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B paGore mpoaHanu3upoBaHbl JaHHBIe MO cozpepskanuto Pb, Zn, Cu, Cd B Boje U B MOBEPXHOCTHOM CIIO€
JOHHBIX OTIOKeHHH A30Bckoro mops 3a 1986-2018 rr. M3ydeHsl 3aKOHOMEPHOCTH KOHLEHTPHPOBAHHSA
PACCMOTPEHHBIX TSKENBIX METAIIOB TOHHBIMH OTJIOXKEHUSMH B 3aBUCHMOCTH OT MX KOHIIEHTpAaLlMH B BOAE,
UcHonb3ys  KodpGUUIMEHT  JMOHHOM  akkymynsauuu. IIoka3aHo, YTO  MHTEHCHBHOCTh  IIOTOKOB
CeMMEHTAMOHHOTO CAMOOYHIICHNSI BOJ YMEHBIIAJIACh C YBEIHIEHHEM KOHIIEHTPAINH TSDKEIIBIX METalIoB B
BOJIE, YTO OBLIO 00YCIIOBIEHO COPOIIMOHHBIMU CBOHCTBAMH JOHHBIX OTJIOKSHHUH.

Knrouesvie cnosa: A3oBckoe Mope, TSKENbIe METaJUIbl, 3arps3HEHHE, JOHHBIE OTIOXKEHHsS, KO3((HIUEHT
AKKYMYJISLIIN

BBEJIEHUE

A30OBCKOE MOpE MMEET 3HAYMMBIA 3KOHOMHYECKUN U PEKPEalMOHHBIA MOTEHUUAN,
oOnamaeT craTycoM pbhIOOXO3SWCTBEHHOTO BOJOEMa BhICIICH kareropuu. K uuciy
MPUOPUTETHBIX 3arpsI3HAIOMIMX BEIIECTB MOPCKUX OSKOCHUCTEM OTHOCATCS TSKEIBIC
METaJUTbl, OTIIHYAIONINECS MaKCHUMAThHON aKKyMYISIIHOHHOW CIIOCOOHOCTBIO M BBICOKOM
TOKCUYHOCTBIO. 3HAYUTENIbHAS YacTh TSOKEIBIX METAJJIOB HAKAIIMBAETCS B JOHHBIX
omnoxeHusx. Ho, mpu onpeneneHHbIX yCIOBUAX (BETPOBOE B3MyUYHBaHKE, U3MeHeHUEe PH,
o0Ieil MuHepanu3aluy, BOAHOCTH, IPOBEIACHHE IHOYIIIYOUTENBHBIX pPabOT M T.I.),
TSOKENTBIe METAJTBI MOTYT TEPEXOIUTh B BOJHYIO TOJNIIY, BBI3BIBAas €€ BTOPUYHOE
sarpsisuenne. CornacHo IlepeuHio 3arps3HSIONIMX BEIIECTB, B OTHOIICHHHM KOTOPBIX
MPUMEHSIOTCS MEPhI TOCYIaPCTBEHHOTO PEryJIMPOBaHUS B 00JaCTH OXPaHbl OKPYKAaIOIICH
cpensl [1], cBuHeN, kaaMuii, MEOM W IIMHK OTHOCSTCS K KIACCY TOKCHYHBIX,
MIPEJICTABISIONUX BBICOKYIO OIACHOCTH JII OMOJNOTHYECKHX cHUCTeM. Takum o0pazom,
M3YYCHHE YPOBHEW KOHIICHTPAIIUW, TOBEICHUS TSHKENBIX METaUIOB B BOME M JIOHHBIX
OTJIIOXKEHUAX A30BCKOTO MOPSI TIPENICTABISIETCS aKTyaIbHOHN MPOOIeMOii.

Hacrosimiast paboTta mocBsiiieHa MCCIIENOBAaHUIO MHOTOJETHUX TPEHIOB W3MEHEHUS
koaddunuenra gouHoi akkymymsuud Pb, Cd, Cu, Zn oT uX KOHIIEHTpAaIllik B BOJIE.
PaccmarpuBaroTcst Tpu paiioHa: COOCTBEHHO A30BCKOe Mope, TaraHporcKuil 3ajluMB |
Kepuenckuili mnponuB. PelieHne MnOCTaBIEHHON 3aJauyd IO3BOJIMT BBIABUTH PAaOHBI
HAUOOJIBIIET0 aKKyMYJIMPOBAaHUS META/UIOB B JIOHHBIX OCaJIKaX SKOCHCTEMbI A30BCKOTO
MODsI.
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MATEPHUAJIBI 1 METO/IbI

B pabore OBIIM MCITONB30BAHBI JAaHHEIE 0 KoHIeHTpauu Pb, Zn, Cu, Cd B Boge u
JIoHHBIX oTnokeHusix B 2010-2018 rr., npenocrasnennsie PI'Y «A30BMOpUHPOPMIEHTPY
B paMKax COTpyIHHUYECTBa ¢ Kadeapoii sxonoruu u npupononons3osanus MI'PU. [1po6s
BOIBI IS aHAJW3a OTOMpAIUCh MmpodbooTdbopHOi cucteMoit [19-1220 cormacao 'OCT P
51592-2000 B moBepxHOCTHOM ciioe B 32 Toukax (Puc.l). IIpoOsl Boasl OTOHpAIHCH
€XKErogHo BECHOM, JIETOM M OCEHbI0. XMMHUYECKHI aHajdu3 MpoO BOABI Ha COAEp)KaHHE
CBHHIIA TIPOU3BOAMICS B COOTBETCTBHHU ¢ MeTomukon [THJ] @ 14.1:2:4.140-98, HrxHWMI
npenen gyBctButenbHOCTH — 0,0002; xagmust — [THI @ 14.1:2:4.140-98, amxHMiA npexen
gyBctBUTenbHOoCcT — 0,00001; memu — TIHJ @ 14.1:2:4.140-98, mwkauii npenen
gyBcTtBuTenbHOoCcTH —  (0,0001, 1wmaKa — M-MBMU-539-03, HwxkHUI npexen
yyBcTBuTenbHOCTH — 0,001. Bce yka3zaHHBIE TSOKENbIe METaUTbl OBUTH H3MEpPEHBI
npubopom AAC KBAHT-Z-3TA. TIpoOsl AOHHBIX OTIOXKEHHUH Mg ananusa Pb, Zn, Cu,
Cd otbupanuces nmpodboorbopaukoM-gHouepnatenem J[U-0.034 cormacao 'OCT 17.1.5.01-
80 B moBepxHOCTHOM cioe (0—2 cm). [IpoOBI JOHHBIX OTIIOKEHUH OTOMPAINCH B TEX XKe
TOYKaX, 4T0 ¥ mpoOsl Bomsl (puc.l). [IpoOsr oTOMpanuch €XeromHo, B JIETHUHN MEPHOLI.
Onpenensuuch BaJoOBbIe POPMBI TSHKEIBIX METAIIOB. XUMHYESCKUH aHAIHU3 P00 JOHHBIX
OCaJIKOB MTPOU3BOIIMIICS B COOTBETCTBUM ¢ MeTonukori M-MBU-80-2008, HuxHMIA npeaen
YyBCTBUTEIBHOCTH CBHUHIIA, MeaH U ImHKa coctaBmi 0,0005 mr/r; kagmust — 0,00005 mr/t.
Bce ykazanHble Tspkenble MeTauibl ObutH m3Mepensl puoopom AAC KBAHT-Z-DTA.
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Puc.1. PaiioHpl uccnenoBaHus W TOYKH OTOOpa MPOO BOABI M JOHHBIX OTIOKEHUH
A3zosckoro mops B 2010-2018 rr.
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AHAJIN3 U3MEHEHM S KODOOULIMEHTA JOHHOU AKKYMYJISALAN
TSOKEJIBIX METAJIJIOB OT NX KOHIUEHTPAILIMHN B BOJIE ...

B HacTosiiee BpeMs NpEACTBHO-AONMYCTUMOE  3arps3HCHHE MOPCKUX  BOJ
peryimpyercsi 1o CaHUTAPHO-TUTMEHHYSCKUM KpuTepusiM [2]. s MOPCKHMX JOHHBIX
OTJIOKCHUH B POCCUICKHUX TEPPUTOPUAILHBIX BOJAX B HACTOSINEE BPEMS HE CYIIECTBYET
HOPMATHUBHO 3aKPCIUICHHBIX XapaKTCPUCTUK WX KauecTBa IO YPOBHIO KOHIICHTpAIlUH
3arps3HSIONIMX BEIIECTB. XOTS COACPIKAHHE TSHKENBIX METAJUIOB B JIOHHBIX OTIOXKEHHSIX
POCCUIICKMMH HOPMATHBHBIMU JJOKYMEHTAMHU HE PETIAMEHTHPYIOTCS, OJTHAKO CYIIECTBYET
BO3MOXHOCTh OIICHMBATh CTCIICHb 3arps3HCHUSI JIOHHBIX OTJIOXKCHHUN B KOHTPOJIUPYEMOM
paiioHe Ha OCHOBE COOTBETCTBHSI YPOBHS COJCPXKAHUS TSDKEIBIX METAJUIOB KPUTCPHUSAM
HKOJIOTHYECKON OIIEHKH 3arPS3HEHHOCTH TPYHTOB T10 «TOJUIAHICKAM JIHCTam» [ 3, 4].

JlommycTrMbIe YPOBHU KOHIICHTPAIUY JJI1 PACCMOTPEHHBIX HAMH TSKEIIIX METaJIOB
B MOPCKOW BOJI¢ 1O CAaHUTAPHO-TUTMEHUYCCKHMM HOpPMaM W B JOHHBIX OCajKaxX IIo
«TOJITAHJICKUM JIUCTaM» MPEJICTaBICHbI B Ta0I. 1.

Tabmuma 1.

I[OHyCTI/IMHC KOHIICHTPAIIUHU TAXKEIIBIX METAJIJIOB B BOAC U B IOHHBIX OCaJKax

XapakTepucTuka Mertamn

Pb Zn Cu Cd
Kiacc omacuoctu 3 3 3 2
[IpenenbHO MomycTHMast KOHIIEHTPAIUS B MOPCKOM 10,0 50,0 5,0 10,0
Bone (ITJKs), Mxr/n
[IpenenbHO MOMyCTHUMAast KOHIIEHTPALUS B JOHHBIX 85,0 | 140,0 | 35,0 0,8
ocazkax no «rojuanackum jguctam» (ITAK,),
MKT/T CyXOW MaccChl

Takoke 17151 onpeieNieHrs] MEKTOIOBBIX TPEHIOB OBbLIH MCIIOIB30BaHBI TUTEPATYpHBIE
JIAHHBIE 110 COACPYKAHUIO TSDKENIBIX METAJUIOB B BOJE M JOHHBIX OTIOXKEHHUSIX A30BCKOTO
Mops ¢ 1986-2009rr. [5].

CreneHb HaKOIUICHHS TSDKEIBIX METAJUIOB B JIOHHBIX OTJIOXKCHHUSX OICHUBAIN C
nomouipio Kodddurenta noHHONW akkymyssinuu (nanee — KJIA), ompexaensieMsiii 1o

dhopmye:

KJIA = Coo/Csoo0a (1.2),

rie C1o — KOHIEHTpAIUs 3arpSA3HSIONIETO BEIIECTBA B JOHHBIX OTIIOXKEHHSI, MKT/KT;

CBona — KOHIIGHTpAIIHsI 3TOTO BEIIECTBA B BOJIE, OTOOPAHHOW OJHOBPEMEHHO B 3TOM
JKe CTBOPE, MKI/J.

KIA  3akperuieH B «MeTOOMYEeCKHMX  yKa3aHUSIX [0  OCYIIECTBICHHIO
TOCYAapCTBEHHOTO MOHUTOPWHTA BOJHBIX OOBEKTOB B YaCTH OPTraHU3AIMN U MPOBEICHUS
HaOIIONEHUH 32 COJIEp)KaHUEM 3arps3HSIONINX BEIIECTB B JOHHBIX OTIOKECHHUSIX BOTHBIX
00BEKTOBY [6].

Benmuunaer KJIA, paBasie Nx10 (rae N or 1 1m0 9) mpu HU3KWUX KOHIIEHTPAIUSTX
3arps3HSIONINX BEHIECTB B BOIE W JIOHHBIX OTJIOKEHHUAX OOBIYHO XapaKTEPH3YIOT
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00CTaHOBKY B BOJHOM OOBEKTE KaK OTHOCHUTEIBHO YAOBIECTBOPUTENbHYIO (0€3 MPU3HAKOB
XPOHHUYECKOTO 3arps3HEHHUS).

Hesbicokne 3Hadenus KA (nx10-nx10%) u NOBBINIEHHBIE KOHLEHTPALMH
3arps3HSAIOLIMX BEUICCTB B BOJAE YKa3bIBAIOT Ha MOCTYIUIGHHUE B BOAHBIM OOBEKT CBEIKETO
3arps3HEHMSL.

3nauenns KJA, pasabie ot nx10° go nx10* mpu KOHUEHTpaLUAX 3arps3HSIOIIETO
BEIllECTBA B BOJAE, CYIIECTBEHHO NpeBblmatommx BenuuuHy [1[K, cBuaerenbcTByroT O
BBICOKOM YPOBHE XPOHHYECKOTO 3arpsi3HEHUSI BOAHOTO OOBEKTA.

KJIA paccumThIBamy I KaXXIOW TOYKH, TAe OBLT MPOW3BEICH OTOOP MpoO BOABI U
JOHHBIX OTJIOKEHHH, 3aTeM BBIBOAMJIM CPETHETONOBOE 3HAYCHUE ISl HMCCIEAYEMOTO
paiiona. Bcero Obuto mpoanamu3upoBaHo 1152 mpoObl BOOBI M JOHHBIX OTIOXKCHUH B
nepuox ¢ 2010-2018 rr.

N30 KEHUE OCHOBHOI'O MATEPHUAJIA

B skxocuctemy A30BCKOro MOps TSKEIbIE METAJUIBI MTOCTYNAOT KaK U3 NPUPOIHBIX,
TaK ¥ aHTPOTIOT€HHBIX UICTOYHUKOB, a OJUH U3 TJIABHBIX — PEYHON CTOK, B OCHOBHOM PEK
Hona u KyOanu. Taxke HCTOUHHKAMU TSDKEJIBIX METAJUIOB SIBISIOTCS aTMOC(hepHbIE
0CaJK{, HWHTEHCHU(HKAIHS CYyIOXOJCTBA, CTPOUTEIBCTBO HOBBIX W PEKOHCTPYKIIHS
CYIIECTBYIOIIUX TOPTOB, CTOYHBIE BOJIbI HACEJNEHHBIX MYHKTOB, PACIOJIOXKEHHBIX Ha
nobepexnbe.

CopOuust TSDKEIBIX METaUIOB JOHHBIMU OTJIOKEHHUSIMH 3aBHCUT OT OCOOEHHOCTEH
ux coctaBa. Hamnbornee pacnpocTpaHeHbl B MOPE TIIMHUCTO-WIMCTBIE ocaaku ((pakuus
0,01 MM — ux 6onee 70 %). Cepble 1 TEMHO-CEpBIE HJIBI JOKAJIbHO HAKAILIMBAIOTCS BO
BIAQJMHAX JIMMAaHOB M 3aJIMBOB, B BBITAHYTHIX JIOKOMHaX MEXAy OaHKaMHu.
CenuMeHTorenesy A30BCKOTO MOpsi TakXke MPHUCYIl CMEIIAaHHBIM THUI JOHHBIX
oTNIOKeHMA., VX OTIUYMTENbHAS YepTa — CMECh B OJIM3KHUX MPONOpHHIX (pakiuid uia,
ajeBpuTa W IECKa, BKJIIOYAs HETPUT. Apeanbl CMELIaHHBIX OCAJAKOB TIATOTEIOT K
npHOPeKHOMY IIENb(]y, K MOTHOXKHIO BCEX 3HAYUMBIX 0aHOK OTKPBITOTO MOPS, a TaKXKe
K LIEHTPY MOHM)KEHUS THA B KPYIHBIX 3anuBax [7].

Ceuney. Ha puc. 2a mpencraBieHsl pe3ylbTaThl MHOTOJIETHHX HaONMIOMeHUN 3a
U3MEHEHHEM OCPEIHECHHBIX KOHIIEHTpPAalWid CBUHLIA B BOJAE COOCTBEHHO MOpS,
Taranporckoro 3anuBa u B niepuon ¢ 2010 mo 2018 rr. B Kepuenckom nposnuse.

Ha pucynke BumHo, uto ¢ 1991 mo 2002 r. comepkaHue CBHHIIA B BOJAE ITHX
peruoHoB ObLIO Ha TOPSANOK BenmnuuH Menbine, yeM [IJIKB. Haumnas ¢ 2003 r. Obuia
OTMEYEHa TEHJCHINS YBEIWYEHHUS 3arpsi3HEHUsI BOJ OTKPBHITON YacTH A30BCKOTO MOpS
CBHHIIOM, a KOHIICHTpAIUs CBUHIIA B Bojie Taranporckoro 3anusa B 2011-2013 rr. Oblia
onuskoii k I[TJ1KB.

B oaror e mepuon 3arps3HeHHME BOABI CBUHIOM B KepueHCKOM MpojuBe
npesbimaio, win oeuto onm3kuMm Kk T1JIKB. IpencraBnennsie Ha Puc. 20 pe3ynbraThl
onpenenennii B 1991-2018 rr. KOHIIEHTpaIlMK CBUHIIA B TIOBEPXHOCTHOM CIIO€ TOHHBIX
OTJIOKEHHM TI0Ka3ajl, YTO WX 3arps3HEHUE CBUHIIOM 3a BCE TOJbl HE IPEBBHIIIAJIO
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AHAJIN3 U3MEHEHM S KODOOULIMEHTA JOHHOU AKKYMYJISALAN
TSOKEJIBIX METAJIJIOB OT NX KOHIUEHTPAILIMHN B BOJIE ...

HI[KI[O. HpI/I OTOM HU3KHM 3HAUYCHUAM KOHICHTpAlMU CBUHIIA B BOAC COOTBETCTBOBAJIN
0oJice BBICOKHE YPOBHH €TI0 COACP)KAHUA B TIOBEPXHOCTHOM CJIO€ TOHHBIX OCaJIKOB.
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Puc. 2. KoHieHTpanuu CBHHIIA B COOCTBEHHO MoOpe, TaraHporckoMm 3ajiuBe U
Kepuenckom nponuse: a) koHrentpaus Pb B Bome (MKr/i); 6) KOHIIEHTpAIHs CBUHIA B
MOBEPXHOCTHOM CJI0€ JIOHHBIX OTJIOKEHUHN (MKT/T CyXOH Macchl).

B 1991-2010 rr. orTMeyanochb MOPAKTUYECKH CUHXPOHHOE  HU3MEHEHUE
KOHILIEHTPALIMU CBUHIIA B OcaAKax TaraHporckoro 3ajivMBa U OTKPBITOM 4acTH A30BCKOIO
Mops, a B 2011-2018 rr. ero comepskanue ObUIO 0OJice BEICOKMM B JJOHHBIX OTJIOXKEHUIX
OTKPBITOM yacTu A30BCKOTO MOPSL.

KA nnst cobcTBeHHO MOps 32 BECh IEpUOJI UCCIIEA0BaHMS HAXOJWICS B AMANIa30HE
oT 566 no 50769, cpennee 3nauenme KJIA coctaBusier 17952; ans Taranporckoro
3amuBa — 988-48592, cpennee 3nauenne KJIA — 15561; mns Kepuenckoro mponusa
355-713, mpu cpeanem 3Hauenmn KJIA — 406. Takum o0Opa3oM, B OONBIIMHCTBE
ciyuaeB BennuuHbl KJ[A B coOCTBEHHO Mope M B TaraHporckoM 3ajuBe OBUIM paBHBI
nx10% 4To yKa3bIBaeT Ha XPOHMYECKOE 3arps3HeHHe >THX paioHoB. s Kepuenckoro
nponuBa, Ha ()OHEe BHICOKMX KOHLEHTpAlWi cBHHLA B Bojae, npesbimaromux [1/IKB
(cpenusisi kouuentparus Pb 3a mepuon 2010-2018 rr. cocramser 12,4 Mxr/m mpu
nuanasone ot 6,9 mo 17mkr/n), xapakTepHsl HeBbicOKHe 3HaueHust KJIA (nx10?), uro
YKa3bIBaeT Ha NOCTYIJICHUE B JAHHBIH PailoH CBEKEr0 3arps3HEHUsI.

Uccnenosanue tpenna mameHenus KA cBUHLIA OT €ro KOHLEHTPALUH B BOJE
co0CTBeHHO Mopsi U TaraHporckoro 3ajauBa 3a 27-JCTHHM MEPHOJ MOKa3ajlo, YTO 3Ta
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3aBUCUMOCTH C BBICOKOW CTEIICHBIO CTATUCTHYCCKON IOCTOBEpHOCTH (K03 duirie HraMu
nerepmuHanuu R?=0.96 u 0,95, COOTBETCTBEHHO) JIOKHTCA Ha NPAMYIO JIMHHMIO Ha
rpaduKe ¢ JIOrapu(GpMHUIECCKAMHI MacIITabaMu 110 OCsAM opauHaT (puc. 3).
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Puc.3. 3aBucumocts uzmenenusa KJIA cBHuHIIA OT €ro KOHUEHTPALUH B BOJE.

[IpencraBneHHble Ha puc. 3 MaTepuaidbl CBUACTEIHCTBOBAIH, YTO IOBBIMICHHAS
WHTEHCUBHOCTh CEJIMMEHTAIlMOHHOTO0 CAMOOYHUIICHHUS BOJ MPH HU3KUX KOHIIEHTPAIMSIX
CBUHIIAa B BOJe oOecneunBanach BbiCOKOM (mpu KA nx10*  enunum)
KOHIIEHTPUPYIOMIEH CHOCOOHOCTHIO MOHHBIX OTNIOkKeHWH. C yBEeIMYCHHEM CTEleHHU
3arps;3sHeHus Boj cBHHIOM 1o 10 mkr/m BenmunHa KJJA cHukanace Oosiee 4yeM Ha JBa
MOpSJKa BEJIMYMH M, COOTBETCTBEHHO, YMEHBINAJCS BKJIAQA CEIUMMEHTAIMOHHBIX
MPOIIECCOB B CAMOOYHINICHNE BO/I.

Hunk. I'eoxuMUUYecKUe XapaKTEePUCTUKU PaCIpeaesICHus ITUHKa B A30BCKOM MOpe
npenctaBiensl Ha Puc. 4. Ha HeM BWAHBI TPEHIBI BO3pacTaHMs KOHIEHTpauuu Zn B
Bome ¢ 2010 roma. (puc. 4a) W 3aBUCHMOCTH COOTBETCTBYIOMIETO YOBIBAaHHS €ro
co/iepKaHMsl B JIOHHBIX OCaJIKax B J3TOT Iepuoj BpemMeHu (puc. 40). CpemHeromoBas
KOHIICHTpaIus muHKa B Bojae npepbicuia [IJIKB Toapko B 2014 1., a B TOHHBIX OCaJKax
OHa HE JOCTHTAJa IOMYCTUMBIX YPOBHEH BECh MEPHO] HAOIOIEHUH.

KJIA nmHKa B COOCTBEHHO MOpe Haxoauics B nquamnazoHe 579-35373, npu cpennem
3HaueHuu 8941; B Taranporckom 3anuBe — 132145455, cpennee 3nayenue — 10265; B
Kepuenckom mponuse KJIA muHKa oT™MeueH B mpeaenax 676—1947, cpennee 3HaueHUE
cocraBmiio 1155.

[Ipencrapnennbie Ha Puc. 5 rpaduueckue Marepuaibl CBHAETEILCTBOBAIM, YTO
3aBUCUMOCTh HM3MeHeHus: KJIA 1uHKa Npu pa3inyHBIX €ro KOHIIGHTPAIUSAX B BOJE
coOcTBeHHO MOpsi M TaraHporckoro 3ajauBa C JIOCTAaTOYHOW CTEMEHBIO aIEKBATHOCTH
(R?=0,76) onuceiBaeTcst ypaBHEHHEM NPSAMOM JIMHUM B JIorapudMuueckoM mMacmrabe 1o
OCSIM OpJUHAT.
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Puc. 4. KoHuieHTpaIuu 1iMHKa B COOCTBEHHO Mope, TaraHporckom 3ajiuBe u
Kepuenckom nponmBe: a) KoHIEHTpaIusa ZN B Boje (MKr/i); 0) KoHIEeHTpaus ZN B
MMOBEPXHOCTHOM CJIO€ JJOHHBIX OTJIOXKEHHH (MKT/T CyX0# Macchl).
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Puc. 5. 3aBucumocts m3menenus KJ{A muHka oT ero KOHIEHTPAIlUU B BOJIE.
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Meowb. AHamU3 reOXUMHYECKHX XapaKTEPUCTHUK PACTIPECIICHUS MEIH TI0Ka3aj, YTO
B mepuon ¢ 1991 mo 1995 r1r. ee KOHIGHTpamus B BOJIE COOCTBEHHO MOpPS U B
Taranporckom 3aJiMBe CHIDKANIAch, a 3aTeM B 000WX pakoHax u B KepueHCKOM IIPOJIHBE
HAO0JIFOIAJICS TPEHI YBEIIMUCHUS 3arPsI3HEHUS BOJ MEJIbIO.

Konnenrtpamust menu B Bojge A30BCKOTO MOpPS B pPa3iMYHBIE TONBI MpPEBHIIIANa
ITIKB (puc. 6a). ITpessimenust [TIKB Meau B coocTBeHHO MOpe dukcupyrotes ¢ 2010 r.
U 1o Hacrosimee Bpems, pocturas B 2017 r. 8,1 mkr/n. B Taranporckom 3ajimBe 3a
MOCJICIHUE TIATh JIET COAEep)KaHWe MEIN B BOJC HAXOAMUTCSA B auamasone 3,5-5,1 mkr/i.
B Kepuenckom mponmBe, HaumHas ¢ 2010 1. 3Hadenus memu mpesbimaroT 11JIKB u
HaxomaTcs B mpemaenax 6,9-16,8 mkr/ia. Hamuuue BBICOKOTO COAEpKAHHS MEIH B
BOJIOEME OYCHb OIMACHO, TAK KaK MPUBOAUT K aKTUBHOMY IOTJIOIICHHIO 3TOTO MeTalljaa
OMONOTHYECKOH Cpeoif, YTO B CBOIO OUYEpENbh MOXKET NMPUBECTH K 3a00JIEBAHHSIM Kak
caMoii peIObI, TaK M MOTPEOJISIONIETO €€ B MHUIIY YeTOBEKa.
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Puc. 6. KonmeHTpanmuu menu B COOCTBEHHO Mope, TaraHporcKOM 3alluBe H
Kepuenckom mponuse: a) xkoHmentpanus CU B Boje (Mkr/m); 0) xonmeHtparus Cu B
MOBEPXHOCTHOM CJIO€ JOHHBIX OTJIOXKECHHH (MKI/T CyXOi MacChl).
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Pacnpenenenne Meau B MOBEPXHOCTHBIX — CJIOSX  JIOHHBIX — OTJIOKCHHUU
COOTBETCTBOBAJIO OOpATHON TEHJICHIIMH — YeM BhINIE OBUIH €¢ KOHIICHTPAlluu B BOJIE,
TeM MEHBIIUM OBLJIO €€ COAep)KaHHEe B JOHHBIX OTIOXKEHHAX (puc. 60). D10
CBHJICTEILCTBOBAJIO O MPOSBICHUHU () (eKTa HACHIIICHUS MEIBIO JIOHHBIX OTIIOKEHUHN IO
Mepe BeIWUYCHUsI e¢ KOHIIGHTPAallMu B BOJie. B TO ke Bpemsi, KOHIICHTpAIHsS MEIH B
mepuox ¢ 1995 mo 2005 rr. gocrurana KpuTwdeckux mnpenenoB (Beime I[1JIKmo)
coJlepKaHMsI ATOr0 MeTalljia B MOBEPXHOCTHOM CJIO€ IOHHBIX OTJIOKEHUH. B HacTosmiee
BpeMsI KOHIICHTpPAIUA MEAW HaxoauTcs B npezenax 1,4—10 Mxr/r B coOCTBEHHO Mope,
7,1-30,9 mkr/t B Tarauporckom 3ajiuee u 7,2-20,0 B KepueHCcKOM IIpOITHUBE.

Junanazon KJ[A menu B coOCTBEeHHO Mope Haxoawics B mpenenax 500-54286,
cpennee 3HaueHue coctaBuiio 10378; B Tarauporckom 3anuBe KA cocrtasisin ot 804
mo 97500, mpu cpemunem 3HadeHun 10707; mans KepueHckoro mposimBa TOTydYEHBI
sHaueHuss KJA ot 956 no 3959, cpennee 3nauenmne — 1714. Takum oOpazom, ypoBeHB
KJIA ™Memu OTKpBITOW YacTH MOpsS M TaraHpOrcKoro 3ajuBa CBHUACTCILCTBYIOT O
BBICOKOM YPOBHE 3arpsi3HEHUS BOJHOTO 0OBEKTA.

3aBucumocTh Mexay KA menu oT ee comaepaHusi B BOAHOW cpeme (puc. 7),
TAaK)XC, KaK M s CBUHIA M IHHKa OIIMCBIBACTCA YPaBHCHHUEM HpHMOfI JIMHUHU B
JOTapu(pMUYECKUX MaciiTabax IO OCSIM OpPJUHAT, HO C MEHBIICH CTaTUCTUYECCKOM
noctoBepHOcThIO (R?=0,69).
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Puc. 7. 3aBucumocts uzmenenus KJIA mMenu ot ee KOHIIEHTPAIMH B BOJIE.

Kaomuii. PaccMoTpeHre MaTepHaloB 10 paclpeielIeHuI0 KaaMus TI0Ka3ajo, 9To C
1993 o 2009 rr. HaGMIOAAJNCSA TPEHJ MEJICHHOTO CHUXKEHHUS €r0 KOHIIEHTPAIMHA BOJIE
OTKPBITOM 4acTH MOpsi U B TaraHpOrcKoM 3ajiuBe ¢ mocieayomuM nukom B 2010-2014
rr. (puc. 8a). 3a Bech mepHWoA HWCCIEAOBAHMS KOHIIGHTpAIMS KaJMHSI BO BCEX
paccMaTpuBaeMBbIX JacTax Mops He npesbimrana [1J1Ks.
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Pacnipenenenue kaaMusi B TIOBEPXHOCTHOM CJIO€ JOHHBIX OcagkoB (puc. 80) mo
2010 r. cHmKaNack, Mocye 4ero ObIT OTMEYEH MUK €€ YBEITNYeHHS B COOCTBEHHO MOpE U
B Kepuenckom nponuse (B paiione mopra KaBka3z B 2018 r. KoHLEHTpalus KaaMHs
JOCTUTIIA TOMYCTUMYIO KoHIeHTpauuto 0,8 MKr/r).
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Puc. 8. KoHuenrpanuu kaaMusi B COOCTBEHHO Mope, TaraHporckom 3aiuBe W
Kepuenckom mponuse: a) konnenrpauus Cd B Boge (Mkr/in); 6) konuentpaims Cd B
MOBEPXHOCTHOM CJI0€ JOHHBIX OTJIOXKEHUH (MKT/T CyXO# Macchl).

Cpennee 3nauenue KJIA 3a nepuoa ¢ 1991 nmo 2018 roas! ans coOCTBEHHO MOps,
Taranporckoro 3amuBa u Kepuenckoro mponuBa coctaBmwio 965, 1181 u 301,
COOTBETCTBEHHO. J[aHHBIE 3HAUEHUS YKA3bIBAIOT Ha XPOHUYECKOE MOCTYIUICHUE KaJMUs
B 9KOCHCTEMY A30BCKOTO MODSL.

3aBucumocTh KJIA xaamMusi OT M3MEHEHHS €0 KOHIICHTPAIIMH B BOJIE OMHICHIBAIACH
ypaBHEHUEM MPSIMOY JIMHUY ¢ Jorapudmuueckum macirraboM 1o ocsim (KIA—Cs) (puc.
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9) mpuM CTaTHCTUYECKOH 00ECHEeYeHHOCTH NaHHBIX ¢ KO3((UIUEHTOM AeTepMUHALUU
R2=0,78 mis cob6eTBenno Mops u R?=0,83 s TaraHporckoro 3aimsa.
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Puc. 9. 3aBucumocts uzmenenus KJ{A kaaMus OT ero KOHIEHTPAIIUU B BOJIE.

BBIBO/bI

AHanu3 Moay4yeHHBIX Pe3yJIbTaTOB IIOKa3ajl, YTO AOHHBIC OTJIOXKEHUS B CPAaBHEHHUU
C BOJIHOM Maccoil XapaKTepHU3YIOTCS HEKOTOPHIM OTCTaBaHHEM HPOIIECCOB HAKOIIJICHMS
TSDKENBIX MeTaJUIOB. HanOonbmuM HAKOIUIEHUEM B JOHHBIX OTJIOXKCHUAX OTJIHNYAIOTCA
cBuHel U Menb, KIIA KOTOpPBIX COCTAaBISIOT B CPEAHEM 3a BECh NEPUOJ HCCIEIOBAHU
nx10*. HauMeHbIIMMH MOKA3aTENSAMH XapaKTEpPHU3YeTCs IMHK, KOHIEHTPALUU 3TOTrO
MCTaJllIa HC3HAYUTCIIbHBI B JOHHBIX OTJIOKCHUAX 11O CPAaBHCHUIO C BOJAHBIMH MacCCaMMU.

K paifonam HaumOOJIBIIETO aKKyMYJIHPOBAaHUS METAJUIOB B JOHHBIX OCaJKax B
pa3iIuyHbBIe MEPUOAbI MCCIEN0BAaHUM OTHOCUTCS TaraHporckuil 3aiMB M LEHTpajbHAas
4acTb COOCTBEHHO Mops. s STHX palioHOB XapaKTEPHO pacHpOCTPaHEHHE HMIIMCTHIX
MECKOB, KOTOPBIC OTIMYAIOTCS BHICOKOH aKKyMYJIHUPYIOIIEH CIIOCOOHOCTBIO.

Y4acTKN NMOBBIIIEHHON aKKYMYJISILIUY TSDKENBIX METAJUIOB B A30BCKOM MOPE MOTYT
OBITH PACCMOTPEHBI KaK NMOTEHLUAIBHO ONAacHbIe, CHOCOOHBIE PU U3MEHEHUN (U3UKO-
XUMHUYECKUX yCJ’IOBI/Iﬁ CpCabl 000raTuThH BOJHBIEC MaCChl JOIIOJHUTCIbHBIM KOJINYECTBOM
TSKEJBIX METaJJIOB.
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ANALYSIS OF CHANGES IN THE COEFFICIENT OF BOTTOM
ACCUMULATION OF HEAVY METALS FROM THEIR CONCENTRATION IN
THE WATER OF THE SEA OF AZOV
Bufetova M. V.

Russian state geological prospecting University Sergo Ordzhonikidze (MGRI), Moscow, Russian
Federation
E-mail: mbufetova@mail.ru

The sea of Azov has significant economic and recreational potential and has the status
of a fishing reservoir of the highest category.

Priority pollutants in marine ecosystems include heavy metals, which are highly
accumulative and highly toxic. A significant part of heavy metals accumulates in bottom
sediments. However, under certain conditions (wind turbulence, changes in pH, total
mineralization, water content, dredging, etc.), heavy metals can pass into the water
column, causing secondary contamination.

According to the List of pollutants subject to state regulation in the field of
environmental protection [1], lead, cadmium, copper and zinc are classified as toxic,
representing a high risk to biological systems. Thus, the study of the concentration
levels of heavy metals in the water and bottom sediments of the sea of Azov is an urgent
problem.

This work is devoted to the study of long-term trends of changes in the coefficient of
bottom accumulation of Pb, Cd, Cu, Zn from their concentration in the water of the sea
of Azov proper, the Taganrog Bay and the Kerch Strait. The paper used data on the
concentration of Pb, Zn, Cu, Cd in water and bottom sediments in 2010-2018, provided
by the Federal state University «Azovmorinformcenter» in cooperation with the
Department of ecology and natural resources of MGRI.

The degree of accumulation of heavy metals in bottom sediments was estimated using
the bottom accumulation coefficient (BAC)

Pb. Among heavy metals, Pb has the highest sorption capacity on the surface of clay
particles. BAC for the open part of the sea of Azov for the entire period of research was
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in the range from 566 to 50769, the average value of BAC is 17952; for the Taganrog
Bay-988-48592, the average value of BAC-15561; for the Kerch Strait-355-713, with an
average value of BAC — 406. Thus, in most cases, the values of BAC in the sea proper
and in the Taganrog Bay were equal to nx104, which indicates chronic pollution of
these areas. For the Kerch Strait, against the background of high concentrations of Pb in
water exceeding the maximum permissible concentration (the average concentration of
Pb for the period 2010-2018 is 12.4 mcg/l in the range from 6.9 to 17mcg/l), low values
of BAC (nx102) are characteristic, which indicates the arrival of fresh pollution in this
area. The study of the trend of changes in BAC Pb from its concentration in the water of
the sea proper and the Taganrog Bay over a 27-year period showed, that this dependence
with a high degree of statistical confidence (determination coefficients R?=0.96 and
0.95, respectively) falls on a straight line on the graph with logarithmic scales along the
ordinate axes.

Zn. The BAC of Zn in the sea proper was in the range of 579-35373, with an average
value of 8,941; in the Taganrog Bay-1,321-45455, the average value-10265; in the
Kerch Strait, the kDa of zinc was 676-1947, the average value was 1,155.

The graphic materials showed that the dependence of changes in the BAC of Zn at
different concentrations in the water of the sea proper and the Taganrog Bay with a
sufficient degree of adequacy (R?=0.76) is described by the equation of a straight line on
a logarithmic scale along the ordinate axes.

Cu. The range of Cu BAC in the sea proper was within 500-54286, the average value
was 10378; in the Taganrog Bay, the BAC was from 804 to 97500, with an average
value of 10707; for the Kerch Strait, the BAC values were obtained from 956 to 3959,
the average value was 1714. Thus, the level of Cu BAC in the open part of the sea and
the Taganrog Bay indicate a high level of contamination of the water body.

The dependence between the BAC of copper on its content in the water environment, as
well as for lead and zinc, is described by the equation of a straight line in logarithmic
scales along the ordinate axes, but with less statistical confidence (R?=0.69).

Cd. The average BAC for the period from 1991 to 2018 for the sea proper, the Taganrog
Bay and the Kerch Strait was 965, 1181 and 301, respectively. These values indicate a
chronic supply of cadmium to the ecosystem of the sea of Azov.

The dependence of BAC of cadmium on changes in its concentration in water was
described by the equation of a straight line with a logarithmic scale along the axes with
statistical data availability with a coefficient of determination R?=0.78 for the sea proper
and R?=0.83 for the Taganrog Bay. Analysis of the obtained results showed that lead
and copper differ in the greatest accumulation in bottom sediments. The average BAC
for the entire study period is nx10% The lowest indicators are characterized by zinc, the
concentration of which is insignificant in bottom sediments compared to water masses.
The Taganrog Bay and the Central part of the sea proper belong to the areas of the
greatest accumulation of metals in bottom sediments during various periods of research.
These areas are characterized by the spread of silty sands, which are characterized by a
high accumulation capacity.
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Areas of increased accumulation of heavy metals in the sea of Azov can be considered
as potentially dangerous, capable of changing the physical and chemical conditions of
the environment to enrich the water masses with additional amounts of heavy metals.
Keywords: sea of Azov, heavy metals, pollution, bottom sediments, accumulation
coefficient.
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