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O.A. Ulapunosa

PACITIPEAEJIEHHUE TSAKEJBIX METAJIUIOB B JOHHBIX OTJIOKEHUAX O3EPA BAJIXAL
B 3ABUCUMOCTHU OT NIPUPOJHBIX U AHTPOIIOI'EHHBIX ®AKTOPOB

HpeI[CTaBHBHLI PpE3YyIbTAThL I/ICCJ]CI[OBHHI/Iﬁ YPOBHA 3arpsA3HEHUST JOHHBIX OTJIOKEHUH 03. banxam TspkenbIMH MeTalllaMH B Tpo-
CTpaHCTBeHHO-BpCMeHHOfI JAUHaAMHUKE. PacnpeaeneHI/Ie METAJUIOB B JJOHHBIX OCaJIKaX II0 aKBAaTOPUH 03€pa HEPABHOMEPHOE. Ot™me-
YE€HO, YTO CPEAHEE CONCPKAHMUE MEIU, IUHKA, CBUHIA B JJOHHBIX OCaJKaX OTHCJIbHBIX paﬁOHOB BBIIIC, YEM B q)OHOBI)IX paﬁOHaX
Hpn6aﬂxamm. Komrieke TIPUPOAHBIX U TEXHOI'€HHBIX (baKTOpOB, XapaKTEPUCTHUK NOHHBIX OCAaAKOB OHPEACIAECT BOSHUKHOBEHUE
JIOKQJIbHBIX 30H IMOBBIIIIEHHOT'O COACPIKAHUS MUKPODJIEMEHTOB. B MHoronerneM acriekre oTMedeHa TEHACHIUA K CHUKEHUIO CONEP-
JKaHHSI TSDKEITBIX METAIUIOB B CBSI3U C OCJIabJICHHEM aHTpOHOI‘BHHOﬁ Harpy3kKu Ha 3KOCUCTEMY 03€pa.

KioueBbie ci10oBa: JIOHHBIC OTJIOKEHUSA; TAKEIIBIE METAJUIBL; 3arPA3HEHUE; OPraHNYECKOE BEUIECTBO.

BBenenne

Ozepo bamxam oTHOCHTCS K KaTerOpHH PBHIOOXO3SIH-
CTBCHHBIX BOJHBIX OOBECKTOB, UMCIOIINX HEPECTIIIHINA U
IUIOIMAM MAacCOBOTO Haryjia ICHHBIX BHIOB pHIO, W,
HapsiAy C APYTMMHU KPYMHBIMH BOJAOEMAaMH, COCTaBIISET
OCHOBY pbIOHOr0 xo3siictBa Kaszaxcrana. Kpome Toro,
03. banxam uMeer KOMIJIEKCHOE Ha3HAYEHUE, UCTIOIb3Y-
eTCsl UTSl TUTHEBOTO, OBITOBOTO, MPOMBIIICHHOTO BOJIO-
CHa0XXCHUS, CYIOXONICTBA M PEKpeaIiy, 9eM 00YCIIOBIIe-
Ha HEOOXOJUMOCTh IIOBBIIIEHHOIO BHUMAHHS K 3KOJIOIH-
YECKOMY COCTOSIHUIO BOJOEMA.

Bacceiin 03. banxamr HaxoauTcs B TEXHOT'C€HHOI 30HE,
MoATOMY  (DOPMHUPOBAHHE MHKPOIIECMEHTHOIO COCTaBa
BOIBl W JOHHBIX OTJIOKCHHHA IMPOUCXOTUT IOI OOIIHM
BIUSIHAEM KaK MPUPOIHBIX, TAaK W aHTPOIOICHHBIX (hak-
TopoB. KoHueHTpauust u pacnpeaeneHue MUKPOIIEMEH-
TOB MO aKBAaTOPUHU 03€pa OIPENESAIOTCS MOCTYIUIEHUEM
HX C PEUYHBIM CTOKOM, CO CTOYHBIMHU BOIaMH M BBIOpOCa-
MU NPOMBIIIIEHHBIX NPEANPUATUN, @ TAKXKE MOJ3EMHBIM
[UTAHUEM W BIUSHUEM IOJIMMETAININYECKUX MECTOPOXK-
nernii [Tpubamxamnibs.

IIpu ouEHKE SKOJIOrMYECKOro COCTOSIHUSI BOAHOIO
00BEKTa AKTYaBHBIM SBISICTCS U3YUCHHUE JOHHBIX OTIIO-
skeHnil. CrieyeT OTMETUTh, YTO €CIM YPOBEHb 3arpsi3He-
HUS BOJIBI MOXKET OBICTPO M3MEHSATHCS B 3aBUCUMOCTH OT
AHTPONOT€HHOW HArpy3KM M TUAPOAUHAMHUYECKHX MpPO-
[IECCOB, TO IOHHEIC OTJIOKCHUS 00JIee MHEPTHBI IO CBOMM
XapaxkTepucTukaMm. bynyuu nenoHupyromen cpenoil, oHu
YACPKUBAIOT HA JUIUTEIBHBIN CPOK 3arpsS3HSIONINE Belle-
CTBa W BBICTYNAIOT B POJIM HMHAUKATOPAa TEXHOT€HHOI'O
3arps3HEHUsI.

JloHHBIE OTIOKEHHUs OJiaromaps CBOCH MOTIIOIAIONICH
CIIOCOOHOCTH HTPAIOT MCKITFOYUTEIBHYIO POINIb B MPOIIEC-
cax camMoouuIleHus: BogoeMa. OJHAKO OHU MOTYT BBI3bI-
BaTh BTOPUYHOE 3arps3HEHUE BOAHOM Cpellbl. DTOMY CHO-
COOCTBYIOT BETPOBOE IIEPEMCIIUBAHUE, BOBIICKAIOMICE
BEpXHHUH CJIOM JOHHBIX OTJIOXEHUH B BOJHYIO Maccy;
muddy3us, copoums u aecopOIus, KOMITIeKcooOpa3oBa-
HUC, WOHHBII O0OMEH W pacTBOpeHHe, (UIUKO-
XIUMHYECKAE, OWOJIOTHUECKUE W MHKPOOHOIOTUICCKIC
MIPOLECCHI HA TPAHULIE BOJA — JIOHHBIE OTJIOXKEHUS.

JIOHHBIC OTJIOXKCHUS SBISIFOTCS CPENOW OOUTaHUS
OCHTOCHBIX OPTaHW3MOB, XHUBYIIUX B IOBEPXHOCTHOM
CJIO€ TPYHTA WJIM €ro TOJIIE, a TAKXKE B MPUIOHHBIX CIIO-
sIX BOJbL. BbICOKOE copepxaHue TOKCUKAHTOB B JOHHBIX
0CaJIKaX MOXKET MPUBECTU K CYLLIECTBEHHBIM U3MEHEHUSIM

KOJIMYECTBEHHOTO M KA4YEeCTBEHHOTO COCTaBa OCHTOCHBIX
OpraHu3MOB.

Iens maHHOW PabOTHI — OMpENENIEHHE COAEPKAHUS
TSDKEJIBIX METAJUIOB B JIOHHBIX OTJIOKEHHsX 03. bamxar,
WCCIIEIOBAHUE YPOBHS 3arpsi3HEHHS UM XapaKTEPUCTHKA
MPOCTPAHCTBEHHOTO PACHpE/IE/ICHUsT MUKPOIJIEMEHTOB B
3aBHCHUMOCTH OT MPUPOIHBIX U AHTPOIMOTEHHBIX (PAKTO-
PpOB.

Marepuana U METOAUKA MCCIeA0BAHUI

MarepuanoM Uit JaHHOH pPaOOTHI MOCIYXHIN pe-
3yJIbTaThl MCCIEJOBAHUN MHKPO3JIEMEHTHOIO COCTaBa
JIOHHBIX OTJIOKeHHH 03. banxam, npoBeneHHbIx ¢ 2003
mo 2011 r. B cpaBHUTENBPHOM aHAIU3€ HCIOJIB30BAIHCH
(oHI0BEIE MaTepuabl Kasaxckoro Hay4HO-
HCCIIEI0BATEIHCKOTO0 HHCTHTYTa PHIOHOTO XO3SHCTBA.

Ozepo banxam mpoctupaercs ¢ 3amaja Ha BOCTOK Ha
600 xM, 3aHUMas IUIOIAAb IIPU COBPEMEHHOM YPOBEHHOM
pesxime 20 700 km”. Pe3KUM CyKEHHEM KOTIOBUHBI 03€pa
U MOJABOJHBIM MOPOroM y mnoiyocTpoBa CapblUCeK OHO
JIENIUTCS Ha JIBE YAaCTH — 3alaJHYI0 U BOCTOUHYIO, CHIIBHO
pasznuyaromuecs: 1o MopoMeTpHUIECKHM, THAPOhHU3NYE-
CKUM U THAPOXMMUYECKHM Xapakrepuctukam. CpeaHss
mupuHa B 3anmaaHoM banxamie coctaBigeT 36 KM ¢ Mak-
cumymoM 70 kM, B BocrounoMm — 24 kM, mocturas Mak-
cuMaibHOro 3HadeHus 47,5 kM. Cpenuss riyOuHa B 3a-
MaJHON 9acTH 03€pa COOTBETCTBYET 4,6 M, MaKCUMAaJIbHAs
BenmmunHa — 11 M. B BocrouHO# yactu cpenHsis riryonHa
cocTaBisieT 7,6 M, MAaKCUMaJIbHBIE 3HAUEHHS B OTAEIBbHBIX
patioHax mocturaroT 26,5 M. XapakTepHOW 0COOEHHO-
cTeio 03. banxam siBisercst GonplIoe pa3nuine COoNeHOo-
CTH BoAbl. MUHepanu3anys B I0ro-3amnajHol 4yacTu o3epa
npenacrasieHa 3HaueHusimu 0,8—1,0 F/I[M3, MOCTENIEHHO
MOBBIIIASCh, AJOCTUTAE€T B BOCTOUHON OKOHEYHOCTH Mak-
CUMaJIBHBIX BeMUYMH — 5,0-5,2 r/mv’. B cBsi3u ¢ 9THM 110
KaueCTBEHHOMY COCTaBY BOJBI akBaTopusi 03. baixam
YCIIOBHO Pa3/ieleHa Ha BOCEMb T'MAPOXUMHUECKUX paiio-
HOB (puc. 1).

JloHHBIE OTJIOKEHHSI OBUTM OTOOpaHBI BO BCEX THA-
poxumuuecknx paiioHax. COop u oOpaboTka HMpoOBOAM-
JIUCh IO METOAWYECKUM PyKOoBoAcTBaM [1]. B xadectse
MOHHUTOPHHTA B JOHHBIX OTJIOXKEHHSIX B MHOTOJIETHEM
aCHEeKTe HCCIEAOBAINCh CIEAYIOLIME METalIbl: MEAb,
LIMHK, CBWHEN, kaaMuid. CoxepxaHWe BaJOBHIX (HOpM
METaJUIOB ONpPEAEISUIOCh aTOMHO-a0COpPOLMOHHBIM Me-
TOZOM.
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Puc. 1. Cxemarnueckas kKapTra '’MpOXUMHUYECKUX pailoHOB 03. baxam

Pe3yabTaTsl U X 00Cy:KIeHHE

Amnanms PE3yIbTAaTOB COOCTBEHHBIX I/ICCJ'IGJ_'[OBaHI/Iﬁ u
(bOHI[OBI)IX MAaTCpruaJIOB BbIABUII PN 0COOEHHOCTEH B

(bOpMI/IpOBaHI/II/I XUMHYCCKOro coCraBa OOHHBIX OTJIOXKEC-
HUI 03. Banxam, KOTOpPBIC U pAaCCMATPUBAIOTCA B ,HaHHOﬁ
pa6OT€. COZ[Gp)KaHI/IG TSOKCIIBIX MCTAJIZIOB B JOHHBIX OT-
JIOXKEeHHAX 03. banxam IpeACTaBJICHO B Tabm. 1.

Ta6nuua 1
Coaep:xaHue METANI0B B JOHHBIX OTJI02keHUsIX 03. Banxam 3a 2003-2011 rr. (cpeaHue 3Ha4YeHHs1), MI/KT
Menpb uak CauHel Kangmuii
I'mppoxumudeckuil paiton 2003- 2008— 2003- 2008-
2003-2007 rr.|2008-2011 rr.|2003-2007 rr.|2008-2011 rr. 2007 1. 2011 1. 2007 1. 2011 1.
1 20,3 39,1 20,6 24,9 222 32,3 1,08 0,65
1I 43,1 28,9 27,7 17,7 26,5 25,6 1,33 0,85
11 42,9 30,6 229 21,3 333 20,7 1,42 0,94
v 211 144 67,2 62,5 124 102 1,76 1,22
\4 27,6 259 25,6 18,1 16,1 11,8 1,09 0,71
VI 24,0 16,7 20,4 13,4 14,0 11,6 1,17 0,73
VII 25,8 30,1 27,4 222 26,7 20,5 1,34 0,84
VIII 259 23,8 14,3 16,5 21,3 19,3 1,05 0,75
DOHOBOE COfIEPKAHUE B CEPO- 30,0 45,0 20,0 2.0
Oypeix nouBax IIpubanxabs

B nacrosiniee Bpems e cymecryet [IJIK mis conep-
JKaHUS TSDKEIBIX METaIOB B JIOHHBIX OTJIOXeHUsX. ITo-
ATOMY CPaBHUTEIBHBIN aHAIHU3 MPOBOTUTCSA C KIApKaMHU
i ¢ (JOHOBBIMHU 3HAYCHUSIMU B ITOYBAxX pervoHa [2, 3].

[Monmy4deHHBIC SKCTIEPUMEHTANFHBIC JAHHBIC TOKA3aJIH,
YTO BO BCEX TMJIPOXUMHUYECKHUX paloHaX MO COAEPKaHUIO
B JIOHHBIX OTJIIOKCHUSAX JTUAUPYET MeIb. ITOT (HaKT TOBO-
PUT O CTENeHH HU3MEHEHHUs MOYBO-TPYHTOB O3€pa IO
CpaBHEHHIO ¢ mmoyBamu [Ipmbanxaimibs, B KOTOPBIX CO-
JIepKaHUEe MEIU TIPEICTABICHO MEHBIUMH 3HAYCHUSIMH,
yem nuHKa (Memu — 30 mr/kr, uHKa — 45 Mr/kr). Takoe
COOTHOIIEHUE XapaKTepHO M JJi1 BCEX M3BECTHBIX Kiap-
KoB [4]. B HacTosiliee BpeMsi KOHUEHTpaLUsi MeIU B JJOH-
HBIX OCaJIKax [0 aKBaTOPUH BOJOEMAa U3MEHICTCS B IIpe-
nenax 8,4-159 mr/kr. ConepkaHne cBHHIIA BapbUPYET B
uaTepBae 7,6—138 wmr/kr, mmHKa — 6,3-77,2 mr/kr. B
MUHUMAJBEHBIX KOJIUYECTBAX aKKyMYIHPYETCS KaIMUH —
0,54-1,67 mr/kr. ComeprkaHue MEI ¥ CBUHIIA TIPCBHIIIA-
eT (DOHOBBIH YPOBEHH MPAKTUYECCKH BO BCEX paiioHax 3a-
nagHoro banxama u B VI ruapoxumuueckoMm pailoHe.
Hakomnenne nunka npoucxoaut B IV pailone ozepa.
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[Tpomecchl auareHeTHYEcCKUX Npeodpa3oBaHUN Me-
TAJIJIOB M MX IepepacipesieieHie B JTOHHBIX OCaJKax 3a-
BHCSIT OT I'PaHyJIOMETPHYECKOrO U MHHEPAIBLHOTO COCTa-
Ba OCAJIKOB, KOJINYECTBA OPTaHUYECKOT'O BELIECTBA.

CornmacHo wuccnenoBaHusaM —Kazaxckoro HaydHO-
HCCIIEIOBATEIbCKOTO WHCTUTYTAa PBIOHOrO XO3siicTBa B
03. banxamn BbIeNeHbl HECKOJIBKO BHIOB TPYHTOB: I'pa-
BUIHBIE OCaJKH, KPYIMHO-CPEJIHE3EPHHUCTHIE MECKH, MEI-
KO3EpPHUCTHIE TIECKH, KPYITHBIE aJIEBPUTHI, MEIKOAJIEBPH-
TOBBIE WIIBI, QJIEBPUTO-TJIMHUCTHIC WIIBI, TIIMHUCTHIE WIIBL.
OCHOBHYIO 4acTh jgHa 03. Bamxam (oxomo 10 900 xm?,
59%) 3aHMMAIOT Wbl (MEJIKOAJIEBPUTOBBIEC, AIEBPUTO-
TJIMHUCTBIE, TJIMHUCTBIC); KPYITHBIN aJIEBPUT OXBATHIBACT
ok0710 3 900 kM’ (19,5%); TeCKH M TpaBHHHBIE OCAIKH
pacnpocTpaHsitfoTcs Ha miomand okoimo S 100 KM
(25,5%).

o pe3ynbraram mcciesoBaHUNA BBISBICHO, YTO HAKOI-
JICHWE TSDKENBIX METAIUIOB B OONBINEH CTENEHH MPOUCXOIUT
B MEJIKOJIMICTIEPCHBIX (PpaKumsix — Wiax, TIIHHAX.

AKKyMynupyronas CoCOOHOCTb TPYHTOB YBEJIHYH-
BaeTcsl B 3aBUCHMOCTH OT NMPUCYTCTBUSI B HAX OpraHWdve-



CKOro BellecTBa. Jlns AOHHBIX OTIOXkEHHH 03. Bamxam
XapaKTEpPHO OTHOCHUTEIBHO HEBBICOKOE COAEPIKAaHUE Op-
raundeckux BemecTs. Ilo uccnenosanusim 1971 r., mpo-
BeaeHHbIM O. TnenbexoBeM (Kazaxckuit HUU prioHOTO
X03siicTBa), MX KOJMYECTBO HaxoAuTcs B mpenenax 0,1—
6,0% ot Macchl cyxoro ocaaka. Ilo pesynbraTtam uccie-

Joanuit 2009 r. conepxaHue OPraHNYECKUX BEIIECTB IO
akBaTopuu 03. banxam mensiercs ot 0,5 no 6,0%, B Konu-
YECTBEHHOM OTHOIIICHUU COCTaBisAeT 5—60 T/KT.

HakormuieHre TOKCHMKAHTOB B JOHHBIX OTJIOXKCHHUSAX
03. banxai B 3aBUCIMOCTH OT KOJIMYECTBA OPraHUYECKUX
BEILECTB HAIJISIIHO OTPaXKaeT puc. 2.
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Puc. 2. 3aBHCHMOCTb ME&XIY CYMMapHBIM COZICPIKaHHEM TSDKEIIBIX METaJIOB (MI/KT)
1 KOJIMYECTBOM OPraHUYECKOro BemlecTsa (I/KT) B JOHHBIX OCaJiKaX [0 CTaHIUAM 03. banxam

Ecimn uckiaounTs M3 pacyeTa aHOMAIBHO BBICOKHE
3HAYEHHs KOHIICHTPAIMHU TSDKENBIX METAJUIOB B JIOHHBIX
omnoxxeHusIX OyxTol bepteic u 3amuBa TopaHramibIk, 1moa-
BEPXKEHHBIX aHTPOIIOTC€HHOMY BJIMSTHUIO ITPOMBIIIIEHHBIX
00beKTOB T. bamxam, moayduM HONOKHUTENBHYIO KOppe-
o ¢ ko unuentom 0,8 MEKAy 3TUMM BEIHYHMHA-
Mu. VX cpemHEMHOrolieTHHE 3HA4YEeHUs JAIOT emle Oonee
BbICOKMH K0oa¢¢uument koppemsiun 0,9. Takas xe 3ako-
HOMEpPHOCTb OTMEYAeTCs M B HAYYHBIX PabOTax IPYrHX
aBTOpOB [5, 6].

Pacnpenenenue TsKeIbIX METAUIOB B JOHHBIX OTIO-
JKCHUSIX HEPaBHOMEPHOE U 3aBUCUT HE TOJNBKO OT CTPYK-
Typhl TPYHTa U BHYTPUBOAOEMHBIX IPOLIECCOB, HO U OT
MOCTYIUIEHUS. MHUKpPODJIEMEHTOB TEXHOTE€HHBIM ITyTEM.
Pacuer xo3¢pdunmenToB akkymymnsiuuu [7] MeTauioB B
JIOHHBIX OTJIOKEHMSIX 110 OTHOIIEHHIO K mouBaM [Ipubain-
Xalibs MOKa3aj, YTO HauOOJbIIEeH Merpaganuy MoJBepr-
Juch ocagku IV ruapoXuMuyueckoro paiioHa, B 4aCTHOCTH
OyxTbl beprbic m 3ammBa TopaHTanblk, B KOTOpBIE 10
1995 r. HENmoOCpeACTBEHHO COPACHIBAIUCH CTOYHBIC BOIBI
METAJLTyprHYECKOro MPOU3BOACTBA, U HA COBPEMEHHOM
JTare MpOAOIDKAETCS 3arps3HEHNE TBEPIBIMH BBIOpOCaA-
Mmu. KoadurmenTsr akkyMyssiuu B CpeiHEM 110 paiioHy
COCTaBJIAIOT: MO Meau — 4,8; cBuHLY — 5,1; nuHKy — 1,4.

B HacTosmiee BpeMsl TEXHOI€HHOE INOCTYIICHHE TH-
JKEJIBIX METAJIJIOB B BOJHYIO CPENy 03€pa OCYILECTBISAET-
sl IOCPE/ICTBOM TBEPBIX BRIOPOCOB METAJLTYPTUUECKOTO
KOMOMHATa, PaclOJOKEHHOTO Ha CEBEpO-3aIlaJHOM II0-
Oepexnbe.

OCHOBHBIM METEOPOJIOTHUYECKUM MapaMeTpoM pac-
IIPOCTPAHEHUS 3arPA3HSIOIINX BEIIECTB BOKPYT HCTOYHH-

Ka SIBJISIFOTCSL YacTOTa W JUIMTENbHOCTh AYIOUIETO BETpa.
CortacHO po3e BETPOB YACTOTAa IPOXOXKICHUS (pakena
BBIOPOCOB HaJ| TOBEPXHOCTHIO 03epa cocTasisieT 57-61%
ot obmiero [8]. Opeon 3arps3HEHUS POCTHPACTCS B FOTO-
BOCTOYHOM HAIPaBJICHUH OT UCTOYHHUKA BHIOPOCOB. YUH-
THIBas TEXHHUYECKUE XapaKTEPUCTUKH BBIOPOCOB, a TAKIKE
pe3y/nbTaThl MPOBEACHHBIX HCCIENOBAaHUI, Ha MOBEPX-
HOCTb 03€pa B CpPEJAHEM B TEUEHHUE TOAa OCAXKIAETCS
18 102 T meau, 4 836 T nuuka, 3 382 T cBunna, 0,295 kr
kaamus [9].

AHanu3 pacnpeneleHus MUKPO3JIEMEHTOB B MOBEPX-
HOCTHOM CJIO€ JIOHHBIX OTJIOKE€HHH MO3BOJMWII OIpese-
JIUTh JIOKAJIbHbIE 30HBI 3arpsisHeHusl. K HUM OTHOCSTCS
OyxTa Bepteic u 3amuB TopaHranslk, TI¢ MHOTOJCTHEE
MTOCTYIUICHHE TOKCHKAHTOB C IIPOMBINUICHHBIMUA COpO-
camMu W BBIOpOCAMU TMpPHBENO K MeTaMop(du3amuu Kade-
CTBEHHOT'0 COCTaBa JIOHHBIX oTioXeHui (puc. 3). Tak, B
O0yxte bepThic KpaTHOCTH MPEBBINICHUS (JOHOBOTO 3HA-
YeHUs JUIT MEIU W CBUHIA cocTaBiser Oonee 30. [pe-
BEITIICHHE (DOHOBOT'O COJICpKAHUS IIMHKA B OCaJKax JaH-
HOro y4actka gocturaer 10 pas, kagmus — 5 pa3. AHa-
JIOTUYHBIE IOKa3aTeNu HECKOJIbKO HMXE B 3anuBe To-
paHTaIBIK, YTO, MO-BUIUMOMY, CBS3aHO C OOllee WHTCH-
CHUBHO TPOUCXOJAINIMMA BOJTOOOMEHHBIMU TPOIECCAMU
1 0COOCHHOCTSIMH TPaHYJIOMETPUYECKOTO COCTaBa JIOH-
HBIX OTNIOKeHUH. KoHIeHTpamus Meau mpeBbimaet ¢o-
HOBBIH ypoBeHb B 8 pa3, CBUHLA — B 4, IUHKA W KaJl-
Mus — B 2 paza. OOmas miomanp 3arpsA3HCHUS TOHHBIX
OTJIO)KEHUN MEJIbI0 COCTaBJIsAET OKOyo 3 453 KMZ, CBUH-
oM — okoiso 2 960 KMZ, muHKOoM — 2 513 KMZ, KaJaMu-
em— 1 447 xm® [10, 11].
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Puc. 3. 3aBUCHMOCTh KOJIMYECTBA METAJIIOB U OpPraHn4€CKuX BEUIECTB B JOHHBIX OTJIOKCHUAX OT TEXHOT€HHOI'O 3arpsA3HECHU

MuHuManbHble KOHLEHTPAUUHU TKENbIX METaJIOB
XapakTepHbl [UIsl JIOHHBIX OTJIO)KEHUH HNPUYCThEBBIX
YYaCTKOB PEK, YTO CBSI3aHO C BBICOKOW MPOTOYHOCTHIO U
[IECUYaHbIM TPAHYJIOMETPUUECKHUM COCTAaBOM OCAJKOB.
CoxpepxaHve MeIM W CBUHLA JIKUT B MHTEepBasie 6,4—
9,2 MI/KT, 9TO 3HAYUTEIHFHO HIDKE CPETHHX IMOKa3aTelel
B LEioM 1o o03epy. LIMHK akKyMymaupyeTrcsi TOHHBIMU
OcaJIkaMH B YCThSIX PeK B KoiaudecTse 26,8—32,4 MI/xr.

AHanu3upys pe3yJbTaTbl MHOIOJETHHX HCCIEI0Ba-
HUH, MOXHO KOHCTaTHUPOBaThb, YTO KaYECTBEHHBIH U KO-
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JIMYECTBEHHBII COCTaB [JOHHBIX OTIOXKEHHH oO3epa 3a
2003-2011 rr. He npeTeprnen CyMECTBEHHBIX U3MEHEHUI,
XOTS TEHJCHIMS K CHIDKEHHIO KOHLEHTPALMH TSDKENbBIX
MetaiuioB B 1,1-1,5 pa3a HaGmomaercs. CpaBHEHHE CO-
BPEMEHHOTO COCTOSIHMSL 0cakoB ¢ 1992 r., korga ocHOB-
HOE KOJIMYECTBO MOJUIIOTAHTOB IOCTYNAJO0 B 03€pO C
TIPOMBIIIICHHBIMH COpOCaMH, TMOKa3bIBAaeT 3HAUYUTEIBEHOE
CHIDKEHHE COAEPIKAaHUSI METAJUIOB B JOHHBIX OTJIOXKEHH-
sx, ocooenno B III n I'V ruppoxumndeckux paiionax B 3 u
4 pa3a coOTBETCTBEHHO (pHC. 4).
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VIII paiion

Puc. 4. MHOrOJIETHSIS IMHAMUKA CyMMapHOTO COJICPIKaHUS TSHKEJIBIX METAIJIOB B IOHHBIX OTJIOKEHUSAX
03. banxam

Crnenyer OTMETUTB, 4TO OJarozapst BBICOKOH OydepHoit
€MKOCTH 03epa, OJaronpusITHOMY YPOBEHHOMY PEXHUMY B
HaCTOSIIIMIA MTEPUOJ U CHIKEHHIO aHTPOIIOTEHHOW Harpys-
K/ TPOMBIIUIEHHOTO KOMIUIEKCa CYIIECTBYIOIIEE 3arpsi3-
HEHHE JIOHHBIX OTJIIOKEHUH 3HAUUTENFHO HE OTPa3UiIoch Ha
TOKCHKOJIOTHYECKOM COCTOSTHMW BOJTHOM CpEIbL.

BruiBoabI

Pe3roMupyst BBIIEU3T0KEHHOE, MOXHO KOHCTaTHPO-
BaTh, YTO TSKEIBIE METAUIl B JIOHHBIX OTJIOXKEHHSX
03. banxam pacnpenenensl HepaBHOMEpHO. Jlngupyro-
I[yI0 NO3ULUIO MO 3arpsA3HEHUI0 JTOHHBIX OCAJKOB 3aHU-
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MaeT Meab. KoHIEHTpanus LMHKAa U CBHHILA B OCaJKax
OTJENBHBIX PAallOHOB TaKXKe MPEBBIIIAET UX COAEPKAHUE B
nouBorpyHrax [Ipnbanxambs. B MUHHMaIBHBIX KOJIHYeE-
CTBAaxX B JIOHHBIX OTJIOKCHHSX OOHAPYKEH KaJMHH.

Haxkomnenue TsXKenblx METAJUIOB B JOHHBIX OTJIOXKE-
HUSIX 3aBUCHUT OT UX MEXaHHYECKOI0 COCTaBa M COIEepHKa-
HUSI OpraHUYecKoro BemiecTBa. Hanbonbee KonudecTBo
METAJJIOB aKKyMYJIHPYETCS B MEIKOJUCIIEPCHBIX WIIaX,
6oraTbIX OpraHNYECKUM BEIECTBOM.

JlokanbHasi 30Ha MOBBIIIEHHOIO COAEPIKAHUS METall-
noB Haxoautcs B IV ruapoxumudeckoM paiioHe (Oyxrta
Beprsic, 3anuB TopaHrainbik), TAe pacroioKeHbl OCHOB-
HbI€ UCTOYHHMKH MOCTYIUIEHUS! TOKCUKAHTOB — IIPOMBIII-



JIEHHbIe Npeanpuarus r. banxam. Anxamu3 pacrpenene-
HUS TSDKEBIX METAJJIOB B JOHHBIX OTJIOXKEHUSAX 03. bai-
Xalll HIOATBEP’KAAET CYIECTBOBAHUE MPSIMOr0O BIUSHUS Ha
COCTOSIHUE [OHHBIX OTJIOXKEHHH HCTOUYHHKOB TEXHOTECH-
HOTO 3arpsi3HEHHs B palloHaX C MOBBIIMIEHHON MTPOMBIII-
JICHHOM Harpy3koil. 30Ha 3arps3HEHUs JOHHBIX OTIIOXKeE-
HUI COCTaBIIseT OKOIO 3 453 kM. Opeon 3arps3HeHHs B
COOTBETCTBUH C PO30H BETPOB MPOCTHUPAETCA B IOTO-
BOCTOYHOM HalpaBJICHUH OT UCTOYHHKA BHIOPOCOB.

B MHoronetnem acriekre, Garogapsi NpeKpamieHuIo B
1995 1. cOpoca CTOYHBIX BOJA METAIIYPIHYECKOr0 KOM-

OWHaTa HETIOCPEICTBEHHO B 03€p0, OTMEUCHO 110 CpaBHE-
HUIO C JIEBSIHOCTBIMU T'OaMU CHUXKEHHE B 3—4 pas3a KOH-
LEHTpAlUU METAJJIOB B AOHHBIX oTioxkeHusx Il u IV
THIPOXUMHUYECKUX paloHOB. B mocnennee aecstuiieTue
CYLLECTBEHHBIX H3MEHEHH B KAaYECTBEHHOM COCTaBE
OCaJIKOB HE MPOMU3O0LLIO, XOTS TEHACHLMS K CHUKEHHIO
KOIIMYIECTBA TSDKEITBIX METAJJIOB HAOMIOMaeTC .

CoBpeMEHHOE COCTOSIHUE JOHHBIX OTJIOKEHHUH B CO-
BOKYIHOCTH C ONTHUMAJBHBIM THUAPOJIIOTUYECKUM PEXKHU-
MOM CITOCOOCTBYET HOPMAaJIFHOMY (DYHKIIMOHHUPOBAHUIO
BOZIOEMA.
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DISTRIBUTION OF HEAVY METALS IN BOTTOM SEDIMENTS OF LAKE BALKHASH DEPENDING ON NATURAL
AND ANTHROPOGENIC FACTORS

Tomsk State University Journal, 2015, 390, pp. 225-230. DOI 10.17223/15617793/390/37

Sharipova Olga A. Balkhash Branch of Kazakh Research Institute of Fisheries (Balkhash, Kazakhstan). E-mail: oshar1969@mail.ru
Keywords: bottom sediments; heavy metals; pollution; organic substance.

Results of the investigation of the bottom sediments of Lake Balkhash at the modern stage are represented in the article. The dis-
tribution of heavy metals in bottom sediments depending on natural and anthropogenic factors is considered. A comparative analysis
of toxicant content was made in bottom sediments and in Balkhash soil. It was detected that copper is accumulated more in bottom
sediments. The content of copper and lead exceeds the common level almost in every region of Western Balkhash and in hydrochem-
ical region VII. There is accumulation of zinc in region IV of the lake. According to the research, a dependence was noted between
accumulation of heavy metals and weight of bottom sediments structure and amount of organic substance. There is accumulation of
heavy metals largely in the micro-fine classes: silts and clays. A positive correlation between the concentration of heavy metals and
organic substance was found. The calculation of accumulation coefficient showed that bottom sediments of hydrochemical region IV
were more subjected to metamorphism. The areas of local pollution of bottom sediments with heavy metals were defined. They in-
clude the Bight of Bertys and the Gulf of Torangalyk, where toxicants with industrial wastes arrived for many years. It resulted in the
metamorphism of the structure of bottom sediments. Exceeding common meaning for copper and lead is 30 in bottom sediments of
Bight of Bertys. The content of zinc is 10 and cadmium five times higher in the considered region. Similar meanings of the given
indexes are lower in the Gulf of Torangalyk, they are in the interval 2-8. Direct influence of technogenic pollution sources on the
bottom sediments was shown. The total area of pollution by cooper is about 3453 km’, lead is about 2960 km? zinc — 2513 kn?’,
cadmium — 1447 km?. In the lake area, concentrations of heavy metals are characteristic for estuarine sediment sections of the rivers.
As compared with the 1990s concentrations of metals are 3-4 times lower in the bottom sediments of regions III and IV. There are no
significant changes in the quality and quantity of sediment structure, though there is a trend of a decrease in toxicants. Due to the
high buffering capacity of the lake, the favorable level of security at the time and due to the weakening of the anthropogenic load of
the existing industrial complex, the contamination of bottom sediments did not significantly impact the toxicological state of the
aquatic environment.
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