AL

0144 Ho% 3 A& B b1 - #H Vol. 9, 2014
%4 4,618-631 Asian Joumal of Ecotoxicology No 4, 618-631

DOI: 10.7524/AJE.1673-5897 20140504004
B B, RIEE, BEE, % PR OFHE TS RECRED]. £EFEEER, 2014, 94): 618-631
Pan K, Zhu A J, Xu Z B, et al. Copper contamination in coastal and estuarine waters of China [J]. Asian Joumal of Ecotoxicology, 2014, 9(4): 618-

631 (in Chinese)

b (& i i A0 A O IR R 575 R R R

‘;& ﬂl, *1%29 'H'\'\axkz -I-i/i'ﬁl,*

. FARNBALLEANEER FALEFAS
LEREEREENFFE LA F O, M 510300
W 7% B H9 :2014-05-04 FF HH8 :2014-06-23

BE.: REFAENECKRBURII, BEZTRGRANFRNOFESREN, ASRAFAREENRGFEZRFESY, A
EREEMAOREOIBETE, E3AMEFERAROREDERN D8 K JIRY AL GOHE S BEE, 4R B &S
ORWEEBRIVR, BEER , REEZSMW OFEARI X RKFEE, BFENMNBFRZENRE, R
REMBEER  RELENOREHS LK PESEZNLHFTEEH LA BY . AERCLFHBHREITERNT DR
BHERERE, “EHG M GH4E" ERELENIAYZRHABRERN M REFF, EHEIAEHG"HORREE
TEGEREELBNORELRFENNS. HEFZELREEMEAE—- M EBHRNGLIARL, CASTELANEY
SEMERFEE, AT T HHL LG - G4t 057 E R AOLE

KT SR, UURY, LU, KA

XWH S 1673-5897(2014)4-618-14 REZES: XI715 CRARIRE: A

Copper Contamination in Coastal and Estuarine Waters of China

Pan Ke', Zhu Aijia’, Xu Zhibin’, Wang Wenxiong"’

1. Division of Life Science, The Hong Kong University of Science and Technology (HKUST), Clear W ater Bay, Kowloon, Hong
Kong, China

2. South China Sea Environmental Monitoring Center, State Oceanic Administration, Guangzhou 510300, China

Received 4 May 2014 accepted 23 June 2014

Abstract: China ranks as the top consumer of copper (Cu) in the world and is now facing increasing challen-
ges of Cu contamination. The pressure of Cu contamination increases not only in inland environments but al-
so in coastal environments. This paper reviews the current status of coastal and estuarine Cu contamination
based the published data on seawater, sediments, and oysters. The data showed that there were hot spots of
Cu contamination, although the overall Cu level was low in most coastal areas of China. Sediment core meas-
urements indicated that the levels of Cu input to coastal environments had been increasing over the last dec-
ades. Cu contamination has become a threat to coastal and estuarine environments in China. The ‘ blue oys-
ters " and ‘ green oysters’ were the good examples of how the Cu contamination affected coastal and estuar-

ine organisms. The appearance of‘ blue oysters ' in different areas indicated the point sources of Cu along the
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coastal and estuarine areas. Coloring in oysters due to metal contamination was a complicated biological

process and the mechanisms of the appearance of ‘blue oysters' are discussed.

Keywords: Cu contamination; sediments; oysters; blue oysters

HA(COH)EN—-FMLBLR EHEETEYE
b BRAEYEENGHWITER, EFHRABTPRALE
EREMER. B FREAFRBHELEFHEM
BN, X MFHEFEER I ERATZEA
FEHENEEAY. FREVATRIBHET
Z BRI EBMNARBLSNEYFELE. B
EHRETESHEEREREMBEHABRAFTENE
HRERE, FEBRRARE W SN EEER
(reactive oxygen species ), B0 Cu®" 1 Cu” Z [H]
ML I BEGREMARNERRZE hENERYE
n, NI BERIE IS . B B .DNA AP K4 T, B4
SIAmHET-",

WEBRRPIEZAM. EARBERALERF
AMeRB, ARBEAMEHET LAY R A TE
6000 £, ZEHAF=L A, FAHE EHTEF . ER,
PR 8 GBI BBIR AL AMFESET L, BFTRK
EBRARMNEEERZ— ANBERFEHRE LK
Bz —, #E51H,2001 £ Z 2011 2R H
EREMN 148 BEHHEKE 199 B M, FIERK R
H3%. R, PEBENHAEN228R
MK E 78 BAM, FFHEKEARN 13%., &R
EREFEBABTAHBEE2F P EBRALRE
KMBEHAFHRE AHARSUHAS BN HERE
T, T E 2015 ERPET X —-FHEY, R
i, EXTERENTEREBFHMATFRESHR, U
RABEMMABEERES, BRI, HELRBIT S
FIFMMKRERNEERECEHRY . SHESR
ML FXKEEY R BRI ZATWH
BRAKKPEELEY, BHETFENKEETFRERH
ELAAEHM. EEBERAAAFRKNITEE,
— N, B e —F TR T Tk R, AT BEE T
2 EHERE MY B —JrE, TURA - #6488
W5 AN B A B 3h i B BT K R B R I B,

ERE,AIXHEBREBEBARKAENEE
B HBARE, BN R 5 b o & 46 BR 4 B K 3 AL K
BAETFEHSSE., BEAIEERENOSE
BIFEERAERARENRL . B TEERRR
ERANERYAENENRBROBRES, BEF
BHHWESRBREFHEMBE (ng-Lpg-L"), I

Sh KPP HIBEREARTULEREF. B NS F
PYBENE FRESSFE HPBHAEF
(CP*BANEFRHBBRAIES, BKEERF
B pHEEW @H7~8),MEFERBENHEEF.
FAB FRECAR R A A LB, B H TR
FREAE THEEMRN TRKREFCY, HhH
BRBBHOREEFEYR T HRERD LE TR
Wio (EXIHATRE 5 4 0 ¥ IR B A 5w vl LA
BER. NEHBRWRABEY T UELERE . XK
NBESETRBELCRAR, B ELASKEE Y
W o 4TS Rk R B R R # R A AT LA ZE P Rt K
HH SRR ARG, WA R R EE
SRENTAPBLUER,

TR NN S BEERBBIT B
HEAWEGLEAEE, A8 FRAEAEREHERE
0 B 7 B BURL b B9 47 T BE & UL B K P B
TIRY . R HTTRYAT LR Bk i 45 35 B
B, HERBIEER R PR T 3408
TIRERT N B A EYHmBRLFEB/HR U HE
oM e E, BREEBENRASR
BEEFERE, E1688 B £ R 0E K 8 Bk
YRR, BERSZRAGREWN —X4EY, H
XF F 8 UL JG DL AR AT AL B R A B R
(hyperaccumulator) , 4% 2 B8 K Bt 8 V5 B¢ K % — 4>
RIFEREY", HGFRRESEENKFELNF4E
Yz REFREMGHMIEER LEERLS, &
ERBEHMENESBISRE S P FR 5 W & R
AREW, MALELHFEEERERN O S5TES
LR, ARG X E 4R AR BB MVLE, X
Humf MG RRAESREESRETHTR,
XS R B i EBRITHIRE,

AXHWEHETAEEERXTRE LG A
REEBLEOHGE, LG R AGRARBET O M
R8T IR, FIE B B AR B
LA

1 BREAOSEBREHMER
WEREZRATH WKITFR ERIGE LK

W& T R B FTLHBNE K BE

AETRNEBEMARBRCRE  BREREEHER.
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RRBA BREMAKVIES, BRAIARBR
SRMWEARABRCZ2EEEE ARMAR (BT
ARAL KILBER) Y, WAKFBRBESFERIUBEE
FHE,RESENEE(NEHEA IR, BERYE)
T HLEM (OH, CI, SOY ,HCO; ) & &%, KA
HASTFHEYERERR, WDEREFATFHENR
FERBS, —BUE, KEPERSHHEE
(BABRMERKRE SSHHBTNESSHE, T
7], total dissolve Cu concentration ) £ 0.03 ~ 0.4
we - L5 T 3 /2 0 S5 V8 A 75 4 B YR B 2 B JR B A D
ARBREBEHERTELIES K. TRBER/M
WS EESHEELL 01 ~0.5 pg - L'"BAE
R UFEE NG ERREAFTBIEREKNE
H1¥E BE (total Cu concentration , U FHEMSHFHFE
B )N 08~22 pg L', HPEBEHEEN
056 ~086 pg-L", BHEESHEBESHLEN 14
~26 4%, W RBEENBHAT, ERRY S,
AHEREBRESHBEYMT URSA R, BR
ARATYHEREEERFRKR, FlIERFH4%H
WEEYR 50 mg-kg', WA K FEHHREBEAN 45
mg-kg' AP HFARBEL N 30 mg-kg” , AKX
AW HRREA R S5 mg- kg™, BB EE 10
mg kg HIRMERH NI RY ZHEROREY, 4
A RS S R R B P 3R (25 mg kg ) fE
FERYMEREES,

%1 FUBE T 3 4R SCRRR 8 Y 3R B i ¥ g K A
ARYHRARE, hTHERUESBKESRKRER
BEEITUHTE, 5170 06 R FB 7™ #& 10 R B R P AR AE
BERARZER,ATEREAEEEFHTR,.FE
FH4E Y (F 0 ammonium pyrrolidine dithiocar-
bamate , APDC) B AR FEL B S HMHMBEM. Hilk
ETFHWARABRENRERLD, AR1ATL, BRRE
BESHEEE , BEVRYOEKRE, REAHIE
B K, WL BIERE , K# 4 F O AL
BHXAFRYNEEFA SRR RN FRE
B, XK MK EREE . REEER
BAZHBEHH T, Wan ZHE T 2005-2006 4
HEENBHEKESBRE  RPBERSHEKE
37073 ~132 pg- L6845 BRI B IR EE 2 5
%1019 pg-L', 6.1 ng-L",3.1 pg-L"; VLAY P
B 4R 88 RAE TR BIKE, 2 5108 13 933 mg:
kg',1 227 mg-kg',1 828 mg - kg, 820 mg-kg '™,
BNEBR—AHRBNEESESRBITRXE,

1 BREEFAREFEKNAFRDIHRERE
Table 1

sediments collected from the coastal and estuarine

Cu concentrations in seawater and

environments of China

ﬁﬂif&iﬁ(?&ﬂ(:ug-r‘ H
PR mg-kg™)

SRAREX IR B AH) . 8% 30
. Cu concentration
Sampling area Sample type References
(seawater: pg-L”;
sediments: mg+kg™)
WM i 4
. 073~132 9]
Jinzhou Bay Seawater
B (AR O) Kk
0.38 ~2755 [10]
Bohai Bay Seawater
HILO Bk
10~27 [11]
Pearl River Estuary Seawater
HILO K
034 ~326 [12]
Pearl River Estuary Seawater
IO K
9.1 ~749 [13]
Jiulong River Estuary  Seawater
B A -3
02~0.73 [14]
Zhangpu Old Town Seawater
wi ok
0.8~22 [71
Hong Kong Seawater
LREEFO HRY
. . 5~49 (17) [15]
Zhu Liaodong Bay estuary Sediments
BME Ry
9 ~ 1227 (417) [16]
Jinzhou Bay Sediments
HME ARY
. 27 ~619 171
Jinzhou Bay Sediments
S Uiy
} 6 ~38 (22) [18]
Qingdao Sediments
R3] TRY
8 ~47 (24) [8]
Bohai Bay Sediments
g TRy
20~63 (39) [19]
Bohai Bay Sediments
B ULRY
. 7 ~44 (28) [20]
Bohai Bay Sediments
B it}
. 0.2 ~ 1462 (66) [10]
Bohai Bay Sediments
B TRy
. 10 ~137 27) [18]
Jiaozhou Bay Sediments
B Ry
. 7 ~ 604 [21]
Jiaozhou Bay Sediments
i TRy
6~33(17) [22]
Yellow Sea Sediments
i VLAY
16 ~30 (22) [23]
Yellow Sea Sediments
i YLERY
3 ~56 (16) 241
Yellow Sea Sediments
#WO TRy
. 15~22 (19) 25]
Yellow River Estuary  Sediments
koA TLERY
2~36 (13) [26]
Yangtze Delta Sediments
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gR1
Ko VLY
12 ~47 (28) [27]
Yangtze Delta Sediments
BN Ry
1~158 [28]
Hangzhou Bay Sediments
B iRy
19 ~97 (44) [29]
Xiamen Sediments
Akon ViR
52 ~223 [30]
Jiulong River Sediments
FEA iy
17 ~25 (23) [31]
Luoyuan Bay Sediments
SHE Ry
19 ~53 32]
Quanzhou Bay Sediments
BREEE iRy
. . 2~6422) [33]
Fujian coasts Sediments
% vy
24 ~79 (49) [34]
Shantou Sediments
BRI TRy
15 ~67 (39) [35]
Pearl River Estuary  Sediments
A nEY
64 ~ 105 (81) [36]
Pearl River Estuary  Sediments
2 SuNs| iRy
2 ~91 (25) [37]
Pearl River Estuary  Sediments
TYIE ikt
8 ~ 102 (69) [38]
Shenzhen Bay Sediments
KEHE TRy
16 ~28 (21) [39]
Daya Bay Sediments
i iRy
1 ~ 4000 (119) 401
Hong Kong Sediments
R ViRY
4~64 (31) [41]
Hailing Bay Sediments
AT vy
5~36 [42]
Zhelin Bay Sediments
b 1A:8 ] iRy
3 ~ 146 (58) [43]
Beibu Bay Sediments
310 PRy
14 ~40 (21) [44]
Zhanjiang Sediments
g TRy
4~199) [45]
South China Sea Sediments .
=B iRy
12 ~110 (36) [46]
Sanya Bay Sediments
BES NBYy
0.7 ~24 (15) [47]
Hainan Island Sediments

B WA SR RO W SE R BE IR S B 48 S AN I AT L

Note: Numbers in parenthesis are mean vales.

EAFIRBELR, BTEHAEE, ATMXE=S
ETHE ALEETL, AIMBHSDET FRBH
WIFEA N, X K SIS % 8 Tk HR i
FHMERAREBESBIERANEEREHXIHZ
— XuBNHETA-NHEBESRTLRK:
ZHHE ST FRAGEESIRM, LK Jie River 1 O
MRS BRI I IL 2 755 pg L' 2 076pg

LU AR E R B 1 462 mg kg™, XEE
HREESBFEHASRNERICR. BEEWLE
LARS—THENELBITRHF, Wang F7
ABIORAT ZESEET LA YE, X 5TH
YRR ER 45 ~223 mg kg’ , B FHEB LK
P, Bf J§ Weng # Wang i Diffusive Gradient
Thin-film Technique (DGT) ¥ RBERAETREESL
HEAM AL OKETESBRENR ZTHA,
ZRBAIHEN OMBERSHEEER02~073 pg-
L' BYRBER/HEZ T, LB ORKE R 284
~1254 pg-L'™, Pan M Wang EARIT OIEFZ
BRI E (749 pg- L")  RANBIT OFER
KR, EFMAERRERR, R OHFE R
IKFEARAR, BFERT IS LXK, Zhang Fl
BEAKITOMNEBRSHIKENR 034 ~3.26 pg-
L', x5 Wang $HEELER(10~27 pg L")
", Yo SEiEE &2 FBRIT O TTR Y B4R F 2 9k B L
HRWEE (15 mg-kg™ ) B 2 524, A 51 X 88 B9 4
WEFEXBEREEN K™, ARBHEXE, H
AT YIS, = WSS, IR YRR R R Y
WFAERERNFEGER(ALED, EHEENRE. BT
TR RS BE B ESRYNESRE
WERWER K. AR R AR LB EE 5
W BT RE R —3, Bl R RBFSE IO 2 5 2 | R T L)
HTERW LR,
RI1FFINERKEARBIBRYHERER
o MEZT ,ERUTRYE S BB b S B
FIRETB R R ES, b FRAETHRIO
TE 100 FRRYNESREETSAHY EREY
BRI OV EIHE 4 FRER 1970 E¥E £ 7
B HPRIO PRI EN RN ESE
7 1960 4F ~ 1990 4E[RIIEIN T 4 40% o Qiao F R M
Wl 3Kk B 3T 9 3R B B VR B EE R 2 30 em BT A B
REB/NTHEERM®, Sun SEFRFEWILTI
PYESROEE S AL ER—EFER Ti.
Ni, Zn.As. Pb, Cu 1 Mn I AR NS, H
FEMRETE 95 ~65 cm BrREF B /T B3 ¥ m,
/5 7E 65 ~42 cm W/, I 7E 42 ~ 10 cm( X KL 1980
~2000 4 ) Bt B 2 # M 55, Zhao EHM KL
RERA AXBUEYTIHELBREASHEN
ENMEEHER: 190 FRE TV RBLE, LBRA
Ak E K E18 BRI B ;1960 ~ 1990 4, A K5 G
T M TE BT 1 00 Y BE 5 1990 LS B9 75 3 b B B BR
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HARy A SEH 23 cm 48 24 mg-kg' [
FHIME 3 cm M 34 mgrkg', XEXRTUHHYH
RERBIF TR, B BT SRR HETE R KF
BB EAEE,

TR & BERE R BRI 5 J K F,
MEBOESIHNEERBRITRYE LB KWK
KK, BELBHEEHSAT AR Tessier X BUE M
BCR BT M5, M R LB ESEN T,
ZH k& B a2 N A X # M (F1, exchangeable
phase) kB h 455 48 (F2, carbonate phase) JEREL 4
14 %5 4 48 (F3, Fe-Mnoxyhydroxides phase) .7 #l
Yy%k-4 # (F4, organic phase) F1 5% & # (F5, residue
phase) A4y, FEEKIRY FRNEE T A (Fl,ex
changeable phase) .7 ¥k JR#H ( F2,reducible phase) .
n] 4 4L A8 (F3,oxidisable phase ) FlI5% & #H ( F4 ,residue
phase) E W4y, ARZGEAHEFHERTREEY
Al A FEFEE—EX R, BIW,Fan 1 Wang ZIFE
BRI (Ruditapes phillippinarum) ¥ 8% 45 VEE 8 [F]
RS 14 £ DL Y v A2 B A B LA 2 IEAE R
KA HEMNARESEEAYESHN L 2R M
RKEXRES, IBYMAEY TR TS EREESS N
MXRME/FRAR. — BN, AR ETZHRENE
BHEARRTRADZANGLENEE, X4
SR E, IR L R KA Y R F A
mOAEREOEE. A EREHKERUER,
¥ B A4 R i A vl R B AR, ) EE B T
BYyne-pEsE™, RedaonsBAKRERELT
FRWEZE, BHEPRE BCR F F1.F2 fl1 F3 =
MAGHR IR EM, A EEREME TR ERES
Bl A i e A

BT HER AR B TIA 10° Lokg™ BT
AR A A YA A IE B A 1 (68 B 148 B e R R B
oA B R, B 0 R A R LA L0
Y BEAMENELY A ALY . Fan FHH R
B AN BRI NRAUEIYE A E(13% ~
80% )", Yu B L T SR ZRIL O FIR I
NBEYFHNEEES EREHKRTORNRY O H
SAHEEREHK AR TERY, —FE, X
REAIHRITOMFBROKERE; F—FH,XWA
Al B O AR Eh EE IR 15 R o Gao and Li 43
WSS MR EZR, F1 69.5% K
MEESAEEREM, FEUSHERIFEME DN
F®, Huang E™H# # % ILI Swan Lake Lagoon

A Rongcheng Bay By 41, & JUUT AR 4 149 4 LA 38 [ AH
HE(40% ) M EEX 5T T 54 BB K
RHER A K. Yang FHREAELRBR, BRI OUR
YVIRMF D REREHEN BN 15% ~37% s 3 Fi &
BB LB R 2% ~63% , T HX A~ Gl B
5NBAYRHELABEEEMXEEREY, b K
SR BBRIL O LAY h AE 7R B AH 1 L ) Lt F s v
BRHAE™, FRHREREH, RATARS
REMRETRY P EREME N E, X4
HETMERZBEEDHATEARERNAES AR
e RENTRAHE ST EBMZ R EHER KL
 FRBE A T B B AL 2 SRR AE B R R AR AR B R
MEB, MZARE, RN FENFHNASE
HA—EFBHFHED TR AT (BRHE YR
KM A BN T, BT BW
) o

2 REAO5ESKHEIERRE

BEESMA RN, F IS REAES RS
ERARBENEZW, HTFREEYHNLF LR, B
HEYMEAE —ENRETEE .. BHik, Bk PR
AR5 L TT BB R S R BRI 401 P AR W Ak PN B AR
B BT, ST, 4875 Pt 40 S 4 Al ) BOR A 4 i R
BR, BERRAN“HEHG AL RRE T EEE
YRGB N R RG] F, Wang FE KR
ETREMNEHE R, AELAEES LE
L O F % E 445 ( Crassostrea hongkongensis ) i 4
LY B 53 51352 14 380 g g” #1121 050 pg-g™ (F
HERE,TH) , AASBEEE G, YHEE T4
(Crassostrea angulata) W4 T SF 4 8 M B R (E 3K
28846 ng-g ' M24200 pg-g' \NARBKESE,
BRHGANNES RO AR TELRAKN 24%,
XARER EMEREEEYPIIRINEEES
BWE,

K 2 FI8 T LA R SCER L0 B AR B A 4 15 4R
EE, BATE, Lm0k &R AT 200 pg-g”,
4200 ~1 000 pg-g™ 8K H W, 4513 X 6 45 #
HWEIXRE 3000 pg-g” A F, Wang LEFE
FIWT, BA AR R E R T 1200 pg g EH B, &
BHRALATBSEARHEMNEEY, £ 2 HEE
EW HIFRAB RN EANAR AT REEFEET
TEEGES. S RITLZE, RIOTHELET F
L EKE B EFRSHARECNEBEIY, R
MR BARBENHEE & 1D,
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HIFA UE N E LB RNEREYERZE
Fish, REELKM IR (Mussel Watch
Program) #i {8 Fl T4 WG E MMM AEY Z — ., XA
BEASHFET - +E2F, B AXEE 0[5 E
BRRMAEYKRTE, HFRE TEMEREYH
BT . EEEY, FHRE HEREZMEALTZ,
Xt 15 Yy B BRI RS OB, (R N TS R VR B BB R B R
BRRERESS, MBENERTEALERR
HIGENESBELANEREY TEHBRT XET
T RERER AR TALEENES BB RE
R, WEER BRI Y ZHE B RT3
B PR AR 26 R 5 T AR W HE AR A Tk BE K 9 43 A
U RERIFEYMRZRYEHE BRI
— B HP UK OH G FRKERS™ .

HRMELEAPHRIERTHREHGHVESR
ERUE B R X ERENA R R
%, ®2HHMNAREROXEERET,BFT
ML, KEHRAEHRRFLEH N REDE
B, BT RN ML T, BREHENE
BWELE REHRA T YRS RERE, ME
XEABEREBEENEREL, BANLXNERE
JiE ¢ ¥ (baseline metal concentration ) 77 7E 7 [ ¥ 7
HAMESERE, CEBRRFHERF(EE &£
EH)MEKZG(BEYHEES) . Ke and Wang Xt
L T P B 4L 45 ( Crassostrea rivularis f1 Saccostrea
glomerata) W E & B (4R 5 ) M ¥ SH,
REPFHIFEESBREE FBERARH™, E
EEMNERWABSLBAHMEENENLAR

o w (a)

258, Crassostrea rivularis 8958 5K H T e ¥
BOFNHE it B R 3 . Saccostrea glomerata & . W41,
MEERHMEV B S FRHGMEBIREE
BREL, flm, A RKETHER(FEBFKE)W
18 W) 1 455 () 4R ok BE 9 PR % 309 ~ 870 pg - g™, T
Pan fl Wang WK ERMAEKETHE HHNEFBE
UG W E R EE N 200 we - g BIKE EW, M
BHEFRERREN ZRE— 1A MY RER
Flo SEERHIFIRA — A8 00 hm eV B ok B 8
FEHHGRESBERANEE, B TXELAHE
P, XRFTERNMNBERAEYERELENLREA
HARERR TR, M EMIIRE LS EKN
i 18] 4 BB LU AR HE A FI B R SR I e 0 AR L B 5
HERIGEBRBWAMMNEEDBULEFNES
R, MAAKSERMAMSNEFEE. HIGE
EREREFERGEBENE CREREEEN K>
ZUTEY. —HUX  E2BERERMHEYFHE
W —PNEREEE., T ZE R R a5 5 A
SRR, BEX, HUERTEREEL TR
EXHE, FIa7E 2000 4,7 A il € X British Colum-
bia HiX # K P HEH I FE DA ER HBE R
PR E, HMKFMAFET ME KRBT EXE,HF
R T ZJE T — R HRHEB ORI H A ZE AR
WAFETRWMBARA FEE™ . JLIE T I 8405
BRI E 6P E 3F 58 b AS (i % T B
R, TME RN ERERGREHRR. AW, RE
KT ERGIG B RENRELER,

1 FEMANEHE": (a) L 2T O;(b)ilsk;(c)FN; (d) 3%
Fig.1 Blue oysters collected from different coastal areas of China;(a)Jiulongjiang Estuary ; (b)Shantou;(c)Shenzhen;(d)Zhuhai
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Table 2 Cu concentrations in oysters collected from different coastal areas of China.

% RBA WK ((ng-g™) &%k
Species Collection site Cu concentration/(g-g™) References
KEBH G i
. 356 (219 ~767)* [61]
Crassostrea talienwhanensis Bohai Bay
ik ad ! I"RiER
668 (141 ~ 1 554)° [62]
Crassostrea rivularis Guangdong coasts
VT AL il sk
1 383 (467 ~ 3 006) [63]
Crassostrea rivularis Shantou
K8 w4
1 701 (112 ~ 3 836)" [64]
Crassostrea gigas Shenzhen
184 18 41 45 B
. 268 (146 ~ 422)" [65]
Saccostrea cucullata Xiamen
14484t 45 &%
225 (293 ~257) [66]
Saccostrea cucullata Hong Kong
18 18 4t 45 &
719 (205 ~ 1 674) [67]
Saccostrea cucullata Hong Kong
T EH I
) 14 380 + 3 704 [31]
Crassostrea hongkongensis Jiulong River Estuary
Gk AkiIn
3 167 (692 ~ 8 846) [30]
Crassostrea angulate Jiulong River Estuary
HFHWEH Y M
. 2 827° [68]
Crassostrea hongkongensis Qinzhou
B E 4L 45 ® M
] ) 2 242° [68)
Crassostrea ariakensis Qinzhou
BEEHS JLERE
. 671 (118-1 386)" [69]
Crassostrea hongkongensis Beibu Bay
KA 45 WL
. 1 190 (868 ~ 1 883)" [70]
Crassostrea gigas Zhejiang coasts
. 2 744* [71]
Crassostrea rivularis Zhejiang coasts
blimikad /7 HiLO
565 £ 50 [72]
Crassostrea rivularis Pearl River Estuary
. 358 (253 ~562)* [73]
Oysters Zhanjiang
] R
. 644 + 5607 [74]
Oysters South China coasts
H 4 K %
. 126 ~ 490* [75]
Oysters Dalian
4t 45 WA R
119 ~ 536° [76]
Oysters Shandong coasts

e BHRBAESNBETEIRFAR T,

Note: a: Converted from wet weight using a wet wt/dry wt ratio of 7.

3 BEHHRSKOMESHH

Y ARRRELEFERT RN -4
YRR, BEMNRIERFARAEER ZFHE,
HEFRRTEENEYENESFRRE AR TS
TEAFEEE, flm, ot At RABRTES
JRBYBE S7, T 28 f0L B B R 7 At DL 26 (45 dm e I\
DU AF) JUP A L7 AR A R BLR

FEE AR 1 X8, R TV RS e IC SR s B IR
Wz —LSh  FERTFTERP BT H2HE67 #
BT HAI S 4L ar R M A BRI E S B E 7
“HEAHTEET A B A LR 5 EE AR 4 X B
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dc
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=K, xC, +AEXIRXC,- (Ke +g)x C

(L-g'-d"), C,BRAMERBEE (ug-L"), AE BB
LR, R BFERHE (g-¢g'-d"), CRBYEBEE
(hg-g') k BERMHBER, g BEKEEL),
Pan 1 Wang BF5 T H7E 5 PG KR i A 1 30
HEBES, BR B R MBI Saccostrea cucul-
lata 34 B AL R 85% , 8 F HoAth I 26 (46 S A AL
B Chlamys nobilis: 34.6% ; FEE RIS AF Ruditapes
philippinarum: 73.3% ; 35 R W& 1 Perna viridis:
352% ;B UA N Septifer virgatus: 672% ) . T4t W7k
5 HE T 3 (0.03 day ™) W5z AR T At T 2 (0.1 ~
0.15day”), XEKIEHE —EBELFBET 4
L W5 B 5 ik BE AR A Eb A I R R

Wang S5 T E4L B 7815 4 45 T 59 I 240 i 4
M, AR IRE RN — A B (1% ~27% ) 1
WAOMEXRESRBMES . WM AOHBELSBT LY
TR SHGEBREZAGEEHE XK,
George FMR T RHWFHHRNNEREESES, KR
WAEES B EMABELE A G (Cu-S A Zn-P), Pi 0 B
B, A ATIA 3t A 495 I 38 i 47 2 3
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Liu M1 Wang X AR EEBAEAY BT
B RFEBFEBN, MiITRET ARBLRBER
FHREME IFEENBBETARBSEETHAH,
LHERE,MNEAEFEEHIFNES B MG
FIE BRGNS B 8 Em®™, BN
FENEFERZ -EHR2BAES TALBREANE
B, TSN T 4t i B E M S BHRE N, X
R b —Fh &8 5975 Y £ TR i 386 S 41 5 X 2 b
EEMRKRER, EAMEBERT Lo “ g4t
W5 ) i R AR BL A

KEAYRRESBEHERRRESBERY
FKENEZ -, Pan Ml Wang Wit 4LiFB MR
MRTFBERAGAETANONSETONESE R
RMEY s L RY, EREW, FRENTEE
HURRITE IR R KA B AR (8) ¥ B &K
T RRA, MATE W RS T EE, 5
BRI ESRIRERE, 24 T EARMEEH
SR BB . XS R RIS R T
L3 2 NE W G R AR MR BRI EOM ELIR UK
WEREZMMEATHEMR, REXTHEHIGHSH
B Y sh BRI RS B XA LI A REH B
HATIEE T RRE W E AL PTRS R PL




626 £ 5 # B ¥ # Eo%
R RAE, 2011:8 - 11
4 & iF [8] Gao X L, Li P M. Concentration and fractionation of
EiiEEEAK ULERY SR B AR A B DT R trace metals in surface sediments of intertidal Bohai
B RNOTURHEHLTERERE KA HL X B4R TS Bay, China [J]. Marine Pollution Bulletin, 2012, 64 (8):
RRRFEBN (B FRS Sk PR £ L+ 4 A 1529 - 1536
ﬁjﬂﬂg%%“,/\EUﬂﬂZﬁEﬁﬁFiﬁgﬁﬁ%c [9] Wan L, Wang N B, Li Q B, et al. Distribution of dis-
“%ﬁ%”%ﬂ“%ﬁﬁﬁ”%iﬁ%@Q&%’%FF"F%EEB‘J solv.ed metals in s.eawater of Jit.lzhou Bay, China [J].
—ﬁﬁ%ﬁ@é%%\ﬁiﬁﬁyﬂ%o ST AHR f:vuonmental Toxicology Chemistry, 2007, 27(1): 43
@ﬁﬁ%%%%ﬁ%mﬁ%ﬂﬁ T%ﬁ% AR ’ LZRE] [10] Xu L, Wang T Y, Ni K, et al. Metals contamination a-
E&Xﬁﬁ%%%ﬂﬂﬂ%ﬁ%@%‘e&im%?fkm—ﬁa o E long the watershed and estuarine areas of southem
Xt Gtk 7 E At TR I B B i i sh ) (TR Bohai Sea, China [J]. Marine Pollution Bulletin, 2013, 74
BEE NEBNMESREENERNAERFER, X (1): 453 — 463
AMUNBEMFLEREOHR, WRER(IMEY (1] Wang DL, Lin W F, Yang X Q. Occurrences of dis-
FE YRR RIAH, HER#EWEmERIER, solved trace metals (Cu, Cd, and Mn) in the Pearl River
%%EB&E&H@B@KR%%%*B‘JEWO RIS EE Estuary (China), a large river-ground water-estuary
ﬁﬂmﬁ’ﬁ(%?ﬂﬂﬁﬁ@g& ’ K PE S Tl 4T R X 4 5 o system [J]. Continental Shelf Research, 2012, (50 51): 54
gL -63
H B ,ﬁ&%‘ﬁﬂﬁﬁi%ﬂ%%:ﬁﬁﬁ SRSELES [12] Zhang D W, Zhang X, Tian F, et al. Seasonal and spa-
éﬁﬂq$ﬁ?&’ﬁﬁ%ﬁ?§‘%%mlﬁjﬁo tial dynamics of trace elements in water and sediment
from Pearl River Estuary, South China [J]. Environmen-
EREER S 2 CMH065—), FRARXFLEHFER tal Earth Science, 2013, 68(4): 1053 — 1063
HEHR, KAAFEELSHRFMA, CEAKSCIRX [13] Pan K, Wang W X. Reconstructing the biokinetic proces-
300 3%, ses of oysters to counteract the metal challenges: Physio-
logical acclimation [J). Environmental Science & Technolo-
B XX gy, 2012, 46(19): 10765 — 10771
[1] Festa R A, Thiele D J. Copper: An essential metal in bi- [14] Weng N Y, Wang W X. Variations of trace metals in
ology [J]. Current Biology, 2011, 21(21): 877 — R883 two estuarine environments with contrasting polltion
[2] Industry Overview [OZ]. hitp//www.hkexnews.hk/list- histories [J]. The Science of Total Environment 2014,
edco/listconews/sehk/2012/0620/01258 _ 1375464/E114. 485: 604 — 614
pdf [15] AFE#HE, ERE RRF LABNORRBRFESEN
[3] Eisler R. Copper Hazards to Fish, Wildlife, and Inverte- 75 LM [T]. R k2, 2004, 23(3): 321 - 325
brates: A Synoptic Review [R]. U.S. Geological Survey, Zhou X Y, Wang E D, Zhu E J. Evaluation on heavy
Biological Resources Division, Biological Science Re- metal pollution in the sediments at the river mouths a-
port: USGS/BRD/BSR-1997-0002.1998 round Liaodong Bay [J]. Environmental Chemistry,
[4] Sadig M. Toxic Metal Chemistry in Marine Environments 2004, 23(3): 321 —325 (in Chinese)
[M]. Marcel Dekkerinc: New York. 1992: 250 [16] HER, FIE, BEK S BNBXERNTEYESRE
[5] Robinson W A, Waher W A, Krikowa F, et al. The use 75 YR BLPEAN [T, ¥ IR B B2 ,2008,27(2): 178 - 181
of the oyster Saccostrea glomerata as a biomonitor of Zhang YF, Wang L J, Huo C L, et al. Assessment on
trace metal contamination: Intra-sample, local scale and heavy metals pollution in surface sediments in Jinzhou
temporal variability and its implications for biomonitor- Bay [J]. Marine Environmental Science, 2008, 27(2): 178
ing [J]. Journal of Environmental Monitoring, 2005, 7(3): - 181(in Chinese)
208 - 223 (7] ¥EXE, & ¥, KL, S BHBNRYTESRES

[6] Luoma S N, Rainbow P 8. Metal Contamination in A-
quatic Environments: Science and Lateral Management
[M]. Cambridge University Press, Cambridge. 2008: 93 -
125

[7] EXE HELBESHFEEMAEIMRMLEM] I

PR A R M KR TR AR (0], SR BERL A2 22 5, 2006,
26(6): 1000 - 1005

Fan W H, Zhang B, Chen J S, et al. Pollution and po-
tential biological toxicity assessment using heavy met-

als from surface sediments of Jinzhou Bay [J]. Acta



BaW

BAE . o EE AR ORI ARG

627

(18]

[19]

[20]

1]

[22]

[23]

. 4]

[25]

(26]

Scientiae Circumstantiae, 2006, 26 (6): 1000 — 1005 (in
Chinese)
FAE, HER, HEE, S BNBRTENE SMER
BRRYESRSHBHFERK LHRD). BHEMNR
&R, 2006, 26(6): 1000 — 1005
Wang HJ, Ye S Y, Du Y S, et al. The distribution and
compare study of surface sediment in eastern Jiaozhou
Bay and Qingdao adjacent coastal sea [J]. Transactions
of Oceanology and Limnology, 2006, 26(6): 1000 — 1005
(in Chinese)
Gao X L, Chen C A. Heavy metal pollution status in
surface sediments of the coastal Bohai Bay [J].Water
Research, 2012, 46(6): 1901 - 1911
Zhan S F, Peng S T, Liu C G, et al. Spatial and temporal
variations of heavy metals in surface sediments in Bo-
hai Bay, North China [J]. Bulletin of Environmental
Contamination and Toxicology, 2010, 84(4): 482 — 487
Deng B, Zhang J, Zhang G R, et al. Enhanced anthro-
pogenic heavy metal dispersal from tidal disturbance in
the Jiaozhou Bay, North China [J]. Environmental Mo-
nitoring and Assessment, 2010, 161(1-4): 349 — 358
Yuan H M, Song J M, Li X G, et al. Distribution and
contamination of heavy metals in surface sediments of
the South Yellow Sea [J]. Marine Pollution Bulietin,
2012, 64(10): 2151 — 2159
Huang L L, Pu X M, Pan ] F, et al. Heavy metal pollu-
tion status in surface sediments of Swan Lake lagoon
and Rongcheng Bay in the northerm Yellow Sea [J].
Chemosphere, 2013, 93(9): 1957 - 1964
Huang P,Li T G, Li A C, et al. Distribution, enrichment
and sources of heavy metals in surface sediments of
the North Yellow Sea [J]. Continental Shelf Research,
2014,73:1-14
R, XWE, B2, S ANOREYWESRSER
AR IER ST, B EEWIEE R , 2007, 51: 69 - 74
Wu X Y, Liu R H, Qin J, et al. Study on the variance
character of heavy metals contents in sediments in
yellow river estuary [J]. Transactions of Oceanology
and Limnology, 2007, 51: 69 — 74 (in Chinese)
EN, BBRE, HAR. RERENRYTELRE
BT R LD KEBF K¥EEM], 2007, 51: 69
-74
Zhao B G, Shao M H, Bao Y E. The features of concen-
tration and dispersion of the heavy metals and their
changing pattems in surface sediment of East China
Sea [J]. Chinese Journal of Dalian Maritime University,
2008, 3: 13 — 16 (in Chinese)

[27] An Q, Wu Y Q, Wang J H, et al. Assessment of dis-

[28]

[29]

[30]

B1]

(32]

(33]

(34]

35]

[36]

solved heavy metal in the Yangtze River Estuary and
its adjacent sea, China [J]. Environmental Monitoring
and Assessment, 2010, 164(1-4): 173 - 187

Che Y, He Q, Lin W Q. The distributions of particulate
heavy metals and its indication to the transfer of sedi-
ments in the Changjiang Estuary and Hangzhou Bay,
China [J]. Marine Pollution Bulletin, 2003, 46(1): 123 -
131

Zhang L, Wang M H. Environmental mercury contami-
nation in China: Sources and impacts [J]. Environment
International, 2007, 33(1): 108 - 121

Wang W X, Yang Y, Guo X, et al. Copper and zinc
contamination in oysters: Subcellular distribution and
detoxification [J]. Environmental Toxicology Chemistry,
2011, 30(8): 1767 - 1774

HER BRPEESSXABIRYESENSES
R[N G E MRk, 2008, 3: 362 - 366

Lin J J. Concentrations and distribution of heavy metals
in surface sediment of Luoyuan Bay, Fujian Province
[J]. Oceanography in Taiwan Strait, 2008, 3: 362 - 366
(in Chinese)

BEH HLE BERR, S BEARNBREIRY
TESRMWESRESHAI] AERESHEAR, 2007, 20:
27 -34

Gong X Y,Qi S H,Lv CL, et al. Concentration and dis-
tribution of heavy metals in surface sediment of
Quanzhou Bay, Fujian Province [J]. Environmental Sci-
ence & Technology, 2007, 20: 27 - 34 (in Chinese)
KR BREIEBRBIRYCREERS BTSN
fE[7). FRE L, 2008, 4: 402 - 408

Zhang K B. Characteristics of the elemental abundance
and content of near-shore neritic sediment in Fujian
Province [J]. Geology of Fujian, 2008, 4: 402 — 408 (in
Chinese)

AR, BRI WABEREHBAYESBRTESEN
AT FHEBFIEI). WH R, 2009, 1: 106 - 116

Qiao Y M, Huang C J. A study on concentration and
distribution characteristics of heavy metals in surface
sediment of the Shantou Estuary in China [J]. Acta
Oceanologica Sinica, 2009, 1: 106 - 116 (in Chinese)
HEE, R ANE KICORBHBAYEAEES RS
i RIFPD). B WEER, 2006, 3:27 - 36

Huang X Q, Liang K, Liu X. The distribution and as-
sessment of heavy metals in surficial sediment in the
Pearl River Estuary [J]. Transactions of Oceanology
and Limnology, 2006, 27 — 36 (in Chinese)

BER, BTRE, BEN, . ROIAKONEZRIRY
EERIERERESEETFND) MOABEEEREFR



628

E B ¥ #H

Eo#

B7]

[38]

(391

[40]

[41]

[42]

[43]

[44]

145]

(BB, 2009, 2: 188 - 191

Yang W L, Lai Z N, Wei T L. Pollution and ecological
hazard evaluation of sediment heavy metals in Pearl
River Estuary [J]. Chinese Journal Zhejiang Ocean Uni-
versity (Natural Science), 2009, 2: 188 — 191 (in Chinese)
Li T, Xiang R, Li T J. Benthic foraminiferal assemblages
and trace metals reveal the environment outside the
Pearl River Estuary [J]. Marine Pollution Bulletin, 2013,
75(1-2): 114 - 125

EF¥ BTV, BR. RYIEERRENERARY T
B & J8 4 A5 FRAE 7). ¥ B2 (F 3UAR), 2008, 4: 71 -
79 :

Zuo P, Wang Y P, Cheng J, et al. Distribution charac-
teristics of heavy metals in surface sediments and core
sediments of the Shenzhen Bay in Guangdong Prov-
ince, China [J]. Acta Oceanologica Sinica, 2008, 4: 71 -
79 (in Chinese)

Gao X L, Chen C T, Wang G, et al. Environmental sta-
tus of Daya Bay surface sediments inferred from a se-
quential extraction technique [J]. Estuarine Coastal and
Shelf Science, 2010, 86(3): 369 - 378

Zhou F, Guo H C, Hao Z J. Spatial distribution of heav-
y metals in Hong Kong's marine sediments and their
human impacts: A GIS-based chemometric approach
{J]. Marine Pollution Bulletin, 2007, 54(9): 1372 — 1384
R, RRE BEERRYTESRITRIEEE
HBBED] WEFHRE, 2004:1:22 -24

Qiu Y W, Zhu L S. Heavy metals pollution and their
potential ecological risk in the sediment of Hailing Bay
[J]. Marine Environmental Science, 2004, 1: 22 - 24 (in
Chinese)

Wang Z H, Feng J, Jiang T. Assessment of metal con-
tamination in surface sediments from Zhelin Bay, the
South China Sea [J]. Marine Pollution Bulletin, 2013, 76
(1-2): 383 - 388

Dou Y G, Li J, Zhao J T. Distribution, enrichment and
source of heavy metals in surface sediments of the
eastern Beibu Bay, South China Sea [J]. Marine Pollu-
tion Bulletin, 2013, 67(1-2): 137 — 145

REF AR AVRTBERIBYESZRNLSH
REUE 55 R WA [J). 4 MR B R, 2004, 5: 91 - 96

Guo X Y, Huang C J. Distribution and source of heavy
metal elements in sediments of Zhanjiang Harbor [J].
Tropical Oceanography, 2004, 5: 91 — 96 (in Chinese)
HEMN, B, Z4R @St RERRRENRY
RELS RS MGORAT). BB ER, 2003, 1:
36 —42

Gan J L, Jia X P, Li C H. Characteristics of distribution

[46]

[47]

[48]

(491

(50]

[51]

[52]

(53]

[54]

[55]

(56]

and pollution of heavy metals in surfacial sediments
from continental shelf of northern south china sea [J].
Tropical Oceanography, 2003, 1: 36 —42 (in Chinese)
kFg, RIEE, 7, 5. SHEEBESAMIRY
EERIGRHRD] AR KEERERBLER), 2003,
1:81 -90

Zbhang Y F, Wu Z H, Wang N. An investigation of
heavy metal pollution in the bays in the south of Hain-
an islands [J]. Chinese Joumal of Nanjing University
(Natural Sciences), 2003, 1: 81 ~90. (in Chinese)

Hu B Q, Cui R Y, Li J. Occurrence and distribution of
heavy metals in surface sediments of the Changhua
River Estuary and adjacent shelf (Hainan Island) [J].
Marine Pollution Bulletin, 2013, 76(1-2): 400 — 405

Yu X, Yan Y, Wang W X. The distribution and specia-
tion of trace metals in surface sediments from the Pearl
River Estuary and the Daya Bay, Southern China [J].
Marine Pollution Bulletin 2010, 60(8): 1364 ~ 1371

Ip CC M, Li X D, Zhang G, et al. Over one hundred
years of trace metal fluxes in the sediment of the Pearl
River Estuary, South China [J]. Environmental Pollu-
tion, 2004, 132(1): 157 - 172

Qiao Y M, Yang Y, Zhao J G, et al. Influence of urbani-
zation and industrialization on metal enrichment of sed-
iment cores from Shantou Bay, South China [J]. Envi-
ronmental Pollution, 2013, 182: 28 — 36

Sun QL,Liu D Y, Liu T, et al. Temporal and spatial dis-
tribution of trace metals in sediments from the northemn
Yellow Sea coast, China: Implications for regional an-
thropogenic processes [J]. Environmental Earth Sci-
ence, 2012, 66(3): 697 — 705

Zhao J T, Hu B Q, Li J, et al. One hundred-year sedi-
mentary record of heavy metal accumulation in the
southeastem Liaodong Bay of China [J]. Environmental
Earth Science, 2014, 71(3): 1073 - 1082

Tessier A, Campbell P G C, Bisson M. Sequential ex-
traction procedure for the speciation of particulate trace
metals [J]. Analytical Chemistry, 1979, 51(7): 844 — 851
Rauret G, Lope-Sanchez J F, Sahuquillo A, et al. Im-
provement of the BCR three step sequential extraction
procedure prior to the certification of new sediment
and soil reference materials [J]. Journal of Environmen-
tal Monitoring, 1999, 1(1): 57 - 61

Fan W, Wang W X. Sediment geochemical control on
Cd, Cr, and Zn assimilation by the clam Ruditapes phil-
ippinarum [J]. Environmental Toxicology and Chemis-
try, 2001, 20(10): 2309 - 2317

Salomons W, Environmental impact of metals derived



%4

B P BT WA LIRS TS R ERBL

629

(571

[58]

(591

(601

[61]

[62]

[63]

[64]

[651]

[66]

from mining activities: Processes, predictions, preven-
tion [J]. Journal of Geochemical Exploration, 1995, 52(1-
2):5-23

Fan W, Wang W X, Chen J, et al. Cu, Ni, and Pb speci-
ation in surface sediments from a contaminated bay of
Northern China [J]. Marine Pollution Bulletin, 2002, 44
(8): 818 — 824

Fan W, Wang W X, Chen J. Speciation of Cd, Cr, and
Zn in highly contaminated sediments and its influences
on assimilation by marine bivalves [J]. Environmental
Science and Technology, 2002, 36(23): 5164 - 5171
Yang Y Q, Chen F R, Zhang L, et al. Comprehensive
assessment of heavy metal contamination in sediment
of the Pearl River Estuary and adjacent shelf [J]. Ma-
rine Pollution Bulletin, 2012, 64(9): 1947 — 1955

Ip C C M, Lj, X D, Zhang G, et al. Trace metal distribu-
tion in sediments of the Pearl River Estuary and the
surrounding coastal area, South China [J]. Environmen-
tal Pollution, 2007, 147(2): 311 -323

Liang L N, He B, Jiang G B, et al. Evaluation of mol-
lusks as biomonitors to investigate heavy metal con-
taminations along the Chinese Bohai Sea [J]. The Sci-
ence Total Environment, 2004, 324(1-3): 105 -~ 113
E¥Fih, THS R S T REENRIFNESRS
B4 DT RIIE 4 [T). B K=, 2008, 6: 83 ~ 87

Wang X N, Wang Z H, Lin Q, et al. Analysis and as-
sessment of the content of four heavy metals in shell-
fish along Guangdong coastal waters [J]. South China
Fisheries Science, 2008, 6: 83 — 87 (in Chinese)

P, BACTL, Fhak B sk ¥ B R SR K 350 1 7 o
EHOMEAEEBEERNAED]. AWEREER,
2004, 4: 56 — 62

Sun P, Huang C J, Qiao Y M, et al. An investigation on
heavy metal contamination of marine animals in Shan-
tou harbor [J]. Tropical Oceanography, 2004, 4: 56 - 62
(in Chinese)

B, R, IXA, FRIGERFHMGEAR
RYBE (). £SBEE, 2004, 23:20 - 24

Cheng H S, Xu Y X, Jiang T J, et al. The pollutants
within oyster cultured in the coastal zones of Shenzhen
[71. Ecological Science, 2004, 23: 20 —24 (in Chinese)
e BITERFAMNXENES RS TR
¥ EERLEE, 2009, 2:33 - 37

Ruan J S. Preliminary study of heavy metals concentra-
tions in the culture-shellfish from Xiamen coastal wa-
ters, China [J]. Marine Science, 2009, 2: 33 - 37(in Chi-
nese)

Cheung M S, Wang W X. Analyzing biomagnification

[67]

[68]

(691

{70]

1]

[72]

[73]

of metals in different marine food webs using nitrogen
isotopes [J]. Marine Pollution Bulletin, 2008, 56 (12):
2082 - 2105

Pan K, Wang W X. Biodynamics to explain the differ-
ence of copper body concentrations in five marine bi-
valve species [J]. Environmental Science and Technolo-
gy, 2009, 43(6): 2137 — 2143

RER, HE E2F " EOHG EEFEEELRE
[J]. W HEIFHERL, 2010, 29(6): 896 - 898

Song Z K, Xie T, Dong L F et al. Accumulation of
heavy metals by “Jinjiang oyster” in Maowei Sea [J].
Marine Environmental Science, 2010, 29(6): 896 — 898 (in
Chinese)

BITRK, EHE, RERE. S EILBBAENLESR
ERAMESETTRAEGARBASFI. €& Tk
Rl 2013,8: 52 - 64

Jiang Y X, Wang W T, Chen D L, et al. Heavy metals
contamination of bivalve harvested from the north of
Guangxi gulf and potential health risk assessment for
Nanning consumers [J]. Science and Technology of
Food Industry, 2013, 8: 52 ~ 64 (in Chinese)

FREE, REE, BE ILARESEEFEANLIHE
EREESFTERMI] HILEHEEREERE AR
), 2011, 30(6): 520 — 524

Chen X C, You J J, Gu T, et al. Analysis and assess-
ment of the content of three heavy metals in cultured
shellfish along the natural sea area of Zhejiang [J].
Joumal of Zhejiang Ocean University (Natural Science),
2011, 30(6): 520 — 524 (in Chinese)

IR, BB, XNE. I EB N A ENESRET
RS BKESHNI]. BB, 2010, 284): 43 - 49
Sun W P, Pan J M, Liu X Y, et al. Study of the content
of heavy metals in the mollusks from the near-shore of
Zhejiang Province [J]. Journal of Marine Science, 2010,
28(4): 43 - 49 (in Chinese)

BEWE, TRE, BUS. BRI OSTEIRKESY
HEHESRERNESTND]. EFHERELRE
RAL2)R), 2010,3: 104 - 114

Qin C Y, Fang Z Q, Tang Y J, et al. Contents and eval-
uation of heavy metals in common aquatic from Ling-
ding Yang in Pear River Estuary, South China Ocean
[J]. Journal of South China Normal University (Natural
Science Edition), 2010, 3: 104 ~ 114 (in Chinese)
WA, INE R, BRESE. BT B 6 R [ K
NRYMNXEANESRED). T REFRFER,
2011, 31(1): 67 - 72

Zhang C X, Sun X L, Chen C L. Heavy metals in sea-

water, surface sediment and shellfishes in tideland of



630

£ &

¥ B ¥ #

B9%

[74]

751

[76]

77}

[78]

(791

[80]

Zhanjiang Harbor [J]. Journal of Zhanjiang Ocean Uni-
versity, 2011, 31(1): 67 — 72 (in Chinese)

EN, EHEE, AR T ABBEIHGESBE SR
HIE B H R 47 (7). Rk SRR 22 22 4R, 2011, 31(1):
67-72

Wang Z H, Jia X P, Lin Q. The content variation char-
acteristics and risk analysis for heavy metal in Cras-
sostrea rivularis along the coast of Guangdong Prov-
ince [J]. China Journal of Agro-Environment Science,
2012, 31(3): 607 - 612 (in Chinese)

P, b U, TR, KEERERURNAKELR
SR AE 5. B HFER 2, 2012, 31(3): 410 -
413

Pang Y H, Sui K, Wang Q Y. Investigation and assess-
ment on heavy metals in bivalve seashells of Dalian
coastline [J]. Marine Environmental Science, 2012, 31(3):
410 - 413 (in Chinese)

HRE, e, HEW. %5 WAEREFNAENE
&R FEAHI. WFRRLF2E, 2009, 8: 58 - 63

Du R X, Fan Z X, Wei A L. Content analysis of heavy
metal in economicshellfish from Shandong coast [J].
Shandong Agricultural Sciences, 2009, 8: 58 - 63 (in
Chinese)

FBEF, EOR, A K, B T RIEEELH GRS
BKF BBHAHEAABLEBED]L PEATHE,
1999, 6, 97 - 100

Jia X P, Cai W G, Lin Q, et al. Levels, spatial distribu-
tion and variation tendency of arsenic in oysters from
the coast of Guangdong province [J]. Joumal of Fish-
ery Sciences of China, 1999, 6: 97 — 100

TR, R, BEXR, % I RERASR CA SRR
B2 AR A [J] BB, 2001, 7: 82 - 86

Jia X P, Lin Q, Cai W et al. Contents and temporal-spa-
tial distribution characteristics of Cd in oysters along
Guangdong coastal waters [J]. Joumal of Fishery Sci-
ences of China, 2001, 7: 82 - 86

FRE, FHRE. T RESFRPROELBE—8
BRAMBER HWRAEZ ] PEKTR#,
1996, 3: 84 - 93

Zong Z L, Jia X P. The change tendency of mercury in
Guangdong coastal environment since - “ The mussel
watch” in South China Sea [J]. Journal of Fishery Sci-
ences of China, 2001, 7: 82 - 86

HEEF, MKk, ZAE, % RIFELYA P S BK
F REtE A BRI KTEFE R, 2000, 24: 527 - 532
Jia X P, Lin Q, Li C H et al. Concentrations and tempo-
ral-spatial variation trend of Pb in the oysters from

Guangdong coastal waters [J]. Joumal of Fishery Sci-

(81]

[82]

83]

[84]

[85]

[86]

871

(88]

(89]

(90]

p1]

92]

ences of China, 2000, 24: 527 - 532

BRER, HET, FEOCH, . 1989-2010 £ K4t
YAtk P9 Pb BT 25 407 B KU VRN (7). P E SRR 2,
2011, 31: 1725 - 1731

Chen H G, lia X P, Cai W G. Characteristics of spatial-
temporal distribution and risk assessment of Pb in oys-
ters along the coast of Guangdong Province from 1989
to 2010 [J]. China Environmental Science, 2011, 31: 1725
- 1731

RhE, WO, AER. ELAFHENEEESE Cu
15 3 MW A MR BESE (7). MG VSR RL 22, 1998, 17(2): 17
-23

Lu CH, Xie W Z, Zhou GJ. Study on Crassostrea rivu-
laris as a biomonitor forcopper pollution in sea water
[J}. Marine Environmental Science, 1998, 17(2): 17 - 23
A% EOHGENESCEBREYERSOS
BR[N] MK, 1994, 13(1): 14 -20

Oyster Ostrea rivularis as an indicator of heavy metal
pollution [J]. Journal of Oceanography in Taiwan Strait,
1994, 13(1): 14 —20 (in Chinese)

Ke C, Wang W X. Bioaccumulation of metals (Cd, Se,
and Zn) in an estuarine oyster and a coastal oyster [J].
Aquatic Toxicology, 2001, 56(1): 33 - 51

Wang W X, Wong P. Dynamics of trace metal concen-
trations in an intertidal rocky shore food chain [J). Ma-
rine Pollution Bulletin, 2006, 52(3): 332 - 337

Bendell L I. Cadmium in shellfish: The British Columbia,
Canada experience-A mini review [J]. Toxicology Let-
ters, 2010, 198(1): 7 - 12

Kruzynski G A. Cadmium in oysters and scallops: The
BC experience [J]. Toxicology Letters, 2004, 148(3): 159
- 169

Lankester E R. On green oysters [J]. Quarterly Journal
of Microscopical Science, 1886, 26: 71 — 94

Han B C, Hung T C. Green oysters caused by Cu pollu-
tion on the Taiwan coast [J]. Environmental Pollution,
1990, 65(4): 347 - 362

Han B C, Jeng W L, Tsai Y N, et al. Depuration of Cu
and Zinc by green oysters and blue mussels of Taiwan
[J]. Environmental Pollution, 1993, 82(1): 93 —97

Lee C L, Chen H Y, Chuang M Y. Use of oyster, Cras-
sostrea gigas, and ambient water to assess metal pollu-
tion status of the charting coastal area, Taiwan, after
the 1986 green oyster incident [J]. Chemosphere, 1996,
33(2): 2505 -2532

Amiard J C, Amiard-Triquet C, Barka S, et al. Metallo-
thioneins in aquatic invertebrates: Their role in metal

detoxification and their use as biomarkers [J]. Aquatic



®ay WAL R E I T A O IR SR TS R KR B 631

Toxicology, 2006, 76(2): 160 — 202 the compartmentation of Cu and zinc in the oyster Ostrea
[93] Amiard-Triquet C, Raibow P S, Roméo M. Tolerance to edulis [J]. Marine Biology, 1978, 45: 147 — 156
Environmental Contaminants [M]. CRC Press, 2011, 127 - [96] Liu F, Wang W X. Facilitated bioaccumulation of cad-
151 mium and copper in the oyster Crassostrea hongkon-
[94] Wang W X, Fisher N §, Luoma S N. Kinetic determina- gensis solely exposed to zinc [J]. Environmental Sci-
tions of trace element bioaccumulation in the mussel ence & Technology, 2013, 47(3): 1670 — 1677
Mytilus edulis [J]. Marine Ecology Progress Series, [97] Rainbow P S, Luoma S N. Metal toxicity, uptake and
1996, 140(1-3): 91 - 113 bioaccumulation in aquatic invertebrates-modelling zinc
[95] George S G, Piris B J S, Cheyne A R, et al. Detoxification in crustaceans [J]. Aquatic Toxicology, 2011, 105(3-4):
of metals by marine bivalves: An ultrastructural study of 455 - 465 *

WA RSB ERARERICESRTER
20144725 H kRE:BREERS

£ SRR R E BT R 45 (RASFF) B R4 , 78 2013 4E 3 O 2 BR 5 A9 & 5 4 b bf B O ] & B T B AR
WA—MEREXHE,

RASFF ZZERKEN A B EERHNHNRAZR RES B &R R AR EREA R M EEER
a8 R A S AR E B, BT BB R E—RFI4T3h, LA A 26 ™ i A B B 0 B8 A B

RASFF A FEREGER  BHUEIRERAR A EHNREEFHTITE 0B FRKEAZREMENE
REKBREMMEXRE, EMERNESBE 208 F2ERHNTARSEMMBERY 8% . FEE
AW Bt B R

ZRERFHB S —REREFARRMETER (PAA) K. A, M 2012 4, R H SR
3 7 e A PR R SE B R LRI ZE 2013 4Ei 14 RASFF R ERB L 95T 10 A1,

BRI, RASFFIRRERBTHEEAERENE REMMEHEXEERNBE TR, 7 2013 FiEid
RASFF RS &£ A0 B3k 3205 TR MAFERHEXCER T, RE 23 TS| R EMMRAHEX, 5§ FE REFER
B 69% o, 2012 X LLHI R 82% ,2011 452 84% o X — T REATAEIS I T 2011 Bk 33 8K 55 A R B LR AT HY
B, B R E W R B AR R R AR OE T Rk &H,

Bl AR ELERAR)2014 F£5 32 H1E85E 296 (P ERBEEREDIRLF R E LR %
#) ’
http://www.chinachemicals.org.cn/reported_detail.aspx? contentid =308&ClassID =230



