢ GOHOBbLIM. 34€Cb B KayecTBe UCK/oYe-
HMA MOXKHO Ha3BaTtb: Rb, Tl, Ta, U, Cs, Hf, P n Ba.

0 .01 T T T T T T T T T T T T T T

T T T T T T T T T T T T T T T 1

Pb U Bi Y TRW ThBa CuAg Sr Ti Ni Zr Nb Sb Zn Mn Li Tl Hf TaMo Cr P Co Sn Cd Cs Rb Se

Puc. 2. OTHOwWeHMe coaepKaHMA INEMEHTOB Ha 3arpA3SHEHHOM Yy4aCTKe NPOMMNIOWaAKN B WWAANKAX

L. scabrum (C) k dony (C)): 1

— Mo MeAMaHHOMY 3HaYeHUI0; 2 — MO MaKCMMabHOMY 3HAUYEHUI0; 3 — MO MUHU-

MaJibHOMY 3Ha4YeHUIO

Fig. 2. The ratio of the content of elements on the contaminated industrial site in the caps of L. scabrum (C)
to the background (C)): 1 — by the median value; 2 — by the maximum value; 3 — by the minimum value
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Ci/Cy (Hoswa)
100 1

0.01 T L T 1 L] T L ] 1 Ll T Ll L] T Ll ] 1 L T T T T Ll L) T L T T L] T 1

Pb U Bi BaAg Th WTRCu Y Ti Tl Ta Ni Zn Hf P Zr Nb Sr Li Mn Sb Mo Rb Co Cd Cs $n Cr Sc
Puc. 3. MNpeBbilweHne coaepKaHNA 31@MEHTOB Ha 3arpasHeHHoOM ydacTke (C) Hag poHom (C,) B HOKKax
L. scabrum: 0603Ha4YeHUs cM. Ha puc. 2

Fig. 3. The ratio of the content of elements on the contaminated industrial site in the stems of L. scabrum (C)
to the background (C,): for designations see Fig. 2

B
10 -

0.1 1 T T T 1 1 1 T 1 T T T 1 1 T T 1 1 T 1 T 1 1 1 T T 1 T T 1 1

PRbAg CsCdMoZn CuHf Ti TaBa W U TR Sc Co Ni PbMnTh Cr Sn Y Bi Zr Sr Nb Li Sb Tl

Puc. 4. CooTHOLWEHME coAeprKaHUA 3/1EMEHTOB B LUAAMNKAX U HOXKax L. scabrum (CM/CH): 1 — KOHTPO/IbHbIN
Y4acToK; 2 — npomnaoLLazKa (no meanaHHbIM 3Ha4YEHMAM)
Fig. 4. The ratio of the content of elements in the caps and stems L. scabrum (Ccap/Cst): 1 - control site; 2 —
industrial site (by the median values)
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CpasHeHue sudos. CoaepyKaHmue 6ONbLINH-
CTBa 3/1IEMEHTOB, B TOM 4MCNe 3arpAsHuUTe-
Nen, Bbille B BECEHHMX rpubax, Yem B OCeH-
HUX (pwuc. 5). UcknoueHne npeactasnaot Rb

CM boh”{C L scabr
100 -

(8o BCcex cnyyasx), Cs, a U3 TAXKENbIX MeTan-
nos — Pb, Cd n Ag (6onbwe nonoBuHbl Npob
L. scabrum), Bi, Tl, Sn n Ta (MeHbLUe NONOBUHbI
npob L. scabrum).

——

0_]. T T T T T T T T T T T T T T

T T T T T T T T T T T T T T T T 1

SrTRCr Y Cu W Li Zr PMnTi Hf Th CoNb Sb ZnMo U Tl Ta Ba Ni Sn Bi Sc Ag Cd Pb Rb Cs

Puc. 5. CooTHOLIEeHMe coaepKaHus anemeHToB B cbopHol npobe V. bohemica (C

n . L. scabrum (C,

\Aboh) .scabr)

(n = 8): copgeprkanHue B L. scabrum: 1 — meanaHHoe; 2 — MaKCMMasibHOe; 3 — MMHUMaAJIbHOE

Fig. 5. The ratio of the content of elements in the composite sample of V. bohemica (C

scabr)

MaKCMMyMbl M1 MUHUMYMbI COAEPKAHUA
3N1eMEHTOB B ABYX M3YYEHHbIX HA TEXHOTEHHO
3arpA3HEHHOM TeppuUTOPUU BUOAX MAKPOMMU-
LEeTOB A0CTaTOMHO TOYHO COOTBETCTBYHOT ApYr
apyry (puc. 6): nMHeNHbIN KO3dOULMEHT Kop-
penauum ans BbIbOPKM TOFHOPMaNbHO pacnpe-
AEeNeHHbIX 3HavyeHnn cogepkaHna 30 anemen-
ToB+>TRpaBeH O.95(erm=0.48;P=99 %,f=28).

OmHoweHue K colepxcaHuro 8 no4yse. B
H60NbLIMHCTBE CNIy4YaEeB coAepKaHNe 31eMeHTOoB
B 3arpsi3HEHHOM MOYBEHHOM CybCTpaTe BblLLE,
yem B rpmbax (cm. puc. 6). Makcumymbl Takmx
3aNeMeHTOB-3arpasHuTenen, Kak Pb, Cu, Zn, Cr,
Ni, Sb, Cd, coBnagatoT ¢ 4acTo Pe3KMM POCTOM
coaepKaHMa COOTBETCTBYHOLLMX 3/1EMEHTOB B
noyse Ha rybuHe 1 m oT NnoBepxHOCTU. Bepo-
ATHO, 3TO MOYHO 06BACHUTbL BbIHOCOM YKa3aH-
HbIX TOKCMKAHTOB B BEPXHME C/ION MOYBEHHO-
TPYHTOBOM TO/LLWM KOPHSAMW pPacCTeHWUM, 4TO
BaXHO ana L. scabrum (cumbuoHT). B cnyyae
V. bohemica (canpodut) moxeT bbiTb cylle-
CTBEHHO MepepacnpeaeneHe 31eMeHTOB 3a
cyeT onaga v otnaga. MicknroyeHne npeacras-

bon) @Nd L. scabrum (C,

(n = 8): the content in L. scabrum 1 — median; 2 — maximum; 3 — minimum

naet Sn, 04HOM U3 TEXHOreHHbIX GOPM HAXOXK-
AEHWA KOTOPOro B MoYBax ABASAETCA OKCUAHAA
(PbibakoB, Kesnnd, 2017). TaKke B OKCUAHOM
dopme B 3arpA3HeHHbIX NoYBax HaxoguTca Pb,
O4HaKo B aacopbupoBaHHOM BUAE ero coaep-
¥KaHWe No OTHOLIEHWUIO K BAJIOBOMY COAEpPIKa-
Huto B 1.5—2.5 pasa Bblle, Yem OTHOCUTENIbHOE
copepKaHue TaKkxKe aacopbmnpoBaHHOro YacTum-
uamu MMK Sn.

B KauecTBe OPUEHTUPOBOYHbIX B MOYBEHHOM
cybcTpaTte gnAa pacyeTta 3Ha4YeHUM MHAOEKCA aK-
KYMyAALMK  UCMONb30BANCL  OnNpeaeneHus
cogepKaHma sanemeHTos B 2014 r. Ha ypOBHe
rnybuHbI NOYBEHHO-TPyHTOBOM ToAwM 0-0.1 m
(cm. puc. 6).

B cnyuae V. bohemica 3HayeHue WMHAEKCA
akkymynauum (/) > 1 3apMKCMpOBaHO TONbKO
ansa P (9.06) (copgeprkaHue Bi B nmouyBe Huke
npeaena obHapy»KeHMA U B pacyeT He MPUHU-
maeTcs), B cayyae L. scabrum (no meanaHHbIM
3HaueHnAMm) — ana P (2.14) n Rb (1.27). | kone-
6netca B npeaenax ot 1.0 ao 0.1 y cheayowmx
anemeHnToB: Zn (0.870), Rb (0.612), Tl (0.511),
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MTI/KT
100000 1

10000 1

1000 4

100 ~

0.01

——

000] I I I I L I 1 I I I I L) L I

L I I I I L 1 I I I I I I L I L) I 1

Ti P MnBa Sr Zn Zr CrTRPb Cu W Ni RbMoCo Y Li Sn Sc NbTh Hf Sb U Be Cs TaCd Ag Tl Bi

Puc. 6. Copep:kaHue anemeHToB: 1-3 — B nouse: 1 — Ha rybuHe 0-0.1 m; 2 — Ha rybuHe 1 m (2010 r.); 3 — Ha
rnybuHe 0-0.1 m (2014 r.); 4 — B cbopHoi npobe V. bohemica; 5 — B L. scabrum (meanaHsbl, n = 8)

Fig. 6. The content of elements: 1-3 — in soils: 1 — at a depth of 0-0.1 m; 2 — at a depth of 1 m (2010); 3-at a
depth of 0—0.1 m (2014); 4 — in the composite sample of V. bohemica; 5 —in L. scabrum (medians, n = 8)

Cu (0.508), Cd (0.275), Ag (0.267), Sc (0.194),
Ni (0.173), Cs (0,113) (V. bohemica), Cd (0.368),
Ag (0.309), Tl (0.281), Zn (0.274), Cs (0.242),
Sc (0.152), Ni (0.119), Cu (0.102) (L. scabrum).
B octanbHbIx cnyyvasx / <0.1 (cnaboe Hakonne-
HUe unan — ero otcyTcTeue). Tak, coaep:kaHue
Mn B rpubax oKa3anocb ropasgo HUXKe OpUeH-
TUPOBOYHOrO CoAepsKaHuA B noyse: 12.4 mr/kr
—B L. scabrum (mepunaHHOe coaepkaHue, n = 8)
n51.5 mr/kr—8 V. bohemica npotus 1187 mr/kr
(/,=0.010 1 0.043 cooTseTcTBEHHO). CoaepiKa-
Hue V B L. scabrum Bo Bcex c/y4yasx 6b110 HUXKe
4yBCTBUTENIBHOCTM MeToAa, a B V. bohemica co-
ctasmno 2.41 mr/kr npotns 176.1 mr/kr — B no-
yBeHHOM cybcTpate (/I =0.023). TakMe anemeH-
TbI, Kak Zr, TR, Hf, W, Nb, Sr, Ti, Co, Y, Th, Cr, npak-
TUYECKM He HaKan/MBAOTCA B NNOA0BbIX TENAX
L. scabrum otHocuTenbHo mousbl (/< 0.01).

O6cyxaeHue

B xoae BbINONHEHUA PAabOTbl HAMU NosyYe-
Hbl HOBblEe, YTOYHEHHbIE AaHHblE O COCTOAHUMN
3arpsAsHeHua ObiBLIEN 3aBOACKOM NAOLWAAKM,
npeobpasyemoii B ropoaCcKOM KBapTan.

[eEOXMMMYECKMM  MCCNeAoBaHMEeM  Noja-
TBEPXKAEHO HA/NNMYME Ha AaHHOW TeppuUTopUm
3HAYMTENIbHOTO 3arpsA3HeHMA NOYB U TPYHTOB
TAXKENbIMM  MeTaNNlaMu U MeTanouaamu.

YKa3aHHOe 3arpA3HeHMe No CBOEMY YPOBHIO B
LEe/IOM HEePaBHOMEPHO pacnpeaeneHo no no-
BEPXHOCTM NNOLWAAKMN, XOTA KOHUEHTPALMA Ta-
KNX 31emeHTOoB, Kak Pb, Zn, Cu u As, okasanacb
Bbiwe MNAK (O4K) Bo Bcex npobax.

B camoit menkom u3 U3y4yeHHbIX dpakunm
KpynHocTtu (< 0.1 mm) coaeprkaHue snemeHToB-
3arpsAsHUTEeNel B LENOM Bblle, Yyem B bonee
KpynHbix (oT 0.1 go 1.0 mm). WUckntoyeHue
npeactasnsaoT Pb 1 Sn, KOHUeHTpaTopamu Ko-
TOPbIX YAaCTUYHO ABAAKOTCA UX KUCNOPOAHbIE
coeanHeHus (Pbibakos, Kesnuny, 2017).

TexHOreHHO 3arpA3HeHHble MO4YBbl U TPYH-
Tbl ObIBLIEMA MPOMBIWIEHHOW NAOWAAKMA MO
AENCTBYIOWMM HOPMaTMBAaM COOTBETCTBYIOT
KaTeropmMam 3arpA3HeHMA NOYB «4pe3Bbl4alHO
onacHasa» n «onacHas». lna nepBon KaTeropmu
CaHUTApPHble npaBuaa PEKOMEHAYIT BbIBO3
3arpA3HEHHOr0 rPyHTa M YyTUAM3ALMUIO €ro Ha
cneunanmnsnpoBaHHbIX NONUIOHAX, AN BTOPOM
— OrpaHUYEeHHOE MCMO/Ib30BAHUE NOA OTCbIMKMN
BbIEMOK M KOT/IOBAHOB C MEPEKPLITUEM CNOEM
4yUCTOro rpyHTa He meHee 0.5 m (3a npegenamu
YKUNbIX 30H).

OTcyTcTBME onpeaeneHnii GOHOBbIX KOH-
ueHTpauunn Te, Bi n Se, cogeprkaHne KOTOPbIX
B MOYBAX M FPYHTAX MHOMOKPATHO MpeBbIWaeT
KNapKOBble 3HAaYeHWUA, He MO3BOJINNO PaCCUU-
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TaTb KOIPOUUNEHTbI KOHLLEHTPAUUM 3TUX dNe-
MeHTOB. COOTBETCTBEHHO, MpPU OnpeaesneHnn
CYMMApPHOro NoKasaTena 3arpA3HeHuA OHU He
NCNONb30Ba/IUCh.

OTHeceHWe  TeXHOreHHO  3arpA3HeHHbIX
MOYB WM TPYHTOB K KaTeropuAam 3arpAas3HeHuA
«4Ype3Bbl4aHO OMACHaA» WM «OoMnacHaa» no
CAHMTAPHO-TOKCUKONIOTUYECKMM MOKasaTenam
byneT 3aBMCeTb OT OTHOCUTENIbHOIO KOIMYECTBA
NPUCYTCTBYIOLWEN B HUX pPaKuMM KPYMHOCTH
¢ paamepom vactuy < 0.1 mm. Yem 6onblie B
FPYHTE TaKMX YacTuy, Tem 60bluas oNacHOCTb
byneTt c HUM cBA3aHa.

N3yyeHMe MUKPO3/1EMEHTHOrO COCTaBa Ma-
KPOMULETOB, OFPaHUYEHHO MPOU3PACTAOLLUX
TONbKO Ha OQHOM y4acCTKe B 30HEe OCTaTOYHOrO
NPOMbILUNEHHOrO 3arpA3HeHMA, MOKa3ano Ux
ABHYIO OMACHOCTb B Cny4vae ynotpebneHus B
nuwy. ONacHOCTb MOTyT NPeACTaBAATb KaK Be-
CEeHHMe, TaK N OCEHHME BUAbI WAANOYHbIX FpU-
60B. OCHOBHblE TOKCMKAHTbI B HUX HAKan/MBa-
OTCA B pa3HbIX COOTHOLWeHUAX: B V. bohemica
yctonumso 6onbwe Cu 1 Zn, B TO Bpema KakK
L. scabrum B uenom cunbHee akkymynmpyet Pb
n Cd. Takoe pacnpeneneHne moxet bbiTb CBA-
3aHO C U3MEHEHNEM COAEPKAHUA B MOYBEHHOM
cybcTpaTe NoABUMKHbIX (J0CTYNHbIX) dopm ane-
MEHTOB B CE30HHOW AMHAMMUKe, NpU U3MeHe-
HUM BNAXKHOCTW, TemnepaTypbl, B 3aBUCUMOCTH
OT MMKPOBMONOrMYecKom akTUBHOCTU U 0bpa-
3YIOLLNXCA NPOAYKTOB Pa3NOXKeHUA pacTUTesib-
Hbix ocTaTkoB (lykanos, 2015). B aTon cBA3w,
B YacTHocTKn, ocobeHHocTbio 2014 1. siBnseTcA
BbiNageHne 60nblIero KOAMYecTBa OCaAKOB B
Mmae —56.9 mm (a0 20 masa — 44.6 mm) no cpas-
HEeHUo Cc ceHTAbpem — 29.5 mm (No AaHHbIM
meTeocTaHumu «leTpo3aBoack»: Cneunanunsm-
pPOBaHHble MaccuBbl..., 2018). Mpun sTOM NoOYBbI
B palioHe r. [MeTpo3aBoacKa B Mae nporpe.a-
JIUCb XY)Ke, YemM B CeHTAbpe: cymmbl cpegHe-
CYTOYHbIX TemnepaTtyp Ha rmybuHe 20 cm, no
CNeumannsnpoBaHHbIM AaHHbIM, COCTABUAU
29.1 n 41.3 °2C coOTBETCTBEHHO, YTO ABNAETCH
OPUEHTUPOBOYHbIM AN1A HALWNX UCCNeA0BaHNM.
Takum 06pa3om, Ce30HHble U3MEHEHMA Mo-
YBEHHbIX YCNOBUIM MOTYT PacCCMaTPUBATLCA KaK
AONONHEHWE K rMnoTtese O BAMAHUN BUAOBbIX
pPa3InuMin, B TOM YMCNe TUNA NUTAHKUA, HA OCO-
6EeHHOCTN HAaKONeHMA SNEMEHTOB B MNJIOA0BbIX
Tenax MmakpomuueTos (cm. puc. 5).

MpoBeneHHOe cpaBHeHME C POHOBbLIM CO-
OEepKaHNeM BbIABUIO NPUOPUTETHbIE SN1EeMEH-
Tbl, NOCTyNatoWme M3 3arpA3HEHHOro NoYBeH-
Horo cybcTpaTta B L. scabrum Ha Tepputopun
6biBLWIEN Nnpomnaowaakn B r. MeTposasoacke.
B waanku rpnboB B NOBbILEHHbIX KOANYECTBAX

NOCTYMAlOT 3/IEMEHTbI, OTHECEHHble Hamu K
TEXHOreHHbIM accoumaumam (Poibakos, Becen-
KoBa, 2015): Pb, Bi, W, Ba, Cu, Ag, Ni, Sb u Zn,
a TaKXe umetowme NPeMMyLLEeCcTBEHHO Npu-
pogHoe npoucxoxgenue: U, Y, TR, Th, Sr, Ti, Zr,
Nb. B HOXKax 3Tu rpynnbl 60/iee KOMNaKTHbI:
Pb, Bi, Ba, Ag, W, Cuwn U, Th, Tr, Y, Ti, Tl coort-
BeTcTBeHHO. CopepkaHne Cd B KOHTPOJIbHbIX
npobax L. scabrum [OCTAaTOMHO BENMKO (Oco-
6eHHO B LWAANKE), NO3TOMY 3arpA3HEHNE 3TUM
TOKCMKAHTOM B npeaenax MMMAKTHOW 30Hbl
NOATBEP)KAAETCA ero MakCMMaibHbIM Coaep-
YKaHWEeM W Bbille OTMEYEHHbIM NpeBblleHnem
nak.

OTHOCMTENBbHO NO4YBEHHOro cybcrpata us-
YYEHHble BUAbl MAKPOMMLLETOB HAKan/iMBatoT
3/1€eMEHTbI, B TOM YMCJIe TOKCUKAHTbI, B PA3HOM
CTENeHM, YTO OTPAXKaeTCA Ha BEMYNHE UHAEK-
ca akkymynaumu. Tak, B cnyyae V. bohemica B
npeaenax 30Hbl MPOMbILW/IEHHOrO 3arps3sHe-
HuA | > 1 onpeaeneH Tonbko ana P, a B cnyyae
L. scabrum (no megMaHHOMY coAep!KaHWuto) —
Ana Pb u Rb. na ocTanbHbIX 91€MEHTOB, BKAKO-
4as TOKCMuYHble, | < 1. PacwupeHHble pagbl
MHTEHCMBHOCTU HAKOM/IEHUA B MaKpOMULLETax
anemeHTOB-3arpAsHutenei (/> 0.1) BbirnAgat
cnegytowmm obpasom: P >> Zn > Rb > Tl > Cu
>Cd >Ag>Sc>Ni>Csurt a. (V. bohemica),
P>Rb>Cd>Ag>TI>Zn>Cs>Sc>Ni>Cuwu
T.4. (L. scabrum). OTcyTcTBUE B 3TUX pagax Pb
(I_=0.02-0.03) He cBMAETENLCTBYET TEM He Me-
Hee 0 He3HAYMTEeNbHOCTM ero BpeaHoro BAnSA-
HUA Ha BMOTY, NPMYEM COBMECTHOIO C APYTMMM
TOKCMYHBbIMW 31eMEHTaMM, HAaKONAEHHbIMM Ha
NPOMbILUNIEHHO 3arpA3HEHHON TePPUTOPUMN.

3aknouyeHue

MouBbl U rPYHTbI ObIBLIEN NPOMbILLINEHHOM
NAoWaAKN, pacnonaraBliencsa Ha bepery peku
J1OCOCUHKM B LEHTPaNbHOM 4aCTU COBPEMEH-
Horo r. [MeTpo3aBoACKa, XapaKTepu3yrTCca Bbl-
COKMM YPOBHEM 3arpA3HEHUA TAXKENbIMU Me-
Tannamu m Metansionaamu. YCTaHOBAEHO, YTO
OCHOBHbIM MCTOMHWKOM 3arpasHeHusa Pb, Zn,
Cu, Ni, Sb, Sn 1 ApyrMmn TOKCMKaAHTaMM ABNA-
Nocb nuTenHoe npounssoactso, V u Ni — cxura-
HMe Ma3yTa B 3aBOACKOM KOTe/IbHOW. Bbicokoe
cogeprkaHue Cu, Zn, Cd, W, Mo, Bi n Sb obHa-
PY*KEHO Ha Y4YacCTKaX NMKBUOMPOBAHHOIO »Ke-
Ne3HO40POXHOro nosioTHa. OnpeaenHo, 4Tto
OCHOBHAA 4acTb 3arpA3HEHUA CBA3aHA C men-
KUMM U TOHKUMU GPaKLMAMM NMOYB U FPYHTOB.
B cnyyae HenpuHATMA HOPMATUBHO NpeayCcMOo-
TPEHHbIX Mep AnA 0b6e3BpeKMBAHUA TOKCU-
KaHTOB HA AaHHOM TeppuUTOPUM COXpaHaeTcA
OoMacHocTb Ans 6MoTbl, Nonagatowen B 30HY
BO34EMUCTBUA.
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BnepBble M3y4eHHble BUAbl MAaKPOMMULIETOB
M3 30Hbl HAKOMJIEHHOrO 3arpsA3HEHUs B LEH-
TpanbHOW Yactu r. MNeTpo3aBoacKa C pasHoOM
MHTEHCUBHOCTbIO KOHLLEHTPUPYIOT XUMUYe-
CKWE 3N1EMEHTbI, B TOM 4YMC/1e TOKCUYHbIE, NOo
CpaBHEHUIO C POHOBLIMK ONpeaeNneHUAMM
(L. scabrum) wn nouyBeHHbIM cybcTpaTom. B
OCHOBHOM 3neMeHTbl-3arpasHutenn (Pb, W,
Bi, Cu, Zn, Sb 1 1. A.) HakanauBatoTcAa B rpubax
(ocobeHHO B WAANKax), oTOOpaHHbIX B 30HE
3arps3HeHus, B 6ONbLUMX KO/IMYECTBAX, YEM Ha
¢$OoHOBOW (KOHTPOIbHOW) TEppUTOPUK. BmecTe
C TeM A5 HEKOTOPbIX TAMKENbIX METaN/oB, B
Tom umcne Sr, Co, Cr, Y, Sn, Mo, Ni n Mn, a Tak-
e Cd, Tl un Mo, Heobxoanm 6onee AeTanbHbIN
aHanuM3 Ha (OHOBbIX y4YacTKax ANs BblaBe-
HUA UCTOYHUKOB (NPUPOAHBIX U TEXHOTEHHDbIX,
BK/IOYAA OCAXKAEHMA W3 TPaHCrPaHUYHbIX W
MEMKPErnmoHaibHbIX NepPeHoCcoB).

bubnuorpadpun

HecmoTpsa Ha pa3nnuma B KONMYECTBEHHOM
cogepKaHnm 60NbLLIMHCTBA 31EMEHTOB B ABYX
M3y4YeHHbIX BUAAxX makpomuueTos (V. bohemica
n L. scabrum), ux noctynneHne B NAOAOBbIE
Tena rpuboB B 060MX C/Ay4vasx OKa3sbiBaeTcA
CXO4HbIM MO CBOEMY XapaKTepy, YTO NMOKa3aHOo
Ha COOTBETCTBYHOLLEN ANAarpaMMe U MOATBEPK-
AEHO PacCYUTaHHbIM TMHENHbIM KO3dduumneH-
TOM Koppenauuu (r = 0.95).

Bo3MoXKHOE MpUMeHeHWE MU3YYEHHbIX BU-
[0B MaKpPOMWULETOB B 30HaxX TEXHOreHHOro
3arpAsHeHuAa anAa uenen buopemeamaumm as-
TOMATUYECKN UCKAKOYAET UX AajibHellwee UCc-
No/ib30BaHME B KayecTBe NPOAYKTOB NMUTAHMA.
MoaTomy, NnOMUMO nccneaoBaHuA rpubos, Tem
6onee NPMMEHUTENBbHO K AOCTYMHbIM ANA Ha-
cefieHmA 3arpA3HEeHHbIM y4acTKam, Heobxoamm
NMOWUCK W BblAB/IEHME BUA0B PACTEHWUI, KOTOpPblE
He MCMOJIb3YOTCA B NULLY, HO XOPOLLO PACTyT U
aKTUBHO aKKyMY/ZIMPYIOT TAXKE Ible MeTanbl.
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Summary: The contents and behavior of 50 chemical elements in the soils
from the zone of residual (accumulated) industrial pollution in the central part
of Petrozavodsk, as well as in the fungal fruits of Verpa bohemica (Krombh).
Schroet. and Leccinum scabrum (Bull.: Fr.) S. F. Gray from the same territory
were studied. The hazard of contaminated soil was estimated by the excess
of the maximum permissible concentrations (MPCs) and tentatively permis-
sible concentrations (TPCs) of chemical elements, as well as by total pollution
index (taking into account the toxicity of the elements), and macromycetes as
food products — by the contents of Pb, Cd, Zn and Cu relative to established
standards. For the caps and stems of L. scabrum the rows of chemical ele-
ments content relative to background conditionally defined in a control area
significantly remote from any industrial centers, large roads and railway lines
(Pryazhinsky district of the Republic of Karelia) were built up. It was shown that

the content of toxicants behind some exception is higher in spring mushrooms
than in autumn ones. In V. bohemica the strong accumulation of P was estab-
lished relative to the soil substrate and that of P and Rb —in L. scabrum. The
average degree of accumulation was characteristic for Zn, Rb, T, Cu, Cd, Ag, Sc,
Ni, Cs (V. bohemica), Cd, Ag, Tl, Zn, Cs, Sc, Ni, Cu (L. scabrum).
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