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JInst MTHOMKAIMyA YPOBHSI aHTPOIIOTEHHOTIO 3arpsI3HeHMsI akBaTopuu pexu CyHrapu BOu3u r. XapouH (Kurait)
OBbUIM OIpee/IeHbl KOHIIEHTPALIMHU TsKeIbIX MeTa/u1oB (TM) B Bole, JOHHBIX OTJIOXKEHHSIX U B MITKHMX TKAHIX
MECTHBIX IBYCTBOPYATHIX MOJITIOCKOB. [ToydeHHBIe pe3yJIbTaThl MOKA3au, YTO KOHLIEHTPALIMK IIeCTH TKe-
seix metaioB (Cd, Cr, Cu, Mn, Pb, Zn) B Boge Haxoaunuck B auana3oHe ot 0.001 mo 0.007 Mr/n1, B TO BpeMst
KakK B IOHHBIX OTJIOXKEHMSIX 3TU 3HaYeHUs BapbupoBaian oT 0.07 no 5617.13 mr/kr. Pa3Hble BUIbI ABYyCTBOpYA-
THIX MOJUTIOCKOB M3 MCCJIEyeMOT0 Y4acTKa, IMOJBEPXKEHHOTO CUJIbHOMY aHTPOITIOTEHHOMY 3arpsi3HEHUIO, Je-
MOHCTPUPOBAJIY Pa3IMUYHbIE MTOKa3aTeIl HAKOTUICHUS TSDKEJTbIX METAJLIOB B MX MSITKUX TKaHsx. Koadhduim-
eHTbl onoakkymysuuu (BCF) B Moytiockax 6bUTH pacCYMTaHBI 71 KaXKI0T0 MeTaJljla M TOCTOBEPHO OTJIMYa-
JINCH JUTsl pa3HbIX TKaHel (;)kabphl U reraroraHkpeac). [ToaydeHHbIe pe3yabTaThl MCCIeI0OBaHU M TOATBEPAUIA
MEXBUIOBbIC pa3iMuusl B HAKOIUICHUM METaJUIOB B TKAHSIX M3y4aeMbIX MECTHBIX MOJITIOCKOB. Takoro pona
HCCJIeTIOBAHUS MOTYT OBITh ITOJIE3HBIMU B CPAaBHUTEIHLHOI (DM3MOJIOTMH MOJUTIOCKOB, a TAKXKE TTPY BHIOOPE OIT-
TUMAaJIbHBIX OPTaHM3MOB-WHINKATOPOB ISl OLIEHKN aHTPOIOT€HHOTrO 3arpsi3HEHUST TMTPUPOIHBIX BOJTOEMOB
CesepHoro Kuras u Poccuiickoro JamsHero BocToka.

Karouegovie caoea: HaKOIUICHUE TSKEJIBIX METAJJIOB B TKaHAIX, IBYCTBOPYAThIC MOJIJIIOCKMU, 6I/IOI/IH£LI/IKaTOpr,

IoHHbIe oTyioxXeHus1, CeBepHblilt Kurtaii
DOI: 10.31857/50044452920020114

BBEJAEHWE

BDKocucTeMbl MHOTUX BHYTpeHHUX pek Kurasg 3a-
TPSIBHEHBI B pe3yjibTare ObICTPOil MHAYCTpUATU3alNU
u ypbanuzauuu |1, 2]. Harpumep, Tojibko B XapOuH-
CKOM perrmoHe NpuoIM3uTENbHO 450 MUIJIMOHOB TOHH
CTOUYHBIX BOJI €XKeTroHO copachiBaroTcs B peKy CyHra-
pH, 4TO CO3IaeT OMNAaCHOCTh €€ BOOTHBIM 3KOCHCTeMaM
[3]. [IpucyrcTBUE TsKenbix MeTaIoB (TM) B CTOYHBIX
BOJaX TIPOMBILIJICHHBIX MPEANPUATUII T. XapOuHa
MOpeacTaBIsIET OCOOYIO OITAaCHOCTH mJIst 61oThI [4]. TM
HaKaIUIMBAIOTCS B BOJIIE, B JOHHBIX OTJIOXKCHMSIX, a TaK-
K€ B PasIMYHBIX TKAHSIX XUBOTHBIX. AKTYaJbHOCTb
n3ydeHus coaepkaHust TM B TOHHBIX OTJIOXEHUSIX U B
TKaHSX MPECHOBOIHBIX IBYCTBOPYATHIX MOJIIIOCKOB
3aKJII04YaeTCsl B UX 0CO00M TOKCUYHOCTU U CIIOCOOHO-
CTU HaKaIUIMBAaTbCS.

B 3KOTOKCHKOIOTMYECKOM OTHOLIEHUU 3JE€MEHThI
Hg, Cd, Cu u Zn gBASOTCSI cCaMbIMHW ONACHBIMM JIJIST

KUBBIX OPTaHU3MOB [5, 6]. [laxke cpaBHUTEJIBHO He-
0oJIbllIMe KOHLEHTpallMu 3THUX METa/UIOB MOTYT MO-
BIUSATh Ha (PU3MOJIOTO-OMOXUMHNUECKUE MTOoKa3aTelu,
HalpuMep, Ha TUAPOJIU3 YIJIEBOAHBIX KOMIIOHEHTOB,
¢dbepMeHTHbBIE MMOKa3aTeJM COCTOSTHUS OKCUAATUBHOIO
crpeccau t.4. [7, 8]. Ilon BiussHuem TM ocnadisieTcst
WUMMYHUTET, CHUXXAIOTCSI MHTEHCUBHOCTbH JbIXaHUS,
aKTUBHOCTb MUIIIEBAPUTEIbHBIX (hepMEHTOB U 3(hheK-
TUBHOCTb aCCUMMJISILIMU NUIIU, 3aMEIJISIETCS POCT Te-
Jia, yBEJIMYMBAETCSI CMEPTHOCTD, YMEHbIIIAETCSI TIOJI0-
BUTOCTh [7—11]. CiemyeT 3aMeTUTb, YTO 3TU METaJUIbI
MPEeACTaB/IsIeT MOTEHIIMAIbHYIO OINACHOCTb TakKXe U
JUJIS 30POBbsI UeJIoOBeKa KaK KOHEUHOI0 3BeHa Tpou-
YeCKOM Lienu.

Uccnenyemerit B padbore ydactok peku CyHrapm
pacmnojioXeH B MPOBUHIMU X3MIYHI3SIH HA TEPPUTO-
puu ceBepo-BocTouHOM yactu Kutasa. CyHrapu mpo-
TeKaeT C lora-3anafa Ha CeBepO-BOCTOK BOIM3M LICH-
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Puc. 1. Mecto oT60opa 06pa3iioB BOIbl, JOHHBIX OTJIOXKEHUI 1 ABYCTBOPYATHIX MOJUIIOCKOB B peke CyHrapu BOJIM3U ropoaa Xap-

ouH (CeBepo-BocTounsiit Kurait).

Tpa ropoma XapOWH 1 UMeeT ITPOTSKEHHOCTh B TPaHU -
ax ropojna okosio 50 kM. CyHrapu — paBHMHHas peka
C IIeCYaHBbIM THOM M U3BWJIMCTHIM pyciaoM. lllumpuna
dapsarepa ot 400 mo 800 M, riyomHa oT 2 mo 12 M.
B nonHbIX oTiioXeHUsIX peku CyHrapu BOJIU3U . Xap-
OMH, TT0 CpaBHEHUIO C APpYyTUMU peKaMu 1 o3epamu Ce-
BepHoro Kurast, B 0COOEHHO BEICOKMX KOHIICHTPAIIN -
sax cogepxkatcst Pb, Zn u Ni, oTMe4eHBI TaKXKe BBICO-
kue 3HaueHwms 111 Cd u As [6, 12].

MATEPUAJIbI U METO/1bl UCCJIIEJJOBAHUN

O1leHKa CTEIMEeHU aHTPOIIOTEHHOIO 3arps3HeHUSs
BOJIHOM 3KocucTeMbl peku CyHrapu orpenessijach B
JIaHHOM paboTe MO KOHLIEHTPALIMY TUITUYHBIX JJI51 TO-
r'o peTMoHa TSKEIbIX METAJIJIOB B BOJIE U IOHHBIX OTJIO-
KEHUSIX, a TakKKe B MSTKUX TKaHSIX MECTHBIX BUIIOB
MPECHOBOIHBIX IBYCTBOPYATHIX MOJLTIOCKOB U3 CEMeit -
ctBa Unionidae otpsima Unionida (Urnio douglasiae,
Anodonta woodiana w Cristaria plicata). Tlpeumyiie-
CTBEHHOE 3HAaY€HME OTIABal CPABHUTEIHLHOMY U3yue-
HUIO HakoruieHuss TM B TKaHsIX MoJUTIocKOB. Ilociie
U3MEpeHMsT Bo3pacTa U pa3MepoOB OTOOpaHHbIE TPYM-
bl MOJUTIOCKOB MOABEPrajuch BCKPHITUIO TSI TTPOBE-
JIeHUs aHar3a coaepkaHus TM B UX TKaHSIX.

Mecmo ombopa 600bi, 0OHHbIX 0MAOXUCEHUI U 08)-
cmeopyamuvix moantockos. O0pa3lbl BOAbl OTOMpPAIN C
MOMOIIBIO TUIACTUKOBOM €MKOCTM Ha rinyonHe 10—
20 cM HMKe TTOBEPXHOCTHU BOIBI. IByCTBOpYATHIX MOJI-
JIIOCKOB 0TOMpanu B peke CyHrapu ¢ MOMOIIbIO pbIOO-
JIOBHBIX Jpar, ¢ TMOBEPXHOCTU UX PAKOBUH ITOJydan
o0pas3npl TOHHBIX OTJIOXeHUI. OTOOp BCex 00pa3lioB
MPOU3BOIUIN B KOHIIE CEHTSIOpPS M Hayaje OKTIOps
2016 r. mBaxnabl (puc. 1). KoaudecTBo JOHHBIX OTJIO-
KEeHMIT 1 TIpo0 BOIKI OBIJIO OMMHAKOBEIM. Bece 0Opa3mbr
ObLIU MepeHeceHbl B J1aOOpaTOPUIO B TMOJUATUIECHO-
BbIX MAaKeTaX, a 3aTeM XPaHWIUCh 3aMOPOXEHHBIMU
npu —20°C 1o npoBeaeHUs aHAJIM3a.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

I1poGommoaTroTOBKY BOIBI IIPOBOIMIIN CJIETYIOIINM
crioco6oM: K 10 MJ1 oOpa3ua 1o0aBisijivu 2 MJI a30THOM
kuciioTel (YA, Tianjin Fengchuan Chemical Reagent
Technologies Co., Ltd., Kuraii). I1po0y HarpeBanu 10
100°C u ocraBisiiv Ha BbiapuBaHue ellle Ha 10 MUH.
Hanee noselanu remmepatypy 10 120°C u BellTapuBa-
Jiu 1o oobema 10 mut.

J11s1 aHanu3a JOHHBIX OTJIOXKEHUI 00pa3Lbl IIPOCy-
IIWBaJIM B IyXOBOM IKady Ipu Temiepartype 60°C B
TeuyeHue 6 4, 3aTeM MPOCEUBAIM Yepe3 IUIACTUKOBOE
cuto nuametrpoMm 0.75 mm. Haecky (okoyio 0.5 1)
OCTaBJISUTM Ha HOYb ¢ moGaBieHWeM 10 MuI a30THOI
kucioTsl. Jdanee pactBop HarpeBaiu g0 70°C B Teue-
HUe 8 4, OCTYyKaJIu, 100aBJISIIU 4 MJT TIEPOKCUIA BOAO-
pona (30%) u oTIIpaBIISLIN HA aHAJIHN3.

KoHneHTpannm Tak1x TSLKEJIBIX MeTaJlJIoB Kak Mn,
Zn, Pb, Cu, Cr, u Cd B 06pa3nax BoAbI 1 B JOHHBIX OT-
JIOXKEHUSIX ONpPEHessid ¢ ITOMOIIBI0 Macc-CHeKTPO-
METpa ¢ MHAYKTUBHO-CBsA3aHHOM ma3moii (ICP-MS,
CHIA). Pe3ynbTaThl NpeacTaBjieHbl B MT'/KT.

Omobop deycmeopuamolx Moaat0Cck08. MOIITIOCKOB
cobOMpanu IparupoBaHWEM B CpEeIHEM TEUYECHUU PEKU
CyHrapu B6Jin3U r. XapObuHa (KOopanHaThl MecTa coo-
pa—45.77 H, 126.59 E). InuHa paKOBUHBI MOJUTIOCKOB
OblIa U3MEpPEHAa C TIOMOIIBIO BJIEKTPOHHOTO HU(PPOBO-
ro ITaHTeHUUPKYJsi. Bo3pacT ObLT omnpeneieH BU3Y-
aJIbHO T10 KOJIbIIaM 3UMHE OCTAHOBKH POCTa PAaKOBU-
HBI TSI Ka&XKIOTO MOJUTIOCKA MHIMBHUIYyIbHO. Pazmep-
HO-BO3pacCTHbIC  XapaKTEePUCTUKU  JIBYCTBOPYATHIX
MOJLTIOCKOB 13 p. CyHrapu, mpeacTaBieHbl B Ta0I. 1.

Ilooeomoeka obpa3yoe mrkaneil 045 AHAAU3A KOHUYEH-
mpayuu maxicenvix Memannos 8 MAeKux mKaHsIx MOAAIOC-
Ko06. BckpriTHe M IpenapupoBaHue TKaHE MOJLIIOC-
KOB (TeraToIrraHKpeac 1 3Ka0opbl) IMTPOBOAVIIN Cpa3y I10-
cJie 1OCTaBKM B JadopaToputo. OO6pasiibl XpaHWIKChH B
xonomibHUKe npu —20°C. Msrkue TKaHU MOJLIIOC-
KOB HMCCJICIOBAJIM METOIOM “MOKporo” o3ojieHus [13].
Ne 2
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Taomuna 1. PazMepHo-Bo3pacTHBIE XapaKTEePUCTUKH U3yda-
€MbIX MOJUTIOCKOB

Bun Konuuec- JnvHa Bospact
TBO, IIIT. | PAKOBUHBI, CM
Anodonta woodiana 10 9—-13 5-6
Cristaria plicata 10 16—20 5-7
Unio douglasiae 10 5.5-7.5 5

Conepxanne HeKoTopblx TM, Takux xak Cu, Cd,
Pb u Zn, B MATKUX TKaHSIX MOJUIIOCKOB U3MEPSIJIN C
MOMOIIBIO OIITUYECKOrO0 3MUCCUOHHOIO CIIEKTPO-
MeTpa C WHIYKTUBHO-CBSI3aHHOM Inazmoii Optima
8300 (ICP-OES PerkinElmer, Optima 8300, CILIA).
PesynbraThl mpeacTaBieHbl B MI/KI CBHIPOTO Beca.
daxTop 6moakkymyasauuu (BCF) nig kaxmoro u3 Me-
TaJJIOB OBbUI pacCUMTaH IJISI KaXXIOro M3 M3ydaeMbIX
BUIOB MOJIITIOCKOB 110 hopmyite [14]:

BCF = C6M0Ta ,

BOJa

rie Ceyora — KOHIIEHTPAIIUS METAJIJIA B MSITKUX TKAHSIX
JIIByCTBOPYATOrO MOJUIIOCKA (MT/KT, Tpu “MOKpom”
ososieHun) u C,,,, — KOHIEHTPALUs METAJJIOB B BOJIE
(Mxkr/n). CornacHo pabore Bapona u Canb6yna (2018)
[14] [6], MeTay1 cuuTaeTCsl He OMOAKKYMYJISITUBHBIM,
ecam ero KoadpuimeHnt BCF menrpine 1000. Ecim Ko-
a¢pdunmenT npuaumaet 3HadeHus ot 1000 mo 5000, To
METaJUI CUMTACTCSI OMOAKKYMY/ISITUBHBIM, a B CIydae
npesbiieHns 5000 — oueHb OMOAKKYMYISITUBHBIM.

Cmamucmuueckuii anaau3. Bce naHHbIe IO XMMUYe-
CKOMY aHaJIM3Y TKaHel ObLJIU NpeaCcTaBIeHbl KaK Cpel-
Hee 3HaueHMe U cTaHaapTHasa ommboka (M = SE). [1po-
BEPKU HOPMAJIbHOCTU pacripeesieHUsI JTaHHbIX TIPOBO-
Iuad ¢ nomoiiblo  kputepus Illanupo—Ywuika
(HyneBasi runore3a orBeprajach npu p < 0.05). Hns
CpaBHEHUS TaHHBIX T10 TSKEIbIM MeTajlaM B MSITKUX
TKaHSIX JBYCTBOPYATHIX MOJUIIOCKOB ObLI MpPUMEHEH
U-xputepuii MaHHa—YUTHUM, pasauyusi CUYUTAIUCH
CTaTUCTUYECKHU 3HAYUMBbIMU TIpu p < 0.05 (Mcnonb3o-
BaJIOCh MporpaMMHoOe obecrieueHue Statistica for Win-
dows). MeXTpyITIIoBEIC PA3IAIUS COASPKAHUS TsIKe -
JIBIX METAJIJIOB Y MOJUTIOCKOB OBbUIM OLIEHEHBI C TIOMO-
b0 ONHOG(GAKTOPHOTO JUCIIEPCUOHHOIO aHaau3a
ANOVA ¢ ncrioib30BaHUEM IIPOrpaMMHOIO obecre-
yeHus OriginPro 9.0.
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PE3VJIBTATbBI 1 UX OBCYXIEHHUE

B Tabsn. 2 npencraBieHbl CpeIHUE KOHLIEHTpaluu
TM B nipo0ax TOHHBIX OTJIOKEHUI AJIsI UCCIIEAYEMOIO
yyacTtka pekn CyHrapm BOAM3uM XapOWHa, KOTOPBIE
UMEIOT CJIEAYIONIYIO TIOCIefoBaTeIbHOCTh: Zn > Pb >
> Cr > Mn > Cu > Cd. 111 Bcex u3MepsieMbIX MeTal-
JIOB KOHIIEHTpalluX B JOHHBIX OTJI0KEHUSIX ObLIU BbI-
111e, YEM B BOJIE.

CxonHBIe pe3yJIbTaThl IPUBEIEHBI B paboTe APYyTruX
aBTOpOB [15], KoTOpbIe yKa3bIBaJI, YTO HAKOIUICHUE
TM B IOHHBIX OTJIOXKEHUSIX MOKET OKa3bIBaTh HebOJ1a-
TONPUSITHOE BO3JIEMCTBHE HA COCTOSTHME OEHTOCHBIX
KUBOTHBIX. M3BECTHO, YTO BOOHBIC KUBOTHBIE MOTYT
HaKaIJIMBaTh TSDKEJIbIE METAJUUIBI B CBOUX MATKMX TKa-
HSIX B KOHIIEHTPALIMSIX, KOTOPBIE MOTYT B IECSATKU U
TBHICSIYU TIPEBBIIIATh UX COAEpKaHNE B Cpelie OOMTaHUS

[7].

buoaxkxkymyaayus TM e mkaunsx o0eycmeopuamovix
monntockog. Conepxanve TM B MSITKMX TKaHSIX OBY-
CTBOPYATHIX MOJUTIOCKOB MPEACTABICHO B BUIE TUCTO-
rpamm (puc. 2a, 20).

O06006111eHHbIE TaHHbIE O cofepxkaHuio TM B 1Byx
pa3HBIX TKaHIX (3KaOpbI U reraTonaHKkpeac) mpeacTaB-
JIeHbI B TabJI. 3.

B xka0pax u3y4yeHHbIX BUIOB MOJUTIOCKOB ObLIU BbI-
SBJICHBI cienymoonine mokasarenu TM. Hammenbinas
koHIeHTpauus Cd B xxabpax Habmonanacek y U. doug-
lasiae (cm. Tabn. 3), B To BpeMsl Kak mjist A. woodiana
9TOT mokKasaTesib OblT HmKe. CyliecTBeHHbIEC pa3in-
yust ot U. douglasiae no conepxanuio Cd B xkabpax ObI-
1 ooHapyxeHHbL Y C. plicata (p < 0.05). KoHueHrpauus
Cu B xabpax U. douglasiae Obii1a BbIIlIE, YeM Y IPYTUX
IByX BUIOB — A. woodiana u C. plicata. 1o conepxka-
Huto Pb B xxabpax mexny U. douglasiae n C. plicata He
OBUIO OOHAPYXKEHO CTATUCTUYECKHN 3HAYMMBIX Pa3iIn-
ynii. Ho B xxabpax A. woodiana xonueHTpauust Pb ObI-
Jla CTaTUCTUYECKMW 3HAYMMO HMXKE, YeM B kabpax
U. douglasiae (p < 0.05). Haubonee BbicoKast KOHIIEH-
Tpauus, 0 CPABHEHUIO C APYTUMHU ONpeleIsieMbIMU
MeTajUlaMH, OblJIa OOHapyxXeHa B xKaOpax IS TAKOro
MeTaiia, Kak Zn. Tak, y A. woodiana otmMedanu Hau-
6oblyto KoHeHTpaluoo (480.92 mr/kr). HauMeHb-
1mee comepxaHue Zn B xKaOpax ObLIO OOHAPYXKEHO Yy
C. plicata, 910 CTAaTUCTUYECKU 3HAYMMO OTINYAIOCH OT
takoBoro y U. douglasiae (cM. Tadm. 3). I'paganust mo
comepxxanuto TM y umcciaemyeMbIXx MOJIIIOCKOB ObLia
MpelcTaBlieHa B caenytomem Bune: Zn > Cu > Cd > Pb

Ta6Jmua 2. KOHHCHTpaL[I/Iﬂ TS2KEJIbIX METAJIJIOB B TOHHBIX OTJIOKEHUAX U B BOAC PCKUN CyHFapI/I BOJIM3U T. Xap6m-la

Cd Cr Cu Mn Pb Zn
JloHHBIE OTIIOXEHUST (MT/KT) 0.07 £0.03| 6.57 £0.80 395+£0.13 |5.37+0.54|21.93 £ 2.65(5617.13 = 562.92
Boma (mr/m) 0.001 (£0) {0.007 (£0.002)|0.007 (£0.002)| 0.033 (£0) | 0.002 (£0) | 0.007 (£0.002)
Crannaprel nokasaresieit <0.01 <0.05 <1.0 <0.1 <0.05 <1.0
MOBEPXHOCTHBIX BoI 1151 Kuras
JKYPHAJ SBOJIIOLIMOHHOU BUOXUMHUU U ®U3NOJIOTUN TOM 56 Ne 2 2020
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Puc. 2. Konuenrpauus TM B xabpax (a) u rernarornankpeace (0) B MECTHBIX MoJlTIocKax peku CyHrapu psiioM ¢ XapOuHOM. * —
yKa3bIBaeT Ha AocToBepHbIe pasinnuust (U-kputepuit ManHa—YurtHu, p < 0.05) ¢ Bunom Unio douglasiae.

(A. woodiana), Zn > Cd > Cu > Pb (C. plicata), Zn > Cu >  A. woodiana n C. plicata mexny coboii He OTJIMYaJINCh,

> Cd > Pb (U. douglasiae).

B renaromaHkpeace M3y4eHHBIX BUIOB MOJIIIOCKOB
OBUIN BBISIBJICHBI CIIEAYIONINE TToKa3aTtean TM.

ITo Cd HauMmeHBbIIIee 3HAYCHHE OBUTO TTOTYICHO IJIST
U. douglasiae (tabn. 3). Y A. woodiana n C. plicata 3t
rnokaszaTejiM ObUIM CTaTUCTUYECKWM 3HAYMMO BBIIIIE,
yem y U. douglasiae (U-xputepuit ManHa—YuUTHHU, p <
<0.05). Ilo comepxanuio Cu B rermaTolraHKpeace

KYPHAJI 3BOJIIOLIMOHHON BUOXUMUU N GU3NOJIOTUH

HO CTaTUCTUYECKU 3HAYMMO oTiinmdanuch ot U. dougla-
siae. HamMmeHbI1ast KoHLIeHTpauus Pb Obl1a BEISIBICHA
y C. plicata (0.86 Mr/Kr), 4TO CTAaTUCTUYECKU 3HAYMMO
OTJIMYAJIOCH OT TaKOBOM B renaromnankpeace U. dougla-
siae u A. woodiana (p < 0.05). VI3 Bcex MeTaJIOB Mpe-
MMYILIECTBEHHOE HaKOIUIEHHME B TremnarollaHKpeace,
Kak U B kabpax, ObLI0 BhIsIBIEHO Wit Zn. HamMeHb-
1€ KOHIIEHTPpAllM1 HeKOTOpbIX TM ObLIM 0OHapyxKe-
Hbl v U. douglasiae, moaTOMy 3TOT BUA ObUT IPUHSAT B
Ne 2
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Taomuna 3. KoHneHrpanusa tsokenbix MetauioB (M & SE, Mr/KT, B.B.) B remaToIlaHKpeace 1 skabpax IBYCTBOPYATBIX MOJI-

JMockoB U3 peku CyHrapu Bom3u r. XapouH (Kurait)

Bun Cd Cu Pb Zn
renaro- rernaro- rernaro- renaro-
KaOpHl Kabphl Xaophl Xaophl
naHkKpeac naHkpeac MmaHkpeac MaHkKpeac
Anodonta " 252.82* | 480.92
+ + * (+ * (+ * (4 * (4
woodiana 6.75% (£0.77) | 4.24 (£0.62) [15.39* (£1.64)| 4.60* (£0.6) |2.25* (£0.14) | 1.85* (£0.15) (£24.54) | (+32.88)
Cristaria " 213.02 | 246.61*
+ * (4 +
plicata 13.62* (£2.4) | 8.76* (£1.79) |15.95* (£3.59)| 5.38* (£0.66) | 0.86* (£0.44) | 1.16 (£0.15) (+59.44) |(+29.48)
Unio doug- 177.41 387.65
+ + + + + +
lasiae 4.05 (£0.38) | 3.94 (£0.43) | 7.97 (£0.28) | 7.79 (£0.5) | 2.98 (£0.34) | 1.23 (+£0.21) (£12.65) | (£32)

* — OTMeueHbl jocToBepHble oTanuus (U-kputepuit ManHa—YutHu, p < 0.05) ot Unio douglasiae.

Taomauna 4. MexXrpyImoBhIe pa3jindus B COAEPKAHUN TSKEJIbIX METAJUIOB Y IBYyCTBOPYATHIX MOJUTIOCKOB Ha ocHoBe ANOVA

(One-way), p < 0.05

Msirkue TKaHU
Cymma CpenHee 3Haue-
HUCCIIeAyeMBbIX Merann I'pyniist df F p
KBaJIpaToOB HUe KBaapaToB
MOJUTIOCKOB
Cd Mexay rpynnamMu 145.79 2 72.89 5.82 0.008
Cu Mexay rpynmnamMu 55.26 2 27.63 7.99 0.002
2Kabprur
Pb Mexny rpyriamMu 2.87 2 1.44 4.95 0.015
Zn Mexay rpynnamMu 278322 2 139161 14 0.000
Cd Mexny rpynmamu 487.43 2 243.71 11.21 0.000
Cu Mesxmy rpymnmnamMu 396.62 2 198.31 3.80 0.035
I'enatonaHkpeac
Pb Mexay rpynmnamMu 23.26 2 11.63 10.64 0.000
Zn Mexay rpynmnamMu 28466.30 2 14233.15 0.99 0.383

KauecTBe pedepeHTHoro. Ilo HakomjaeHuo Zn MoJ-
mocku A. woodiana TOCTOBEPHO OTJIMYAIICH OT pede-
pentHoro Buaa (p < 0.05). I'pamaiius mo comepKaHUIO
Bcex u3ydeHHbIx TM B rematrormaHkpeace okasajach
OIVMHAaKOBOM IJISI BCEX TPeX MCCAENOBaHHBIX BUIOB U
MOXET ObITh MPEACTaBIeHA B CleayiolleM Buae: Zn >
> Cu>Cd > Pb.

HakoruteHre TSoKeTbIX METAJUIOB B Pa3IMIHBIX OpP-
raHax IBYCTBOPYATHIX MOJUIFOCKOB 3aBUCUT OT MHOTHX
$aKTOpOB: THUM TMUTaHMUS, CE30H, pa3Mephbl M BO3pacT
JKMBOTHOTO 1 T.1. [1p1 3TOM OTMEUaroT, YTO MOJLTIOC-
KU MOTYT PEeTyJIMpOBaTh COJEpKaHUE B OpraHU3Me Ta-
K1X MeTaJuTtoB, Kak Cu 1 Zn (OMOTreHHBbIE SJIEMEHTEI),
Ho He Cd [7, 16].

Bce cpegHue 3HaYeHUS KOHIIEHTpAllUM METAJIOB,
3a UCKJII0OYeHHeM Zn B rernaTollaHKpeace, IoKas3aau
CTAaTUCTUYECKU 3HAYMMBbIC pa3INUMs MEXIY MOJUIIOC-
kamu (ANOVA, p < 0.05) (tabn. 4). HanGonpiue pa3-
YU MEKIY BUIaAMU ObIIM oTMedeHb! it Cu 1 Zn B
xkabpax, a Takxe st Cd u Pb — B renaromnaHkpeace.

B nenmom ormeuanocsk, uto Cu n Cd HakaruInBaJInch
OoJibllle B rerarollaHkKpeace, 4yeM B xxabpax. PaHee
npeumMyiiectBeHHoe HakomieHrne Cu u Cd B remaro-
MaHKpeace TakKXKe OTMeYaJioCh IJisi MOPCKOIO IBY-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

cTBOopuaToro MoJuttocka Laternula elliptica [17]. Mexa-
HU3MBI BEIBEJICHUSI TSKEJIBIX METAJIJIOB M3 OpraHU3Ma
WMEIOT Pa3IMYHBIN XapakTep Y OJM3KOPOICTBEHHBIX
Bua0B. Tak, HarpuMep, U3BECTHO, YTO LIMTOILIa3Ma-
THYEeCKUE GEJTK UMEIOT CBOICTBO CBA3BIBATh N30BITKU
MeTaju1oB B opraHusme y mumuii I'pes Crenomytilus
grayanus, a 'y IpUHAIJICKAIIEro 3TOMY XK€ CeMeHCTBY
monuoayca Modiolus kurilensis 3To CBSI3bIBAHUE IIPO-
MCXOJIWT Ha YpOBHE MeMOpaHHBIX CTPYKTYp [18].

M3BectHO [3], 4TO B pa3HBIX OpraHax OJTHOTI'O U TOT'O
JKe BUJIa MOJUTIOCKOB HakoruieHue TM MoxXeT J0CTo-
BepHO pasiauuaTthed. Cpenun ucciiefoOBaHHBIX METAIJIOB
OoJiee HU3KOE 3HAUCHME HAKOIUICHMS OBIJIO OOHapy-
xeHo njist Pb, a camoe Boicokoe — It Zn. Conepxa-
HUe 7Zn B renatonaHkpeace A. woodiana TpeBHILIANO
pedepeHTHbIE ITOKa3aTeau Ha 45.8%, a B xkabpax — Ha
52.6%. bpulo TOKa3aHO, 4YTO B XabpaX IMPOMCXOIUT
GoJblliee HaKOIUIEeHMe Zn, 4eM B reraToIlaHKpeace.
Kak n B pa6ote [17], camble BBICOKME 3HAYCHUST OMO-
akkyMyssiuuu TM y mpecCHOBOIHBIX MOJIJTIOCKOB ObLIU
OTMEYEHbI B Xabpax, a caMble HU3KUE 3HAYECHUST —
B Hore. Hekotopeie TM, B wactHoctn, Zn, Pb n Cd,
HaKarjnBarmTCs B XXabpax MOJUTIOCKOB B OOJIblIIei cTe-
MIeHM, YeM B BUCLIEpaJIbHBIX opraHax [18, 19], u3 yero
JIeJIaJicsl BBIBOJ O TOM, UYTO COAEpKaHUE STUX METAJLIOB
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Taomuna 5. KosdhduimeHT 6MoakKyMyJISIIUM TsKeJIbIx MeTa/utoB (M + SE) B TKaHSIX UcclieAyeMBIX MOJUTIOCKOB

Msarkue TkaHu Bun moiumiocka

BCF

Cd

Cu Pb Zn

4048 (£382.82)
6749 (£771.96)
13623 (+£2403.51)

Unio douglasiae
Il'emaromankpeac |Anodonta woodiana

Cristaria plicata

2197.86 (+234.32)
2278.86 (£513.18)

1138.71 (£39.92) 1490 (£171.64)
1127 (£68.53)

429 (+218.64)

25343.71 (£1807.12)
36117.29 (£3505.86)
30431.57 (+£8492.03)

3935 (+425.36)
4237 (£618.31)
8755 (+1787.81)

Unio douglasiae
2KabGpsr Anodonta woodiana

Cristaria plicata

1112.14 (£71.08)
656.71 (£85.68)
767.86 (£93.73)

612.5 (£104.19)
923 (+73.85)
579.5 (£73.92)

55379.14 (£4571.62)
68703.29 (£4697.5)
35229.71 (+4211.24)

B Xabpax MOJUTIOCKOB MOXET SIBIISTHCS HAaIeXKHBIM
OHMOMapKEPOM 3arpsI3HEHUSI TPUPOIHBIX ITOBEPXHOCT-
HBIX Box [19].

Cy1iecTByeT MHEHHE, U4TO comepkaHue TM B rema-
TOIIAaHKpeace XapaKTepru3yeT XPOHUYECKOE 3arpsi3He-
HUE BOJBI U TOHHBIX OTJIOXKEHMIA, B TO BpeMsI KaK CO-
nepxanue TM B xxabpax B OOJIbIIEN CTENEHU CBSI3aHO
C TEeKYIIUM YyXYIIIEHWEM KadyecTBa IIPUPOIHBIX BOJI
[20].

IMTonyyennrle mannbsie mo BCF mpencraBieHbl B
Taob. 5. I Bcex oInpeaeeHHBIX B JAHHOM padoTe TSI -
KeJIbIX MeTalIoB (KpoMe Zn), 0Ka3aJioch, YTO 3HaYe-
Hust BCF BapeupyioT oT He 610aKKyMYJISITUBHOTO 10
OUYeHb aKKyMYJISITUBHOTO. B KauecTBe oueHb OMOaKKY-
MYJISATUBHOTO MeTajiia Beiaensietcss Cd B remaromnaH-
Kpeace IJIsI MOJLUTIOCKOB A. woodiana v C. plicata, y no-
CJIEMHEr0o 3TW 3HAYeHMs ObUIM CaMbIMU BBICOKUMM
cpenu u3y4eHHbIX Tpex BuaoB. [1o pe3ynbTatam Haille-
ro MCCJIEAOBaHUS K He OM0aKKyMY/IITUBHOMY METAJLILY
MOXHO ObL10 oTHecTH Pb. Ero MuHuMManbHbIe 3HaUYe-
HuUs ObLIM B Xabpax U. douglasiae, y A. woodiana aToT
nokaszaTesib ObL1 3HaunTelibHO Bhilie. BCF misa Cu B
xabpax u A. woodiana, n C. plicata 6611 HEBBICOKHUM,
T.e. mogo6Ho Pb, Cu BbISIBUIICS KaK HE OMOAKKyMYJIsI-
tuBHBIN MeTtayul. Y U. douglasiae B renmarormaHkpeace
OMOaKKyMYJISITUBHBIMU OKa3aJIMCh BCE TPU MeTajlia —
Cd, Cu, Pb; y 4. woodiana — Cuu Pb;y C. plicata — Cu.
B xabpax U. douglasiae 610aKKyMyJISITUBHBIMY MeTaJl-
namm okazammchk Cd u Cu, y A. woodiana — Cd.

Takum ob6pazom, 3HaueHus1 BCF misg 6uoakkymy-
JIITUBHBIX METaJIJIOB BApbUPOBAJIM B IIMPOKUX IIpEIe-
nax ot 1112.14 mo 4237.00. Pe3ymbTaThl TOKa3aJI, 9TO
Bun U. douglasiae o6nagaeT MOTeHIMAIOM JIJisl OMOaK-
KyMYJIsIIuM Takux MeTtauioB, Kak Cd u Cu (kak B remna-
TOIlIaHKpeace, TaK U B xabpax). Bun A. woodiana Taxxe
obJagaeT MOTEHIIMAIOM ISl OMOaKKYMYJISILIMK, OdHA-
KO TOJBKO B remaronankpeace, misi Cd, Cu u Pb. B
Xabpax 3Toro BHAa ObLIO 3a(pMKCHUPOBAHO aKTUBHOE
HakoruieHue Cd, u mpu 3TOM HU3KUIT KODDUITUEHT
Habmonamm 111 Cuu Pb. Bun C. plicata no BCF B xa6-
pax okazaJicsd O4eHb CXOX ¢ A. woodiana, a ”MEeHHO:
oba Buaa MOJLUIIOCKOB coaepxkanu Majio Cu u Pb. B To
Xe BpeMs B rertatonankpeace y C. plicata conepxaHue
Cd 1 Cu 6b1U10 OYeHB BEICOKMM, T.€. OBIJI OTMEYECH IT0-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

TEHLMAJI 111 X HAKOIUICHUS UMEHHO B 3TOM OpraHe.
TakuMm o00pa3oM, HaKOIUIEHHE XapaKTepU30BaJIOCh
TKaHEBOM CIIeU(PUIHOCTHIO.

OnHako mist Zn HaGI0maICsa IIPOTUBOIIOJIOXHBIN
denomeH, 1 BCF aToro merania B skabpax ObLI CyIIie-
CTBEHHO BBIIIIE, YEM B TeraToNaHKpeace MOJUTIOCKOB.
BDTO OBUIO CIIPaBEMIIMBO IS BCEX MCCICIYEMbIX MOJI-
JIIOCKOB. [leficTBUTEBHO, ZN SIBASICTCS METAJIJIOM, He-
0OXOOVMBIM IJIsI KU3HEAESITeIbHOCTH MOJUIIOCKOB, U
CYILIECTBYET MHEHME, YTO MOJIJIIOCKM CIIOCOOHBI KOH-
TPOJIMPOBATh €ro MOCTYIUIEHWE B OPTaHU3M U3 OKpPY-
Xarouei cpensl [7].

SAK/IIOYEHHUE

XUMHWYECKUI aHaJIM3 BOOBI II0KA3aJI, YTO KOHIIEH-
Tpauuu TM B Bonme pexu CyHrapu BOIM3M XapOWHa
opUIH B Tipenenax CTaHZapTOB KayeCTBa MOBEPXHOCT-
HBIX IpUpoaHbIX Box Kurtag [21], B oTanyne OT IOH-
HBIX OTJIOXeHU, cogepkaHue TM B KOTOPBIX 3HAYM-
TEJIbHO IIPEBHIIIANO0 YKa3aHHbBIE CTaHIAPTHI.

CITOCOOHOCTh MOJITIOCKOB HakarummBaTb TM u
JIpyrue 3arpsI3HUTENIM B MSITKUX TKaHSIX U paKOBHUHAX
IejlaeT BO3MOXKHBIM OIICHMBATh OMOJIOTYecKre -
(GEKTHI 3arpsI3HEHUS Cpeabl X OOMTAaHMUS Ha OCHOBE
COOTBETCTBYIOILIUX TIoKazaTeseil. Takum oOpa3om,
TOKCHKOJIOTUYECKNIA PUCK IJISI SKOCHCTEMBI MOXET
OBbITh OLICHCH NPU HCIIOJIb30BAHUM MOJITIOCKOB KakK
XKUBBIX “MOHMTOPOB” 3arps3HEHUSI OKpyxKalolleil
BOJIHOM CpeJibl.

Pe3ynbpTarhl 1TaHHOTO MCCIEOOBAaHUS TOKA3bIBAIOT,
YTO M3y4YeHUe OcoOeHHOocTell HakoreHus TM pas-
JIMYHBIMM TKAHSIMM Pa3HBbIX BHUIOB IBYCTBOPYATHIX
MOJIJTFOCKOB MO2KET 6bITb ITOJIE3HBIM B U3YYE€HUU CpaB-
HUTEIBbHOI (PM3MOI0TMM MOJUIIOCKOB M UX agarnTalluu
K YCIIOBUSIM 3arpsi3HEHUSI OKpy:Karomein cpeabl TM.
Takoro poga paboTbl MOTYT CITOCOOCTBOBaTh BHIOOPY
ONTUMAJIbHOTO O0BbEKTa — OMOMHIMKATOPHOTO BHAA
JUIST OLIEHKU 3KOJOTMYECKOTO COCTOSIHUSI Pa3IMYHBIX
BOJIHBLIX 00bekTOoB Kutasg u JlanbHero Boctoka Poc-
CHUM, 3arpsI3HEHHBIX TSDKEIBIMUA METaJIaMU.
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Differential Accumulation of Heavy Metals in Soft Tissues
of Three Bivalvian Species from the Songhua River Near Harbin (China)

V. V. Zarykhta®, Z.. H. Zhang**, T. V. Kuznetsova’, P. V. Ozerski¢, and Y. J. Feng®
¢ Harbin Institute of Technology, Harbin, China
b St. Petersburg Scientific Research Center for Ecological Safety, Russian Academy of Sciences, St. Petersburg, Russia
¢ Herzen State Pedagogical University, St. Petersburg, Russia
*e-mail: hitzzh@hit.edu.cn

To indicate the level of anthropogenic pressure on the Songhua River near Harbin, China, concentrations of
heavy metals (HM) in water, bottom sediments and soft tissues of native bivalves were determined. It was found
that water concentrations of six HM (Cd, Cr, Cu, Mn, Pb, Zn) ranged from 0.001 to 0.007 (mg/L) in water and
from 0.07 to 5617.13 (mg/kg) in bottom sediments. At the test site of the river exposed to severe anthropogenic
pollution, different bivalvian species exhibited different rates of HM accumulation in their soft tissues. Bioaccu-
mulation coefficients (BCF) in mollusks were calculated for each metal and proved to be significantly different
for the tissues studied (gills and hepatopancreas). The obtained data confirmed the existence of inter-species dif-
ferences in metal accumulation in tissues of the native bivalves. This approach can be useful both in comparative
physiological studies of the Bivalvia and in choosing optimal indicator organisms to assess anthropogenic pollu-
tion of natural waters of Northern China and the Russian Far East.

Keywords: heavy metals, bioaccumulation, bioindicators, bivalves, bottom sediments, Northern China
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