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Hucmumym eeoxumuu okpyxcarouieii cpedst

TAZKEJIBIE METAJIJIbI B CHEZKHOM IIOKPOBE I'. HUKOJIAEBA

Hszyuenwt gpopmot Haxoxucdenuss Zn, Ni, Cu, Mn, Fe ¢ cnexcrnom nokpoee . Huxonaeea. Paccmompenst
CaHUMAapHo-2UeueHu4ecKue U 3K01020-2eoxumuiecKue noxkaszameau 3aepsasHerus. Koumuyenmpayus
anemenmos 1 u 2 kaaccoé onacHocmu 6 2-5 pasz npegviuiaem @oHogule 3Hayenus. Ilo cymmapnomy
noKazamento Haepy3Ku meppumopus 20pooa OMHOCUMCS K HU3KOMY YPOGHIO 3AePA3HEHUS.

BBenenne

HuxkonaeBckas ariomepaliusi pacrojioXeHa B I0ro-CTeIrHoi 30He YKpauHbl. B nmpenenax
ropona Hukonaesa, rae mpoxxuBaeT OoJiee IOJ0BUHBI HaceJIEeHUsT 00J1aCTH, PacIoIOXKEeHO 3Ha-
YUTEJIbHOE KOJUUYECTBO MPEANPUITUI. BHIOPOCH MPOMBIIIIEHHBIX TIPEANPUATHN PA3TUIHOIO
npoduisi, HaAIMYKMEe MOIIHOM MOPTOBOM MHGMPACTPYKTYPhI U CYIOCTPOUTEILHOIO KOMILIEKCa,
a TaK’ke MHTEHCMBHOE aBTOMOOMJIbHOE ABMIKEHME B IMIpeaeIaxX rOpoACKOM YepThl CYIIECTBEHHO
U3MEHSIIOT IPUPOIHBIN FeOXMMUYECKUIA (POH TOPOACKOM TEPPUTOPHUU.

BbI6poChI 3arpsI3HAIOIIMX BEIIECTB B aTMOchepy (DOPMUPYIOTCS 3a CUeT MepeaBUKHBIX
U CTallMOHAPHBIX MCTOYHUKOB. OCHOBHOI BKJIaj B 3arpsi3HeHUe aTMocdepbl Topoaa BHOCUT
aBTOTPaHCITOPT. BBIOPOCH! OT MepeaBMKHBIX UCTOUHUKOB cocTaBisitor 70 — 90% ot ob1iero
o0bema BeiOpocoB (puc. 1).
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Puc. 1. IlmnaMmuka BIOPOCOB 3arpsI3HSIONINX BEIIECTB B aTMOC(epy ropoaa
(HO JaHHBIM FOCYZ[apCTBeHHOFO YIIpaBJICHHWA 9KOJOTUHN N MPUPOAHBIX PECYPCOB B
HukonaeBckoii obmacTin)

YpoBeHb 3arpsa3HeHUs aTMOCHEPHOTO BO3yXa HATJISITHO XapaKTeprU3yeT pacueTHBII
IMoKa3aTeJib BHIOPOCOB 3arpsi3HUTEJIe, HOPMUPOBAHHBINA HAa €AMHULY Mjolaau (puc. 2).
JlaHHBI TTOKa3aTeb CBUIETEILCTBYET O BO3pAaCTaHUM TEXHOTE€HHOT'O BO3/IEMCTBUS Ha CO-
CTOSIHME BO3IYIIHOro OacceiiHa.

BriGpochkl B aTMOChEpy 3arps3HsIIOIIMX BEUIECTB pa3IMyaloTCs MO arperaTHOMy CO-
CTOSIHUIO, (ha30BOMY M XMMHUUECKOMY COCTaBy, pa3Mepy 4YacTUIl M Ip. Mpu3Hakam. 3a-
I'PSI3HSIIONINE BellleCTBa BIOpachIBalOTCS B aTMOCdepy B BUIE CMECH MbLIM, IbIMa, TYMaHa,
rnapa v ra3000pa3HbIX BEILECTB.

[To oTHOIIEHUIO K MpolieccaM MePeHOca M HAKOTUIEHMST 3arpsI3HSIIOIIMX BEIIECTB aTMOC-
(bepa OTHOCHUTCS K MPEUMYIIIECTBEHHO TpaHCIIOPTUpYIOIel cpeae. [103ToMy BMOHUTOpUHTE 3a-
IpsiI3HEHNMSI aTMOC(EPHOT0 BO3AyXa MCIOJIb3YIOTCS, TaK Ha3bIBaeMble, IPUPOIHBIE TIJIAHIIETHI,
K KOTOPBIM OTHOCHUTCSI CHEXHBII IOKPOB B KayeCTBE NEMOHUPYIOIIEH Cpeabl TeXHOTEHHBIX
3arpsi3HeHmii [5,6]. MccnemoBaHue CHEXXHOIO MOKpPOBAa HAa HAJIMYME M KOHLEHTPAILUIO B HEM
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3arpsI3HSIIOIIMX BEILECTB SIBJISIETCSl BaXKHEHIIEH COCTaBHOI YacThlO TIPU MPOBEACHUN 3KOJOT0-
reoX¥MMUYECKOoro odcaenoBaHus Tepputopuu. [1o pesyabratam HabMoAeHUS [9], KOHLIEHTpaLMs
3arps3HSIIOIIMX BEIIECTB B CHET'Y OKa3bIBaeTCsl Ha 2 — 3 MOpsiAKa BhIIIE, Y4eM B aTMOC(HEPHOM BO3-
nyxe. CHEXXHBII TTOKPOB, KOTOPBIiA, MOJOOHO MTOUBEHHOMY MOKPOBY, 00J1a1aeT CIIOCOOHOCTHIO
AKTMBHO HaKaIlJIMBaTh XUMUYECKUE JIEMEHTHI M UX COEIMHEHUSI, SIBJISICTCSI XOPOIIIMM MHIMKATO-
POM 17151 BBISIBJICHUS TTPOLIECCOB 3arpsI3HEHUSI TEPPUTOPUI B TeUEHUE 3UMHETO Tiepuona [1].
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Puc. 2. JluHamMuKa BbIOPOCOB 3arpsi3HSIONIMX BELIECTB B aTMOC(hEpy ropojia B pacueTre Ha 1 KB. KM
(1o na"HHbIM ['oCcyaapCTBEHHOTO YITpaB/IeHUsI 3KOJOTMHU U MPUPOIHbBIX pecypcoB B HukonaeBckoit obiactu).

XUMHUYECKUI COCTaB MOKPOBHBIX OTJIOKEHUI (POPMUPYETCS MO BIUSIHUEM MHOTUX (haK-
TOPOB: NEPBOHAYAIBHOTO MOCTYIUICHUS BELLIECTB BMECTE C TBEPABIMU aTMOCHEPHBIMU OCATIKA-
MU, TIOTJIOLIEHUS a3P030JIel U Ta30B U3 aTMOCKHEPDI, MOTEPU BELIECTB CHEXXHBIM IMTOKPOBOM MTPU
WUCIapEeHUU, B3aUMOAECHCTBUSI CHEXHOTO MOKPOBA C MOYBEHHO-PACTUTEIbHBIM KOMILIEKCOM,
aIBEKIIMY aTMOC(HEPHOTr0 BO3ayXa, BO3IEHUCTBUS MUKPOOPTaHU3MOB, JKUBOTHBIX U X035 CTBEH -
HOM IeTeJIbHOCTH YesioBeka [3].

XUMUYECKUIA COCTaB (pUIbTpaTa Taaoro cHera (QOpMUPYETCS B pe3y/IbTaTe MOCTYILIEHUS
C OCalKaMU PA3JIMYHbIX XUMUYECKUX 3JEMEHTOB, IMOMIOIICHUS CHEXHBIM MOKPOBOM TIa30B,
BOJIOPACTBOPUMBIX A3P030JIEN 1 B3aMMOIECUCTBUS CO CHEXXHBIM MOKPOBOM TBEP/IbIX YACTULL, OCE-
Jaurx u3 atMochepsbl. [1pyu 3ToM, €Ciiv KOIMYECTBO BHINIAJAIOIIETO CO CHETOM TBEPAOI0 0CaaKa
XapakTepU3yeT 3albUICHHOCTb TEPPUTOPUH, TO (PUIIBTPAT TAJIOTO CHETA OTPAXKAET CTEIEHb 3arpsi3-
HEHUS BO3AYIIHOIO OacceitHa paCTBOPMMbIMU (hopMaMu 3J1eMEHTOB [12]. DTo onpenesieT Bax-
HOCTb U HEOOXOAUMOCTb MPOBEACHUS IKOJOT0-T€OXUMMMUYECKON OLIEHKU 3arpsi3HEHUS CHEXKHOTO
MOKPOBA KaK €CTECTBEHHOTO HAKOIUTEJISI XMMUYECKHUX 2JIEMEHTOB 32 3MUMHUI MEPUOI.

C r'MrMeHNYeCcKO MO3ULIMU 3arPSI3HEHUE CHEXHOTO MOKPOBAa OTPaXKaeT ypOBEHb OTPHU-
LIATEJIbHOTO BJIMSIHUS 3arpsi3HEHHOTO MPU3EMHOTO CJIOSI aTMOCMEPHI TPU HEMOCPEACTBEHHOM
KOHTaKTe€ C OpPraHM3MOM uYesioBeka. [nuTenbHOEe BO3pacTarollee HEraTMBHOE BO3ACHCTBUE
BbIOPOCOB TSIKEJIBIX METALIOB B aTMOC(EPHBIN OacceiiH B COCTaBe a’pO30JbHBIX MPUMECEH,
MBUIEBBIX YACTULL MOTYT IMPUBECTU K CYLIECTBEHHBIM U3MEHEHMUSIM MOKa3aTeaei 310pOBbs Ha-
CEJICHUS Y TTOBBILIEHUIO PUCKA DKOJOTMYECKON OMacHOCTH [3].

MeToabl MCCJIeI0BAHMIA

IIpoboombop. O0cenoBaHME CHEXXHOIO IOKPOBa IPOBOAWIOCH B TPETheil AeKaae JeKa-
ops 2009 roga B Hauasie nepuoAa cHerotassHus. I1o MeTeopoIornueckKumM JaHHbIM CTaOMIbHBIA
CHEXXHbI MOKpoB ycTaHoBUICH 14.12.09. B 3TOT nepuoa cpeaHecyrouHas TemiiepaTtypa obuia
ornpenesieHa B uHtepBaie (-3...-8) °C. IIpoboor6op nmpoBoauicsa 21.12.09 nmo HeperynasipHOi
ceTtu oTbopa no ctaHaapTHou meroauke [7, 8] mpu temmnepatype (0...+1) °C; CHeXXHBII TOKPOB
COXpaHSIJICS LIEJIOCTHBIM, TasiHUE CHera TOJbKO HauyMHauoch. BbLIO oTOOpaHOo 48 00pasloB
CHEXHOTIO IOKpPOBa U3 BceX (PYHKIMOHAIBbHBIX 30H TOpojia; MPOMBILIJIEHHON, TPAHCITIOPTHOM,
XKWJIOM, peKpealMoHHOMN (3eneHoi). [IpocTpaHCTBEHHOE pasMelleHne TOoYeK MpoOooTOO-
pa obecrieyrBajo BbISIBJIEHUE UCTOUHUKOB 3arpsi3HEHUS] U apeayioB UX BO3AEUCTBUS, a TAKXKe
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OCOOEHHOCTU MepeMelleHUsT 3arpsI3HSIoONMX BellecTB. i oroopa «pOoHOBOI» MPOObI ObLT
BbIOpaH y4yacTOK, pacloJIOXKEHHbBII HAa pacCTOSTHUM 35,5 KM OT ropoJIcKoii yepThl. PenpeseHTa-
TUBHOCTb BBIOOPKM JAHHOTO y4yacTKa 00yCJIOBJIEHA COOTBETCTBUEM COMEPKAHUS TSKEJIbIX Me-
TaJUIOB B TOYBEHHOM 00pa3lie C aHAUIMTUIECKUMU JaHHBIMU 00CIe10BaHUSI TTOYB OMOCHEPHOTO
3anoBegHUKa «AckaHus-Hosa» [10].

B TedeHue 3uMbl aKkTMBHasI yOOpKa CHera ¢ ropoJCKUX TePPUTOPUI HE MPOU3BOAMIACH
(3a MCKJTIOUEHKMEM TPAHCTIOPTHBIX MarucTpaieit). B cBs3M ¢ 3TUM ecTeCTBEHHbII, HEU3MEHHBII
CHEXHBbII TOKPOB COXPAHUJICS MPAKTUYECKU MOBCEMECTHO. B IBOPOBBIX MPOCTPAHCTBAX, CKBE-
pax, mapkax MOIIHOCTb CHEXKHBIX HAHOCOB cocTaBJsiia mopsaka 25 — 30 cMm. I[1poesxue yactu
MarucTpajieil ¥ OCHOBHBIX ITPOE30B CBOOOIHBI OT CHETa; ra30HbI, IPUMBbIKAIOIIME K MPOe3xkKei
YacTU, UMEJIM HEOOJIBIIYIO IJIOTHYIO 00JeASHEBIIYIO KOPKY MOIIHOCTBIO 5 — 15 cMm.

KepHbl cHera oroupaiuch ¢ miomaau 25x25 ¢cM Ha BCIO TOJIILY CHEXHOIo MOKpoBa 06e3
TOHKOTO (2 — 3 ¢M) IIPU3EMHOTO CJIOSI, YTOObI UCKJIIOYMTD MOMagaHue B MPOOY YACTUIL ITOYBBHI.
BroiiesnieHHbIN CHErOBOM OJI0K MepEeHOCUIM COBKOM B MOATOTOBJICHHBIN MOJMATUICHOBBIN Ta-
KeT, IUIOTHO 3aKPbIBAJIM JIJIs1 TPAHCIIOPTUPOBKMU B 1aboparoputo. Ha makere 0603Hayaim Mapku-
POBKY MecTa oToopa nmpodbl. BeicoTa CHEXXHOIO MOKPOBAa U3MEPSTUCH TTPU OTOOPE € TIOMOILIBIO
JUHelKn (B cpeagHeM, okoio 20 cMm), Macca — BecoBbIM IpubopoM [1BM-3/6 ¢ nnamazoHom
pabouunx remmnepatyp oT -10 mo + 40 ° C [13].

Memoduka uccaedosanus cHexcrnozo nokposa (0T00p NMpo0d, ornpeaeieHre XUMUIECKOro CO-
CTaBa BEIlIeCTB) JOCTAaTOYHO XOopouIo pazpadboraHa [4]. CHeXXHbI MOKPOB OTHOCUTCS K ACTTOHU-
PYIOIIIMM CpellaM, MIPU €ro MCCIeI0BaHUM MPOBOAUTCS ABYX(a30Bblii aHAIM3 — ONPEeISIeTCs
KOHIIEHTpalUsl MUKPORJIEMEHTOB B TBEPAOM M KMUIKOM COCTABJSIIONICH CHEra, YyTo IMO3BOJISIET
JaTh OLIEHKY MX COAep>KaHMSI B BOAOPACTBOPMMOIi U TBeproga3Hoii rblaeBoit popmax [11]. [Mpen-
CTaBUTEJIbHAS TTPOOa MO BCEH TOIIE CHEXHOTO IMTOKPOBA MOKA3bIBAET pacpeneeHe 3arpsi3He-
HUIi B IEPUOJ OT 00pa30BaHUsl YCTOMUMBOIO CHEXXHOIO MOKPOBA 10 MOMEHTa 0TOopa nmpookl [9].

B naGopaTopuu rpo0Obl cHera pactaruiMBaiu (06e3 MCKYCCTBEHHOTO rojgorpena). PactasiB-
LI cHeT (UIBTPOBAIIM Yepe3 OyMaKHbIN (UIBTP «CUHSIsI» JeHTa. [1o pe3yabraram B3BelllBa-
HUS BBICYLLIEHHOTO TpU TeMnepaTtype 95+5 ° C ¢uibTpa onpeaeisijiv Maccy TBEpAOro ocaaka
Y BBIYMCJISIIM KOHLIEHTPALIMIO B3BECU B 0TOOpaHHOM o0beMe cHera. OTUILTPOBAHHYIO BOIY
(250 mu1) moaxkucasuav 1 M 1 M a30THOI KUCIOThI, yIIapuBaIv Ha IUIMTKE B (pap¢dOpOBBIX Yalll-
Kax 10 o0béma 25 M, 100aBsuIn 25 M1 AUCTUILIMPOBAHHOM BoAbl. OT(GWIBTPOBAHHBIE OCAIKU
(TBEpAasi cocTapJstoIIAas ) 030U BMY(DeJIbHOM IeYr MPU MOCTENIEHHOM IObEME TEMITePaTypPhbl
10 450150 °C. 3oy 3KCTparupoBaii KOHLIEHTPUPOBAHHOM a30THOM KUCI0TOM. B moydeHHbIX
pacTtBopax omnpeaeasuiu cogepxanue Zn, Ni, Fe, Mn, Cu meTogoM aToMHO-a0COpPOLIMOHHOK
cnektpogoroMmerpun Ha AAC — 115M1.

DK0M020-2€0XUMUYECKUEe KpUMEPUU OUEHKU COCMOSHUS ammocghepHozo 8030yxa.
OpreHTHPOBOYHAsI OLIEHKA 3arpsi3HEHUST BO3MYIIHOIO OacceiiHa MpOBOAMIACH IO pe3yJibTa-
TaM MCCJIENOBAaHMSI CHEXHOTro IMOKpoBa. ['€OXMMUYECKMMU HCCIEIOBAHUSIMUA YCTAHOBJICHbI
KOJIMYECTBEHHBIE CBS3M MEXIY COJAEPKaHUEM METAJLIOB B aTMOC(EPHOM BO3yXe U BbINAE-
HUEM UX Ha TEPPUTOPUM TOPOAOB, UTO (DUKCUPYETCS B BUJE aHOMAJIUI B CHEXKHOM TTOKPOBE.

CorjacHO METOAMYECKUM peKOMEHIALMSIM |7, 8] olieHKa ONaCHOCTH 3arpsI3HEHMST CHEX-
HOTO ITOKPOBA METaJlJIaMU ITPOBOJMJIACH C UCITOJIb30BAHMEM psiia TeOXMMUYECKUX U CAHUTAPHO-
TUTMEHUYECKUX TT0Ka3aTeleil: MbuleBOM Harpy3ku (Pn), oO1eil Harpy3ku 3arpsasHeHusd (P,gz,),
K02(hGUIIMEHTa OTHOCUTEIBHOTO YBEJIMYEHUST O01IEei Harpy3ku ajeMeHTa (Kp), cyMMapHOro
rnokasareJjisi Harpy3ku (Zp), koadduuneHTa onacHoctu (K,), koadduiimeHTa KOHLEHTpalun
(Kc), cymmapHOTo nokasaTesisi 3arpsi3HeHUsI CHEXKHOTO IMOKpoBa (Zc¢), MHTErpajlbHOTO MoKa3a-

Tesist onmacHocty (O K, (1+2) ).
KonunyecTBeHHAasl XapaKTepUCTUKA Ta30IbUIEBBIX IPUPOIHBIX U TEXHOTEHHBIX BBIOPO-

COB, OCaXIEHHBIX HA CHEXXHOM ITOKPOBE, OMpPEIe/sIeTCsI ¢ TOMOIIbIO TTOKa3aTesl MbLIeBOM
Harpy3KU 3arpsi3HEHUs Ha eIMHUILY IO 33 OTIPEeICICHHBIN CPOK:

Pn=Po/(§*t), (1)

rae: Po — Macca IbIIM B IIPo0e, Kr; S — miowmans mwypda, KM?;  — BpeMs OT Hadajia CHErocTaBa
J10 0TOOpa MpOOHI, CYT.
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OO6111ast Harpy3Ka 3arpsi3HeHUs 110 i-TOMY MUKPO3JIEMEHTY OIpeAeIsieTCsl KaK POU3BeIe-
HME KOHIICHTPAIUM i-TOTO 3JIeMeHTa Ha MbLIEBYIO HArPYy3KY:

Poéu; - Ci* Pn, (2)

doHOBas Harpy3Ka Mo i-ToMy MUKPO3JIEMEHTY OIpeAeIIsieTCsl KaK Ipou3BeieHe GoHO-
BOI KOHLIEHTPAILIMH i-TOTO 3JIEeMEHTa Ha IbIJIEBYIO (POHOBYIO Harpy3Ky:

Py Cyr Pug, (3)

P 6, 1151 yCTIOBHO pacTBOPEHHBIX (DOPM TSIXKEJIBIX META/UIOB B CHETY PACCUMTBIBAIA UCXOMS
U3 0011IETro coAepKaHus MeTa/ljla B 00beMe TaJIoro CHera, COOpaHHOIO C €AMHULIBI IUIOLLAIN:

})o6u¢. :M > (4)
Sxt
rne C — KOHLUEHTpALUs MeTalIa B (QUIIBTPATE TAlIOi BOABI, MIXAM >, V — 00bEM pacTasBIIETO
cHera iM°, COGPAHHOTO C IUIOWAAN S, M2, t — BpeMs SKCITO3ULIMY CHEXHOTO MMOKPOBA, HAYMHAS
C HavaJja cHeromnasa, cyr.
[Tpu pacuere Harpy3Kku 3arpsi3HEHUsI OTNPEAESeTCs KOA(P@UIIMEHT OTHOCUTEBLHOTO YBEIN-
yeHUs o0l1eli HAarpy3KHy 3JIeMEeHTA KaK OTHOILLIEHHE O01Lei Harpy3Ku 3arpsi3HeHus K (pOHOBOIA:

Kp:P06u4/qu (5)

CyMMapHbIil Mokasarejb Harpy3ku (Zp) NMpeAacTaBasgeT co00il CyMMy MPEBBILLIEHUN KO3-
(bprLIMEeHTOB OTHOCUTEILHOTO YBEJIMYEHMS OOIIIEH HArpy3KM 3JIEMEHTOB U paCCUMTBHIBAETCS IO

dopmyae [7]: )
Zp= Kp—-(n-1), (6)

i=1
I7Ie N — YKUCJIO YYUTHIBAEMbIX 3JIEMEHTOB.

KoadduumeHT onacHOCTH UccienyeMbIX BellecTB ( K,) orpeaensieTcsl OTHoIIeHUueM (hak-
TUYECKOTO YPOBHSI COMEepKaHUsI KOHTPOJUPYEMbIX BEIIECTB B MOKPOBHBIX OTI0XEeHUIX (C) K
npeaeabHo aonyctumon koHueHtpauuu (IT1K):

KosddpuumeHT KoHIIEHTpaLMU XMMUYECKOTO 3JieMeHTa K¢, paCCUYMTBIBAETCS 1O OTHOIIIE-
HUIO peajlbHOTrO (aHOMAaJbHOTI0) COMEpKaHUsl 3arpsi3HUTENST B IpUpoaHOoM obbekTe (C) K ero
(oHoBOMY ypoBHIO (C¢h) B aHAJIOTUUHOM OOBEKTE:

Ke = C/Cg (7)
CyMMapHBIi TTOKa3aTelb 3arpsi3HEHUsI paBeH cyMMe KO3(D(UIIMEHTOB KOHLEHTpaLuii

XMMUYECKMX 2JEMEHTOB, COJACPXKaHUE KOTOPBIX MpeBbIlIaeT (POHOBLIC 3HAYEHUSI, U BBIPAXKEH
clenyronieit GopMysoi:

Zo=Y Koy ~(n-1), ®)

IJIe N — YUCJIO YYUTHIBAEMBIX aHOMAJIbHBIX 2JIEMEHTOB.

OlieHKa OMAacHOCTM 3arpsi3HEHUsI CHEera TSDKEJIbIMU MeTalJlaMU MO COOTBETCTBYIOIIUM
rokazaTesisiM, oTpaxalomum auddepeHIMalnio 3arpsi3HeHUsT BO3MYIIIHOTO bacceiiHa ropoaa
HuxonaeBa, mpoBoauiach Mo OLIEHOYHBIM LIKaiaM (Tada. 1).

Ta6amma 1. YpoBHM 3arpsI3HeHUS IIOYB M CHEXKHOTO ITOKpoBa [7]

C . CyMMapHbIi
YMMapHBbIi B C .
OKA3ATEIND rnoxkasarelib BITIaZicHUE YMMapHBI
VYpoBeHb S 3arpsI3HEHUS by (Pn), nokasaTeJib
P CHEXHOTO KIXKM 2XCYT.” Harpysku (Zp)
no4s (Zc)
MoKpoBa (Zc)
Huzkunii 8—16 32 —-64 <1000 100 — 250
CpenHuii 16 — 32 64 — 128 1000 — 5000 250 — 450
Bricokuii 32 —-128 128 — 256 5000 — 10000 450 — 850
O4eHb BEICOKUI > 128 > 256 > 10000 > 850
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TaﬁJmua 2 ®oHOBBIC KOHUOCHTpAalMH TAXEIbIX MCTAJIJIOB B CHC2KHOM ITOKPOBEC

DOHOBBIN yIaCTOK
DieMeHT DUIBTPAT TAIOM BOIbI [binesast Gpakumst Kiace onacuoctu [16]
MIXIM cHera
MIXKT
Zn 0,0077 24,03 1
Ni — 3,8 2
Cu 0,021 7,81 2
Mn 0,035 19,43 3
Fe 0,0095 29,9 3

Pe3ynbTaThl M 00CyKIeHHE

Cpenu TsKeJIbIX MeTa/UIOB HauboJ1ee 3KOJIOTMYECKM 3HAYMMbIMU 3arpsSI3HUTESISIMU 1JISI HA-
KOJIaeBCKOI ropoackoit armoMepanuu spistores Zn, Cu, Ni, Fe, Mn. Beibop 311X 3716MEHTOB
00ycC/IOB/IeH KakK (aKTOpPOM MX BJIMSIHUSI HA OpraHu3M 4ejioBeka [2, 3], Tak U pe3yjbTaTaMu
npoBeaeHHbIX aBTopamMu B 2009 r. KccienoBaHMii 10 3arpsi3HEHUIO IOYBEHHOTO ITOKPOBaA ropoia.

Tsxcenvie memannbl 6 nolaesoil paKyuu (83eecu manoii 600bL).

C 2K0JIOrMYeCKOl TOUYKM 3peHUs] HauOOJbIINI MHTepeC MPeACTaBiIsieT aHaIu3 Coaep-
>KaHUSI 3arPSI3HSIIONIMX BEIIECTB B TBEPO (ha3e cHera, B KOTOPOIii, KaK ITPaBUIIO, COACPXKUTCS
OOJIbIIIAsl YACTh TSIXKEJIBIX METAJUIOB TEXHOTEHHOI'O MIPOUCXOXKACHMSI, BHIOpachIBaeéMbIX B CJla-
bopacTBopumoii popme [17].

ConepxaHue TSDKeJbIX METAJIOB B COCTaBe IbUIEBATHIX YACTUIL Ha TEPPUTOPUU TOpoaa
3HAYMTEJILHO MPEBBIIIAET UX KOHILIEHTpaluu B (poHOBOI npobe. Tak, cpeaHee MpeBbIIIIEHUE CO-
nepxanus (K-) coenmHeHuit Zn coctasisier 5,3 pa3za, Ni — 4,7, Cu — 2,4 (ta6a. 3). [1o cpenHum
3HAYCHUSIM KO3(PDUIIMEeHTa KOHIEHTPAIIMU TSKEJIbIX METaJJIOB B TBEPAO(MA3HbBIX BIMAAEHMSIX
CHEXXHOTO0 ITOKPOBa B Mpejiesiax ropojaa BhlaesieHa TeXxHoreHHas accoumanusi: Zn (5,3), Ni (4,7),
Cu (2,4). BernurHa MHTETpaJIbHOTO MOKa3aTesIsl OMTACHOCTH 3arpsi3HEHUS TTbUIM 3JIeMeHTaMu 1 1
2 knmacca oracHoctH nocturaeT 30. CymMmMapHBIii ToKa3aTelb 3arpsi3HeHUsT BApbUpYeT B Ipeesiax
3,5 — 145,5 npu cpenHeM 3HaueHUU 18,1, 4TO COOTBETCTBYET HU3KOMY YPOBHIO 3arpsi3HEHUS (CM.
TabJ. 1). AHOMaJIbHbBIE TIpeBbIlIeHUsT Kp 371eMeHTOB 1 1 2 Kj1acca onmacHOCTH Haj «(bOHOBBIMU»
3HAYCHUSIMU XapaKTePHBI [IJIS1 TPAHCIIOPTHOM 30HBI, Te KO3(MMUIIMEHT OTHOCUTEILHOTO YBEIM-
yeHMsI 001Iei Harpy3ku nocturaeT misg Zn 104, Ni — 86,8, Cu — 31,8, 4To OTHOCUTCS K HU3KOMY
YpOHIO 3arpsi3HeHus (cM. Tab. 1). ITo cpenHuM 3HaueHUSIM Kp MOXKHO MIOCTPOUTH PSIL:

Ta6mma 3. 3arpsisHeHMe NbUIEBO (paKIMK CHEXXHOTO IMOKpoBa r. Hukoiraesa

Meramnbl Conep )Ka,HlHe’ Kc Kp P_”g”‘ 1
MIXKT KIXKM ™ “XCYT
7n 43,3 — 1083 1,8 —45.1 5.1 —104.3 0,08 — 1,66
128 5,3 22,4 0,36
Ni 3.,0—113 0,.8—29.9 2.3 —86.8 0,006 — 0,22
17.9 47 21,2 0,05
Cu 4,3 — 142 0,6 —18.2 2,3—31.8 0,01 —0,17
18.8 2,4 10,1 0,05
Mn 18,4 —514 0,9—26.4 3.8 —41.7 0,05—0,53
84,4 43 18,8 0,24
Fe 31,6 — 864 1,1 —28.9 0,1—23 0,06 — 1,08
128,7 4,3 0,7 0,35

Zn (22,4) > Ni (21,2) > Mn (18,8) > Cu (10,1) > Fe (0,7). Iloka3aTens oO1Ieii Harpy3Ku 3a-
rpsisHeHUs Pg, B Ipeaeax ropofa BappupyeT B IIUPOKUX MIpeaesiax, o CPeJHUM 3HAYEHUSM
yoniBaet B psany: Zn, Fe> Mn > Ni, Cu.

119



[TpyuHLMI 30HATBHOTO JI€JIEHMS TOPOACKOM Cpe/ibl IIIMPOKO UCIOJb3YeTCs TIPU UCCIEN0-
BaHUM TEXHOTE€HHOM Harpy3ku Ha ypoosaHamadTel [11, 15]. CpaBHUTEIbHBINA aHAIU3 Cpel-
HUX TOKazaTeJIell comepXKaHMs TSKEIbIX META/IOB B IbLIEBATON (pa3e CHEXXHOIo MOKpoBa ¢
«(DOHOBBIMU» 3HAYEHUSIMU TMO3BOJISIET ONKUCATh 30HAJbHbIE TEXHOTEHHbIE aHOMauu T. Huko-

naeBa (B cKoOKax ykazaHo 3HaueHue Ke):

Ta6amma 4. 3oHaIbHBIC TOKA3aTeJIN 3aTrPsI3HEHMS MBIJIEBOM (hpaKILIMKU CHEXXHOTO ITOKPOBa

r. Hukonaesa

En 3oHa ropojaa
DreMeHT F3M. IMpombinienHas | TpancnopTHas Kunaa 3eneHas
11 Touek 13 Touek 14 Touek 10 Touek
7n oico—! 43,3 — 1083 67,5 —498.9 47,3 —118 56,7 —98.4
M 215 156,6 72,1 72,3
Ni oxko—! 7,5—113 8,6 —54,5 3,0—14.8 4,1—173
28,2 26,3 7,7 9,8
_J 7.9 — 142 9.3—73.3 7,1 — 18,1 43—16,7
Cu Mmexice 30,6 21,8 1,7 11,9
_J 45,7 — 514 43,7 —252.7 29.8 —92.3 18.4 — 90,1
Mn mexice 131 91,8 583 60,5
Fe oxko~! 52,8 — 864 56,7 — 667,2 31,6 — 104 40,6 — 106
203 165,1 74,8 75,6
7 4,89 — 145 6.42 —75.8 2,41 —13,1 4,02—13.2
C 29,8 22,5 8,04 8,76
7 59,8 — 132 36,2 — 245 12,5—179.2 20,8 — 80,1
P 88,9 113 33,7 42,6
Pn Ke 409 — 9360 738 — 7617 1080 — 3863 1918 — 3947
KmPxcym 3615 4318 2429 2857

— mpoMbllieHHas 30Ha Zn (8,9), Ni (7,4), Fe (6,8), Mn (6,7), Cu (3,9);

— TpaHcnopTHas 30Ha Zn (6,5), Ni (6,9), Fe (5,5), Mn (4,7), Cu (2,8);

— was 3oHa Zn (3,0), Mn (3,0), Fe (2,5), Ni (2,0), Cu (1,5);

— pexkpeaunoHHas 3oHa Zn (3,0), Mn (3,1), Ni (2,6), Fe (2,5), Cu (1,5).

[TpropuTETHBIM 3arpsI3HUTENIEM BO BCEX 30HAX SIBJISETCS LMHK, YTO O0YCJIOBIEHO pa3BU-
THEM raJbBaHUUYECKOTO MPOU3BOACTBA HA MHOTHX IMPOMBIIILICHHBIX MPEANPUSTUSIX TOPOA.

ITo BennumHe cymmapHoOro nokasaress 3arpsisHeHus (4,89<Z: <145) npoMbIJIEHHYIO
30HY CJIEAYET OTHECTU K HU3KOMY YPOBHIO 3arpsI3HEHUS C YCPEAHEHHBIM TToKa3areaeM 29,8.
JlokanbHOE 3arpsI3HEHUE 10 BHICOKOTO YPOBHS OOHAPYXXEHO B 30HE BJIUSHUS MOPCKOTO TOP-
roBoro mnoprta (7. 42). [1o ycpeAHEHHbIM 3HAUY€HUSIM Z TPAHCIIOPTHAs, XWJiasi, 3eJeHast 30HbI
XapaKTEPU3YIOTCS HU3KUM YPOBHEM 3arpsi3HEHUSI.

CpenHuii IO TOpPOIy CYMMAapHBI IOKa3aTelb Harpy3ku (Zp=69,7) COOTBETCTBY-
€T HMU3KOMY YpPOBHIO 3arps3HeHus. CylleCTBEHHbIA MPECCUHT TEXHOTE€HHOTO BO3AEUCTBUS
WCIIBITHIBAIOT TEPPUTOPUM, MPUJIETAIOIINE K KPYITHBIM MarucTpajisiM, Tae 3HaueHUsl Zp 10-
cruraioT 245. OnHaKo Takoe MOBbIIIEHUE HAIPY3KU JIOKAJbHOE, BCE 30HBI rOpoJa M0 3TOMY
MOKa3aTeJ 0 MPEUMYILLIECTBEHHO OTHOCSATCS K HU3KOMY YPOBHIO 3arpsi3HeHus (Tadj. 4). B
MopsiIKe YObIBAHUS CPEAHME 3HAYCHUSI CYMMApHOTO MOKa3aTeJisl Harpy3ku ¢ y4eTOM 30HaJIb-
HoU muddepeHLMaALMM TEPPUTOPUU TOpoOJa pacliojaraiorcs B psay. TpaHcnoptHas (113),
npomblieHHas (88,9), seneHas (42,6), xunag (33,7).

MakcuManbHBIA 1M0Ka3aTeb BhINafeHus Mbuld (Pn = cBbIlIE 9 TXKM 2xCyT.” !, 4TO C00-
TBETCTBYET BBICOKOMY YPOBHIO 3arpsi3HeHU) 3a(pMKCUPOBaH BOJIM3Y MTPOMBILIJIEHHOTO TIpe-
npugtus ['TT HITKID «3aps-MammnpoekTt»s. CpeaHe3oHaabHas IUIOTHOCTh BBINMAACHUS TIbLIA
yOBIBAET B psidy (TxKM 2xcyT.”!): pancnioptHas (4,3), mpombinuieHHas (3,6), seneHad (2,9), xunas (2,4).

IToBhbllIeHEIE 3HAYEHUS Zp U Pn B peKpealluoOHHOM (3eJIeHOI ) 30HE IO CPaBHEHUIO C XKUJIOM,
BEPOSITHO, CBSI3aHbl C UHTEHCUBHOCTBIO aBTOMOOMJIBHOTO JBMKEHUSI MO NMEPUMETPY 3€JIEHbBIX
30H (CKBEpHI, MMAPKU U T.I1.), PACIIOJOXEHHBIX BOJIM3U MHTEHCUBHBIX TPAHCMOPTHBIX IMYyTEW.

2
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3HaueHUs nokKasaresieii Zp u Pn B peKpeallMoOHHOI (3eJIeHOI) 30HEe 1 KUJIOM 30HE XapaKTepU3y-
I0TCA CXOIHBIM TIOPSIKOM 3HaYE€HUI U cOCTaBIAOT Zp=42,6; 33,7, Pn=2857; 2429 Krxkm 2xcyT™!
COOTBETCTBEHHO. 2K1JIbie paiiOHbI XapaKTepU3YIOTCS HU3KUM YPOBHEM 00YCTPOICTBA TEPPUTO-
puM (4acTo He acaJbTUPOBAHHBIC YJIUIIBI ¢ HU3KOM MPOITYCKHOM CITOCOOHOCTHIO aBTOMAIIIMH
U1 OTHOCHUTEJIbHO HEBBLICOKMM YPOBHEM JIBUKEHUSI TPAHCIIOPTA) M 3HAUUTEIbHBIM KOJIMYECTBOM
dpykToBbIX HacaxkaeHuii. [To moka3zarenio Zp xkujiasg U 3eJieHa 30HbI OTHOCSTCSI K HU3KOMY,
Pn — cpegHeMy ypOBHIO 3arpsI3HEHUSI.

Codepoicanue yca06Ho0 pacmeopeHHbIX YopM MANCENbIX MEMANN08 8 CHENCHOM NOKDOGe.

PacTBoprMBbIe (POPMBI TSKEIBIX METAJIJIOB 3HAYUTEJBHO OoJiee OMacHbI, YeM TBepaoda-

3HBIC BbIITaACHUA, ITIOCKOJIbKY ITPAKTUYCCKHN MIHOBCHHO BKJIOUAIOTCA B OOMEHHEIE IIPOLECCChI
2KMBbLIX OPIraHU3MOB.

Tabamua 5. 3arpsisHeHre GUIbTpaTa CHEXHOTO ITOKPOBa
r. HukonaeBa TsoKeIBIMM MeTa/UIaMu

MeTtaubl CoaepxaHue, K¢ Kp Py
Mr><zLM_3 KFXKM_2><CYT_1

Zn 0,01-0.1 1,0-13.5 0.884-11.4 0,043—0,56
0,03 3,73 3,5 0,169

Cu 0,02-0,06 0,76-2,76 0,628-2,82 0.084-0,378
0,03 1,56 1,41 0,189

Mn 0,03-0.15 0,89-4.39 0,735-3.64 0,165-0,816
0,09 2,46 2,21 0,498

Fe 0,01-0,13 1,0-13,2 0,863-11.0 0,053-0,671
0,03 3,0 2,69 0,164

ITo cpenHuM 3HadyeHUsIM K- HaMOOJBIIYIO OMACHOCTb MPEACTABJSECT 3arpsi3HEHUE
CHeTa YCJIOBHO pacTBOpUMBIMHU (popmamu Mn (2,46) u Cu (1,56). 3HaueHUsI cyMMapHO-
ro IrokaszaTeJsisl Harpy3Ku HaxoasTcs B npeaenax 1,5 — 22,8, 4To COOTBETCTBYET HU3KOMY
YPOBHIO 3arpsi3HeHus (Tabda. 5).

ConepxaHue TSKeJIbIX METa/UI0B B (DUJIbTpaATe TAJIOrO CHEra B Ipejieiax ropoaa U3MEHSI-
eTcs He3HauuTeabHO. CoaepkaHKWe YCJIOBHO pacTBOPEHHBIX (hOPM LIMHKA B MPOMBIIILUIEHHOMU
30HE B 3 — 4 pa3a IpeBhILLIAET €ro KOHLEHTpaLMIO B Apyrux 3oHax. Hanboee BbICOKHE KOHLIEH-
TpalyM Xeje3a XapaKTepHbI 111 TPAHCHOPTHOM 30HBI, YCJIOBHO PaCTBOPEHHBIX (DOPM MapraH-
a — ISl 3KUJIOM M peKpeallmoHHOM 30H (Tabu. 6). CyMMapHBIii ToKa3aTe/lb 3arPSI3HEHUS CO-
craBisieT 2,5 — 3,4 ¢ TeHAeHLME K YBEIMUECHUIO B XKIJION 1 3eJIEHOM 30HaX (3a CYeT yBEeJIUUYCHUST
colepKaHUs YCIOBHO pacTBOPEeHHBIX (popM MapraHia). CyMMapHbIil ITOKa3aTeslb Harpy3kKu B
MPOMBIIIIEHHOM 1 TPAaHCIIOPTHOM 30Hax (8,25 — §8,75) mouyTu B ABa pa3a BhILIE, YeM B XUJIOU
u 3eneHoil (4,58 — 5,51). 1o uHTerpajJbHBIM ITOKA3aTeNsIM 3arpsI3HEHUSI CHEXKHOI'O MOKpPOBa
YCJIOBHO paCTBOPEHHBIMU (DOPMaMU TSXKEIbIX METAJIJIOB TEPPUTOPUSI TOPOIa OTHOCUTCS K HU3-
KOMY YPOBHIO 3arpsiI3HEHUSI.

Taﬁ.lmua 6. 3oHanbHbBIE TTOKA3aTEN 3arpA3HCHUA (bI/UIpraTa TaJIOro CHEra TAXXEJIbIMU METaJlJlaM1

E 3oHa ropoaa
BrneMeHT H:il,i. IMpombinuienHasd | TpaHcropTHas Kunaa 3eneHas
11 Touexk 13 Touek 14 Touexk 10 Touek
7n o 0,016 — 0,071 0,008 —0.104 | 0,014 —0.044 | 0,009 — 0,017
MexOM 0,044 0,029 0,027 0,013
Cu P 0,024 — 0,049 0,018 —0,042 | 0,021 —0.,047 | 0,016 — 0,058
Mexom 0,033 0,03 0,031 0,039
Mn o3 0,061 — 0,118 0,051 —0,083 | 0,053 —0,149 | 0,031 — 0,154
Mexom 0,082 0,075 0,096 0,092
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E 3oHa ropona
OnemeHT mi[,i. IMpombinuienHaa | TpaHcropTHas Kunaa 3eneHas
11 Touexk 13 Toyek 14 Touek 10 Toyek
Fe oxon 0,015 —0,028 0,021 — 0,125 | 0,01 —0,034 | 0,016 —0,042
0,02 0,043 0,021 0,028
7 1,89 — 4,01 1,65 — 3,68 <1-5.39 1,56 — 5.45
c 2,9 2,63 3,4 3,24
7 4,11 — 16,66 2,96 —22.8 1,58 — 8,19 2,63 —17,79
P 8,75 8,25 4,58 5,51

J10J1s1 yCJIOBHO paCTBOPEHHBIX (DOPM TSIKEJIBIX METAJIOB cocTaBJIsieT 0KoJ10 30 % (B cpen-
HeM, 11,3 %) cyMMapHOIi Harpy3KH 3arpsi3HEHUsI CHEXXHOT'O ITOKPOBa M BO3pacCTaeT B PSIIY:
tpaHcnopTHas (8,0 %), npombimneHHas (9,0 %), 3enenas (10,0 %), xunas (17,1 %) 30HbBI
(Tab:. 7). BecbMa BBICOKO€E KOJMYECTBO TSKEIBIX METAJIJIOB, BHINMAIAIOIINX B YCIIOBHO pacTBO-
puMoii opMe, OITpeesIeT MOBBIIIEHHYIO OMTACHOCTD MPOXMUBAHUS B KUJIBIX pailOHaX.

Ta6mmma 7. OTHOCHTETEHOE pacIpeesieHue CyMMapHOI Harpy3KM 3arpsiI3HeHMsI CHEXKHOTO T10-
KpOBa TSDKEJTBIMM MeTaJlJTaMU B IIBUIEBOI M YCIIOBHO PaCTBOPEHHOM (hopMax B pa3HBIX 30HAX.

ITokazatens | IlpombiliieHHast | TpaHcmopTHas Kunas 3eneHas r. Hukonaes
Harpysku 11 Touek 13 Touek 14 Touek 10 Touek 47 Touek

59,8 — 132 36,2 — 245 12,5—179.2 20,8 — 80,1 12,5 — 245

Zp (o) 88,9 113 33,7 42,6 69,7
4,11 — 16,66 2,96 —22.8 1,58 — 8,19 2,63 —17.79 1,58 —22.8

Zp (ueTpar) 8,75 8,25 4,58 5,51 6,80
Z, (bubtpar), 4,11 —13.6 3,26 —23.9 4,54 — 16,54 | 6,78 —29,1 | 3,26 —29,1

% 9,01 8,0 10,0 17,1 11,3

IIunk. brosornyeckasi poJib IIMHKA OOBSICHSIETCS] y4aCTUEM B CMHTE3€ pa3HbIX aHA0O0JIM -
YeCKMX FTOPMOHOB B OpraHu3Me, BKJII0Uasi MHCYJIMH, TeCTOCTEPOH 1M TOPpMOH pocTa. CyTouHast
MOTPeOHOCTh OpraHM3Ma B LIMHKe cocTabiisieT 10 — 15 Mr. MI30bITOYHOE MOCTYIUIEHUE B Opra-
HU3M LIIMHKOBBIX COEAMHEHUIA CITOCOOCTBYET AeCTAOMIN3ALIMU MHOTUX (DYHKIIMOHAIBHBIX TTPO-
1IecCoB B opraHusme [18].

LHuHKOBBIE 3arpsi3HEHUsI BBICTYNAIOT IPUOPUTETHBIMU 3arpsiI3HUTESIMU B IIpeJ-
eJlax TOpPOACKOM arjaomepanuu. PacopeneineHue MeTajlla B XKMAKOM 1 TBepAoil pa3e CHEX-
HOTO MOKPOBAa MMEET YETKO BBIPAXEHHYIO NU(MGEPEHIIMALIMIO 0 30HAaM TOPOACKOUN Cpelbl
C MaKCHMaJbHBIMM IOKa3aTeJsIMU B MPOMBIILIEHHOW 30He. B cpemHeM mo ropony au-
arnma3oH KOHIIEHTpaLMii IIMHKA B TbUIEBON (pakKllMUM CHEXHOro IIOKpOBa COCTaBJISIET
43,3 — 1083 mrxxr ~' mpu cpenHem 3HaueHUM 128 mrxkr—' (tabiu. 4), 3arpsasHeHue QUIb-
tpata tanoro cHera — 0,01—0,1 mrxam > npu cpennem 3HaueHun 0,03 MrxaMm— (Tadm. 5).
YcpenHeHHble 3HaueHUsT U Kc 1711 IMHKOBBIX 3arpsI3HEHUI COCTABJISIIOT: B TBEpAOpa3HbIX
BblIageHusIX 5,3 (TabJ. 3), B yCJIOBHO pacTBOpeHHLIX (popmax — 3,7 (Tabi. 5). Beicokue ypoB-
HU BapbUMpPOBaHUs 3arpsI3HUTEJISI CBSI3aHbI C IIIMPOKUM MCIIOJIb30BaHUEM ITPOLIECCOB LIMHKO-
BaHUSI METAJJIMUYECKUX U3 HA MHOTUX ITPOMBIIIICHHBIX MPEeINPUSITUSIX TOPO/Ia.

Huxkenb. buosoruyeckas posib HUKeJISI B KAUeCTBE MUKPORJIEMEHTA JIJISI 5KMBBIX OpTaHU3-
MOB OUY€Hb BbicOKa. MI3BeCTHO, UTO HUKE/Ib MPUHUMAET ydyacThe B (DEPMEHTATUBHBIX PeaKIIUIX
y >kUBOTHBIX U pacteHuit [18]. ITIK coenmHenuii HuKkens B Bo3ayxe cocrasisieT oT 0,0002 no
0,001 MrxM~3 (Ui pa3IMYHBIX COeANHEH M) [2].

B roposackoii yepTe coeaMHEHUsI HUKESI COAEPXKATCs MPEUMMYIIECTBEHHO B ITbLICBOM
(pakuuu cHexHoro mnokposa. I[IpeBbllieHMe Haa (OHOBBIMM I1OKA3aTENISIMUA COCTABJISIET
4,7 pa3. Beicokue comepxxaHusi MUKPODRJEMEHTA XapaKTepHbI JUISI TIPOMBILIIJICHHOW U TpaH-
CIIOPTHOI 30H C MAKCUMAaJIbHBIMU KOHLEHTpauusMu 28,2 1 26,3 MIXKT ~' COOTBETCTBEHHO
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(ta6u1. 5). B ipesesiax XXUIoi ¥ 3eJIEHOM 30HbI CpelHIE 3HAYEHUS COCTABIAIOT 7,7 1 9,8 Mrxkr—!

COOTBETCTBEHHO.

Meap — onMH U3 BAXHEHIINX MHUKpPO3JeMeHTOB. Pu3noaoruyeckas akTUBHOCTb MEIN
CBSI3aHA C BKJIIOUEHUEM €€ B COCTAaB aKTMBHBIX LIEHTPOB OKMCIMUTEIbHO-BOCCTAHOBUTEIbHbIX
(epmeHTOB. OHa yyacTBYyeT B Mpoiiecce POTOCUHTE3a U YCBOCHUM PACTEHUSIMU a30Ta, CIIOCO0-
CTBYET CUHTe3y caxapa, 0eJKOB, KpaxMaya, BATaMUHOB [ 18].

Menp — MeTalsl CpaBHUTEJIbHO MaJIOAKTUBHBIA. B cyxoM Bo3mayxe M Kucjaopone mpu
HOpMaJIbHbBIX YCIOBUSX Mellb HE oKucisieTcs. B atMmocdepe, conepxaiieit CO,, mapsl H,O u np.,
Melb TOKPbIBAETCS MAaTMHOU — 3€JIEHOBATOM IJIEHKOM OCHOBHOT'O KapOOHaTa, KOTOPbIH SITOBUT
[6]. ITpombIIIEeHHOE TPUMEHEHUE — TTPOM3BOICTBO JIEKTPUIECKUX MPOBOAOB. M3 Menu u3ro-
TOBJISIIOT TeTUIOOOMEHHUKU, TpyOorpoBoabl. bosee 30 % Meau ucronb3yeTcs B CILIaBax.

3HauuTebHAs YaCTh MEAHBIX 3arPsSI3HEHU I CHEera IpecTaBIeHa YCJIOBHO paCTBOPEHHOM
(dopmoii. KoHlleHTpalys MeTajia B MbLJIEBbIX BBIMTAACHUSIX U3MEHSIETCS B BECbMa IIMPOKUX
npeaenax: ot 4,3 — B XWIOH U peKpealnoHHOM 30HaX 10 142 Mrxkr~! — B MHAYCTpUAIBHBIX
paifoHax (tabi. 4). O6mas Harpy3ka 3arps3HUTENs] IO CPEIHUM 3HAYEHUSIM COCTaBJISIET: B
nbuieBoii ppakuuu 0,05, B puibtpate — 0,189 Krxkm2xcyT ™.

Mapranen. Hanyuuue MapraHiia B Bo3ayxe 00OyCIOBAEHO ITPOU3BOACTBEHHBIMY BbIOPOCAMU.
[TpucyrcTBre Mapraniia B atMocdepe cBepx HopMbl (cpeaHecytouyHast [11K mapraHiia B atmocde-
pe — BO3IyXe HACETEHHBIX MeCT — cocTasiseT 0,01 Mrxam—>) BpeHO BAKSAET Ha OPraHU3M YeJIOBE-
Ka, YTO BbIpaXKaeTcsl B IPOrpeCcCUPYIOLLEM pa3pyllieHUH LIEHTPaJIbHOM HEpBHOI cUcTeMBl [ 18].

ConepxaHue Mn B mbuUIeBON (ppakliMyM CHEra YMEHbIIAETCSl B psiiy: NMPOMBILILJIEHHAs
(131 mrxkr!), Tpancnioprhas (91,8), senenas (60,5), xunas (58,3) 30HbI (Tadi. 5). Haubons-
1Iee cojepkaHue yCJIOBHO PaCTBOPEHHBIX (hDOPM MapraHiia B CHEXXHOM MTOKPOBE OTMEUAEeTCs B
KWUJIOM U 3ejieHoi 30He U cocTasiser 0,149 u 0,154 Mrxam™ nipu cpenHux 3HayeHuUsax 0,096 u
0,092 Mrxam™ cooTBeTCTBEHHO (Tadi1. 6). B LiesioM conepxaHue MapraHia B TOPOACKON cpejie
o nokazatesto K. s NblUIeBOM (pakiiuu MpeBbilIaeT (POHOBbIE 3HAYEHHUS B cpeaHeM B 4
pasa, mis1 puiabTpata — B 2,5 pasa.

XKene3o. HopmupoBaHue JaHHOTO MeTajlla Ha BBICOKMX JOMYCTUMBIX YPOBHSIX B KOM-
MOHEHTAX OKPYKaIIIE Cpeibl CBSI3aHO C BHICOKMM OMOJIOTMYECKUM MOTEHIMAIOM UCMOJIb-
3oBanus. Monbl xene3a Fe?" BBIMOMHAIOT TpaHCIIOPTHLIE (GYHKLMKA KUCIOPOAA B COCTaBe
MOJIEKYJIbI TeMoriioouHa [17].

Oxkono 98 % BbINMaAeHUIT COEOTMHEHUI >Xene3a OO0YCIOBJIEHO TBepao(a3HbIMM BOMIO-
HEepacTBOPUMBIMU coelMHEHUsIMU. Ero comepxkaHue B MbLUIEBOM (hpakiM¥ CHEXHOIO MOKpO-
Ba U3MEHSIETCA B LIMPOKOM JMara3oHe KoHUeHTpauuii 31,6-864 Mrxkr! mpu cpenHem 3Haye-
Huu 129 mrxkr! (1a6m. 3). U1 YCI0BHO PacTBOPUMBIX COEIMHEHUI XeJle3a XapaKTePHO TOMU-
HUPOBaHME B TPAHCIIOPTHOI 30HE ropoja ¢ MAKCUMAaIbHLIM NokasarejeM 0,125 MrxaM™ (Tabi.
6). KoadduimeHT OTHOCUTENBHOTO YBEJIMUYESHMsI OOIIeil Harpy3KHu Keje3a B psiiy UCCaeTyeMbIX
3JIEMEHTOB HauMeHbIMii: B nuamna3oHe 0,1 — 2,3 ipu cpeaHem 3HaueHuu 0,7 (Tadu. 3).

BriBoabl

KyMynatuBHbIM 3¢hheKT a3pOoTeXHOTEHHOTO MOCTYIUICHUSI METAJIJIOB B CHEXKHOM TTOKPO-
Be BbIpaX€H KOHTPACTHO B 30HAIbHOM muddepeHManu ropoackux miomaneit. Comepxa-
HUE TSDKEJIBIX METAJIJIOB B CHEXXHOM TTOKPOBE Ha TEPPUTOPUHM ropoia 3HAYUTEIHHO MPEBBIIIAET
(oHoBbIe 3HaueHUs. [1o cpeqHUM 3HaUEHUAM KO23(hUIIMEHTa KOHIIEHTPAIIMU TSKEIbIX MeTa-
JUIOB B TBepA0(ha3HbIX BKIIOUEHHUSIX CHEXXHOTO IMOKPOBa B Ipeesiax ropoaa cpopMupoBaiach
TexHoreHHast accoumanus: Zn (5,3), Ni (4,7), Cu (2,4).

ITokazaTesb 0011Ie#1 HArPY3KU 3arpsi3HEHUST CHEXKHOTO MOKPOBa YMEHbIaeTcs B psaay: Ni
(10,1), Fe, Zn (6,8), Mn (4,7), Cu (1,0). KoadpuiimeHT OTHOCUTEIBHOTO YBEIUYEHUS 0011Iei
Harpy3KM 3HaUMTEJbHO BO3pacTaeT B TPAHCIIOPTHOI 30HEe ¢ MAaKCMMAJIbHBIMU TTOKa3aTesIMU:
Zn (186, 6), Ni (174,2), Cu (64,5). [To cymmapHOMY nokKa3zateJito Harpy3ku (Zp<1000) tepputo-
pHIO TOpoJia CJIeAYeT OTHECTU K HU3KOMY YPOBHIO 3arpsiI3HEHMSI.

Cyl1iecTBeHHas1 4acTh 3arpsI3HeHUS MOCcTymnaeT B atMocdepy r. Hukonaesa B ycjioBHO pa-
CTBOPEHHOM (popMe 1 conepKUTC B puibTpaTe Tasioro cHera (8 — 17%) ¢ TeHAeHLIMEH K YBeJTU-
YEHUIO 01 BOIOPACTBOPUMBIX (DOPM TSIXKEJIBIX METAJUIOB B XK1JI0#1 U 3e1eHol (o 30 %) 30Hax.
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Takoe pacipeacjJacHUC 3arpA3HCHUA IIPEACTABIACT OIIACHOCTb MHTAJIAITMOHHOTI'O ITOCTYIIIICHHUA
OHMOJOTMYECKU JOCTYITHBIX (l)OpM TAXKCJIbIX METAJIJIOB B OpraHu3m XKUTEJIEH ropozaa.
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CmupuoBa C.M., loain B.B. BAXKKI METAJIM B CHITOBOMY ITOKPUBI M. MUKOJIAE€BA
Busueno gpopmu 3naxodxcenns Zn, Ni, Cu, Mn, Fe y cnicosomy nokpusi m. Mukoaaeea. Po3-
2NSAHYMO CAHIMAPHO-2IIEHIYHI Ma eK0.1020-2e0XIMIYHI NOKA3HUKU 3a0pyoneHHs. Konyenmpauis
enemenmie 1 ma 2 kaacie nebe3nexku y 2-5 pasie nepesuuiye ooHosi NOKa3HUKuU. 3a CyMapHum no-
KA3HUKOM HABAHMAICEHHs MePUmMopis Micma 8i0HOCUMbCS 00 HUZbK020 Pi6Hs 3a0PYOHeHHs.

Smirnova S.M., Dolin V.V. HEAVY METALS IN SNOW COVER OF MYKOLAYIV CITY

The speciesof Zn, Ni, Cu, Mn, Fe in snow coverof Mykolayiv city have been studied. Sanitary-
hygienic and ecological-geochemical factors of contamination are discussed. The concentration of
elements of 1 and 2 order of danger is between 2 and 5 times higher than background values. Ac-
cording to calculated integral factor of loading city area is refer to low contamination level.
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