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COAEP>KAHHE TOKCHYHDBIX 3/IEMEHTOB
BO BCKPBIIIHBIX H BMEITAIOIIHX TIOPOAAX
VYro/IbHbIX MECTOPOXKIEHHH KEMEPOBCKOH OB/IACTH

IpencrapieHsl pe3y/bTaThl OINpese/IeHHs] Ba/lOBbIX, ITOABHKHBIX H BOAOPACTBOPH-
MBIX (hOPM TOKCHUHBIX 3/IEMEHTOB BO BCKPDBILUIHBIX M BMEIIAIOMHX [TOPOAaX Yro/bHbIX
mectopoxaeHuri KemepoBckor o6nactu. CHcTeMaTH3alMs AaHHBIX IIpOBeJeHa IO
112 npobam mpOMbILIZIeHHBIX OTXOAOB BCKPbILIHBIX M BMellaiomuxX ropoa. KoHieH-
TpaLMH 3/IeMEHTOB B Mpo6ax oIlpeae/si/IiCh MeToaMHi aTOMHO-9MHUCCHOHHOM U aTOM-
HO-a6COPOLIMOHHOM CIIEeKTPOCKOITHH T10C/Ie COOTBETCTBYIONICkH MPoBONoAroTOBKH. M3
pe3y/IbTaToB HCC/IeZI0BaHHE C/IeAyeT, YTO KOHLIGHTPALIMU Ba/lOBBIX (DOPM TOKCHUHBIX
3/1eMeHTOB (BaHaaMsl, MeaH, CBHUHLIA, HHUKe/s, KaAMHS, LIMHKa, MapraHiia) He IpeBbl-
marT HOPMHUPYEMbIX IToKasaTe/Iert /151 OCHOBHBIX THIIOB ITOYB, XapaKTepHbIx a1 Ke-
MepOBCKo¥ obs1acTH. [l BMemaomMx opoA XapaKTepHO MaKCHMa/IbHOEe Ba/loBOe
coaepanve pryt (7,1 mr/xr), cypemsel (6,5 mr/Kr), mbinbska (18,2 mr/&r), KoTopble
AB/SIOTCS Yr/1epH/IbHBIMU 3/IeMeHTaMH M coAepKaTcsl B 6o/Ibllleli CTelleHH B UX opra-
HHuYecKoH dact. KoHIeHTpallks Ba/loBOHM (hOpMbI XpOMa B OTXOZaX Yr/1e06buM Ha-
xoautcsi B anarnasone ot 20,0 ao 171,2 mr/Kr, oaHaKO codepxaHHe AaHHOH (hOpMbI
a7leMeHTa B rioyBax B PP He Hopmupyercs. MakcumasibHOe cogepKaHHe TOABUMAKHBIX
¢opM s71eMeHTOB Habmoaaercs ads mead (23,8 mr/kr), Hukeas (21,0 mr/Kr), LHMHKa
(82,4 mr/xr) u cBurua (51,7 mr/xgr). KoHlLieHTpaLks [OABHAKHBIX (pOpM MapraHiia BO
BCKPBIIIHBIX M BMelIaloMHX opoAax BapbUpYeTcsl B LIMPOKUX AxarasoHax — oT 26,0
a0 539,0 mr/kr. 1o Be/imuuHe KpaTHOCTH MPEBbIIlIeHHsT TIOKa3aTe/1eH 715 BOAOPacTBO-
PHUMBIX hOPM TOKCHUHBIX 3/IEMEHTOB MOKET GbITh MPe//IoKeH c/eayiommi psaa: Mo >
>Cu>V>2Zn>Mn>As>Cr>Ni>Pb.

KrmroueBble c/10Ba: TOKCHYHBIE 3/1eMEHTBI, Ba/lOBble, TOABHKHbBIE, BOAOPACTBOPHUMBIC
pOPMBI 3/1eMEHTOB, BCKPbILIHbIE H BMellaiollHe MOPOobl, YrobHOE MeCTOPOMKACHHE.

OTXO[II:I Mpy  A0OBIYE TO/Ie3HBIX
HCKOTIaeMbIX CO3/Ial0T Cephbes-
Hble TeO3KO/IOrMYecKkre Mpob/eMbl Ha
Tepputopun Kemeposckoit obnactu. Tak
B 2013 r. Ha Tepputopru KemepoBckoii
obnactu obpaszoBanock 2661,281 Max T
OTXO/IOB TTPOM3BOACTBA U IOTPEO/IeHK,
u3 Hux 2593,780 man T (97,46 %) nipu-
XO/IUTCS Ha OTXO/bI, 06pa3oBaHHbIe MPH
n06bIUe YI7ist ¥ FOPIOUMX cr1aHLes [1].
[lobriya 1 T yrzs COnMpoBOKIAACTCS
Bbizauerl Ha nosepxHocts 0,1-0,35 T
maxTHOM ropoasl U oT 1,5 mo 10 T
BCKPHBILHOM mopoabl [2]. B HacTosiee
BpeMs B OTBa/lax TOPHO-I0OBIBAIOIIMX
MPearpUsTU, PaCIOOKEHHBIX Ha Tep-
puroprur Poccyu, Hakormuiock He MeHee

12 MApa T BCKPBIIHBIX M BMEMIAIOIIMX
ropoa [2], KoTophele coaepxaTr B CBOEM
cocTaBe IMIMPOKHH IepedeHb MUHepasioB
pasnnyHoro coctaBa. CoBpeMeHHbIe
TEXHO/IOTHMM TIO3BO/ISAIOT  HCTIO/b30BATh
Auib HeGO/IbIIYIO YacTh H3B/eKaeMOM
MacChl TOPHBIX MOPO/, a BCe OCTa/IbHOe
HaKar/iMBaeTcsl B BrUzde oTxoa0B. [losto-
MY aKTya/IbHOM SB/sIeTCsl 3a/1aya r3yye-
HUSI COCTaBa Yr71eOTXO/IOB /51 OLICHKH
MX TOKCUYHOCTH U Ofpe/ie/IeHust repey-
HSl TIPUOPUTETHBIX 3/IEMEHTOB, TO//1e-
KallMX 9KOIOTMUECKOMY MOHHUTOPUHIY
Ha TePPUTOPUAX CKIAAUPOBAHHKS.

[Ipu olleHKe TOKCHMYHOCTH BCKPBIII-
HBIX M BMeIIAIONIUX [MOPoA Hanboibliee
BHHMaHUe Y/1e/1sercsi U3YUeHHIO TaHHO-
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ro BHJa OTXOZIOB IIPU A00bIUE pya yep-
HBIX, LIBETHBIX U O/1arOPOAHBIX METa/l/IOB
[3, 4], chipbs A/18 XMMUUYECKOM MPOMBIIII-
nenHoctu [5]. [lpouecchl BhilenauynBa-
HUS AaHHBIX TMOPOA MPUBOAAT K Cyllle-
CTBEHHOMY CHMXKeHHIo pH apeHamHbIX
BOA W YBE/IMUEHHIO B HUX KOHLIGHTpa-
LIMM TOKCUUHBIX 3/1eMeHTOB. KayueHue
BCKDBIIIHBIX M BMENIAIOUIKUX [TOPO [IPU
yr7ieno0blye CBS3aHO C OLIGHKAMH UX
[IPYIMEHHUMOCTU /51 e/l PeKy/IbTUBA-
LIMM HapVIIeHHbIX 3eMernb [6, 7], uccrie-
[IOBAHUSAMH YPOBHEM 3arpsi3HeHUs] TOK-
CHMYHBIMM 37IeMEHTaM{ TTOBEPXHOCTHBIX
1 noaseMHbIx Boa [8, 9], mous [10, 11],
pactutensHocTH [12-15].

TokcruHbIe 371eMeHThI AB/SIOTCS MTPU-
OPUTETHBIMU  3arpsi3HUTE/IIMH, Hab/Io-
IeHWe 3a KOTOPBIMU 00s3aTe/lbHO BO
Bcex cpenax. K HUM oOTHocAT Goree
40 3/1eMeHTOB MepPUOANYECKOM CUCTeMbI
.. MeHneneesa ¢ aTOMHOIM MacCOM
coiie 50 atomubix eavnmil: V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, Mo, Cd, Sn, Hg, Pb,
Bi u ap. I'lo knaccudumkarmm H. Perivep-
ca [16], TsRenbIMM MeTa/zilaMH Crienyer
CUMTaTh META//Ibl C IVIOTHOCTBIO Goriee
8 r/cm3: Pb, Cu, Zn, Ni, Cd, Co, Sb, Sn,
Bi, Hg. B npukaaaHbix paboTax K Ux YKC-
ny Jaiie Bcero nobasnsiot Pt, Ag, W, Fe,
Au, Mn. B Poccun B HacTosiiee BpeMms
[pYHATa C/leayionias  KaacCU(bHKaLYs
371IEMEHTOB M0 CTeIIeHW TOKCUYHOCTH /1715l
nouB [17, 18]: 1 raacc — BelecTBa BbI-
coko ornacHele (Hg, As, Se, Cd, Pb, Zn);
2 Knacc — BellleCTBa YMEPEeHHO OracHhbIe
(Cr, Co, Mo, Ni, Cu, Sb); 3 kracc — Belte-
cTBa Mazo oracHele (Ba, V, W, Mn, Sr).

[ lonHbBIF KOMITZIGKC UCCIeI0BaHUM T10
OLIeHKE TOKCMUHOCTHM BCKPBIIIHBIX 1 BMe-
IAOLIMX TTOPOA BKAIOUYACT TaKKe Olpe-
fefleHe OCHOBHOTO KOMITOHEHTHOIO CO-
CTaBa, pacueT K/acca OMACHOCTH OTXO-
[IOB, OlpesiefieHUe NX OMOTOKCHUUHOCTH.

Llenr naHHOM paboThl COCTOsiZIa B
OrpeaeneHnt COoAePX)aHUA TOKCHYHBIX
37IeMEHTOB B BA/IOBBIX, TMOABHKHBIX U
BOZIOPACTBOPUMBIX (hOpPMax BO BCKPHIIII-
HBIX Y BMEIIAIOUIMX ITOPOAaX WaxT K pas-
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pe3oB KemepoBckoit 061acTy U OLIeHKe
CTereH! UX BO3/CHCTBUA Ha OKpYXKalo-
Yo cpeny.

IKcnepHuMeHTa/lbHafA 4acTh

O6bekTaMy KCC1ei0BaHUs SB/SUCH
BCKpbilHbe (60 npob) ¥ BMelamme
ropozs! (52 mpobrl), 06paszoBaHHBIE MPU
no6blue yrasi Ha TeppuTopun Kemepos-
ckort obnactu. OT60Op MPo6 MUHEparib-
HBIX OTXOZOB ITPOM3BOAN/ICH B COOTBET-
CTBUM C HOPMATUBHBIM IOKYMeHTOM [19],
KOTOPbIF YCTaHaB/IMBaeT ooblire Tpebo-
BaHHsA K OTOOPY MpeCTaBUTe/IbHOM MPO-
Obl MUHEPA/IbHBIX OTXO/IOB.

KoHIIeHTpallMy 3/1IeMeHTOB B Ba/lo-
BbIX, TTOABMKHBIX U BOAOPACTBOPUMbIX
dopMax orpenensinich  CrIeayolyMU
MeTo/laMM aHa/lM3a: aTOMHO-3MUCCHOH-
HBIM C MHAYKTHBHO-CBA3AHHOM I1/1a3MOM
(Liberty Series II, («Varian» CILA), iCAP
6300 Duo («Thermo Scientific» Arnus));
aTOMHO-abCOPOLIMOHHBIM € 3/ICKTPO-
TepMHUECKOM aTtomusalren (SpectrAA-
640z, («Varian», CIIA)); aTtomMHO-a6-
COPOLMOHHBIM «xortoaHoro mapa» (Hg)
(Mercury analyser M-6000A, (CETAC
technologies inc., CIIIA)) no atrecto-
BaHHBIM MetoavkaMm [20-24]. Tlpo6o-
MMOArOTOBKA /17151 OITpe/ie/IeHHst Ba/loBOTO
conepxaHusl 37IeMEHTOB B Mpobax oT-
XOIOB OCYIIECTB/ANACh B TePMETHUHBIX
[/IaCTUKOBBIX EMKOCTHX C Pas/IOXeHU-
eM B CMeCU a30THOM U CO/ITHOM KHC/IOT
C WCIO/b30BaHWEM HarpeBaTe/lbHOM
nnatpopmbl HotBlock («Environmental
Express», Aurnus). Onpenenenve mosa-
BUXKHBIX (DOPM METa/I/IoB MMPOBOAWUIOCH
roc7ie  BbIACPKMBAHUA  KCCAEAYeMO
npobsl B TeueHWe 24 4yacoB B alleTarT-
HO-aMMOHHHHOM GydepHOM pacTBOpe
¢ pH 4,80 npu KOMHaTHOM TeMmreparty-
pe. [lepen onpenenenvieM 3/1eMeHTOB B
Boz1e 1poba roasepranack PUALTPALIMH,
KOHCEePBHUPOBAaHMIO a30THOM KUC/IOTOU U
KOHLIGHTPUPOBAHUIO YIlapUBaHHeM.

Bce aHanmTHueckye HccieoBaHys 6bl-
v BoinoriHeHbl B OAO «3anaano-Cubup-
CKUM WCIIbITaTe/IbHBINM LIGHTP», KOTOPbIN



AKKPEe/ZIMTOBaH B CHICTeMe POCaKerﬂI/lTa'

uu PP (N° POCC RU. 0001 21Af07).

PesynbTaThl M 00CYKACHHE

[lnamnasoHbl  CcOAepXKaHHA  Ba/lo-
BbIX (POPM TOKCHYHBIX 3/IEMEHTOB BO
BCKDBIIHBIX W BMeIAIOMNX [10poaaX
npyBezaeHs! B Tabmn. 1.

W3 pesynsTatoB Hccrieq0BaHUM crie-
[IyeT, YTO KOHLIGHTPALIMU Ba/IOBbIX (hOPM
HOPMHPYEMBIX TOKCUYHbBIX 3/IEMEHTOB (Ba-
Haavs, Mea, CBHHLIA, HUKe/Is, KaaMus,
LIMHKa, MapraHiia) He ripesbimaioT [ 11K u
O/K anst mouB, OTHOCAIIMXCH K KHUC/TbIM
CYI7IMHUCTBIM U [/IMHUCTBIM U O/TM3KUM K
HeWTpa/IbHbIM ¥ HEUTPa/IbHbBIM.

CpaBHeHMe TPOU3BECHO MMEHHO C
stumu Bennuntamu O/IK, MOcCKonbky B
CTPYKTYpe TMOUBEHHOTo MokpoBa Kewme-
POBCKOM 06/1acTH MpeobaanatoT 10130-
TUCTBle, [IePHOBO-TIOA30/HCTHIe, Cephle
fleCHble TOYBBI, UePHO3eMbl U P. C KUC-
7IOW peakLiMel cpeabl U MOoYBbl 6/1M3KHe

Tabmmia 1

K HeHTpa/lbHOM M C HeWUTpa/ZlbHOM cpe-
now [29]. ['pynra necyaHbix U cyriecya-
HBbIX TIOYB, OO/afAIOUIMX HauMeHbIIeH
YCTOMUMBOCTBIO K 3arpA3HEHHIO XMMUUe-
CKHMMH BellleCTBaMU, ans KemepoBcKoi
00nMacTy He XapaKTepHa.

YacTb BMeNaommx mopoa CoOAepRUT
B Ko/uuecTBax, IpeBbimatommx [1/1K
anst BanoBbix doopM, pryth (3,4 TK),
cypemy (1,4 TIAK), wmbmesg (1,2-
1,8 TI1K). /laHHBIe 3/1eMeHTbl AB/ISAIOT-
ca yrredpyunbHbIMU [2] U comepKaTtcs B
Oorblied CTereHW B OpraHudyeckor ua-
CTU BCKPBIIIHBIX ¥ BMEIIQIONIMX [TOPO/I,
107151 yr7ieposia B KOTOPBIX AOXOAWUT 110
30 % u Gornee.

3HaueHre MpenenbHO IOMYCTUMOR
KOHILIGHTPALIMM COAEePXKaHUsS BaZlOBOTO
XpoMa B 1ouBax B Poccun He ycTaHoBIe-
Ho. OnHako B psne 3apyOexkHbIX CTpaH
conepXaHye XpoMa B IIOUBaxX HOPMUPY-
ercs v coctasasier B [annu — 50 Mr/kr,
lseriapuu — 75 wmr/kr, ['epmanuu,

/Anana3oHbI coaep:KaHHsA Ba/lIOBbIX (pOPM TOKCHYHBIX 3/1eMEeHTOB (MI/Kr)
BO BCKPBILHBIX H BMELIAIOIIUX MOpoAax yroabHbix npeanpusatuii Kys6acca

HaumenoBanue Buasi orxonos INAK ans nouss! ¢ yuerom
nokasare/ns B dona [25, 26], OOK' [27],
CKpbIlIHbIE nopoasl | BMemaromme nopoanbt /Kr
(n = 60) (n =52) ML
Banaaui 33,6-145,6 30,0-145,6 150,0
Menb 14,2-52.0 9,8-38,4 33/66/132
Xpom 21,6-171,2 20,0-123,3 -
CauHen 10,0-51,7 2,0-22,6 32/65/130°
Huxkerns 16,0-56,4 19,4-56,0 20/40/80
Kanmuit 0,4-0,8 0,4-2,0 0,5/1,0/2,0°
Llunk 46,0-137,6 8,4-68,2 55/110/220
Pryth <0,01-1,5 <0,01-7,1 2,1
CypbMa <1,0-5,0 <1,0-6,5 4.5
Kob6anst 7,9-15,2 5,2-7,2 -
Mapranen 304,0-1334,0 78,6-994 4 1500,0
Monu6aen 4,0-6,0 4.0-10,0 -
MBbIbAK 3,6-12,1 4.8-18,2 2/5/10°
* OpueHTHpOoBOUHO aomnycTrMble KoHLeHTpauwmK (O/1K) xuMuyeckrx BelecTs 715 Pa3iMyHbIX [PYIII [10YB:
IecyaHbIX U CYrecuaHbix, KUC/bIX CYrAMHUCTBIX U MMHUCTBIX (pH KCl<5,5) 1 6/m3kux K HeMTpasibHbIM 1
HemrpanbHbx (pH KCI>5,5).
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Hunepnangax, [Nomsme — 100 wmr/kr,
B CUIA - 240 mr/kr, npu 3TOM K/IapK
XpoMa B royBax Mupa rno boyeny (1979)
coctabnsier 70 mr/kr [30]. Takum o6-
PasoM, HelOCTAaTKU OTeUeCTBEHHOM CH-
CTeMbl HOPMUPOBAHUSI He TIO3BO/ISIOT
OIHO3HAYHO OLICHUTD CTereHb 3arpsasHe-
HUSI XPOMOM BCKPBIIIHBIX M BMEIIAIOMMNX
ropoa yraeaoteur. OaHako, eciy uc-
I10/1b30BaTh PEKOMEHIOBAHHYIO aBTOPOM
[30] Bennumny Banosoit I'K ans xpoma
B rouBax Ha ypoBHe 90 Mr/kr, To Mak-
CHMa/lbHOEe TMPEBbIIeHUe IaHHOTO 371e-
MeHTa B TOPOAax Yr71e00bUr COCTaBUT
1,4-1,9 pasa. Takum 0Opa3oM, JaHHBIMA
S71eMEeHT /I0/KeH ObITh BK/IOUEH B ITPOT-
PaMMbl MOHHUTOPHHIa OOBEKTOB OKPYzKa-
IOIlIeH cpesibl Ha TePPUTOPHSX CKIAANPO-
BaHMsA BCKPBILIHBIX ¥ BMELIAIOLIMX TTOPOI
yraeaobeiun. OrnpeneneHrie BasoOBOTrO
comepxaHus KobasmbkTa M MOIMOaeHa,
[T/IK BamoBbix pOPM KOTOPBIX TaKkKe
He YCTaHOB/ICHO, Obl/I0 BHIMIO/IHEHO /1S
OLIGHKH CTeleHW WX Trepexona B Iod-
BMKHBIE Y BOIOPACTBOPUMbBIE (POPMBI.

BanoBoe conepxanue siprisgercs dak-
TOPOM €MKOCTH, OTPaKaloIlKM B [TePBYIO
ouepe/b MOTEHLMA/IBHYIO OINMAacHOCTb 3a-
IPsI3HEHMs], HO He OTparkaeT CTeIeHH /10-
CTYITHOCTH TSIKE/IbIX METa//IOB /U1l Pac-
TEHUI U CTeIIeHH MUTPALIMU UX B BOAHYIO
cpeay.

Tabnuia 2

[lvianasoHbl coaepKaHusl MOABHAKHBIX
dOPM TOKCUUHBIX 3/IEMEHTOB BO BCKDBILII-
HBIX ¥ BMEIIAIOIIMX MOPOAaX [PUBEAEeHbI
B Tabn. 2.

MaxkcumarisHoe ripeBbieryie TI/IK [27]
TOBUKHBIX (POPM 3/IEMEHTOB BO BCKPHIIII-
HBIX Topoaax Habmomaerca ana Cu
(5,7 TIAK), Ni (3,4 TIZIK), Zn (3,6 T1K)
u Pb (8,5 TI/IK). MakcyuMazibHble KOH-
LIGHTPALIMU MOABUKHBIX (POPM THMKE/bIX
MeTazI/IoB BO BMEIIAIOIIKX MOpoaax Ipe-
omaoT [1/IK ana Cu (7,9 TIJK), Ni
(5,3 I'/K), Zn (2 T1AK) u Pb (3,8 I'K)
(puc. 1). KoHLeHTpaLmMu MNOABMKHBIX
dopM KobarbTa ¥ XpoMa BO BCKPBILIHBIX
M BMEIIAIONIUX [0POAaX He [PEBbIIIAIoT
[1/IK, BenyurHa oaBHKHONM POPMBI MO-
nubaeHa B MoYBax He HOPMHUPYETCS.

KoHLIeHTpaLy MOABMKHBIX  popM
MapraHiia BO BCKPBILHBIX W BMeIlAo-
IIMX T[IOPOJAAX HAXOAATCH B IIMPOKHX
avariazoHax — oT 26,0 ao 539,0 mr/xr.
HopmupoBaHue conepxaHus MOABUK-
HbIX (DOPM MapraHiia 3aBUCHUT OT THIIa
rouB ¥ pH BOAHOM BBITSIZKKH U BapbHPY-
ercsa B avariasoHe oT 60 no 140 mr/kr.
MuorokpatHoe mpeBbiiieHue /1K ans
MOABWKHBIX (POPM MapraHila B OTXO-
fax yraeaoObiur Tpearosnaraer 6e3yc-
IOBHOE BK/TIOYEHHE AaHHOTO 3/IeMeHTa
B MPOTrpaMMy [0 OLIEHKE TOKCHUUYHOCTHU
[AHHOTO BHA OTXOAOB. Tak aBTOpaMu

Anana3oHbl coAepKaHHUA MOABHIKHBIX (POPM TOKCHYHBIX 3/IeMEHTOB (MI/Kr) BO
BCKPBILIHBIX U BMEIIAIOIIHX opoaax yroabHbix npeanpuartuii Kyséacca

HaumenoBanue Buas1 orxonos INAK nast nouBsI ¢ yuerom
noKa3sare/si B dona [25, 26], mr/kr
CKpbIlIHbIE Nopoabl | BMmemarowmme nopoast
(n = 60) (n =52)
Menb 3,0-17,2 3,0-23,8 3,0
Hukenb 5,0-13,6 7,3-21,0 4.0
Llunk 19,0-82,4 6,1-49,9 23,0
CauHew 10,0-51,7 2,0-22,6 6,0
Mapraner 31,0-539,0 26,0-510,8 60-140
Xpom <2,0-4,5 <2,0-5,4 6,0
Monmubaen 0,2-1,2 <0,05-1,8 -
KoGarsr 0,08-0,1 0,08-0,12 5,0
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Puc. 1. MakcumansHoe npessimienne IN/IK noaBuKHbIX (pOPM TOKCHYHBIX 3/IeMEHTOB BO

BCKPBILUHbIX H BMeLUAaIOLIIHX MMopoJdax

[9] 6bi710 yeTaHOBMICHO 3arpsi3HEHWE To/-
3eMHBIX BOI MapraHLeM U Ke/e30M Ha
TePPUTOPHUSAX CKIAIUPOBAHWS BCKPBIIII-
HBIX TMOpPOA YrienaoOwuu, a B padoTte
[13] oTMeueHO HakoIVIeHMe AaHHOIO
37IeMeHTa PaCTHUTe/IbHOCTBIO, IPOU3pac-
Talolllel Ha IoYBax, 0OPA30BaHHBIX I1y-
CTOM MAXTHOM riopoaoit. ABtopamu [14,
15] npu M3yyeHny OTBAZIOB BCKPHIIIHBIX
MOPO/A Ha Yro/IbHBIX MpearpyusaTUsax VH-
AW YCTaHOB/IEHbI BBICOKKE KO3 dULIU-
eHTbl OMOAKKYMY/IALIMM Ke/e3a, LIMHKA,

Tabmmia 3

XpOMa B Pa3/IMUHBIX BHU/IAX PACTEHWH,
VICTIO/Ib3YeMbIX TIPY PEeKY/IBTHBALIMM TOp-
HBIX OTBA/IOB.

[lyianas3oHbl coaepxKaHHs BoAOpac-
TBOPUMBIX POPM TOKCUUHBIX 3/IEMEHTOB
BO BCKPBILIHBIX ¥ BMEIIAIOIIMX MTOPOAaX
npuBeseHb! B Taba. 3.

Tak Kak BoAHAs BBITSAKKA BBIIO/THE-
Ha M3 COOTHOIIEHHS TBepA0e BelleCTBO:
KUAKOCTD (1:1), uncneHHO coaepxkaHyve
BOZIOPACTBOPUMBIX (POPM 3/IEMEHTOB B
MI/KI PaBHO Be/IMUrHE B Mr/am>.

/Inana3oHbl coaep:KaHHA BOAOPACTBOPHMBIX (POPM TOKCHYHBIX 3/IeMEHTOB (MI/Kr)
BO BCKPBIIIHBIX H BMEIIAOWHX MOpoAax yroabHbix npeanpustuii Kys6acca

HaumenoBanue Buasi orxonos MNAK [28], mr/am3
Tiokasarens BcKpbIlHbIe MOpPoabl BMmewaroiue nopoast
(n = 60) (n = 52)
Banaauit <0,0005-0,085 <0,0005-0,02 0,001
Kanmui <0,0005-0,0026 <0,0005 0,01
KobGansr <0,0002-0,0015 <0,0002-0,010 0,01
CypbMa <0,0005-0,015 <0,0005-0,015 0,05
Menp <0,001-0,08 <0,001-0,20 0,001
Monu6aen <0,001-0,15 <0,001-0,39 0,001
Hukens <0,0002-0,028 <0,0002-0,03 0,01
Mbiibsk <0,005-0,13 <0,005-0,01 0,05
CauHen <0,0002-0,02 <0,0002-0,0009 0,006
Pryts <0,00001 <0,00001-0,0002 0,00001
Mapranen <0,005-0,20 <0,005-0,23 0,01
Xpom <0,005-0,10 <0,005-0,055 0,02
Lk <0,005-0,51 <0,005-0,23 0,01
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Puc. 2. Makcumansnoe npesbiende I/IK BoaopacTtBopumMbix (hopM TOKCHYHBIX 3/1e-
MEHTOB BO BCKPbILIHBIX H BMELUAOILIHX Mopoaax

MakcyrMaribHble KOHLIGHTPaLKK BO-
[OPACTBOPUMBIX (POPM TOKCUYHBIX 3/1e-
MEHTOB BO BCKPBIIIHBIX [TOPOAAX MPEeBbI-
mwatoT [ 1/IK ans Boab! pribOX03saHUCTBEH-
HbIX BoaoeMos [28] nna V — no 85 TI/IK,
Cu - no 80 I'ZIK, Mo — no 125 T14K,
As— 10 21 TI/IK, Ni — g0 3TIAK u Zn —
no 50 T'AK, Pb — no 3 TIK, Mn — no
20 TIZIK, Cr — oo 5 T'/IK. Axanornutdoe
pacnpeaeneHyie Habmoaaercs o 3THM
JKe 3/IeMeHTaM U /Uls BMEIIAIOIHX I10-
poa no V (20 I'/K), Cu (200 I'ZK), Mo
(325 T'AK), Ni (3 T1AK) u Zn (20 T'AK),
Mn - (23 T1AK), Cr — (3 T'1K) (puc. 2).

Kaamuii, koGansT, cypbMa B BOIO-
PAcCTBOPUMBIX (POPMAxX BO BCKPIIIHBIX
rnopoaax He mposBagoTcsa. Boaopac-
TBOpUMasi popMa PTYTH BO BCKPHILIHBIX
[opoaax He OOHAPYKUBAETCS, a BO BMe-
IAKIIMX — ee MaKCHMa/lbHas KOHLIeH-
Tpauus aocturaer 20 T'/IK.

TaxvmM 06pa3oM, o Be/IMuKHE KPaTHO-
CTH TIpeBbIllIeHYs TTOKa3aTe/Iei A1 BOAO-
PACTBOPUMBIX DOPM TOKCHUHBIX 3/IeMeH-
TOB MOKET ObITh ITPENIOKEH C/IeAYIOIIHIA
psa: Mo > Cu >V >Zn > Mn > As >
> Cr > Ni > Pb.

BbiBoabl

1. BekpbiiiiHbie 1M BMealiye mopo-
[bl YroNbHBIX MeCTOpOXKaeHHH KeMepos-
CKOM 06/1acTU cozepKaT BasioBble pop-
Mbl TOKCHUHBIX 371eMeHTOB (V, Cu, Pb,
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Ni, Cd, Zn, Mn) B Kon1uecTBax, He mpe-
BBIMIAIOLINX HOPMHPYEMbIe TTOKasaTes1ei
[/I1 OCHOBHBIX THUIIOB IIOYB, XapaKTep-
HBIX 4715 pervoHa. [l1s BMelamommx r1o-
PO XapaKTePHO MAaKCUMa/IbHOE Ba/IOBOE
conepxanvie pTytH (7,1 Mr/Kr), cypbMbl
(6,5 wr/xkr), mbimbaka (18,2 wMr/kr),
KOTOPbIE SB/AIOTCH Yraedr/IbHbBIMU 3/1e-
MEHTaMH 1 cozieparcs B Oo/bluer cTe-
MeHU B MX OpPraHh4ecKoi 4acTu. Kou-
LIGHTPpaLMs Ba/IoBOM (POPMbI XpoOMa B
OTXOZ4axX Yr/iea00blur HaXOAUTCS B Ava-
nasoHe ot 20,0 no 171,2 mr/kr, onHa-
KO cofepXaHWe AaHHOU (POPMBI 371e-
MeHTa B rouBax B PP He HopMupyerTcs.

2. MakcuMazibHOe coaepxKaHue T104-
BUXKHBIX (POPM 3/IeMEHTOB Habroaa-
erca ansa Mmeau (23,8 Mr/kr), Hukens
(21,0 mr/kr), uvHKa (82,4 Mr/Kr) v CBUH-
ua (51,7 wmr/xr). KoHueHTpauuvs Ioa-
BIXKHBIX (DOPM MapraHia BO BCKDbILI-
HbIX M BMeMIAIOIMX [OPOAax BapbUpy-
ercs B IMIMPOKKX avara3oHax — oT 26,0
no 539,0 mr/kr. KoHueHTpauuy nosa-
BUXKHBIX (pOpM KoOaskTa M XpoMa BO
BCKPBIIIHBIX ¥ BMEUIAOIIMX [10pOAax He
nipesbiaoT [1/1K.

3. B BOAHBIX BBITSKKAX BCKPBILHBIX
1 BMellalolIHX [10poa OOHapYKeHbI crie-
ayolre anemeHth: Mo, Cu, V, Zn, Mn,
As, Cr, Ni, Pb. Kaamui, kobasst, cypbMa
B BOJOPACTBOPMMBIX (pOpMax AaHHBIX
OTXOZIOB He IMPOSAB/AIOTCS. BCKpblIliHbIe



1 BMelllalolliMe MopoaAbl coAepxKaT XPOM
B Ba/IoBOM (popMme, B TMOABKKHYIO hop-
MY OH Iepexo/uT He3HauWTe/bHO, a B
BOZIHOM BBITAXKKE COZep:KaHhe Xpoma
npeseinaer [1/IK B 3-5 pas.
Pesynbrathl HccieqoBaHME MMO3BO/S-
IOT cAenaTh BBIBOA O TOM, YTO 3arpss-

HeHHe BOAHBIX 0O6beKTOB KeMepoBckor
001acTy TaKMMU TSAKeNBIMUA MeTa/l/laMH,
kak V, Cu, Mo, Ni, As, Mn, Cr, Zn nipo-
HUCXOAUT B TOM UMUC/Ie 3a CUeT BbIMbIBa-
HUA TpH PUABTPALIMH MMPUPOIHBIX BO-
[IHBIX TIOTOKOB Yepe3 MacChl BCKPhIIIHBIX
Y BMelIaIoUINX MMOPO/I.
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The results of the definition of total, mobile, and water-soluble forms of toxic elements in overburden and
enclosing rocks of coal deposits of the Kemerovo region are presented. Systematization of data carried out
on 112 samples of industrial waste of overburden and enclosing rocks. The concentrations of elements in the
samples were determined by atomic emission and atomic absorption spectroscopy after appropriate sample
preparation. From the results of studies follows that the concentrations of total forms of toxic elements (va-
nadium, copper, lead, nickel, cadmium, zinc, manganese) do not exceed the standardized indicators for the
main types of soils typical of the Kemerovo region. Maximum total content of mercury (7.1 mg/kg), antimony
(6.5 mg/kg), arsenic (18.2 mg/kg) was found for enclosing rocks. These elements are contained to a greater
degree in the organic part of enclosing rocks. The concentration of total form of chromium in the waste
coal is in the range from 20.0 to 171.2 mg/kg, but the content of this form element in soils in Russia is not
standardized. The maximum content of the mobile element forms observed for copper (23.8 mg/kg), nickel
(21.0 mg/kg), zinc (82.4 mg/kg) and lead (51.7 mg/kg). The concentration of mobile forms of manganese in
the overburden and enclosing rocks vary widely — from 26.0 to 539.0 mg/kg. On the magnitude of the ratio
of excess of parameters for water-soluble forms of toxic elements can be offered the following sequence: Mo>
Cu> V> Zn> Mn> As> Cr> Ni> Pb.

Key words: toxic elements, total, mobile, water-soluble forms of toxic elements, over-burden and enclo-
sing rocks, coal deposits.
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