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METOJAYECKHA MOJIXO0J K OIIEHKE KOOI MYECKOI'O PUCKA
B CBsA3U C XUMHWYECKUM 3AT'PASHEHUEM 3EMEJIb

B oannoii cmamve npeocmaenen memoouueckuti nooxo0 paciema Ko3puyuenma mokCcutHOCMu U uH-
0exca IKON0SUYECKO20 PUCKA Olsl OUACHOCMUKU NOMEHYUATbHO20 3dAcpsisHeHUsl 3emenv. Jlannwill
Memoouyeckuli N0OX00 OCHOBAH HA KOJUYECMBEHHOU OYEHKe COOEPHCAHUSL XUMUUECKUX DIIeMEHMO8 8
nouse u pacuemnoz2o Kodpguyuenma moxcuynocmuy dIeMEHTOB. Koagpuyuenm moxcuunocmu
PAcCCUUmMbIBAEMCsl € YYEMOM  COOEPIHCAHUSI  3ACPAZHAIOWUX — GeUeCcm8 6 PA3HLIX KOMNOHEHMAX
9KOCUCTNEMBI.

Lna anpobayuu memoouueckoco nooxo0a Mvl NPOGEIU pacyem IKOI02UYECKO20 PUCKA 3A2PSA3HEHUS 3e-
Melb msdcenbiMu Memaniamu 6 copooax Munckoti ooaacmu (bopucos, Bonoocun, Munck, Monodeuno,
Cnyyx, Conueopck) u NHPOMBIUICHHBIX — QYVHKYUOHAbHBIX — 30HAX — PecnyOnuKu  (Memaiiypeo-
MAWUHOCTHPOUMENLHO20 KOMNIEKCA U NPOMBIULIEHHO-CIMPOUMENbHO20 KOMNIeKca) no oannvim Hayuo-
HAMLHOU CUCHEMbl MOHUMOpUH2a oKpydicarowell cpedvt Pecnyonuxku benapyce. Codepacanue msaicenvix
MemAnios 8 No4eax UcCCieoyemvblx meppumoputl Haxoounoce 6 npeoenax: Pb 17,3-48,3 me/xe; Zn 63,0-
171; Cd 0,16-1,65; Ni 6,8-29,7; Cu 14,7-62,2; Mn 273-482 me/xe, a xpoma (Cr) — 67,9 me/xe, mbliubsika
(AS) — 3,07 u 19,5 me/ke. Konuuecmeennas oyenka 3a2pasHaowmux IeMeHmos noKa3ad, ¥mo Memaiiyp-
20-MAUUHOCHPOUMETbHBLL KOMIAEKC UMeem BbICOKULL UHOEKC IKON0SUYECKO20 PUCKA, U IMOM PUCK 8
SBHAYUMENLHOU  CMeneHU Onpeodensiemcs npucymcmeuem Kaomus. Teppumopus npoMblUIEHHO-
CMpPOUMENbHO20 KOMIAEKCA UMeem 04eHb 8bICOKUL UHOEKC IKOI0SULECKO20 PUCKA 8 3HAYUMETbHOU Che-
NneHUu 3a cuem COeOUHEHUl, COOepHCAUUX MblUbAK U Kaomull. B 2opodax Munckotl obaacmu unoexc
9KONI02UHECKO20 PUCKA NO UZYHAEMbIM 3A2PA3HSIOWUM INEMEHMaM HA UCCTe0yeMMbIX MeppUmopusx
HAXOOUMCSL NPeuMyuweCmeenHo Ha YMEPeHHOM U HU3KOM YpoeHax. Ha smom one Heckonvko
svioensemcst Munck co 3HauumenvHulM yposHeM 3aepa3Hetus OMOeIbHblX MEPPUMOpPUll N0 COeOUHEeHUsIM
Meou.
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METHODOLOGICAL APPROACH TO THE ESTIMATION
OF ENVIRONMENTAL RISKS RELATED TO CHEMICAL CONTAMINATION
OF LANDS

This article presents a methodical approach for calculating the toxicity factor and the ecological risk
index for the diagnosis of potential land contamination. This methodical approach is based on a
guantitative assessment of the environmental consequences of the entry of chemicals into the
environment. It takes into account the current content of the pollutant in the soil, the background content
of these pollutants and the calculated toxicity factor of the elements. The toxicity factor is calculated
taking into account the content of pollutants in different components of the ecosystem.

To approbate the methodology, we calculated the environmental risk of land contamination with heavy
metals in the cities of the Minsk Region (Borisov, Volozhin, Minsk, Molodechno, Slutsk, Soligorsk) and
the industrial functional zones of the Republic (metallurgical machine building complex and industrial
complex) according to the National Environmental Monitoring System environment of the Republic of
Belarus. The content of heavy metals in the soils of the study areas was in the range: Pb 17.3-48.3 mg /
kg; Zn 63.0-171; Cd 0.16-1.65; Cr 67.9; Ni 6.8-29.7; Cu 14.7-62.2; As 3.07 and 19.5; Mn 273-482 mg /
kg. The quantitative assessment of pollutants showed that the metallurgical-machine building complex
has a high index of environmental risk, and this risk is largely determined by the presence of cadmium.
The territory of the industrial complex has a very high index of environmental risk, largely due to
compounds containing arsenic and cadmium. In cities of the Minsk region, the environmental risk index
for the pollutants studied in soils is mainly at moderate and low levels. Against this background, Minsk

stands out with a significant level of land contamination by copper compounds.

Keywords: environmental risk, heavy metals, land pollution.

Beengenne. CocTosiHME 3KOCHUCTEMBI B CYIIIe-
CTBEHHOM CTETEHU 3aBHCUT OT COJAEp)KaHHS aH-
TPOIIOTE€HHBIX BEIIECTB B 3eMJIsIX. OllEHKa OTHO-
CUTENBHBIX ypPOBHEW 3arpsA3HEHUs 3eMeJb XH-
MUYECKUMH 3JIEMEHTAaMH BCET/ia HEOHO3HAYHA.
Benp u npu BBICOKOM COJEp)KaHUM 3arpsA3HSIIO-
IIMX BEIIECTB B IOYBaX JKOCHUCTEMa OyaeT cy-
IIECTBOBaTh, OyAET W3MEHATHCS M aJanTHpO-
BaThCS K IOYBEHHBIM YCIOBHUSIM. B TO ke Bpems
W3BECTHO, YTO HEOOJNbIINE KOIeOaHusl TOTO WIN
WHOTO TIapaMeTpa 3KOCHUCTEMBI (B TOM dYHCIE U
XMMHYECKOTO COCTaBa IOYB) MPUBOIAT K CyIIIe-
CTBEHHBIM €€ U3MEHEHHAM. Bo03MOXHOCTh
OBICTPOH OLICHKHM MOTEHIUAIBHOTO 3arpsi3HEHNUS
3eMeIb BCETa aKTyalIbHa.

B Hactosmee BpeMsi B pecryOiHMKe OICHKA
9KOJIOTHYECKOTO PHUCKA OTpeneiseTcs Kak Ipo-
U3BEJICHUE BEPOSTHOCTH COOBITHS Ha OXHIae-
MBIe MOCIEACTBUA. Ecian B TedeHHe mNepHoza
MOKET NPOM30HTH HECKOJBKO OMACHBIX COOBI-

THH, TO TIOKa3aTeJIEM PUCKA CIIYXKHUT CyMMa II0-
CJIEIICTBUI OT BCEX BO3MOXKHBIX cOObITHH. Ecian
TOBOPUTH O TIPAaKTUKE MPUMEHEHUS JIaHHOU
OIICHKH SKOJIOTMYECKOTO PHCKa, TO €€ MOXHO
IIPUMCHHUTH TOJIBKO IIPHU HAJIMYUW HAYYHO 060C-
HOBAHHBIX CTATUCTHUYECKUX MIaHHBIX 00 ormac-
HBIX DKOJIOTUYECKUX TOCIEACTBHIX IIPH pas-
JIMYHBIX KOHOCHTpAUUAX 3arpsA3HAIOMICTO BEUIC-
cTBa B mouBe. Takmx Hay4YHO 000CHOBAHHBIX
JTAHHBIX JUTSI OI[CHKH 3KOJIOTMYECKOr0 PUCKa 3a-
IPS3HEHUS 3eMeJIb B PECITyOIMKE HEIOCTATOUHO.
B cBA3M ¢ 4yeM A OLEGHKH SKOJIOTMYECKOrO
pUCKa 3arps3HEHUsS 3eMelb MpeaaraeM npuMe-
HSATh METOJIMYECKUI TIOJXO/, MPEII0KEHHBIN B
cBoe Bpems Jlapcom Xakancom [1]. Crernudrka
JTAHHOT'O METOJIMYECKOT0 MOJX0/a B TOM, YTO B
HEM YYUTBHIBACTCS COICPKAHUE 3arps3HSIONINX
BEIIECTB B Pa3HBIX KOMIIOHEHTAX SKOCHCTEMBI (B
TIOYBE, BOJIC, PACTCHUIX, KUBOTHBIX). DTO TPHU-
AT METOJMYECKOMY IIOJXONIy YHUBEPCAhb-
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HOCTb W 00BEKTUBHOCTH. [|JI peann3annu 3Toro
METOAMYECKOr0 IMOAX0AAa B KAueCTBE JUArHO-
CTUYECKOTO MHCTPYMEHTAa Ha 3eMiisix bemapycu
paccunTtaiv Ko3((UIUEHT TOKCUYHOCTH C yde-
TOM HMEIOIINXCS JAHHBIX B PECIyOIIHKeE.

B nanHO# cTaThe MPHUBOIUTCS pacdeT KOd(d-
(UIMCHTa TOKCUYHOCTH W WHICKCA JKOJIOTHYC-
CKOI'0 pUCKA JUJISl OLICHKH MOTEHLMAIBHOIO 3KO-
JIOTUYECKOTO  PUCKA  3arps3HEHUS  3€MEJlb.
OnuchIBaeMbIil METOJUYECKUN TTOAXO0 OCHOBAH
Ha KOJIMYECTBEHHOW OIIEHKE COAEp)KaHUA
XUMUYECKUX DJIEMEHTOB B IOYBE U PACUETHOM
KOO(PQUIIMECHTE  TOKCHYHOCTH  SJIEMEHTOB.
KoadduimeHT TOKCHYHOCTH pacCUUTHIBACTCS C
YUYETOM COAEPIKAHUS 3arps3HSIONINX BEIIECTB B
Pa3HbIX KOMIIOHEHTaX 3KOCUCTEMBI.

C mHamell TOYKH 3peHMs], 3KOJOTHYECKHUU
PHUCK — 3TO BEPOATHOCTh HACTYIUICHHUS COOBITHS,
MMEIOIIETO HeOIaronpusTHBIE TTOCIEACTBHS IS
OKpY’Kalollel cpenbl, OOYCIOBJIEHHOTO Hera-
THUBHBLIM BO3JIEMCTBUEM XO3SIMCTBEHHOM WM MHOU
JIEATEIBHOCTBIO YEJIOBEKA, KOTOPasi MOXET MpU-
BECTH K BO3HUKHOBEHHIO YTPO3 AKOJIOTUYECKON
0e30MacHOCTH.

Amnpobarus METOAMYECKOTO oaX0/1a
NpoBOAWIach MO JaHHBIM  HanuoHanbHOU
CHUCTEMBl MOHHUTOPHMHIA OKPYXXAIOIIEH Cpe/bl
(HCMOC) B otHOmEHUM TOpPOAOB MUHCKOH
obmactn  (MwuuCK, Monoaeuno, bopucos,
Crnyuk, Bomnoxws, Comuropck) 51
MPOMBINUICHHBIX ()YHKIIMOHATEHBIX 30H.

B oTHOmEHWMM TOpPOAOB WCIOIB30BAIHCH
JIAaHHBIE, Kacalolluecs COACpKaHUA KaaMus,
IIMHKA, CBUHIA, MEIU, HUKEJS M MapraHia B
noyBax 3a mepuon  2010-2015tr., mo
MPOMBINIUICHHBIM (YHKIIMOHATBFHBIM 30HAM —
JIAHHBIC TIO COJCPXKAHUIO COCIMHCHUU KaaMHUS,
IUHKa, CBHHIA, XpoMa, MCIH, HHUKEIA U
MBIIIbsIKa B cllo€ ouB 0-5 cM, MOIy4YEHHBIE 11O
pesynbTaTam obcnemnoBanmii B 2015 . [4, 5, 6, 7,
8, 9].

Pesyabrarhl m ux o0cy:xgenue. OueHka
DKOJIOTUYECKOTO  pPHUCKA, BO3HUKAIOIIETO B
PE3YIBTATC MOCTYIUICHUA XUMUUYCCKUX BCIICCTB
B 3EMJIIO, IPOU3BOJUTCS C IICNIBIO OTPEICICHIS

MOTEHIIMAILHON  DKOJIOTHYECKOM  ONAacCHOCTH
XHUMHUYECKOT'O 3arpsi3HEeHUs 3eMeb.
IToTeHnanbsHOCTH (nm BEPOATHOCTD)

Meronnka uW 00beKTbl MCCJACAOBAHMIA. 3arps3HECHUS 36MEIb XUMUYECKUMHU JIEMEHTAMHU
Koaddummerr TOKCHYHOCTH, TPUMEHSEMBIN B JIaHHOM KOHTEKCTE 3aKJII04aeTcs B TOM, YTO
MIPU pacueTe IKOJIOTUYECKOTO PUCKA, BKIHOYAET npu YBEIIMYEHUN coJiepKaHuA 3THUX
JAaHHbIE O TMOTEHIUAIbHBIX MUIPALUOHHBIX XUMUYECKUX DJIEMEHTOB B IIOYBE 3KOCHUCTEMA
MNyTSX  3arps3HSAIOIIMX — BEIIECTB.  Takxke Oyzner CaMOOYHUIIATHCSL. IIpu Ooee
KO3 UITUCHT TOKCUYHOCTH YUYUTBIBAET KPUTUYECKOM 3arpA3HEHUM 3€MeJIb 3KOCUCTEMA
3HaUCHUA W OoJee CIOXKHBIX Yrpo3 IS OyZeT  aJanTUpoBaThC M 3HAYUTEIHHO
9KOCUCTEMBI.  JIJIs  OUEHKH  TOKCHYHOCTH MEHSATHCSL.
3JIEMEHTOB HCIOJIb30BAINCH UCXOAHBIC TaHHBIE
BAJIOBOIO HX COJEpPkKAHUA B  Pa3IUUYHBIX
KOMIIOHEHTaX 3kocucTeM (Tabnuma 1) [2, 3, 10].

Tabmuma 1. — CpemHee coiepkaHWe XUMHUYECKHX JJIEMEHTOB B IIOYBE, NMUTHLEBON BOJE, HA3EMHBIX
PacTeHUSX, Ha3eMHBIX JKUBOTHBIX, KJIapK, (hoHOBOE coneprkanue, [1JIK, Mr/kr wim mr/in
XuMu4eckue Kiapx ITouBa IIuteeBas Hasemuslie Hazemnslie Porosoe K/
cojiep)KaHue OJIK
SIIEMEHTBI [10] (cp.3mau.) | Boma[l] |pacrenus [1] |xwuBotHbIE [1] [4-10] 2]
Mn, Mapraserlt 247 235 0,012 630 0,2 174 -
Zn, 1IUHK 51 88 0,01 100 160 18,7 55
Cu, Mean 13 14 0,01 14 2,4 4,05 33
Pb, cBuHel| 12 11 0,005 2,7 2,0 6,82 32
Ni, HUKEb 20 18 0,01 3,0 0,8 3,86 20
V, BaHaIHi 34 36 0,001 1,6 0,15 34,0 150
Mo, MmonubieH 11 2,0 0,00035 0,9 0,2 1,50 10
Sn, os1oBO 2,5 10 0,00004 0,3 0,15 10,0 100
Cd, xkagmuii 0,13 0,43 0,00032 0,6 0,5 0,30 0,5
Co, kobasbT 6,0 8,0 0,0009 0,5 0,03 6,00 20
Cr, xpom 36 67,9 0,00018 0,23 0,075 36,0 100
Hg, pryts 0,033 1,37 0,00008 0,015 0,046 1,00 2,5
AS, MBILIBSIK 1,7 3,07 0,0004 0,2 0,2 1,70 2,0
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OTH W3MEHEHUS B KaXJIOM KOHKPETHOM
MecTe OyAyT 3aBHCETh OT MHKPOYCIOBHI
y4acTka, YpOBHS 3arpssHeHHs u OydepHoit
CIOCOOHOCTH  3KOCHCTEMBI W OJHO3HAYHO
OIICHUTh OTPHUIATCILHBIN 3(PPEKT H3MEHEHUS
HKOCUCTEM JIOCTATOYHO CIOXKHO.

B mpeanaraecMoM METOAMYECKOM TOAXOAE
OCHOBHBIM CYMMUPYIOIIUM K03 QUImeHTOM
SIBISIETCS] KOO (MUIIUEHT TOKCHIHOCTH DJIEMEHTA.
Pacuer ko3 durmenra TOKCHYHOCTH
MPOBOJUTCS CIEAYIOIUM 00pa3oM: B KaKIOM
nokasartene (KJIapk, IOYBa, MNHUThEBas BOja,
HA3eMHBIC pACTCHHS, HA3EMHbBIC >KUBOTHBIC)
OepeTcss XUMHYSCKHH 3JIEMEHT C CaMbIM
BBICOKUM COACPKAaHHUEM U IMPUCBAUBACTCA EMY

3Hauenue 1,0. OcTaabHBIM 3JIEMECHTaM
[IPUCBAMBAETCS 3HAYCHUE, PABHOE 3HAYCHHUIO BO
CKOJIBKO  pa3 HMX  COAEP)KaHHUE  MEHbIIEC
MaKCHMAaJIbHOI'O 3HAYCHHUSL. Hampumep,
KOHIICHTpAIHsI KaJMHUs B TIoUBe B 547 pa3 HIKe
(Mn 235 / Cd 0,43 = 547), ueM MapraHua u Tak
nanee (tabmuma 2). [lomyueHHble 3HaYCHHS
KOMITOHEHTOB DKOCHCTEMBI DACHPEACTHIN 10
KaXJIOMY DJIEMEHTY, 9TH JaHHbIE MPE/ICTABICHBI
B TabmuIe 3.

B cronbue 7 Tabmumpl 3 TpeacTaBIICHBI
JAHHBIC 110 CyMMe IIATU KOMIIOHCHTOB
9KOCUCTEMBI JJIs1 KOXKJIOT0 dJIeMeHTa (HarpuMep:
Mn 804 =1,0+1,0+1,0+1,0+800).

Tabmuna 2. — OTHOCHTENBHBIE BEIUYNHBI XMMUYECKUX JJIEMEHTOB B IIOYBE, IUTHEBOM BOJE, Ha3eMHBIX

pacTCHUAX, HA3EMHbBIX )KMUBOTHBIX, KJIApKE

Ne /it Krapxk ITouBa IIuteeBas Boga RgCMHEIS Hazemurble )KUBOTHBIE
pacreHus
1 1,0-Mn 1,0-Mn 1,0-Mn 1,0-Mn 1-Zn
2 4,8-Zn 2,7-Zn 1,2-Zn 6,3-Zn 66,7-Cu
3 6,9-Cr 3,5-Cr 1,2-Ni 45-Cu 80-Pb
4 7,3-V 6,5-V 1,2-Cu 210-Ni 200-Ni
5 12,4-Ni 13,1-Ni 2,4-Pb 233-Pb 320-Cd
6 19-Cu 16,8-Cu 12,0-V 394-V 800-Mn
7 21-Pb 21-Pb 13,3-Co 700-Mo 800-Mo
8 41,2-Co 24-Sn 34,3-Mo 1050-Cd 800-As
9 99-Sn 29,4-Co 37,5-Cd 1260-Co 1067-V
10 145-As 76,5-As 66,7-Cr 2100-Sn 1067-Sn
11 225-Mo 118-Mo 30,0-As 2739-Cr 2133-Cr
12 1900-Cd 172-Hg 150-Hg 3150-As 3478-Hg
13 7485-Hg 547-Cd 300-Sn 42000-Hg 5333-Co

Ta6n1/1ua 3.- C}/MMBI OTHOCHUTECJIbHBIX BEJIMYNH XUMHWYCCKHX DJICMCHTOB U UHJACKC COACPKAHUA

4
Inement | Knapk | Tousa IIuteeBas | Hazemuslep | Hasemusle ZS: z Wnpnexc
BO/IA acTeHHA KUBOTHBIE colepyKaHus
1 1
Mn 1,0 1,0 1,0 1,0 800,0 804 4 1
Zn 4,8 2,7 1,2 6,3 1,0 16 10 2,43
Cr 6,9 3,5 66,7 2739,0 2133,0 4949 2210 553
\Y 7,3 6,5 12,0 394,0 1067,0 1487 420 105
Ni 12,4 13,1 1,2 210,0 200,0 437 227 56,7
Cu 19,0 16,8 1,2 45,0 66,7 149 82 20,5
Pb 21,0 21,0 2,4 233,0 80,0 357 124 31,1
Co 41,2 29,4 13,3 1260,0 5333,0 6677 1344 336
Sn 99,0 24,0 300,0 2100,0 1067,0 3590 1490 373
As 145,0 76,5 30,0 3150,0 800,0 4201 1052 263
Mo 225,0 118,0 34,3 700,0 800,0 1877 1077 269
Cd 1900,0 547,0 37,5 1050,0 320,0 3855 1955 489
Hg 7485,0 172,0 150,0 42000,0 3478,0 53285 11285 2821

6
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Jost TOTO 9TOOBI cOaTaHCHPOBaTh
MOJy4YeHHble LUPpPbl W CHHU3UTH BIUSIHHE
BO3MOXKHO  CIy4alHBIX  OONBIIMX  YHCEN,
CyMMHpPYEM 3HAYECHUS KOMIIOHEHTOB
HKOCHCTEMBI 32 HCKIIOYCHHEM MaKCHMaJIbHOTO
3HaueHus: (mpumep: Mn 4=1,0+1,0+1,0+1,0)
(cronberr 8, Tabmuiia 3).

3Havenus cronbma «MHAEeKC comepikaHmsd
ObUIM TIONy4YeHBI JENCHHEM CYMMBI KaXKIOro
JleMeHTa U3 crojbua 8 Ha MUHHMAIbHOE
3HaueHne — 4 (3TO 3HaueHWe Mn, MapraHIia)
storo cronbua. Hampumep: Cd 1955 / Mn 4 =
489. PaccunTaHHBIA MHIEKC COACPKAHUS UMEET
OompmIoil mpenmen pa3zdpoca 3HAYEHWH W HE
YYUTHIBAE€T TMPHUPOTHOE MOTIOMICHUE AIIEMEHTa
(oHOBBIC 3HAUCHUS) U MTPEIEIBHO JOMYCTUMBIN
ypoBeHb dremenToB B mouBax (IIAK/OAK). [dns
ydera OJTHX TIOKa3aTelled pPacCUUTHIBACTCS
WHJICKC morJomieHus (Tadnumna 4).

Pacuer wHIekca MOIMONMICHUSI MPOBOIUTCS
nenenneM ¢goHoBoro 3HadeHus Ha [IJIK. 3arewm,
UL COM3MEPUMOTO WX TPEACTABICHUS, ACIHM
na 1072, (manpumep: Zn 34,0 = (18,7 / 55) / 1079).

3areM HepeMHOKaeM MHICKC COACpKaHMS U
WMHJIEKC  TOrJomeHus. JTo  JaeT  HaM
CIEAYIOIMA BO3pACTAIOLIMNA  psii  3HAYEHUU
(mpumep: Zn 83 = 2,43 x 34,0 u oKpyriIsieM J0
IIEJIOTO YHCIIA):

Mn=12, Zn=83, Cu=252, Pb=663, Ni=1093,
V=2377, Sn=3722, Mo0=4036, Co0=10079,
Cr=19893, As=22352, Cd=29310, Hg=112846.

OTH 3HA4YEeHUS BEJIMKH, U JJIS1 UX COMMKEHUS
JenUM Ha HauMeHblee 4ucio 12 (3HaueHHe
Mn). [lomyuaem crnepyrommii psig (mpumep: Zn 7
=83/12):

Mn=1, Zn=7, Cu=21, Pb=55, Ni=91, V=198,
Sn=310, Mo=337, Co=840, Cr=1658, As=1863,
Cd=2443, Hg=9404.

3areM, 9TOOBI  YMEHBIIUTH  YHUCIIOBBIC
3HAYeHHSI ¥ COXPAHUTH MOPSAJOK COOTHOIICHUH,
W3BJIEKAEM KOPEHb KBaIPATHBIN:

Mn=1, Zn=3, Cu=5, Pb=7, Ni=10, V=14,
Mo=18, Sn=18, Co0=29, Cr=41, As=43, Cd=49,
Hg=97.

Hdusg  xaaMusi W PTYTH  KOB(PQHUIHUEHTHI
MONyJMJINCh ~ OYeHb  BBICOKHE.  YUWTHIBAA
HEaOCOIIOTHOCTh ~ JIAHHOTO ~ METOJMYECKOIO
noaxona, okpyrisiem 3HadeHus. Koadduuument
JUTSL TUX DJIEMEHTOB mpuHIMaeM 40.

[Tocne OKpYIJICHHM  mHoiy4aeM  psn
k03¢ ¢unmenta TokcuaHoctu (T):

Mn=1, Zn=3, Cu=5, Pb=7, V=15, Ni=10,
Mo=20, Sn=20, Co=30, Cr=40, Cd=40, As=40,
Hg=40.

OKOJIOTHUECKUN PUCK 3arpsa3HEHUST 3eMelb
OIICHUBACTCS TI0 KOA(PPUIMEHTY SKOIOTHIECKO-
rO0 PUCKa B OTHOIICHUH KaXJOTO XUMHYECKOTO
aneMenTa.  KoaQduumeHT  3KOJIOTHYECKOro
pUCKa paccunuThIBaeTcs 1o hopmyne 1:

Ei = Ti & ) (1)
Cp

rae: Ei — koadduumeHT sxomornueckoro pucka
i—T0 2y1eMeEHTa,;

T; — k03 HpUIKMEHT TOKCUYHOCTH i—TO DJIEMEHTA,

Cs — daxTHyeckast KOHIICHTPALUS 1—TO 3JIEMEHTa,
MT/KT;

C, — ¢oHOBas KOHIEHTpAIMs 1-TO 3JEMEHTa,
MI/KT;

Tabmuma 4. — ®oHOBOE comepKaHNe XUMHUIECKUX JJIEMEHTOB B mouBax, [IJIK n wHIEKC morimomeHwus,

MI/KT
Xummdecknii snement | @oHosoe copepxanne [4-10] | TIK/OJK | Mupexc mormomenus, 10™
Mn, mapraser| 174 1500 11,6
Zn, HUHK 18,7 55 34,0
Cu, Meab 4,05 33 12,3
Pb, cBunen 6,82 32 21,3
Ni, HUKEIb 3,86 20 19,3
V, BaHaIuH 34,0 150 22,7
Mo, MmonubaeH 1,50 10 15,0
Sn, 0110BO 10,0 100 10,0
Cd, xagmuii 0,30 0,5 60,0
Co, x00aeT 6,00 20 30,0
Cr, xpom 36,0 100 36,0
Hg, pryTh 1,00 2,5 40,0
AS, MBIIIBSIK 1,70 2,0 85,0
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[Ipn MTOJINDIIEMEHTHOM 3arps3HEHAH
9KOJIOTHYECKUI PUCK OIICHWBAETCS 10 MHIECKCY
9KOJIOTHYECKOTO pucka. Wnnexe
SKOJOTHYECKOTO pPHUCKA PACCUUTHIBACTCS 10

dhopmyne 2:
n
Ri = Z E;
i=1

rae: Ri — MHOEKC 5KOJIOTMYEcKoro pucka n-ro
KOJIMYECTBA XMMUYECKHX 3JIEMEHTOB, HO He Oolee
BOCBMH JICMEHTOB;

Ei — xo’(p¢ummeHT >KOIOTHIECKOro pHCKa i-TO
JIIEMEHTA.

(2)

OmnacHoCTb XUMHNYECKOT'O 3arps3HCHUA
3eMellb OLICHUBAETCS 1o YPOBHIO
skonornyeckoro pucka (Ri) (tabmmma 5).
VYpOBEHb 3KOJOTHYECKOTO PHCKA OIPEICISeTCS:
Inpyu MOHOIJICMCHTHOM 3arpA3HCHUHU — 110
koaduimerty 3xonorudeckoro pucka (E;), mpu
MOJIMAIIEMEHTHOM 3arps3HCHUH — I10 WHJCKCY
9KOJIOTHYECKOTO PUCKA.

Juis anpobaruu BBIIIETIPUBEICHHOTO
METOANYECKOTO IOJX0Ja MbI MPOBEIU PAcUeT
9KOJIOTHYECKOTO PHCKa 3arpsa3HEHUs 3eMellb
TSOKETBIMH ~ METaIUIaMH  TOPOAOB  MMHCKOM
00JTacTH W TPOMBINUICHHBIX (DYHKIIMOHATHHBIX
30H pecnyOnuku. JlaHHBIE IO COIEPKAHUIO
TSOKETIBIX METAJUIOB B TOYBAX, HMCIOIb3yeMbIC
TIPH pacyeTe, MPEACTABICHEI B TAOIHUIIE 6.

ConepxaHue XWMHYECKHX JJIEMEHTOB B
MOYBaxX MPOMBIIUICHHBIX ()YHKIMOHANBHBIX 30H
¥ TopoaoB MUHCKOH 00JIacTH B OOJIBITHMHCTBE
ObTH OfHOTO TOpsaka. Heckombko Oomblree
COACPpIKaAaHUC KaaMuAa U  HHUKCEIA 6I)IJ'IO B
MPOMBIIIIJICHHBIX (YHKIMOHAIBHBIX 30HAaX IO
CpPaBHEHUIO C TOpoJcKoi Tepputopuei. Tak,
COACPIKAHUEC XMUMUUYCCKUX 3JICMCHTOB B ITOYBax
HCCIIEYEMBIX  TEPPUTOPUNA  HAXOJOUJIOCH B
npenenax: Pb 17,3-48,3 mr/kr; Zn 63,0-171; Cd
0,16-1,65; Ni 6,8-29,7; Cu 14,7-62,2; Mn 273-
482 mr/kr, xpoma (Cr) — 67,9, mblmbsika (As) —
3,07 u 19,5 MI/KT IIOYBBI.

Tabauua 5. — YPOBHHU 9KOJIOTHYECKOT0 PUCKA XUMHUUYECKOTO 3arpsi3HeHUs 3eMelb [1]

YpoBeHb Koadpuruent WNHaekc 9KOI0THIECKOTo prucKa
HKOJIOTHYECKOTO PHUCKA sKostoruueckoro pucka (E;) (Ri)
Huzkwit <40 <150
YMepeHHsIH 40-80 150-300
3HAYNTETbHBIH 80-160 —
Beicokuit 160-320 300-600
OueHb BBICOKUHI > 320 > 600

Tabmuia 6. — ComepxaHue TSHKEIBIX METAJJIOB B ITOYBAX TOPOIOB (MaKCHUMAaITHBIC 3HAYEHUS HA OJTHON U3
MPOOHBIX IJIOIIAJIOK) W MTPOMBIIUICHHBIX (PYHKIIMOHAJIBHBIX 30HAX PECITYOJIUKH, MI/KT

£ TpombinLIerso- I'opona MuHcko# obnactu

D (GYHKIIMOHAILHBIE 30HBI

:I':: & 3 ”Ig E © ;a

pla [l é Q o=t é Q m jas} jan} Q HHK/

= |ZEzg gtz | s | | E| & g B |om

5] g5 2 E gL E o, = = ) = =

= SE=2| EEGZ 5 5 S = O =

= £ S 32 S 3 2 A 2 S 3

: |gEE| fg® > S

>< [&] = [&]
Causern, Pb 48,3 33,8 31,3 | 173 | 347 | 31,2 | 465 | 21,2 | 32,0
I{uHK, Zn 171 147 132 106 | 102 | 147 | 63,0 | 753 55
Kaamwii, Cd 0,75 1,65 0,36 | 0,28 | 0,48 | 0,32 | 0,48 | 0,16 0,5
Xpowm, Cr 67,9 - - - - - - - 100
Hukens, Ni 29,7 - 225 | 120 | 129 | 11,8 | 10,0 | 6,8 20
Menp, Cu 62,2 - 19,2 | 147 | 838 | 57,8 | 23,7 | 22,9 33
Mbibsk, As 3,07 19,5 - - - - - - 10,0
mpra“e“’ - - 393 | 482 | 390 | 421 | 306 | 273 | -




Ecmn CPaBHHTH ITH JTaHHbBIE c
JIEACTBYIOIIUMU TUTHCHUYECKUMU
mopmaruBamu, (IIIK/OJIK) To BMmHO, 9TO B
MTPOMBINIUICHHO-(D YHKITHOHATHHBIX 30HaX
coJiepKaHue HCCIETYEMBIX XUMUYECKUX
anemeHTOB B mouBax mpessiiaet [1IJIK/OJIK mo
BCEM dJIeMEHTaM (32 HMCKIIOYCHHEM XpoMa), B
BopucoBe oTMeueHO MPEBLIIMICHUE MO IIUHKY U
HUKEI0, B MUHCKE — 110 CBUHILY, IMHKY U MEJIH,
B Momo/ieqHo — 1Mo nmuHKY U Mequ, B Cirymke —
0 CBHHITY U IIMHKY, B COMUTOPCKE — IO IIUHKY.
Pacder mnoOTEHIMATBHOTO 3KOJIOTHYECKOIrO
PHUCKa IPOMBIIUICHHBIX (PYHKIIMOHAIBHBIX 30H H

ropomoB MwuHCKOl obOmactTm 1O JaHHOMY
METOJAUYECKOMY  IIOAXOMY IPEACTaBIEH B
Tabmume 7.

Koaddumment sxomorngeckoro pucka moka-
3bIBAE€T YPOBEHH 3KOJIOTHYECKOIO PHCKa KOH-
KpPETHOTO 3arpsi3HUTENS. JTOT TMOKas3arenb B
3HAYUTENFHOW CTETEeH! 3aBUCHUT OT KO3 HUIu-
eHTa TOKCHMYHOCTH. Ecnm w3HauvampHOE comep-
JKaHWE dJIeMEHTa B TOYBE HEBBICOKOE U MPH
9TOM OH JIETKO MHUTPUPYET B KOMIIOHEHTBI KO-
CHCTEMBI, TO TaKOH 3arpsi3HUTENb MOTYYUT MaK-
CUMaJIbHBIN KOX(Q(QHUIMEHT TOKCUYHOCTH M JUIS
nepexoza COZIepKAHUS 3arps3HAIONIECTO
3JIeMEHTa Ha CIEIYIOIIUH YpOBEHb KOJIOTHYE-
CKOTO pHCKa JIOCTATOYHO OJHOKPATHOTO €ro
YBEJIMYCHHSI OTHOCHUTEIBHO (poHa. VI Ha00OpOT,
€CII COZIeP)KAHUE XUMHYECKOTO OJJIEMEHTa B
NOYBE BBHICOKOE W MOTCHIMAI MHIPALUH TI0
KOMITOHEHTaM SKOCHCTEMBI HEBBICOK, TO TaKOW
JJIeMEHT Oy/eT UMEeTh MUHUMAIBHBIH KOA(PU-

[IUEHT TOKCHYHOCTH W JUIS Mepexofa 3arps3Hsi-
IOIIETO JIEMEHTA Ha CIICAYIOUIMN YPOBCHb HYXK-
HO OyZIeT COPOKaKpaTHOE ero yBeIHMICHHE OTHO-
cuTeapHO (poHa.

CyMMapHbIif MHAEKC JKOJIOTHYECKOTO PUCKA
TOBOPHT 00 00111eM BO3ACHCTBUH 3arpsI3HSIOIINX
BEIIIECTB.

PamxupoBanue u pacnpeielieHue pacueTHBIX
JIAHHBIX MCCIIEyEeMbIX TePPUTOPHIA IO YPOBHIM

9KOJIOTMYECKOI0  PHCKa  MPEACTaBICHO B
Tabaume 8.
Orenka COJIEpIKaHUS XUMHUYECKUX

3JIEMEHTOB B II0YBE II0KAa3aja, 4YTO METaJLIypro-
MAaIIMHOCTPOUTENBHBIN KOMIUIEKC UMEET BBICO-
KM WHAEKC 9KOJIOTMYECKOTO PUCKA, U ATOT PUCK
B 3HAYUTEJIBHONW CTEIIEHU ONPENENseTCsl COAep-
JKaHUEM KaaMus. TeppuTopHs NPOMBIIIIECHHO-
CTPOUTEIBLHOIO0 KOMILUIEKCA UMEET OYEHBb BBICO-
KW MHJEKC 3KOJIOTMYECKOr0 pUCKa U B 3HAYH-
TEJIBHON CTENEHHU 3a CYET COACPIKaHUSA MBIIIbS-
Ka U KaIMUsL.

B ropogax MuHckoWH o00NacTH HHAEKC
9KOJIOTMUYECKOI0 PUCKA I10 3arpsI3HSIOIUM dJle-
MEHTaM B T0YBaX HAaXOAWTCS Ha YMEPEHHOM MU
HU3KOM ypoBHAX. Ha 3tom ¢oHe HeckoIbKo
BbIIeNseTCsT ~ MHUHCK  CO  3HAYUTEIbHBIM
3arpsi3HEHUEM OTAEIBHBIX TEPPUTOPUN MEBIO,
9T0 TpeOYyeT JONOJHUTENIBHBIX UCCIEeIOBAaHUI 1
MOHHMTOPHHTA IO 3TOMY 3JIEMEHTY.

Pacyer skomormueckoro pucka 3arpsa3HEHHS
3eMeNb IO0Ka3bIBACT MOTEHIHUAIBHBI XapaKTep
WX 3arps3HEHMS.

Tabmuua 7. — KoadduiumeHt 1 nHIEKC 3KOIOTHIECKOTO PUCKA COACPKaHMS TSDKEJIBIX METAJUIOB B TOYBAX
MPOMBIIIICHHBIX ()YHKIIMOHANBHBIX 30H H TOpo/IoB MUHCKO# 00macTH

Vcenenyemas Kaagmuii, | lunk, | CBunen, | Menp, Hmce_nb, Mapranen, | Xpom, | Mbibsik, | Cymma,
Cd Zn Pb Cu Ni Mn Cr As >

TEpPUTOPHUS E, Ri
METaJLTypro-
MatEor 100 27 50 77 77 - 75 72 478
CTPOMTENbHBIH
KOMILICKC
MIPOMBIIIIJICHHO-
CTPOUTENBHBIN 220 24 35 - - - - 459 737
KOMILICKC
Bbopucos 48 21 32 24 58 2 - - 186
Bounoxun 37 17 18 18 31 3 - - 124
MuHCK 64 16 36 103 33 2 - - 255
MoJto1e4HO 43 24 32 71 31 2 - - 203
Cayix 64 10 48 29 26 2 - - 179
Cosuropck 21 12 22 28 18 2 - - 103
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Tabmmma 8. — PamkupoBanne WHAEKCA SKOJIOTHISCKOTO pHUCKa IS 3arPSI3HAIOMINX dJIEMEHTOB

HCCIIEAYEMBIX TEPPUTOPUIL

IToTeHINAIbHO SKOJIOTHYECKHI PHCK, E;
>§ =
» < o =
el a0
18l E=| BN = E A
O6cnenyemast TEppUTOPHSE Ri | 368 2 A B = AL g o
@ S| EH Q 1 » <
sx| 28| 55| £4 =
M ©
2 & | &%
o
<
M 19 E % NPOMBIIIEHHO-
& | 2 8 A |cTponTenbHbIit 737 | As Cd Pb>Zn
g O Z & |kommieke
=
Q
2 o
= = Q3 .
5 g ¢ |vMerammypro- Ni>Cu>
5 8 @ |MammHOCTpOUTENbHBIN | 478 Cd Cr>As>P Zn
5 A <L |kommueke b
o o
=< on
0]
= -
= 2 8 |Munck 255 Cu Cd Pb>Ni>Zn
= U |Monogeuno 203 Cu Cd>Pb>Ni>Zn
8% |Boprcos 186 Ni>Cd Pb>Cu>2Zn
S .
Z @ |Crynk 179 Cd>Pb Cu>Ni>Zn
2 @ |Bonoxun 124 Cd>Ni>Pb>Cu>Zn
2 o
IRV .
= ¢ |Comuropek 103 Cu>Pb>Cd>Ni>Zn
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