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BeepeHue

MccnepoBaHmMa COCTOAHMA W 3arpA3HEHHOCTM MOPCKOM cpedbl B CeBepo-3anagHoOM 4actu
Kacnuiickoro mopa B8 2013 roay ctanu npogosikeHnem pabot, HavaTbix B 2012 r. B COOTBETCTBUM C
«[porpaMmon MOHUTOPUHIA TPAHCIPAHMYHbIX BOAHbIX 06beKkToB Kacnuickoro mopa Ha 2012-2014 rr.»,
yTBEpKAeHHON YM3A Pocrugpomera.

O6beKkTOM MccnenoBaHWM B COOTBETCTBUM C AAHHOW MPOrpammoit ABAAETCA ceBepo-3anagHas
yactb Kacnuniickoro mopsa, orpaHMYeHHasa co CTOPOHbI cylwn 6eperoBo AMHMen PP, a co CTOpOHbI Mops
—  MeXAYHapOoAHbIMU JIMHUAMM pasrpaHUYEeHMA MOPCKOrO [JHa B UenAX HeAporno/ib30BaHuS,
YCTaHOBJIEHHbIMW B COOTBETCTBUM C COFNALIEHMAMM, KoTopble Poccuiickas ®epepauma 3akaoumna ¢
Pecnybnukoit KasaxctaH n AsepbangrkaHckoi Pecnybaunkoi B nepuog c1998 no 2002 roa. JaHHas
aKBATOPMA MMEHYETCA POCCUUACKMM CEKTOPOM HeApononb30BaHWA KacnuiicKoro mops (COKpalleHHo
PCHM). CooTBEeTCTBEHHO K TPaAHCrpaHW4YHbIM BOAHbIM Ob6beKkTam Kacnuiickoro mopa OTHOCATCA
CeBepHblit U CpeagHuii Kacnuii — yacTu Mops, MMetoLlne 4epTbl COOCTBEHHOTO pPeXmnma, B npeaenax
KOTOpbIX pacnonoxeH PCHIT.

OcHoBHble 3agauyun «lporpammbl MOHUTOPUHIA TPAHCTPAHMYHbIX BOAHbIX 06beKToB Kacnuitckoro
mops Ha 2012-2014 rr.» onpeaeneHbl cnepyowmm obpasom:

— BO306HOB/IEHWE CUCTEMATMYECKUX HABAtOAEHWUI 33 3arpA3HEHMEM MOPCKOM cpebl Ha BEKOBbIX
pa3pesax CesepHoro Kacnus, rae oHu 6ol npekpalleHbl B Hadyane 90-x rooB NpoLLIoro CToeTus;

— paclumpeHue ceTu HabnwaeHU 3a 3arpsA3HEeHMeM MOPCKOM cpedbl 3a CcyeT CTaHUWi,
pacnonoeHHbIx no nepumetpy PCHI, 1 cTaHUMIM MeXKAyHAapOAHOM NPorpammbl MOHUTOPUHTA;

— COBEpPLUEHCTBOBAHME METOA0B M TEXHONOIMMWA AMarHO3a 3arpA3HEHHOCTM, OLLEHKM KayecTBa
MOPCKOW cpeapbl;

— yBe/NIMYeHUe NOSIHOTbI, LOCTOBEPHOCTU U 3HAUYMMOCTU MHGOPMALMU O COCTOAHUN U 3arpsA3HEHUM
Kacnuiickoro mops, npeaocTaBasemoi notTpebutensam;

— BbINOJIHEHME MeXAyHapoAHbiXx 06s3aTtenbctB PP No  OCyWECTBNEHUIO COBMECTHOro
MOHMUTOPUHra Kacnuickoro mops.

B 2013 rogy B pamKax «[lporpammbl MOHWUTOPWMHIA TPAHCTPAHMYHbIX BOAHbLIX OOBEKTOB
Kacnuinckoro mops Ha 2012-2014 rr.» 6blAn NpoBeAeHbl TPU LIMPOKOMACLUTabHble 3KcneauumMmn w
BbiNOJIHEH 60/bWoON 06bem 1abOPATOPHbIX WCCAEAOBAHUIA, B KOTOPbIX MNPUHMMANW y4acTue
CNeunanmncTbl onepaTMBHO-NPON3BOACTBEHHbIX M HAayYHbIX yupexaeHui Pocrmgpometa: AcTpaxaHCKOro
n OarectaHckoro LUIMC, KacnuiicKoro mMOpPCKOro Hay4dHo-uccnegoBatenbckoro ueHtpa (KacnMHULY),
locyaapcTBeHHOTo okeaHorpaduyeckoro nHctutyTta (FOWH), HayyHo-nponssoacTBEHHOTO 06begMHEeHUS
«TalidyH». Ha ocHOBe MOJIy4eHHbIX MaTepuanos Obli NOArOTOBAEH 4-X TOMHbIN HayYHO-TEXHUYECKUI
oTyeT.

B HacTosem 0630pe B 0606LWeHHOM BMAE NpeacTaBieHbl OCHOBHblE pe3y/bTaTbl UCCeL0BaHWMN,
BbINOMHEHHbIX B 2013 roay. O630p COCTOMT M3 HECKONIbKMX pa3aenoB. [epBbili pasgen ComepKut
UHbopMaumio 06 opraHusauuMm M nposeneHUN paboT. [anee cnenyloT pasfenbl, XapakTepusyolime
r’MAPOJIOrO-TMAPOXMMUYECKME,  JINTONIOTO-XMMUYECKME  YCNOBWUA,  MPOCTPAHCTBEHHO-BPEMEHHYIO
M3MEHUYMBOCTb 3arpsA3HEHHOCTU MOPCKUX BOJA M [OOHHbIX OT/IOXKEHWA B Nepuos nposBeseHus
3KCNeaULMOHHbIX paboT. OTaenbHble pasgenbl NOCBAWEHbI KOMMJIEKCHOM OLeHKe 3arpA3HeHus
MOPCKOM cpefibl M pe3y/ibTaTamM CheumanbHblX UCCNenoBaHWn, BbINOAHEHHbIX B 2013 roay B pamkax
Hay4YHO-TEXHUYECKOro obecrneyeHms MOHUTOPMHIA TPAHCTPAHUYHbIX BOAHbLIX 0OBbEKTOB. 3aBepluaeTca
0630p NogBeAeHNEM OCHOBHbIX UTOFOB BbIMOJIHEHHbIX PAabOT.



1. OpraHusauua n nposeaeHue pabor

B 2013 roay 3KcneauMUMOHHble paboTbl B pamKax

MOHUTOPUHIA TPAHCTPaHUYHbIX BOAHbIX

06beKToB Kacnuiickoro mops BbinoHAAMUCh B 10 pailoHax 1 Ha 7 pa3pesax (B T.4. 3 «BeKOBbIX»), Ha 104

MOPCKMX NyHKTax (oKeaHorpapuyeckmnx ctaHumsax) (puc. 1 v tabn. 1).
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Puc. 1 Cxema pacnonoxeHmnAa NyHKToB Ha6J'IPO,EI,eHVII‘;I 3a COCTOAHUNEM U 3arpA3HeHneM

TpaHCrpaHMYHbIX BOAHbIX 06beKToB Kacnuiickoro mopa 8 2013 roay



dKcneanuMOoHHble PaboTbl BbINOAHAAMUCL B 3 3Tana. MMepBblit 3Tan oxBaTbiBaa nepuos ¢ 18 uona
no 5 aBrycra, BTOpoi — ¢ 5 ceHTAbpA no 2 okTabpsa, TpeTnin — ¢ 10 Hosbps no 16 aekabpa. Ha BTopom
3Tane ucciego0BaHUA NPOBOAUANCH MO MOJIHOM Nporpamme, Ha NePBOM M TPETbEM — MO COKPALLEHHOW
(neTom palioH uccnegoBaHMn MOKPbIBA OTKPLITYHO YacTb CeBepHoro Kacnus n npubperkHyto akBaTopumio
CpegaHero Kacnus; nosaHel oceHbto — CeBepHblit Kacnuii u npnbpexkHyto akeatopua CpegHero Kacnus).

Ons ynobctea akBatopua PCHI 6bina pa3buTa Ha [ABe 30HbI OTBETCTBEHHOCTU: 1) 30Ha
OTBeTCTBEHHOCTU AcTpaxaHckoro LIFMC, koTopas BKto4yana B ceba CeBepHblii Kacnuii (3a MCKAOYeHUEM
Kusnspckoro 3anmBa); 2) 30Ha oTtBercTBeHHOCTM [arectaHckoro LIFMC, KoTopas BKatoyana B cebs
Kusnapckuit 3anms u CpeaHnia Kacnuit,

B aKcneAnUMOHHbIX paboTax MPUHUMANM ydactue cyfa, 0bopyaoBaHHble BCEM HEOHXOAMMbIM
ONA NpoBeAeHMA 3KCNeAUUMOHHbIX PaboT B Me/IKOBOAHbIX M rNyboKOBOAHbLIX palioHax Kacnuiickoro
Mmops (CNYTHMKOBOW HABUTaLUMOHHOW CUCTEMOWN, METEOPONOrMYEeCcKOn CTaHUMen, rMAapoaornyeckon
nebeakon, npubopamu gns otbopa Npob 1 NpoBeaeHUS XMMUYECKMUX aHann3oB 1 aHsA).

Bce cynoBbie METEOPOIOrMYECKUE, TMAPOSIOTMYECKUE U TMAPOXMMUYECKUE HAabNOAEHUSA, a TaKXKe
oT6op Npob6 BOAbI, AOHHbLIX OT/IOMEHWA U B3BECU MPOBOAWMAUCH B COOTBETCTBMM C TpeboBaHMAMMU
HOPMaTUBHO-TEXHMYECKMX AoKymeHToB (P, TOCT, TOCT P), HacTaBneHusimM, PYyKOBOACTBAMM,
METOAMYECKUMWN yKaszaHuAMW. [ns npoBeAeHWs HabAoaeHUA U U3MEPEeHUM UCNO/b30BaUCh
NOBEpPEHHbIe CPeACTBa, aTTeCTOBaHHbIe B [0CYyAapCTBEHHOM peecTpe CpeacTB M3MepeHus.

XMMmyeckunin aHanms npob Bofbl, OTOBPaHHbLIX B 30HE OTBETCTBEHHOCTU AcTpaxaHckoro LIFMC, Ha
6UOreHHble 3/1eMeHTbl, a TaKXe Npob BOAbl M OOHHbLIX OTNOMEHMI HA HECTOMKME OpraHuyeckue
3arpasHuTenn (HedrtenpoayKTbl u CMAB) npoBoANICA B aKKpeaAUTOBaHHOW nabopaTtopmnm ACTpaxaHCKOro
Lrmc.

XMUYeckuii aHanm3 npob Boabl, OTOOBPaAHHbIX B 30HE OTBETCTBeHHOoCTM darectaHckoro LUIMC, Ha
6MOreHHble 3/1eMEHTbI, a TaKXKe Ha HecTolMKMe opraHuyYeckue 3arpsasHuTenn (Hedprenpoayktbl n CMAB)
NpoBOAMACA B aKKpeauToBaHHOW nabopatopum [arectaHckoro LUIMC. AHanvM3 npob AOHHbIX
OT/IOXKEHUI, 0TOBPaHHbIX B 30HEe OTBETCTBEHHOCTM [arectaHckoro LIFMC, Ha HecTolKkne opraHuyeckue
3arpAsHMTEIM NPOBOAMACS B aKKpeaMToBaHHOM nabopatopum ActpaxaHckoro LIFMC.

AHaNM3 rpaHy/IOMETPUYECKOTO COCTaBa [AOHHbIX OT/IOXEHUWA, HE3aBUCMMO OT Toro, rae 6biv
oTobpaHbl npobbl, nposogunca KacnMHUL, ¢ npuBneyeHnem cnewmanmsampoBaHHbIX aKKpeaANTOBAHHbIX
opraHusaumii. AHanm3 Bcex nNpob BOAbl, B3BECM W [AOHHbIX OT/IOMKEHWI Ha TAMKe/ble MeTanbl,
HEe3aBUCMMO OT TOro, rAe OHW ObinM oTOOpaHbl, MPOBOAWMICA aAKKPeAWUTOBAHHOW nabopatopui
ActpaxaHckoro LUIFMC. AHanu3z npo6 BoAbl M [OHHbIX OT/NOXMEHWI HaA CTOWKME OpraHuYeckue
3arpasHuTenu (XOM, NMXB, MAY u ¢tanatbl) nposoannca HMNO «TandyH».

MeTeoposiormyeckme HabnogeHUa NPOBOAWMAUCL BO BCEX MYHKTaX, T[MAPONOTMYECKME W
rMOPOXMMMYECKME -TaKKe BO BCEX MyHKTaXx B MOBEPXHOCTHOM W NPWAOHHOM C/MOSX BOAbl, 3a
WCK/IIOYEHNEM MENIKOBOAHbIX PaliOHOB, rAe 3TM HablAeHNA 0XBaTblBa/IN TO/IbKO NOBEPXHOCTHbIN CA0M
BOAbl. JINTONOrO-XMMUYECKME HABMOAEHNA NPOBOANIMCL BO BCEX NyHKTax. OnpeaeneHne HecToMKMx
OPraHMYeCKUX 3arpsasHUTENEN M TAXENblX MeTa/ioB NPOBOAMIOCL BO BCeX Mpobax BoAbl M AOHHbIX
oTnoXKeHuin. OTbop M aHann3 Npob B3BECK NPOBOAM/CA B OCHOBHOM B ME/IKOBOAHbIX paioHax. AHanus
npob6 BOAbl U AOHHbIX OT/IOMEHWI Ha CTOMKME OpraHUMYeckue 3arpAsHUTENIM HOCWUA M3BUMpaTenbHbIN
XapaKTep C OpMeHTaLMel Ha CTaHLMM MeXKAYHAPOLHOM NPOrpamMmmMbl MOHUTOPUHTA.

OpraHn3auMoHHO-MEeTOAMYECKOE U HAay4YHO-TeXHMYecKoe obecneyeHune paboT OCyLLecTBAANOCH
®rey «KacnMHWUL». K HayyHO-TexHUYecKoMy obecnedyeHnto paboT npueaekanuce Prey « F'OUH», drey
«HMNO «TandyH» n 000 «MHPomap». Hay4yHO-TEXHMUYECKMUIN OTYET M HACTOALLMIN 0630p NOArOTOBAEHDI
coBmecTHbIMK ycunuamm OIreY «KacnMHUU» n ®IBY «TONH» nogp pepakumen C.K. MoHaxoBa —
anpekTtopa ®IreY «KacnMHWUL», KaHamAaaTa reorpaduyeckmx Hayk.



Tabnuua l

MepeyeHb paliOHOB M NYHKTOB HAbAOAEHMI 32 COCTOAAHUEM U 3arpA3HEHNEM
TPaHCrpaHWYHbIX BOAHbIX 06beKToB Kacnuiickoro mopa s 2013 r.

HaumeHoBaHue u/ nan Homep NyHKTa KoopanHars!
Aonrota | LUupota
1. NyHKTbI MMM Ha B3mopbe Bonrun
1mn 49° 16’ 05.2” 45° 54’ 56.43”
2mn 49° 08’ 00” 46° 15'00”
3mn 49° 04’ 23.17” 46° 03’ 19.24”
4mn 48° 51’ 25.97” 45° 47’ 06.78”
5mn 48°16'00” 45° 41°04”
6mn 48° 01’ 48.37” 45° 23’ 11.86”
7mn 48° 01’ 00” 45° 37’ 07"
8mn 47° 43’ 35.46" 45° 20’ 48.50”
omn 47° 46’ 08” 45° 23’ 07"
2. Pa3pe3 BocTouHbIit
1B 50° 01’ 05” 45°58'41”
28 49° 51’ 54” 45° 49’ 127
38 49° 41’ 427 45° 38’ 20”
4B 49°32' 02” 45°28' 41"
58 49°21' 22" 45° 17 35”
68 49° 10’ 30” 45° 05’ 35”
78 49° 09’ 36” 44° 49’ 48"
88 49° 09’ 00” 44° 38’ 35”
98 49° 08’ 17” 44° 30’ 36”
108 (cT.4 paspesa V) 49° 01’ 44° 16’
3. Paspes lli THC
3.1 48° 56’ 45° 29’
3.2 48° 56’ 45°21°
3.3 48° 56’ 45°13°
3.4 48° 56’ 45° 03’
3.5 48° 56’ 44° 53’
3.6 48° 56’ 44° 43’
3.7 48° 56’ 44° 33’
3.8 48° 56’ 44° 18’
4. Paspe3 CeBepHbii
1c 48°22' 48" 45° 07’ 08”
2c 48° 24’ 14” 44° 58’ 05”
3c 48° 25’ 55” 44° 47" 53”
4c 48° 27’ 25" 44° 37’ 55”
S5C 48° 29’ 06” 44° 28’ 44"
6¢C 48° 30’ 47" 44° 19’ 19”
7c (cT. 3 paspesa IV) 48°38’ 44° 09’
5. Paspes lllaTHC

3a.1 47° 45’ 44° 55’
3a.2 47° 48 44° 49’
3a.3 47° 52’ 44° 43’
3a.4 47° 54’ 44° 40’
3a.5 47° 56’ 44° 36’
3a.6 47° 58 44° 32’
3a.7 48° 01’ 44° 28
3a.8 48° 04’ 44° 22’
3a.9 48° 08’ 44° 15’
3a.10 (cT.2 paspesa V) 48° 15’ 44° 02’
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MpoaonxeHue Tabn. 1

HanmeHoBaHue 1/ nan Homep nyHKTa Koopaunarsl
HonroTa | LupoTa
6. Kusnapckuit 3anus
1K 47°22' 01” 44° 25’ 48”
2K 47° 28 19” 44°21' 14"
3k 47° 35’ 35” 44° 15’ 54”
4K 47° 43’ 34” 44° 10’ 08”
5k 47°49' 527 44° 05’ 24”
6K (cT.1 paspesa lV) 47° 57" 36” 44° 00’ 00”
7K 47°22' 30” 44° 16’ 55”
8K 47° 30’ 32” 44° 11’ 53”
9K 47° 37 48" 44° 05’ 35”
10K 47° 24’ 58” 44° 07’ 08”
11k (cT. 8mn) 47° 30’ 32” 44° 00’
7. lonatuH
4 47° 43°07” 43°49°08”
5 47°49°07” 43°49°01”
6 47°54°02” 43°48°02”
8. Mpopesb
7 47° 34’ 20” 43° 34’ 08”
8 47° 33’ 43° 33’
9 47° 34’ 06” 43° 33’
10 (ct. 9mn) 47° 38 07” 43° 33’
11 47°32' 07" 43°31’' 06”
9. Cynak
12 47° 34’ 60” 43° 18
13 47° 36’ 43° 17
14 47° 38’ 43° 16’
15 (ct. 10mn) 47° 40’ 43° 15’
16 47° 31’ 80" 43° 13’
10. Maxaukana
37 47°28°40” 43°05°08”
38 47°29°07” 43° 02°06”
17 47°30°05” 43°00°40”
19 47°35°07” 43°00°03”
18 47°32°06” 43°00°05”
21 (cT. 11mn) 47°35°07” 43° 00°04”
36 47°32°06” 42°59°02”
35 47°35°03” 42°57°06”
20 47°30°40” 42° 59°40”
11. Kacnuiick
23 47° 417 42°53°08”
22 47°39°04” 42°55°07”
39 (cT. 12mn) 47° 44°01” 42° 50’
40 47° 46°06” 42° 53°06”
12. N36epbaw
24 (ct. 13mn) 47° 55°06” 42°33°06”
25 47°59°06” 42°30°08”
26 47° 54°08” 42° 35’
13. flep6eHT

27 48°19°40” 42°03°05”
28 (ct. 14mn) 48° 19’ 42°03°09”
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OKOHYyaHue Tabn. 1

HanmeHoBaHue 1/ nan Homep NyHKTa Koopaunarsl
Honrota WwupoTa
14. Camyp
29 48°33°04” 41° 54°20”
30 (cT. 15mn) 48° 30° 41° 55°40”
15. Pa3pe3 MepugunoHanbHbiii
im 48° 56’ 13” 44° 03’ 50”
2m 48° 56’ 13” 43° 48’ 29”
3m 48° 56’ 13” 43° 33" 11"
4m 48° 56’ 13” 43° 16’ 44”
5m 48° 56’ 13" 42° 55" 41”
6M 48° 56’ 13" 42° 35 427
7™M 48° 56’ 13" 42°17' 24"
16. Pa3pes LleHTpanbHblIi
1y, 49° 10’ 01” 43° 05’ 56”
2y, 49° 23" 17" 42° 55’ 527
3y, 49°37' 19" 42° 45’ 18"
4y, 49° 53’ 06” 42°33' 22"
17. Paspes HOxHbIl
1o 48° 38’ 02” 41° 55’ 55”7
210 48° 45’ 18" 41° 59’ 46"
310 48° 53’ 02” 42° 03’ 43"
410 48° 57’ 11”7 42° 05’ 42"
510 49° 11’ 28" 42°12' 43"
610 49° 25’ 16” 42° 19’ 34”
710 49° 38’ 49” 42° 26’ 10”
B uenax o0606UEHNS MNOAYYEHHbIX [AaHHbIX W aHa/AM3a NPOCTPAHCTBEHHO-BPEMEHHOM

N3MEHYNBOCTU MaAPaMeTPOB COCTOAHUA U 3arpA3HEHUNA MOpCKOﬁ cpeapbl 6asoBble pal‘aOHbI nposeageHuA
IKCNegNUMNOHHDbIX pa60T 6b11n O6'beLI,MHeHbI B bonee KpynHble paﬁOHbI B COOTBETCTBUM CO CXEMOM,

npuseaeHHon B Tabauue 2.

Ta6bnuua 2
Cxema yKpynHeHUs paiioHOB NpoBeAeHUs SKCNeAULMOHHbIX paboT
YKpynHEeHHble paiioHbI basoBble paiioHbI Fny6buHa, m
MpubpexkHasa akBaTopwma MyHKTHI MTM Ha B3Mopbe Bonru 3.6
CeBepHoro Kacnus Kusnapckuin 3anms
Paspes3 BoCToYHbIM
OTKpbITasA YacTb Paspes Il THC 5.5
CesepHoro Kacnua Paspes CeBepHbli
Paspes llla THC
MpU6peskHan aksaTopus CeBepHbIit pauﬁOHv(ﬂOI'laTMH, Mpopesb, CyJJaK)
Coennero Kacnus LleHTpanbHbIi paioH (Maxaukana, Kacnuiick) 5-25
pea FOKHbIV paioH (U36epr, OepbeHT, Camyp)
OTKpbITaR YacTs Paspes MepMAMOHaﬂubelﬁ
Coentero Kacnus Paspes LeHTpanbHbIn 25-650
peA Paspes HOXKHbIi

12




2. Tnaponoro-rugpoxmmuyeckue ycnosua

Temnepamypa 8006l

Netom 2013 roga TemnepaTypa BOAbl B CEBEPO-3aMafHOM YacTU Mopsa coctasnana 25-27°C Ha
nosepxHocTu n 21-24°C B npuaoHHOM cnioe (Tabn. 3). PaHHel oceHbio, MO Mepe YCUAEHUSA LUTOPMOBOW
aKTMBHOCTWM, TemnepaTypa BOAbl Yy TMNOBEPXHOCTM M B 6Oonee rnyboOKMX C/NOAX BbIPOBHANACD;
cTpaTudmKauma coxpaHuiacb ToNbKo B rnybokosBoaHoi 4yactm CpeaHero Kacnus. Camaa BbiCOKas
TemnepaTtypa BoAbl B 3TO Bpems Habatoganack B mesnkoBogHom yactm CesepHoro Kacnus (22°C) (puc. 2).
Mo3gHel OCeHbIO CE30HHOE BbIXOJIAXKMBAHME BOAbl NPOUCXOANAO BONee MHTEHCUMBHO B MPUOpPEKHbIX
palioHax, Tor4a Kak B OTKPbITOM MOpPE BOZa OCTbIBa/la Mea/iIeHHee.

ConeHocmob 800b!

Pewatowmmm daktopamu, onpeaenstoMmm AMHAMUKY COJIEHOCTM B CEBepOo-3anagHoW 4acTu
MOpS, ABNAIOTCA CTOK Bonrv n TeyeHue, Hecyllee onpecHeHHble BoAbl BAOAb 3anagHoro nobepexba. B
CUNY Ha3BaHHbIX MPUYMH, CONEHOCTb MOPCKOoM Boabl B 2013 r., Kak 00Obl4HO, MOBblWanAacb B
Hanpas/eHMn oT Bepera B MOpe M OT MOBEPXHOCTU KO AHy (Tabn. 3, puc. 2). B uone nog BANAHUEM
npolweawero nosioBogba coneHoctb CeepHoro Kacnua 6bina camoli HW3KOM, nosgHee AMHAMMKa
coneHoctM 6bina obycnosBneHa ¢GAYKTyauMaAMW BAO/ILOEPErOBOro TeYeHMsA, PaHHElN OCEHblD OHO
ocnabeno u, Kak cneacrtBme CONEHOCTb MOBbICMAACb, @ MNO3AHEN OCEHbID BHOBb YCWAWAOCH, — U
CONEHOCTb, COOTBETCTBEHHO, CHM3M/AC.

PacmeopeHHsbili Kucsopod

B 2013 roay KuCnopoAHble YyCN0BMA B CEeBEpPO-3anagHoOM 4YacTu mopa 6blM  AOCTAaTOYHO
6naronpuaTHbIMK (Tabn. 4). B NpoayKTUBHbIX palioHax 06pa3oBaHUA 30H TMNOKCUU He 3aPUKCUPOBAHO;
OTHOCUTE/IbHbIN KMUC/IOPOAHbIM AednumT Habatoganca B NPUAOHHbIX BOAaX OTKPbITOM Yactu CpegHero
Kacnus (3,9 mr/n), npu aTom Ha rnybuHe 6onee 600 MeTPOB KUCN0OPOA, OTCYTCTBOBAA (3TOT ¢paKT Tpebyer
noaTeepxaeHuns). HambonbliMX 3HAYEHUI KOHLEHTpauua Kuciopoga B BOoAe OOCTUIAA MO34HEen
OCEHbIO - BC/AEACTBME MOBbLIWEHUA €ro PacTBOPUMOCTM B XONOLHOM BOAE W YCUIEHMA BETPOBOTO
nepemeLLMBaHuA.

Tabnuua 3

TemnepaTypa 1 CONEHOCTb BOAbI B CEBEPO-3anagHoM YacTu Kacnuinckoro mopa 8 2013 roay

Temnepartypa Boabl, °C

neto paHHAA OCeHb Nno3AHAA 0CeHb
Yactb mopsa AkBaTopuA
cp MaKc MWH cp MaKc MWH cp MaKc MWH
MoBepPXHOCTHbIN C0M
CeBepHbIit npubperkHas - - - 21,2 22,2 19,5 12,2 12,6 11,5
Kacnuii OTKpbITadA 26,9 28,5 24,9 14,9 17,4 13,0 10,7 13,9 8,3
CpeaHuii npubperkHas 24,8 28,3 18,6 17,1 21,2 13,4 7,1 10,8 2,8
Kacnuii OTKpbITaA - - - 15,2 15,7 14,5 - - -
MpuAoHHLIN chol
CeBepHblit npubpexHasn - - - 21,4 21,9 20,5 12,3 12,6 11,8
Kacnui OTKpbITaA 24,2 27,4 16,2 14,9 17,3 12,4 11,0 13,8 8,2
CpeaHuii npubpekHan 20,9 25,6 11,0 17,1 21,7 13,0 7,1 10,7 3,0
Kacnuii OTKpbITanA - - - 7,5 14,4 5,3 - - -
ConeHocTb BoAbl, %o
neto paHHAA OCeHb Nno3AHAA OCeHb
Yactb mopsa AkBaTopuA
cp MaKC MWH cp MaKc MWH cp MaKc MWH
MoBepPXHOCTHbIN C0M
CeBepHbIit npubpeHan - - - 5,6 10,0 0,2 4,9 10,5 0,4
Kacnui OTKpbITaA 7,4 11,2 2,3 9,4 12,1 2,4 8,7 12,3 3,4
CpeaHuii npubpexkHasn 11,0 12,3 7,7 10,5 12,0 7,3 10,2 12,0 6,3
Kacnui OTKpbITaA - - - 11,7 12,3 10,6 - - -
MpuAOoHHbIN chol
CeBepHbliit npubpekHan - - - 9,3 10,3 8,1 8,0 10,8 5,7
Kacnui OTKpbITaA 8,3 12,3 2,4 9,9 12,2 8,5 9,4 12,4 5,3
CpeaHuii npubpekHan 11,6 12,7 10,0 11,0 12,2 8,5 11,0 12,3 8,7
Kacnui OTKpbITaA - - - 12,3 13,1 11,0 - - -
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Tabnuua 4
PacTBOpeHHbI KMCA0poa, B BoAax ceBepo-3anaaHoin yactu Kacnuinckoro mops 8 2013 roay, mr/n

neTo paHHASA OCeHb no3aHAA oCeHb
Yactb mopsa AKBaTopua

cp MaKC MWH cp MaKC MWH cp MaKC MWH

MoBEepPXHOCTHbIN CNOM
CeBepHbliii npubperkHas - - - 8,7 9,4 8,2 10,4 11,5 9,8
Kacnuii OTKpbITaA 7,8 8,7 6,7 9,7 10,6 8,7 10,7 11,6 9,6
CpegHui npubperkHas 7,7 8,5 6,6 8,9 9,8 7,6 11,4 12,9 9,9
Kacnuii OTKpbITan - - - 9,2 9,7 8,9 - - -
MpUAOHHbBIV cnok

CeBepHbIii npubpekHasn - - - 8,0 8,4 7,6 10,0 10,5 9,6
Kacnuii OTKpbITaA 6,3 8,4 2,4 9,4 10,3 8,0 10,2 11,4 8,8
CpeaHui npubpekHas 7,1 8,2 5,8 8,7 9,5 7,7 11,0 12,2 9,2
Kacnuii OTKpbITanA - - - 3,9 8,5 0 - - -

NOBEPXHOCTHbIN CNOM NPUAOHHbIN CNOM

Puc. 2 MNpocTpaHCcTBEHHOE pacnpeaeneHve TemnepaTypbl U CONEHOCTM BOAbl B CEBEPO-3anafHOMN YacTu
Kacnuiickoro mops B ceHTAbpe-oKkTAbpe 2013 roga
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3. Jlutonoro-xmmuyecKkue ycnosus

Jlemo

Nletom 2013 roga B AOOHHbIX OT/IOMKEHMAX OTKpbITOM 4act CeBepHoro Kacnua npeobnagan
MeNIKni necok (40%), NpMMepHO B paBHbIX AONSAX NPUCYTCTBOBAAM pakyLwa (18%), KpynHbli necok (20%)
n anesBpuT (18%) n Hebonbwoe KonuyectBo nenuta (4%). Ha [darectaHckom wenbde B 3TO Bpems,
HanpoTUB, NEeAWUT B ocafkax AomuHuposan (43%), no 20% NpUxoamMioCb Ha OO PAKYLIM U MENKOro
necka, 10% cocTaBnsaM KpynHbIA NECoK 1 anespuT (Taba. 5).

PaHHAA oceHb

PaHHel oceHbtlo B npubpexcHol akeamopuu CesepHozo Kacnus (Bamopbe Bonrn u Kusnapckuii
33/1MB) OCHOBHYIO MACCy AOHHbIX OCaZKOB COCTAaBAANMN MENKUIA NecoK U neaut (no 30%); ewe ogHa TpeTb
npuxoanaack Ha KpynHbii necok (16%) u anesput (17%); aona pakywu bbina Hebonblwolk — meHee 10%
(Tabn. 5). OCHOBHbIE 30HbI AKKYMYAALUKN UA0BON dpaKLMm Haxoamuauce B Knusnspckom 3anmse. Tam e,
a TaKXe B CeBepHOM 4acTn BosKcKkol 60po3amHbl, MOBbLIWANOCH CoAepykaHue anesputa (puc. 3).
MenKuii Necok B OCHOBHOM HaKamn/iuBascsa B Npegenax ycTbeBoro B3mopbs Bonru, ocobeHHO B palioHe
Bonro-Kacnuitckoro KaHana; KpynHbIM NecokK, HanpoTUB, CKanInBasCA B BOCTOYHOM YacTh MeIKOBOAHOWM
30HbI (puc. 3).

B omkpeimoli yacmu CesepHozo Kacrua [OHHblE OTA0XKEHUA OblIM CNOXKEHDbI KPYNHO3EPHUCTbIMU
dpakuuamu — pakywein (20%), KpynHbIM U MenKum neckom (33% mn 31%); menkosepHUcTble Gpakumm —
aneBpuT M nNenuT- 6blIM NpeacTaBaeHbl B Hebonbliom KonumdectBe (11% wn 5%). Akkymynaums
KPYNHO3EPHUCTbIX Gpakuuii npoucxoamna B OCHOBHOM B paiioHe MaHrbIWAaKCKoro nopora,
pasgenstowero CesepHbii U CpegHuit Kacnuii, a Takyke B BocToyHOM 4yactm CeBepHoro Kacnus; B
3anagHoi yactu — B6aun3n o. YeyeHb - NoBbIWanacb 4oas neauta (puc. 3).

B CpegHem Kacnuu B ceHTAbpe-okTabpe 2013 roga mnaosaa Gpakums AOMUHMPOBaNAa Ha Bcew
akBatopum (53-57%), B 30HAx aKKymynaumum (ceBepHaa 4acTb JlarecTaHcKoro Lwesnbda M CKAOH
[epbeHTCKOM KOT/NI0BUHbI) ee coaepaHue poxoamno ao 98% (tabn. 5, puc. 3). B oTHoweHuu
OCTa/IbHbIX COCTaBAAOWMX AOHHbIX OTNOXKEHUI GPAKLMOHHbIA COCTaB PasHUACA: B NPUOpPENKHON 30He
CpeaHero Kacnus 6bi10 6onbie menkoro necka (18%), a B rybokoBoOAHOM YacTn — pakywm (23%). Jons
KPYNHOro necka v aneBpuTa B AOHHbIX ocagkax CpeaHero Kacnua Obiia elle MeHblle — NPUMEPHO Mo
10% B npmbpekHOMN 30He 1 Mo 5% — B OTKPbLITOM YacTu.

[M030HAA oceHb

Mo3aHel 0CeHblo COOTHOLIEHWE PpaKLMiA B COCTaBe AOHHbIX OTN0KeHMI B CeBepHOM Kacnuu He
N3MEHWIOCb; U3MEHEHUS B COAEPKAHUM Obliv HEGONbLWIMMM U He OTPa3U/IMCb HA OOLLel KapTuHe
pacnpegenerua (tabn. 5). Cpean 3TUX U3MEHEHWI ciedyeT OTMETUTb yBe/UYeHue OO0NU NenvuTta B
rPyHTax oTKpbITOM YacTu CeBepHoro Kacnua ¢ 5 go 10% (Ha ¢oHe ymeHbLIeHMA KONMYECTBa MEIKOro
necka). Ha [larectaHckom Lienbde Nos3aHen oceHbio U10Bas GppaKLma No-npexHemy npeobnagana (xota
€e KOJIMYEeCTBO HECKO/IbKO CHU3MMOCb — A0 44%), OAHaKO COOTHOLUEHWME OCTa/bHbIX QpPaKLmii
M3MEHWUI0Cb — NoBbICMNAach Aons pakywn (20%) n KpynHoro necka (15%) 1 cokpaTunochb coaepaHue
MeiKkoro necka (11%).

OpzaHu4eckoe seujecmeo

[VHamMMKa opraHMYecKoro BELLEeCTBa B COBPEMEHHbIX MOPCKMX OCafKax ceBepo-3anafHoi Yactu
MOpPS BO MHOFOM CXOXa C AWHAMUKOW MNenuTa. 30Hbl aKKYMyAAUMW OPraHWYecKoro BeLecTBa B
CpeaHem Kacnuum noKanusyloTca B ceBepHOM YacTu [JarectaHckoro wenbda v Ha ckaoHe [epbeHTcKoi
KOT/10BMHbI, B CeBepHOM Kacnum — B ceBepHOI 4acTu Boaskckoi 6opo3aunHbl (puc. 3).
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Tabnuua 5
CofeprkaHune pasnyHbIX FPaHYI0MEeTPUYECKUX GPaKLMA U OPraHNYECKOro BELLLECTBA B LOHHbIX OCaAKaX
B ceBepo-3anagHon Yyactm Kacnuiickoro mops 8 2013 rogy, %

Yacrsmopn  Axsaropua neto paHHAA oceHb no3AaHAA OceHb
cp MaKc MUWH cp MaKc MUH cp MaKc MUWH
Pakywa (pa3mep yactuy, 6onee 1,6 mm)
CeBepHblit npubpekHan - - - 9,2 40,3 0 7,7 30,7 0
Kacnuin OTKpbITaA 17,5 86,2 0,2 20,3 63,9 0,5 23,1 70,5 0,4
CpepaHuii npubpekHan 17,4 84,1 0 9,6 77,3 0 19,8 81,8 0
Kacnwii OTKpbITan - - - 22,6 78,3 0 - - -
KpynHbiit necok (1,6-0,4 mm)
CeBepHblif npubperkHas - - - 16,0 70,1 0,9 14,0 61,1 1,0
Kacnuit OTKpbITaA 204 87,8 0,8 32,7 80,5 1,7 25,5 82,9 1,4
Cpepnuit npubperkHas 10,0 60,0 0,1 11,1 59,0 0 14,5 50,5 0
Kacnwii OTKpbITan - - - 5,6 18,8 0 - - -
Menknii necok (0,4-0,1 mm)
CesepHbiii  NPUBpexHan s s - 290 732 69 269 632 7,0
Kacnuit OTKpbITan 40,3 73,1 1,5 31,1 83,8 3,6 30,0 82,5 0,9
CpepHuii npubpexkHan 19,1 78,1 0,2 17,7 85,6 0,4 11,0 54,1 1,4
Kacnuit OTKpbITas - - - 10,8 79,5 0,57 - - -
Anespurt (0,1-0,063 mm)
CeBepHblii npubpexHas - - - 17,2 50,2 0,2 22,8 57,2 1,4
Kacnuii OTKpbITanA 17,5 64,4 0,1 11,1 50,0 0,3 11,1 53,5 0,1
CpepHuit npubperkHas 10,8 47,9 0,1 8,6 52,3 0,1 11,2 56,5 0,1
Kacnuit OTKpbITan - - - 4,3 23,6 0,9 - - -
Nenut (meHee 0,063 mm)
CeBepHblii npubpexHas = = = 28,6 73,1 0,3 28,6 72,3 0,4
Kacnwii OTKpbITan 4,4 46,7 0,1 5,0 55,1 0,03 10,4 79,7 0,2
CpepaHuii npubpeHan 42,8 99,4 0,4 52,8 97,7 0,3 43,5 95,2 0
Kacnuit OTKpbITan - - - 56,7 97,2 0,6 - - -
OpraHuyecKkoe BeL,ecTso
CeBepHblii npubpexxHasa - - - 0,86 2,78 0,09 1,01 2,43 0,11
Kacnwii OTKpbITad 0,39 1,36 0,10 0,28 0,81 0,05 0,52 3,56 0,05
CpepHmii npubpexHas 1,12 2,80 0,07 0,93 2,96 0 098 3,45 0
Kacnwii OTKpbITas = = = 1,84 4,36 0,27 = = =
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OpraHU4ecKil
BelecTtso

Puc. 3 MNMpocTpaHCTBEHHOE pacnpeneneHne rpaHyIoMeTpUYEcKUX GpaKkumnii U OpraHMYECKOro BeLLLecTsa
B LOHHbIX OTN0XKeHUAX(%) ceBepo-3anagHoi YyacTm Kacnuitickoro mopsn B ceHTAbpe-okTabpe 2013 roga
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4. 3arpA3HeHHOCTb MOPCKUX BOA U AOHHbIX OT/IOXKEHUN

[na gnarHosa 3arpA3HEHHOCTM MOPCKOW cpeapbl Hapsady CO cpefHei KoHueHTpauuei B pabore
MCMNOJIb30Ba/IN TaKKe POHOBYHO KOHLEHTPALLMIO, KOTOPYIO BbIMUCAANN KaK MeAnaHy NPOCTPaHCTBEHHOTO
pAga AAHHbIX MO aHANOMMKU C reoxmmuyeckum ¢oHom. DOHOBAs KOHLEHTPaUMA B AAHHOM Caydae
XapaKTepusyeT BK/Aag, BHEWHMX MO OTHOLWIEHWIO K WMCCAeAyemoi aKBaTOpWMWM MCTOYHMKOB, MO3ITOMY
pasHOCTb MexXay cpegHelr M (GOHOBOW KOHLLEHTpaLMeld MOMKHO CcyYMTaTb WMHAMKATOPOM BKNA4A
JIOKaNbHbIX MPOLECCOB (3arpsA3HEHMS UM OUYULLEHMSA) B 3arPA3HEHHOCTb MOPCKOW cpeapl.

Hegpmenpodykmoi

Nletom KoHueHTpauus Hedtenpoayktos (HM) B BOAe B paioHax Mops, OXBa4YeHHbIX
HabnogeHnammn (oTKpbiTad 4YacTb CeBepHoro Kacnua u npubpexkHas akBaTopua CpeaHero Kacnus),
Konebanacb ot 0 go 0,22 mr/an n B cpegHem coctasuna 0,10 mr/n (tabn. 6). PaHHel oceHblo
KOHUeHTpauna HedTenpoayKTOB B Npegenax BCeM pacCMaTpMBaemMoi akBaTopumn Konebanack ot 0 go
0,16 mr/n, a cpeaHAA KOHLEHTpaLMA B YKPYMHEHHbIX paiioHax — ot 0,04 go 0,09 mr/n.

Ha KapTax MpOCTPaHCTBEHHOro pacnpeaeneHns HedpTenpoayKToB B MOBEPXHOCTHOM W
NPUAOHHOM cnoe BoAbl (puc. 4) XopoLwo BUAHO, YTO paHHEN OCEeHbO MOBbIWEHHaA KoHueHTpauma HIl
6blna NpuypoyeHa K MesIKOBOAHOM 30HEe YCTbeBOro B3mMOpba Bosarm, Yto yKasbiBaeT Ha NOCTynJeHue
HedTENPOAYKTOB B MOPE C BOJIIKCKMMM BOAAMMU. TaKKe Nerko 3aMeTUTb, YTO 30Ha 3arpA3HEeHHbIX
HedTenpoaykTamm Mopckux Bog (>0,05 mr/n) He BbIXoAMAa 3a rPaHULY POCCUINCKOrO CeKTopa
HeApOono/b30BaHUA Ha BCEM €€ MPOTAMKEHUU, 33 MCKAOYEeHMeM Hebo/bLIOro y4yacTKa Ha ceBepo-
BOCTOKE, I4e BO/IXKCKME BOAbl HANPAMYHO CNeaytoT B Ka3aXxCTaHCKUI CEKTOP HeApPOonob30BaHMA.

Mo3aHen oOceHbl KOHUEHTpauuAa HedTenpoayKToB B paoHax MOpsA, OXBaYeHHbIX
HabnogeHnamun (CesepHbiit Kacnuii n npubpexkHan akBaTtopua CpeaHero Kacnusa), konebanacb ot 0 Ao
0,12 mr/n, a B cpeaHem coctasuna 0,05 mr/a. W3 npusBedeHHbIX AaHHbIX CAedyeT, YTO KOHLUEeHTpaums
HedTENPOAYKTOB B BOAAX CEBEpPO-3anaAHoli YacTn mopa B 2013 r. cHM3MAACh OT /fieTa K 3ume B 2 pasa.
CpegHAs KoHUeHTpauua netom coctasuna 2 MAK, nosgHelr oceHbto — 1 TMAK; makcumanbHas
KOHLEeHTpauua netom 6bina pasHa 4,4 MK, nosgHeit oceHbio — 2,4 NMAOK (B Poccum MAK
HedTenpoayKToB B MOpCKoW Boae pasHa 0,05 mr/n).

B 2013 r. cpefHAA MO YKPYMHEHHbIM pPalOHaM KOHLEeHTpauma HedTenpoayKTOB B [AOHHbIX
OT/I0XKEHMAX CEBEPO-3amnafHON YacTu Mops IeToM cocTasuaa 35-40 mr/Kr; paHHen oceHbio — 9-26 mr/Kr,
nosaHen oceHbio — 16-24 mr/Kr (tabn. 6). BpemeHHble n3meHeHus, no-snammomy, 6biivM 06yci0BAEHbI
ocaxkaeHnem HedTenpoayKTOB Ha AHO MOpPA BMECTE C B3BECbO M WX TPAHCMOPTUPOBKOM Y¥Ke BO
B3BELUEHHOM COCTOAHUM U3 MENIKOBOAHbIX B Ily6OKOBOAHbIE PAiOHbI MOPS.

MpocTpaHcTBEHHOE pacnpepeneHne HedpTENPOAYKTOB B AOHHbIX OT/IOMKEHUAX CeBepo-3anagHoM
yactn mops B 2013 r.(puc. 4) noaTBep:KAaeT 3aKOHOMEPHOCTb, OOHAPYKEHHYIO B XO04€ MOHUTOPUHTra
TPaHCrpaHMUHbIX BOAHbIX 06bekToB B 2012 r. — nOBbIWEHWE KOHUEHTpPaUUM NPOUCXOAMUIO B
HanpaB/ieHUn OT bepera B CTOPOHY rnyboKoBoaHOW [epbeHTCKOM KOTNOBWUHbI, aKKyMyaUpYyloLWen B
CBOWX OCaAKax UINCTbIE HAHOChI, OPraHMYECKOEe BELLECTBO U BMEcCTe C HUMM HedTenpoayKTsl (puc. 4).

CI1AB

B 2013 r. cpegHsa KoHueHTpauua CIMAB B MOPCKOM BOAE B YKPYMHEHHbIX palloHax cesBepo-
3anagHoOM 4acTM MOPs, OXBadeHHbIX HabnwogeHmamu, netom coctasuna 0,015-0,023 mr/a; paHHein
oceHblo — 0,017-0,048 mr/n, nosgHei oceHbto — 0,015-0,079 mr/n (tabn. 6). B AOHHbIX OTNOMKEHMAX
netom oHa 6biia pasHa 9,9-10,6 MKr/r, paHHeln oceHbto — 2,2-16,6 MKr/r, no3aHeit oceHbto — 6,2-26,9
MKr/T.

BpemeHHble M3MEHEHUA TPYAHO OOBACHUTb, €CM He MPUHUMATb BO BHUMaHMWE, YTO MeTon
onpeaeneHuns CMAB yunTbiBaeT MNAB He TONIbKO UCKYCCTBEHHOIO, HO U BUOTreHHOro NPOUCXOXKaAeHUA. B
3TOM C/ly4ae CTAaHOBWUTCA MOHATHbIM MOCTEMEHHOEe MOBbIWEHNEe UX KOHUEHTPaLUu OT NieTa K OCeHU U
XapaKTep NPOCTPAHCTBEHHOIO pacnpeaeneHus (puc. 5), KoTopoe B BoAe COBNAAAET C pacnpeseneHnem
bGUTONNAHKTOHA, @ B AOHHbIX OT/IOXKEHUAX — C pacnpeseneHnem MOJIIOCKOB-PUAbTPaTOPOB.

CnepyeT TaKXe OTMETUTb, YTO B OCEHHWM Ce30H, B OTAE/IbHbIX NPobHax MOPCKON BOAbI,
0TObpaHHbIX B OTKpbITON 4Yactn CesepHoro Kacnus, KoHueHTpauma CMAB npesbiwana MAK, Ho He
6onee, yuem B 2,7 pasa. CpeagHue 3HauyeHus Bceraa 6oinm HUxKe MAK (8 Poccum NAK CMAB B MopcKoli
Boge cocrasnset 0,1 mr/n).
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KoHueHTpauma HedptenpoayKktos n CMNAB B BoAe M AOHHbIX OT/IOXKEHUAX ceBepo-3anagHomn Yyactu Kacnuiickoro mopsa 8 2013 roay

Tabnuua 6

HE®PTENPOAYKTbI
neto paHHAA OCeHb Nno3aHAA OCeEHb
Yactb mops AKkBaTopumsa
cp ¢doH MaKc MWH cp ¢doH MaKc MWH cp doH MaKc MWH
NOBEPXHOCTHbIM cnoi, mr/n
CeBepHbIii Kacnuii npubpeXkHas - - - - 0,11 0,11 0,15 0,05 0,07 0,07 0,12 0,03
OTKpbITasA 0,10 0,09 0,22 0,05 0,07 0,08 0,16 0 0,03 0,03 0,10 0
CpepHuii Kacnuii npubpekHas 0,10 0,11 0,14 0,06 0,09 0,09 0,16 0,03 0,09 0,09 0,12 0,07
OTKpbITanA - - - - 0,04 0,04 0,09 0,01 - - - -
NPUAOHHbIN cnoi, mr/n
AL npubpekHas - - - - 0,06 0,07 0,12 0,02 0,03 0,03 0,05 0,02
OTKpbITas 0,09 0,09 0,14 0 0,07 0,08 0,16 0 0,04 0,03 0,09 0
L G npubperkHas 0,09 0,08 0,13 0,03 0,06 0,07 0,13 0,02 0,06 0,06 0,09 0,04
OTKpbITanA - - - - 0,03 0,03 0,07 0,01 - - -
DOHHbIE OTNAOXeHUA, MKr/r
CeBepHblit Kacnuii npubpexran - - - - 8,2 8,8 17,6 0,9 15,5 15,7 45,4 1,5
OTKpbITas 34,7 33,8 63,0 6,2 11,7 11,1 20,0 2,8 19,2 15,6 68,4 0
CpeaHmii Kacnuii npubpekHas 39,7 35,9 79,4 8,4 14,8 14,3 38,7 0,8 24,1 20,6 73,4 6,3
OTKpbITan - - - - 22,6 25,5 52,8 2,2 - - -
CNnAB
neto paHHAA OCeHb Nno3aHAA OCEHb
Yactb mopsa AkBaTopusa
cp ¢doH MaKc MWH cp ¢doH MaKc MWH cp doH MaKc MWH
NOBEPXHOCTHbIM cno, mr/n
CeBepHbIii Kacnuii npubpekHas - - - - 0,045 0,036 0,092 0,016 0,028 0,022 0,066 0,005
OTKpbITas 0,019 0,014 0,055 0,007 0,039 0,048 0,099 0 0,079 0,085 0,178 0,004
Cpeanmii Kacnuii npubpekHas 0,017 0,016 0,024 0,007 0,029 0,032 0,040 0,012 0,015 0,016 0,025 0,006
OTKpbITasA - - - - 0,018 0,018 0,027 0,009 - - - -
NPUAOHHbIN cnoi, mr/n
I T npubpekHas - - - - 0,024 0,021 0,031 0,016 0,014 0,007 0,044 0,005
OTKpbITasA 0,026 0,020 0,071 0,008 0,043 0,048 0,109 0 0,078 0,078 0,270 0,003
@) R npubperkHas 0,012 0,012 0,017 0,005 0,024 0,026 0,037 0,011 0,014 0,014 0,022 0,007
OTKpbITanA - - - - 0,014 0,015 0,021 0,009 - - - -
DOHHbIE OTN0XKEHUA, MKr/r
CeBepHbiii Kacnuii npubperkHas - - - - 10,8 2,20 24,3 1,50 6,16 2,60 32,1 1,20
OTKpbITasA 10,6 10,7 24,4 1,30 16,6 7,10 65,6 2,60 26,9 26,2 62,3 2,30
Cpeaumii Kacnuit npubpekHas 9,90 10,0 26,6 2,50 2,16 2,40 4,00 0 8,12 6,40 29,6 0
OTKpbITanA - - - - 16,2 10,1 57,4 3,20 - - - -
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AOHHbIE OT/I0XKEHUA
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NPUAOHHbIN CNoM

Puc. 4 MNpocTpaHCTBEHHOE pacnpeaesneHne HedTe-
NPOAYKTOB B BoAe (Mr/n) MU AOHHbIX OTIOMKEHUAX
(mkr/r) cesepo-zanagHon 4Yactm Kacnuiickoro
MopsA B ceHTAbOpe-oKkTabpe 2013 roga



NPWAOHHbIN cnok

Puc. 5 lNMpocTtpaHcTBeHHOe pacnpeaenerme ClMNAB B
Bogde (mr/n) ¥ [OOHHbIX OTAOMKeHMAX (MKr/r)
ceBepo-3anagHoi 4Yactu Kacnuitickoro mops B
ceHTAbpe-okTAbpe 2013 roga

AOHHbIE OT/I0XKEHUA

21



Taxcenvie memansnol

B 2013 r. cpeaHAs KOHLEHTpauuMa XKenesa B MOPCKOW BOAE B YKPYMHEHHbIX paloHaxX ceBepo-
3anagHon 4acTy Mops, OXBayeHHbIX HabaaeHUAMK, netom coctasmna 0,11-0,15 mr/n; paHHel oceHbio
—0,11-0,17 mr/n, no3gHen oceHbto — 0,12-0,16 mr/n (tabn. 7). B AOHHbIX OTNOMEHMAX IETOM OHa 6bina
pasHa 3,5-5,5 mr/r, paHHel oceHbio — 4,9-6,8 mr/r, nosaHei oceHblo — 5,2-6,5 mr/r. Ce30HHble
KonebaHMs KOHUEHTpauuu Kene3a B BoAe ObliM BblparkeHbl €1abo, B AOHHbLIX OTNOXMEHUAX ero
coaepKaHue cnabo NoBbIWANOCH OT JIETa K NO34HEN OCeHU.

CpeaHAs KOHUEHTpauMa mMmapraHua B MOPCKOM BOAE B YKPYMHEHHbIX paloHax ceBepo-3anagHomn
4yacTM MopA, OXBayeHHbIX HabaaeHUAMK, netom coctasmna 1,5-2,0 mkr/n; paHHen oceHbio — 3,1-6,3
MKr/n, no3aHen oceHbto — 2,1-4,2 mKr/n (tabn. 7). B AOHHbIX OT/NIOXKEHUAX IeTOM OHa bbina pasHa 80-81
MKT/T, paHHel oceHblo — 76-91 MKr/r, no3aHel oceHbio — 65-78 MKr/r. B BoAe KOHLEHTpaumMa mapraHua
OT JIeTa K No34Hel 0CeHM NoBbILanach, a B IOHHbIX OT/IOKEHUAX CHUXKANACh.

CpeaHAs KOHUEHTPaUns LMHKa B MOPCKOM BOAE B YKPYMHEHHbIX paloHax ceBepo-3anagHol 4actu
MOpPA, OXBaYeHHbIX HabNOAEHUAMM, NETOM cocTaBuaa 22-23 MKr/n; paHHeil oceHbto — 14-21 mKr/n,
nosaHemn oceHbto — 15-20 mkr/a (tabn. 7). B 4OHHbIX OTNI0XKEHUAX NeToM OHa bblna pasHa 41-42 mKr/r,
paHHel oceHbio — 26-31 MKr/r, no3gHen oceHbio — 21-28 MKr/r. U B BoAe, M B AOHHbIX OTNOMKEHMUAX
KOHLEHTPaUMA UMHKa OT /1IeTa K NO34HEN OCEHU CHUXKANACh.

CpeaHAs KOHUEHTPALUMA HUKENA B MOPCKOM BOAE B YKPYMHEHHbIX paliOHAx ceBepo-3anagHom
4yacTM MOpA, OXBayeHHbIX HabAAEHUAMWU, NETOM coCTaBuna 26-32 MKr/n; paHHel oceHblo — 16-25
MKr/n, No3aHel oceHbto — 25-29 mKr/n (Tabn. 7). B 4OHHbIX OTNI0XKEHUAX NeTOM OHa 6blia paBHa 25-27
MKr/r, paHHeln oceHbio — 16-21 mKr/r, no3gHen oceHbto — 15-17 mkr/r. U B BOAE, U B AOHHbLIX
OT/IOXKEHMAX KOHLEHTPaLUMA HUKEeNA OT 1eTa K No34HeN OCEHN CHUXKanachb.

CpeaHAs KOHLUEeHTpauma meam B MOPCKOM BOAE B YKPYMHEHHbIX palioHax ceBepo-3anagHon 4actm
MOpP#A, OXBaYeHHbIX HabAAEeHNAMK, NeTom coctasunaa 7,3-9,0 mkr/a; paHHel oceHblo — 6,1-8,8 mKr/n,
nosaHemn oceHbio — 5,3-6,2 MKr/n (Tabn. 7). B AOHHbIX OT/I0MKEHUAX NeTOM OHa bblna pasHa 18-26 mKr/,
paHHeln oceHblo — 12-16 mMKr/r, no3aHen oceHbio — 13-14 mkr/r. U B BoAe, M B AOHHbIX OT/I0MKEHUAX
KOHLLEHTPALLMA Mean OT /ieTa K MO34HEN OCeHM CHUXKANACh.

CpefHAs KOHLEHTpauMa CBMHLA B MOPCKOW BOAE B YKPYMHEHHbIX palioHax ceBepo-3amnagHoi
YacTn MOps, OXBadeHHbIX HabatogeHUAMM, NeToM cocTaBuna 5,3-6,4 MKr/n; paHHen oceHblo — 4,0-14,8
MKr/n, nosaHen oceHbto — 3,85-5,3 MKr/n (Tabn. 7). B AOHHbIX OTNOMKEHUAX IeTOM OHa 6blna pasHa 9,5-
10,7 mKr/r, paHHelt oceHblo — 3,0-4,5 MKr/r, no3gHen oceHbto — 5,8-6,9 MKr/r. KOHUEHTpaLUuMsA CBUHLA B
BOZE PaHHEN OCEHbIO OKa3a/1acb BbillE, @ B AOHHbIX OT/IOKEHUAX HUXKE, YEM IETOM U NO3AHEN OCEHbIO.
KoHueHTpauma CBMHLUA B BOAE NETOM M MO3AHEN OCeHblo Bbina NPUMEPHO OAMHAKOBOM, a B AOHHbIX
OT/IOXKEHMUAX — NEeTOM 3aMETHO Bbllle, YeM NO3AHEN OCEHbIO.

CpeaHAs KOHUEHTpauMa KagMua B MOPCKOW BOAE B YKPYMHEHHbIX paloHaX ceBepo-3anagHom
4yacTM MopA, OXBayeHHbIX HabawgeHuamm, netom coctasmna 0,1-0,3 mKr/n; paHHen oceHbio — 0,2-0,5
MKr/n, nosgHei oceHbto — 0,1-0,2 mkr/a (tabn. 7). B AOHHbIX OTNIOXEHUAX NeTOM OHa bbina pasHa 0,1-
0,3 MKr/r, paHHei oceHbto — 0,04-0,10 mKr/r, no3gHen oceHbto — 0,06-0,16 mKr/r. 1 B BOAE, 1 B AOHHbIX
OTNIOXKEHMAX KOHLEHTpaumMa Kaamma oT neTa K No3aHeN OCEHN CHUXKANacCh.

CpefHAs KOHUEHTpaumMa pTyTU B MOPCKOM BoAe B YKPYMHEHHbIX palioHax ceBepo-3anaLHoMn Yactu
MOp$i, OXBaYeHHbIX HabaoaeHnaMmu, netom coctasuaa 0,02 mKr/a; paHHen oceHbto — 0,01-0,03 mKr/n,
nosaHen oceHbto — 0,02-0,04 mkr/a (Tabn. 7). B 4OHHbIX OTNIOMKEHUAX IeToM oHa 6bina pasHa 0,03-0,04
MKr/r, paHHen oceHbto — 0,01-0,04 mkr/r, nosgHei oceHbio — 0,02-0,05 mKr/r. Ce30HHble KosebaHun
KOHUEHTPaUUN pTyTM B BoZe OblN BblparkeHbl c1abo, B AOHHbIX OT/IOXKEHUAX ee coAeprKaHue cnabo
NOBbLILLANOCH OT JIeTa K NO34HEN OCEHMU.

B 2013 r. KOHUEHTpaumsa Tpex TaAXesbiX MeTa/i/oB B MOPCKOW Boge npesblwana MNAOK pns
pbIBOX03AMCTBEHHbIX BogoeMoB: xenesa (MAK = 0,05 mr/n), Hukens (MAK = 10 mkr/a) u megm (NOK =5
MKr/n). MNpesbiweHne MNOK obbacHAeTCA cneundUYecKMmMmm reoXMMmnYeckumm ycnosmuamm Kacnmiickoro
MOpS M 0COBEHHO ero ceBepo-3anagHOM YacTu, KOTopaa NPUHUMAET OCHOBHYIO YaCTb MOBEPXHOCTHOIO
BOAHOMO M XMMMYECKOTO CTOKA, NOCTYNatoLWero B AaHHbIN BOAOEM.
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CpegHAa KOHUEHTpaLumMA TAXKENbIX METaN/I0B B BOAE M AOHHbIX OTNOXEHNAX

ceBepo-3anagHon Yyactu Kacnuickoro mopa 8 2013 roay

Tabnuua 7

Yactb mops, akBaTopus

CeBepHbIii Kacnuit npubpexkHas
CeBepHbIli Kacnuit oTKpbITan
CpeagHuii Kacnui npubpeskHasn
CpegHuii Kacnuii oTKpbITas

CeBepHbIli Kacnuii npubpekHasn
CeBepHbln Kacnuin oTKpbITan
CpegHuii Kacnuii npubpekHan
CpeaHuii Kacnuii oTKpbITas

CeBepHbIii Kacnuit npubperxkHan
CeBepHbIli Kacnuit oTKpbITan
CpeaHwuin Kacnuit npubperkHan
CpepnHuii Kacnuin oTKpbITan

CeBepHblii Kacnuii npubpexHasn
CeBepHbl Kacnuin oTKpbITan
CpegHuii Kacnuii npubpekHasn
CpeaHuii Kacnuit oTKpbITas

CeBepHblt Kacnuit npubpexHasn
CeBepHbIi Kacnuii oTKpbITan
CpeaHuii Kacnui npubpekHasn
CpenHuin Kacnuit oTkpbiTas

CeBepHbIi Kacnuit npubpexHasn
CeBepHblii Kacnunit oTKpbITan
CpepHuii Kacnuii npubpekHasn
CpeanHuii Kacnuin oTKpbITas

CeBepHbln Kacnuit npubpexkHasn
CeBepHbIli Kacnuii oTKpbITan
CpeaHuii Kacnui npubpeskHasn
CpenHunit Kacnuit oTkpbiTas

CeBepHbIi Kacnuit npnbpexHas
CeBepHblt Kacnuin oTKpbITan
CpeaHunit Kacnuii npubpekHan
CpeaHuii Kacnuit oTKpbITas

Boga, mKr/n

[oHHble OTNOXKeHUA, MKr/T

neto

paHHAA
OCeHb

nos3aHAA
OCeHb

neto

¥eneso (gna Boabl —mr/n, ana ocagkos — mr/r)

0,15
0,11

1,46
2,02

22,2
22,9

31,7
26,4

7,33
8,97

5,31
6,40

0,10
0,34

0,02
0,02

0,17
0,12
0,14
0,11
MapraHew,
2,84
3,27
3,12
6,30
UunHk
13,6
21,2
14,0
16,1
Hukenb
16,4
23,9
25,2
23,5
Mepb
8,82
6,05
6,86
6,19
CeuHew,
4,00
8,96
8,32
14,8
Kagmui
0,51
0,15
0,31
0,22
PtyTb
0,03
0,01
0,02
0,02

0,16
0,12
0,14

2,12
4,20
3,16

198
18,6
14,7

294
25,6
25,4

6,12
5,25
6,16

3,81
5,32
5,17

0,20
0,09
0,18

0,04
0,02
0,03

3,5
5,5

81,8
80,8

41,1
42,2

26,8
24,5

18,0
26,4

10,7
9,50

0,25
0,13

0,04
0,03

paHHAA
OCeHb

5,8
4,9
6,4
6,8

76,4
84,6
90,7
83,3

28,9
311
26,2
28,1

15,9
21,3
20,8
18,9

11,9
14,8
15,1
16,3

3,59
2,95
3,53
4,52

0,08
0,10
0,07
0,04

0,01
0,02
0,03
0,04

nosaHAA
OCeHb

6,5
5,2
6,5

78,1
65,4
67,7

28,1
20,7
27,1

14,8
14,9
16,5

12,5
12,9
14,1

5,81
6,94
4,52

0,06
0,16
0,11

0,02
0,05
0,05
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O npocTpaHCTBEHHOM pacrnpeaeneHnn TAXKeNblX MeTannoB CyaAuau Mo AaHHbIM CbeMKM,
BbIMO/HEHHOM paHHEN OCeHbl, Korga HabngeHuamu 6blia OxBadeHa BCA paccMaTpuBaemas
akBaTopusa. Mo xapaKTepy 3TOro pacnpeaeneHuns Bce MeTa/l/ibl YeTKO Pas3denatoTca Ha ABe rpynmbl, YTo
XOPOLO BUAHO Ha puC. 6. B nepBylo, XapaKTepU3yIOLLLYOCA MOBbILWEHHOM KOHLUEHTpaunen meTtansia B
npubpekHbix Boaax CesepHoro Kacnunsa u ee CHUXKeHWEM B OTKPbITOM YacTn mops, sownn Fe, Cu, Cd u
Hg, a BO BTOPYlO, XapaKTepU3yIoLLYHOCA MOHUMKEHHOW KOHLUEeHTpauuen meTansia B NpMbpeskHbIX Bodax
CeBepHoro Kacnus u ee noBbllEHMEM B OTKPbITON YacTu mopsA, Bowam Mn, Zn, Ni n Pb. O6pasHo
MOHO TOBOPUTb O «PEYHOM» MPOUCXONKAEHUN METa/IIOB, OTHOCALWMXCA K MNepBoi rpynne, u

«MOPCKOM» NPOUCXOXKAEHUM METANNOB, OTHOCALLMXCA KO BTOPOW rpynne.

06 -

0,04 -

0,20 - 10,0 -
Fe Cu Cd Hg
0,15 - 75 A 0,5 - 0,03 -
0,10 - 50 - 03 - 0,02 -
0,05 - 25 - 0,2 - 0,01 -
0,00 0,0 - 0,0 - 0
mr/n | ] m v MKr/n | I mn [\ MKr/n | ] 1 v MKr/n | Il 1 v
16 - 68 24+ 28 -
.
Pb Mn Zn Ni
12 - 51 18 - 21 -
8 3,4 A 12 4 14 A
4 1,7 6 7
0 - 0 A 0 A 0 A
LULUZI | Il m 1\ MKr/n | ] 1 v mkr/n | Il m 1\ MK/ ] 1 v

Puc. 6 PacnpegeneHue Taxenblx MeTan08 B BOAaX CEBEPO-3anagHOM YacTn Kacnuiickoro mopa paHHel
oceHbto 2013 roga (I — npubperkHaa aksaTopua CeBepHoro Kacnus; |l — npubpexkHas akeaTopws
CpepaHero Kacnus; Il — oTKpbiTaa yactb CeBepHoro Kacnus; IV — oTkpbITas YacTb CpegHero Kacnus)

B npocTpaHCTBEHHOM pacnpefeneHnn TAXKEeNbIX MeTaN/IoB B [AOHHbIX OT/IOXEHUAX TaKXKe
NPOC/EeKMBAOTCA onpeaeneHHble YepTbl. Ha KapTax, npeacTaBneHHbIX HAa puc. 7a un 76, Bblgenatotca
TpU 061aCTU aKKYMyNsAUMM METaN/IoB: ABE TPaH3UTHble ([arecTaHcKuit wenbd M OTKPbITad 4acTb
CeBepHoro Kacnus) u ogHa TepMuHanbHaa (JepbeHTcKana KoOTi0BWMHA). Hanbonbluana KoHUEHTpauua
TAXKENbIX METAINI0B Yalle BCero Habaoganack B 4OHHbIX OTNOXKeHMAX depbeHTcKoln KoTnoBuHbI (Fe, Cu,
Pb, Hg), pexe B oTKkpbITOl Yactu CeBepHoro Kacnus (Zn, Ni, Cd) n coscem peako — Ha [larectaHcKom
wensvde (Mn).

B Tabn. 8 npmBeaeHbl AaHHblE O COAEPKAHMM U COOTHOLIEHMM TAXKEbIX METAN/IOB B BOAE, B3BECU
W LOHHbIX OT/IOXKEHUAX NpUbperkHoM 30HbI CeBepHoro n CpeaHero Kacnua netom u oceHbto 2013 roaa.
M3 3TUX JaHHbIX cnepyeT, YTo U3 TPex Ha3BaHHbIX KOMMOHEHTOB MOPCKOM cpeabl B3BeCb Hosiee Bcero
oboralleHa TAaKeNbIMU MeTaNlaMM, UX KOHLLEHTPALMA BO B3BeCU Ha 3-4 nopaaka 6osblue, yem B BOAE,
1 pasbl 60/blle, YEM B AOHHbIX OT/IOXKEHUSAX.

Hanbonbluee oTHOlEHMe B3Becb/Boda cBoMcTBeHHO Fe m Mn, a HaumeHbwee — Cd, Zn u Ni.
Hanbosbliee OTHOLWEHME B3BECh/AOHHbIE OTN0XEHUA cBolcTBeHHO Cd M Hg, a HanmeHbluee — Fe, Cu 1
Ni. Ucxona M3 3TOro MOXKHO FOBOPUTL, UTO CBA3b MEXAy MeTa//IoM W B3BECbiO Hanmbosee NPOYHOM
ABNAETCA Yy ’Kenesa (coyeTaHMe BbICOKOTO OTHOLWEHWA B3BeCb/BOAA C HU3KMM OTHOLUEHMEM
B3BECb/AOHHbIE OTNOMEHMUA), @ HaMMeHee MPOYHOM — Y Kagmua (CoYyeTaHMe HU3KOrO OTHOLLIEHMS
B3BECb/BOAA C BbLICOKMM OTHOLUEHMEM B3BeCb/AOHHbIE OTNOMKEHMA). Bo3smoxHO noatomy B
«NoBeAeHMMY Kenesa Hanbosiee YeTKO NPOCNEKMBAETCA MyTb MUTPALMU TAXKENbIX METANN0B B CEBEPO-
3anagHon 4Yactu Kacnuiickoro mops, BeaylMi OT Ha3eMHbIX WCTOYHMKOB B [OHHblE OT/IOMEHUA
JepbeHTCKOM KOTNOBMHBI.
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Tabnuua 8

CoaepaHue U COOTHOLLEHME TAXKENbIX METAN/I0B B BOAE, B3BECU U AOHHbIX OTNOXKEHUAX
npubpexHon 30HbI CesepHoro n CpeaHero Kacnusa netom n oceHbio 2013 roaa (mr/kr)*

KomnoHeHT mopcKoii cpeapbl

Boaa

B3secb

LJOHHbIE OTNOXKeHuA
B3secb/Bogaa
B3Becb/[lOHHbIE OT/I0XKEHUA

Boaa

B3secb

[JOHHbIE OTNOXKeHuA
B3secb/Bopa
B3Becb/[IOHHbIE OTI0XKEHMA

Boaa

B3Becb

[loHHblE OTNOMKEHUA
B3secb/Bopa
B3Becb/[IOHHbIE OTI0XKEHUA

Boaa

B3Becb

[loHHblE OTNOMKEHUA
B3secb/Boga
B3Becb/[IOHHbIE OTI0XKEHUA

Boaa

B3Becb

JoHHble OTN0XeHUA
B3secb/Boga
B3secb/[l10HHbIE OTNI0XKEHUA

Boaa

B3sBecb

LJOHHbIE OTN0XKeHuA
B3secb/Boga
B3secb/[I0HHbIE OTNOXKEHMA

Boga

B3Becb

JOHHble OTN0XeHuA
B3secb/Bogaa
B3secb/[I0HHbIE OTNOMKEHMA

Boga

B3secb

JOHHble OTNA0XKeHUA
B3secb/Bogaa
B3Becb/[JOHHbIE OTNI0XKEHUA

CesepHblit Kacnuii

CpeaHuii Kacnuii

paHHAA
OCeHb

0,14
11103
4889
82244
2,27

0,0028
114
46,0

40835
2,48

0,019
56,8
20,6
2941
2,76

0,016
70,2

15,4

4376
4,57

0,008
25,9
8,7
3104
3,00

0,002
17,8
3,4
9392
5,27

0,00031
0,60
0,11
1948
5,68

0,00002
0,06
0,02
3263
3,65

nosaHaa
OCEHb

Meneso
0,16
8917
3090
56615
2,89
MapraHey,
0,0013
130
50,2
99769
2,58
LiMHK
0,023
41,2
23,6
1774
1,74
Hukenb
0,033
44,5
13,3
1352
3,36
Mepgb
0,006
24,9
10,8
4377
2,31
CeuHel,
0,005
23,5
5,0
4882
4,70
Kagmuii
0,00040
0,57
0,05
1549
10,56
PTyTb
0,00005
0,10
0,02
2243
5,19

paHHAA

OCeHb

0,13
10333
5536
81847
1,87

0,0032
112
71,1

35189
1,57

0,011
33,1
23,0
3123
1,44

0,017
20,0
18,3
1194
1,09

0,007
16,7
16,9
2532
0,99

0,010
13,2
3,9
1347
3,42

0,00031

0,53
0,11
1695
4,83

0,00002

0,14
0,03
6750
4,91

nosaHsA

OCeHb

0,14
10292
6676
74270
1,54

0,0032
131
70,9

40849
1,85

0,015
94,1
24,4
6332
3,85

0,021
15,0
12,7
714
1,18

0,008
29,7

13,9

3864
2,14

0,006
15,9
4,9
2882
3,22

0,00024

0,62
0,13
2611
4,69

0,00004

0,07
0,04
1923
1,61

*NpumeyaHne: NpueeaeHbl yCpeaHeHHble AaHHble N0 TeM CTaHUMAM, Ha KOTOPbIX OT6MpPannch NPobbl Kaxgoro
KOMMOHEHTa MOPCKOW cpeapl (BoAbl, B3BECU U AOHHbIX OT/IOKEHWNI)
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Puc. 7a lpocTpaHCTBEHHOE pacnpedeneHue Kesfesa, mapraHua, UMHKa, HUKena, meam U CBUHUA B
[OHHbIX OTNIOXKEHUAX (MKr/T) ceBepo-3anaaHoi YacTu Kacnuiickoro mops B ceHTabpe-oktabpe 2013 r.
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Puc. 7b MpocTtpaHcTBeHHOE pacnpeaesieHne Kagmus U PTYTU B AOHHbIX OT/IOXeHUaX (MKr/r) cesepo-
3anagHon yactn Kacnuiickoro mops B ceHTAbpe-okTaAbpe 2013 T.

5. CToliKue opraHuyecKkue 3arpssHUTeNn

XMMUKO-aHanuTMyeckme uccnefoBaHua npob BOAbl M AOHHbLIX OT/IOXEHW, OTOOGpPaHHbIX B
ceBepo-3anagHoi yactn Kacnuiickoro mopsa netom u oceHbto 2013 roaa, sbinoaHeHbl HMO «TaidyH».
HabntogeHus nposBoannu B Tpu 3Tana: /eTOM - BAO/b «BeKoBoro» paspesa llla (oTKpbiTas yacTb
CeBepHoro Kacnusa, paiioH Bonro-Kacnuiickoro KaHana, 9 MyHKTOB); paHHel OCeHbio — Ha Bcel
aKBaToOpPUM ceBepo-3anagHon Yactu mops (Bcero 49 NyHKTOB); No3aHen oceHblo — B Knsnapckom 3anvse
(npnbpeskHaa aksaTopus CesepHoro Kacnus, 11 nyHKTOB). B Npo6ax AOHHbIX OT/I0XKEHUI onpeaensnm
cogeprkaHue nosiMapomaTtudeckmx yrnesogoponos (MAY), nonuxnopupoBaHHbix 6udeHunos (MXB),
XNnopopraHuyecknx nectmumngos (XOM) m npoussogHbix ¢Tanesor KucaoTol ($pTanaTos); B npobax
MOPCKOM BOAbl — COAEPrKaHUE MOANAPOMATUYECKUX YINeBOA4OPOA0B. Ha OCHOBE MONYyYEHHbIX OAHHbIX
paccymTbIBaNN CyMMapHY0 KoHUeHTpaumio XOr, MXB, MAY 1 ¢TanatoB ANnA Kaxaoro nyHKTa otbopa.

Monuyukauveckue apomamuyeckue y2s1e8000p0o0bi

Nletom 2013 roga cymmapHoe cogepxkaHue MAY B Boge CeepHoro Kacnus (paspes llla, palioH
Bosiro-Kacnuitickoro KaHana) kosnebanocb B npegenax ot 5 go 80 Hr/n v B cpegHem coctasnano 59,4
Hr/n. OCHOBHOW BKNAZ B CYMMapHYH KOHLEHTPALMIO MPaKTUYECKM Ha BCEX CTaHUMAX BHOCWJIM
HadTaMH M aueHadpTueH. KOHUEHTpauMa NMpeHa U ero npou3BOAHbLIX HEe NpeBblWwana npeaenos
O0OHApPYKEHNA aHANMTUYECKOTO METOAa.

PaHHelt oceHbto 2013 roga B npobax BoAbl, OTOOPAHHbIX B ceBepo-3anagHoin Yactu Kacnuiickoro
Mmops, KoHueHTpauua MAY meHanacb ot 0 o 321 Hr/n; cpeaHee 3HadeHne coctasuao 83,4 Hr/n (tabn.
9). MpoCTpaHCTBEHHOE pacnpefesieHne OTANYANOCh BbICOKOM M3MeH4YMBOCTblO. Hambonee Bbicokoe
cofepaHMe OTMEeYanocb B OTKPbITbIX BOAAX CeBepo-3anagHoi uYactu Kacnuiickoro mopAa. B
npunbpexHon 3oHe MAY B BoAe MPaKTUYECKM OTCYTCTBOBaAW. Hanbonee BbICOKME KOHLEHTPaALMK 6blan
XapaKTepHbl Ana HadTaAMHA W YrAeBoAOPOAOB ero rpynnbl (aueHadTeHa W aueHadTUEHA).
KoHueHTpauma nuporeHHblx MAY (nMpeHa 1 ero NponsBoAHbIX) Ha BCeX CTaHLMAX Obla HUXKe Npesenos
06HapyXeHus.

Mo3aHen oceHbto 2013 r. cymmapHoe coaeprkaHue MAY B Boae npnbpexkHoi 30HbI CeBepHOro
Kacnus (paiioH Knsnsapckoro 3anmsa) Konebanocb B He3HauuUTe bHbIX npeaenax - ot 11 go 25 Hr/nu s
cpeaHem coctaenano 17 Hr/n. OCHOBHOW BKAa4, NPaKTUYECKM Ha BCEX CTaHLMAX BHOCUAM aueHapTUIeH,
XpU3eH M npoussoAHble ¢ayopaHTeHa. KoHueHTpauua 6eH3/a/nupeHa He npesblwana npenenos
o6HapyXeHus.
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Tabnuua 9
CopepskaHue cymmbl MAY (Hr/n)B npuaoHHOM c/ioe BoApl
ceBepo-3anagHoi Yactn Kacnuiickoro mopa paHHen oceHbto 2013 roaa

. CeBepHbiit Kacnuii CpepHuii Kacnuii
CraTUcTUYeCcKuni
napamerp MpubperkHas OTKpbITaa MpubperkHas OTKpbITas PCHN B uenom
aKBaTopua yacTb akBaTopuA YyacTb
CpenHee 3HauyeHue 0 125 2,0 97,4 83,4
Makcmmym 0 321 6,0 299 321
MuUHUMYM 0 0 0 0 0

CymmapHoe cogeprkaHue MAY B goHHbIX oT/n0XKeHuAx CeBepHoro Kacnus (paspes llla, paiioH
Bonro-Kacnuitickoro KaHana) neTom meHanocb B AnanasoHe oT 9,9 ao 112,4 mKr/Kr cyxoro seca npwu
cpeaHem 3HayeHuM 42 MKr/Kr. B coctaBe cymmbl npeobnafany noavapeHbl Tpynnbl HadTaAMHa.
CpeaHAsa KoHueHTpauusa 6eHs/a/nupeHa coctasuna 0,64 mKr/kr. B ceHTabpe-oKTabpe cpegHee
cogep:kaHue cymmbl MAY B LOHHbIX OT/IOKEHUAX CEBEPO-3anafHOli YacTU MOPS COCTaBMAO 56,3 MKI/Kr
(tabn. 10). KoHUEHTpaLUMA MeHsNacb B OYEHb LIMPOKMX Mpeaenax - OT cnefoBbix Konudects ao 309
MKr/Kr. Ee nosbiweHne 6bl10 xapaKTepHo aaa npubpeskHbix palioHoB CpegHero Kacnva. B Hoabpe-
nekabpe cpegHee cogepkaHue MAY B JOHHbIX OTNOXEHUAX NPUBpeKHOM akBaTopum CesepHoro Kacnusa
coctasuio 34,4 mkr/kr, a paamax KonebaHuin — ot 4,76 no 109,8 mKr/Kr.

Ta6nuua 10
CopepskaHue cymmbl NMAY (MKr/Kr) B OHHbIX OT/IOXEHUAX paHHel oceHblo 2013 roaa
CraTuctudeckuii CeBepHbiii Kacnuii CpeaHwii Kacnuit
napametp
MpubperkHas OTKpbITan MpunbperkHas OTKpbITan PCHN B uenom
akBaTopuA YacTb akBaTopwus YyacTtb
CpegHee 3HayeHue 43,6 32,3 87,2 52,4 56,3
Makcmmym 132 220 309 82,4 309
MuHUMYM 2,4 0 2,3 11,8 0

MonuxnopupoeaHHbie bugheHunbl
Netom 2013 r. npucytctene MXB B AOHHbLIX OT/N0XEHMAX OTKpbITOM 4YacTn CeepHoro Kacnus
(paspes llla, paioH Bonro-Kacnuitickoro KaHana) obHapyx»eHo Ha yposBHe 1,02 mKr/Kkr cyx. Beca (Ha
BXxoge B KaHan) n 1,49 mKr/Kr (Ha ero mopucToM Kpae).B ceHTabpe-oKTabpe cpeaHee coaepkaHue MNX6 B
OOHHbIX OT/IOXEHMAX BCeM ceBepo-3anafgHoi 4Yactm mopsa coctasumno 0,65 MKr/Kkr. KoHueHTpauus
MEHSANACb OT CNeA0BbIX KoAndyecTs Ao 2,12 mkr/kr (tabn. 11). NpocTpaHcTBeHHOe pacnpeaeneHune 6bi1o
[0BO/MIBHO OAHOPOAHbIM. [lo3gHel oceHblo cpefHAA KoHueHTpauua MXB B AOHHbLIX OT/JOXKEHMAX
npubpexkHon aksatopum CesepHoro Kacnusa (Kusnapckuin  3anms) coctasuna 0,88  MKI/Kr.
MaKcMmasibHan KOHUEHTPaUMA oTMe4anacb Ha ypoBHe 1,27 MKI/Kr, MMHMMabHas — Ha yposHe 0,22
MK/Kr.
Ta6bnuua 11
CoaepxaHune cymmbl MXB (MKI/Kr) B AOHHbIX OT/IOXEHMAX paHHen oceHbto 2013 roaa

. CesepHbiit Kacnnii CpeaHuii Kacnui
CTaTUCTUYECKUM
napamerp MpubperkHas OTKpbITan MpubperkHas OTKpbITan PCHM B uenom
akBaTopuA YacTb akBaTopuA YyacTb
CpegHee 3HauyeHune 0,52 0,19 0,85 0,76 0,65
Makcumym 1,20 0,24 2,02 2,12 2,12
MuHUMYMm 0,11 0,14 0,03 0 0
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XnopopaaHuyeckue necmuyudsl
Netom 2013 r. U3 Bcero nepeyHs onpeaensembiX NecTMUMAOB B OCaZKax OblanM OOHapyKeHbl
rekcaxsiopbeHson (B KoHueHTpauumn 0,06 MKr/Kr Ha Bxoae B Bosro-Kacnuiickuin kaHan u 0,05 MKr/Kr Ha
ero mopuctom Kpae) u 4,4-00E (8 KoHueHTpauun 0,07 MKI/Kr Ha MOPUCTOM Kpae KaHana). PaHHel
oCeHbI0 cpeaHAa KoHueHTpauma XOMM B AoHHbIX oTnoxeHuax PCHIM coctasuna 0,36 mKr/Kr; auanasoH
nameHumsoct - ot 0 go 2,04 mkr/kr (tabn. 12). MNpocTpaHCTBEHHOE pacnpeaesieHre OTINYaNoch
HEOA4HOPOAHOCTbIO, Camble BbICOKME KOHLLEHTPAUMM NectuumMaoB oOOHapy)KeHbl B NpuUbperKkHOM
akBaTopum CpeaHero Kacnus. MosgHel oceHbio 2013 roga cogeprkaHue XOI B ocagKax OTKPbITOM YacTu
CesepHoro Kacnusa usmeHsnocb 8 ananasoHe 0,03-0,14 mkr/Kr npun cpegHem 3HadeHun 0,06 mKr/kr. B
coctase cymmbl XOIN npeobnaganu rekcaxnopbenson (0-0,07 mir/kr), y-rXUr (0-0,06 mkr/kr), 4,4-00E
(0-0,06 mkr/kr) n 4,4-444 (0-0,11 MmKr/Kr).
Tabauua 12
CopepskaHne cymmbl XOM (MKr/Kr) B IOHHbIX OT/IOXEHMAX paHHel oceHbto 2013 roaa

. CeBepHblii Kacnuii CpegHuit Kacnuia
CTaTucTUyecKui PCHN
napamerp MpubperkHas OTKpbITan MpubperkHas OTKpbITan B uenom
aKBaTopua YyacTb aKBaTopuA yacTb

CpenHee 3HayeHue 0,07 0,03 0,97 0,04 0,36
Makcumym 0,22 0,07 2,04 0,11 2,04
MuHUMYyMm 0 0 0,11 0 0

dmanamel

AHanun3 Npob BOAbl M AOHHbIX OTNOXEHUI Kacnuickoro mopsa Ha npucyTctere GTanaToB—CTOMKUX
BbICOKOTOKCUYHbIX MPOU3BOAHbLIX PTANEBON KUCAOTbl — B PamMKax MporpaMmbl MOHUTOPWHIA BrepBble
nposoaunun B 2012 rogy. [laHHble cOeAMHEHUA LUMPOKO MCMONAb3YIOTCA B NMPOMbILIIEHHOCTU, TNABHbIM
06pa3om, B KaYecTBe NIacTMPMKATOPOB Pas3INYHbIX NoanmepoB. CneayeT OTMETUTb, YTO Cpeamn HUX ecTb
BEeLLEecTBa, OTHOCALWMECA K 1-My K/laccy onacHOCTH, Hanpumep, 6uc(2-atuarekcun)dranat (63rd). Kpome
B3rd, B npobax onpeaenann Hanuvune aummetundrtanata (AMP), amstundtanata (AIP), au-n-
bytundTanata (Ab®P), am-n-oktundrtanarta (4OP), 6ytunbeHsmndTtanata (66P).

Netom 2013 r. npucytcteme GTanaTtoB B AOHHbIX OT0XKEHUAX OTKPbITOM YacTn CeBepHoro Kacnua
obHapy»eHo B npedenax 1632 mKkr/kr (Ha Bxode B Bosro-Kacnuiickuit kaHan) n 1310 mKr/kr (Ha
MOPUCTOM Kpae KaHana). Hanbonblimii BKNaA B CYMMAPHYHO KOHLEHTPALMIO BHOCUA au-n-6yTundTanat
(953 mKr/kr Ha Bxoge B KaHan v 1076 MKr/Kr Ha ero MoOpUCTOM Kpae). B ceHTAbpe-oKTaAbpe cpegHee
coaep:kaHne $TanatoB B AOHHbLIX OT/IOXKEHMAX CEBEPO-3anaZHOM YacTM MopsA coCTaBuao 4554 MKr/Kr
MPY OYEHb LUMPOKOM AManasoHe 3MeHYMBoCTM - oT 131 go 17209 mkr/kr (taba. 13).

Ta6bnuua 13
CoaepxaHue ¢pTanaTosB B AOHHbIX OT/IOMKEHMAX (MKr/Kr)paHHel oceHbto 2013 roaa

" CeBepHbiit Kacnuii CpeaHuit Kacnui
CraTucTmyeckui
napametp MpubperkHas OTKpbITan MpubperkHas OTKpbITan PCHN & uenom
akBaTopuA YacTb akBaTopuA YyacTtb
CpenHee 3HayeHue 2802 406 3421 8641 4554
Makcumym 8319 769 5493 17209 17209
MuHUMyMm 364 131 828 3039 131

MpocTpaHcTBEHHOE pacnpeseneHne ¢TanatoB B MNpefenax paccMaTpMBAEMOM aKBATOpPUU
OT/INYANOCh 3HAYNTENBHOW HEOAHOPOAHOCTLIO. B CeBepHOM Kacnum cpepHee cofepraHue dpTanatos B
ocaZikax NnpubpexHON akBaTOpPUKM HbINO NOYTM B 7 pas Bblle, Yem B OTKPbITOM YacTi. OgHaKo Hanbonee
CU/IbHOE 3arpsa3HeHne Habaaanocb B OTKPbITOM YacTn CpegHero Kacnuva. 34ecb 0TMEYaNochb He TONbKO
caMoe BbICOKOE CpefHee coaeprKaHne GpTanatos B AOHHbIX OTNOXKEHUAX, HO M aBCONIOTHbIA MaKCUMYyM
Ans Bcel akeatopum PCHI B uccneayemslii nepuoga,.
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6. KomnaekcHas oueHKa 3arpA3HeHUa U KayecTBa MOPCKOWM cpeabl

[na oueHKM 3arpAasHeHMA MOPCKOM cpeabl ceBepo-3anagHoi Yactn Kacnumiickoro mops 8 2013
rogy Mcnonb3oBasnca paspaboTaHHbit KacmMHWL, mHOrokputepuanbHblii U MHOFOMApamMeTpUYECKUit
meToA. B cooTBeTCTBUM C AaHHbIM METOAOM KOMMJIEKCHan OLeHKa 3arpsAsHeHus npeacrasnseT cobol
«aHcambnib» U3 TpPex OLEHOK: 1) OLEeHKMN KauyecTBa, Kputepmem kotopor asasetca MAK (C); 2) oueHKu
aKKYMYNAUMKM, KpUTepUem KOoTopoi sBnaeTcA ¢oHosaa KoHueHTpauusa (C;); 3) OUEHKM Harpysku,
KpUTepuem KOTOpOM sABAAeTcA npedenbHo AonycTuman Harpyska (Ay = C, — C). B aHcambnesyto
OLeHKY 3arpA3HeHUs BOBJieYEHbl BCE XMMMYECKMEe MnapameTpbl, A1 KOTopbix ycTaHoBneHa MAK
(tabn.14).TaK Kak B Poccum AnA 3arpAsHAOLWMX BELWECTB, COAEPNKALLMXCA B AOHHbIX OT/IOXKEHUAX MOPEN,
MNOK He ycTaHOBAEHbI, TO ANA aHCamMbIeBOW OLLEHKM MX 3arpssHEeHMA UCMOAb30Bannch 3apybexHble
HopmaTuBsbl (Taba. 15).

Ta6bnuua 14
YctaHoBneHHasa B Poccum MK 3arpAsHAOWMX BELWECTB B MOPCKOW B BoAe
HanmeHoBaHuMe 3arpasHAlOLWLEro Belw,ecTsa NAK B mopcKoii Boae
HedTenpogyKTbl 0,05 mr/n
A30T aMMOHUNHbIN 0,4 mr/n
BMKs 2,0 mr/n
*eneso 0,05 mr/n
LIMHK 0,05 mr/n
Hukenb 0,01 mr/n
Meab 0,005 mr/n
CsuHel, 0,01 mr/n
Kagmuin 0,01 mr/n
Ta6bnuua 15
YcTaHoBneHHanA 3a pyberxkom MK 3arpAsHAOLWMUX BELLECTB B AOHHbIX OT/I0MKEHUAX MOpPE
HaumeHoBaHue NAK B AOHHbIX OTI0XKEHUAX Mopei
HedTenpogyKTbl 50 mr/Kr
LnHK 124 mr/kr/
Hukenb 15,9 mr/Kr
Meab 18,7 mr/Kr
CsuHel, 30,2 mr/Kr
Kagmunit 0,7 mr/Kkr

AHcambnieBan oueHka (E) umeet Tpu pasHosmaHoctu: 1) E; =E/n; 2) E, = E/N; 3) E3= Eng roe
n — obLuee YNCI0 HOPMUPYEMBIX U U3MEPAEMbIX MOKasaTenel 3arpasHeHma; N — 4yncao noKasartenen
3arpasHeHus, y kotopbix E> 0; E, ., — MaKkcMmanbHoe 3HayeHue E. OueHKa E; umeHyetca o606uweHHod,
oueHKa E, — npuopumemmHoli, a oueHka E; — sakcmpemaneHol. [Ona KnaccuduKkaumm u onucaHus
3arpA3HEeHnss MOPCKUX aKBAaTOPUM B COOTBETCTBUM C aHCambneBOWM OLEHKOW NPUMEHsEeTcA LWKana,
npueeaeHHas B Tabavue 16.
Ta6bnuua 16
Knaccnudumkauma 3arpsasHeHMa MOPCKUX aKBaTOPUiN B COOTBETCTBMM aHCaMb1eBOM OLeHKOM

Knacc 3arpAasHeHusa Bep6anbHana oueHKa YucneHHan oueHKa
MepBbin Yucrasa (4) MeHee 1 paBHo 0,50
BTopou YmepeHHo 3arpasHeHHas (Y3) o1 0,51 80 1,50
TpeTtuii 3arpssHeHHas (3) ot 1,51 go 2,50
YeTBepTbI lpasHas (Mp) o1 2,51 go 3,50
MaTbIi OueHb rpasHan (Olp) 6onee un pasHo 3,51
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B cooTtBeTcTBMM € 0606LLEHHOM OLEHKOW MOpCKasa BoZa Ha B3mMopbe Bonrv paHHel oceHblto
XapaKTepu3oBasiacb KakK yMepeHHO 3arpsA3HeHHas, COrMacHO MPUOPUTETHOM OLEeHKe — Kak
3arpsA3HeHHas, COrlacHO 3KCTpeMasibHOM — KaK rpaAsHas (Tabn. 17). Mo3gHeil oceHbld YpoOBEHb
3arpA3HEeHna CHU3UICS — B COOTBETCTBUWN C 0606LEHHON U NPUOPUTETHOM OLLEHKOM BOAA OTHOCKAACH K
YMEPEHHO 3arpA3HEeHHOW, COrIAaCHO 3KCTPEMAsIbHOM OLLEHKe — K 3arps3HeHHOM. B Kusnapckom 3anmse
YPOBEHb 3arpsi3HEHHOCTU BOJ, B TEYEHME OCEHW HEe U3MEHW/CA (XOTA UYMC/IeHHble 3HAYeHWUA BCex
OLLEHOK CHU3WINCB): B COOTBETCTBMM C 0606LLEHHONW U NPUOPUTETHOM OLLEHKOW BOAA OTHOCMAACb K
YMEpPEHHO 3arpA3HEeHHON, COMIACHO 3KCTPEMaNbHOM OLLeHKe — K 3arpA3HeHHOW. [lOHHble OT/IOXKEHMUA B
npubpexHoi 4actu CeBepHoro Kacnma no BCeEM OLLEHKAM XapaKTepU30Ba/IMCb KaK 4uCTble, 3a
WCKNOYEHNEM 3KCTPEMANIbHON OLEHKM 3arpA3HEHMA [OOHHbIX OT/AOXeHUMA B Kusnapckom 3anuee
no3gHei oceHbo, COFTACHO KOTOPOM OHM CYUTAIUCb YMEPEHHO 3arpPsA3HEHHbBIMM.

Tabnuua 17
AHcambieBas OLLeHKa 3arpsA3HEHNA MOPCKON cpesbl B NPUOPEXKHbIX palioHax
CesepHoro Kacnua oceHbto 2013 roga
KomnoHeHT PaHHAA OCeHb no3gHAA oCeHb
cpeapl Ey E Es E, E, E;
Bamopbe Bonru
BOAa 1,37 1,76 3,00 0,88 1,17 1,67
oo 0,00 0,33 0,33 0,06 0,33 0,33
Kusnapckuii 3anms

BoAa 0,93 1,04 2,00 0,63 0,83 1,67
no 0,17 0,33 0,33 0,44 0,44 0,67

I:l YNCTblIE I:' YMePEHHO 3arpA3HEHHbIE I:I 3arpA3HeEHHbIE l:l rpA3HbIE

Mopckaa Boga B OTKpbITOM 4actu CeepHoro Kacnua netom 2013 roga B COOTBETCTBUM C
06006LEeHHOM M NPUOPUTETHON OLEHKOM XapaKTepu3oBasiacb KaK YMEpPEeHHO 3arpsA3HeHHas, a B
COOTBETCTBUM C IKCTPEMA/SbHOM OLLEHKOM -  KaK 3arpa3HeHHas, HO He MOBCEMEeCTHO: BOoAa B
NoBEpPXHOCTHOM c/ioe Ha pa3pese |l THC cornacHo sKcTpeMasibHOM OueHKe OTHOCMAACH K FPA3HOM, a Ha
pa3pese CeBepHbI — K yMEPEHHO 3arpAsHeHHon (Tabn. 18).

Tabauua 18
AHcamb1eBan OLLeHKa 3arpsA3HEHNA MOPCKOM cpesbl B OTKPbITOM YacTy
CesepHoro Kacnua netom n oceHbto 2013 roga
KomnoHeHT neto paHHAA oceHb Nno3A4HAA OCeHb
cpepbl E, E, E; E, E, E; E, E, Es
pa3pe3 BocTouHbIii
nos 0,63 1,00 1,67 1,06 1,05 2,00 0,25 0,67 1,33
AHO 0,63 0,83 1,67 1,06 1,05 2,33 0,42 1,11 1,67
no 0,33 0,67 1,33 0,28 0,55 1,00 0,22 0,67 0,67
paspes lll FTHC
nos 0,96 1,10 2,67 0,93 1,04 2,00 0,42 0,83 1,33
AHO 0,83 1,11 1,67 0,78 1,40 2,00 0,58 0,93 1,33
oo 0,39 0,58 1,33 0,22 0,33 0,33 0,17 0,50 0,67
pa3pes CeBepHblIii
nos 0,54 0,87 1,33 0,81 1,22 2,00 0,54 0,72 1,33
AHO 0,54 1,08 1,67 0,81 1,05 2,00 0,33 0,67 1,33
no 0,33 0,67 1,00 0,39 0,78 1,67 0,44 0,53 1,33
paspes lllaTHC

nos 0,88 1,00 1,67 0,89 0,89 1,67 0,33 0,67 1,33
AHO 0,63 1,25 2,33 0,85 0,85 2,00 0,58 0,93 1,67
oo 0,28 0,42 0,67 0,28 0,42 0,67 0,39 0,47 1,00
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PaHHel oceHbto Ha BCcel akBaTOpPUKM OTKPbITOM YacTu CeBepHoro Kacnma mMopckue Boabl COrnacHo
0606UleHHO M NPUOPUTETHOW OLIEHKE XapaKTepM30Ba/NUCb KaK YMEPEHHO 3arpAsHeHHble, B
COOTBETCTBUM C IKCTPEMasIbHOM OLEHKOM — KaK 3arpssHeHHble. Mo3aHen 0CeHbIO YPOBEHb 3arpa3HeHns
BO/I, HECKO/IbKO CHU3W/ICA: B COOTBETCTBMWN C 0606LLEHHOMN OLLEHKOW BbIJI0O OTMEYEHO NoABAEHME YUCTbIX
BoA, (Ha pa3pese BOCTOYHbLIN, B NPMAOHHOM cnoe Ha paspese CeBepHblA, B MOBEPXHOCTHOM CJiIO€ Ha
paspesax Il u llla THC); a cornacHo aKcTpeManbHOW OLEeHKe BoAbl Ha 60/blieit YacTu aKBaTOPUKM CTanu
XapaKTepu3oBaTbCA KaK YMEPEHHO 3arpsAsHeHHble. YPOBEHb 3arpA3HeHWs AOHHbIX OT/IOXKEHU B
OTKpbITOl 4YacTu CeBepHoro Kacnua He npeTepnesn CyLleCTBEHHbIX U3MEHEHWA — B COOTBETCTBUM C
0600L1EHHON OLEHKOW OHM XapaKTepu3oBa/INCb KaK UYMCTble, B COOTBETCTBUW C MPUOPUTETHON U
3KCTPEeMasibHOM OLLEHKOW — KaK YNCTble M YMEPEHHO 3arpa3HeHHbIe.

Mopckaa Boga U AOHHble OT/IOXKEHMA B NpUbpeXkHbix paioHax CpegHero Kacnua netom 2013
roga B COOTBETCTBUM C 0OOOLLEHHON M NPUOPUTETHOM OLEHKOM XapaKTepu3oBa/IMCb KaK YMUCTble UK
YMEpPEeHHO 3arpA3HeHHble, B COOTBETCTBUM C IKCTPEMAJIbHOM OLEHKOM — KaK YMepPEeHHO 3arps3HeHHble
WK 3arpsasHeHHble (Tabn. 19). PaHHeW OCeHblo 3arpsA3HEHHOCTb BOAbI, COracHoO 0606LWeHHON U
NPUOPUTETHOM OLLEHKE, B LLE/IOM HE M3MEHWIACb, OAHAKO B COOTBETCTBMM C SKCTPEMasIbHOW OLEHKOM
OHa MoBbICKIACh.

Ta6bnuua 19
AHcambieBasi OL,eHKa 3arpsisHeHUsA MOPCKOM cpeabl B NpMOpeKHbIX paioHax
CpegHero Kacnua netom n oceHbto 2013 roga
KomnoHeHT nero paHHAA OCeHb no3aHAA oceHb
cpepbl E, E, E; E, E, E; E, E, Es
NonatuH
nos 0,67 0,76 1,33 1,41 1,41 2,33 0,38 0,75 1,33
AHO 0,58 0,78 1,67 0,81 1,47 2,33 0,44 0,70 1,67
no 0,50 0,60 1,00 0,28 1,94 1,00 0,17 0,33 0,33
Mpopesb
nos 0,71 0,94 1,33 0,70 1,27 2,00 0,54 0,72 1,33
AHO 0,58 0,67 1,33 0,89 1,00 2,67 0,42 0,67 1,00
filo) 0,72 1,08 1,33 0,39 0,58 1,33 0,33 0,40 0,67
Cynak
nos 0,83 1,11 1,67 0,81 1,05 2,00 0,58 0,93 1,67
AHO 0,42 0,67 1,00 0,78 1,00 3,00 0,63 0,83 1,67
no 0,78 0,78 2,00 0,33 0,50 1,00 0,44 0,67 1,67
Maxaukana
nos 0,54 0,72 1,33 0,93 1,39 2,00 0,50 0,57 1,00
AHO 0,46 0,61 1,33 0,89 1,00 2,00 0,67 0,89 2,00
filo) 0,50 0,75 1,67 0,39 0,78 1,67 0,50 0,75 2,00
Kacnuiick
nos 0,58 0,67 1,00 0,70 1,06 1,67 0,50 0,80 1,33
AHO 0,42 0,67 1,00 0,78 1,00 2,00 0,67 0,89 1,67
no 0,28 0,33 0,33 0,11 0,33 0,33 0,22 0,33 0,33
N36epr
nos 0,54 0,87 1,33 0,74 1,11 1,67 0,46 0,73 1,00
AHO 0,54 0,87 1,67 0,93 1,04 2,67 0,67 0,76 1,67
filo) 0,72 0,72 1,67 0,28 0,42 0,67 0,33 1,00 1,67
Dep6eHT
nos 0,50 1,00 1,00 0,67 1,20 1,67 0,29 0,58 0,67
AHO 0,21 0,83 1,00 0,63 0,95 1,67 0,42 0,56 1,00
no 0,22 0,67 1,00 0,00 - 0,00 0,00 - 0,00
Camyp
nos 0,42 0,83 1,00 0,52 1,17 1,33 0,33 0,67 1,00
AHO 0,46 1,22 1,67 0,48 1,09 1,67 0,38 0,75 1,33
no 0,22 0,67 0,67 0,00 - 0,00 0,00 - 0,00

I:l YNCTble I:l YMepPeHHO 3arpA3HeHHbIe I:l 3arpA3HeHHbIe I:l rpA3HbIE
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PaHHel oceHbto MO CpaBHEHUIO C IETOM B palioHax J/lonatuHa, Maxauykanbl, Kacnuiicka, epbeHTa
BOAbl NepeLnm 13 paspaga ymepeHHO 3arpA3HeHHbIX B pa3pas 3arpsA3HeHHbIX, a B palioHax lpopesy,
Cynaka u M3bepra — U3 paspaga YyMepeHHO 3arpA3HeHHbIX B pa3pasd 3arpA3HEeHHbIX U rpsi3HbIX. Mpu aTom
3arpA3HEHHOCTb AOHHbIX OT/IOXKEHWUI B 6ONbLUMHCTBE PANOHOB HE M3MEHMNACh MAWN CHU3MUAACD.

Mo3aHel oceHbld B COOTBETCTBUM C 0O0OLLEHHOM OLEHKOM BOAA BHOBb XapaKTepusoBasacb
NPENMYLLECTBEHHO KaK YMCTad, B COOTBETCTBUMM C MNPUOPUTETHOM OLEHKOM — KaK yMepeHHOo
3arpA3HeHHan, COrTACHO 3KCTPEMAIbHOM OLLEHKE — KaK YMEPEHHO 3arpsi3HEHHAA B MOBEPXHOCTHOM C/loe
(Kpome ycTba CynaKka) u 3arpsisHeHHas B MPUAOHHOM cnoe (Kpome palioHa [lpopesu, OdepbeHTa m
Camypa). JoHHble OTNOXEHUS B 3TO BpemMa B palioHax Cynaka, Maxauykanbl n M3b6epra B COOTBETCTBMM C
NPUOPUTETHOM OLLEHKOW XapaKTepM30Ba/IMCb KAK YMEPEHHO 3arpA3HEeHHble; B COOTBETCTBUM C
3KCTPEeManbHOM OLEHKOM — KakK 3arpasHeHHble. B paioHax JlonatnHa, Kacnuintcka, OepbeHTta n Camypa
0CaZlKM COTNACHO BCEM OLEHKaM NepeLunm B pa3pas YUCTbIX.

Mopckan Boga B OTKpbITOlM YacTn CpegHero Kacnus paHHel oceHbto 2013 roga B COOTBETCTBUM C
0600LWEHHOM W NPUOPUTETHOM OLEHKOW XapaKTepu3oBasacb KaK YMEPEHHO 3arpsA3HeHHas; B
COOTBETCTBUM C IKCTPEMANbHOM OLLEHKOWN — Kak 3arpsAsHeHHas (Tabn. 20). JoHHble OTNOXEHUS COrNAacHO
BCEM OLLEHKaM COOTBETCTBOBA/IM KNACCY YNUCTbIX.

Tabauua 20
AHcamb1ieBan OLLeHKa 3arpA3HEHNA MOPCKOM cpesbl B OTKPbITOM YacTy
CpepgHero Kacnua paHHen oceHbto 2013 roga
KomnoHeHT paHHAA oceHb
cpeapl E E E;
paspe3 MepuanoHanbHbIA
nos 0,70 1,27 1,67
OHO 0,93 1,19 2,00
no 0,06 0,33 0,33
paspes LieHTpanbHbIi
nos 1,07 1,21 2,33
AHO 0,85 1,28 2,00
no 0,17 0,33 0,33
pa3spes KOxHbI

nos 0,74 1,11 2,00
AHO 0,74 1,11 2,00
no 0,22 0,33 0,33

I:l YUCTble I:' YMepeHHO 3arpA3HeHHbIe I:I 3arpAsHeHHbIe l:l rpA3HbIE

KomnnieKkcHaa OueHKa KayecTBa BOA, MNPOBOAMIACb B COOTBETCTBUM C  «MeToamnyeckumm
pekoMmeHAauMAMM Mo GOPManN30BaHHOM KOMMIEKCHOM OLEHKE KayecTBa MOBEPXHOCTHbIX M MOPCKUX
BOZ, MO rmapoxmmmyeckmm nokasatenam" (M., Pocruapomet, 1988). Mpu pacyeTe UHAEKCA 3arpsA3HEHUA
Boa (M3B) yuuTbiBanacb KOHLUEHTpauUMA B BOAE PaCcTBOPEHHOro KuUcaopoaa, HedpTenpoayKTos,
aMMOHUMHOIO asoTa M Meau. PesynbTaTbl pacyeToB MokasaHbl B Tabauue 21. Kak cneayer u3
npuBedeHHbIX AaHHblX, B 2013 r. mMopcKaa BoAa B ceBepo-3anafHoi 4yactm Kacnuiickoro mops
NpPeMmyLLecTBEHHO OLEHMBANAaCb KaK yMepeHHO-3arpsisHeHHan, B OTAE/NbHbIX pPalioHax — KakK
3arpA3HeHHas WM YnUCTas.

B Tabnuue 22 npuBeaeHbl cpeaHue 3HayeHns V3B ana MOPCKMX BOA, B YKPYMHEHHbIX paloHax
ceBepo-3anaaHoi yactn Kacnuiickoro mops B 2012-2013 rr. (cpeaHue 3HAYEHUA Hesb3A UCMOJb30BaTb
ON5 OLLEHKM KauyecTBa, HO OHW NO3BOAIOT CYyAUTb 06 ero MU3sMeHeHuAX B NPOCTPaHCTBE U BpemeHu). Kak
cneayeTt M3 NpuBeAeHHbIX AaHHbIX, B 2013 . KA4ecTBO MOPCKMX BOA, YAYYLIMAOCL MO CPABHEHWUIO C
npeablaywmm rogom. Euwe oaHo oTanuyme coctouT B Tom, YTo B 2012 r. KQ4ecTBO BOAbl OT pPaHHeN K
nosaHen oceHun yxyawanocb, a B 2013 r., HaobopoT, ynydwanocb. Ob6a roaa 6bIIN CXOXKU B TOM, YTO
NoBbllEeHHble 3HaYeHus U3B 6bian 3aduKcMpoBaHbl B NpubpexkHoi akeatopum CesepHoro Kacnua un B
ceBepHolt Yyactn [arectaHckoro wesbda. ITO roBOPUT O TOM, YTO yXyALIEeHMEe KayecTBa NPUBpPeErKHbIX
BoA, 0Oyc/noBneHHOe 3arpAa3sHEeHMEeM M3 Ha3eMHbIX MCTOYHWMKOB, HE PacnpoCTpPaHseTcAa 3a npeaesbl
POCCUIMCKOro CEKTOpa HeApPOnOo/1b30BaHMS.
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Ta6bnuuya 21
NHaeKebl 3arpsasHeHna Mopckux Boa (M3B) B ceBepo-3anaaHoi Yyactu Kacnuiickoro mops 8 2013 roay

n3B
PaiioH uccneposaHumii uronb-as2ycm ceHmAbpb-oKkMaAbpL HOA6pbL-0ekabpb
nos | AHO nos OHO nos OHO
MpubpexcHasa akeamopus CeeepHozo Kacnus
Bamopbe Boarn - - 1,25 - 0,90 -
Kusnapckuit 3anms - - 1,05 0,94 0,79 0,49
Omkpbsimas yacme CesepHozo Kacnus
BocTo4HbIN 0,93 1,13 0,62 0,60 0,52 0,56
Paspes Il THC 0,86 1,00 0,94 0,77 0,54 0,50
CeBepHblIi 1,19 1,18 0,79 0,95 0,60 0,65
Paspes llla THC 0,99 0,88 0,75 0,76 0,48 0,50
MpubpexcHasa akeamopus CpedHezo Kacnusa
NonatuH 1,26 1,31 1,06 0,75 0,88 0,75
Mpopesb 1,47 1,32 1,15 1,02 1,10 0,79
Cynak 1,28 1,04 0,93 0,78 1,13 0,87
Maxaukana 0,99 0,82 1,13 0,87 0,99 0,81
Kacnuiick 1,01 0,98 1,13 1,00 0,76 0,69
N3bepr 0,97 0,75 0,95 0,68 0,97 0,79
JepbeHT 1,25 1,10 0,85 0,76 0,99 0,58
Camyp 1,40 1,34 0,61 0,50 0,90 0,58
OmkKpbimas yacmo CpedHezo Kacnusa
MepuanoHanbHbIN - - 0,42 0,89 - -
LleHTpanbHbIM - - 0,92 0,92 - -
HOXKHbIN - - 0,64 0,82 - -

lpumeyaHue: Ucrnosnb308aHbI cnedyfowue 0603HayeHus yeemos

302pPA3HEHHbIEe 8006/

YMepPEeHHO 3aepPA3HEHHblIe

yucmele
Ta6bnuua 22
CpeaHue MHAEKCbI 3arpsisHeHna mopckux sog, (M3B) B prynHeHHblx*paﬁOHax
ceBepo-3anagHon Yactu Kacnuinckoro mopa 8 2012-2013 rr.
2012 2013
Hactb mops, akBaTopus CeHmAbpb- Hos6pb- CeHmMA6pb- Hos6pb-
0KMAbpob deKabpob 0KMA6pbL 0eKabpob
nos [HO nos AHO nos AHO nos AHO
CeBepHbIvi Kacnuit, npubpekHas 0,92 - 1,20 - 1,15 0,85
CeBepHbIi Kacnus, oTKpbITan 0,88 0,88 1,02 1,12 0,78 0,77 0,54 0,55
CpegHuii Kacnuit, npubpeskHasa 1 0,97 0,96 1,22 1,23 1,07 0,86 1,03 0,81
CpeaHuii Kacnuii, npubperkHan 2 0,92 0,90 0,83 0,81 0,89 0,74 0,91 0,66
CpeaHuii Kacnuii, oTkpbITas 0,84 1,03 0,81 1,09 0,66 0,88 - -
CpepaHuii U3B 0,91 0,94 1,02 1,06 0,91 0,81 0,83 0,67

.
MpumeuyaHue: CpeaHuii Kacnuii, npubpexkHaa 1 (cesepHas 4acTb [larectaHcKoro wenbda): BKAOYaeT B cebsa
6as3oBble paloHbl JlonatuH, Mpopesb, Cynak, Maxaukana; CpeaHuin Kacnuii, npubpexHana 2 (loXHaa 4acTb
[JarectaHckoro wenbda): BkAto4aeT B ceba 6a3osble paioHbl Kacnuiick, M36epr, JepbeHT, Camyp
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7. OueHKa Bog006MeHa U TPAHCTPAHUYHOIO NepeHoca 3arpA3HAIOLMX BELLecTB

PacnonoxeHne CTaHUMA MOHUTOPWHIA Ha FPaHULLE POCCUIMCKOro CEKTopa HeApOono/ib30BaHMA
(puc. 1) no3BosAeT AaTb OLEHKY TPAHCTPAHMYHOIO NepeHoca 3arpsA3HALLMUX BELWECTB NPU YCIOBUK, YTO
AaHHble XMMUYECKMX aHaNN30B byayT AOMNONHEHbI AaHHBIMM O BOLOOOMEHE, CKOPOCTU U HanpaBaeHUU
TEYEeHWIM BAOJIb TPaHWLbI Ha BCeX TFOPU3OHTaxX OT MOBEPXHOCTM A0 [AHa B Nepuos NpoBeseHus
TMOPOXMMUYECKUX HabaoaeHuin. TakMe [aHHble HEBO3MOMHO MNOJYYUTb  MHCTPYMEHTaNbHbIMM
MeToAaMM, eAMHCTBEHHbIM  CNocobom  pelleHus 3TOM  3afauM  ABAAETCA  MUCMO/b30BaHMeE
BepMOUUMPOBAHHOW TMAPOAMHAMUYECKOM MOLENN B CBA3KE C PermoHasbHOM mogenbto atmocdepbl.
Pocruapomet o61azaeT TaKoW TEXHOIOTMEN, OHA UCMOIb3YETCA B ONEPATUBHOM pEXMME A5 MPOrHO3a
nonew ypoBHA N TEYEHUN.

B HacToAwee BpemMa B aBTOMATU3MPOBAHHOM CUCTEMEe OMepaTUBHOM 06paboTKM MHbOopPMauum
fmapometueHTpa Poccum HaxoamTcA onepaTMBHAA rMapoAnHammMyeckaa moaenb Kacnuiickoro mopsa c
pa3speweHvem 3x3 mopckue muan. OLHOBPEMEHHO C HEN MPOXOAMUT OMbITHblE WCMbITaHUA HOBasA
moaenb c paspeweHnem 1x1 mopckaa munas. [oBbllleHHOe paspelleHne no3sosnao bonee
peasiMcTM4HO onucaTb beperoBoit U AOHHbLIN penbed. Kpome TOro, B METOAMKY PACYETOB BKJIOYEHDI
CpefHecyToYHble pacxodbl B BeplMHe aenbTbl Boarn. B Lenom noBblWEHHOe paspelleHne U
OONONHUTENIbHbIE MapaMeTpbl HOBOM MOZENAN MO3BOAAIOT NoayvyaTb Oosiee afeKBaTHble pacyeTHble
XapPaKTEPUCTUKUN YPOBHA U TeYeHU Kacnmnickoro mops 1 paclumMpatoT BO3MOXKHOCTM ee NPUMEHEHMUA, B
T.4. 4NA pelleHns 33434 MOHUTOPUHIA M OXPaHbl MOPCKOM cpeabl.

Ona nepBOro 3KCNepuMeHTasIbHOro pacyeTta Obinl BbiOpaH y4acTok rpaHuubl PCHIM, nexkawini
mexay 44 rpag 20 muH 1 46 rpag 10 MUH ceBepHOM LWIMPOTLI, KOTOPbIN 6bla1 Pa3buT Ha 11 cekTopos
nyTem NpoBeAeHMsA napannenei yepes Kaxagble 10 MUHYT (MOPCKUX MWUAb). Bbibop AaHHOro y4acTka
rpaHuLbl He Bbla cayyaliHbIM, TaK Kak 34ecb B nepuog ¢ 5 no 20 okTabpa 2013 roga npoBoananCh
3KCNeAMUMOHHbIE MUCCNeaoBaHMA Ha paspese «BOCTOYHbINY» (pacnonoKeHue paspesa NPUBEAEHO Ha
KapTe-cxeme, NpeacTaBAeHHON Ha puc. 1). B cBA3W ¢ 3TMm panee BbIOpPaHHbIMA y4acTOK rpaHuMubl PCHI
TaKKe byaeT MMeHOBaTbCA pa3pe3om «BOCTOUHbIN».

ApanTtauMa MOZENN BbICOKOTO paspelleHns K AMarHOCTMYEeCKMM pacyeTam BogoobmeHa u
TPaAHCTPaHMYHOrO NepeHoCa 3arpA3HAIOWMX BELLECTB Oblna BbIMOAHEHA B KOMMaHun «UHbomap». B
pacyeTax MCNONAb30Ba/IMCb MOJE/bHbIE AaHHble O CKOPOCTM W HaMpaB/ieHWe TeyeHuA, a TaKkKe
KOMNoHeHTax X M Y CKOPOCTM TeYeHMsAs B KaxAoW U3 AYEeK MOAeNn, pPacnonoXKeHHOM Ha
pasrpaHUYnUTENbHOM /IMHUM C YCTAHOB/AEHHOM BPEMEHHOW AUCKpeTHoCTblo (puc. 8). Ans Kaxkaoro
Y4YacTKa pasrpaHUunTENbHOM IMHKUK, CPOKA M C0A BOAbI OLLEHMBANNCL Pacxodbl BOAbl BHYTPb U 33 €ro
npegensl. Bce nonyyeHHble pesynbtaTbl 0606LWanMCh 414 OANHHAALATM CEKTOPOB.
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Mo pesynbTaTam BbIMOJIHEHHbIX PACYETOB B PAacCMaTpPUBaeMbli Mepuos BPeMeHU Ha paspese
«BoCTOUHbINY Npeobnasanu Te4eHUs BAOAb OCU, HAaNpaBAEHHOM C Ioro-3anaja Ha CeBepo-BOCTOK (puc.
9). CymmapHbIii BogoobmeH B nepuog ¢ 5 no 20 oktabpa 2013 roaa coctasun 158,7 Km>. OTTOK BOAbI 33
npeaenbl PCHIM 6bin Bbiwe nputoka - Ha 4,9 km® (3a npenenbl poccuiickoro cektopa 6biN0 BbIHECEHO
81,8 km® BoAbI, NpuBHeceHo 76,9 Km®). Haubonee MHTEHCMBHLIM BOLOOBMEH Bbln B CpeaHeit YacTu
paspesa «BocTouHbln» (puc. 10).
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Puc. 9 MNoBTOpPAEMOCTb TeYEHUI NO HanpaBaeHUAM (%) Ha pa3pese «BoCToYHbIN» 5-20 okTabps 2013 T.

Bofo006MeH Ha rpaHuMLEe POCCUIACKOro ceKTopa
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Puc. 10 BogoobmeH B pas/MyHbIX CeKTopax pa3pesa «BocTouHbln» B nepmog ¢ 5 no 20 oktabps 2013
roga B cnoe 0-20 meTpos. Ha ocn abcumcc — HOMepa CEKTOPOB C CeBepa Ha tor; @ — CYMMapHbIit
BOLO0OOMEH; b — pe3yabTUpyoLWwmMin BOAO0OMEH; € - OTTOK BoAbl; d — NPUTOK BOAbI

PacyeT TpaHCrpaHWMYHOro MepeHoca OCYLECTBAANCA B OTHOWEHUM 14 3arpAsHAIOWMX BELLECTB:
HedTenpoaykTos, CIMAB, HadTannHa, 1-meTunHadbTanMHa, aueHadTUNEHa, aueHadTeHa, mean, CBMHLUA,
Kagmus, PTYTWU, Kenesa, MapraHua, UMHKA W HUKena. TpaHCrpaHMYHbIM MEpPeHOC TaK Ke, Kak
BOAOOOMEH, XapaKTepu3oBa/cA YeTblpbMsA MapameTpaMu: CYMMapHbIM MNEepPeHOCOM, OTTOKOM,
NPUTOKOM 3arpa3HAIOLLMX BELLECTB U Pe3y/IbTUPYIOLLMM NepPeHocom (NPUTOK MUHYC OTTOK).

Hamnbonblimii cymmapHbIit nepeHoc Habntogancs B cnoe Boabl ot 0 go 5 m, npu 3tom
pe3ynbTUPYIOLWNI NepeHoc Ana O0/bLIMHCTBA 3arpA3HAIOWMX BeWecTB, 3a McKaodeHnem CMAB, 1-
MeTunHadTanMHa, aueHadTUNEeHa U aleHadTeHa, Bbll NONOXKUTENbHBIM (MPUTOK MpEeBbIan OTTOK). B
cnoe 5-15 m, HanpoTMB, Pe3yNbTUPYIOLWNI NepeHoc 6bl oTpMLaTeIbHbIM (OTTOK MpeBbilwan NPUTOK).
Takke HeobXoAMMO OTMETUTb, YTO 3HAYEHMA CYMMAPHOTO U Pe3y/ibTUPYIOLLEro NepeHoca CyLLeCTBEHHO
BapbWPOBasM NO OTAENbHbIM CEKTOPaM pa3pesa «BocTouHbln» (puc. 11).

Pa3paboTaHHaa TeXHONOIMSA pacyeTa TPAHCIPAaHWMYHOrO NepeHoca 3arpAsHAKWMX BELLEecTB C
MCNONb30BaHMEM [AaHHbIX MOHWTOPWMHIA M MOAENNPOBAHUA MNpeacTaBasieT cobon ApPKUIM npumep
pacWMPSAIOLWLErocss MCMO/Ib30BaHUS METOAOB WM TEXHOIOTMM  OnepaTMBHOM  METEeopPosIorMn U
OKeaHorpadumn gns oxpaHbl OKpyrKawolen cpeabl. Oxuaaercsa, yto Ha Kacnuilickom mope oHa byzet
BocTpeboBaHa Ana pa3paboTKM COBMECTHbIX Mep MO 3aliuTe MOPCKOW cpeabl OT 3arpssHEeHUs B pamMKax
TerepaHCKOW KOHBEHLMN.
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TOHH/cyT TpaHcrpaHUUHbIN NEepeHoC LMHKA
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Puc. 11 TpaHCrpaHu4HbIM MepeHoc UMHKa B cnoe Boabl 0-5 M B pas/iMyHbIX CEKTOpaxX paspesa
«BocTouHbIM» B nepuog c 5 no 20 okTabpa 2013 roga. Ha ocun abecumcc — Homepa CeKTOPOB C ceBepa Ha
tOT; @ — CYMMapPHbIN nepeHoc; b — pesynbTupylowmin nepeHoc; ¢ — oTToK; d — NPUTOK

8. MeKroaosble U3MEHEHUA COCTOAHUA U 3arpA3HEHNA MOPCKOW cpeabl

[ONA XapaKTepUCTUKN MEXroaoBbIX MU3MeHEeHMIM MopcKkon cpeabl B 2012-2013 rr. UCcnoib30BanCh
AaHHble HabNAEeHNIN, NPOBOAMBLUMXCA PAHHEN OCEHbIO, TaK KAk B 3TOT ce30H B 06a roza nporpamma
HabntoaeHU Obla OAMHAKOBOW MO KOMMYECTBY M PACMONONKEHMUIO CTAaHUMWA. [NA XapaKTepUCTUKK
BPEMEHHON M3MEHYMBOCTU HAPAZY C YKPYNMHEHHbIMW paliOHaMM UCMONb30BAJICA elle OAUH OO6BEeKT —
nepumeTp POCCUICKOTO CEKTOpa Heaponoab3oBaHua Kacnuiickoro mops. B Hero nocnefosatenbHoO (B
Hamnpas/eHUN MPOTUB YACOBOM CTPESIKM) BKAKOYAINCL MPUOPEXKHbIE CTAaHUMKM, PACMO/IOMKEHHbIE HA
B3Mopbe Bonrn, B Kusnapckom 3anmee, Ha TepcKo-Cy/nakCKOM B3MOpbe, B paioHax Maxaykana,
Kacnuinck, U3bepbaw, LdepbeHTt, Camyp, a TakxKe cTaHumM pas3pe3oB «HOXKHbIM», «LleHTpanbHbIN»,
«MepuanoHanbHbIA» U «BOCTOYHbINY» (cm. puc. 1). [laHHble, BK/IOYEHHbIE B 3TOT MPOCTPAHCTBEHHbI
pAf, CrNa*kKUBaJIMCb CKOMIb3ALWMM cpegHUM. o crna*KeHHbIM pAagam CTPOUINCH KPYroBble Auarpammbl,
npyM 3ToM AAA  TOro, 4Tobbl 3aMKHYTb KPYr, K KOHLY MCXOZAHOro MPOCTPaHCTBEHHOro paga Oblan
NOBTOPHO «MPUBA3aHbI» CTaHUMKM B3mopbA Boarn. Kpyrosble guarpammbl 3a 2012 u 2013 rog
pacnosiarajiMcb Ha O4HOM PUCYHKe, Blarogaps Yemy JIerko NPOC/IEKUBAIOTCA MEKIOA0BbIE U3MEHEHWSA
MOPCKOW cpeabl BAONb nepumeTpa PCHI.

Fudponozo-2udpoxumuyecKue U AUMOA020-XUMUYECKUe yca08us

AKcneanumoHHble paboTbl B CpegHem Kacnmm B 2013 r. npoBoAananch nosxke, yem B 2012 r.,
nosToMy Temnepatypa BOAbl B 3TOW 4acTM MoOps B 0OO3PMMOM roAy OKa3asnacb HUXKe, 4YeM B
npegpiaywem (puc. 12). 3To U3MEHEeHWe He KOCHY/0Cb TeMnepaTypbl NPWAOHHbLIX BOL B OTKPbLITOM
YacTM MOpSA, KOTOPasA OT/INYAETCA M3BECTHOM CcTabuabHocTbio. ConeHOCTb BOAbI BAONbL NnepumeTpa PCHIN
TaKKe He npeTepnena CyLWeCTBEHHbIX W3MEHEHMWI, 33 WCKIYEHMEeM Yy4yacTKa, Haubonee
NOLBEPKEHHOTO BAMAHUIO BOJIKCKOTO CTOKa (MpubpekHbix cTaHumii CesepHoro Kacnua), rae 6bi1o
OTMEYEHO ee NOoBbIEHNE, 0OYCNIOBIEHHOE METEOPONOTMYECKMMU YCIOBUAMM (HQ BIMOPbAX PEK U Ha
MEeNKOBOAbE COJIEHOCTb HAaXoAWUTCA B HO/blUEN 3aBUCMMOCTU OT METEOPOJIOTMYECKUX YCAOBUI, Yem B
OTKPbITOM NyH6OKOBOAHOM 4acTu mops). Hebosblwoe MOBbllEHME KOHLEHTpaLMM KUCIoposa B
noBepxHOCTHOM cnoe Bog CpegHero Kacnma M B NPUAOHHbLIX Bogax [arectaHckoro wenbda
OODBACHAETCA CHUMKEHMEM TemnepaTypbl BOAbl W, COOTBETCTBEHHO, MOBbLILIEHWEM PACTBOPUMOCTM
Kucnopoza B BoZe.

B rpaHynoOMeTpMyYeCcKOM COCTaBe MPOU3O0LLM Ceaytowme N3MeHEHMA: a) B LOHHbIX OT/IOKEHUAX
wenbdoBoit paBHWMHbI CpegHero Kacnva MOBbICMAOCH COAEprKaHWe paKywu; 6) B OTKPbITOM 4yactu
CesepHoro Kacnusa v wenbdosoii pasHMHe CpeaHero Kacnus noBbICMNOCb COAEPKAHME KPYMHOro M
CHU3UIOCb CoAEeprKaHWe MesIKOro MNecka; B) B ceBepHOM 4YacTu [JarectaHckoro wenbda, a TaKke B
OOHHbIX OTNOXeHUAX LWenbdoBoi paBHUHbI CpeaHero Kacnua CHM3WMAOCL COAEPIKAHWE aNeBpuUTa,
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KOHLEHTpaLMA KOTOPOro MOBbICMNACb B OMKHOW YacTu [flarecTaHckoro wenboa; ) noBbICMAOCH
cofiepraHue nenuta B AOHHbIX oTA0XKeHuax CesepHoro Kacnusa (tabn. 23, puc. 13). MpaKTUYeckn He
MU3MEHUNCA TPaHY/IOMETPUYECKUIA COCTaB AOHHbIX OT/IOKEHUN [1lepbeHTCKON KOTN0BUHbI, B KOTOPbIX
npeobnaganvu menkosepHUcTble Gpakumn. 3TO roBOPUT 06 aKTUBHOM AMHAMUKE AOHHbIX HAaHOCOB Ha
Bcel akBaTopum PCHII, 3a uckaoueHnem ee rnybokoBogHom Yactn. ChneayeT TakkKe OTMETUTb 3aMeTHoe
NoBbILEHME COAEPKAHNE OPraHMYECKOTO BELLECTBA B AOHHbIX OTNOXeHUAX [epbeHTCKOM KOTN0BUHBI,
yKasbiBatouee, 4to 8 2013 roay 6uonormyeckas NpoAyKTMBHOCTb CEBEPO-3anafHOM YacTm mopaA boina
Bbiwe, yem B 2012 roay.
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Puc. 12 MexrogoBble W3MEHEHMA TeMMepaTypbl W CONEHOCTM BOAbI, a TaKXe CcoAeprKaHuA
pacTBOPEHHOro KMcnopoaa B ceBepo-3anagHol yactu Kacnuiickoro mopsa 8 2012-2013 rr.

Ta6bnuua 23
MeKrogosble U3MEHEHMWA B rPaHY/IOMETPUYECKOM COCTABE AOHHbIX OT/IOXKEHUM
B CeBepo-3anagHon Yactm Kacnuinckoro mopa 8 2012-2013 rr.

pakywa KpYnHbIii Necok MeNIKUA NecoK
Yactb mopsA, akBaTopus
2012 2013 2012 2013 2012 2013
CeBepHblii Kacnuit, npnbpekHasn 7,12 9,15 8,59 16,0 42,8 29,0
CeBepHblii Kacnus, oTKpbITan 23,6 20,2 27,0 32,6 33,7 31,1
CpeaHuii Kacnuit, npubpeskHas 9,19 9,63 11,3 11,0 18,5 17,7
CpegfHuii Kacnui, oTkpbITas 24,7 22,5 6,27 5,57 8,47 10,8
opraHu4yecKkoe
YacTb Mops, aKBaTopus anesput nenut
BeLLecTBo
2012 2013 2012 2013 2012 2013
CeBepHbIVi Kacnuit, npubpeskHasn 17,8 17,1 23,7 28,5 0,96 0,86
CeBepHbIt Kacnus, oTKpbITan 10,0 11,0 5,47 4,90 0,53 0,28
Cpeanuii Kacnuit, npubpeskHas 9,47 8,62 51,4 52,7 1,01 0,93
CpegaHuit Kacnuid, oTKpbITan 3,63 4,32 58,3 56,6 1,44 1,84
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Puc. 13 MexrogoBble M3MEHEHWA TPaHy/IOMETPUYECKOrO COCTaBa WM COAEPXKAHUA OpraHMYecKoro
BELLECTBA B AOHHbIX OT/I0XKEHUsAX (%) ceBepo-3anagHon Yyactu Kacnuinckoro mopsa B 2012-2013 rr.

3azpazHeHue mopckoli cpedbl

CpegHAs KOHUeHTpaumsa HedpTenpoAyKTOB B BOZaX CeBepo-3anagHoM yactu Kacnmickoro mops
paHHein oceHbto 2013 r. MO CpaBHEHUIO C AHANIOIMYHBbIM MEePUOAOM MPOLUIOrO rofa He U3MEeHWIAch
(tabn. 24). 3aTo CyWECTBEHHO M3MEHMUCA XapaKTep NPOCTpaHCTBEHHOro pacnpeaeneHusa HIM Ha Bcelt
aKBaTopuM U ee Mopckon rpanHuue (puc. 14). KoHueHTpaums HI Bo3pocna B NpubpeskHbIX BoAax U
CHM3MMACb B OTKPbLITOM YacTM MoOpsi, B TOM YMCAe Ha MOPCKOM rpaHuLLEe POCCUMCKOro CeKTopa
HeZpPONoOab30BaHMA, YTO elle pa3 MNOATBEP)KOAET Te3UC O TOM, YTO 3arpA3HEeHMe U3 Ha3eMHbIX
WUCTOYHMKOB He BbixoauT 3a npegenbl PCHM. KoHueHTpauua CMAB B Boae, TakXe Kak u HI,
OTHOCALLMXCA K HECTOMKUM OpraHMYeckum 3arpsasHutenam, B 2013 rogy cyLecTBEHHO MOBbICM/IACH MO
CpaBHeHUO C npeapiaywm rogom. lpu 3TOM JaHHOe MOBbIWEHWEe B OCHOBHOM MNPOM3OLWAO B
NpuMBpPeXHbIX palioHax, a B OTKPbITOM YacTu mMops, 0cOBeHHO, B NPUAOHHOM C/l0e He oulywanoco. Mo
CpaBHEHUIO C NpeablayWmMM rogom cpefHAa KoHueHTpauua HI1 B AOHHbIX OTAOXEHUAX CHU3MAACL, a
CMNAB — nosbicunacb. Hanbonee ApPKO 3TN M3MeHeHUA bbln BblpaxKeHbl B [epbeHTCKOW KoTnoBuHe (y
CMNAB Takxe Ha wenbdoBoi paBHUHe CpegHero Kacnus). Ham TpyaHo AaTb 06bACHEHUE 3TOMY QaKTy,
HO cnefyeT OTMETUTb ero CBA3b CO 3HAuMTe/IbHbIM MOBbllWeHUnem coaepykaHma OB B AOHHbIX
OTNOXKeHUAX [lepbeHTCKOM KOT/IOBUHDI.

MeXrofioBble M3MEHEHUA KOHLLEeHTpALUMWU TAMKeNblX MEeTaN/IoOB B BOAE W AOHHbLIX OT/0XEHUAX
ceBepo-3anagHoli 4actn KacnuMiMCKoro MopsA XapaKTepu3oBa/MCb C/AeAyloWMMU  0COBEHHOCTAMM.
CpegHnas KoHueHTpauusa Fe, Mn n Hg B Boae paHHel oceHbto 2013 roga He M3MeHMIacb NO CPAaBHEHUIO
C aHaNoOTMYHbIM NepmnoaoMm npolunoro roga (Tabn. 24) . KoHueHTtpaumsa Pb, Cd n Hg nosbicunack, a Zn v
Ni cHu3mnacb. B AOHHbBIX OTNOMEHMAX MPOU3OLUNO CHUMNKEHME KOHUEHTPAUMKU TAMXKENbIX MeTassoB.
MOCKONbKY  AaHHble M3MEHEHWA 3aTPOoHYAM 6osblive No 06beMy BOAHbIE MAcCbl M LIMPOKUE NO
NA0oWaAM AOHHbIE OTNOXEHMA UX TPYAHO OOBACHUTL IOKANIbHBbIMU NpoLeccamu. BosmorKHble NpUYmHBbI
TAKOW W3MEHUYMBOCTM ClefyeT WCKaTb B MexdasHbIX NpoLeccax, aKTMBHOM Yy4yacTMM B3BecUM B
reOXMMMYECKOW MUFpaLMM  TAXKEAbIX MeTananioB. Ha 3ToO yKas3biBaeT, B YACTHOCTWU, XapaKTep
pacnpegeneHuns TaxeNblXx MeTannoB BA0 b rpaHuubl PCHIM paHHen oceHbio 2013 roga. B npeapiayliem
rogy aTto pacnpegeneHvie B rpaduyeckom Buae 6biN0 MOXOXKE Ha «TPUAUCTHWMK®», a B 2013 roay Ha
«OBa/1», BbITAHYTbIN BAONb OCW, HAaNpaB/lEeHHON C ceBepo-3amnafa Ha tro-socTtok (puc. 15). U3 atoro
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cnepyet, uto B 2013 roay noBblWEeHHAs KOHUEHTPALMA TAMKE/NbIX METa/oB B JOHHbLIX OTNOMEHMAX
Habnloganacb Ha YCTbeBOM B3Mopbe Bonru (3oHa ocaxaeHus) u [epbeHTCKoM KOTaoBMHE (30Ha
HaKOM/IeHNA), T.e. B HAYa/IbHOM N KOHEYHOMW TOYKaxX MyTU MUrpaLMv B3BELIEHHbIX METa//I0B B CEBEPO-
3anagHoi yactn Kacnuiickoro mopa. OB6Lieit 3aKOHOMEPHOCTM He COOTBETCTBYET TOJIbKO MoBeaeHue
KagMus, «0Basi» pacnpeneseHns KoToporo 6bia BbITAHYT BAO/Ib OCKM, HarnpaB/eHHOM C CEBEPO-BOCTOKA
Ha toro-3anag. Ho JaHHOe UCKNKoUYEeHNE TOIbKO NOATBEPXKAAET NPaBuIo, Tak Kak KaaMuid, Kak 3To 6bi10
MOKa3aHo Bblllie, B CBOEN MUrPaLMK CBA3aH CO B3BECbIO MEHbLLIE, YeM ApYyrue meTanbl.

Ta6bnuua 24
CpeHAsA KOHLEHTpaLmA 3arpA3HALLMX BELEeCcTB B MOPCKOM Boge
W OOHHbIX OTNOXeHUsX B npegenax PCHIM paHHelt oceHbio 2012-2013 rr.
2012r. 2013 r. 2012r. 2013 r.
Mokasarenb
Bopga [ OHHbIEe OT/I0XKeHUA
HM (mr/n; mKr/r) 0,07 0,07 34,6 14,3
CNAB (mr/n; mKr/r) 0,01 0,03 6,2 11,4
Cu(mKr/n; mKr/r) 7,6 6,7 26,4 14,5
Pb(mkr/n; mkr/r) 4,7 9,6 5,7 3,6
Cd(mKr/n; mkr/r) 0,14 0,25 0,11 0,07
Hg(mKr/n; mKr/r) 0,01 0,02 0,03 0,03
Fe(mr/n; mKkr/r) 0,14 0,13 7781 5986
Mn(mKr/n; mkr/r) 4,1 4,0 120 84
Zn(MKr/n; mKr/r) 27,4 16,8 49,3 28,6
Ni(mKkr/n; mkr/r) 37,4 23,1 30,0 19,2

ol

i

I
1}

=——2012 S =—2013 =—2012 § =2013

2012 S ==——2013

Puc. 14 MeKrogosble M3MeHeHUs codepaHua HedTenpoayktos u CMAB B Boge (Mr/n) m AOHHBIX
OTNOMKEHUAX (MKr/n)B ceBepo-3anaaHoi 4acTi Kacnminckoro mops paHHen oceHbto 2012-2013 rr.
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Puc. 15 MeKrogoBble USMEHEHUA COAEPHKAHUA TAKENbIX METa/IZIOB B AOHHbIX OT/0XKEHUAX (MKr/T) B
ceBepo-3anagHom Yyactu Kacnumickoro mopa paHHen oceHbto 2012-2013 rr.

B Tabn. 25 npuBedeHbl [AaHHble O COAEPXaHUM  MONAULMKINYECKUX apOMaTUYECKUX
YrNeBoOPOA0B U CTOMKUX X/J0popraHuyeckux coeguHeHuit (XOM u MXB) B AOHHbIX OT/NOXEHUAX
ceBepo-3anagHoi yactm Kacnuitckoro mopsa B 2012-2013 rr. M3 3TUX AaHHbIX CleadyeT, YTo YPOBEHb
3arpA3HeHUs AaHHbIMM TOKCMKaHTaMM AOHHbIX OT/IOXKEHWI paHHen oceHbto 2013 roaa NpakTUYECKU He
MU3MEHWU/ICA NO CPAaBHEHUIO C aHANIOMMYHbBIM Nepuoaom npolnoro roga. ObpalaeT Ha cebs BHMMaHMKe
apyroi ¢akTt, — nosgHei oceHbto 2013 roaa ypoBeHb 3arpA3HEHHOCTM AOHHbIX OTI0XEHUN Obin Bbile,
yem paHHel oceHbto 2012 1 2013 rr. (ecam cyamTb NO BepxXHEMyY npegeny 3HayeHuin). Takum obpasom,
Ce30HHble KOoNebaHWA KOHLEHTPaUMM CTOMKUX OPraHWYEecKWUX 3arpAsHuTenei no CBOemMy pasmaxy
NPeBOCXOAAT MeXKrofosble KonebaHua. Hanbonee BepoATHOM NPUUMHOMN 3TOTO ABNAAETCA OTMEYEHHas
Bbllle aKTMBHAA AMHAMMKA AOHHbIX HAHOCOB B CEBEPO-3anaZHoM YacTu Kacnuiickoro mops.

Pe3ynbTaTbl nccnefoBaHMM MOKA3bIBAKOT, YTO 3arpA3HAOLLME BelecTBa, nonaswue B Kacnuiickoe
MOpe, BOBJIEKAIOTCA 34,eCh B PasMyHble GU3NKO-XMMUYECKME U BUoreoxmummnyeckmne npoueccol. Cyas no
pa3mMaxy Ce30HHbIX U MEXroAoBbIX KONeBaHUN KOHLEHTPAUMKN 3arpAsHAIOLWLMX BEWECTB B Pa3/IMYHbIX
KOMMOHEHTax cpeabl, macca 3B, BoB/ieYyeHHasa B 3TM MpOLLECCbl, BO MHOro pas 6onble maccbl 3B,
€XXero4Ho NocTynatLLmMx B Mope.

Tabauua 24
CopeprkaHue yrnesogopoaos (MAY) n CO3 (MXB 1 XOIM) B AOHHbIX OTN0XKEHUAX
ceBepo-3anagHon Yactm Kacnuinckoro mopa 8 2012-2013 rr.

CeHTAbBpPb -OKTAGPDL Hoa6pb — gekabpb CeHTABPDb -OKTAGPDb

3arpasHAlolee BeLyecTso 2012 . 2012r. 2013 .
Cymma MAY, MKr/Kr 2,4-242 17,3-699 <0,03-309
Cymma MXB, MKr/Kkr <0,03-6,70 0,35-10,8 <0,03-2,12
Cymma XOI, MKr/Kr <0,03-1,06 <0,03-4,87 <0,03-2,04
lekcaxnopbeH30., MKr/Kr <0,03-0,2 <0,03-0,25 <0,03-0,3
Cymma OAOT, mKr/Kr <0,03-1,15 <0,03-4,72 0,11-1,74
Cymma XU, mKr/Kr <0,05 <0,05 <0,05-0,21
XnopaaHbl, MKr/Kr <0,05 <0,05 <0,05
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3aksoueHune

NccnepoBaHMA COCTOAHMA WM 3arpA3HEHHOCTM MOPCKOM cpedbl B CeBepo-3anagHOM 4acTu
Kacnuiickoro mopa B 2013 roay ctanu npogosixkeHnem pabot, Hadvatbix B 2012 r. B COOTBETCTBUM C
«[Mporpammoint MOHUTOPUHIa TPAHCTPAHUYHbIX BOAHbIX 06beKkToB Kacnuinckoro mops Ha 2012-2014 rr.»,
yTBepxaeHHol YM3A PocruagpomeTa. B 2013 roay, B oTanumMe OT npeablayliero roga, obiav nposeaeHsl
TPM LWMPOKOMAcWTabHble aKcneauumun (B uione, ceHTAbpe-okTabpe M Hosbpe-geKkabpe) C Lenbio
M3y4yeHMA Ce30HHOM M3MEHYMBOCTU. BTOpas aKcneamumAa MO KOAMYECTBY M PACNONOMKEHWUIO CTAHUMM,
BpeMeHU npoBeaeHMa paboT NoJIHOCTbIO COOTBETCTBOBA/IA OAHON M3 MPOLUAOrOAHUX SKCNeAULni, YTo
NO3BOJIU/IO NPOCAEANTb MEXKIOL0BbIE USMEHEHUA.

Kak 1 B npowsom roay, 6onbwoe Mecto 6blnO yAeneHo npoBeAeHUto HabnogeHun 3a
COCTOAHMEM M 3arpA3HEeHMemM MOPCKOM cpeabl Ha MOPCKOM rpaHuLEe POCCUIACKOrO CeKTopa. Bnepsblie B
OTEYEeCTBEHHOM MPAKTUKE AaHHble 3TUX HabAlAeHWI BKyne c pesy/ibTaTaMyv MoAe/IMPOoBaHMA Nons
TEYEHMUI C y4eTOM peasibHoM norodpl OblIM UCNONb30BaHbl AN pacyeTa TPAHCrPaHUMYHOro nepeHoca
3arpasHsaowmx Bewects. Cneayer TakKe oTMeTUTb, uTo B 2013 roay 6bi1M Npoao/KeHbl HabatoaeHun
Ha CTaHUMAX MEeXAYHapOoAHOM NPOrpamMmmbl MOHUTOPUHIA Kacnminckoro mopsa, Npyu 3TOM KoopAauHaTbl
CTaHLUMMN, Pacro/IoKEeHHbIX HAa B3Mopbe Bonrn, 6bian yTOUHEHbl B COOTBETCTBUM C NOC/IeAHEN Bepcuel
OAHHOW NporpaMmol.

B Ce30HHbIX M MEXrog0BbIX USMEHEHUSAX FTMAPONOTrO-TMAPOXMMUYECKUX YCNOBUIA He BbIN0 HUYEro
HeobblyHoro. KosiebaHUs CONEHOCTM B OCHOBHOM OMNpPeaensancb CTOKOM p. Boarnm u xapaktepom
LMPKYAALMN BOA. MpM YMEHbLUEHMN PEYHOIO CTOKA U YCUAEHUM aHTULMKAOHUYECKOM UMPKYAALMN, KaK
3TO 00bl4HO ObiBaeT BO BTOPONM MOJIOBMHE /eTa, COJIEHOCTb B CEBEpPO-3anagHoM 4actu Mmops
NOBbILIAETCA, TOFAA KaK OCEHbIO NMPU YCUNEHUM LIMKAOHUYECKOM LIMPKYNALMM OHA BHOBb CHUMKAETCS.
YBennyeHne rogosoro ctoka Boarm 8 2013 r. no cpasHeHuto ¢ 2012 r. ¢ 230 go 257 Km® He 0TpasmaocChb
Ha CONEHOCTM BOA MO ABYM MNPUYMHAM: BO-MEPBbIX, OHO He 6bl10 CcToNb 60AbWwKM, 4YTOObI
KOMMNEHCUPOBaATb BAUAHME 5-TW NpeablayLMX MasoBOLAHbIX IET; BO-BTOPbIX, AJA OLEHKW MEXrogoBbixX
M3MEHEHWN WCMNO/Ib30BaNINCL AaHHble HabNloAeHWI B MEXKEHHbI nepuos, Korga pacnpegeneHuve
COJIEHOCTM B OCHOBHOM 33aBUCUT OT LUPKYAALMMK BOA.

MpocTpaHCTBEHHOE pacnpenefieHne AOHHbIX OTNOXEHWI MO FPaHY/OMETPUYECKOMY COCTaBy U
COLEPKAHUIO OpPraHMYECKOro BELLeCTBA B OCHOBHbIX YepTax Mano MOABEPXKEHO CEe30HHON U
MENKro40BON M3MEHYMBOCTU. K 3TMM YepTam cnegyeT OTHecTM npeobsiafaHue MKecTKUX TPyHTOB
(pakywmn, necka) B oTKpbiTOoM Yactn CesepHoro Kacnua, wenbdoBon paBHUHe CpeaHero Kacnusa v B
IOXKHOM yacTn [larectaHckoro wenbda. B cBol ouepedb, MATKME TpyHTbl (aneBpuT, NenuT)
npeobnagatoT B npubpexKHbix palioHax CeBepHoro Kacnus n B ceBepHOM YacTu [arectaHcKoro wenbda.
Mexay Tem B 60/bLIMHCTBE PallOHOB paccMaTpMBaeMoOW aKBaTOpWUM, 3a MUCKAoYeHuem [epbeHTcKomn
KOT/NIOBMHbI, FPaHY/IOMETPUYECKUIN COCTAaB B MEJIKUX YepTax NOABEPIKEH 3aMETHbIM KO/ebaHusam, 4To
YKa3blBaeT Ha aKTUBHYIO AWMHAMUKY AOHHbIX HAHOCOB. B pe3ynbTaTe MCCAeAOBaHUIM OBHapyKeHo
3aMEeTHOE MOBbIWEHNE COAEpP’KaHMA OPraHMYECKOro BeLLeCTBa B [AOHHbIX OTAOXeHUsAX [depbeHTcKol
KOT/NIOBMHbI, YKasbiBatowee, 4to B 2013 rogy buonorMyeckana npoayKTMBHOCTb CeBepo-3anaaHoi Yactu
mops 6bina Bblle, Yem B 2012 roay.

B 2013 roay KoHueHTpauua HedTenpoaykTos (HM) B BoAe CHUXKanacb OT NeTa K NO34HEN OCEHM,
fleTom oHa B cpeaHem coctasuna 0,10 mr/n, a nosgHein oceHbio 0,05 mr/n.  PaHHelt oceHbio
KoHUeHTpaumsa HIM B npedenax Bcell paccmaTpuBaemon aksatopum Kosebanacb ot 0 go 0,16 mr/n, a
CPeaHAA KOHLUEHTPaUuMA B YKPYNHEHHbIX paioHax - ot 0,04 go 0,09 mr/n. CpedHAs KOHUEHTpauus
HepTenpoyKTOB B BOAAX CeBepo-3anafHoM yactu Kacnuiickoro mops paHHein oceHbto 2013 r. no
CPaBHEHMIO C aHA/IOTMYHbBIM NEPUOLOM NPOLUAOro roga He M3MeHUNAcb. 3aTO CYLLLECTBEHHO M3MEHUACA
XapaKTep NpoCcTpaHCTBEHHOro pacnpeaeneHus HIM Ha Bceit akBaToOpuM M ee MOPCKOW rpaHuue (puc. 14).
KoHueHTpauma HIM Bo3pocna B NpubpekHbIX BOAAX U CHU3UAACb B OTKPLITON YacTU MOPS, B TOM Yncie
Ha MOPCKOM TrpaHWULE POCCUMIACKOrO CEeKTopa Heaponosib30BaHMA, 4YTO elWe pas MoATBepKAaeT
BbICKa3aHHbIM B MPOLUJIOM roAy Te3UC O TOM, YTO 3arpsisHeHMEe U3 Ha3eMHbIX MUCTOYHMKOB HE BbIXOAMUT 33
npeae bl 3TON rpaHnLbl.
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Pe3synbTatbl uccneposanuii B 2013 rogy nokasanu, 4To MO XapaKTepy MPOCTPAHCTBEHHOrO
pacnpeseneHns B BOAE BCe TAXesible METAN/ibl YeTKO pa3fenvnucb Ha Age rpynnbl. B nepsyto,
XapaKTepPU3YHOLLYOCA MOBbILEHHOM KOHLEHTpaLumMel meTanna B npnbpekHoix Bogax CesepHoro Kacnus
N ee CHWXXeHWeM B OTKPbITON YacTn mops, Bowan Fe, Cu, Cd 1 Hg, a BO BTOpYIO, XapaKTepm3yoLLytoca
NMOHMKEHHOM KOHLLEeHTpauMen meTanna B npubpexHbix Bogax CesepHoro Kacnma n ee nosbileHWEM B
OTKpbITOM 4Yactm mopsa, sBowau Mn, Zn, Ni m Pb. O6pasHO MOXKHO FOBOPUTb O «PEYHOMN»
NPOUCXOXKAEHMUM METANN0B, OTHOCALLMXCA K MEPBON rPymnmne, U «K MOPCKOMY» MPOUCXOKAEHUN METANNOB,
OTHOCALLMXCA KO BTOPOI rpynne. o pesyabTaTam UCCNefoBaHWM BbiiBAEHbI TPYM 061aCTV aKKYMyNALUK
METa/IIOB B AOHHbIX OT/IOXKEHUAX: ABE TPaH3UTHble ([JarecTaHCKMI Wwenbd 1 OTKPbITas YacTb CeBepHOro
Kacnua) n ogHa TepmuHanbHaa (depbeHTcKas KoTnoBuHA). Ce30HHbIE U MEXKroAoBble U3MEHEeHUs
KOHLEHTPALUN TAXKE/bIX METaA0B OTAM4YatoTca 60/blMM pa3maxom, 3aTparmeatoT 6Honbwune no
06bemy BOAHblE MACCbl U LUMPOKME NO MNOLLAAM AOHHbIE OT/IOKEHWUS, NO3TOMY MX TPYAHO OOBACHUTDL
JIOKaNbHbIMW MpoLeccamu. Bo3amoKHble NPUYMHBI TaKOM M3MEHUYMBOCTM CAeAyeT UCKATb B MerKbasHbIX
npoueccax, akTUBHOM y4aCTUMN B3BECU B TEOXMMMUYECKOM MUTPaLMK TAXKENbIX meTannos. B 2013 r., Kak B
npeaplaywem rogy, MOBbIWEHHAA KOHUEHTPauuMA TAXKENbIX MeTa//IoB B  [AOHHbIX OT/IOKEHUAX
Habntoganacb B YCTbeBOM B3Mopbe Bonrn (3oHa ocarkaeHusa) u [epbeHTCKOW KOTA0BMHE (30Ha
HaKoMneHwusa), T.e. B HA4YaIbHOM M KOHEYHOM TOYKAX MYTU UX MUTPALMM.

Mo cpaBHeHWUIO ¢ Npeablaywmm rogom, 8 2013 r. 66110 yBEANYEHO KOAMYECTBO MPO6 AOHHbIX
OT/IO}KEHUI, B KOTOPbIX ONPeAeNAN0Ch COAepKaHMe NONNLUKINYECKMUX apOMATUYECKUX YIN1eBO40POA0B
N CTOMKMX XJIopopraHnyeckmx coegnHeHuii (XON u NXB). MonyyeHHble gaHHblE NOKa3aan, YTO YPOBEHb
3arpA3HEeHUA CynepTOKCMKAHTAMM [OHHbIX OT/IOXKEHWIM paHHel oceHbto 2013 roga NpakTUYeCcKU He
NM3MEHWICA MO CPAaBHEHMIO C aHAZIOTMYHbIM NEepPUoAOM npoLnoro roga. ObpawaeT Ha cebs BHMMaHUE
apyroi ¢akT — nosgHel oceHbto 2013 rofa ypoBeHb 3arpA3HEHHOCTM AOHHbIX OT/I0XEHUI Obla Bbllle,
yem paHHen oceHbto 2012 1 2013 rr. (ecnm cyauTb NO BepXHEMY Npeaeny 3HauyeHui). Takum obpasom,
CE30HHble KO/IeGaHUA KOHUEHTPaLMM CTOMKMX OPraHMYECKUX 3arpsasHMTENell MO CBOemy pasmaxy
NpPeBOCXOAAT MeXKrogoBble KonebaHua. Hambonee BepoOATHOW MPUYMHOWM ITOrO ABAAETCA AKTMBHAA
OVHAaMMKA [OHHbIX HAaHOCOB B ceBepo-3anagHoi 4yactu Kacnmiickoro mopsa. B cpeaHem ypoBeHb
3arpA3HEeHUs CTOMKMMM OPraHUMY4eCKMMW 3arpA3HUTENS MM PAacCMATPMBAEMOM aKBAaTOPUMN NO CPABHEHUIO
C Apyrumm paioHamu Kacnmiickoro mops U Z4pyrmmm MOPSMU MOXKHO XapaKTepu3oBaTb KaK CpeaHui.

PesynbTatbl BbiMO/AHEHHbIX B 2013 r. uccnenoBaHM 3arpA3HEHUs ceBepo-3amafHOM YacTu
Kacnuinickoro mopa no3BO/MAM cAenaTb elle OAHO BaxHoe ob6obuieHMe — OHM MNOKasanu, 4YTo
3arpsAsHAowWwme BelecTsa (3B), nonaswme B MOPCKYIO cpeay, BOBAEKAIOTCA 34eCb B Pa3MYHble GU3NKO-
XMMUYECKME N Bruoreoxmmmuyeckune npoueccol. Cyas no pasmaxy CE30HHbIX U MEMKIroLoBbIX KonebaHuit
KOHLLeHTpaLMn 3B B pa3/IMuHbIX KOMMNOHEHTaX MOPCKOW Cpefbl, MX Macca, BOBNEYEHHAA B 3TU NPOLLECChHI,
BO MHOTO pa3 60/blle macchl 3B, eXXerofHO NocTynatoLLel B Mope.

[Ona KOMNAEKCHOM OLEHKM 3arpA3HeHMA MOPCKOM cpefbl ceBepo-3anagHoi Yactn Kacnuickoro
Mopsa B 2013 roay ncnonb3osasncs paspaboTaHHbii KacnMHUL, aHcamb1eBbln (MHOFOKpUTEPUAIbHBIN 1
MHOronapaMeTpmyecknit) meTos. B COOTBETCTBMM C  AaHHbIM METOAOM KOMIMJIEKCHAA OLEHKa
3arpsasHeHus npeacraBnser coboll «aHcambnb» M3 TPex OLEHOK: 1) OUEeHKM KauyecTBa, Kputepuem
KoTopoit sBnadetca MAOK; 2) OUEHKM aKKyMyaaLMM, KpUTEepUMem KOTopoh aAsnsetca ¢oHoBas
KOHLLEHTpaLMs; 3) OLEHKM HArpy3Kku, Kputepmem KOTOPOI ABAAETCA NpeAenbHO AONyCTUMAs Harpyska.
PaccmaTpuBaemas akBaTopua B OCHOBHOM OLLEHMBAETCA KakK YMepeHHO-3arpA3HeHHan; Nnepnoamyeckn B
OTAENbHbIX PaiOHaX — KaK 3arpA3HEeHHasn UAK, HaNpPOTUB, YNCTaA.

KomnneKkcHaa oueHKa KayecTBa BOJ, NPOBOAMAACH C WMCMOJ/Ib30BaHMEM WHAEKCA 3arpAsHeHus
Mopckux Bog (M3B). B 2013 r. mopckas Bofda B ceBepo-3anafHoli 4actu Kacnuiickoro mops
NPeMMyLLEeCTBEHHO OLLeHMBANaCb KaK YMepeHHO-3arpA3HeHHana, B OTAE/IbHbIX palioHax  — Kak
3arpsasHeHHan uam ynctaa. B 2013 r. KauecTBO MOPCKMX BOZ, YAYYLUIMAOCHL MO cpaBHeHuto ¢ 2012 r. Oba
roga 6bI1M CXOXM B TOM, YTO MOBblWEHHble 3HayeHuAa WM3B 6bian 3aduKcMpoBaHbl B NpubpexkHon
akBatopum CesepHoro Kacnus u B ceBepHOM uYacTu [larectaHckoro wenbda. ITOT aKT TaKxke
CBMAETeNbCTBYET B MOJIb3y TOrO, YTO 3arpA3HeHMe M3 Ha3eMHbIX MCTOYHMKOB He pacnpocTpaHAeTcA 3a
npeaenbl POCCUMCKOro ceKTopa Heaponosib3osaHus (PCHM).
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HoBM3HY uccnegoBaHUAM, BbiNOAHEHHbIM B 2013 roay, npupaeTr pacyeT TPAHCrPaHMYHOro
nepeHoca 3B. TpaHCrpaHMYHbIM NEepeHOoC pPaccyMTbiBaiM MO AAHHbBIM MOHUTOPUHIA 3arpA3HeHUs
MOPCKMX BOJ Ha OCHOBE MOAE/IMPOBAHUA MONA TEYEHWM C Yy4eTOmM peasbHoOM norogpl. AnA
aKcnepumeHTa bbin BbiOpaH y4YacToKk rpaHuubl PCHI, nexawmit mexay 44 rpag 20 muH 1 46 rpag 10
MWH CEBEpPHOM WMpOoTbl. 1A XapaKTEPUCTUKM TPAHCIPAHUYHOTO nepeHoca 6bl1o BbIbBpaHO YeTbipe
napameTtpa (CymmapHblit nepeHoc, OTTOK 3B, npuTok 3B u pesynbTupyloWnii nepeHoc), KoTopble
paccumnTbiBaAUChb AnA 14 3arpA3HAIOLWMX BELLECTB.

CornacHo nosy4yeHHbIM pesyabTaTamM, HaMbonblMIA CyMMapHbIn nepeHoc 3B Habntoganca B cnoe
Bogbl oT O 8O 5 M, NpM 3TOM pe3ynbTUPYOLWKUIA NepeHoc gas OONbLIMHCTBA NOAAOTAHTOB Obin
NONOXUTENbHbIM (MPUTOK NPEBbILWAA OTTOK). B cnoe 5-15 m, HanpoTuB, pe3y/bTUPYIOLLMA NepeHocC bbin
oTpuLaTeNbHbIM (OTTOK MpeBblwas NPUTOK). PaspaboTaHHasa TEXHONOrMSA pacyeTa TPaAHCTPaHUMYHOro
nepeHoca 3arpA3HALLNX BELLeCTB C MCNOJIb30BAaHMEM AAHHbIX MOHUTOPUHIA U MOAENIMPOBAHNA MOXKeET
6bITb BOCTpeboBaHa A/1A Pa3paboTKM COBMECTHbIX Mep MO 3alMTe MOPCKOM cpedbl O 3arpAsHeHus B
pamKax TerepaHCKOW KOHBEHUMW.

MnaHupyeTcsa, 4YTO MCCNeAoBaHUA COCTOSAHMA W 3arpA3HEHHOCTM MOPCKOM cpedbl B CeBepo-
3anagHoM Yactu Kacnminckoro mopa B COOTBETCTBMU C «[1porpamMmon MOHUTOPUHIA TPAHCTPAHUYHbIX
BOAHbIX 06bEKTOB Kacnuitckoro mopa» byayT npoaonkeHbl B 2014 roay.
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Introduction

The study of the state and pollution of the marine environment of the Caspian Sea north-western
partin 2013 is the follow-up of the work started in 2012 in accordance with the “Monitoring programme
of transboundary water bodies of the Caspian Sea in 2012 - 2014” adopted by Department for Managing
Environmental Monitoring, Polar and Marine Activities of Roshydromet.

In accordance with this Programme, the monitoring was focused on the north-western part of the
Caspian Sea, bordering on the RF coastline at the land side, and on international bottom delimitation
borderline established for the purpose of subsoil management and adopted in accordance with the
agreements signed by the Russian Federation with the Republic of Kazakhstan and the Azerbaijan
Republic from 1998 to 2002. This water area is called the Russian Subsoil Management Sector of the
Caspian Sea (RSMS). Consequently, transboundary water bodies of the Caspian Sea include North
Caspian and Middle Caspian, which are sea sectors having specific regime features. The RSMS is located
within this water area.

The main objectives of the "Programme of monitoring of transboundary water bodies of the
Caspian Sea in 2012-2014" were identified as follows:

- renewal of systematic observations of marine environmental pollution at century cross-sections
of the North Caspian, where they were stopped in early 90s of the past century;

- extension of observation network of marine environmental pollution with help of stations
located along the RSMS perimeter and stations of the International Monitoring Programme;

- improvement of methods and technologies of pollution diagnosis and assessment of marine
environment quality;

- improvement of completeness, validity and significance of information on the state and
pollution of the Caspian Sea submitted to the customers;

- implementation of the RF international commitments on carrying out of joint monitoring of the
Caspian Sea.

Two large-scale expeditions and a vast volume of laboratory studies carried out by specialists of
Roshydromet operational and research institutions were implemented in 2013 within the framework of
the "Programme of monitoring of transboundary water bodies of the Caspian Sea in 2012-2014". The
following institutions were involved: Astrakhan and Dagestan Hydrometeorological Centres, Caspian
Marine Scientific Research Centre (KaspMNIZ), State Oceanographic Institute (SOI) and "Science and
production association "Typhoon". A four-volume research technical report was prepared on the basis
of the obtained materials.

This review summarizes main results of the research implemented in 2013. The Review consists of
several sections. The first section covers the information on management and implementation of
activities. These sections are followed by materials describing hydrological and hydrochemical
conditions, lithological and chemical conditions, spatial and temporal variability of water and bottom
sediments pollution throughout the field work period. Special sections are devoted to integrated
assessment of marine environmental pollution and results of the special research implemented in 2013
within the framework of scientific and technical support of the monitoring of transboundary water
bodies. In conclusion, a generalized summary of the implemented activities is presented.
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1. Management and implementation of activities

In 2013, field activities within the framework of the monitoring of the Caspian Sea transboundary
water bodies were carried out in 10 areas and at 7 cross-sections (including 3 "century" cross-sections),
and at 104 marine observation points (oceanographic stations (Fig. 1 and Table 1).
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Fig. 1 Map of observation points of state and pollution
of transboundary water bodies of the Caspian Sea in 2013
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Field works comprised three stages. The first stage covered the period from July 18 to August 5,
the second - from September 5 to October 2, and the third - from November 10 to December 16. The
second stage included full-scale research, while the first and the third ones were abridged (In summer
the studied area included the open part of the North Caspian and the coastal area of the Middle
Caspian; in late autumn - the North Caspian and the coastal area of the Middle Caspian).

RSMS water area was subdivided into two areas of responsibility: 1) area of responsibility of
Astrakhan HMC, which covered the North Caspian, with the exception of the Kizlyar Bay; 2) area of
responsibility of Dagestan HMC, which covered the Kizlyar Bay and the Middle Caspian.

The field works were performed by vessels equipped with all the instruments required for work in
shallow and deep-water areas of the Caspian Sea (satellite navigation system, meteorological station,
hydrological hoisting device, sampling tools and tools for 1-day chemical analysis).

All meteorological, hydrological and hydrochemical ship observations as well as sampling of
water, bottom sediments and suspended matter were carried out in accordance with the requirements
of technical regulations and specifications (RD, GOST, GOSTR), guidelines and methodical instructions.
Tools certified by the State Register of Measurement Tools were used for observations and
measurements.

Chemical analysis of water samples taken in the area of responsibility of Astrakhan HMC for
biogenous elements and samples of water and bottom sediments for non-persistent organic pollutants
(oil products and synthetic surfactants) was carried out in the certified laboratory of Astrakhan HMC.

Chemical analysis of water samples taken in the area of responsibility of Dagestan HMC for
biogenous elements and non-persistent organic pollutants (oil products and synthetic surfactants) was
carried out in the certified laboratory of Dagestan HMC. The analysis of bottom sediment samples for
non-persistent organic pollutants taken in the area of responsibility of Dagestan HMC was carried out in
the certified laboratory of Astrakhan HMC.

The analysis of granulometric composition of bottom sediments irrespectively of sampling
location was performed by KaspMNIZ with help of special certified organizations. The analysis of all
samples of water, bottom sediments and suspended matter for heavy metals irrespectively of sampling
location was performed by the certified laboratory of Astrakhan HMC. The analysis of water and bottom
sediment samples for persistent organic pollutants (OCP, PCB, PAH and phthalates) was carried out by
SPA "Typhoon".

Meteorological observations were carried out at all the points, while hydrological and
hydrochemical observations were held at all the points in the surface and near-bottom layers, with the
exception of shallow areas, where the observations covered only surface water layer. Lithological and
chemical observations were carried out at all points. All water samples were analysed for non-persistent
organic pollutants and heavy metals. Samples of suspended matter were taken and analysed mainly in
shallow water areas. Water and bottom sediment samples taken at the stations of International
Monitoring Programme, as well as random samples, were analysed for the presence of persistent
organic pollutants.

Organizational, methodical, research and technical activities were supported by FSBI "KaspMNIZ".
FSBI "SOI", FSBI "SPA "Typhoon" and "Infomar" Ltd. were involved in research and technical support of
the activities. The Research and Technical Report and the Review were prepared through joint efforts of
FSBI "KaspMNIZ" and FSBI "SOI" and edited by S. Monakhov - Director of FSBI "KaspMNIZ", PhD in
Geography.
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List of areas and observation points of state and pollution
of transboundary water bodies of the Caspian Sea in 2013

Table 1

Point name and/or number

Coordinates

Longitude | Latitude
1. IMP points in the Volga coastal area
lip 49° 16' 05.2" 45°54' 56.43"
2ip 49°08' 00" 46° 15' 00"
3ip 49°04' 23.17" 46° 03' 19.24"
dip 48°51' 25.97" 45° 47' 06.78"
5ip 48°16’00” 45°41' 04"
6ip 48°01' 48.37" 45°23'11.86"
7ip 48°01' 00" 45°37' 07"
8ip 47° 43' 35.46" 45°20' 48.50"
9ip 47° 46' 08" 45°23' 07"
2. "Eastern" cross-section
le 50° 01' 05" 45°58' 41"
2e 49° 51' 54" 45°49' 12"
3e 49°41' 42" 45°38' 20"
Je 49°32' 02" 45°28'41"
Se 49°21' 22" 45°17' 35"
6e 49°10' 30" 45°05' 35"
7e 49°09' 36" 44° 49' 48"
8e 49° 09' 00" 44° 38' 35"
9e 49°08' 17" 44°30' 36"
10e (station 4 of cross-section 1V) 49° 01’ 44° 16’
3. Section lll of SON
3.1 48° 56’ 45° 29’
3.2 48° 56’ 45°21°
3.3 48° 56’ 45° 137
3.4 48° 56’ 45° 03’
3.5 48° 56’ 44° 537
3.6 48° 56’ 44° 437
3.7 48° 56’ 44° 337
3.8 48° 56’ 44° 18’
4. "Northern" cross-section
1n 48°22' 48" 45°07' 08"
2n 48°24' 14" 44° 58' 05"
3n 48°25' 55" 44° 47' 53"
4n 48°27' 25" 44° 37' 55"
5n 48°29' 06" 44°28' 44"
6n 48°30' 47" 44°19' 19"
7n (st. 3 of cross-section 1V) 48° 38' 44° 09’
5. Section llla of SON

3a.l 47° 45’ 44° 55’
3a.2 47° 48’ 44° 49
3a.3 47° 52 44° 43’
3a.4 47° 54’ 44° 40
3a.5 47°56’ 44° 36’
3a.6 47° 58’ 44° 32’
3a.7 48° 01’ 44° 28’
3a.8 48° 04’ 44° 22’
3a.9 48° 08’ 44° 15’
3a.10 (station 2 of cross-section 1V) 48° 15’ 44° 02’
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Continuation of table 1

Point name and/or number Coordinates
Longitude Latitude
6. Kizlyar Bay
1k 47°22' 01" 44° 25' 48"
2k 47°28' 19" 44°21' 14"
3k 47° 35' 35" 44° 15' 54"
4k 47° 43' 34" 44° 10' 08"
5k 47° 49' 52" 44° 05' 24"
6k (station 1 of cross-section 1V) 47°57' 36" 44° 00' 00"
7k 47°22' 30" 44° 16' 55"
8k 47°30' 32" 44°11' 53"
9k 47°37' 48" 44°05' 35"
10k 47°24' 58" 44°07' 08"
11k (station 8ip) 47°30' 32" 44° 00’
7. Lopatin
4 47° 43°07” 43°49°08”
5 47°49°07” 43°49°01”
6 47°54°02” 43°48°02”
8. Prorez
7 47° 34' 20" 43°34' 08"
8 47° 33’ 43° 33’
9 47° 34' 06" 43° 33’
10 (st. 9ip) 47°38' 07" 43° 33’
11 47°32' 07" 43°31' 06"
9. Sulak
12 47° 34' 60" 43° 18’
13 47° 36’ 43° 17’
14 47° 38’ 43° 16’
15 (st. 10ip) 47° 40 43° 15’
16 47°31' 80" 43° 13’
10. Makhachkala
37 47°28°40” 43°05°08”
38 47°29°07” 43°02°06”
17 47°30°05” 43°00°40”
19 47°35°07” 43°00°03”
18 47°32°06” 43°00°05”
21 (st. 11ip) 47°35°07” 43°00°04”
36 47°32°06” 42°59°02”
35 47°35'03” 42°57°06”
20 47°30°40” 42°59°40”
11. Kaspiysk
23 47° 41" 42°53' 058"
22 47°39°04” 42°55°07”
39 (st. 12ip) 47° 44°01” 42° 50°
40 47° 46'06” 42°53°06”
12. Izberbash
24 (st. 13ip) 47° 55'06” 42° 33°06”
25 47° 59°06” 42°30°08”
26 47° 54°08” 42° 35’
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End of table 1

Point name and/or number Coordinates
Longitude Latitude
13. Derbent
27 48° 19°40” 42° 03°05”
28 (st. 14ip) 48° 19° 42° 03°09”
14. Samur
29 48°33°04” 41°54°20”
30 (st. 15ip) 48° 30° 41° 55°40”
15. "Meridional" cross-section
Im 48°56' 13" 44° 03' 50"
2m 48°56' 13" 43°48' 29"
3m 48°56' 13" 43°33'11"
4m 48°56' 13" 43° 16' 44"
5m 48°56' 13" 42°55'41"
em 48°56' 13" 42°35'42"
7m 48°56' 13" 42°17' 24"
16. "Central" cross-section
1c 49°10' 01" 43° 05' 56"
2c 49°23' 17" 42°55'52"
3c 49°37' 19" 42°45' 18"
4c 49° 53' 06" 42°33' 22"
17. "Southern" cross-section
1s 48°38' 02" 41° 55' 55"
2s 48° 45' 18" 41°59' 46"
3s 48° 53' 02" 42°03' 43"
4s 48°57' 11" 42°05'42"
5s 49°11' 28" 42°12'43"
6s 49° 25' 16" 42°19' 34"
7s 49° 38' 49" 42°26' 10"

To summarize the obtained data and analyse the spatial and temporal variability of parameters of
state and pollution of the marine environment basic field areas were merged in larger areas in
accordance with the scheme presented in Table 2.

Table 2
Scheme of merging field work areas
Merged areas Basic areas Depth, m
Coastal water area of the IMP points in the Volga coastal area 3.6
North Caspian Kizlyar Bay
"Eastern" cross-section
Open part Section Il of SON 595
of the Caspian Sea "Northern" cross-section

Section Illa of SON

Northern area (Lopatin, Prorez, Sulak)
Central area (Makhachkala, Kaspiysk) 5-25
Southern area (Izberg, Derbent, Samur)

Coastal water area
of the Middle Caspian

"Meridional" cross-section
"Central" cross-section 25-650
"Southern" cross-section

Open part
of the Middle Caspian
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2. Hydrological and hydrochemical conditions

Water temperature

In the summer of 2013, water temperature in the north-western part of the sea made 25-27 °C at
the surface and 21-24°C in the near-bottom layer (Table 3). In early autumn, as storms enforced, water
temperature at the surface and in the near-bottom layer was more or less even; stratification was
observed only in the deep layer of the Middle Caspian. The highest water temperature in this time
period was observed in the shallow water part of the North Caspian Sea (22°C) (Fig. 2). In late autumn
seasonal water cooling was more intense in coastal areas, while in the open sea part water cooled down
slower.

Water salinity

The factors which determined the salinity dynamics in the north-western part of the sea are the
Volga discharge and the flow bringing desalinated water along the western sea coast. Because of the
reasons mentioned above, water salinity in 2013 as usual increased in the direction from the coast to
the sea and from the surface to the bottom (Table 3, Fig. 2). In July, under the effect of flooding the
salinity of the North Caspian was at its lowest; after that salinity dynamics was conditioned by
fluctuations of the coastal current: it subsided in early autumn causing a rise in salinity and grew
stronger in autumn causing the salinity to decline.

Dissolved oxygen

The oxygen conditions in the north-western sea part in 2013 were quite favourable (Table 4). No
hypoxic zones were identified in productive areas; relative oxygen deficit was registered in the near-
bottom layer of the open part of the Middle Caspian (3.9 mg/l), and oxygen was completely absent at
the depths exceeding 600 m (the fact is to be proved). Oxygen concentration in water reached its peak
in late autumn (as a result of an increase in oxygen solubility in cold water and the increase of wind
mixing).

Table 3
Water temperature and salinity in the north-western part of the Caspian Sea in 2013
Water temperature, °C
summer early autumn late autumn
Sea sector Water area . . .
mean max min mean max min mean max min
Surface layer
North coastal - - - 21.2 22.2 19.5 12.2 12.6 11.5
Caspian open 26.9 28.5 24.9 14.9 17.4 13.0 10.7 13.9 8.3
Middle coastal 24.8 28.3 18.6 17.1 21.2 13.4 7.1 10.8 2.8
Caspian open - - - 15.2 15.7 14.5 - - -
Bottom layer
North coastal - - - 21.4 21.9 20.5 12.3 12.6 11.8
Caspian open 24.2 27.4 16.2 14.9 17.3 12.4 11.0 13.8 8.2
Middle coastal 20.9 25.6 11.0 17.1 21.7 13.0 7.1 10.7 3.0
Caspian open - - - 7.5 14.4 5.3 - - -
Water salinity, %o
summer early autumn late autumn
Sea sector Water area . . .
mean max min mean max min mean max min
Surface layer
North coastal - - - 5.6 10.0 0.2 4.9 10.5 0.4
Caspian open 7.4 11.2 2.3 9.4 121 2.4 8.7 12.3 3.4
Middle coastal 11.0 12.3 7.7 10.5 12.0 7.3 10.2 12.0 6.3
Caspian open - - - 11.7 12.3 10.6 - - -
Bottom layer
North coastal - - - 9.3 10.3 8.1 8.0 10.8 5.7
Caspian open 8.3 12.3 2.4 9.9 12.2 8.5 9.4 12.4 5.3
Middle coastal 11.6 12.7 10.0 11.0 12.2 8.5 11.0 12.3 8.7
Caspian open - - - 12.3 13.1 11.0 - - -
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Table 4
Dissolved oxygen in the water of the north-western part of the Caspian Sea in 2013, mg/|

summer early autumn late autumn
Sea sector Water area ; ; ;
mean max min mean max min mean max min
Surface layer
North coastal - - - 8.7 9.4 8.2 10.4 11.5 9.8
Caspian open 7.8 8.7 6.7 9.7 10.6 8.7 10.7 11.6 9.6
Middle coastal 7.7 8.5 6.6 8.9 9.8 7.6 11.4 12.9 9.9
Caspian open - - - 9.2 9.7 8.9 - - -
Bottom layer
North coastal - - - 8.0 8.4 7.6 10.0 10.5 9.6
Caspian open 6.3 8.4 2.4 9.4 10.3 8.0 10.2 11.4 8.8
Middle coastal 7.1 8.2 5.8 8.7 9.5 7.7 11.0 12.2 9.2
Caspian open - - - 3.9 8.5 0 - - -

!

surface layer bottom layer

Fig. 2 Spatial distribution of water temperature and salinity in the north-western part of the Caspian Sea
in September - October of 2013
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3. Lithological and chemical conditions

Summer

In the summer of 2013 bottom sediments in the open part of the North Caspian Sea were made
up mainly of fine sand (40%), and almost equal shares of shell (18%), coarse sand (20%) and aleurite
(18%) and a small amount of pelite (4%). In Dagestan shelf, on the contrary, pelite predominated in the
bottom sediments (43%), shell and fine sand constituted 20% each and 10% was made up by coarse
sand and aleurite (Table 5).

Early autumn

In early autumn the bottom sediments of the coastal North Caspian area (the Volga estuary and
the Kizlyar Bay) were made up by fine sand and pelite (30% each); coarse sand (16%) and aleurite (17%)
constituted 33%; less than 10% was constituted by shell (Table 5). Silt fractions accumulated mainly in
the Kizlyar Bay. Aleurite content also increased there and in the northern part of the Volga depression
(Fig. 3). Fine sand accumulated within the Volga estuary, especially in the area of the Volga - Caspian
Canal; coarse sand on the contrary aggregated in the eastern part of the shallow area (Fig. 3).

In the open part of the North Caspian bottom sediments were made up of coarse fractions - shell
(20%), coarse and fine sand (33% and 31%); fine fractions - aleurite and pelite were found in small
amount (11% and 5%). Coarse fractions mainly accumulated in the area of Mangyshlak Threshold, which
separates the North and the Middle Caspian Sea, and in the eastern part of the North Caspian Sea. Pelite
content increased in the western sea part, near Chechen Island (Fig. 3).

Silt prevailed in the Middle Caspian in September - October 2013 throughout the whole water
area (53 - 57%); in accumulation zones (northern part of Dagestan shelf and the slope of Derbent
depression) its content reached up to 98% (Table 5, Fig. 3). As far as other components of bottom
sediments were concerned, its composition varied: fine sand predominated in the coastal area of the
Middle Caspian (18%), and shell prevailed in the deep-water part (23%). The share of coarse sand and
aleurite in the bottom sediments of the Middle Caspian was even less- about 10% each in the coastal
area and 5% each in the open sea part.

Late autumn

The proportions of fractions in bottom sediments in the North Caspian Sea did not change in late
autumn; changes were insignificant and did not affect the overall distribution pattern (Table 5). Among
these changes, we should note the increase of pelite content in the open part of the North Caspian from
5 to 10% (as the amount of fine sand decreased). Silt still dominated at Dagestan shelf in late autumn
(though its amount fell a little - to 44%), however the proportions of other fractions changed: the share
of shell (20%) and coarse sand (15%) rose, while the share of fine sand decreased (11%).

Organic matter

The dynamics of the organic matter in the bottom sediments of the north-western part of the
Caspian Sea resembles that of pelite. The accumulation zones of organic matter in the Middle Caspian
are located in the northern part of Dagestan shelf and on the slope of the Derbent basin, and in the
North Caspian - in the northern part of the Volga depression (Fig. 3).
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Table 5
The content of different granulometric fractions and organic matter in bottom sediments
of the north-western part of the Caspian Sea in 2013, %

summer early autumn late autumn

Sea sector Water area
mean max min mean max min mean max min

Shell (particle size more than 1.6 mm)

North coastal - - - 9.2 40.3 0 7.7 30.7 0
Caspian open 17.5  86.2 0.2 20.3 63.9 0.5 23.1 70.5 0.4
Middle coastal 17.4 841 0 9.6 77.3 0 19.8 818 0
Caspian open - - - 22.6 78.3 0 - - -
Coarse sand (1.6 - 0.4 mm)
North coastal - - - 16.0  70.1 0.9 14.0 61.1 1.0
Caspian open 204 878 0.8 327 805 1.7 25.5 82.9 1.4
Middle coastal 10.0  60.0 0.1 11.1 59.0 0 14.5 50.5 0
Caspian open - - - 5.6 18.8 0 - - -
Fine sand (0.4 - 0.1 mm)
North coastal - - - 29.0 732 6.9 26.9 63.2 7.0
Caspian open 40.3 73.1 1.5 31.1 83.8 3.6 30.0 82.5 0.9
Middle coastal 19.1 78.1 0.2 17.7 856 0.4 11.0 541 1.4
Caspian open - - - 10.8 79.5 0.57 - - -
Aleurite (0.1 - 0.063 mm)
North coastal - - - 17.2 50.2 0.2 22.8 57.2 1.4
Caspian open 17.5 64.4 0.1 11.1 50.0 0.3 11.1 53.5 0.1
Middle coastal 10.8  47.9 0.1 8.6 52.3 0.1 11.2 56.5 0.1
Caspian open - - - 43 23.6 0.9 - - -
Pelite (less than 0.063 mm)
North coastal - - - 286  73.1 0.3 286 723 0.4
Caspian open 4.4 46.7 0.1 5.0 55.1 0.03 104  79.7 0.2
Middle coastal 428  99.4 0.4 528  97.7 0.3 43,5 95.2 0
Caspian open - - - 56.7 97.2 0.6 - - -
Organic matter
North coastal - - - 086 278  0.09 1.01 243 011
Caspian open 0.39 136 010 028 081 0.05 0.52 356  0.05
Middle coastal 1.12 280 007 093 2.96 0 098  3.45 0
Caspian open - - - 1.84 436 027 - - -
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Fig. 3 Spatial distribution of granulometric fractions and organic matter in the bottom sediments (%) of
the north-western part of the Caspian Sea in September - October of 2013

55



4. Pollution of sea water and bottom sediments

To estimate marine environmental pollution alongside with the mean concentration we used
background concentration which was calculated as the median of the spatial data series by the analogy
with geochemical background. Here background concentration describes the contribution of external
pollution sources, so the difference between the mean and background concentrations can be
considered as an indicator of local processes (pollution or purification) contribution to overall marine
pollution.

Oil products

In summer the concentration of oil products (OP) in the sea areas covered by observations (open
part of the North Caspian Sea and coastal area of the Middle Caspian) varied from 0 to 0.22 mg/I, and in
average stood at 0.10 mg/l (Table 6). In early autumn the concentration of oil products within the
considered water area fluctuated from 0 to 0.16 mg/l, and the mean concentration in merged
observation sections - from 0.04 to 0.09 mg/I.

The maps showing spatial distribution of oil products in the surface and near-bottom layers (Fig.
4) clearly show that higher OP concentrations in early autumn were registered in the shallow Volga
estuary area, which points to the entry of pollutants with the Volga runoff. It can also be noticed that
the area of oil-polluted waters (>0.05 mg/I) did not cross the border of the Russian subsoil management
sector with the exception of a small sector in the north-east, where the Volga waters flow directly into
Kazakhstan's sector.

In late autumn the concentration of oil products in the sea areas covered by observations (open
part of the North Caspian Sea and coastal area of the Middle Caspian) varied from 0 to 0.12 mg/I, and in
average made 0.05 mg/l. As it follows from the data, oil products concentration in the water of the
north-western sea part in 2013 fell by two times from summer to winter. In summer mean
concentration made 2 MPCs, in late autumn - 1 MPC. Maximum summer concentration stood at 4.4
MPC, while in autumn this figure made 2.4 MPC (in Russia, MPC of oil products in sea water equals 0.05
mg/l).

In 2013 mean oil products concentration in bottom sediments in merged areas of the north-
western sea sector measured 35-40 mg/kg in summer, 9-26 mg/kg in early autumn and 16 - 24 mg/kg
(Table 6). Temporal changes were obviously caused by oil products sedimentation to the seabed with
the suspended matter and their transportation from shallow to deep-water sea sectors.

The spatial distribution of oil products in the bottom sediments of the north-western sea sector in
2013 (Fig. 4) confirms the pattern discovered in the course of monitoring of transboundary water bodies
in 2012: the concentrations increased in the direction from the coast to the deep Derbent depression,
accumulating silt alluvia, organic matter and oil products in its bottom sediments (Fig. 4).

Synthetic surfactants

In 2013 the mean concentration of synthetic surfactants in sea water in the merged areas of the
north-western sea sector covered by observations made 0.015 - 0.023 mg/l in summer, 0.017-0.048
mg/| in early autumn and 0.015 - 0.079 mg/| in late autumn (Table 6). In bottom sediments it measured
9.9 - 10.6 mcg/g in summer, 2.2 - 16.6 mcg/g in early autumn and 6.2-26.9 mcg/g in late autumn.

Temporary changes are hard to explain unless we take into account the fact that the method of
synthetic surfactants identification identifies the surfactants of both artificial and biogenous origin. It
clarifies their gradual concentration increase from summer to autumn and the nature of their spatial
distribution (Fig. 5), which coincides with the distribution of phytoplankton in water and the distribution
of filter-feeding molluscs in bottom sediments.

It should also be noted, that in autumn some water samples taken in the open part of the North
Caspian Sea showed that the concentrations of synthetic surfactants in water exceeded the MPC, but no
more than by 2.7 times. Mean concentrations did not exceed the MPC values (in Russia the MPC of
synthetic surfactants in sea water amounts to 0.1 mg/I).
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Concentrations of oil products and synthetic surfactants in water and bottom sediments of the north-western part of the Caspian Sea in 2013

Table 6

Oil products
summer early autumn late autumn
Sea sector Water area backgroun ) ) backgroun )
mean d max min mean background max min mean d max min
surface layer, mg/I
North Caspian coastal - - - - 0.11 0.11 0.15 0.05 0.07 0.07 0.12 0.03
open 0.10 0.09 0.22 0.05 0.07 0.08 0.16 0 0.03 0.03 0.10 0
Middle Caspian coastal 0.10 0.11 0.14 0.06 0.09 0.09 0.16 0.03 0.09 0.09 0.12 0.07
open - - - - 0.04 0.04 0.09 0.01 - - - -
near-bottom layer, mg/|
North Caspian coastal - - - - 0.06 0.07 0.12 0.02 0.03 0.03 0.05 0.02
open 0.09 0.09 0.14 0 0.07 0.08 0.16 0 0.04 0.03 0.09 0
Middle Caspian coastal 0.09 0.08 0.13 0.03 0.06 0.07 0.13 0.02 0.06 0.06 0.09 0.04
open - - - - 0.03 0.03 0.07 0.01 - - -
bottom sediments, mcg/g
North Caspian coastal - - - - 8.2 8.8 17.6 0.9 15.5 15.7 454 1.5
open 34.7 33.8 63.0 6.2 11.7 11.1 20.0 2.8 19.2 15.6 68.4 0
Middle Caspian coastal 39.7 35.9 79.4 8.4 14.8 14.3 38.7 0.8 24.1 20.6 73.4 6.3
open - - - - 22.6 25.5 52.8 2.2 - - -
Synthetic surfactants
summer early autumn late autumn
Sea sector Water area backgroun ) ) backgroun .
mean d max min mean background max min mean d max min
surface layer, mg/I
North Caspian coastal - - - - 0.045 0.036 0.092 0.016 0.028 0.022 0.066 0.005
open 0.019 0.014 0.055 0.007 0.039 0.048 0.099 0 0.079 0.085 0.178 0.004
Middle Caspian coastal 0.017 0.016 0.024 0.007 0.029 0.032 0.040 0.012 0.015 0.016 0.025 0.006
open - - - - 0.018 0.018 0.027 0.009 - - - -
near-bottom layer, mg/|
N ERaE coastal - - - - 0.024 0.021 0.031 0.016 0.014 0.007 0.044 0.005
open 0.026 0.020 0.071 0.008 0.043 0.048 0.109 0 0.078 0.078 0.270 0.003
Middle Caspian coastal 0.012 0.012 0.017 0.005 0.024 0.026 0.037 0.011 0.014 0.014 0.022 0.007
open - - - - 0.014 0.015 0.021 0.009 - - - -
bottom sediments, mcg/g
North Caspian coastal - - - - 10.8 2.20 24.3 1.50 6.16 2.60 32.1 1.20
open 10.6 10.7 24.4 1.30 16.6 7.10 65.6 2.60 26.9 26.2 62.3 2.30
Middle Caspian coastal 9.90 10.0 26.6 2.50 2.16 2.40 4.00 0 8.12 6.40 29.6 0
open - - 16.2 10.1 57.4 3.20 - - -
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Fig. 4 Spatial distribution of oil products in water
(mg/1) and bottom sediments (mcg/g) of the north-
western part of the Caspian Sea in September-

October 2013



bottom layer

Fig. 5 Spatial distribution of synthetic surfactants
in water (mg/l) and bottom sediments (mcg/g) in
the north-western part of the Caspian Sea in
September - October of 2013
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Heavy metals

In 2013 the mean concentration of iron in sea water within the north-western sea sector covered
by observations measured 0.11-0.15 mg/l in summer, 0.11-0.17 mg/| in early autumn and 0.12 - 0.16
mg/| in late autumn (Table 7). In bottom sediments it made 3.5-5.5 mg/g in summer, 4.9-6.8 mg/g in
early autumn and 5.2-6.5 mg/g in late autumn. Seasonal fluctuations of iron concentration in water
were insignificant; in bottom sediments its content showed a slight increase from summer to late
autumn.

Mean manganese concentrations in sea water within the merged areas of the north-western sea
part covered by observations measured 1.5-2.0 mcg/| in summer, 3.1-6.3 mcg/l in early autumn and 2.1-
4.2 mcg/l in late autumn (Table 7). In bottom sediments it stood at 80-81 mcg/g in summer, 76-91
mcg/g in early autumn and 65-78 mcg/g in late autumn. Manganese concentration in water was growing
from summer to late autumn, whereas it was declining in bottom sediments.

Mean concentrations of zinc in sea water within the merged areas of the north-western sea part
covered by observations measured 22-23 mcg/l in summer, 14-21 mcg/l in early autumn and 15-20
mcg/| in late autumn (Table 7). In bottom sediments it made 41-42 mcg/g in summer, 26-31 mcg/g in
early autumn and 21-28 mcg/g in late autumn. The concentration of zinc fell both in water and bottom
sediments from summer to late autumn.

Mean nickel concentrations in sea water in the merged areas of the north-western sea part
covered by observations measured 26-32 mcg/l in summer, 16-25 mcg/l in early autumn and 25-29
mcg/| in late autumn (Table 7). In bottom sediments it made 25-27 mcg/g in summer, 16-21 mcg/g in
early autumn and 15-17 mcg/g in late autumn. The concentration of nickel fell both in water and bottom
sediments from summer to late autumn.

Mean concentration of copper in sea water within the merged areas of the north-western sea
part covered by observations stood at 7.3-9.0 mcg/Il in summer, 6.1-8.8 mcg/| in early autumn and 5.3-
6.2 mcg/l in late autumn (Table 7). In bottom sediments it made 18-26 mcg/g in summer, 12-16 mcg/g in
early autumn and 13-14 mcg/g in late autumn. The concentration of copper fell both in water and
bottom sediments from summer to late autumn.

Mean lead concentration in sea water within the merged areas of the north-western sea part
covered by observations measured 5.3-6.4 mcg/| in summer, 4.0-14.8 mcg/| in early autumn and 3.85-
5.3 mcg/l in late autumn (Table 7). In bottom sediments it measured 9.5-10.7 mcg/g in summer, 3.0-4.5
mcg/g in early autumn and 5.8-6.9 mcg/g in late autumn. Lead concentration in water was higher in
early autumn, while in bottom sediments it was lower than in summer and late autumn. Lead
concentration in water was about the same in summer and late autumn, while in bottom sediments
summer values significantly exceeded late autumn values.

Mean cadmium concentration in sea water within the merged areas of the north-western sea part
covered by observations measured 0.1-0.3 mcg/| in summer, 0.2-0.5 mcg/| in early autumn and 0.1-0.2
mcg/l in late autumn (Table 7). In bottom sediments it measured 0.1-0.3 mcg/g in summer, 0.04-0.10
mcg/g in early autumn and 0.06-0.16 mcg/g in late autumn. The concentration of cadmium declined
both in water and bottom sediments from summer to late autumn.

Mean concentrations of mercury in sea water within the merged areas of the north-western sea
part covered by observations made 0.02 mcg/l in summer, 0.01-0.03 mcg/| in early autumn and 0.02-
0.04 mcg/l in late autumn (Table 7). In bottom sediments it measured 0.03-0.04 mcg/g in summer, 0.01-
0.04 mcg/g in early autumn and 0.02-0.05 mcg/g in late autumn. Seasonal fluctuations of mercury
concentration in water were slight; in bottom sediments its content slightly rose from summer to late
autumn.

In 2013 the concentrations of three heavy metals in sea water exceeded MPC values for fishery
water bodies: iron (MPC=0.05 mg/l), nickel (MPC=10 mcg/I) and copper (MPC=5 mcg/l). MPC-exceeding
pollutant values can be explained by specific geochemical conditions of the Caspian Sea and its north-
western part in particular, as it receives the main part of surface water and chemical discharge entering
this water body.
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Mean concentration of heavy metals in water and bottom sediments
in the north-western part of the Caspian Sea in 2013

Table 7

Sea sector, water area

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

North Caspian coastal
North Caspian open
Middle Caspian coastal
Middle Caspian open

Water, mcg/I

Bottom sediments, mcg/g

summer

Iron (mg/I for water, mg/g for sediments)

0.15
0.11

1.46
2.02

22.2
22.9

31.7
26.4

7.33
8.97

5.31
6.40

0.10
0.34

0.02
0.02

early
autumn

0.17
0.12
0.14
0.11
Manganese
2.84
3.27
3.12
6.30

Zinc
13.6
21.2
14.0
16.1

Nickel
16.4
23.9
25.2
23.5

Copper
8.82
6.05
6.86
6.19

Lead
4.00
8.96
8.32
14.8
Cadmium
0.51
0.15
0.31
0.22
Mercury
0.03
0.01
0.02
0.02

0.16
0.12
0.14

2.12
4.20
3.16

188
18.6
14.7

29.4
25.6
25.4

6.12
5.25
6.16

3.81
5.32
5.17

0.20
0.09
0.18

0.04
0.02
0.03

summer

3.5
5.5

81.8
80.8

41.1
42.2

26.8
24.5

18.0
26.4

10.7
9.50

0.25
0.13

0.04
0.03

early
autumn

5.8
4.9
6.4
6.8

76.4
84.6
90.7
83.3

28.9
311
26.2
28.1

15.9
213
20.8
18.9

11.9
14.8
15.1
16.3

3.59
2.95
3.53
4.52

0.08
0.10
0.07
0.04

0.01
0.02
0.03
0.04

late
autumn

6.5
5.2
6.5

78.1
65.4
67.7

28.1
20.7
27.1

14.8
14.9
16.5

12.5
12.9
14.1

5.81
6.94
4.52

0.06
0.16
0.11

0.02
0.05
0.05

61



The spatial distribution of heavy metals was assessed in accordance with the early autumn field
trip, when observations covered the whole water area under consideration. By distribution nature, all
the metals are clearly subdivided into two groups, which can be seen in Figure 6. The first group, which
is characterized by increased metal content in the coastal waters of the North Caspian and decreased
content in the open sea part, comprised Fe, Cu, Cd and Hg. The second group showing lower
concentration of metals in the coastal waters of the North Caspian and higher concentrations in the
open sea included Mn, Zn, Ni and Pb. Thus we can say that the first-group metals are of riverine origin,
while the second group originates in the sea.

0,20 - 10,0 - 0,6 - 0,04 -
Fe Cu Cd Hg
0,15 75 A 0,5 - 0,03
0,10 - 50 - 03 0,02 -
0,05 - 2,5 - 0,2 - 0,01
0,00 - 0,0 - 0,0 - 0 -
N T T N |V} me/l L@ WMV me/l 1MV me/l @ omWV
16 - 68 1 24 28 -
.
Pb Mn Zn Ni
12 51 18 - 21 -
8 3,4 12 14
4 1,7 6 7
0 A 0 4 0 A 0 A
mee/l M IV me/l LMWV D I | | I \Y; me/l poom W

Fig. 6 Distribution of heavy metals in the water of the north-western sector of the Caspian Sea in early
autumn of 2013 (I - coastal area of the North Caspian; Il - coastal area of the Middle Caspian; Ill - open
area of the North Caspian; IV - open area of the Middle Caspian)

Specific features can be traced in spatial distribution of heavy metals in bottom sediments. The
maps in Figs. 7a and 7b show three areas of metal accumulation: two transit ones (Dagestan shelf and
the open part of the North Caspian) and a terminal one (the Derbent depression). Highest
concentrations of heavy metals were most often registered in the bottom sediments of the Derbent
depression (Fe, Cu, Pb, Hg), more rarely in the open area of the North Caspian (Zn, Ni, Cd) and the
occurrence of high concentrations in Dagestan shelf was occasional.

Table 8 includes the data on content and correlation of heavy metals in water, suspended matter
and bottom sediments in the coastal areas of the North and Middle Caspian Sea in summer and autumn
of 2013. It follows that the suspended matter is enriched with heavy metals more than the other marine
environmental components. Heavy metals concentration in suspended matter exceeds that in water by
3-4 times and by orders that in bottom sediments.

Fe and Mn have the highest correlation suspended matter / water, while Cd, Zn and Ni show the
lowest correlation. Cd and Hg have the highest correlation suspended matter / bottom sediments,
whereas Fe, Cu and Ni show the lowest correlation value. Thus we can say that iron has the strongest
link with suspended matter (combination of high correlation suspended matter/water with the low
correlation suspended matter/bottom sediments), whereas cadmium has the weakest link (combination
of the low correlation suspended matter/water with the high correlation suspended matter/bottom
sediments). This might be the reason why iron helps more distinctly trace the migration route of heavy
metals in the north-western part of the Caspian Sea, leading from on-land sources to the bottom
sediments of the Derbent basin.
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Table 8

Content and correlation of heavy metals in water, suspended matter and bottom sediments
in the coastal area of the North and the Middle Caspian in summer and autumn of 2013 (mg/kg)*

Component of the marine
environment

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

Water

Suspended matter

Bottom sediments

Suspended matter / Water
Suspended matter/ Sediments

North Caspian

Middle Caspian

early
autumn

0.14
11103
4889
82244
2.27

0.0028
114
46.0

40835
2.48

0.019
56.8
20.6
2941
2.76

0.016
70.2
15.4
4376
4.57

0.008
25.9
8.7
3104
3.00

0.002
17.8
3.4
9392
5.27

0.00031
0.60
0.11
1948
5.68

0.00002
0.06
0.02
3263
3.65

late
autumn

Iron
0.16
8917
3090
56615
2.89
Manganese
0.0013
130
50.2
99769
2.58
Zinc
0.023
41.2
23.6
1774
1.74
Nickel
0.033
44.5
13.3
1352
3.36
Copper
0.006
24.9
10.8
4377
2.31
Lead
0.005
235
5.0
4882
4.70
Cadmium
0.00040
0.57
0.05
1549
10.56
Mercury
0.00005
0.10
0.02
2243
5.19

early
autumn

0.13
10333
5536
81847
1.87

0.0032
112
71.1

35189
1.57

0.011
33.1
23.0
3123
1.44

0.017
20.0
18.3
1194
1.09

0.007
16.7
16.9
2532
0.99

0.010
13.2
3.9
1347
3.42

0.00031

0.53
0.11
1695
4.83

0.00002

0.14
0.03
6750
4.91

late
autumn

0.14
10292
6676
74270
1.54

0.0032
131
70.9

40849
1.85

0.015
94.1
24.4
6332
3.85

0.021
15.0
12.7
714
1.18

0.008
29.7
13.9
3864
2.14

0.006
15.9
4.9
2882
3.22

0.00024
0.62
0.13
2611
4.69

0.00004
0.07
0.04
1923
1.61

*Note: the averaged data are shown for the stations where samples of water, bottom sediments and suspended

matter were taken
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Fig. 7a Spatial distribution of iron, manganese, zinc, nickel, copper and lead in the bottom sediments
(mcg/g) of the north-western part of the Caspian Sea in September - October of 2013
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Fig. 7b Spatial distribution of cadmium and mercury in the bottom sediments (mcg/g) of the north-
western part of the Caspian Sea in September - October of 2013

5. Persistent organic pollutants

Chemical and analytical study of samples of water and bottom sediments taken in the north-
western part of the Caspian Sea in the autumn of 2013 was carried out in SPA "Typhoon" Observations
were carried out in 3 stages: in summer - along the "century" llla cross-section (open part of the North
Caspian, the Volga - Caspian Canal, 9 observation points); in early autumn - within the whole water area
of the north-western sea part (49 observation points); in late autumn - in the Kizlyar Bay (coastal area of
the North Caspian, 11 observation points). Bottom sediments samples were analysed for polycyclic
aromatic hydrocarbons (PAH), polychlorinated biphenyl (PCB), organochlorine pesticides (OCP), and
phthalates; sea water samples were analysed for the content of polycyclic aromatic hydrocarbons. The
total concentration of OCP, PCB, PAH and phthalates was calculated for each sampling point.

Polycyclic aromatic hydrocarbons

In the summer of 2013, the total PAH concentration in North Caspian water (llla cross-section,
The Volga - Caspian Canal) ranged from 5 to 80 ng/|, and in average stood at 59.4 ng/l. Naphthalene and
acenaphthylene made the main contribution to the total concentration at almost all the stations.
Concentrations of pyrene and its derivants did not exceed detection limits of the analytical method.

In early autumn of 2013, PAH concentration in water samples taken in the north-western part of
the Caspian Sea varied from 0 to 321 ng/l; the mean value stood at 83.4 ng/l (Table 9). Spatial
distribution was characterized by high variability. The highest PAH concentration was registered in the
open sea area of the north-western part of the Caspian Sea. These pollutants were hardly present in the
coastal area. Naphthalene and the relevant hydrocarbons (acenaphthene and acenaphthylene) had the
highest concentrations. The pyrogenous PAHs (pyrene and its derivants) were not identified.

In the summer of 2013, the total PAH concentration in water in the coastal area of the North
Caspian (the Kizlyar Bay) ranged from 11 to 25 ng/l, and in average made 17 ng/Il. The main contribution
to pollution was made by acenaphthylene, chrysene and fluorantene derivants. Benz(a)pyrene was not
identified.
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Table 9
Total PAH content (ng/l) in the near-bottom water layer
of the north- western part of the Caspian Sea in early autumn of 2013

Statistical North Caspian Middle Caspian RSMS in

parameter Coastal Open Coastal Open genera]
water area part water area part

Mean value 0 125 2.0 97.4 83.4

Maximum 0 321 6.0 299 321

Minimum 0 0 0 0 0

Note: RSMS - Russian Subsoil Management Sector of the Caspian Sea

The total PAH concentrations in bottom sediments of the North Caspian (llla cross-section, the
Volga-Caspian Canal) in summer varied from 9.9 to 112.4 mcg/kg dry weight , the mean value being 42
mcg/kg. Polyarenes of the naphthalene group prevailed. Mean concentration of benz(a)pyrene was 0.64
mck/kg. In September-October the mean concentration of total PAH in bottom sediments of the north-
western sector of the sea amounted to 56.3 mcg/kg (Table 10). The concentration varied within a wide
range - from traces to 309 mcg/kg. The concentration increased in the coastal areas of the Middle
Caspian. In November - December the mean concentration of total PAH in bottom sediments of the
coastal area of the North Caspian amounted to 34.4 mcg/kg , and the fluctuation range measured from
4.76 to 109.8 mcg/kg.

Table 10
Total PAH (mcg/kg) in bottom sediments in early autumn of 2013
North Caspi Middle Caspi
Statistical orth Laspian iecie Laspian RSMS in
parameter Coastal Open Coastal Open genera|
water area part water area part

Mean value 43.6 32.3 87.2 52.4 56.3
Maximum 132 220 309 82.4 309
Minimum 2.4 0 2.3 11.8 0

Polychlorinated biphenyls

In summer of 2013 the content of PCB in the bottom sediments of the open part of the North
Caspian Sea (llla cross-section, the Volga - Caspian canal) measured 1.02 mcg/kg dry weight (at the entry
to the Canal) and 1.49 mcg/kg (at its marine edge).In September-October the mean concentration of
PCB in bottom sediments of the north-western sector of the sea amounted to 0.65 mcg/kg. The
concentration varied from traces to 2.12 mcg/kg (Table 11). Spatial distribution was quite even. In late
autumn, mean PCB concentration in bottom sediments of the coastal area of the North Caspian (the
Kizlyar Bay) made 0.08 mcg/kg. Maximum concentration stood at 1.27 mck/kg, and minimum - at 0.22
mcg/kg.

Table 11
The content of total PCB (mcg/kg) in bottom sediments in early autumn of 2013

L. North Caspian Middle Caspian .
Statistical RSMS in
parameter Coastal Open Coastal Open genera|

water area part water area part

Mean value 0.52 0.19 0.85 0.76 0.65
Maximum 1.20 0.24 2.02 2.12 2.12
Minimum 0.11 0.14 0.03 0 0
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Organochlorine pesticides

In the summer of 2013 the following pesticides were identified in the sediments: benzachlor (0.06
mcg/kg at the entry to the Volga - Caspian Canal and 0.05 mcg/kg at its marine edge) and 4,4-DDE (0.07
mcg/kg at the marine edge of the canal). In early autumn, the mean concentration of OCP in bottom
sediments in the Russian subsoil sector made 0.36 mcg/kg; the range varied from 0 to 2.04 mcg/kg
(Table 12). Spatial distribution was quite uneven; the highest concentrations of pesticides were
identified in the coastal area of the Middle Caspian. In late autumn of 2013 OCP content in the
sediments of the open sector of the North Caspian varied from 0.03 to 0.14 mcg/kg, and the average
value made 0.06 mcg/kg. The total OCP were mainly made up of: benzachlor (0-0.07 mcg/kg), y-HCCH
(0-0.06 mcg/kg), 4,4-DDE (0-0.06 mcg/kg), and 4,4-DDD (0-0.11 mcg/kg).

Table 12
The content of total OCP (mcg/kg) in bottom sediments in early autumn of 2013
North Caspi Middle Caspi
Statistical or aspian |ccie Laspian RSMS in
parameter Coastal Open Coastal Open general
water area part water area part
Mean value 0.07 0.03 0.97 0.04 0.36
Maximum 0.22 0.07 2.04 0.11 2.04
Minimum 0 0 0.11 0 0
Phthalates

Samples of water and bottom sediments of the Caspian Sea were first analyzed for the presence
of highly toxic compounds- phthalates - within the framework of the monitoring programme in 2012.
These compounds are widely used in industry, mainly as polymer flexibilizer. It should be noted that
among them there are substances belonging to the 1st class of hazard, for example bis(2-
etylhexyl)phthalate (BEHP). Apart from BEHP, the samples were analyzed for the presence of
dimethylphthalate (DMP), diethylphthalate (DEP), di-n-buthylphthalate (DBP), di-n-octhylphthalate
(DOP), and butylbenzylphthalate (BBP).

In the summer of 2013 phthalates were identified in the bottom sediments of the open part of
the Caspian Sea in the quantity of 1,632 mcg/kg (at the entry to the Volga-Caspian Canal) and 1,310
mcg/kg at its marine edge. The largest contribution to the total concentration was made by di-n-
buthylphthalate (953 mcg/kg at the entry to the canal and 1,076 at its marine edge). In September -
October the mean concentration of phthalates in the bottom sediments of the north-western sea part
made 4,554 mcg/kg, and the concentrations ranged from 131 to 17,209 mcg/kg (Table 13).

Table 13
The content of phthalates in the bottom sediments (mcg/kg) in early autumn of 2013
Statistical North Caspian Middle Caspian RSMS in
parameter Coastal Open Coastal Open genera|
water area part water area part

Mean value 2802 406 3421 8641 4554
Maximum 8319 769 5493 17209 17209
Minimum 364 131 828 3039 131

The spatial distribution of phthalates in the water area under consideration was very uneven. In
the North Caspian, the content of phthalates in the coastal sediments was almost by 7 times higher than
that in the open sea sector. The highest pollution level was observed in the open part of the Middle
Caspian. Here we observed not only the highest mean concentration of phthalates in the bottom
sediments, but also the absolute maximum for the whole water area of the Russian sector within the
considered period.
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6. Integrated assessment of marine environmental pollution and quality

To assess marine environmental pollution in the north-western part of the Caspian Sea in 2013 we
have used the multi-criterial and multi-parametric approach developed by KaspMNIZ. In accordance
with this method, the integrated pollution assessment presents an "ensemble" of three estimates: 1)
quality estimate, where MPC serves as a criterion (Cy); 2) accumulation estimate with background
concentration is a criterion (C;); and load estimate, where maximum permissible load is a criterion (A =
C — C). The ensemble assessment includes all the chemical parameters which MPCs are standardized
(Table 14). As far as no standards are set for bottom sediment pollutants in Russia, foreign standards
were used for the ensemble pollution assessment (Table 15).

Table 14
MPC of pollutants in sea water adopted in Russia
Name of the pollutant MPC in sea water
Oil products 0.05 mg/|
Ammonium nitrogen 0.4 mg/I
BOD; 2.0 mg/I
Iron 0.05 mg/|
Zinc 0.05 mg/|
Nickel 0.01 mg/I
Copper 0.005 mg/I
Lead 0.01 mg/I
Cadmium 0.01 mg/I
Table 15

MPC of pollutants in marine bottom sediments adopted abroad
Name MPC in marine bottom sediments
Oil products 50 mg/kg
Zinc 124 mg/kg
Nickel 15.9 mg/kg
Copper 18.7 mg/kg
Lead 30.2 mg/kg
Cadmium 0.7 mg/kg

The ensemble assessment (E) has three variations: 1) E; =E/n; 2) E; = E/N; 3) E3= Ep.y, Wheren
is the total number of standardized and measured parameters; N is the number of pollution
parameters, which E > 0; E.,, is maximum E value. E; is a generalized estimate, E, is a priority estimate
and E; is an extreme estimate. To classify and describe the pollution of marine water area in accordance
with the ensemble assessment we use the scale presented in Table 16.

Table 16
Classification of marine water area pollution in accordance with the ensemble assessment

Class of pollution Verbal assessmint Numerical assessment
First Clean Less or equal to 0.05
Second Moderately polluted ranging from 0.51 to 1.50
Third Polluted ranging from 1.51 to 2.50
Fourth Dirty ranging from 2.51 to 3.50
Fifth Very dirty More or equal 3.51
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In accordance with the generalized estimate, in early autumn sea water in the Volga estuary was
moderately polluted; in accordance with the priority estimate it was described as polluted, and in
accordance with the extreme estimate - as dirty (Table 17). In late autumn, the level of pollution fell: in
accordance with the generalized and priority estimates the water was classified as moderately polluted,
according to the extreme estimate - as polluted. Water pollution in the Kizlyar Bay did not change
throughout the autumn period (although numerical values of all the estimates went down): in
accordance with the generalized and priority estimates, the water was moderately polluted, in
accordance with the extreme estimate it was polluted. Bottom sediments in the coastal area of the
North Caspian were classified as clean, with the exception of the extreme estimate of bottom sediments
in the Kizlyar Bay in late autumn, where they were classified as moderately polluted.

Table 17
Ensemble assessment of marine environmental pollution in the coastal area
of the North Caspian in the autumn of 2013
Environmental Early autumn Late autumn
component E, E, E; E; E, E;
Volga coastal area
water 1.37 1.76 3.00 0.88 1.17 1.67
sediments 0.00 0.33 0.33 0.06 0.33 0.33
Kizlyar Bay

water 0.93 1.04 2.00 0.63 0.83 1.67
sediments 0.17 0.33 0.33 0.44 0.44 0.67

|:| clean I:' moderately polluted I:l polluted |:| dirty

Sea water in the open part of the North Caspian in the summer of 2013 was described as
moderately polluted in accordance with the generalized and priority estimates, and in accordance with
the extreme estimate it was polluted, but not everywhere. The water in the surface layer at Ill SON
cross-section referred to dirty, and at Northern cross-section - to moderately polluted (Table 18).

Table 18
Ensemble assessment of marine environmental pollution in the open part
of the North Caspian in the autumn of 2013
Environmental summer early autumn late autumn
component E, E, E; E, E, E; E, E, Es
"Eastern" cross-section
surface 0.63 1.00 1.67 1.06 1.05 2.00 0.25 0.67 1.33
bottom 0.63 0.83 1.67 1.06 1.05 2.33 0.42 1.11 1.67
sediments 0.33 0.67 1.33 0.28 0.55 1.00 0.22 0.67 0.67
Section Il of SON
surface 0.96 1.10 2.67 0.93 1.04 2.00 0.42 0.83 1.33
bottom 0.83 1.11 1.67 0.78 1.40 2.00 0.58 0.93 1.33
sediments 0.39 0.58 1.33 0.22 0.33 0.33 0.17 0.50 0.67
"Northern" cross-section
surface 0.54 0.87 1.33 0.81 1.22 2.00 0.54 0.72 1.33
bottom 0.54 1.08 1.67 0.81 1.05 2.00 0.33 0.67 1.33
sediments 0.33 0.67 1.00 0.39 0.78 1.67 0.44 0.53 1.33
Section llla of SON

surface 0.88 1.00 1.67 0.89 0.89 1.67 0.33 0.67 1.33
bottom 0.63 1.25 2.33 0.85 0.85 2.00 0.58 0.93 1.67
sediments 0.28 0.42 0.67 0.28 0.42 0.67 0.39 0.47 1.00

I:l clean I:l moderately polluted I:l polluted I:l dirty
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In early autumn, sea water in the open part of the North Caspian was moderately polluted
according to the generalized and priority estimates, according to the extreme estimate the water was
polluted. In late autumn the level of water pollution decreased: in accordance with the generalized
estimate, clean water was identified at Eastern cross-section, in the near-bottom layer of Northern
cross-section, in the surface layers of lll and llla SON cross-sections; the extreme estimate classified the
water as moderately polluted for most of the water area. The level of bottom sediments pollution in the
open part of the North Caspian didn't suffer sufficient changes. In accordance with the generalized
estimate they were described as clean; in accordance with priority and extreme estimates - as clean and
moderately polluted.

Sea water and sediments in the coastal area of the Middle Caspian in the summer of 2013 were
characterized as clean or moderately polluted in accordance with the generalised and priority estimates;
in accordance with the extreme estimate they were moderately polluted or polluted (Table 19). In early
autumn, water pollution according to the generalized and priority estimates did not change much,
though it increased in accordance with the extreme estimate.

Table 19
Ensemble assessment of marine environmental pollution in the coastal area
of the Middle Caspian in the summer and autumn of 2013
Environmental summer early autumn late autumn
component E, E, E; E; E, Es E; E, E;
Lopatin
surface 0.67 0.76 1.33 1.41 1.41 238 0.38 0.75 1.33
bottom 0.58 0.78 1.67 0.81 1.47 2.38 0.44 0.70 1.67
sediments 0.50 0.60 1.00 0.28 1.94 1.00 0.17 0.33 0.33
Prorez
surface 0.71 0.94 1.33 0.70 1.27 2.00 0.54 0.72 1.33
bottom 0.58 0.67 1.33 0.89 1.00 2.67 0.42 0.67 1.00
sediments 0.72 1.08 1.33 0.39 0.58 1.33 0.33 0.40 0.67
Sulak
surface 0.83 1.11 1.67 0.81 1.05 2.00 0.58 0.93 1.67
bottom 0.42 0.67 1.00 0.78 1.00 3.00 0.63 0.83 1.67
sediments 0.78 0.78 2.00 0.33 0.50 1.00 0.44 0.67 1.67
Makhachkala
surface 0.54 0.72 1.33 0.93 1.39 2.00 0.50 0.57 1.00
bottom 0.46 0.61 1.33 0.89 1.00 2.00 0.67 0.89 2.00
sediments 0.50 0.75 1.67 0.39 0.78 1.67 0.50 0.75 2.00
Kaspiysk
surface 0.58 0.67 1.00 0.70 1.06 1.67 0.50 0.80 1.33
bottom 0.42 0.67 1.00 0.78 1.00 2.00 0.67 0.89 1.67
sediments 0.28 0.33 0.33 0.11 0.33 0.33 0.22 0.33 0.33
Izberg
surface 0.54 0.87 1.33 0.74 1.11 1.67 0.46 0.73 1.00
bottom 0.54 0.87 1.67 0.93 1.04 2.67 0.67 0.76 1.67
sediments 0.72 0.72 1.67 0.28 0.42 0.67 0.33 1.00 1.67
Derbent
surface 0.50 1.00 1.00 0.67 1.20 1.67 0.29 0.58 0.67
bottom 0.21 0.83 1.00 0.63 0.95 1.67 0.42 0.56 1.00
sediments 0.22 0.67 1.00 0.00 - 0.00 0.00 - 0.00
Samur
surface 0.42 0.83 1.00 0.52 1.17 1.33 0.33 0.67 1.00
bottom 0.46 1.22 1.67 0.48 1.09 1.67 0.38 0.75 1.33
sediments 0.22 0.67 0.67 0.00 - 0.00 0.00 - 0.00

I:I clean l:l moderately polluted l:l polluted l:l dirty
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In early autumn the waters in the areas of Lopatin, Makhachkala, Kaspiysk and Derbent were
classified as polluted, and in the areas of Prorez, Sulak and Izberg - as polluted or dirty. The pollution of
bottom sediments either stayed the same or fell in most areas.

In late autumn, in accordance with the generalized estimate the water was classified as clean, in
accordance with the priority estimate - as moderately polluted and according to the extreme estimate -
as moderately polluted in the surface layer (with the exception of the Sulak estuary) and polluted in the
near-bottom layer (with the exception of Prorez, Derbent and Samur). Bottom sediments in Sulak,
Makhachkala and Izberg were classified as moderately polluted in accordance with the priority estimate,
and as polluted in accordance with the extreme estimate. According to all the estimates, sediments in
Lopatin, Kaspiisk, Derbent and Samur were clean.

In the early autumn of 2013 sea water in the open part of the Middle Caspian was moderately
polluted according to the generalized and priority estimates, and polluted according to the extreme
estimate (Table 20). Bottom sediments were clean according to all the estimates.

Table 20
Ensemble assessment of marine environmental pollution in the open part
of the Middle Caspian in early autumn of 2013

Environmental early autumn

component E; E, Es
"Meridional" cross-section

surface 0.70 1.27 1.67

bottom 0.93 1.19 2.00

sediments 0.06 0.33 0.33

"Central" cross-section

surface 1.07 1.21 2.33

bottom 0.85 1.28 2.00

sediments 0.17 0.33 0.33

"Southern" cross-section

surface 0.74 1.11 2.00

bottom 0.74 1.11 2.00

sediments 0.22 0.33 0.33

|:| clean I:' moderately polluted I:l polluted |:| dirty

The integrated assessment of sea water quality was implemented in accordance with the
"Guidelines on formalized integrated assessment of surface and sea water quality by hydrochemical
parameters" (M., Roshydromet, 1988). The calculation of water pollution index (WPI) accounted for the
concentrations of dissolved oxygen, oil products, ammonium nitrogen and copper in water. The
calculation results are presented in Table 21. As it follows from the data provided, in 2013 sea water in
the north-western part of the Caspian Sea was generally assessed as moderately polluted, in some areas
— as polluted or clean.

Table 22 shows mean WPI values for marine water in the merged areas of the north-western part
of the Caspian Sea in 2012-2013 (mean values cannot be used to assess quality, but they make it
possible to judge about its changes in time and space). As it follows from the available data, marine
water quality in 2013 improved as compared to the previous year. Another difference is that in 2012
water quality deteriorated from early to late autumn, whereas in 2013 it improved. These two years
were similar in increased MPI value in the coastal area of the North Caspian and in the northern part of
Dagestan shelf. It points to the fact that the reduction of coastal water quality conditioned by pollution
from on-land sources does not spread across the borders of the Russian subsoil management sector.
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Table 21

Marine water pollution indices (WPI) in the north-western part of the Caspian Sea in 2013

WPI
Area of study July - August September - October November - December
surface | bottom surface bottom surface bottom
Coastal water area of the North Caspian
Volga coastal area - - 1.25 - 0.90 -
Kizlyar Bay - - 1.05 0.94 0.79 0.49
Open part of the North Caspian
Eastern 0.93 1.13 0.62 0.60 0.52 0.56
Section IIl of SON 0.86 1.00 0.94 0.77 0.54 0.50
Northern 1.19 1.18 0.79 0.95 0.60 0.65
Section Illa of SON 0.99 0.88 0.75 0.76 0.48 0.50
Coastal water area of the Middle Caspian
Lopatin 1.26 1.31 1.06 0.75 0.88 0.75
Prorez 1.47 1.32 1.15 1.02 1.10 0.79
Sulak 1.28 1.04 0.93 0.78 1.13 0.87
Makhachkala 0.99 0.82 1.13 0.87 0.99 0.81
Kaspiysk 1.01 0.98 1.13 1.00 0.76 0.69
Izberg 0.97 0.75 0.95 0.68 0.97 0.79
Derbent 1.25 1.10 0.85 0.76 0.99 0.58
Samur 1.40 1.34 0.61 0.50 0.90 0.58
Open part of the Middle Caspian
Meridional - - 0.42 0.89 - -
Central - - 0.92 0.92 - -
Southern - - 0.64 0.82 - -
Note: the following colour notations are used
polluted water
moderately polluted
clean
Table 22
Mean marine water pollution indices (WPI) in the merged areas
of the north-western Caspian Sea region in 2012-2013
2012 2013
Sea sector, water area September - November - September - November -
October December October December
surface  bottom surface bottom surface bottom surface bottom
North Caspian coastal 0.92 - 1.20 - 1.15 0.85
North Caspian open 0.88 0.88 1.02 1.12 0.78 0.77 0.54 0.55
Middle Caspian coastal 1 0.97 0.96 1.22 1.23 1.07 0.86 1.03 0.81
Middle Caspian coastal 2 0.92 0.90 0.83 0.81 0.89 0.74 0.91 0.66
Middle Caspian open 0.84 1.03 0.81 1.09 0.66 0.88 - -
Mean WPI 0.91 0.94 1.02 1.06 0.91 0.81 0.83 0.67

"Note: Middle Caspian, coastal 1 (northern part of Dagestan shelf) includes reference areas Lopatin, Prorez, Sulak,
Makhachkala; Middle Caspian, coastal 2 (southern part of Dagestan shelf) includes reference areas Kaspiysk,
Izberg, Derbent, Samur
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7. Assessment of water exchange and transboundary transfer of pollutants

The location of monitoring stations at the borderline of the Russian subsoil management sector
(Fig. 1) makes it possible to assess transboundary transfer of pollutants under the condition that the
data of chemical analyses will be completed with the data on water exchange, speed and direction of
currents along the borderline in all the horizons from surface to bottom in the course of hydrochemical
observations. Such data cannot be obtained instrumentally; the only way to solve this problem is to use
the verified hydrodynamic model coupled with the regional atmospheric model. Roshydromet disposes
of such a technology; it is used for real-time forecasting of level and current fields.

Currently, the automated system of real-time information processing of Hydrometeorological
Centre of Russia operates a real-time hydrodynamic model of the Caspian Sea with the resolution of 3x3
nautical miles. At the same time, the new model with the resolution of 1x1 nautical miles is tested. The
higher resolution made it possible to give a more detailed description of the coastal and bottom relief.
In addition, the calculation technique includes daily water discharges at the top of the Volga delta.
Generally, the higher resolution and additional parameters of the new model help to get more adequate
calculated characteristics of the Caspian Sea level and currents and extend its application sphere,
including monitoring and marine environment protection.

For the first experimental calculation, we selected a sector of RSMS borderline, lying between 44
20' and 46 10' northern latitude, which was subdivided into 11 sectors by drawing parallels every 10
minutes (nautical miles). The site was not selected at random; as the field study at "Eastern" cross-
section was carried out here from October 5 to October 20, 2013 (the location of the cross-section is
presented on the map in Fig. 16). In this connection, we refer to the sector under study as the "Eastern"
sector.

The high-resolution model was adapted to the diagnostic calculations of water exchange and
transboundary pollutants transfer by "INFOMAR" company. The calculations made use of the model
data on the speed and direction of currents, and X and Y components of the current speed within each
of the grid blocks of the model located at the demarcation line with the set temporal discreetness (Fig.
8). Internal and external water discharge was estimated for each of the grid blocks of the demarcation
line, time period and water layer. The obtained results were summarized for the eleven sectors.

The calculations for "Eastern" cross-section within the considered time period showed that there
prevailed the currents directed along the axis from south-west to north-east (Fig. 9). Overall water
exchange from October 5 to October 20, 2013 made 158.7 km?. Water outflow from RSMS exceeded
inflow by 4.9 km® (81.8 km?® of water left the Russian subsoil management sector, while 76.9 km?
entered it). The most intensive water exchange was observed in the central part of "Eastern" cross-
section (Fig. 10).

Fig. 8
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e : : hydrodynamic model
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pollutants transfer
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(1,852x1,852x5m)
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Fig. 9 The occurrence of currents by directions at "Eastern" cross-section from 5 to 20 October, 2013
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Fig. 10 Water exchange in different sectors of "Eastern" cross-section from 5 to 20 October, 2013 in the
water layer 0 - 20 m. On X-axis: numbers of sectors from the north to the south; a - total water
exchange; b - resultant water exchange; c - water outflow; d - water inflow

Transboundary transfer was estimated for 14 pollutants: oil products, synthetic surfactants,
naphthalene, 1-methylnaphthalene, acenaphthylene, acenaphthene, copper, lead, cadmium, mercury,
iron, manganese, zinc and nickel. As well as water exchange, transboundary transfer was described by
four parameters: total transfer, outflow, inflow of pollutants and resultant transfer (inflow minus
outflow).

The biggest total transfer was observed in the water layer from 0 to 5 metres. The resultant
transfer for most pollutants with the exception of synthetic surfactants, 1-methylnaphthalene,
acenaphthylene and acenaphthene was positive (inflow exceeded outflow). In water layer ranging from
5 to 15 metres the resultant transfer was negative (outflow exceeded inflow). It should also be noted
that the values of total and resultant transfer varied in different sectors of the "Eastern» cross-section
(Fig. 11).
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Fig. 11 Transboundary transfer of zinc in the water layer ranging from 0 to 5 metres in different sections
of "Eastern" cross-section from October 5 to 20, 2013. On X-axis: numbers of sectors from the north to
the south; a - total transfer; b - resultant transfer; c - water outflow; d - water inflow
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The elaborated technique for estimating of transboundary pollutants transfer using the data of
monitoring and modelling shows a good example of extending the application of methods and
techniques of real-time meteorology and oceanography to environmental protection. The technique is
expected to be applied for the Caspian Sea to develop joint measures aimed at environment protection
against pollution within the framework of the Tehran Convention.

8. Interannual changes of the state and pollution of the marine environment

To describe interannual changes of the marine environment in 2012-2013, we used the data of
observations held in early autumn, as the observation programme for this season was identical in the
number and location of stations in these two years. To describe temporal variability another object was
used alongside with the merged areas, i.e. the perimeter of the Russian sector of subsoil management.
It successively included (counter clockwise) coastal stations located in the Volga coastal area, in the
Kizlyar Bay, in the coastal waters of the Terek and the Sulak, in Makhachkala, Kaspiysk, lzberbash,
Derbent, Samur and the stations of Southern, Central, Meridional and Eastern cross-sections (see Fig.
1). The data included in this spatial series were smoothed by a moving average. Circular charts were
made according to smoothed series. To close the circle, the stations of the Volga coastal water were
used in the beginning and in the end of the spatial series. Circular charts for 2012 and 2013 were
represented in one image, so interannual changes of the marine environment can be easily traced.

Hydrological-hydrochemical and lithological-chemical conditions

Field survey in the Middle Caspian in 2013 was held later than that in 2012, so water temperature
in this period was lower than in the previous year (Fig. 12). However the temperature of the near-
bottom water was not affected, as it is quite stable. Water salinity along the RSMS perimeter did not
suffer sufficient changes with the exception of the area most affected by the Volga runoff (coastal
stations of the North Caspian). In this sector salinity rose due to meteorological conditions (salinity in
estuaries and shallow parts is more dependent on meteorological conditions than in the open deep-
water sea part). A slight increase of oxygen content in the surface layer of the Middle Caspian and the
near-bottom layer of Dagestan shelf can be explained by the fall of water temperature and increased
oxygen solubility in water.

‘ T surface N S, surface, %o l 0,, surface, mg/I
= ' i
> <Wiin, % SN %
A S\, %,

iy,

w 0 W o}
N 7
2N C
:o,,:lnm\::‘\ X
0‘.' 1 '
—2012 S ——2013 —2012 S ——2013
‘ N T bottom N S, bottom, %o N 0,, bottom, mg/I
"i‘.-.." 1 -
T "'
sy N\
NI o
W §§ - / (@) W :§ 0] W (@)
= == S
”'Z,,.--' R "':ff//lllm\\\k\\‘:\\s‘“
Qb | LTI
Ui s>
2012 S 2013 —2012 S ——2013 —2012 S ——2013

Fig. 12 Interannual changes of water temperature and salinity, and the content of dissolved oxygen in
the north-western part of the Caspian Sea in 2012 - 2013
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The following changes occurred in granulometric composition: a) the share of shell rose in the
sediments of the shelf plain of the Middle Caspian; b) The content of coarse sand increased and the
content of fine sand fell in the open part of the North Caspian and in the shelf plain of the Middle
Caspian; c) the concentration of aleurite went down in the northern part of Dagestan shelf and in the
bottom sediments of the shelf plain of the Middle Caspian and up in the southern part of Dagestan
shelf; d) the content of pelite rose in the bottom sediments of the North Caspian (Table 23, Fig. 13). The
granulometric composition of the bottom sediments of the Derbent depression almost did not change.
It points to the active dynamics of bottom alluvia within the whole RSMS water area with the exception
of its deep-water part. We should also note a significant increase in organic matter content in bottom
sediments of the Derbent depression, which means that biological productivity of the north-western sea
part in 2013 was higher than that in 2012.

Table 23
Interannual changes in granulometric composition of bottom sediments
in the north-western part of the Caspian Sea in 2012 - 2013
shell coarse sand fine sand
Sea sector, water area

2012 2013 2012 2013 2012 2013

North Caspian coastal 7.12 9.15 8.59 16.0 42.8 29.0
North Caspian open 23.6 20.2 27.0 32.6 33.7 31.1
Middle Caspian coastal 9.19 9.63 11.3 11.0 18.5 17.7
Middle Caspian open 24.7 22.5 6.27 5.57 8.47 10.8
Sea sector, water area aleurite pelite organic matter
2012 2013 2012 2013 2012 2013

North Caspian coastal 17.8 17.1 23.7 28.5 0.96 0.86
North Caspian open 10.0 11.0 5.47 4.90 0.53 0.28
Middle Caspian coastal 9.47 8.62 51.4 52.7 1.01 0.93
Middle Caspian open 3.63 4.32 58.3 56.6 1.44 1.84
N coarse sand N fine sand
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Fig. 13 Interannual changes of granulometric composition (%) and content of organic matter in the
bottom sediments of the north-western part of the Caspian Sea in 2012 - 2013
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Marine environmental pollution

Mean concentration of oil products in the water of the north-western part of the Caspian Sea in
early autumn of 2013 did not change as compared to the same period of the previous year (Table 24).
At the same time, OP spatial distribution displayed significant changes in the whole water area and at its
border (Fig. 14). The concentration of oil products rose in the coastal water and fell in the open sea part,
including the marine border of the Russian subsoil use sector. This proves the statement that pollution
from on-land sources does not cross RSMS border. The concentrations in water of synthetic surfactants
as well as OP, which are non-persistent organic pollutants, sufficiently increased in 2013 as compared to
the previous year. This rise occurred mainly in coastal areas, and it was not observed in the open part of
the sea, in bottom layer in particular. As compared to the previous year, mean concentrations of OP in
bottom sediments fell, while the share of synthetic surfactants went up. These changes were most
obvious in the Derbent depression (synthetic surfactants showed the same pattern in the shelf plain of
the Middle Caspian). This fact is hard to explain, but we can note its connection with the significant
increase of organic matter content in the bottom sediments of the Derbent depression.

Interannual variations of heavy metals concentrations in water and bottom sediments of the
north-western part of the Caspian Sea had the following features. Mean concentrations of Fe and Mn in
water in early autumn of 2013 did not change much as compared to the same period of the previous
year (Table 24). Concentrations of Pb, Cd and Hg rose, whereas those of Zn and Ni fell. Content of heavy
metals went down in the bottom sediments. As far as these changes cover vast volumes of water
bodies and wide belts of bottom sediments, they can hardly be explained by local processes. The
possible reasons of such variability may lie in interphase processes and the active part of suspended
matter in geochemical migrations of heavy metals. In particular, it is confirmed by the nature of
distribution of heavy metals along the RSMS borderline in early autumn of 2013. In the previous year
the graphic representation of this distribution was like a "three-leaved figure", while in 2013 it looked
like an "oval" extended along the axis directed from the north-west to the south-east (Fig. 15). It follows
that in 2013, the concentration of heavy metals in bottom sediments was higher in the coastal Volga
area (sedimentation area) and the Derbent depression (accumulation area), i.e. at the starting and the
final points of migration of suspended metals in the north-western part of the Caspian Sea. Only
cadmium behaviour does not comply with this pattern; the "oval" of its distribution was extended along
the axis, directed from the north-east to the south-west. This exception confirms the pattern, as
cadmium is less connected with suspended matter in its migration than other metals.

Table 24
Mean concentration of pollutants in sea water
and bottom sediments within the RSMS area in early autumn of 2012 - 2013
2012 2013 2012 2013
Index -
Water Bottom sediments

OP (mg/l; mcg/g) 0.07 0.07 34.6 14.3
Synthetic surfactants 0.01 0.03 6.2 11.4
(mg/1; mcg/g)
Cu (mcg/l; mcg/g) 7.6 6.7 26.4 14.5
Pb (mcg/l; mcg/g) 4.7 9.6 5.7 3.6
Cd (mcg/l; mcg/g) 0.14 0.25 0.11 0.07
Hg (mcg/l; mcg/g) 0.01 0.02 0.03 0.03
Fe (mg/l; mcg/g) 0.14 0.13 7781 5986
Mn (mcg/l; mcg/g) 4.1 4.0 120 84
Zn (mcg/l; mcg/g) 27.4 16.8 49.3 28.6
Ni (mcg/l; mcg/g) 37.4 23.1 30.0 19.2
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Fig. 14 Interannual changes in the content of oil products (OP) and synthetic surfactants (SS) in water
(mg/l) and bottom sediments (mcg/g) of the north-western part of the Caspian Sea in early autumn of
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Fig. 15 Interannual changes in the content of heavy metals in bottom sediments (mcg/g) of the north

western part of the Caspian Sea in early autumn of 2012 - 2013
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Table 25 shows the data on the content of polycyclic aromatic hydrocarbons and persistent
organochlorine compounds (PAH and OCP) in the bottom sediments of the north-western part of the
Caspian Sea in 2012 - 2013. The data point that the level of pollution of the bottom sediments with
these toxicants in early autumn of 2013 almost did not change in comparison to the same period last
year. We should also note another fact, that the level of bottom sediments pollution in late autumn of
2013 was higher than in early autumn of 2012 and 2013 (if one judges by the upper range of values).
Thus, seasonal fluctuations in concentrations of persistent organic pollutants exceed annual
fluctuations. The most probable reason for this is the abovementioned active dynamics of the settled
sediments in the north-western part of the Caspian Sea.

The research results show that the pollutants having entered the Caspian Sea are involved in
different physical - chemical and biogeochemical processes. According to the range of seasonal and
interannual fluctuations of pollutants concentration in different marine environment components, one
can say that their mass involved in these processes by many times exceeds the mass of pollutants which
enter the sea annually.

Table 25
The content of hydrocarbons (PAH) and persistent organic pollutants (PCB and OCP) in the bottom
sediments of the north-western part of the Caspian Sea in 2012-2013

September - October November - December  September - October
Pollutant

2012 2012 2013
Total PAH, mcg/kg 2.4-242 17.3-699 <0.03-309
Total PCB, mcg/kg <0.03-6.70 0.35-10.8 <0.03-2.12
Total OCP, mcg/kg <0.03-1.06 <0.03-4.87 <0.03-2.04
Benzachlor, mcg/kg <0.03-0.2 <0.03-0.25 <0.03-0.3
Total PCB, mcg/kg <0.03-1.15 <0.03-4.72 0.11-1.74
Total HCCH, mcg/kg <0.05 <0.05 <0.05-0.21
Chlordanes, mcg/kg <0.05 <0.05 <0.05

Conclusion

The study of the state and pollution of the marine environment of the Caspian Sea north-western
part in 2013 is the follow-up of the work started in 2012 in accordance with the “Monitoring programme
of transboundary water bodies of the Caspian Sea in 2012 - 2014” adopted by Department for Managing
Environmental Monitoring, Polar and Marine Activities of Roshydromet. Three large-scale field trips
were carried out in 2013 (in July, September — October and November — December) to study seasonal
variability. The second expedition completely corresponded to one of the last year in number and
location of stations and work period; this was done to trace interannual changes.

As well as in the previous year, significant attention was paid to observations of the state and
pollution of the marine environment at the marine border of the Russian sector. These observations
data jointly with currents field modeling with account of actual weather conditions were used to
estimate transboundary transfer of pollutants for the first time in Russian practice. It should also be
noted that observations at the stations of the international monitoring programme of the Caspian Sea
continued in 2013. The coordinates of the stations located in the coastal Volga water were specified in
accordance with the last version of the Programme.

There was nothing unusual in seasonal and interannual changes of hydrological and
hydrochemical conditions. Salinity fluctuations were mainly determined by the Volga discharge and the
nature of water circulation. When the river discharge decreases and the anticyclonic circulation rises as
it usually happens in late summer, the salinity in the north-western sea sector increases and it falls again
in autumn when cyclonic circulation increases. The increase of the Volga annual discharge in 2013 (from
230 to 257 cubic km) did not affect water salinity for two reasons. First of all, the rise in water discharge
was not big enough to compensate for the 5 previous low-water years. The second reason was the fact
that to estimate interannual changes, we used the observations data in the low-water period when
salinity distribution mainly depends on water circulation.
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The spatial distribution of bottom sediments in granulometric composition and organic matter
content is generally hardly affected by seasonal and interannual changes. The special characteristics is
the prevailing of stiff sediments (shell and sand) in the open part of the North Caspian, in the shelf plain
of the Middle Caspian and in the southern part of Dagestan shelf. Soft bottom sediments (aleurite,
pelite) prevail in the coastal areas of the North Caspian and in the northern part of Dagestan shelf.
Alongside with this, fine grain sediments in most areas with the exception of the Derbent depression are
subject to significant fluctuations, which points to the active dynamics of the settled sediments. The
research pointed to a significant increase in organic matter content in bottom sediments of the Derbent
depression, which means that biological productivity of the north-western sea part in 2013 was higher
than that in 2012.

The oil products (OP) concentration in water in 2013 was decreasing from summer to late
autumn; in summer this value amounted to 0.10 mg/l, while in late autumn it made 0.05 mg/l. In early
autumn OP concentration within the considered water area varied from 0 to 0.16 mg/l, and mean
concentration in merged areas varied from 0.04 to 0.09 mg/l. Mean OP concentration in the north-
western part of the Caspian Sea did not change as compared to the same period of the previous year.
At the same time, OP spatial distribution displayed significant changes in the whole water area and at its
border (Fig. 14). The concentration of oil products rose in the coastal water and fell in the open sea part,
including the marine border of the Russian subsoil use sector. This proves the last-year statement that
pollution from on-land sources does not cross this border.

The research results in 2013 revealed that all heavy metals fell into two groups by the nature of
their distribution. The first group, which is characterized by increased metal content in the coastal
waters of the North Caspian and decreased content in the open sea part, comprised Fe, Cu, Cd and Hg.
The second group showing lower concentration of metals in the coastal waters of the North Caspian and
higher concentrations in the open sea included Mn, Zn, Ni and Pb. Thus we can say that the first-group
metals are of riverine origin, while the second group originates in the sea. The research revealed three
areas of metals accumulation in bottom sediments: two transit ones (Dagestan shelf and the open part
of the North Caspian) and a terminal one (the Derbent depression). Seasonal and interannual changes
of heavy metals concentrations have a large fluctuation range; they cover vast volumes of water bodies
and wide belts of bottom sediments, so they can hardly be explained by local processes. The possible
reasons of such variability may lie in interphase processes and the active part of suspended matter in
geochemical migrations of heavy metals. In 2013, as well as in 2012, the concentration of heavy metals
in bottom sediments was higher in the coastal Volga area (sedimentation area) and the Derbent
depression (accumulation area), i.e. at the starting and the final points of their migration.

In contrast to the previous year, in 2013 we increased the number of sediment samples for the
identification of polycyclic aromatic hydrocarbons and persistent organochlorine compounds (PAH and
OCC). The observations showed that the level of super-toxicant pollution of the bottom sediments in
early autumn of 2013 almost did not change in comparison to the same period last year. We should
also note another fact, that the level of bottom sediments pollution in late autumn of 2013 was higher
than in early autumn of 2012 and 2013 (if one judges by the upper range of values). So, seasonal
fluctuations in concentrations of persistent organic pollutants exceed annual fluctuations. The most
probable reason for this is the active dynamics of the settled sediments in the north-western part of the
Caspian Sea. The level of pollution with persistent organic pollutants in the water area under
consideration as compared to other areas of the Caspian Sea and other seas can be characterized as
average.

The results of 2013 study of pollution in the north-western part of the Caspian Sea made it
possible to come to another important conclusion: they revealed that pollutant substances (PS) which
enter the marine environment are involved in different physical — chemical and biogeochemical
processes. According to the range of seasonal and interannual fluctuations of PS concentration in
different marine environment components, one can say that their mass involved in these processes by
many times exceeds the mass of pollutants which enter the sea annually.

To perform an integrated assessment of marine environmental pollution in the north-western
part of the Caspian Sea in 2013 we have used the ensemble (multi-criterial and multi-parametric)
approach developed by KaspMNIZ. In accordance with this method, the integrated pollution assessment
presents an "ensemble" of three estimates: 1) quality estimate, where MPC serves as a criterion; 2)
accumulation estimate with background concentration is a criterion; and 3) load estimate, where
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maximum permissible load is a criterion. The water area under consideration can be described as
moderately polluted; at times in some areas as polluted or, on the contrary, clean.

The integrated assessment of marine water quality was held using the marine water pollution
index (WPI). In 2013 sea water in the north-western part of the Caspian Sea was generally assessed as
moderately polluted, in some areas — as polluted or clean. The quality of sea water improved in 2013 as
compared to the previous year. These two years were similar in increased MPI value in the coastal area
of the North Caspian and in the northern part of Dagestan shelf. This fact proves that the pollution from
on-land sources is not transferred beyond the borders of the Russian subsoil use sector.

The research carried out in 2013 is special, as the transboundary transfer of pollutants is
estimated on the basis of the monitoring data jointly with currents fields modeling taking into account
actual weather conditions. The first trial estimation was made for the area of the Russian subsoil use
sector, lying within 44°20’ and 46°10’ northern latitude. The estimation of transboundary transfer which
was described by means of four parameters (total transfer, pollutants outflow and inflow and the
resulting transfer) was made for 14 pollutants.

The maximum total transfer was observed in water layer ranging from 0 to 5 metres, and the
resulting transfer for most pollutants was positive (inflow exceeded outflow). In water layer ranging
from 5 to 15 metres the resulting transfer was negative (outflow exceeded inflow). The developed
technique for estimation of transboundary pollutants transfer using modeling and monitoring data can
be used for development of joint measures aimed at protection of the marine environment against
pollution within the framework of the Teheran Convention.

We plan to continue our research on the state and pollution of the marine environment in the
north — western part of the Caspian Sea in accordance with the “Monitoring programme of
transboundary water bodies of the Caspian Sea” in 2014.
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