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Pe3stome. Pabota nocesilieHa 0CO6EHHOCTAM MUrpaLmi TpynMbl THKENbIX METaroB B BOAE AOHHbIX OTAOXEHUSX 1 B
pbibax CesepHoro Kacnusi. YCTaHOBMEHO, YTO B MOPCKOW BOAE TsXENble MeTanbl NEpPEHOCATCS MPeuMYLLECTBEHHO BO B3BE-
LUEHHOM COCTOSIHUM, 33 WUCKIIOYEHNEM LiHKa, OCHOBHAs [OMS KOTOPOTO MUTPUPYeT B MOHHOM BiAE. B AOHHbIX oTnoxerusx Ce-
BepHoro Kacnns Hanbonbluas akkyMmynsuvs MeTanfioB XapakTepHa AMs xenesa 1 MapraHua v npoCTPaHCTBEHHO TArOTeeT K
3anagHol YacTi UccnenyemMon aksatopun. BbisiBNeHbl 3Ha4MMble CTaTUCTUYECKIME 3aBUCUMOCTU MEXY COLEepXaHeM Meau
MapraHLa B JOHHbIX OTNOXEHUSIX 1 ceBepo-kacnuiickoit Bobne (r=0,74 u r=0,64 coOTBETCTBEHHO), MEXAY COAEPXKAHMEM KaaMus
B [IOHHbIX OTHOXeHNsX 1 Oblukax-necoyHnkax (r=0,64). Criyyaun npeBbILeHUs JOMYCTUMON 0CTaToqHOM KoHLeHTpauuu (OK) ans
CBMHL@ M KaaMUs OTMeYeHb! Y OblYKka-NecoyHnka n Kunbki 0ObIKHOBEHHOM npakTudecku B 50 % cryyaes, y CeBepo-KacnmitcKon
Bo6nbl — B 35 %. Hanbonee vacto Bce uccrnegyemble rMapoBMOHTBI, Coaepxalune MeTanmbl B koHueHTpauusx Bbiwe [OK,
BCTpeyanuchb B 30He NPpeyCTbeBOr0 NPOCTpaHCTBa Bonrw.

Abstract. Aim. Study of the forms of migration of heavy metals in water of the Northern part of the Caspian Sea, the
characteristics of their accumulation in sediments and fish fauna are presented.

Methods. The western part of the North Caspian Sea is investigated in 2002-2009. Complex of sampling, transporta-
tion, storage and handling of samples was carried out in accordance with the regulations and methods of measurement.

Results. The main share of elements in sea water was transferred as a part of suspended particles. Most often ionic
forms of migration of metals dominated over weighed in the central part of a shallow zone of pre-mouth of Volga River. The great-
est number of cases of excess was recorded by metals of maximum-permissible concentration in the central part of the studied
water area with depths from 5 m to 10 m. It is established that the index of impurity of waters of the changed in the range from 0,2
(waters alone) to 3,4 (the polluted waters). The surface water of the water area is located in the western part of the studied area.
The greatest coefficients of ground accumulation (CGA) are characteristic for iron and the manganese, the least for Zincum. The
western part of the studied water area belongs to areas with the greatest values of CGA of metals in the north part of the Caspian
Sea: zone near Island Chechen and the region of Volga-Caspian Channel. Cases of excess of the admissible residual concentra-
tion for lead and cadmium are noted in Neogobius fluviatilis and sprat ordinary practically in 50 % of cases, and in 35 % in Rutilus
caspicus. Most often all studied hydrobionts containing metals in concentration above admissible residual concentration were met
in zone before mouth of Volga River.

Main conclusions. The main form of migration of heavy metals in the water of the north part of the Caspian Sea is
suspension. The largest accumulation of heavy metals was found in the sediments of the western part of the area. The content of
heavy metals in fish reflects their accumulation in sediments.

Knroyesnie cnosa: CeBepHbiit Kacnui, Tskenble MeTanmbl, hOpMbl MUrpaLym, HakoMneHue.
Key words: Caspian Sea, north part, heavy metals, forms of migration, accumulation.

B nHacrosiiee BpeMs OCHOBHBIE 3a/1a4M UcciienoBanus Kacrus HampaBieHbl Ha MOUCKT
MyTeil COXpaHeHHs ero OMOJOTHYECKOro M JaHAmadTHOro pazHooOpasus. ITO 00yCIOBICHO
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TEM, 9TO JKOCHUCTeMa MOps (PYHKIIMOHHPYET TOJ BO3AEHCTBHEM (DaKTOPOB, B PANE CIIydacB
MIPUBOJSIINX K BOSHUKHOBEHUIO BHICOKOM SKOJIOTHYECKON HATIPSKEHHOCTH.

B rpynmy Haunbosiee MPUOPUTETHBIX 3arps3HSIONIUX BEIIECTB, IPUCYTCTBYIOIINUX B BO-
nax Kacnuiickoro Mopsi, Hapsiny ¢ yriaeBOAOPOJAMU Pa3IM4YHOIO FEHE3UCa, MOJIUXJIOPUPOBAH-
HBIMH OM(EHWIaMH, BXOISIT TsoKeabie MeTautbl (TM) — IpOIyKTBI KaK €CTECTBEHHOTO IMPOMUC-
XOXJCHUS, TaK W TIPUBHECCHHBIC B BHJIC KOMIIOHCHTOB MPOMBIIIICHHBIX OTXOJIOB C PEYHBIM
CTOKOM, a TAaKXKe COMYTCTBYHOMNUE HepTea00bI9e.

Ha cerognsmuuii MOMEHT HaKOIUIEHO OrpoMHOe KojmuecTBo padot (I'opnees, Jlucu-
1etH, 1979; Mopo3zos, 1979; Myp, Pamamyptu, 1987; Cnosuto, 1993; bynaukos, 1998; [Tamu-
Ha, 2001; Benunuanos, Jlenuxun, 2002; Jlucuiun, 2008), MOCBSIIEHHBIX MTPOOIEMe 3arps3He-
HUS BOIHBIX O0OBEKTOB TSIKEIBIMU METaIaMd. B rpymnmy Hanboliee pacipOCTPaHEHHBIX TsDKeE-
JBIX METAJUIOB, II0 MHEHUIO MHOTHX aBTOPOB, BXOJSAT MapraHel, HUKENb, IUHK, K30, Kaj-
MUH, CBUHEII, MEJlb U UX COJU, XapaKTePU3YIOIINECs [UTUTEIHHBIM COXPaHEHUEM M HaKOTUICHH-
€M B BOJI€, IOHHBIX OTJIOXKEeHUAX u ruppoouonTax (IlepeBo3nukos, bornanosa, 1999).

Lens paboThl cocTosIa B OMpeliesieHHH (POPM MHIPAIMH TSKEIBIX METAJIOB B BOJIC
CesepHoro Kacmusi, 0cOOCHHOCTEW MX HAKOIUICHHUS B JOHHBIX OTJIIOKCHUSAX U TPEICTABUTEISIX
UXTHO(AYHBI.

O0pasipl MOPCKOW BOJIBI, TOHHBIX OTJIOKEHHH M MXTHO(AyHBI OTOMpald B 3alaJHON
yactu Ceeproro Kacmus B mepuog ¢ 2002 mo 2009 rog B X0Je €KEroJHbIX MOHUTOPUHTOBBIX
uccienoBannii Kacrmiickoro mops, ocymectBisieMbix OI'YIT «KacmHUPX». Kommneke padbot
1o 0TOOpy, TPAHCTIOPTHPOBKE, XPAaHEHHUIO U 00pabOTKE OTOOpAaHHBIX 0OPA3I[0B MOPCKOM BOJIBI,
JIOHHBIX OTJIO)KCHUH M OOBEKTOB MXTHO(AYHBI OCYIIECTBIISLICS B COOTBETCTBUM C HOPMATHB-
HBIMH JJOKYMEHTaMH Y TIPOTHCAMHU ACHCTBYIOMINX METOINK BBITIOJTHEHUS U3MEPEHUH.

B pesynbraTe TpOBEAEHHBIX WCCIIEOBAHWN MOPCKOM BOIBI OBLIO YCTAaHOBIEHO, YTO
MpeBATUPYIOMIAs JOJS TSKEIBIX METAJIOB HAXOAMUTCS BO B3BELIEHHOM COCTOSIHUU. Mckioue-
HHE COCTaBJISICT IIMHK, OCHOBHAS JIOJI1 KOTOPOI'O MUTPUPYET B BOJIHOI TOJIIE B MOHHOM BUJIE
(puc. 1).

B xone uccnenoBanumii ObUT OMpeeTicH palioH, Ie HanboJee 4acTo HoHHas hopmMa MHU-
rpalliy JOMHHUpPOBaja Haja B3BelleHHOH. K Takomy pailloHy OTHOCHTCS IIEHTpalibHAas 4acTb
IIPELYCTBEBOIO IpocTpaHCTBA peku Bonrn y Beixoma KupoBckoro um beaumHCKOro KaHajioB
(puc. 2). LlenTpanbpHble KaHAIbBI IEJIBTHI XapaKTEPU3YIOTCS BBICOKOW 3apacTaeMOCThIO BBICIIECH
BOJHOHN PaCTUTEIHHOCTHIO M CIA00H MPOTOYHOCTHIO, YTO CIIOCOOCTBYET YCHIICHHUIO MPOIECCOB
CeJIMMEHTAI[MKM YaCTHII, MPUBOJASIIMX K YAAJCHHIO B3BCIICHHBIX (DOPM METAJJIOB M3 BOIHOMN
cpensl (byxapunus, Axcenos, 2008).

T
0% 20% 40% 60% 80% 100%
MoHHasa doopma B B3BeLleHHasa popma

Puc. 1. [loneBoe cCOOTHOLIEHUE PACTBOPECHHOM 1 B3BEILICHHOHN (DOPM TSKETIBIX METAJIJIOB B
Boje Cesepuoro Kacmus 3a mepuon 2002—2009 romos

111




leorpachus u reoakonorus
Geography and geoecology

KOr Poccuu: akonorus, passutue. Ne3, 2013
The South of Russia: ecology, development. Ne3, 2013

il

SR
H <= f%

loTa cnyuaee npersw enma Mok ofl hopmu Thi

b
g

L9

18-2:8

e /—\ﬁ
- =

Puc. 2. Paitons! 3anagroi vactu CeBepHoro Kacmus, rae Hanboree 9acTo HOHHAs (popMa MHU-
TPAaIUU TSDKEIBIX METAJIOB JJOMUHUPOBAJIA HAJl B3BEIICHHON

T
o 430 azon 430 ar

B xone uccnenoBaHuii BEISIBUIIM, YTO COAEPIKAaHUE HOHHBIX ()OPM LIMHKA, MEIH, JKeJe3a
u Hukens npesbimano [IK B 14,9 %, 4,9 %, 3,0 % u 1,2 % cinyyaeB oT o0IIero yucia rnpoaHa-
JU3UPOBAHHBIX MPOO COOTBETCTBEHHO. KOHIEHTpanuu cBUHIA U Mapranua npessimanu [1/IK
SMU30IMYECKH, COCTaBIsAA MeHee | % oT o0Iero yrcna npoaHaIM3UPOBaHHBIX Mpo0. [ HoH-
HBIX GOpM KaaMmusi 1 KoOanbTa He oTMedeHo cinydaeB npesbimeHus 11JIK B Boge CeepHoro
Kacnus. HaunbGonbiiee konndectBo ciyyaes npesbiiienus [1/1K 3a Becy nepuon nccnepoBanuit
(bUKCUPOBATIOCH B MIOHE, YTO, BEPOSITHEE BCETO, SIBUJIOCH CIICACTBUEM BIHSHUS TCPPUTEHHOTO
cToka Bonru B mepuoj| mosioBo/ibs. BBISBICHBI paiOHBI MOPsI ¢ HAWOOJBIIMM KOJIUYECTBOM
ciyqaeB nipesbitienns [1IK nonapivu popmamu TM. Haubosnbiiee yuciio ciaydaeB MpeBbIIIe-
HUSI METAJJIAMH TIPEJIENILHO JIOMTYCTUMOMN KOHIIEHTpAIMK ObUIO 3a()MKCUPOBAHO B IIEHTPAILHON
YaCTH UCCIICAYEMOM aKBaTOpUH ¢ ryouHamu ot 5 1o 10 M (puc. 3).

VYcTaHOBIEHO, YTO MHJEKC 3arpsa3HeHHocTH BoJ CeBepHoro Kacnus u3meHsuics B qua-
na3zone oT 0,2 (ducthie Boabl) 10 3,4 (3arps3HeHHbIE BOJbI). K yMEepeHHO 3arps3HEHHBIM paii-
oHaMm Mopsa (3B 1-2) oTHOCMIICA y4acTOK LEHTPAIbHON YacTH MPEIyCTHEBOTO MPOCTPAHCTBA
Bonru mexxny Kuposckum n benunckuM kaHanaMu ¥ BOCTOYHAsI YacTh aKBaTOPUH C IIyOuHa-
Mu Oosiee 5 M. K 3arps3HEHHBIM OTHOCHJIMCH [TOBEPXHOCTHBIE BOABI aKBAaTOPUH, PACIIOIOKCH-
HOMW B 3arajHON 4acTH HCCIeAyeMOro paiioHa, NCIBITHIBAIOIIETO BIMSHUE TPAH3UTHOTO CTOKA
Bounru, nemxymerocs ocHoBHbIM Bonro-Kacnniickum kananom: oro-socrounee CMUPHOBCKO-
ro ocepenka, riae M3B cocrasun 2,5, u 'y octpoBa Tronenwmii (M3B 3,4). Bomasr ocTanbHbBIX paii-
OHOB 3anaaHol yactu CeBepHoro Kacnust OTHOCHIUCH K YUCTBIM (pHC. 4).

112




leorpachus u reoakonorus
Geography and geoecology

KOr Poccuu: akonorus, passutue. Ne3, 2013
The South of Russia: ecology, development. Ne3, 2013

e~

- ‘/gf/ . 2
/\

T P
o des7

N ofer- 1774
774,268

1208 - 3547
3547 2424
w E 4434. 532
5321 -
5. <7 0!
5 Son. 75]

] [

4700 4730 azon a3 azon a3 aroy aran B

Puc. 3. [IpocTpancTBeHHOE paclpeaeieHne YacTOTHI BCTPEIaeMOCTH KOHIICHTPAITMA HOHHBIX
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Puc. 4. PaitornpoBanue 3anagHoi yactu CeBepHoro Kacmus B 3aBUCHIMOCTH OT
WHZEKCA 3arpsi3HEHHOCTH BOJT

[lo nomnyueHHbIM pe3ysibTaTaM OIpeaesieHus cogepkanus TM B Bozie U JOHHBIX OTJIO-
KEHUSAX pacCUuThIBaIn K03 duuument nonnoi akkymyssinun (KA), KOTOpBI sIBIsieTCs Xapak-
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TEPUCTHUKOH, YUUTHIBAIOILEH CIIOCOOHOCTD 3arpsI3HSIOIIMX BELIECTB HAKAIJIMBATHCS B JIOHHBIX
OTJIOKCHUSIX.

KJIA TsKenbpIx METaJUIOB CBUAETEILCTBOBAIM O TOM, YTO MPOLECCH AKTUBHOM aKKyMYy-
JSIMW METAJUIOB JTOHHBIMHU OTJIOKEHUSIMH B HauOOJIbIICH CTETIEHN OBbUIM XapaKTEpHBI JJIs ¥Ke-
Je3a M MapraHiia, B HaMMeHbLIEH — Ui HUHKA. M3MEHYMBOCTh KOA(PHULMEHTA JOHHOM aKKy-
myisimud B CeBepHoM Kacrum Obiia yacto o0ycioBiena GopMoii MUTpallui METaJUIOB HE3aBH-
cumo ot aneMenTa. Koadduument koppensiimuu Mexay cpeqaumu BenunHamMu KA mis xax-
JIOTO 3JIEMEHTa M CpelHel Jioyied ero B3BereHHO# (Gopmbl coctaBui 0,57 (n=8, p<0,05). Tax,
JKENe30 W MapraHell B BOJIC HaXOJSTCS MPEUMYIIECTBEHHO BO B3BEIIEHHOH (opme, KoTopas
y4acTBYET B MPOLIECCAX KOATYJISILIUU U OCAXKACHUS YaCTHILl, @ LMHK — B HOHHOM.

K paifonaMm ¢ HanOOJBIIMMU 3HAYCHUSAMHU KOA(PPUIIMEHTOB JOHHON aKKyMYJISIIIUU Me-
taioB B CeBepHoM Kacrinu oTHOCHTCS 3amagHasi 9acTh UCCIIEAOBAHHON aKBaTOPUHU: YIaCTOK Y
ocTpoBa YeueHb, OTHOCAIIMICSA K 30HE KOHBEPIeHIIMN 3allaHON BOJDKCKOW CTPYH, TEPCKUX U
CpeIHEKACITMICKIX BOJ, U paiioH Bonro-Kacmuiickoro kanama (puc. 5). B atux paiionax, co-
[JIACHO KJIacCU(UKAIIUY, TIPETIOKEHHON XPUITYHOBBIM C coaBTOpamMu (XpuiyHoB u jp., 2010),
JIOHHBIC OTJIOXKCHHUS CJIOXKEHBI MEJKOAIEBPUTOBBIM HIJIOM, JJsl KOTOPOrO CBOMCTBEHHA Hau-
OonplIas akKKyMYJSIIMS TSDKEJIBIX METaJUIOB, CBSI3aHHAS C aAcopOLuell Ha mMaTepuane MEIKHX
(dpakuuii (WIMCTHIX, TIIMHUCTBIX OTIOXKCHUN).
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Puc. 5. Paiions 3anaanoit yactu CepepHoro Kacnus ¢ Hanbonbinumu BenmarnaamMu KJTA

Jig BBISIBIICHHST OCOOEHHOCTEW HAKOTUICHUS TSDKENTIX METAJUIOB B phIOax OBLTH BHIOpa-
HBI TIPEICTABUTENN UXTHOPAYHBI, OTIMYAIOIINECS 00pa30M KU3HH: OBIYKHU-TIECOUHHKH, NMEIO-
M€ OrpaHMYCHHBIA apeanl OOUTaHMs M YacTO MCMOJIb3yeMble KaK MHIMKATOPHBIC BUJIbI, CEBE-
po-kacmmiickas BoOJa, sSBIMtomMascs 0ojaee akTHBHBIM MUTpaHTOM B Tipeenax CeBeproro Kac-
¥, ¥ KWIbKa OOBIKHOBEHHASI, OTHOCSIIASCS K MOPCKUM BHIaM PbIO.

CornacHo eJHBIM CAHUTAPHO-IMHIEMHOIOTHIECKUM 1 TUTHEHUUECKUM TPEOOBAHUSIM,
MpeabSBIsieMbIM K Pbl0e Kak K MHUIIEBOMY CHIPbIO, B HACTOSIIEE BPEMsI M3 TPYIIBI TSHKENBIX
METaJUIOB HOPMHPYIOTCS TOJIBKO cBuHeN U Kaamuid. Cirydan npessimenns JJOK ormedens! s
9THX 3JIEMEHTOB Yy ObIYKa-IIECOYHHUKA U KHJIBKU OOBIKHOBEHHOM mpakTuuecku B 50 % ciyyaes, y
CeBEepO-KaCIIMHCKOW BOOJIBI 3Ta BEJIMUMHA OblJIa HECKOJIBKO HIKE U IOCTUrana B cpeHeM 35 %.
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B pabote Opl1a paccuntana gactora ciydaeB npesbinerns JJOK mis ananmsupyeMbix
MeTtamioB. CorjacHO MPOBEACHHBIM pacdeTaM, HamOoJIee YacTO THAPOOHMOHTHI, COIepKallne
MeTajulbl B KoHIeHTpanusx Beime JJOK, BcTpeuanuch B 30HE MPenyCTHEBOIO MPOCTPAHCTBA
Bounru: ot Bonro-Kacnuiickoro xanana 0 BOCTOYHBIX PYKaBOB JesbThl. ClelyeT OTMETHTH,
YTO ATU YYaCTKH OBLIM MJCHTHYHBI JUIS BCEX MCCIIEAYEMbIX PBIO M pacIioNiaraiich B HETOCPE/I-
CTBEHHOW OJIM30CTH OT BBIXOAHBIX YYaCTKOB OCHOBHBIX PYKaB JCIbTHI.

o

Puc. 6. Paiions! 3anannoit uactu CeBepnoro Kacmusi, riae Hanboliee 4acTo perucTpupOBaIKCh
ciydau npebitienus: JJOK CBHHIIOM U KaJMUEM B ObIYKaX-[IECOYHUKAX (@), KUIIbKE OOBIKHOBCHHOI (0)
U CeBepO-Kacluiickoii Booie (B)

AHaH3 CTAaTHCTUYECKHUX 3aBHCHMOCTEH MEXIy COJEpKaHUEM METAJUIOB B JOHHBIX OT-
JIOKEHUSIX M TUIPOOMOHTAX BBISIBUII TECHBIC MOJIOXHUTEIbHBIC CBS3M JJI MEJIU W MapraHiia B
JIOHHBIX OTJIOKCHUSIX U B ceBepo-kacnuiickoi Booie (1=0,74 u r=0,64 coOTBETCTBEHHO, N=254,
p<0,05); ans KagMus B TOHHBIX OTIOKEHHUAX M Obrdkax-recouHunkax (1=0,64, n=149, p<0,05).

0O06001mas moJTy4YeHHbIe Pe3yabTaThl, MOKHO OTMETHUTh, YTO OCHOBHOH (pOpMON MHTpa-
LMW TSDKEJIBIX METaJUIOB, MPUCYTCTBYIONIUX B MOBEPXHOCTHBIX Bojax CesepHoro Kacmwsi, siB-
TsieTCs B3BEIIeHHass opma, KoTopas ¢1abo JOCTyITHA U BCIIEICTBUE ATOTO HAUMEHEe TOKCHYHA
U1l THAPOOHOHTOB. Hamboplree HAKOTUICHHE TSDKEIBIX METAIOB OTMEYACTCS] B JOHHBIX OT-
JIOKEHUSX 3araHoN yacTu akBatopur. Co/iepiKaHue TSDKEIbIX METAIOB B JIOHHBIX OTJIOKEHU-
SIX BJIUSICT HA KOHIIEHTPAIMU METAJUIOB B PhIOE, O UeM CBUACTEIBCTBYIOT MOJOKHUTEIBHBIC KOP-
PEJIITUOHHBIE CBSI3U MEXKIY COACpKaHUEeM MEIH M MapraHIla B TOHHBIX OTJIOKCHHSIX H CEBEPO-
KaCIUHCKOMN BOOJIC M KaAMHUS B JIOHHBIX OTJIOKCHHIX U OBIYKAX-IIECOYHUKAX.
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