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IIpoBenena ouenka conepkanus Pb, Cd, Cu, Cr, Mn, Ni, Fe u As B MycKyJie, MAaHTHU 1 TUIIEBaPUTEITLHOMK
XKeJie3e OpIOXOHOTUX MOJUTIOCKOB Neptunea excelsior, N. behringiana, N. multistriata n N. varicifera, a Takxxe
Buccinum verkruezeni, obutaiomux y 6eperoB 1oro-soctouHoro Caxanmna. Y npencraBuresieit pogoB Nep-
tunea v Buccinum oTMeUYeHbI pa3Iuuus Mo n1ara3oHaM BapbMpOBaHMS U PsIlaM TTOCeNoBaTeIbHOCTH 3HA-
YeHU KOHIIEHTPALMii MUKPO3JIEMEHTOB B MycKyJe. [IpeBblllieHrne TUTHEHUYECKOTO HOpMAaTHhBa T0 CO-
NepXkaHUIo As B reraToNaHKpeace BbISIBJIEHO Y BCEX UCCEIOBAaHHbBIX MOJITIOCKOB, a B MyCKYyJie — Y BCEX,
kpome N. behringiana. I1penenbHo 1OTTyCTUMBIN YpOoBeHb KOoHILIeHTpauuy Cd nmpeBbIlleH B renaTonaHKpe-

ace N. multistriata.

Knroueswie croea: MUKpO371eMEHTHI, aTOMHas abcopO1ust, OproxoHorue Mosutiocku, Buccinidae, OxoTckoe

Mope

DOI: 10.31857/S0134347523030105, EDN: SBMYWU

Monmocku cemeirictBa Buccinidae (Tpybaum) —
OIHU U3 HauboJiee MacCOBBIX MPEACTaBUTENIEH MOP-
CKMX OECITO3BOHOYHBIX (KUBOTHBIX Gastropoda, mmpo-
KO pacnpoCTpaHEHHbIE B YMEPEHHBIX U TPOMUYECKUX
BOJaX, WIaBHbIM oOpasoM CeBepHOro MOJIyIIapUs
(Kanrtop, CricoeB, 2006). C ygeToM IoaceMeiicTBa
Beringiinae, koTopoe MHOTAA BBIIEISIOT B OTAEAbHOE
ceMmeiictBo, B Mopsx HanbHero Bocroka Poccum
oburtalot 6osiee 220 BunoB Tpyobaueit (Golikov et al.,
2001). Okono 120 u3 Hux BcTpeyatorcs B Bogax Caxa-
mmHa n Kypunbckux o-BoB (Kimtua, CMHUPHOB,
2021). Hapsiony ¢ TOTOBOHOTMMM M ABYCTBOPYATHIMH,
OPIOXOHOTHE MOJITIOCKU OTHOCSTCS K 00BbEeKTaM Mpo-
MBICTA. IlmaHupyeMblii €KETOOHBINA JTOBYIICUHBIN
BBIJIOB 3TUX T'MAPOOHUOHTOB y O6eperoB CaxajHa co-
crapisieT 1800 T, 3 KoTophix 1500 T mipenrioiaraeTcs
BBIJIOBUTH Y BOCTOUHOI'O Mobdepexbst octpoBa (K-
tiH, CMupHOB, 2021). Y KpyITHBIX BUAOB OPIOXOHOTHX
MOJLUTIOCKOB B KAU€CTBE MOPETPOIYKTa UCITOJb3YIOTCS
HOTa ¥ MaHTUS, y MEJIKUX — BCE MSITKUE TKaHU.

CnocoOGHOCTh TacTpoOIo aKKyMyJIMpOBaTh MUK-
PO3JIEMEHTBI U3 BOMHOM Cpebl IIPUBOIUT K U3MEHE-
HUIO UX MUKPOS3JIEMEHTHOTO COCTaBa 1 YXyIIIIEHUIO
KayecTBa MOPEMPOAYKTa, YTO B KOHEYHOM UTOTe MO-
>KeT MOBJIUSITh Ha 300POBbE YeJIOBEKA U MPOIOJIKU-
TEJIBHOCTD €0 KU3HM. JIJIs1 ompenereHnsT 6e30macHo-

CTH MUIIEBBIX MPOAYKTOB, MOJIyYaeMbIX U3 TUIPO-
OMOHTOB, OUE€Hb Ba)KHa KOJMYECTBEHHAsl OlIEHKAa
coliepXXaHUSI 3JIEMEHTOB, B TOM 4YKCJIe HOPMUPY-
€MBIX, B OpTaHaX U TKAHSIX ITPOMBICIIOBBIX O€CITO3BO-
HOYHbIX. MHdOpMansg o MUKPO3JIEMEHTHOM COCTa-
Be OPIOXOHOTMX MOJIJTIOCKOB B JaJIbHEBOCTOYHBIX MO-
psx Poccuu orpaHuumBaeTcsl CBEIEHMUSIMH  TIO
SJIEMEHTHOMY COCTaBy MSTKUX TKaHeil Lottia pelta
(Rathke, 1833) (= Collisella cassis), obuTaOIICi B JI1-
TOpaId U caMOii BepxHeil cyoauTopain 10xXKHbIX Ky-
pUIbCKMX 0-BOB (XpucrtodopoBa, ManmHOBCKas,
2000) u fmonckoro mops (Xpucrogopona, 1981), a
TakKXe HEKOTOPbIX TTTyOOKOBOMHBIX MpeACcTaBUTENEH
Buccinidae u3 Biagussl deproruna (1431—1448 m) u
oxoToMopckux Bof y o-Ba I[Tapamymmup (778 M) (Ko-
syan, Gulbin, 2016).

HenocrarouHas ocBenieHHOCTb JAHHOTO BOIIpOCa
ITOCJIY2KIMJIa OCHOBOI1 JIJII MIOCTAHOBKM LI€JIM HACTOS -
mero ucCjacaoBaHuA — BbIABUTDb COACPKAHUEC U OCO-
OE€HHOCTU HaKOIUICHUS MHUKPOIJIEMEHTOB, B TOM
YHMCJI€ TOKCUYHBIX, B OpraHax U TKaHAX 6pIOXOHOI‘I/IX
MOJITIOCKOB N3 MOPCKHMX BOJ IOTO-BOCTOYHOTI'O Caxa-
JIMHA 1J1d OU€HKM MUKPOJJIEMECHTHOI'O COCTaBa M Ka-
YCCTBA 3TUX ITPOMBICIIOBBIX I‘I/I,Z[DO6I/IOHTOB.
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Puc. 1. Mecrta oTt60opa OpIOXOHOTMX MOJUTFOCKOB CeMeii-
ctBa Buccinidae: I — Neptunea excelsior u N. behringiana;
2 — N. varicifera; 3 — Buccinum verkruezeni; 4 — N. mul-
tistriata.

MATEPUAJI U METOIUKA

MarepuaioM Ajis1 aHaIM3a CIIYKUJIM 00pa3iibl My-
cKyJa (HOoru), MaHTUU U TernaTollaHKpeaca Oploxo-
HOTMX MOJUIIOCKOB ceMeiicTBa Buccinidae, 1oOBITBIX
C TTOMOIIBIO TOHHOTO Tpajia B X0J¢ HaAyYHO-UCCIIEa0-
Barelbckux pabor Ha HUC “Imutpuii IleckoB” B
miore 2020 r. B koopauHarax 48°21” c.u., 145°06” B.1. ¢
m1youHbl 140 M oTnoBneHbl Neptunea excelsior Fraussen
et Terryn, 2017 u N. behringiana (Middendorff, 1849);
N. multistriata (Aurivillius, 1885) — ¢ tnyounsl 61 M
(47°59’ c.u1., 143°28’ B.1.); N. varicifera (Dall, 1907)
(47°36’ c.11., 144°19” B.1.) u Buccinum verkruezeni Ko-
belt, 1882 (47°44’4 c.u., 144°31’4 B.o.) — ¢ DIyOUHBI

161 m (puc. 1). dag noaydeHUs 06pas3LOB TKAHEM 1C-
MTOJIB30BAIM 110 1 3K3. KaXXIOro BHIA MOJIIIOCKOB.
BricoTa pakoBUHBI BBUIOBJICHHBIX OCOOE M3MEHS -
Jack oT 61 1o 134 MM, auameTp yCThst — OT 37 10 76 MM,
Macca XHUBOTHOTO ¢ paKOBUMHON — oOT 25 mo 196 r
(Tadm. 1).

KepaMmuueckumMm HOXOM OT Teja OpIOXOHOTUX
MOJUJTIOCKOB OTAEJSJIM MYCKYJI, MAHTUIO U Tenaro-
naHkpeac. ITojsiydeHHbIE TIPOOBI XpaHUJIU B MOPO-
3UJIbHOU KaMepe Tipu Temieparype —20°C, mepen
aHaJIM30M pa3MOpakUBaJiM, TOMOT€HU3UPOBAIU U
oTOMpaNM HaBecKy Maccoii 1 T ¢ TounocTtsio 10 0.01 1.

Haecku moMemanu B TeJIOHOBBIC COCYIBI, ITPH-
JIMBAJIM IO 5 cM? a30THOM KMCJIOTHI 0COOO0M YUCTOTBI
(OCY), 3aTeM NMpOBOAUIN MUHEpaIU3alMIO B J1abo-
paTopHOit MUKPOBOJIIHOBOM cucteMe MARS 6 (Cem
Corp., USA) nmpu MaKCUMAaIbHBIX 3HAYCHUSIX TEMIIe-
patypbl 300°C, naBnenuu 800 psi. MuHepaan3aTbl
KOJIMYECTBEHHO MEPEeHOCUJIM B TIpadyMpOBaHHbIC
npobupku oo6bemMoM 10 cM?, TOBOIUIN 10 METKU AU-
CTWJUIMPOBAHHON BOAOM M aHanu3upoBaiu (Meto-
nuka..., 2009). AHanu3 HaBeCOK BBITIONHSIINA B IBYX
MOBTOPHOCTAX. I KOHTPOJISI YMCTOTHI KUCJIOTBI
JUTSL KaXKIOM mapTuu mpoo6 (5 1MIT.) IpOBOAWIN MUHE-
paau3aluio X0J0CTOMU MPOOHI.

Konuentpauun Pb, Cd, Cu, Cr, Mn, Ni u As
onpeaessiui aTOMHO-a0COPOLIMOHHBIM METOJOM B
pexuMe anekTpoTepmudeckoii aromu3aunu (GFAA)
Ha crniekrpodoroMmeTpe AA-6800 (Shimadzu, fAmno-
HUS) ¢ TpaUTOBOM Meublo U Koppekiueil (hoHa Ha
ocHoBe 3¢ dekrta 3eemana. Konuenrpanuto Fe usz-
MEPSUIU 3TUM K€ METOAOM, HO B TIJTAMEHHOM peXrme
¢ nmeiitepueBoil koppeknueii ¢ona (FLAA). Tou-
HOCTb u3MepeHuii cocrasuiia 20% nis Fe, 25% — nns
Pbu Cu, 26% — n1a Cd, 32% — nia As v Mn, 34% —
mist Cr u 36% — st Ni (Metonuka ..., 2009). Jlns
rpagyupoBKU CIIEKTPOPOTOMETPA U KOHTPOJISI TOU-
HOCTU pEe3yJIbTaTOB U3MEPEHUIl MPUMEHSJIU CTaH-
IapTHbIe oOpa3ubl yTBepXaeHHoro turma — I['CO
7330-96 coctaBa pacTtBopa noHoB MetaiioB (Fe, Cd,
Mn, Cu, Ni u Pb), I'CO 7264-96 cocTaBa pacTBopa
nonoB As (IIT), I'CO 7781-2000 coctaBa pacTtBOpa
noHos Cr (VI).

Taomuna 1. Hekoropble 6uoJiornuyeckue mapaMmeTpbl UCCAeA0BAaHHBIX OPIOXOHOTMX MOJUIIOCKOB ceMeiicTBa Buccinidae

Bun ITon BricoTa pakoBUHBI, MM Auamerp yetos Macca*, r
PaKOBUHbBI, MM
Neptunea excelsior Camenn 110 68 140
N. behringiana Camert 102 61 115
N. multistriata Camert 61 37 25
N. varicifera Camerly 134 76 196
Buccinum verkruezeni Camka 104 59 94

Tpumeyanue. * Macca MOJUTIOCKA C PAKOBUHOM.
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Tabomuna 2. KoHlieHTpalluu MUKPO3JIEMEHTOB B TKaHSIX OPIOXOHOTHMX MOJLTIOCKOB ceMmelicTBa Buccinidae u3 Bop 1oro-

BocToyHoro CaxajquHa

MUKpPO3JIEMEHT, MT/KT CBIPOIf MacChl
TkaHb/oprax
Fe As Cu Mn Cr Ni Pb Cd
Neptunea excelsior
Myckyi 22 5.3 4.0 1.5 0.90 0.26 0.17 0.04
I'ermatonankpeac 192 20.5 7.3 3.9 0.92 2.64 0.26 0.61
Manrtus 35 10.7 4.9 1.4 0.56 0.24 0.07 0.32
N. behringiana
Myckyn 38 3.8 11.5 1.5 0.54 0.37 0.06 0.01
I'emmaTonankpeac 197 6.7 5.8 6.5 0.71 1.82 0.28 0.58
MaHTus 44 7.7 16.5 2.8 0.60 0.77 0.08 0.39
N. varicifera
Myckyn 145 90.1 6.2 3.0 0.58 0.29 0.09 0.03
I'enaTonaHkpeac 216 92.1 39.7 15.0 0.68 0.85 0.58 0.43
ManTus 93 15.2 8.3 3.2 0.80 0.20 0.07 0.04
N. multistriata
Myckyn 108 11.0 9.3 3.8 0.43 0.30 0.08 0.05
I'enarormaHkpeac 213 6.5 13.2 2.9 0.32 1.29 0.48 3.60
Buccinum verkruezeni
Myckyn 60 28.8 5.2 1.1 0.74 0.31 0.08 0.21
I'enaroraHkpeac 134 27.8 42.8 0.5 0.15 0.46 0.15 0.24
CooTHOLIEHNE MaxX ¥ min 3HAYCHWI KOHLIEHTPALMii MUKPO3JIEMEHTOB B TKAHSIX
Myckyn 6.6 23.7 2.9 3.5 2.1 1.4 2.8 21.0
I'ematomaHkpeac 1.6 14.2 7.4 30.0 6.1 5.7 3.9 15.0
MaHTtus 2.7 2.0 34 2.3 1.4 3.9 1.1 8.0
PE3VJILTATDI posajio ot 15.0 mo 0.5 Mr/Kr chIpoil Macchl, MUHU-

ITonyyeHHbIe pe3yabTaThl CBUIETEILCTBYIOT O
IMIMPOKOM IHAaIla30He KOHIIEHTpallMifi M pa3HBIX
YPOBHSIX aKKYMYJISILIMA MUKPOJIEMEHTOB OpraHaMu
W TKaHSIMU OPIOXOHOTMX MOJLUTIOCKOB. Haubosmbliiee
pasanyre MeXITy MaKCUMaJIbHBIM M MUHUMAJTbHBIM
colepKaHWEM B OpraHax M TKaHSIX HENTYHeM Xapak-
tepHo wist Cd. Y Neptunea varicifera 3Ty mokasaTeiau
paznuuatorcs B 14.3 pasa, a y N. multistriata — no
72 pa3. Conepxanue Cr xapaKTepu3yeTcsi HauOOJIb-
LLIUM TTOCTOSIHCTBOM, PA3JIMYMSI MEXIY €0 MAaKCUMY-
MOM 1 MUHUMYMOM COCTaBJISIOT OT 1.3 pazay N. mul-
tistriata i N. behringiana no 1.6 pasa y N. excelsior
(tadn. 2). Y Buccinum verkruezeni MakcuUMaJlbHOE
paznuume HakoruieHuUs (8.2 pa3a) XapaKTepHO IS
Cu, MUHUMAJIbHOE — IJIST AS, cofiepKaHe KOTOPOTO
B TKaHSIX 3TOTO MOJIJTIOCKA OCTaBaJI0Ch MPaKTUYECKU
Ha OTHOM ypOBHE.

B Myckyne Bcex MccieanoBaHHBIX OCOOE MaKCu-
MaJIbHOE pa3inyue TMpeaesibHbIX 3HAUEHU KOHIIEH-
Tpalliu 3JIEMEeHTa oTMeueHo i As (23.7 paza), Mmu-
HuManbHoe — 11t Ni (1.4 pa3za). B remaromankpeace
pa3HbIX BUIOB racTPOIO 3TOT ITOKAa3aTe b ObLT MaK-
CUMaJIbHBIM 1711 Mn, comepXXaHue KOTOPOTO Bapbu-

MaJIbHOI1 OblT1a pasHuiia B cogepxannu Fe (1.6 pasza).
B MaHTMU TIpenelibHble 3HAYEHUS] KOHLIEHTpPALIMiA
MakcuManbHO oTauvanuchk y Cd (8.0 pas), a conep-
XaHnue Pb y pa3sHBIX BUIOB OBIJIO IIPAKTUYESCKN O -
HAKOBBIM.

IMocnenoBaTebHOCTh MUKPORJIEMEHTOB, PaCIO-
JIOXXEHHBIX B MOPSAKE CHIDKCHMS MX COIEPKaHUs B
WCCIIEAOBAaHHBIX TKAHSIX OTHEIbHBIX BUIOB OpPIOXO-
HOTMX MOJUIIOCKOB, TakKXKe pasimdyanach (puc. 2,
T1aba. 3). Y N. excelsior B pa3HBIX TKAHSIX B PSIITY COB-
nagano nojoxeHnue Fe, As, Cuu Mn, y N. behringia-
na — tonbeko Fe, y N. multistriata — Fe, Nin Pb, ay
B. verkruezeni — Fe, Mn u Pb. B psimax nociemoBa-
TeJILHOCTEI 11 MAaHTUU U MycKyia N. varicifera coB-
Magajio MOJIOKEHME BCeX DJIEMEHTOB, a IJIsl TeIllaTo-
naHkpeaca — Bcex, Kpome Niu Cr. B 1iejiom, B TKaHSIX
BCEX MCCIEeIOBAHHBIX MOJUIIOCKOB MaKCUMAaJIbHBIMU
ObUIM KOHLeHTpauuu Fe, MUHMMaIbHBIMU — IIpe-
numytiectBeHHO Cd unu Pb (tabn. 3).

B myckyne nocneaoBaTeIbHOCTh MUKPOIJIEMEH-
TOB, PACITIOJIOKE€HHBIX B IMTOPAAKE y6bIBaHI/Iﬂ X KOH-
LIEHTpallMK, TMOJHOCThIO coBmanana y N. excelsior,
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Puc. 2. PacrnipeneneHrie KOHIIEeHTpallMii MUKPO3JIEMEHTOB B MyCKyJie (a), rermaTornaHkpeace (6) 1 MaHTUM (B) GPIOXOHOTHMX
MOJLTIOCKOB 13 BOI 10ro-BoctouHoro CaxannHa (OX0TCKoe Mope).

N. varicifera u N. multistriata, a'y N. behringiana n  Cu —y N. behringiana; Mn —y B. verkruezeni u Cr —
B. verkruezeni oTIM4YaNIach He3HAUMTENbHO (Ta0l. 3). Y N. multistriata (TaGin. 2).

B rernaTrornaHkpeace MaKCMMaJIbHbIC KOHICHTpPAa-

.. o . muu Fe, As, Mn u Pb BeisiBnensl y N. varicifera, Cr u
meueHo y N. varicifera, Cu u Ni —y N. behringiana, " y N. excelsior, Cd — y N. multistriata u Cu — y

Mn — N. mult‘zstr iata, Cr — N. excelsior,aPbu Cd —y  p yorkpyezeni (ta6n. 2). MuHUMATBHOE COnep)aHMe
B. verkruezeni. MuHuManbHble KOHUEHTpauuu Fe,  GoppmmncTsa paccMaTpuBaeMbIX MUKPOIJIEMEHTOB
Cu u Ni 3adukcupoBannl y N. excelsior; As, Pb u  (Mn, Cr, Ni, Pb u Cd) B 3T0i1 XXene3e yCTaHOBJIEHO

HaubGonrsiiee cogepxanue B myckyne Fe u As oT-

BUOJOTUA MOPA  TtoM49 Ne3 2023
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Ta6muna 3. IlocimemoBaTenbHOCTH MHMKPOIJIEMEHTOB I10 MEPEC y6I)IBaHI/IH MX KOHLCHTpAllMM1 B TKaHAX 6pIOXOH0rI/IX MOJI-

JmocKoB ceMmeiicTBa Buccinidae

Bun Txanb MuxkpoaneMeHT
Neptunea excelsior I'ematonmankpeac Fe As Cu Mn Ni Cr Cd Pb
ManTus Fe As Cu Mn Cr Cd Ni Pb
Myckyn Fe As Cu Mn Cr Ni Pb Cd
N. behringiana I'enmaronankpeac Fe As Mn Cu Ni Cr Cd Pb
MaHrus Fe Cu As Mn Ni Cr Cd Pb
Myckyn Fe Cu As Mn Cr Ni Pb Cd
N. varicifera I'enaronankpeac Fe As Cu Mn Ni Cr Pb Cd
ManTtust Fe As Cu Mn Cr Ni Pb Cd
Myckyn Fe As Cu Mn Cr Ni Pb Cd
N. multistriata T'emaromankpeac Fe Cu As Cd Mn Ni Pb Cr
Myckyn Fe As Cu Mn Cr Ni Pb Cd
Buccinum verkruezeni T'emaromankpeac Fe As Cu Mn Cr Ni Cd Pb
Myckyn Fe Cu As Mn Ni Cd Cr Pb

st B. verkruezeni, As — nnsa N. multistriata n Cu —
st N. behringiana (tab6in. 4).

HenTtyHeu, B oTiiuuvMe OT MpeacTaBUTeNsl poja
Buccinum, 1eMOHCTPUPYIOT CXOICTBO 1O MUKPO3JIe-
MeHTaM ¢ MakcuMaiabHou (Cd) u MunuManbHoM (Cr)
BapUaTUBHOCTbIO KOHIUeHTpauuii. Kpome Toro, y
pa3HbIX TIpeacTaBuTeseid poaa Neptunea nojioXXeHUe
MUKPO3JIEMEHTOB B psiax MOCIeI0BATEIbHOCTU UX
KOHILIEHTpAlIMi1 B MyCKYJle COBMagaeT UJu OTJIMYaeT-
Csl HE3HAUYUTEIBHO.

OBCYXIEHUE

M3BecTHO, 4YTO OMOAOCTYIMHOCTD BEIIECTBA 3aBU-
CUT OT €r0 XMMHYECKHUX CBOMCTB U XMMHYECKUX
CBOIICTB Cpelibl, OT YPOBHS TeMIIepPaTyphl 1 IIPUCYT-
CTBUSI B3BEILICHHBIX BEILIECTB, a TAKXKE OT OCOOEHHO-
CTeil U COCTOSHUSI TUAPOOMOHTOB (AJIEKCEBHUHA,
IMo3zmees, 2016). B HamieM wuccliemlOBaHUM TakKXe
MPOCJIEKUBAETCS 3aBUCUMOCTb YPOBHEM aKKyMYyJIsi-
U1 MUKPO3JIEMEHTOB OpraHaMM 1 TKaHSIMU OpPIOXO-
HOTHX MOJUIIOCKOB OT psiga ¢akTopoB. Tak, y Oqm3-
KUX IO padMepaM HeNTyHell Neptunea excelsior n
N. behringiana, OTOOpaHHBIX Ha OJHOM Y4YacTKe
(rmyouna 140 M), KOHLIEHTpallii MUKPO3JIEMEHTOB B
OTAENBHBIX TKaHSX pasaudaiuch B Tipenenax 1.0—
4.0 pa3. Y nipencraBuTeneii pa3HbIX pooB N. varicifera
u Buccinum verkruezeni, BBLIIOBIEHHBIX B OMHOM 1 TOM
Ke MecTe Ha TIyorHe 161 M, B MycKyJie 1 rermaTomnaH-
Kpeace pasjiMyusi B COIEPXKaHUM BCEX MHUKPO3IJie-
MEHTOB TaKXe HaXOMWJMUCh B IpeAeiax OMHOTO IO-
psiaka (ot 1.1 1o 4.5 pa3za), 3a uckJiroueHueM Mn, co-
Jiep>XKaHWe KOTOPOTO B rernaronaHkpeace N. varicifera
OBLIO BHINIE HAa MOPSIIOK. MaKCUMaJIbLHBIE pa3Inyns
B COJEpP>XXaHUU MUKPOBJIEMEHTOB B TKAaHSIX BBLIOB-
JIEHHOW ¢ NIyOUHBI 61 M HanboIee MeJIKOpa3MEpPHOIA
N. multistriata otHocuTenbHO N. excelsior u N. beh-

ringiana otMedeHsbl 1151 Cd B renarornaHkpeace (BbI-
e B 5.9 u 6.2 paza COOTBETCTBEHHO), OTHOCHUTEJIBHO
N. varicifera — nnsg As B renaTonaHkpeace (Ha Imopsi-
JIOK HUXXE) U OTHOCUTENbHO B. verkruezeni — nns Cd
B remaTomnaHKpeace (Ha MOPSAOK BhINIe). bim3ocTsb
MECT IOMMOK ¥ CXOAHBIE IJTyOUHBI (puUC. 1) TO3BOIISI-
10T IPEATIOJNIOXUTD, UTO HA ydacTKax ooutanus N. va-
ricifera n B. verkruezeni abMoTHWUYeCKHE XapaKTepu-
CTUKM OBUIM CXOMHBIMM, KaK M B MeCTax OOWTaHUs
N. excelsior u N. behringiana, HO OTIMYaJIMCh OT Ta-
KOBbIX Y N. multistriata.

OTan4us B COAEPKaHUU MUKPOBJIEMEHTOB MOTYT
OTIpENETIATRLCS He TOJIBKO TTapaMeTpaMu Cpelbl, HO 1
Pa3HBIMU CTAIUSIMU OHTOTeHEe3a, (PU3NOTOTUIECKIM
COCTOSIHUEM M CClIeIOBAaHHBIX 0CO0Ei, a TaKXKe BUIO0-
BBIMA OCOOCHHOCTSIMA aKKyMYJISIIIUA 3JIEMEHTOB
(IMoxapxeBckuii, 1993) 1 0cCOOEHHOCTSIMU MUTAHUS.
Kak n3BecTHO, OpIOXOHOT'E MOJUIIOCKHA MOTYT OBITh
nerputoparamu (Minami, 2000), mamaabIIAKaMu
(Aguzzi et al., 2012) unu XUIHUKaMU, HaIlagarolIm-
MU Ha TIOJuXeT, ABycTBopuaThix (Taylor, 1978) u
oproxoHorux (Yamakami, Wada, 2021) MOJUIIOCKOB.
HccnenoBanusi, mpoBeneHHBIE B BOJAX CeBEpO-3a-
MagHoO# ATIAaHTUKU, TIOKa3aJu, YTO OCHOBY MUTAHUS
OykumHyMa B. undatum COCTaBJISIOT TIOJUXETHI, a
HentyHeu N. antigua — OBYCTBOpYATBHIE MOJITIOCKU
(Taylor, 1978). Bo3aMoOxXHO, y MCCIeI0OBaHHBIX HAMU
TIpencTaBuTeNeil ponoB Buccinum n Neptunea 0OBEKTHI
MPEVMYIIECTBEHHOTO TTUTAHMS TaKKe pa3ndaincCh,
OKa3bIBasi BIUSTHUE HA MUKPOBJIEMEHTHBIN COCTaB.

lTeoxummnyeckme OCOOEHHOCTU pacIipeaeaeHUs
MUKPO3JIEMEHTOB B pailoHaX 0OMTaHUS TMAPOOHOH-
TOB BJIUSIIOT Ha aKKYMYJISILIHIO, OIIpelelisis reorpa-
dudeckmne pasauums B psiiax IOCJIeIOBATEIbHOCTU
coJiep>XKaHMsI MUKPOBJIEMEHTOB B MOJUTIOCKaX. Tak, B
KOpeiicKuX BoAax psiibl MOCIEA0BATEILHOCTA CPEl-
HUX 3HAUYEHUM KOHLEHTpAaluM MUKPOBJIEMEHTOB B
BUOJIOTUST MOPSI Ne 3
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Ta6muna 4. IlociaenoBaTeIbHOCTH BUIOB 6pIOXOH0rI/IX MOJIJIIOCKOB, PaCIIOJIOKE€HHBIX ITO MEPE y6I)IBaHI/IH coacpKaHuA
OTACJIbHBIX 2JICMECHTOB B MX TKaHAX

DJIEMEHT

TkaHb

ITocnemoBaTeIbHOCTH BUIOB

Fe

Cu

Pb

Cd

Myckyn
I'enmatonankpeac
ManTusa

Myckyn
I'emaTonankpeac
ManTus

Myckyn
I'emaTonmankpeac
ManTtusa

Myckyn
I'enmaTonankpeac
ManTHsa
MBbIist
I'emaTonankpeac
Manrtus
MBbILIBI
I'emaTonaHnkpeac
ManTtusa
MBIIbs
I'enmaTonankpeac
ManTusa
MBbImis
I'enmaTonaHkpeac
ManTus

N. varicifera > N. multistriata > B. verkruezeni > N. behringiana > N. excelsior
N. varicifera > N. multistriata > N. behringiana > N. excelsior > B. verkruezeni
N. varicifera > N. behringiana > N. excelsior
N. varicifera > B. verkruezeni > N. multistriata > N. excelsior > N. behringiana
N. varicifera > B. verkruezeni > N. excelsior > N. behringiana > N. multistriata
N. varicifera > N. excelsior > N. behringiana
N. behringiana > N. multistriata > N. varicifera > B. verkruezeni > N. excelsior
B. verkruezeni > N. varicifera > N. multistriata > N. excelsior > N. behringiana
N. behringiana > N. varicifera > N. excelsior
N. multistriata > N. varicifera > N. excelsior > N. behringiana > B. verkruezeni
N. varicifera > N. behringiana > N. excelsior > N. multistriata > B. verkruezeni
N. varicifera > N. behringiana > N. excelsior
N. excelsior > B. verkruezeni > N. varicifera > N. behringiana > N. multistriata
N. excelsior > N. behringiana > N. varicifera > N. multistriata > B. verkruezeni
N. varicifera > N. behringiana > N. excelsior
N. behringiana > B. verkruezeni > N. multistriata > N. varicifera > N. excelsior
N. excelsior > N. behringiana > N. multistriata > N. varicifera > B. verkruezeni
N. behringiana > N. excelsior > N. varicifera
B. verkruezeni > N. excelsior > N. varicifera > N. multistriata > N. behringiana
N. varicifera > N. multistriata > N. behringiana > N. excelsior > B. verkruezeni
N. behringiana > N. excelsior > N. varicifera
B. verkruezeni > N. multistriata > N. excelsior > N. varicifera > N. behringiana
N. multistriata > N. excelsior > N. behringiana > N. varicifera > B. verkruezeni
N. behringiana > N. excelsior > N. varicifera

N. arthritica cumingii w B. striatissimum UMeIOT OoU-
HakoBbIit Bua: Cu > Mn > Pb > Cd > Cr > Ni (Mok
etal., 2010), oTnyasicb OT MCCJEeTOBAHHBIX HaMM
npencraBurteneii pogosB Neptunea i Buccinum 6onee
BBICOKUM ITo10keHHeM Pb u 6oee Hm3kuM — Ni.

Konuenrpanuu mukposnemenToB Cu > Cr > Ni >
> Pb > Cd B Markux TkaHsix (6e3 opraHoB MUIleBape-
HUS 1 BbIIeJIeHUsI) OproxoHOroro MoJjuitocka Cipan-
gopaludina chinensis (= Cipangopaludina chinensis
malleata) n3 Bon Kopeu (Kim, Kim, 2006) u B TKaHsX
HEMNTyHel 1oro-BoctouHoro CaxajiudHa pacriojiara-
I0TCSI B OIMHAKOBOI MocenoBareyibHocTU. He oTiu-
YyalTCcsd U TOCAeN0BATEIbHOCTU KOHUEHTpalMid
MUKPO3JEMEHTOB B HCCIEAOBAHHBIX HAMU TKaHSIX
OPIOXOHOTUX MOJIJTIOCKOB (32 MCKJIIOUEHUEM renaTo-
naHkpeaca N. behringiana, tne Fe > Mn > Cu > Pb) u
B TKaHsIX Nerita bolteata (= Nerita articulate) n Litto-
raria undulata (= Littorina (Littoraria) undulata) n3
acryapus p. Xy B 3amagHoii benranun (MHmus)
(Mitra, Choudhury, 1993).

B psimy mocnenoBaTelibHOCTEM MUKPO3JIEMEHTOB
B MYCKyJe OyKLMHyMa B. undatum M3 HOPBEXCKUX
Bon, Fe, comepkaHne KOTOpPOTO OBLIO MaKCHUMAallb-
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HBIM Y UCCJIEAOBAaHHBIX HAMU OPIOXOHOTUX MOJIJTIOC-
KOB, 3aHUMAaeT JIUIIb TPEThIO (MHOIIA BTOPYIO) MO31-
nuto. Hanbonee BRICOKME KOHIIEHTPALIUM OTMEUYEHBI
st As, a BTOpy1o (MHOTIA TPEThIO) TO3UIUIO 3aH1-
maeTt Cu (Bakke et al., 2011).

HMccnenoBaHust OptoXoHOTMX MOJUTIOCKOB U3 BMa-
IWHBI JIepioriHa U OXOTOMOPCKHMX BOJI BOJIM3M O-Ba
IMapamymup nmokasajau, 4To IS MyCKyJia U TernaTo-
nankpeaca N. convexa, N. insularis, B. pemphigus n
Ancistrolepis grammata (= Ancistrolepis grammatus)
KOPOTKMI psii MocaeaoBaTeIbHOCTEN coaep KaHus
MUKPO3JIEMEHTOB B TKaHsX umeeT Bua: Fe > Cu >
> Cd > Ni (Kosyan, Gulbin, 2016), oTiim4asich OT I10-
cJieqoBaTeIbHOCTE paccMaTpUBaeMbIX BUIOB TT0JI0-
xenueM Cd u Ni.

IMonyyeHHBIe HAMY JaHHBIE XapaKTEPU3YIOT MUK~
POBJIEMEHTHBIM COCTAaB OPIOXOHOTMX MOJIJIIOCKOB Ha
rnepyoj ux BbUIOBa. PaHee moka3aHO, YTO KOHIIEH-
TpallMid MUKPOSJIEMEHTOB B TKAHSX OTOEIBbHBIX BU-
JIOB OPIOXOHOTHUX MOJLITIOCKOB 3aBUCSAT KaK OT y4acT-
ka obutanus (Bakke et al., 2011; Duysak, Ersoy,
2014), Tak u ot Bpemenu roga (Duysak, Ersoy, 2014;
Ghosh et al., 2016), nmpuuem s Fe, Cu, Pb u Cr onn
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MOIyT pasznudaTbcsi Ha mopsimokK (Duysak, Ersoy,
2014).

s renaTonaHKpeaca ucciie1oBaHHbBIX BUIOB Xa-
pakTepHO 0oJiee BLICOKOE, YeM B MYCKYJIe U MAHTUH,
colepKaHWe aHAJIM3UPYEeMBIX MUKPO3IJIEMEHTOB.
V N. excelsior 5To cipaBeIJIMBO IJIsl BCEX DJIEMEHTOB,
y N. behringiana — nnst Fe, Mn, Ni, Pbu Cd, y N. mul-
tistriata — Fe, Cu, Ni, Pb u Cd, y N. varicifera — Fe,
As, Cu, Mn, Ni, Pb u Cd uy B. verkruezeni — Fe, Cu,
Ni, Pb u Cd. D10 cornacyercst ¢ TaHHBIMHU, TTOJTy4YeH-
HBIMU paHee ISk GPIOXOHOTUX MOJLTIOCKOB U3 BITaAM-
HbI JleproruHa 1 0OXOTOMOPCKUX Bof BO/M3u o-Ba I1a-
pamymup (Kosyan, Gulbin, 2016).

OpraH-MUIIIEHb — 3TO OPraH UJIU TKaHb, HA KOTO-
phle B MEPBYIO o4epeab BO3IEHCTBYET TO WJIM UHOE
BEIIIECTBO, B IAHHOM cCJyyae — OpraH, B KOTOpPOM
KOHILIEHTpALNsI MUKPO3JIEMEHTOB MPEBLIIIAET UX CO-
JiepXkaHue B IPYrUX TKaHsIX B 5 1 6oJjiee pas. Y uccie-
JIOBaHHbBIX npencraBurteneil Buccinidae ato remaro-
MaHkKpeac, B KOTopoM y N. excelsior B 5 u 6ojee pas
Boile coaepxxanue Fe, Cr u Cd, y N. behringiana —
Fe u Cd, y N. varicifera — As, Cu, Mn, Pb u Cd, y
N. multistriata — Cd n 'y Buccinum verkruezeni — Cu.
OpraHoM-MUIIIEHBIO JJIST AS SIBJISIETCSI TAKXKE MYCKYIT
N. varicifera.

B TkaHsIX ucclieloBaHHBIX MOJITIOCKOB MMHMU-
MaJibHbI€ KOHLICHTPALIMX MUKPO3JIEMEHTOB OTMeYe-
HbI 111 Pb unmm Cd, makcumanbsHbie — m1s Fe, 9To co-
OTBETCTBYET ux coaepxaHuwo (a1 Cd yacTUUHO) B
IOHHBIX OTIOXeHUsX. Ha compemenrbHOM ydacTKe
menbda ceBepo-BocTouHOro CaxajnHa KOHIIEHTpa-
UM (MT/KT CyXOi MaccChl) KHUCJIOTOPACTBOPUMBIX
¢hopM 3IEMEHTOB B TPYHTE CHIZKAIOTCS B PSIIY B CJle-
nyroiieM mopsiake: Fe (2567) > Cr (4.72) > As (2.69) >
> Pb (2.03) > Cu (0.92) > Cd (0.018) (JImmraBckas,
Momenko, 2008). [Topsimok pacrpenesieHrsI OCTaab-
HBIX PACCMOTPEHHBIX 3JIEMEHTOB B TKaHSIX OYKIITMHUL
U B IOHHBIX OTJIOXKEHUSIX He coBMaaaeT. boyee Bbico-
koe mojoxeHne As u Cu B psmax KOHIEHTpaIuid
MUKPO3JIEMEHTOB Y OYKIIMHUI OTHOCUTEJILHO TOH-
HBIX OTJIOXEHUI 0OYCJIOBJIIEHO T€M, YTO OHM, KaK U
Fe, oTHOCSATCS K MOIIOIMAeMbIM M3 T€OXMMUIECKOI
cpenbl OMOpUIBHBIM BJIEMEHTAM, KOTOPbIE WCITOJIhb-
3YIOTCS B TIpoliecce KU3HEIESITebHOCTU TUIPO-
ouoHToB (I'eonormueckmii cioBapb, 1973). Hakarm-
JIMBaeTcss BCe OOJIbllie JAaHHBIX O BaXKHOCTU 3THUX
MUKPO3JEMEHTOB B 00ecTieueHU HOpMaJIbHOM XK1 3-
HenesTelbHOCTU opranm3Ma (CkanbHbIii, Pymakos,
2005), B ToM umciae U ajast As, KOTOPBIM OTHOCST K
ouodunbHbIM (MBaHeHko, KoBekoBnosa, 2014) wiu
K YCIOBHO OMOo(MMILHEIM 31eMeHTaM. [1o pernmamen-
tupyromuM nokyMmentam (CaunlluH 2.3.2.1078-01,
2002; Texaunueckuit permmament TP TC 021..., 2011;
Texnaunueckuii permament TP EADC 040..., 2016),
JIOITyCTUMbIE YPOBHU TOKCHUYHBIX 3JIEMEHTOB s
0eCIO3BOHOYHBIX COCTABIISTIOT It Pb — 10, Wit As — S n
Cd — 2 MKT/T CBIpOIi Macchl. B MycKyie ncciaenoBaH-
HBIX OPIOXOHOTMX MOJLUIIOCKOB JIOITYCTUMbIE YPOBHU

Mo AS TMPEBBIIIEHBI Y BCEX BUAOB, 3a UCKITIOUCHUEM
N. behringiana, a B rermaTonaHKpeace — y BCeX BUIOB.
IIpuyem B MbIIIIAX 1 renatoriaHkpeace N. varicifera
HOPMBI AS TIpeBBIIICHBI HA MTOPSOOK. B remaromman-
Kpeace N. multistriata oTMEU4eHO TaKKe TIPEBBIIIICHIE
normyctumoro conepxaHus Cd (tabin. 2).

MN3BecTHO, YTO HEOpraHUYecKHne (popMEBI As boJiee
TOKCUYHEBI, yeM opraHmueckue (Leermakers et al.,
2006). B MopcKoit GMOTE MBIIIBIK COAEPKUTCS TIpe-
MMYIIIECTBEHHO B BUJIE MAJOTOKCUYHBIX OpraHuYe-
CKUX COCAWHEHUI: apceHOOeHTauH, apceHocaxapa,
apCEHOXOJIMH U apCeHOJUIIUABI, a TaKXKe MeTuJap-
coHat u guMmetuiaapcuHat (IykuH u gp., 2019). Co-
IJ1aCHO JIMTEPATYPHBIM JaHHBIM, COAepKaHUEe HEOP-
raHU4eCcKnX (popM As y pbI0 1 MOPCKUX MJIEKOTTUTA-
IOIIMX B OOJBINIMHCTBE CJIydaeB HIDKe Mpeaesa
OOHapyXeHMUsI, a y APYTUX IPYII TUAPOOMOHTOB — He
Boiie 0.060 mMr/kr. Bo Bcex mipo6ax comepkaHue He-
OpPTaHMYECKOTO MBIIIbIKa COCTaBlisseT MeHee 1% oT
ero obuiero coaepxxanus (Sloth et al., 2005). Coaep-
XaHue oourero As B MbImrnax Buccinum undatum u3
HOPBEXXCKHUX BOJI B pa3HBIX paifoHax cocTaBmwio 15, 46
u 28 MI/KI CBIpOMi MaccChl, a HCOPraHMYECKOTO —
0.0026, 0.0069 1 menee 0.0027 Mr/KT CHIPOIT MacChl
(Bakke et al., 2011). CnemoBaTenbHO, BHICOKME 3HA-
yeHus1 oOllero comepxaHusi As B TUAPOOUOHTAX, B
YaCTHOCTH, B OPIOXOHOTHUX MOJUTIOCKAX, MPEBbIIIA0-
11I1Me AOIYyCTUMBbIe YPOBHU COJEPKAHUS 3TOTrO 3Jie-
MEHTa, He SIBJISIIOTCS ToKa3aTejeM OIMacHOCTU IS
yenoBeka. Ha ocHOBaHMM 3TOTrO NOMYCTUMBIE YPOB-
HU coaepXaHusi As B THIAPOOUOHTAX, MPOINUCAHHbIE
B OT€UECTBEHHBIX HOPMATUBHBIX TOKYMEHTaX, HE00-
XOIUMO MPUBECTU B COOTBETCTBUE C HAYYHBIMU JaH-
HBIMU.

ComracHo Ioy4YeHHBIM HaMM pe3y/IbTaTaM, B My-
CKyJIe WCCJEeIOBAHHBIX OpPIOXOHOTUX MOJIJIIOCKOB
MakCHMaJjbHasl BapuaOeIbHOCTh COIEPKAHMUS Xa-
paktepHa 1 As n Cd, muauMmanpHasg — s Ni.
B renaromankpeace 3TOT IloKa3aTedab ObUI MaKCH-
MaJIbHBIM JJ1T Mn m MUHUManbHBIM 1J1s1 Fe, B MaH-
UM — cooTBeTcTBeHHO WIs1 Cd u Pb. B TkaHsax Hen-
TyHell HanboablIeil BapuadeTbHOCThIO KOHIIEHTpa-
uuii  ommmuainca Cd, wHamMmenbureit — Cr. VY
B. verkruezeni nHau6oJjiee MUPOKUIT AUaria3oH 3HaUYe-
Huif otMeueH a1t Cu, MUHUMAaJbHBIN — 11 As. My-
CKYJ HENTYHel XxapakTepusyeTcs onnHakoBoit (Fe >
> As > Cu > Mn > Cr > Ni > Pb > Cd) wiau 61uskoit
MOCJIEIOBATEIBHOCTIMI MUKPOBJIEMEHTOB, pacIio-
JIOXXEHHBIX B MOPSIIKE CHUKEHMSI YPOBHEN MX colep-
>KaHUSI B MOJUTIOCKAX, OTJIMYASICh OT TAKOBOM y OyK-
uuHyma (Fe > Cu > As > Mn > Ni > Cd > Cr > Pb).

INpeBblllIeHVe CAHUTAPHO-TUTUEHUYECKOTO HOP-
MaTHBa O COASPKAHUIO KAIMUSI OTMEUEHO B IelaTo-
nankpeace N. multistriata. JlomrycTuMble YPOBHU T10
MBIIIBSIKY MPEBHILICHBI B TeNlaTONaHKpeace BCceX BU-
JIOB UCCIIEAOBAHHBIX OPIOXOHOTUX MOJUTIOCKOB, B MYy~
CKyJIe TaKKe y BCeX, 3a UCKIIIoueHueM N. behringiana.

BUOJIOTHS MOPS Ne 3
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KOH®JIMKT MHTEPECOB

ABTODHI 3asIBIISIIOT 00 OTCYTCTBUM KOH(JIMKTa MHTE-
pecoB.

COBJIIOJEHUE 5TUYECKHUX HOPM

Bce mpuMmeHMMBIE MeEXIyHapOOHBIC, HAaIlOHAJbHbBIE
U/VIA UHCTUTYLMOHAIbHbIC IPUHLIMIILI YXO4a U UCITOJb-
30BaHMsl JKUBOTHBIX ObLIA COOJIIOIEHEI.

BJIATOOJAPHOCTHA

ABTODBI GJIarOIaPSIT BEAYIIETO CIICIIMAINCTA TA00paTOPUH
npoMbiciioBbix ruapoduroHToB CaxHMPO W.I1. CmupHOBa,
MPEIOCTaBUBLLIETO OPIOXOHOTMX MOJUTIOCKOB.
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Content of Trace Elements in Tissues of Gastropod Mollusks of the Family Buccinidae
(Gastropoda) off the Coasts of South-Eastern Sakhalin (the Sea of Okhotsk)

Yu. N. Poltev?, T. G. Koreneva“‘, and V. Ye. Maryzhikhin“

“Sakhalin Branch, Russian Federal Research Institute of Fisheries and Oceanography (SakhNIRO),
Yuzhno-Sakhalinsk 693023, Russia

The content of Pb, Cd, Cu, Cr, Mn, Ni, Fe, and As in the muscle, mantle, and digestive glands of the gastro-
pod mollusks Neptunea excelsior, N. behringiana, N. multistriata, and N. varicifera, as well as Buccinum ver-
kruezeni, living near the coasts of the South-Eastern Sakhalin has been estimated. Representatives of the ge-
nera Neptunea and Buccinum showed some differences in the ranges of variation and series of value sequences
of trace element concentrations in the muscle. Exceeding the hygienic standard for the content of As in the
hepatopancreas was found in all the studied mollusks, and in the muscle — in all, except for N. behringiana.
The maximum permissible level of Cd concentration was exceeded in the hepatopancreas of N. multistriata.

Keywords: trace elements, atomic absorption, gastropod mollusks, Buccinidae, Sea of Okhotsk
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