BHOJIOTHA MOPA, 2023, mom 49, Ne 2, c. 105—113

YIK 577.47:170.49

OPUTNHAJIBHBIE CTATbU

JTOJTOBPEMEHHBIA MOHUTOPUHTI 3ATPA3HEHUS ITPUBPEXHON
AKBATOPUH YCCYPUICKOI'O 3AJIMBA METAJIJIAMU HA IIPUMEPE
“3EJIEHDBIX” YCTPUL MAGALLANA GIGAS (= CRASSOSTREA GIGAS)
(THUNBERG, 1793)

© 2023 r.

B. M. Iynekun® *, B. f1. KaByn?

! Tuxooxeanckuii uncmumym eeoepaguu (THT) JJBO PAH,
Bnaousocmox 690041, Poccus
2 Hayuonansneiii Hayunwlii yenmp mopckoii 6uonoeuu um. A.B. XKupmyncrxoeo (HHIIME) JIBO PAH,
Braodusocmox 690041, Poccus
*e-mail: shulkin@tigdvo.ru

IMoctynuna B penakuuio 12.07.2022 r.
ITocne mopa6otkm 08.11.2022 1.
IMpuHgaTa k nyoaukauum 24.11.2022 1.

B centsiope 2021 r. mpoBeneHa OlleHKA colaepxXaHUs TskelbIx MeTtaiuioB Pb, Cu, Cd, Zn, Ni, Fe u Mn B
TKaHsIx yctpulibl Magallana gigas (= Crassostrea gigas) (Thunberg, 1793) u B unmcToit hpakiiiv JOHHBIX OT-
JIOXKEHUI U3 MEeCT OOMTaHUSI MOJIJIIOCKOB B MPUOPEXHBIX BOIAaX BOKPYT I-Ba MypaBbeBa-AMYpPCKOIO,
BKJIIO4asi Harbosiee 3arpsi3HEHHbBIN y9aCcTOK Yy 3alagHOro 6epera Yccypuiickoro 3ajarBa S moHCKOTro Mopsi.
ITokaszaHo, 4TO, HECMOTPSI Ha IPoBeaeHHYIO B 2010 I. peKyJIbTUBALIMIO PACIIOI0XEHHOTO 3€Ch MYCOPHOTO
MOJIMTOHA — OCHOBHOI'O MCTOYHMKA 3arpsi3HEHUsI MeTalJIaMU, Mellb B BBICOKOI1 KOHLICHTpALIMU TIPUCYT-
CTBYET B JJOHHBIX OTJIOXKEHMSIX U TKAHSX YCTPUL, IPUIABast UM 3e€JICHBINA LBET. ¥ OOUTAIOLIMX HA 3TOM
y4acTKe MOJUTIOCKOB TaKXKe COXpaHsieTCsl BhIcOKasl KoHLeHTpalys nuuHka. Konnenrpauuu Pb, Cd u Ni B
TKaHSX yCTpul] 3a nociaenHue 20 JeT CHU3WINCH B 2—5 pa3 B COOTBETCTBUU C YMEHbBIIEHUEM KOJUYECTBA
MMOABVKHBIX (DOPM 3TUX METAJIIIOB B JOHHBIX OTJIOKEHMSIX, OMHAKO BCE ellle B 3—6 pa3 MPeBBIIAIOT PETHO-
HaJIbHbIE OLIEHKHU [JIs1 3arpsi3HeHHBIX akBaTtopuii. [Ipn aHOMalbHOM HAKOIUJIECHUM MEIU, MapraHell, Ha-
MPOTUB, I€MOHCTPUPYET CHIUKEHUE KOHILIEHTPALIMU B TKAHSIX YCTPULL C HanboJiee 3arpsi3HEHHbIX CTAaHIIMUII,
oTpaxasi yxyaiieHue Gru3n0oI0IrMYeCcKOro COCTOSIHUS MOJUTIOCKOB. [lojydyeHHbIe pe3ysibTaThl YKAa3bIBAlOT
Ha HEOOXOAMMOCTD IMPOIOJIKEHUSI peMeIUallU 3aIlalHOro NoOepexXbsl YCCYpUICKOTO 3a1MBa U MOHUTO-

PUHTa 3arpA3HCHUA HpI/I6pC)KHI)IX BOO ME€TalJlIaMMU.

Karouessie crosa: SIrmoHcKoe MOpE, yCCYpI/IfICKI/Iﬁ 3aJIMB, ITOJIUTIOH TBEPAbIX OBITOBBIX OTXOO0B, TAXEJIBIC

METaJlJIbl, YCTPpULIBI, JOHHBIC OTJIOKCHU A
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3arpsisHeHUe OWOTeHHBIX KOMITOHEHTOB MpHU-
OGPEKHO-MOPCKUX 3KOCUCTEM COSAUHEHUSIMU TSIKE-
Jnbeix MeTaioB Pb, Cu, Cd, Zn, Ni, Fe u Mn (naee
METaJZIOB) — mpobjieMa AaBHSsI, HO TMO-IIPEKHEMY
MpUBJIeKawIasi BHUMaHUe BCIENCTBUE 3HAYUMOCTH
STUX aKBATOPUI M UX OMOJIOTMYECKUX PECYPCOB ISt
(GYHKIMOHUPOBAHUS 9KOCUCTEMbI OKEaHa U JKU3HE-
JIesaTeJIbHOCTU 4elioBeka. K HacTosieMy BpeMeHU
HETaTUBHOE BO3IeliCTBHE Ha MHOTHE (DU3MNOJIOTUIEe-
CKUe MPOLIeCChl MOBBIIIIECHHOTO COACPXKaHUS B cpele
coennHeHMii Pb n Cd, 0coO6HHO MX MOHHBIX (DOPM,
Joka3zaHo 3KcnepuMmeHTanbHOo (Hariharan et al.,
2014; Kournoutou et al., 2020). IToBblieHHAasT KOH-
LIEHTpAaLUs B Cpelie MUKPOHYTPUEHTOB (COSIUHEHUS
Zn, Cu, Mn u Fe) Tak:ke MOXeT OBITh TOKCUYHA JIJIST
runpoouoHToB (Phillips, 1977). HecMoTpst Ha pa3Ho-
oOpa3sue crnoco0OB OLIEHKU 3TOTO HETaTUBHOTO BTV~
auus (Le et al., 2016), omHUM 13 HauboJiee OYSBUI-
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HBIX MoKa3aTelieil ocraeTcs KOHIEHTpAalUs MeTall-
JI0B B TKaHsx ruapoouoHToB (Phillips, 1977; Zhou
etal.,, 2008). MOHUTOPUHI 3arps3HECHUSI BOTHBIX
5KOCUCTEM METAJIJIaMU MO MX COAEPKAHUIO B TKAHSIX
MAacCCOBBIX BUIOB MOJUTIOCKOB U BOIOPOCJIE IIMPOKO
npumMeHsieTcs 1 B mupe (Rainbow, Phillips, 1993), u B
MpUOpeXHBIX Bomax Mopeit PM, B ToM uucie B 3ai.
IMetpa Beauxkoro (Xpuctodopona, 1989; Xpucrodo-
poBa, I'nereuxuii, 2022).

B akBaropuu 3an. Ilerpa Benukoro — Hauboliee
XO3SIAICTBEHHO OCBOEHHOM YacTU CeBepO-3aragHoro
cexTopa SIMOHCKOro Mopsl — BbIIEISIETCS 3allagHoe
nobepexkbe YCCYpUMICKOro 3ajMBa, Ine B KOHIIE
1990-x u B 2000-x rr. aHOMaJIbHO BBICOKME KOHIIEH-
Tpauuu coennHeHmnit Pb, Cu, Zn u Cd Habmoganm Bo
MHOTUX KOMIIOHEHTaX MOPCKMX 3KOCHUCTEM, B TOM
yuciae W B OBYCTBOpYaThiXx Moyuttockax (LymbkuH
u ap., 2002; Shulkin et al., 2003). OcHoBHOI1 mpUIM-
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HOI 3arps3HEHUS cTaj apeHaxX ¢ moimrona ThO
(TBEepIObIX OBITOBBIX OTXOIOB), PACHOJOXEHHOTO
MMpakTU4IecKN Ha 6epery 3aiamBa. CTOKH ¢ 30100TBa-
110B TOII-2 Takke chIrpajii CBOIO pojib. B pe3ynbrare
B TIpUJIeralonieif mpuOpeskHOM aKBaTOPUU KOHIICH-
Tpalus COeAMHEHUI XaIbKO(MUIBHBIX MeTaLIOB Pb,
Cu, Zn u Cd B tKaHsax mumuu I'pes Crenomytilus
grayanus (Dunker, 1853) ipeBbinana ¢pox B 5—120 pas,
a B ycTpulie ruranTckoit Magallana gigas (= Crassost-
rea gigas) (Thunberg, 1793) — B 2—100 pas. [1pu aTOoM
B TKaHIX MUINNM MaKCUMaJTbHO HaKaIlJTUBAaJICsS CBU-
HEll, a B TKAHSIX YCTPUIl — MeIb, M3-3a YeTO OHU TPU-
obperanu 3eneHbIi 1BeT. Hakorurenne Cu B ycTpuiax
110 ypoBHeii 1200 MKT/T cyX. MacCHI M 6oJIee, Koraa TKa-
HU MOJUTIOCKA TIPUOOPETAOT 3€JIeHBI OTTeHOK
(Wanget al., 2011), — 3T0 HepenKasi CUTyalus, 10CTa-
TO4HO IaBHO ormcanHasg B AHymn, CIIIA n Kurae n
XapaKTepHast IUIST 3CTyapHBIX M TIOPTOBBIX aKBaTOPHiA
C OYEBUITHBIM aHTPOITONeHHBIM 3arpsi3HeHreM (Roosen-
burg, 1969; George et al., 1978; Fang, Dai, 2017). KoHn-
nentpanus Cu paBHast 2500—6500 MKT/T CyX. Macchl,
KoTopas 6bu1a oTMeueHa B 1999—2001 rr. B ycTpuliax
3aMagHoOro MoOepexbs  YCCypUMCKOTO  3ajMBa
(Shulkin et al., 2003), nuiIb HE3HAYUTEJLHO YCTyMAa-
eT 3HaYeHUsIM, 3a(PMKCUPOBAHHBIM Y SKCTPEMaJbHO
3arpsiI3HEHHBIX MOJUTIOCKOB 3cTyapus p. I KUIOHT,
Kurait (Weng, Wang, 2014), u cOOTBETCTBYeT BEpX-
HeMy mpeaey, HabloaaBIIeMycs B TKaHSIX YCTPHIL
JIPYTUX CUJILHO3ArpsI3HEHHBIX MPUOPEKHBIX aKBATO-
puii (Fang, Dai, 2017). Ha ocHoBaHMU 3TOro n0CTa-
TOYHO OOIIMPHBIN (3—5 KM) ydyacToOK 3amaaHoOro Io-
OepexXbsl YCCypUICKOTO 3aI1Ba ObLI OXapaKTepu30-
BaH KaK 30Ha JACHCTBUTEIBHO 3KCTPEeMaJIbHOTO
3arpsisHeHusI MetajyiaMu B 3ai. Ilerpa Bemukoro, a
ycrpuulia Magallana gigas Gbly1a peKOMeH10BaHa B Ka-
YeCcTBE TeCT-00BbeKTa MJIsI OMOMOHUTOPUHTA YPOBHS
3arpsiI3HEHUS TIPUOPEXHBIX BOI coenmHeHUusIMu Pb,
Cu, Cd, Zn, Ni, Fe u Mn (Shulkin et al., 2003).

B 2010—2012 rr. mpoBeneHa peKyJIbTUBALUS TO-
muroHa ThO (Auyk u np., 2012). Ha 30100TBaiax
TBOI1I-2 Takke TPOBOAWINUCH IIPUPOJIOOXPAHHBIC Me-
poripustus. B 2017 r., HecMOTpsT Ha OXUIAaeMOe
yJIydilieHre KayecTBa MpUuOpeKHbIX BOJ, UCCIIeIOBa-
HUE capraccoBbIX BOAOPOCJEN 3aragHoi yacTu Yc-
CYpUICKOTO 3aJIMBa MOKAa3aJIo, YTO KOHIEHTPALUs B
Hux Cu u Pb nmo-npexHeMy MpeBbliliajia ITOpOroBbie
YPOBHU cOOTBETCTBEHHO B 3 1 12 pa3 (KoxeHKoBa u
ap., 2021). HenaBHsiss paboTa I10 OLIEHKE 3arpsi3He-
HHS MeTaJJIaMU TKaHe! JOJITOKUBYIIMX MUTUIIUI TTO
BceMy YccypuiickoMy 3aiauBy 3a nepuon 2006—2018 rr.
(Xpuctodopona, I'Herenkuii, 2022) mokasajia yBe-
JIMYeHUE BEepPXHEW IrpaHUIIbl AUarna3oHa HaOomae-
MBIX KoHIeHTpauuit Zn, Cuu Cd B 1.5—2 pa3za. K co-
>KaJIeHUI0, TaHHOE KCClIeIoBaHNe He KOCHYJIOCh MaK-
CUMAaJIBHO 3arpsI3HEHHOI'0 5-KUJIOMETPOBOIO yyacTKa
3aImagHOTO MpUOpexXbs Yccypuiickoro 3anaumBa (OT
0. IllutoBast mo 6. JdecanTHas), MPUMBIKAIOIIETO K
TEPPUTOPUN PEKYIbTUBMPOBaHHOTO ITouroHa THO.
CoOOTBETCTBEHHO, COCTOSTHME MOJUITIOCKOB, OONTAIO-
IIMX B 3TUX aHOMAaJbHO 3arps3HEHHBIX OMOTOMAaXx,
ocTanock He n3ydeHo. Llexs maHHOM pabOTHI — OIIEH-

Ka TEKyIIero YpPOBHS 3arps3HeHus metaiamu Pb,
Cu, Cd, Zn, Ni, Fe 1 Mn TKaHeli ycTpull, 0OMTaI0-
IIMX BOKPYT I1-Ba MypaBbeBa-AMYpPCKOI0O, BKITIOYAs
pUOpPEeXKHbIE BOABI 3aIlafHOM 4aCTU YCCYypHUiiCKOTO
3aJIMBa, IJIs CpaBHEHMSs ero ¢ maHHbIMU 20-JeTHei
maBHocT. Ha ocHOBaHMM 3TOTO MpedIioaaraeTcs
0OXapakKTepM30BaTh CYIIESCTBYIOIINIA YPOBEHb 3arpsi3-
HEHMS Cpeabl MeTaJUIaMM, a TakKKe OLeHUTh 3 deK-
TUBHOCTb NPOBEIEHHBIX MPUPOTOOXPAHHBIX MEPO-
TNPUSITUIA.

MATEPUAIT U METOINKA

Ocobu ycTpulibl rUraHTckoit Magallana gigas 6b1-
JI1 coOpaHEbI B ceHTs10pe 2021 1. ¢ BOCbMU CTaHLMIA, 2
M3 KOTOPHIX pacojioXeHbl B IpoJi. bocdop Boctou-
HbIlA, | — B AMypCcKOM 3ajuBe U 5 — B Yccypuiickom
3aJIMBE, BKJIIOYasi CTAHIUIO, PACTIOJIOXXEHHYIO BOJIM-
31 TeppUTOPUM ObIBIIETO TToiuroHa ThO u cTtaHINIO
B 2 KM K ceBepy, B 0. [lecanTHas (puc. 1a). Momamnoc-
KOB Ou3koro paszmepa (10—12 cm) Bogosia3bl OTOU-
payiv ¢ TIIyOUHBI 2—6 M MO0 5 3K3. ¢ KaxKI0M CTaHIUH.
Ycerpulisl, oTOOpaHHbIE Ha CTAaHLMAX 5 U 6, T.e. ps-
oM ¢ ObiBIIMM TtonuroHoM ThO u B 6. lecaHTHas,
MMeJIA BhIpakeHHYIO 3eJICHOBATYIO OKPACKy TKaHeu
(puc. 16), 4TO SIBHO yKa3bIBajJO Ha 3arpsi3HEHUE CO-
ennHeHussMu Cu. Mecra oOUTaHUSI TIPEACTABISIIIN
co00if TUMUYHBIE MEIKO- WM KPYITHOIIBIOOBbIE
pa3Bajibl, UHOIIA — TPSIOBbIC BBIXOJbl KOPEHHBIX
nopon 6e3 BUAMMBIX TIPM3HAKOB aHTPOINIOTeHHOM Ha-
rpy3ku (puc. 1B). [ToBepxHOCTb THA MEXIY BaJyHa-
MU U OHVXKEHUS B rpsifaax ObLIM 3aIIOJTHEHBI MEJIKO-
IIEOHUCTHIM WU KPYIMHO3EPHUCTHIM TT€CYaHbIM Ma-
TEpHAJIOM, KOTOPBIMA TakKxXKe OBIT OTOOpaH B
I1aCTUKOBBIE eMKOCTU 00beMoM 300—500 M B mae
2022 r. BOMIM31 MecTa cOOpa MOJUTIOCKOB.

B TeueHMe nByX CyTOK XXMBOTHBIX COAEPKAIU B
a’3pHPOBAHHON MOPCKOI Bojae i Aedekauuu, 3a-
TeM TIperapupoBaiu. [oHambl BCeX OTIOBIEHHBIX
oco0eit HaXoIUINCh B MOCTHEPECTOBOM COCTOSIHUM.
Msirkue TKaHW YCTPUIL CYLIWJIM TNPpU TeMIlepaType
85°C 110 TTOCTOSIHHOM MaccChl, 3aTEM TOMOTEHU3UPO-
BaJIM, pacTUpast B araToBOi cTymnke; HaBecKy 0.5 r
MMHEPAJIM30BaJIM KOHLIEHTPUPOBAHHOM Aa30THOM
KMCJIOTOIi B MUKPOBOJIHOBOII ycTaHOBKe Mars-6 u
nepesoauiau B pactsop 1M HNO;. Ilpu sTom kax-
JIyI0 0COOb aHAIM3UPOBAIM KaK OTIOEJILHYIO IIpOO0Y,
YTO IO3BOJMJIO OLEHUTh MHAVBUIYAJIbHYIO M3MEH-
YUBOCTb MHUKPOBJIEMEHTHOI'O COCTaBa MOJIJIIOCKOB B
npenenax cranuuu. OnpenelieHue KOJIMYeCTBA Me-
TaJUIOB IIPOBOAMWIN METOAOM aTOMHO-a0COpOIIMOH-
Hoii criektpodoromerpun (AAC) Ha nmpubope Shi-
madzu 7000 ¢ miIaMeHHON U 3JIEKTPOTEPMUYECKOM
aromMmu3anuueii. [1paBMIILHOCTh aHaiM3a KOHTPOJIM-
POBaAJIU PETyJIIPHBIM Pa3JIOKEHEM 1 aHAJIM30M CTaH-
JapTHOro obpasiia TkaHeit yerpurl 1566-a NIST. Boc-
MPOU3BOAMMOCTh CTaHAapTa cocTanisiaa 92—108%.

Hdna xapaKTepUCTUKU COAECPXKAHWS METAJIOB B
cpelie VICTIONb30BaJIN WIIMCTYIO (DpaKIIMIo, ComepKaB-
IIYIOCS B IEeCYAaHOM U TPaBUIMTHO-TAJICYHOM MaTepHa-
JIle, OTOOpaHHOM BOJIM3U MecTa c60pa MOJUTFOCKOB.

BUOJIOTUA MOPA  TtoM49 Ne2 2023
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o-B Ckpeb1i0Ba

Puc. 1. Mecra c6opa MaTepuaja U o0beKT uccieaoBanusi. (a) Touku oTbopa yCTpuULl U JOHHBIX OTJa0XeHui B 2021—2022 rr.
3Be300YKOIT oTMeueHO pacnonoxeHnue rmojurona ThO, nudpamu — cranmun: 1 — 6. HoBuk, 2 — 6. [1apuc, 3 — o-B CKkpebLiOBa,
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4 — 6. lluroBas, 5 — TBO, 6 — 6. [lecantHasi, 7 — tor 6. Lllamopsl, 8 — 6. Tpu mopoceHka; (6) I[pumep “3esieHON” yCTPULIBI

co CT. 5 1 6; (B) MecTto oOUTaHMS YCTPUIL Ha CT. 5.

MpbI nojlaraeM, 4To Hapsigy ¢ OMOT€HHOI B3BECHIO
MUMEHHO 3Ty WJIMUCTYIO 4YacTb IOHHBIX OTJIOXEHUIA
GUIBTPYIOT MOJUTIOCKU B TIpollecce NMUTaHUs, U ee
COCTaB OTpaXKaeT yPOBEHb 3arpsi3HEHUsI MECT OOUTa-
HUs1 ycTpull. IlnacTUKOBYI0O GaHKY C OTOOpaHHBIM
Irpy0O3epHUCTBIM MaTepuaioM 3aiauBaiu 100—150 mn
OUIMCTUUIMPOBAHHOM BObI, TLIATEJIbLHO BCTPSIXU-
BaJIM B TedeHNEe 2—3 MUH U CJIMBAJI BOIY C 9KCTpa-
TMPOBAaHHOM WJIMCTOM (ppaKIueil B CTEKJISTHHBIIA 111~
Junap. ConepXxrumoe HUJINHAPA ellle pa3 epeMelIu-
Bayiv, 1 mocyie 10 CeKyHAHOro ocaxkAeHMS MecuyaHbIX
dpakumii fIeKaHTUPOBAJIU BOMY C WIMCTHIM MaTepua-
oM (<0.05 mMm) B papdoposyio yamky. I[Iponenypy
noBTopsin 2—3 pa3a. Bony u3 ¢apdopoBhIX Yalek
BBITTApMBAJIM, a WJIKUCTBI MaTepuajl TOMOTeHU3UPO-
BaJid B araToBOI CTyNKe U MCITOJb30BaIN ISl OMpe-
JleJIeHUsI BaJIOBOM KOHILIEHTPAllMM METAJJIOB U CO-
JIep>XKaHUs UX TIOJABMXKHBIX (hOPM, BKCTparupyeMbIx
1 M HCI. Bwibop 3TOro He caMOro CeJIeKTUBHOIO
9KCTpareHTa oOyCJIOBJIEH €ro IUPOKUM HCIOIb30-
BaHueM (Luoma, 1989) 1 TeM, YTO UMEHHO BBITSIKKY
1 M HCI npumensiu B 1999—2001 rr. mist usydyeHust

BUOJOTUA MOPA  TtoM49 Ne2 2023

JMIOHHBIX OTJIOXeHU# Yccypuiickoro 3anuBa (Shulkin
et al., 2003), yro obecneunBaeT BO3MOXHOCTh CpaB-
HeHUs JaHHbIX. [JIs1 onpenesieHrs: BaJloBOM KOHIICH -
Tpauuu MeTajioB HaBecKy (0.1 T) una nepeBoIMIIN B
pactBop cmecbio HF-HNO;, BeimapuBanu, ynauisuimn
caensl HF v mepeBonuau B 5%-neiit pactBop HCI.

BriTskkm, a Takke pas3inoKeHHBIE BaJOBBIE ITPO-
061 aHanu3upoBasiu MeTonoM AAC Ha npubope Shi-
madzu 7000 ¢ TIaMeHHOM M 3JIeKTPOTePMUIESCKOM
aromMm3anuueit. [IpaBMIIBHOCTh aHaAMM3a KOHTPOJIM-
poBajii PETyJASIpHBIM pa3JIOXKEHUEM U aHaJIU30M
CTaHIapTHOTO 00pasiia MOHHBIX oTioxkeHnidt BCSS-1
NIST. Bocrpou3BoauMOCTb CTaHIapTa COCTaBIIsSIJIa
88—109%.

CpaBHeHME CpeTHUX KOHIIEHTpallMii MEeTaJIJIOB B
TKaHSIX YCTPUI MEXAY CTAaHLUUSIMU OLEHMUBAIU TIO
HeIrapaMeTpudecKoMy Kpurepuio MaHHa—YUTHU B
naxkete PAST 3. Cratuctuyeckue mapaMeTphl (Cpem-
Hee, MeIMaHa U CTaHIapTHOE OTKIIOHEHUE) Pe3yiib-
TaTOB aHaJIM3a oIpenessuin B mporpamme Excel.
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Puc. 2. [IpocTpaHCTBEHHAsI U3BMEHUYMBOCTh KOHLICHTPALIMM METAJUIOB (MKT/T) B TKaHSIX YCTPMUII C 3aIIaHOrO MOOepekbs Yccy-
puiickoro (cT. 2—8) u AMypckoro (cT. 1, 3) 3anuBoB, oto6paHHbIX B 1999 u 2021 rT. BepTuKaabHBIMU TMHUSIMU TIOKa3aH KO-

3¢ dUIMEHT Baprallii MHINBUIYaTbHON U3MEHYMBOCTH.

PE3VYJIBTATbI

JlaHHbIE MO KOHIEHTPAllMM METAJUIOB B TKaHSIX
ycTpull, coopaHHBIX B aBrycTe 2021 I. B MpUOpEKHBIX
aKBaTOpMSIX BOKPYT M-Ba MypaBbeBa-AMYypPCKOTO, 1
B WINCTOM (paKIIMM JOHHBIX OTJIOXEHHI C MECT
OOUTAHUS TUIPOONOHTOB ITPUBEACHBI B Ta0d. 1. Oue-
BUIHO, YTO YCTPUIIBI AMYPCKOTO 3ajiiBa, OCOOCHHO
oTJIoBJIeHHBIe ¥ 0-Ba CkpebiioBa (cranuus 3), co-
JIepxKaay MUHUMAJIbHOE KOJIMYECTBO BCEX METAJLIOB,
TOIIA KaK B TKAHSIX YCTPULI, OOMTAIONIMX Y 3aI1aTHOTO
Oepera Yccypuiickoro 3anmBa (CTaHOUU 4—8) KOH-
LEHTpalY META/UIOB ObLUIA 3HAYMMO BBIIIE (Tadm. 1).
Kpome BbICOKOTO comep:KaHUS XaIbKO(MUIBHBIX Me-
TaJUIOB, B yCTpUlIaX, OTOOpaHHBIX Ha HamboJiee 3a-
IPSI3BHEHHBIX cTaHLMX 5 1 6 (moaurodH TBO u 6. [le-
CaHTHasl) OTMEYEHBI IMOBBLIIIEHHbIE KOHIIEHTPAIUU
Fe n Ni. Ha Bcex ocTaJlbHBIX CTaHLIMSIX KOHIIEHTpA-
MU Xeae3a ¥ HUKeJIst ObLTH OJIN3KY K (DOHOBBIM 3HA-
YeHUSIM U JOCTUTAJIM MUHMMYyMa B TKAHSIX MOJLIIOC-
KoBYy o-Ba CkpebioBa (Tad. 1, puc. 21, 2¢). Pacmipe-
JeneHrue Mn B TKaHSIX YCTpuUll y OeperoB II-Ba
MypaBbeBa-AMYpPCKOTO OTJIMYAETCS OT APYTUX Me-
TaJUIOB: MUHUMAaJIbHAsI KOHILICHTpalys HaOIonaeTcst
Ha caMoli 3arpsI3HEHHOI CTaHILIUM, IIe CoAdepKaHUe
BCEX OCTaJIbHBIX METAJIJIOB MaKCUMaJIbHO (Tab. 1).

B Mecrtax obutanusa Magallana gigas BOKpyr n-Ba
MypaBbeBa-AMYypPCKOTO KOHIIEHTPAIIMM METAVIOB B
VJIUCTOM (PpaKLIy JOHHBIX OTJIOXEHUI TaKXKe BECh-
Ma U3MeHUYUBHI (Taba. 1). MakcuMaibHble BaJlOBbIE
KOHILIEHTpAaLMU XaJdbKO(MUILHBIX METAJIJIOB OTMEYe-
HBI Ha CTAaHLUMAX 5 1 6 BOn3u noaurona ThO. Mu-
HUMaJIbHBIe 3HAYeHMs 3TUX IoKa3aTelieil HabJroaa-
JIMCh Ha cTaHuMU 3 y o-Ba CKpeO1ioBa, Iie BaJIOBbIE
KoHueHTpauuu Zn, Cu, Pb u Cd cocraBistin coot-
BercTBeHHO 95.0, 27.5, 24.2 u 0.52 mkr/T. Pacnpene-
JIEHWE€ B WINCTON (paKIuy MOHHBIX OTIOXKCHMI
KOHIICHTPAIIMi TOIBMKHBIX (POpM MeTaIoB Zn,
Cu, Pb u Cd, usnekaembix 1M HCI u 3arps3usio-
IIMX TIpUOpeXXHbIE BOABI YCCYpUIICKOTO 3ajiiBa, B
001X YepTax MOA0OHO TaKOBOMY JIJIST BAJIOBOTO CO-
nepxaHus (puc. 3).

Konnenrpamuu Fe, Ni 1 Mn B TOHHBIX OTJIOXe-
HUSIX HanboJIee 3arpa3HeHHbBIX CTaHIUI 5 11 6 TakKe
ITOBBIIIEHBI B 3—6 pa3, OMHAKO 3a MIpeaejiaMU 3TOM
30Hbl KOHLECHTpauuM N BaJIOBbIX, W ITOJABH>KHBIX
GOpM 3TUX METaJIJIOB CHUKAIOTCS 10 (DOHOBBIX 3HA-
yenuii (puc. 31, 3e, Tadi. 1 mist Mn).
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Taomuna 1. KoHlueHTpauusi MeTaJIOB B TKaHSX ycTpullbl Magallana gigas y 6eperoB 1-Ba MypaBbeBa-AMYPCKOTO U
B WJIMCTOM (ppaklIiMM TOHHBIX OTJIOXKEHUI U3 MecT ee ooutaHus (2021—2022 rr.)

Ne cranumm Fe Mn Zn Cu Pb Cd Ni
B TKaHsX ycTpulibl
4 126 £ 10 50.1 £ 12 4884 + 889 978 + 187 0.75+0.08 3.75+047 | 0.83%+0.22
5 336 £ 95 32.3+13.5 | 3069 =545 | 2258 + 314 4.53+0.68 | 7.87 +1.62 1.11 £0.57
6 539 + 163 13.6 £5.9 6274 2397 | 5176 £ 929 891+2.15 | 7.07+1.88 | 1.80 £ 0.56
7 172 £ 39 47.3+10.7 | 3362 + 950 410 £ 133 0.71 £ 0.16 2.64 = 1.17 0.94 = 0.11
8 134 £ 17 23.5+4.6 4062 *+ 624 500 £ 70 0.70 £ 0.17 3.41 £ 0.57 1.15+0.16
2 184 £ 36 69.2 +17.8 | 5512+ 1485 | 363 + 108 0.77£0.12 | 3.52+1.02 0.87 £ 0.16
1 169 £ 31 43.8+18.2 | 2817 £510 93+ 13 0.53+0.05 | 2.05+0.49 | 0.92+0.28
3 92 +13 28.1 £ 11.3 | 1443 + 450 82+ 29 0.34+0.10 | 3.75+0.89 | 0.51+0.13
B rpynTe
4 2.54 354 102 34.5 4.9 0.29 29.5
0.38 186 46 22.0 34.4 0.09 4.8
5 13.55 825 4519 4849.4 3320.3 11.4 122.6
5.30 437 3253 3478.6 1319.0 7.94 53.2
6 5.82 487 1512 2416.4 1092.0 4.89 99.8
1.40 193 968 493.4 215.8 3.40 36.8
; 3.55 396 183 113.6 87.5 4.60 35.9
0.64 178 88 76.2 73.9 0.29 6.1
g 3.55 387 169 105.7 81.1 0.42 33.3
0.63 168 77 71.7 66.1 0.24 5.4
5 2.59 341 166 59.3 71.8 0.95 34.8
0.48 127 103 41.0 66.6 0.30 8.7
| 2.97 420 137 36.4 411 2.14 333
0.92 197 85 25.2 35.2 0.71 12.4
; 2.38 782 95 27.5 24.2 0.52 36.3
0.63 386 49 17.4 16.8 0.23 12.1

ITpumevyanue. B TKaHSX yCTPUIIBI KOHIIEHTPALIWS METAJUIOB TTPUBEIeHAa B MKT/T CyX. MacChI; JKUPHBIM IIPUMTOM BblieIeHa KOHIIEH-
TpaLMsl Ha CTAHLMSIX, 3HAYMMO OTJIMYAIoLIasicsl OT COCEIHMX MO KpUTeprio MaHHa—YUTHU; B IpyHTe KOHUeHTpauus Fe npuBeneHa B
% , KOHLIEHTpAII1sl OCTAIbHBIX METAJUIOB — B MKT/T; HaJl YepPTOil — BajioBasi KOHLIEHTPAIIYsl, IO YepPTOil — cofepKaHue TOIBUXHBIX

¢dbopM MeTaJIOB.

OBCYXIEHUE

3eleHbl 1IBET TKaHEW ycTpull, OTOOpaHHBIX B
2021 r. B npuOpeXXHBIX BoJaxX 3alamaHoit yacTu Yccy-
pUiicKoro 3a11Ba, Kak 1 aHOMaJIbHO BBICOKOE COJIEP-
>)KaHWE B HUX COEAWHEHUI METaJJIOB, MPEXIe BCEro
Cu, aTakxe Pb, Cd u Zn, oiHO3HAaYHO YKa3bIBAIOT Ha
MpOoJOoJKaIoIIeecs MaclITAOHOE 3arpsi3HEHUE 3TUMU
MeTajulaMu 2—3-KWJIOMETPOBOTIO yJyacTKa, paciojo-
JKEHHOTO K 10Ty oT 0. JlecantHasi. B 2021 r. Ha cTaH-
nusiX BOm3u ObiBiIero nmojuroHa ThO koHLieHTpa-
muu Cu, Pb, Zn u Cd B TKaHSIX MOJUIIOCKOB IIPEBbI-
M MeAWaHHBI ypPOBEHb, OTMEUEHHBINH IS
yctpull u3 nipudpexHbix Bon Kopeu niu Kuras co-
oTBeTCcTBeHHO B 15—30, 3—10, 2—4 u 2 pa3za (tabi. 2).
CpaBHUBasi 3T MoOKasaTeJqud C TUTMEHUYECKUMU
HopMmaMu Poccuiickoit ®Denepanyu, HEOOXOIAMMO
YUYUTBIBATh, YTO YCTPUILIBI MOTYT aKTMBHO HaKarlJu-
BaTh Me/lb U IMHK B BBICOKMX KOHLEHTPALMSIX daxe
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MPpU OTCYTCTBUU 3arpsisHeHUsI U 6e3 SIBHOTO TOKCU-
YeCKOTo BO3IAEMCTBUS 3a CUET TaKUX PEryJsiTOPHBIX
MEXaHU3MOB, KaK HaJIM4Me TeMOLIMaHUHA U CIIeIu-
aJIbHBIX TeHHBIX KoMILIeKcoB (Wang et al., 2011; Liu
et al., 2013; Meng et al., 2021). Kpome Toro, B HacTO-
sI1Iee BpeMsI U3 M3yYeHHBIX HAaMU METaJJIOB, HOPMU-
pytorcs TojibKo Pb 1 Cd. OnHako B mpeAbIIyle Toabl
(Turuennyeckue TpedoBaHwusl..., 1997) B MosuTIoCcKax
KOHTPOJIMPOBAIN U KOoHIIeHTpauuu Cu u Zn.

CpaBHeHME COBPEMEHHBIX TaHHBIX C pe3yibTaTaMu
1999—2001 rr. (Shulkin et al., 2003) moaTBepKaaeT
COXpaHeHUe BbICOKOTO ypoBHs 3arpsisHeHus Cu, Pb,
Cd u Ni ycTpul, oOUTAIOIMX B OKPECTHOCTSIX 3a-
KpbiToro nojuroHa ThO (ta6:. 2, puc. 2). Ho B 2021 1.
koHueHTpauu Pb, Cd u Ni B ycTpuiiax, orodopaH-
HBIX B HauboJiee 3arpsi3HEHHbBIX yJyacTKax, ObLIU B 2—
5 pa3 Huxe, yeM B 2001 r. Ha nepudepun 30HbI 3a-
IPSIBHEHUST KOHLIEHTpalKsl CBUHIIA 32 3TOT MEPUONT
CHU3UJIACK elle 3aMeTHee, B 6—10 pas (puc. 2B). Ox-
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Puc. 3. I3meHeHue BasioBoil KoHUeHTpaluu (Me_s) 1 nonBuxHbIX (popm (Me_a) MeTaylsIoB B MIIUCTO (hpaKUK JOHHBIX OT-
JIOXKEHU 3amamHoro nobdepexnst Yccypuiickoro (ct. 2—8) u AMypckoro (cT. 1, 3) 3a1uBoB 1o AaHHbIM 1999 r. (cTONOMKMU,
Shulkin et al., 2003) 1 2022 r. (1unun); Fe — B %, ocTajibHbIe META/UIbI B MKT/T.

HaKO OJHO3HAYHOIO CHUXKEHUS KOHLIEHTpaluii Me-
M U [IMHKA B TKAHSX YCTPUI UCCIIENyeMOro paiioHa
3a nociienHue 20 JeT He oTMeueHo (puc. 2a, 20).

Konuenrpamuu Zn, Pb u Cd B unucroit hpakimu
JOHHBIX OTJIOXEHUI Ha ydyacTKe oT nojiuroHa ThO
1o 0. JlecantHast B 6—9 pa3 npeBbIIAIN MPeaeaibHO
nomyctumMmble KoHUeHTpauuu (ITJK), nmpuHsiTeie B
crtpaHax EC nmna moHHBIX ocankoB (Warmer, van
Dokkum, 2002); ITIIK menu nmpeBbiiiana B 33—73 pa3
(Tabsn. 2).

CpaBHeHME ITOJIyYCHHBIX HAMM JAHHBIX I10 JOH-
HBIM OTJIOXEHUSIM YCCYpPHUIICKOTO 3aJiBa C JaHHbI-
mu 1999—2001 rr. mokasajgo, YTO BbICOKMI YPOBEHb
3arpsI3HEHMs] WIMCTHIX (PpakUMii cOXpaHseTCs Ha
yyacTke oT ObIBlIero nojauroHa ThO go 6. JdecaHT-
Hag. 3a mocnemHue 20 jieT KoHueHTpauuu Zn, Cu, Pb
u Cd B ocagkax 3aMETHO CHU3WIMCH JIMIIIb HAa CTaH-
1uu 4 (6. IllutoBast), pacroyIoXKeHHOM B 2 KM I0KHEe
nonurona ThO (puc. 3).

IMockonbky B 2010—2012 rr. Obula mpoBemeHa
MacuiTabHasl peKyiabTuBauus noiauroHa ThO, HBI-
HelllHee 3arpsi3HeHVe JOHHBIX OTJIOXKEHMIA MOXeT
yKa3blBaTh Ha MPOoJIKalolIeecs MOCTYIJIeHUe Me-
TaJJIOB ¢ Oepera, BO3MOXHO, B BUJe ApeHaxa Cc pac-
MOJIOXXeHHOTO B 1 KM K tory oT 0. /lecaHTHasi HOBOTO

ydyactka TBO (puc. 1a). IIpomokaroieecst 3arpsi3He-
HHUE TaKKe MOXET YKa3bIBaThb Ha YCTOMYMBOCTD JIUTO-
TEOXMMUIECKON aHOMaInuu, c(OPMUPOBABIIEHCS Ha
5TOM ydJacTKe paHee. MHOTOJIETHIOI YCTOMINBOCTD
TEXHOTCHHBIX TEOXMMHNYECKUX aHOMAJIM B TIOYBaX,
BBIHOCAX IUTAMOXPAHWJIHII U TOHHBIX OTJIOKCHUSX
oTMevaau HeomHokpaTHO (EnmaTeeBckuii, 1993).

Heo6xonuMo 3aMeTUTh, YTO MeIb B TKAHSIX YCT-
pMLI, HECMOTPS Ha ee yJacTue B psiae (pu3noJiorude-
cKuXx mpoueccon B MosuTockax (Kuky, KoBekoBnosa,
2007), sBasieTcsl MMPEUMYILIECTBEHHO METalJTOM-3a-
rpsi3HuTesieM. O0 3TOM CBUACTEILCTBYET MaKCHUMaJlb-
Hoe oOoraileHue OTHOCHUTEJIbHO He3arpsi3HeHHBIX
MOJIJTIOCKOB U3 AMypcKoro 3ajiuBa (23—52 pasa), cpaB-
HUMOE C TAaKOBBIM B JOHHBIX OTJIOXEHUSIX (TadJI. 2).
J1st Zn KapTrHA HE CTOJIb OMHO3HAYHA, ITOCKOJIBKY YCT-
PULIbI — 3TO KOHLIEHTpaTophl Zn ¢ MeauaHoii 1700 Mkr,/T
(Lu et al., 2019), yTo oTpaxaeT BaxKHYIO POJIb 3TOTO
sjieMeHTa B ¢dusnonoruu MoJumockoB (Jonathan
et al., 2017). CooTBEeTCTBEHHO, CTEIIEHb OOOTAILICHUS
3TUM METAUIOM TKaHEW yCTpUIl B 3arpsi3HEHHBIX
ouoronax (2—4 pa3a) 3aMETHO HUXKE, YeM B JOHHBIX
oTjoxeHusx (15—45 pas).

Panee Ha KJIeTOYHOM YpOBHE ITOKa3aHO, YTO He-
KOTOpBIE MeTaJlibl, B TIEPBYIO0 ouepedb MapraHell, B
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OpraHu3Max JOJITOXMBYIIIUX MUTWINI BEIMbIBAIOTCS
MO/, BO3AEUCTBUEM aHOMAJIbHBIX HAKOIUICHUI Menu
B UX TKaHSIX. OTO MPUBOJUT K CHUKEHMIO COJIepKa-
HUS 9TUX METAJJIOB HUXE (DU3UOJIOTUUECKOTO YPOB-
Hs (ITomrypckas, Kasyn, 2012; Kavun et al., 2020).
BepositTHo, MUHMMaJIbLHBIE KOHIIEHTpau Mn B TKa-
HSIX YCTPMII, OTOOpaHHBIX Ha CaMO 3arpsi3HEHHOU
craHumu 6 (Ta6. 1), Ha poHEe TOCTATOTHO BEICOKOTO
CoZepKaHUsl DTOTO MeTajllla B OcCaaKax, SIBISIIOTCS
CJIE[ICTBUEM BbI1IEONTUCAHHBIX MTPOLIECCOB.

Konuenrpamuu Pb, Cd 1 Ni B TKaHSIX yCcTpuII 3a-
I'PSI3HEHHOTO yJacTKa 3araJgHoro npuopexbs: Yccy-
puiickoro 3aimBa B 2021 1. ocTaloTcsi aHOMaJILHO Bbl-
COKMMMU, HO YMEHbIIIal0TCs B 2—5 pa3 1o CpaBHEHUIO
¢ nanHbIMU 1999 1. (puc. 2). D10 comacyeTcs ¢ Ha-
O1I0JaeMBbIM B TEUEHME TOTO XK€ Tepuoaa CHIXKeHUEM
KOHIIEHTpAllMM MOABVXKHBIX (DOPM 3TUX METAJJIOB B
WJIMCTBIX (bpakiusXx AOHHBIX OTJIOXEHUM (puc. 3).
OnHako 1o BAJIOBOMY COAEPKAHUIO B TOHHBIX OTJIO-
KEHUSIX CAMOOYMILIEHUE OT 3arpsiI3HeHUsT COeauHe-
Husimu Cd u Pb dukcupyetcs Tonbko Ha ctaHIMU 4
B 0. lluTtoBas (puc. 3). D10 eie pa3 IMOATBEPXKAACT
HEOOXOAUMOCTD OLIEHKU 3arpsi3HEHU S JOHHBIX OCa/l-
KOB MeTa/ulaMU TI0 KOHIEHTpPAalUMU TOJBUXHBIX
dopMm ¢ yuerom nx 6uomocrymnHocty (Luoma, 1989).
Taxkum oOpa3zoM, cuTyalusi C 3arpsi3BHEHUEM TOHHBIX
otnoxkenmnit n ycrpuil Ni, Cd m Pb Ha ygacTke OBIB-
mero nojurona TBO yay4ymmnack, XOTsS colep:Ka-
Hue Pb B ycTpuIax mpomoKaeT MpeBhIiaTh B 3—6
pa3 ypoBeHb, HAOIIOJaeMblil B yCTpUlIaX U3 Hanbo-
Jiee 3arpsi3HeHHBIX akBatopuii Kuras (ta6i. 2; Lu
et al., 2019).

HenocraroyHast 2(ppeKTUBHOCTh PEKYJIBTUBALIN
nosurona TBO cBuaeTenbcTBYET O pa3InyUsIX B UH-
TEHCUBHOCTH ITOCTYIUICHUSI COEAMHEHNI OTIEIbHBIX
METAJUIOB C CYIIM M TOCIEAYIOLIE X MHUIpalun B
npubpexHoii 30He. BepositHo, Cu 1 Zn mocTynaoT B
0OsbllIeM KOJUYECTBE M B Oojiee OMOMOCTYMHBIX
¢dopMax, 4TO OOBSICHSIET UX BEICOKHE KOHIIEHTPALUU
B TKaHSIX YCTPMII M B OCAaAKax B BUIE MOIBMXKHBIX
dopm. B 1O ke BpeMs peKynbTUBaLUS IPHUBEA K Cy-
IIECTBEHHOMY YMEHBIIIEHUIO KOJMYECTBa COeIUHEe-
Huii Pb, Cd u Ni, ImocTymaiommx ¢ TeppuTOpUH ObIB-
mrero roguroHa ThO, 9To BeIpa3myIioch B CHIKEHUN
KOHIIEHTpAllMU 3TUX METAJIOB B TKaHSIX YCTPHII, a
TaKXe CoJAepKaHUSI UX MOABUXKHBIX (DOPM B UITHUCTHIX
dpaKIUsaX TOHHBIX OTJIOXECHUIA.

KOH®JIMWKT UHTEPECOB
ABTOpPBHI 3asIBJSIIOT 00 OTCYTCTBUM KOH(MPJIUKTA UHTE-

pecos.

COBJIIOJEHUE 5TUYECKHUX HOPM

Bce IIPUMEHUMbBIC MCXKIAYHAPOIAHBIC, HAallMOHAJIbHBIC
I/I/I/IJ'[I/I MHCTUTYLUMOHAJTIbHBIC ITPUHIIUIILI yXO04a N UCITOJIb-
30BaHMs XXKUBOTHBIX ObLUIN COOJTIOACHEL.

OPMHAHCHUPOBAHUE

PaGota BeimosiHeHa B X0/1€ UCITOJIHEHUS TOCYy1apCTBEH-
Heix 3aganuii TUT JIBO PAH AAAA-A19-119030790003-1 u
HHIIMB IBO PAH Ne 121082600038-3.

BJIIATOOJAPHOCTHA

ABTOpBI OnaromapsiT BomojaasHywo ciyx6y HHIIMb
ABO PAH 3a npoBeneHue ot6opa mpod 1 oTaAeIbHO BOIO-
naza K.K. [Iynky 3a ¢pororpacdmum Mmect oOMTaHUS YCTPUIL.

CITMCOK JIMTEPATYPbI

Turnennyeckue TpedboBaHUS K Ka4eCTBY U 0€30I1aCHOCTHU
MPOAOBOJIBCTBEHHOTO ChIPhSI Y MUILEBBIX MTPOIYKTOB.
CanlluH 2.3.2.560-96. M.: TockoMcaH3MTMIHAI30D
Poccuu. 1997. 270 c.

Turuenuyeckue TpedoBaHUsI 0€30MACHOCTU U ITUILEBOI
LEeHHOCTHU NUIIeBbIX MpoaykToB. CanlluH 2.3.2.1078-
01. 2008.
https://gosstandart.info/data/ documents/sanpin3.2.1078-01

Eanameesckuii 11. B. TeoxuMust MUTPAlIMOHHBIX [TIOTOKOB B
TMIPUPOIHBIX Y TIPUPOTHO-TEXHOTEHHBIX TE€OCUCTEMAX.
M.: Hayka. 1993. 253 c.

Kuky /I.11., Kogekoedosa JI.T. OuieHKa coaepKaHUsI MUK-
pPO2JIEMEHTOB B ycTpullax ruranTckux (Crassostrea gi-
gas) u3 3anuBa [letpa Benukoro (SImoHckoe mope) //
N3B. TUHPO. 2007. T. 150. C. 400—407.

Koocenkosa C.HU., Xpucmogpoposa H.K., Yepnosa E.H.,
Kob63apws A./]. JonroBpeMeHHBI OMOMOHUTOPUHT 3a-
IPsSI3HEHUST YCCYypUICKOTO 3arBa SIMMOHCKOro MOps
TsKeJbIMU MeTaulamu // buon. mops. 2021. T. 47.
Ne 4. C. 235—243.

Ilooeypckas O.B., Kasyn B.4. OluileHKa aganTallMOHHO-3a-
IIMTHOTO TMOTEHIIMAJa JBYCTBOPYATHIX MOJLITIOCKOB
Modiolus modiolus (Linnaeus, 1758) wu Crenomytilus
grayanus (Dunker, 1853) B yCI0BHUSIX ITOBBIIIIEHHOIO
colep>KaHUsI TSDKETbIX MeTaJIIOB B cpefe // bruoi. Mo-
ps. 2012. T. 38. Ne 2. C. 174—182.

Xpucmogpoposa H.K. bnomHmmkaiyss 1 MOHUTOPUHT 3a-
IPSIBHEHUSI MOPCKUX BOJ TSXKEJIbIMU MeTauiamu. JI.:
Hayka. 1989. 192 c.

Xpucmoghoposa H.K., Themeyxuii A.B. ConepxaHue Tsike-
JIBIX METAJUIOB B JOJITOXXKMBYIIUX MUTHUIUIAX YCCy-
puiickoro 3anuBa fmoHckoro mopst // buoi. mMops.
2022.T.48. Ne 1. C. 30—37.

Llyavkun B.M., Kasyn B.A., Tkarun A.B., Ilpecau b./xc.
BnusiHue KOHLEHTpalUMU MeTAIJIOB B JOHHBIX OTJIO-
KEHMSIX Ha UX HaKoruieHue Mmutununamu Crenomytilus
grayanus i Modiolus kurilensis // buon. mops. 2002.
T. 31. Ne 1. C. 53—60.

Auyk A.B., Obucupos A.HU., Ipecoe A.U., Koposuykas E.B.
la3oreoXxnMus M re03KOJIOTHS TIOJIMTOHA TBEPIBIX ObI-
TOBBIX OTXOA0B I. BrannBocTtoka // B kH. CoBpeMeH-
HOE 9KOJIOTMYeCcKoe cocTosiHue 3anuBa Iletpa Benu-
koro SlnmoHckoro mopsi. Bmanusoctok: JB®DY. 2012.
C. 426—438.

Amiard J.C., Amiard-Triquet C., Charbonnier L. et al. Bioac-
cessibility of essential and non-essential metals in com-
mercial shellfish from Western Europe and Asia //
Food Chem. Toxicol. 2008. V. 46. P. 2010—2022.

Fang T.H., Dai S.Y. Green oysters occurring in an industrial
harbor in Central Taiwan // Mar. Pollut. Bull. 2017.
V. 124 (2). P. 1006—1013.

Hariharan G., Purvaja R., Ramesh R. Toxic effects of lead
on biochemical and histological alterations in green

BUOJIOTUA MOPA  TtoM49 Ne2 2023



JIOJITOBPEMEHHBIM MOHUTOPUHT 3ATPA3HEHUS

mussel (Perna viridis) induced by environmentally rele-
vant concentrations // J Toxicol. Environ. Health A.
2014. V. 77. Ne 5. P. 246—260.
https://doi.org/10.1080/15287394.2013.861777

George S.G., Piris B.J.S., Cheyne A.R. et al. Detoxification
of metals by marine bivalves: An ultrastructural study of
the compartmentation of Cu and Zn in the oyster Ost-
rea edulis // Mar. Biol. 1978. V. 45. P. 147—156.

Jeong H., Ra K., Won J. A nationwide survey of trace metals
and Zn isotopic signatures in mussels (Mytilus edulis)
and oysters (Crassostrea gigas) from the coast of South
Korea // Mar. Poll. Bull. 2021. V. 173. P. 113061.

Jonathan M.P., Munoz-Sevilla N.P., Gongora-Gomez A.M.
et al. Bioaccumulation of trace metals in farmed pacific
oysters Crassostrea gigas from SW gulf of California coast,
Mexico // Chemosphere. 2017. V. 187. P. 311-319.

Kavun VY., Yurchenko O.V., Podgurskaya O.V. Integrated as-
sessment of the acclimation capacity of the marine bi-
valve Crenomytilus grayanus under naturally highly con-
taminated conditions: subcellular distribution of trace
metals and structural alterations of nephrocytes // Sci.
Total. Environ. 2020. V. 734. 139015.

Kournoutou G.G., Giannopoulou P.C., Sazakli F. et al. Oxi-
dative damage of mussels living in seawater enriched
with trace metals, from the viewpoint of proteins ex-
pression and modification // Toxics. 2020. V. 8. P. 89.
https://doi.org/10.3390/toxics8040089

Le T'TY., Zimmermann S., Sures B. How does the metallo-
thionein induction in bivalves meet the criteria for bio-
markers of metal exposure? // Environ. Pollut. 2016.
V. 212. P. 257—268.

Liu E, Rainbow ES., Wang W.X. Inter-site differences of
zinc susceptibility of the oyster Crassostrea hongkongen-
sis // Aquat. Toxicology. 2013. V. 132. P. 26—33.

Lu G., Zhu A., Fang H. et al. Establishing baseline trace
metals in marine bivalves in China and worldwide:

113

Met-analysis and modeling approach // Sci. Tot. Envi-
ron. 2019. V. 669. P. 746—753.

Luoma S.N. Can we determine the biological availability of
sediment bound trace elements? // Hydrobiology.
1989. V. 176. P. 379—396.

Meng J., Wang W.-X., Li L., Zhang G. Accumulation of dif-
ferent metals in oyster Crassostrea gigas: Significance
and specificity of SLC39A (ZIP) and SLC30A (ZnT)
gene families and polymorphism variation // Environ.
Pollut. 2021. V. 276. P. 116706.

Phillips D.J.H. The use of biological indicator organisms to
monitor trace metal pollution in marine and estuarine
environments — a review // Environ. Pollut. 1977. V. 13.
P. 281-317.

Rainbow P.S., Phillips D.J.H. Cosmopolitan biomonitors of
trace metals // Mar. Poll. Bull. 1993. V. 26. P. 593—601.

Roosenburg W.H. Greening and Cu accumulation in the
American oyster, Crassostrea virginica, in the vicinity of
a steam electric generating station // Chesapeake Sci.
1969. V. 10. C. 241-252.

Shulkin V.M., Presley B.J., Kavun V.la. Metal concentra-
tions in mussel Crenomytilus grayanus and oyster Cras-
sostrea gigas in relation to contamination of ambient
sediments // Environ. Int. 2003. V. 29. P. 493—502.

Wang W.X., Yang Y., Guo X. et al. Copper and zinc contam-
ination in oysters: subcellular distribution and detoxi-
fication // Environ. Toxicol. Chem. 2011. V. 30.
P. 1767—1774.

Warmer H., van Dokkum R. Water pollution control in the
Netherlands. Policy and practice 2001. RIZA report
2002.009. Lelystad. 2002. 77 p.

Weng N., Wang W.X. Variations of trace metals in two estua-
rine environments with contrasting pollution histories //
Sci. Total Environ. 2014. V. 485. P. 604—614.

Zhou Q., Zhang J., Fu J. et al. Biomonitoring: an appealing
tool assessment of metal pollution in the aquatic eco-
system // Anal. Chim. Acta. 2008. V. 606. P. 135—150.

BH1OJIOTHUA MOPA

Long-term Monitoring of Pollution of the Coastal Water Area of Ussuriysk Bay
with Metals: Case Study of “Green” Oysters Magallana gigas
(= Crassostrea gigas) (Thunberg, 1793)

V. M. Shulkin® and V. Ya. Kavun’

4 Pacific Geographical Institute (PGI), Far Eastern Branch, Russian Academy of Sciences, Viadivostok 690041, Russia
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In September 2021, the content of heavy metals Pb, Cu, Cd, Zn, Ni, Fe, and Mn was estimated in the tissues
of the oyster Magallana gigas (= Crassostrea gigas) (Thunberg, 1793) and in the silty fraction of bottom sedi-
ments from mollusk habitats in coastal waters around the Muravyov-Amursky Peninsula, including the most
polluted area off the western coast of Ussuri Bay of the Sea of Japan. It has been shown that, despite the rec-
lamation of the landfill located here in 2010, being the main source of metal pollution, copper is present in
high concentrations in bottom sediments and tissues of oysters, giving them a green color. The mollusks living
in this area also retain a high concentration of zinc. The concentrations of Pb, Cd, and Ni in oyster tissues
over the past 20 years have decreased by 2—5 times in accordance with the decrease in the number of mobile
forms of these metals in bottom sediments; however, they are still 3—6 times higher than regional estimates
for polluted water areas. With abnormal accumulation of copper, manganese, on the contrary, demonstrates
a decrease in the concentration in the tissues of oysters from the most polluted stations, reflecting the deteri-
oration of the physiological state of mollusks. The results obtained indicate the need to continue the remedi-
ation of the western coast of Ussuri Bay and monitor the pollution of coastal waters with metals.

Keywords: Sea of Japan, Ussuri Bay, solid waste landfill, heavy metals, oysters, bottom sediments

TOM 49 Ne 2 2023



