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IIpoBenena ouenka coBpemeHHOH auHamuku (2009 — 2015 rr.) comepskaHHs OPraHUYECKHX BELIECTB B
JOHHBIX OTJIOKEHHSAX, a TaKKe CPaBHEHHE TEHACHLMUIH W3MEHEHHUs] UX COCTOSHHS B PAa3JIMUYHBIX MOPTOBBIX
akBaropusix CeBacromoibckoro mobepexbst (Oyxtel Crpenenkas, Kazaups, KawmbimoBas) B ycIOBHSX
HU3MEHEHUS aHTPOIOI€HHOM Harpy3Ku ¢ MCIOJIb30BaHUEM Pa3IMYHBIX IOAXOJ0B. Y CTAHOBICHO, YTO B IIEPHOJL
nuccienoBannii B 6. Ctpernenkoil oTMedeHO (B CpeJHEM IO aKBaTOPUM) CHIDKEHHE YPOBHS OPTaHUYECKOTO
3arpsi3HEHHs. B oCTaNbHBIX OyXTax ypOBEHb, COOTBETCTBYIOIINH YCIOBHO-YHACTHIM aKBATOPHSIM, COXPAHSIICS.
CraTHCTHYECKHE OIIEHKH HE IO3BOJIMIM BBISIBUTH DA3UuUsi, KOTOPbIE CYIIECTBYIOT B COOTBETCTBHH C
SKCIIEPTHBIMH OIICHKAMH, OCHOBAaHHBIMUM Ha pPEaKIMU JOHHOTO COOOIIecTBA HAa HAIMYUE XJIOPOPOpPM-
SKCTPAarupyeMbIX BEIIECTB B JOHHBIX OTIOKEHHSX.

Kniouegvie cnosa: xnopohopM-3KcTparupyemMble BellecTBa, HEPTAHbIE YIIICBOLOPO/B, IOHHBIE OTJIOKEHUS,
U-kputepuilt ManHa—YUTHH, CpaBHEHHE CPEIHUX PaHIOB, IIOPTOBLIE akBaTOpuu, YEpHOE MOpeE.

BBEJIEHUE

OcoGenHocThi0 CeBaCTOMOIBCKOTO MOOEPEkKBS ABISETCS HANMYNE MHOTOYUCIEHHBIX
OyxT. B mpenemnax permona ux HacumtbiBaeTcs Oonee 30-tu. Cample KpYITHBIC U3 HHUX —
bonpmass CeBactomonbckasi, B T.4. CeBepHas u IHOxnas, Crpenenkas, Kpyrnas,
Kawmpimosas, Kazaubsi, bamaknaBckas. Ha mnpoTspkeHMM MHOTHX JECATHICTUH OHU
(YHKIIMOHUPYIOT B YCJIOBHSIX aHTPOIIOTEHHON HArpy3kd. VX akBaTOpHH HCIIONB3YHOTCS
KaK MOPTHI, a Oepera 3aCTpauBarOTCs KUIBIMU MaCcCUBaMHU.

CeBacrononbckas OyxTa sBISETCS HanOoJee W3YYCHHOW W3 TEPEYUCICHHBIX
akBatopuii [1]. Kpome Toro, oHa oTim4YaeTcs CTaOWIBHO BBICOKMM OpPTaHUYCCKUAM
3arps3HEHUEM JOHHBIX OTJIOKEHUH [2], B Ipyrux OyXTax HE OTMEUCHBI TaKWe YPOBHU [2].
IIpu sToM B cmiy uCTOpHYECKHMX (DAKTOPOB, B TOCIEIHEE BpEeMs HWHTCHCHUBHOCTH
SKCIUTyaTalliM OTAENBHBIX AaKBAaTOPUIl MMeEeT pa3HOHAIIpaBIIEHHBIE TPEeHIBL. Tak,
HallpuMep, B pe3yJIbTaTe BBEACHHS CAHKIIMOHHOTO pekmma, ¢ 2014 r. cymecTBeHHO
COKpAaTWiICS TPy30000p0T peIOHOTO mopra 0. KampIoBoi, YMEHBIIUIOCH KOIUYECTBO
BXOASIINX B OPT cyAoB. Tak, B mepuox ¢ 2013 mo 2017 rr. rpy30000poT ynani ¢ 2.5 MJIH.
1o 300 Teic. T [3]. 3MeHEeHUS, TPOUCXOAAINNE HA TIOBEPXHOCTH BOIOEMA, B KOHCUHOM
UTOTE, HIMEIOT OTKJIMK B JIOHHBIX OTJIOXKECHUSX, HO 3TO MPOIIECCHI UTUTEIHHOTO XapaKTepa.
Taxk, B yCIOBHSIX CHU)KCHUSI MHTCHCUBHOCTH JKCILTyaTallii aKBATOPHH YKa3aHHOUW OyXTHI,
B mepuoxn mo 2015 1. HaOmrogaics TIOCTOSIHHBIA YpPOBEHb 3arps3HCHMS JTOHHBIX
OTJIOKCHHUH, a Ha OTHCIBHBIX YYacTKax Hmake HEKoTopoe ero cHmxkenue [4]. Ha
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akBaropmio 0. Crpenenkoil Harpyska, CBs3aHHAas C (PYHKIMOHHPOBAHHEM BOEHHO-
MOpPCKOH 0a3bl HECKOJIBKO COKPATHIIACh, YTO IOBJIEKIIO 32 COO0I JOCTOBEpHOE CHIKEHHE
KosmuecTBa He(TAHBIX yrieBopoponoB (HY) B mowHbix otnoxenwsx [5]. C apyroit
CTOpOHBI, Oepera Takux OyxT kak Kazaups m Crpenenkas B HacTosImee Bpems
MHTEHCUBHO 3aCTpauBarOTCA >KWIbIMU JaoMmaMu. Hamnpumep, u3 oOmed miomanu B
181,3 ra BocrouHoro maccuBa 0. Kazaubell mimaHMpyemas MHOTOARTaXHas 3acTpOHKa
3aiMET 82 ra [6]. OHa MOXeT NOoBJIeYb 32 cO00H yBeTMUCHHE TOCTYIUICHHS OPraHUYECKUX
BEIIECTB B HpUOpeKHBIE BOIBL. B pesynbpraTe MaccoBOro, 3a4acTyl XaoOTHYHOI'O
CTPOUTEJILCTBA U3MEHSIOTCS (PU3UKO-XUMHUUECKUE XapaKTEePUCTUKU JOHHBIX OTJIOKEHUH B
MecCTaxX MOCTYIUIEHUS] OpPraHMYECKMX BEIIECTB, M3-3a YEro HA HEKOTOPHIX YYaCTKax
conepikanue XjopodopMm-3KcTparupyembix BemecTB (XOB) yeenunuumpaercs [4, 5, 7].
Kpome Toro, B JaHHBIX BOJOEMax HECKOJIBKO BO3POC YPOBEHb OpPIaHUKU BCJIEICTBHE
3aMOpHBIX SIBICHUH, KOTOpBIE, IO HAIIMM HAOJIOACHUSIM, XapaKTEpHBI AJS BEPLIMHHON
YaCcTH BCEX UCCIETYEMbIX aKBaTOPUH.

B cBa3u ¢ u3MeHAIOIUMCS YPOBHEM aHTPOIOTEHHOTO IIpecca 3KOJIOTHYEcKOoe
COCTOSTHHE aKBaTOPHMM TaKXKe IMpeTepIieBacT ONpenenéHHble H3MeHeHusA. O ToM, B Kakoi
CTENEHH OTU HW3MEHEHHs BBIPAXKEHBI, MOXHO CyAWUTh IO JAWHAMUKE OPraHUYECKOro
3arpsA3HEHUs] JOHHBIX OTJIOXKEHHUM, OTpa)karoliedl XpOHUYECKUE IIPOLECChl IOCTYILICHUS
HOJUIIOTAHTOB B BOJBI akBaTOpuH. OCHOBHBIMH IIOKa3aTeNsIMH, XapaKTepU3YIOLIMMU
JIAHHBIN BUJ 3arpsi3HEHMUS], ABIIOTCS conepkanne XOB u HY.

Ilenpro HacTOsIIEH pabOTHI cTalIa OlleHka coBpeMeHHOM auHamuku (2009 — 2015 rT.)
COJEpPKAHUSI OPraHHMYECKUX BELIECTB B JIOHHBIX OTJIOXKEHUSX, a TaKKe CpaBHCHHE
TEHACHLIMN W3MEHEHHA MX COCTOSIHHA B  Pa3IUYHBIX TOPTOBBIX  aKBaTOPHSIX
CeBacTONONBCKOTO TMOOEPEXKbsi B YCIOBHSAX HM3MEHEHHs AHTPOIOTEHHOM HAarpy3kKd C
UCIIOJIb30BaHUEM Pa3JIMYHbIX TOAXOI0B.

MATEPHUAJIBI U METO/IbI

OcHOBOIl i1 aHanM3a MHOTOJICTHEW JWHAMHUKKA OPTaHMYECKOrO 3arps3HEHUS
OTJICIBHBIX TTOPTOBBIX AKBATOPHUU TOCIYXHIIN JaHHBIC MO coaepkannto XOB m HY B
JOHHBIX OTIOXKEHUsAX. [IpoObl mocnemHux OTOMpanmuch B paMKax MHOTOJIETHETO
MOHHUTOPHHTA OT/IeJIa MOPCKO# canuTapHoi ruapoounonorud ®I'BYH «MHCTHTYT MOpCKUX
ouonornueckux ucciaegoBanuii uMmenu A. O. Kosanesckoro PAH» nerom 2009, 2012,
2015 rr. (puc. 1). Hymeparus cranmmii mpo06ooTOOpa JOHHBIX OTJIIOKEHWH COXpaHeHa B
COOTBETCTBHM C HCHOJb30BaHHOM panee. Konuentpauuio X35B ompeneisiv BeCOBBIM
meronom, HY — merogom MK-cnekrpomerpun [8] Ha ciektpodoromerpe @CM-1201.

Jia OIeHKM DSKOJOTHYECKOTO COCTOSHUS aKBAaTOPUH FHCIIOJIB30BAJIOCh JIeJICHHE
JIOHHBIX OTJIOXKEHUW MO YpPOBHSAM 3arpsisHeHUs ¢ I mo V, mpuHATOE B COOTBETCTBUU C
peaxnuelr GEHTOCHOTO coo0IecTBa Ha coaepkaHue XOB B NOHHBIX OTIOXKEHUSX. [-My
YPOBHIO COOTBETCTBYIOT MPHUPOTHO-YHCTHIE MOPCKUE TPYHTHI C BBICOKUMH MTOKA3aTeIIMU
OmopazHoo0Opasms. V-bIil YpOBEHB — 3TO NMPAKTUUCCKH OC3KU3HCHHBIE JOHHBIC OTIOXKEHHUS
[9].

Hapsiny ¢ omleHKamMu, OCHOBaHHBIME Ha 3KOJIOTUYECKUX MTOKAa3aTeNsiX, Oblla clleana
TIOTIBITKA WCTIONIb30BAHUSI CTATUCTHYECKUX METOIOB aHAIM3a JaHHBIX. Vcmonb3oBaHue
napaMeTpUUECKON CTATUCTHKU B HACTOSILEM HCCICAOBAHMM HCKIIOYEHO BBHUJY MAaJOTO
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o0béMa BBIOOpDOK. B naHHOM cioy4yae NpUMEHUMBI HelapaMeTpUYeCKHe METO[bl
cTaTaHaiuu3a. B KkauyecTBe CTaTUCTUYECKUX WHCTPYMEHTOB Il CPaBHEHUS BPEMEHHOU
JUHAMHUKHU COAEPKaHMA 3arpsA3HAIOMUX BeuecTB (3B) B JOHHBIX OTIOXKEHUSIX OTACTBHBIX
akBatopuid Obim ucnonb3oBaH U-kputepuit Manna—Yutau (p=0.05), mno3Bosstoniuii
BBISIBUTh JJOCTOBEPHOCTh OTJIMYMSI Iapbl HE3aBUCUMBIX BbIOOPOK. OLIEHKa 10CTOBEPHOCTU
B pa3NUuuU coaepkaHus 3B B JOHHBIX OTJIOKEHHSAX OTIENBHBIX aKBaTOPWUH MPOBOIWIN
MOCPEICTBOM CPaBHEHHMS CpEIHUX PpaHroB, HccienyeMblx BbeiOopok  (p=0,05).
BrrauciaeHuns mpoBOAMINCE ¢ UCIIOIB30BaHUEM IPOTPAMMHOTO HakeTa Statistica 6.0.
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Puc. 1. Cxema pacmoyiokeHusI CTaHITHH Mpo600TOOpa JOHHBIX OTIOKCHH B paMKax
MOHHUTOPUHTOBBIX chéMOk 2009, 2012, 2015 rT.

PE3YJIBTATBI 1 OBCYXIEHUE

JIOHHBIE OTIOXKEHUA HCCIEAYEMbIX TMOPTOBBIX aKBAaTOPUM MMEIOT Pa3IMYHbIN
rpa"yjaoMeTpudeckuii coctaB. OCHOBHas 9acTh KamplIloBOW OYXTBHI — cephble HIIBI C
MPUMECHIO TIECKa, 32 UCKIIOYEHUEM pakylnHska Ha cT. 39. [lokaszarenu HaTypasbHOU
BIQXKHOCTH B pa3HbIC MEPUOJIBI KoneOamuch oT 37 % B pakymHsakax 10 71 % B wiax, pH —
ot 7,2 no 8,1. IToka3zarenu Eh u3MeHsIMCh OT IMOJIOKMTEILHBIX 3HaueHui (+332 MB) B
paKylIHsAKax 10 OTPULATENBHBIX B miax (-94 MB) [4].

JIOHHBIC OTIOXCHHS B BEPIIMHE M IEHTPAITBHON YacTh OyXThl CTpPENEIKOM, TaKkxke
Kak 1 B KaMBIIIIOBO# TIpeicTaBiIeHbl YEPHBIME HIIH TEMHO-CEPBIMH WIIAMH, HO ¢ OOJIBITAM
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KOJTMYECTBOM THHUIOMIEH opranuk (cT. 29), 3amaxom cepoBogopona (ct.27a — 30) u/umu ¢
MPUMECKIO TTecka. HaTypanbHas BIaXXKHOCTH B pa3HbIe ToMbI Koebanack ot 48,7 % B mmax
¢ mpuMechio niecka 1o 68,2 % B unax, pH coctasnsin 7,6 — 7,8. B unax chopmupoBanuch
PE3KO BOCCTAHOBHUTENBbHBIC YCIOBHUS (OTpUIATENbHBIE 3HAUYEHHE OKHUCIUTEIBHO-
BOCCTAHOBUTEJILHOI'O MOTEHIIHANA) [5].

CocTaB noHHBIX OTiOXeHM 0. Kazaubeli m3aMeHsuics ¢ TeueHUEM BpeMeHH. Panee
[10] on ObLT IpeAcTaBICH YEPHBIMU WIIaMH € OOJIBIINM KOJHMYECTBOM THUIOIICH OpPraHUKA
M 3allaxoM CEpOBOJOPOJa, W WIaMU C TpuMechio mecka. B 2015 r. aBropamu [7]
OTMEYEHBl CIIEAYION[e W3MEHEHUS: HeXapaKTepHBI 3amax W YyBEJIHYEHHE [OIU
MIEpEeTHUBIICH OpraHuku. (DU3MKO-XUMHYECKUE TapaMeTphl, TaKue, KaKk HaTypajabHas
BIaxHOCTh, pH n Eh moHHBIX ocazkoB akBaTOpHH OYXTHI B HCCIEAYEMOM BPEMEHHOM
MPOMEXXYTKE OCTAaBaJINCh B CpPEIHEM HEW3MEHHBIMH, M COOTBETCTBOBAI XapaKTepy
ocankos [7].

Ha mpotspxkennn 2009-2015 rr. Hanbounpiiee conepxanne XOB cpenu nccnemyeMbix
aKBaTOpuil OBUIO B JOHHBIX OTIOXKEHHMsIX 0. CTpenenkoil W cpemHee IO aKBaTOPWUHU
3HaueHHUe Konebanoch B auanazoHe 975-1493 mr/100 r Bo3/.-cyX. B-Ba, YTO OTHOCHUTCS K
IV-V ypoBusM 3arps3Henus. VX KOHLIEHTpalMu B AOHHBIX ocankax OyxT Kaszaubs n
Kampimosasgs Oblin goctarouynHo Hu3kuMu (168-179 mr/100 r u 167-187 mr/100 r
COOTBETCTBEHHO), B CPETHEM OHH XapaKTEPH30BAIUCH KaK YHCThIE aKBATOPHH.

Cpennee conepxxanue HY B JOHHBIX OTJIOXKEHMSIX HCCIECIYEMBIX aKBATOPUU TaKkKe
CYIIECTBEHHO Pa3INdalioch IS UcciaeayeMbIX OyxT. B 6. CTpenenkoil 0HO COCTaBIIsAIO OT
560 mr/100 T mo 360 mr/100 1, uro B mepuox 2009 m 2012 TT. MpPEBHIIIANIO YCIOBHBIC
HOpMAaTHBBI, Npeanaraemele T.H. «[ommanackuMu nuctamu» [11]. Konuentpauus HY B
JIOHHBIX oTnoxeHusx ©O. KamprmoBoit m Kazaubeit B mepuoj uCCIeIOBaHWI He
npeBeimanyd 100 Mr/100 T, 9TO COOTBETCTBYET MNPHUPOTHOMY YPOBHIO COACPIKAHUS
JTAHHOTO KJ1acca BEIIECTB.

Ecnu roBoputh 0 TEHACHIIMKM U3MEHEHHUS HCCIIEIyEeMBbIX MTOKa3aTeaei BO BpeMEHU, TO
B 0. Ctpenenkoit oTMeueHo (B CpeIHEM IT0 aKBATOPHH) CHIDKEHHE YPOBHS OPTaHUIECKOTO
3arps3HeHus. B ocTambHBIX OyXTax ypOBEHB, COOTBETCTBYIOIIMM YCIOBHO-YUCTHIM
aKBaTOPUSM, COXPAHSIICS.

CrnenyeT oOpaTuTh BHUMaHUE HA TO, YTO OOIIAsi TCHISHITMS U3MEHEHUS COJIEPIKAHMS
3B B [OHHBIX OTIOXKEHHUSX OYXTHI HE XapaKkTepu3yeT JIOKaJIbHbIE TPOIECCHI,
NPOMCXOSIINE HA OTACIBHBIX yyacTKax akBatopuid. B 6. Ctpenenkoii (puc. 2) CHIKEHHE
cogepxkanusi XOB oTMmedueHo Ha Hambolee 3arpA3HEHHBIX CTaHIUAX (CT. 27 — HOYTH B 2
pasa). Ha ygacTkax, rae comepxanue XOB Obuto HIke (CT. 28 1 29) — 3TOT mMOKa3arelb
caumwicsa mpumepao Ha 30 %. Ha orHocuTenbHO umcToM ydactke mHa (cr. 30)
COJICP)KaHUE OPTraHUYECKHUX BEIIECTB BBIPOCIO BJIBOC. DTO MOXKET OBITh CBS3aHO C
YBEJIMYEHUEM WIIH TIepepactpeielIeHHeM Harpy3KH 110 akBaTOPUH OyXTHI.

CHwKeHne B IepHo UcciienoBanus coaepxanus HY (puc. 3) 6p110 HAMOOIBITUM Ha
cT. 28 1 29 (48 %, u 57 % COOTBETCTBEHHO), Ha CT. 27 OHO YMEHBIIUIOCH MEHEE 3aMETHO
(21 %). lloBblieHue koHueHTpanmuu HY noutm B 3 pa3a oTMEYeHO Ha caMoit
Oarononmy4anoit ct. 30, HO, TEM HE MEHEE, YPOBECHbD 3arpsS3HEHUS OCTAJICS HU3KUM.
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Puc. 2. Konnearpauuu X5B B JOHHBIX OTIOXKEHUSIX CEBACTOMOJBCKUX MOPTOBBIX
aKBaTOPH IO TAaHHBIM MOHUTOPHUHTOBBIX chEMOK 2009, 2012, 2015 1.
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Puc. 3. Konnenrpamun HY B HOHHBIX OTJIOKCHHSIX CEBACTOIIOJIBCKUX ITOPTOBBIX
aKBaTOpHUH MO JAHHBIM MOHUTOPUHTOBBIX chEMOK 2009, 2012, 2015 rr.

Takum 00pa3zom, Tpy CHIXKEHHWH CPEeIHUX TOKas3aTelei MO aKBaTOPHH, OTMEYaeTCs

niepepacnpesiefieHre 3arpsi3HSAIONMX BeEIIecTB B e€ Mpeaenax; OTAETbHBIE YYaCTKH
OUHUILAIOTCS, IPYTUe MHTCHCUBHEE HAKAIUIMBAIOT 3arpsi3HEHUE.
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IOxHee mo mobepexnio Haxonutes 0. Kamprmosas. B Helt Ha 4-X 3 9-TH cTaHIMA
mpobootdopa (ct.35, 37, 38, 39) ormedeHo ymeHbimeHne comepkanms XOB. JlanHoe
CHUXCHUE COCTABIISLIO OT 15 % (4TO MOKHO OTHECTH K MOTPEIIHOCTH MeToa) A0 360 %.
Ilocnennee ompenenéHHO XapakTepu3yeT H3MeHeHHe cojepxkanus XOB B ITOHHBIX
oTIIOKEeHUAX. Ha TpEX cTaHIMAX OTMEYEH POCT COACPKAHHUSI OpraHNIecKuX BemecTs (35a,
36, 40), koTopkIit Takke konedancs ot 21 % mo 470 %.

Cumxenue cogepxkanus HY ormeueno na ct. 35, 38, 39. Ha Bcex mepednciIeHHBIX
y9acTKaX OHO OBLIO 3HAYWUTENHHBIM M K0JI€0aaoch OT 3-X 10 6-TH pa3. 3HAYUMBIH POCT
coxepxkanuss HY ormeden Ha cr. 40, T/1e 3a TOCIEAHWE TONMBI JAHHBIM ITOKA3aTelb
YBEJIMYUIICS TIOYTH B 6 pas.

[Ipu Bcex ommMcaHHBIX KOJIEOAHHUSIX COMIEP)KAaHUS OPTaHUYECKHUX BEIECTB, HU OJTHO W3
3aUKCUPOBAHHBIX 3HAYCHHH HE TPEBBIIACT JOMYCTUMBIX HopM [11] wmm
OTHOCHUTEIILHBIX YPOBHEH, XapaKTepU3YIOIINX CAHUTAPHO-OMOJIOTHYECKOE OJIaronoaydue
akBaTopuu [9].

B 2015 r. B 6. Kazauneii orHocuTenbpHO Bhicokue (o 700 mr/100 r) nokasarenu XOB
OTMEUECHBI B I0:KHOH (KyToBOI) yacTu (cT. 48). IIpu aToM copepxanue HY 3a Bech mepuon
uccienoBaHnil cHwkanocbk. Ha cocenneit cr. 49 comepxanne XOB mpakThuecku He
MEHSITOCh. POCT coneprkaHuss opraHMdecKoro BemecTBa oTMedeH Ha ¢T. 51 u 52 (B 9 u 4
paza COOTBETCTBEHHO), KOTOpBIE SIBIIAIOTCA YCJIOBHO YHUCThIMU. PocT comepxanus HY
OTMEYEH Ha CIICAYIONIMX CTAHIMIX: HecylecTBeHHo cT. 48, B 1,5 pa3a cr. 49. Haubomnee
BBEIPOKCHHBIM JaHHOE siBJicHHEe Obl1o Ha cT. 51 (B 11 pa3) u 52 (B 5 pa3), KoTopeie B
MpEeABIAYITHE TOABI OBUTH MpaKTHYeCKH YUCTHIMH. B 6. Kazauweit poct comepxanus HY
OTMEUEH MPaKTUYSCKH TI0 BCEW aKBaTOPHH, W HAamOOJIee MHTCHCHBHBIM OH ObLT Ha &
YUCTBIX yUACTKaX.

OnucanHOe BBINIE W3MEHEHHE W PAa3NUYHe MapaMeTpoB HE MMEET CTaTUCTHYECKOU
OIICHKH, a OMPEICIIICTCS JHIIb SKCIEPTHHIM MHEHHUEM aBTOPOB. Takas MpaKkTUKa UMEET
MECTO B CTaThsiX, MOCBSIIEHHBIX NaHHOW Temarmke [12-15]. B Hacrtosmeit paGote
cIelaHa TIOMBITKA TPOBECTH CTATHCTUYECKWH aHaMM3 Marepuajla W  OLEHUTh
MPUMEHUMOCTh HEKOTOPBIX CTAaTUCTHYECKMX METOJOB B paMKax TakKoro poja
uccienoBannid. M3-3a Mamoro KoOJIMYEeCTBa JaHHBIX B BBIOOPKE HCIIOJIE30BaHUC
MapaMeTPHUECKON CTATUCTHKN HEBO3MOXKHO. VI3 M3BECTHBIX KPUTEPHUEB, UCIIONB3YEMBIX B
HENapaMeTPUYeCKNX METOJax CTaTHCTUKHA ISl CPaBHEHHS BpPEMEHHOW JTMHAMHKHU
COJICP)KAaHUSI OPraHWYECKHX BEIIECTB B JIOHHBIX OTJIOKEHUSX HEKOTOPHIX ITOPTOBBIX
akBatopuid Bo BpemMeHH Obu1 mnpumeHEH U-kpurtepuit Manna—Yutau (p=0.05). On
MO3BOJISIET TMPOBECTH AHAJIW3 [0 BBIABICHUIO JOCTOBEPHOCTH OTJIMYMA  TApbI
HE3aBUCUMBIX BBIOOpOK. JlamHbIi amamm3 B mepuox ¢ 2009 mo 2015 rr. He mokasan
HaJIW4YMs 3HAYMMBIX pa3iIuuuil B YypoBHAX 3arpssHeHuss XOB u HY wuccnemyembix
aKBaTOpHH.

OneHka [TOCTOBEPHOCTH B pas3iHuMU coaepkaHusd 3B B JOHHBIX OTIOXKEHHUSIX
Pa3TUYHBIX aKBAaTOPWUH TMPOBOIMIM TIOCPEICTBOM CPAaBHCHUS CpPEIHUX PAHIOB,
uccnenyeMbix BeIOopok (p=0,05). B 2009 r. noctoBepHbIe paznuuus B conepxanun XOB
u HY B NOHHBIX OTJIOKEHHSIX HCCIAEAYEMBIX OyXT OTCyTCTBOBayM. Ilpm 3TOM
UCCIIeTyeMbIe aKBaTOPUH, HA OCHOBAHMH MUMEIOIIUXCSI B THIPOOUOTIOTHH MPEICTABICHUI
[9], umenu pa3nuuHBIA ypOBEHb OpraHudeckoro 3arpssHeHus: Kamsimosas n Ka3zaubs
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oyxter — III, Crpenernkas - V. Paznmuume B COCTOSHUM IOHHBIX OTJIIOXKCHHU OYXT,
MONTyYeHHOE Ha OCHOBAaHWHU TIPEMJIOKEHHBIX OIEHOK, MpeAcTaBlieHo Ha puc. 4. B
JajgbHEHIeM cutyanus u3MeHsiaack. Tak, B 2012 r. 0TMEUYEHO CTATUCTHYECKH 3HAYUMOE
pasnuune B comepxkannu XOB B moHHBIX ocankax 6. Ctpenenkoil n Kazaunei. YpoBeHb
3arps3HEHMSI aKBaTOPUI B ATOT IEPHOJ MOKHO B IENIOM KIacCH(UIMPOBATh, KaK U B
npeamectBytonuii. 1o comepxkanuto HY pocToBepHBIX pa3nuuuil HE BBISBICHO. B
pe3ynbrate nocnenHeil ceémku (2015 r.) no cogepxanno XOB g0CTOBEpHBIE PAa3INUH
ObUTH MEXIy HOHHBIMH oTioxkeHusMH 6. Crpenenkoir m Kazauneit. JlocToBepHBIX
pasnuumii B coxepxkanuun XOB B Mopckux TpyHTax 0. Kamprmosod m Kazauweil He
BBISBJIICHO. Takke OTCYTCTBYIOT JOCTOBEpHBIC OTauuus i 0. KambimoBodh u
Crpenernkoit. [lo cogepxanuio HY pazmuume Obuto qocToBepHBIM s 6. CTpemnenkoi u
Kazauneii. Konnentpanus HY B noHHBIX ocankax 6. KaMbIIOBO# He MMena TOCTOBEPHBIX
OTIIUYUH C IPYTHMH HCCIIETYSMBIMU YUACTKAMU CEBACTOIOILCKOTO MOOSPEkKbs. YPOBEHb
3arps3HeHust 6. CTpeNenkoil B 3TOT MepHoI MOXKHO XapakTepu3oBaTh Kak [V. OcTaibHBIX
oyxt — III. Takum obOpazom, B Tepuon Hacrtosmero ucciaepoanms (2009 — 2015 rr.)
OTMEUYEHBl WU3MCHCHUS, KOTOphIE TMPOTHUBOPEYAT TPEHAY HU3MEHEHHS CPEIHHUX
nokazatenieii. OHM 00yCJIOBICHBI M3MCHCHHMSIMH B TpejieliaX OTICNBHBIX cTaHiumil. Ha
HEKOTOPBIX, paHee MPAKTUYECKH YMCTBIX y4YacTKaX, B HACTOAIIEe BpeMs HaOIIOmaeTcs
HapacTaHue cojepxanus 3B.

| 2009 | | 2012

| 2015 |
*——————e - PAZTHMHE [10 [9]

8. Cmpereyran

- pasIHYHe I10 co/lepskanin X OB

* - - - — @ - pA3IHIHE 0 cojepxanH HY

-

b, Cmpenenran

Puc. 4. Paznuune B colepaHUM OPraHUYECKHUX BELIECTB B JOHHBIX OTJIOKEHUS
HEKOTOPBIX MOPTOBBIX akBaTopuid B epuon 2009, 2012, 2015 rr.

W3 mpencraBmeHHBIX Ha puc. 4 MAHHBIX O Pa3IUYMK B 3arpsS3HEHHUU JOHHBIX
OTJIOKEHUH HCCIIEAYeMBIX OYXT, OCHOBAaHHBIX Ha CTATUCTHYECKHX M SKCHEPTHBIX OLEHKAaX
BHJIHO, YTO HamOoJbIee pasznuuue cymectByeT it 0. Kazauneit m Crpenenkoit u ¢
TEUCHUEM BpeMeHH OHO HapactaeT. B 2009 r. maHHOe pas3imuduie BBIABIAECT TOJBKO
JIeJIeHne TOHHBIX OTJIOKEHUH 1Mo ypoBHIO 3arpsisHeHus. B 2012 r. conepxanne XOB B
JOHHBIX OTJIOXKEHHUSIX CTATHCTHUECKH Pa3InuMMoO, a MO pesyiapTaraM chémku 2015 T.
CTATUCTUYECKH Pa3IMINMO HE TOJNBKO coaepkanne XOB, Ho u HY.
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CocrosHue TOHHBIX OTNIOKEeHHH 0. Kazaubeit n KambImoBoii B meprox uccieJ0BaHmiA
CYIIIECTBEHHO HE Pa3INYajioch HE IO OJHOMY U3 pacCMaTpHUBAEMBIX KPUTCPUCB.

Jonnbie otnoxenus 6. KampimoBoit u CTpenenkoil 3a rosl UCCISAOBAHUN UMEITH
pa3IUYHBIC YPOBHU 3arpsS3HCHUS, BHIJICIICHHBIC HA OCHOBAHUH PEAKIIUU JOHHOW OMOTHI Ha
colepKaHWE B JOHHBIX OcCaJKaxX TOJUIIOTAaHTOB [9], HO [maHHOE pa3Iuyue He
MOATBEPKIACHO CTaTUCTHUYEeCKHM. Ha OCHOBaHMU CpaBHEHMSI JAHHBIX CTaTHCTUYCCKOU
00pabOTKU MONyYEeHHBIX C HCMoNb30BaHueM U-kpurtepus MaHHa—-YUTHH IS OIICHKU
MEXTOJIOBOM W3MEHUMBOCTH HCCICAYEMBIX IMapamMeTpOB M CPaBHEHUS CPEIHUX PAHTOB
JUISL OIEHKH JOCTOBEPHOCTH PAa3IMUUN B COCTOSIHHM JOHHBIX OTJIOKCHHH HCCIIEITYEMBIX
O00OBEKTOB B Ipenenax OJHOrO ToAa OBUIM TOJMY4YeHBl CTATUCTUYCCKHUE OICHKH,
MPOTHUBOPEYAINE IKCIEPTHEIM. Paznmuane B comepkannn XOB B JOHHBIX OTIIOKCHISIX,
KOTOpOE€ CYIIIECTBEHHO CKa3bIBACTCS HA COCTOSSHMHM JOHHOTO COOOIIecTBa, HE
ONpENEsUIOCh KaK 3HAYMMOE, NpPU HUCIOJIB30BAHUM YKAa3aHHOTO CTATUCTUYECKOTO
Kputepusi. B nmaHHOM ciydyae MOXHO TOBOPUTH O HEOPUMEHUMOCTH JAHHBIX
HEeMapaMeTPHIECKUX METOJIOB IS OTICHKU UCCIICTYEMBIX BETTUIHH.

3AKIIOYEHHUE

1. B mepuox uccnenopanuii (2009 — 2015 rr.) B 6. Ctpenenkoii OTMEUYEHO (B CpeIHEM
10 aKBaTOPUHU) CHIDKEHHE YPOBHS OPraHMYECKOIo 3arpsa3HeHus. B octanpHbIX OyxTax
YPOBEHb, COOTBETCTBYIOLIHH YCIOBHO-UUCTHIM aKBATOPHSIM, COXPaHSJICA.

2. B 6. Crpeneuxoii ¢ 2009 mo 2015 rr., mpu CHIKECHWH CpPEOHHX IOKa3aTenen
arpsisHeHnss XOB uw HY 1no axBaTopum, OTMeudanock MNPOCTPAHCTBEHHOE
nepepacnpesaenesue 3B; oTnenbHple y4acTKM OYMIIAIOTCS, APYTME HAKAIUIUBAIOT
3arpsi3HEHHE.

3. Hcnonp3oBaHHE HEKOTOPBIX CTaTHCTHYECKUX HHCTpyMeHTOB (U-kputepus ManHa—
YUTHU U CpPaBHEHMS CPEIHUX PAHIOB) IIOKa3aja HEOCTATOYHYIO YyBCTBUTEJIBHOCTh
JaHHBIX  KpUTEpUEB, MJs MWCIOJIb30BaHUS B  MOJOOHBIX  HCCIEIOBAaHUSIX.
CraTucThuyeckue OIeHKH HE MO3BOJIIIN BBIBUTh pa3iInyMs, KOTOPHIE CYLIECTBYIOT B
COOTBETCTBUU C JKCIEPTHBIMU OLIGHKaMH, OCHOBaHHbIMH Ha PEaKLUH JIOHHOTO
cooOuiecTBa Ha Hanuure XOB B TOHHBIX OTIIOXKEHUSX.

Paboma evinonnena 6 pamkax cocyoapcmeennozo 3adanus @PI'BYH UMBH no meme
2ocyoapcmeennoco  3aoanuss  «Monucmonocuueckue u - Ouoceoxumuyeckue OCHOBb
2omeocmasa Mopckux sxkocucmem» (Ne 0828-2018-0001 ).
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THE ORGANIC MATTER CONTENT DYNAMICS IN THE SEA BOTTOM
SEDIMENTS OF THE SEVASTOPOL HARBOR WATER AREA

Soloveva 0. V., Tikhonova E. A.

A. O. Kovalevsky Institute of Marine Biological Research RAS, Sevastopol, Russia
E-mail: tihonoval @mail.ru

In view of the anthropogenic press level changing, the ecological state of the water

area undergoes certain changes. The scale of these changes are expressed can be judged
by the organic pollution of sea bottom sediments dynamics, reflecting the chronic
processes of pollutants entering the waters of the water area. The main indicators
characterizing this type of pollution are the content of chloroform-extractable substances
and oil hydrocarbons.
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The purpose of this work was to assess the current dynamics (2009 - 2015) of organic
matter content in the sea bottom sediments, as well as a comparison of their state trends in
different port areas of the Sevastopol coast in the face of changes in anthropogenic load
using different approaches.

The analysis of organic pollution long-term dynamics of individual port waters based
on the data on the content of chloroform-extracted substances and oil hydrocarbons in the
sea bottom sediments. The samples were collected as part of the long-term monitoring of
the Department of Marine Sanitary Hydrobiology A. O. Kovalevsky Institute of Marine
Biological Research of the RAS in the summer of 2009, 2012, 2015. The concentration of
chloroform-extracted substances was determined by the gravimetric method, oil
hydrocarbons - by the method of IR-spectrometry. To assess the ecological state of the
water area, the division of the sea bottom sediments according to pollution levels from I to
V was used, based on the reaction of the benthic community to the content of chloroform-
extractable substances in the sea bottom sediments. Along with estimates based on
environmental indicators, an attempt was made to use statistical data analysis methods.
The application of parametric statistics in this study is excluded due to the small sample
number. In this case is applicable non-parametric methods of statistical analysis. The
Mann-Whitney U-criterion (p = 0.05) was used as a statistical tool for comparing the
temporal dynamics of the pollutant content in the sea bottom sediments of individual
water areas (p = 0.05), which makes it possible to reveal the reliability of differences in a
pair of independent samples. The assessment of the reliability of the difference in the
content of pollutants in the sea bottom sediments of individual waters was through the
time was carried out by comparing the average ranks of the studied samples (p = 0.05).

According to the obtained data on the difference in pollution of sea bottom sediments
of the studied bays, based on statistical and expert estimates, it can be seen that the
greatest difference exists for of Kozachya and Streletskaya bays and over the time it
increases. In 2009, this distinction reveals only the division of sea bottom sediments
according to the level of pollution. In 2012, the content of chloroform-extracted
substances in sea bottom sediments is statistically distinguishable, and according to the
2015 survey, not only the content of chloroform-extractable substances, but also oil
hydrocarbons is statistically distinguishable.

The sediments state of Kozachya and Kamyshovaya bays during the study period did
not differ significantly by any of the criteria under consideration.

The sea bottom sediments of Kamishovaya and Streletskaya bays over the years of
research had different pollution levels, but this difference was not confirmed statistically.
Based on a comparison of statistical data obtained using the Mann-Whitney U-test
estimation of the interannual studied parameters variability and comparison of the average
ranks to assess the significance of differences in the state of sea bottom sediments of the
studied objects within one year was made. Statistical estimates were obtained
contradicting the expert ones. The difference in the content of chloroform-extractable
substances in the sea bottom sediments, which significantly affects the state of the bottom
community, was not identified as significant when using the specified statistical criterion.
In this case, we can point to the inapplicability of these non-parametric methods for the
studied parameters evaluation.
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Thus, in the research period (2009 - 2015) in Streletskaya bay registered (on average over
the water area) a decrease of organic pollution level. In the remaining bays, the level
corresponding to the relatively clean water areas was reserved. In Streletskaya bay from 2009
to 2015, with a decrease in the average pollution indicators of chloroform-extractable
substances and oil hydrocarbons in the water area, there was a spatial redistribution of
pollutants change; some areas are cleaned, others accumulate pollution. The use of some
statistical tools (Mann-Whitney U-test and comparison of average ranks) showed insufficient
sensitivity of these criteria for use in such studies. Statistical estimates did not reveal
differences that exist in accordance with expert estimates based on the response of the bottom
community to the presence of chloroform-extractable substances in sea bottom sediments.

Keywords: chloroform-extractable substances, oil hydrocarbons, sea bottom sediments,
Mann-Whitney U criteria, comparison of mean ranks, harbor waters, Black Sea.
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