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&R 7k 3= 58 BX M 45 £ (Dicentrarchus labrax)
ELESTERAESEESTISMT

FERY £ ¥ Kpad F K K OB
(1. BHERSFKF= S8 abe BiE 2013065 2. HEUKF=R2ERR G ShrMEr s JEat 100141;
3. B ERTENARAR  Jbal 100020)

WE I THEATERETEERARAS LN EAT R ELE L2 MMM, KK XA
AR A S TR SOEEL(CP %)M E F KL K(AFS %), *HZH HEITR KR R 5+ RO &
# (Dicentrarchus labrax)4h # . FR7E F #ifn ik & 3 M BB &R ALA . FAEfEE 8 fh & 4 B (As.
Cd. Cr. Cu, Ni, Pb, Zn 1 He)& EH#HATME, RE T, NEKMERE, MArHLERE;,
XELRAEMME RN >TRATE, ILAT As S B AR A, T AMEHY 1.93 mgkg,
Cu fn Hg N # K., & A1 454 0.354 F10.021 mg/kg; AFHESF As, Cd F1 Cu 4 & 3 W B 8] 3 fn,
WA A 147, 1.09 #1 143.00 mg/kg; B As & & Mo B H Ao 7 36 Ao, & AfEH 0.321 mg/kg,
Cr. Cu, ZnfrHg &2 EE R m#Es, T AME25H 0356, 458, 19.2 #10.0137 mgkg. A
DA RE, As & E N NA>FIE>E, Cd. Cu 0 Zn & EH N HIE>E>MA, Hg &N
MA>EE>FFIE, Cr 2 ENESHFIESIN. T2H o, BN FEELESENR AR L LER
E(GB 2762-2012), 5 & REL B AU T ERELL, ZRAATHRNY 2B T RF 4. K
RAEEAR, R T S AKF Po A0 Cd HAR, A ES B S EHNRK A RE LA FARE(GB 11607-89).
KA ERERATEL BT LAELATREN,

KR EIAARKE; MMNEE; ELRE; TE; A80H; BEEAE

FESES X835 XHEMFRIREE A XEHS  2095-9869(2017)05-0083-09

KFEFRIAE A NSRRI RE A Al @z —. @il RG4S AOCERER AL B, W SEEK
Pk, HFSREZAE B, SEIE, #2030 4, PR A PEER A, hnssm T X KA TS Ye Wy 045 B A
FEX K= i B TR I 2000 J5 ¢ ((R& =45, FRRMFFHAMIEESE, 2015; TAL, 2014Y; KdH
2012), TEH K FRFEAR I (RAS) BN N 2 FiE 0 i e 24 1 %, 2014; RS, 2016). [FE, PG K FRE R G n9 &
HAREUR H 25 B = 5 ANETRT G AW A A0 PR, O (38 ol 4 K R R FR 58 6 4 0 A 4 a1
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2 )R 38 %

MR XS AR E 1K FREE

PEPR K IR AR A LR g 2, (H R H
PR B RAIE , #5320 K32 25 4%, H IR K AL B ER
TIRGE S A RCRAEAE R, — BGE Y B RE K A
FIMRGE, FMELIHER RS, DT, 7EME /K FR0H &
girp, KA T 2SR mAGEET, W EELRT]
RGO i TR A R OREE o A, SR AR AR
AR RRFEY BT, ki 4 8 S e H Y i o)
RS B, G FY) B RIS 2% FRAH ™ b il
U A 4 R) R A T i 1Y BT PR K . Martins 45
(2010)WF5E 7RI K FRAE R GErh 3 FhAS [] KA B 3k 42
(30, 70 1 1500 L/kg feed-d)%f 354t JE & % 3k fa
(Oreochromis niloticus){4 N i) 4 J& & it 152, &
RAE IR K o 4 S 7 it AR K 3R BB D TS, R
KIEA S SEES R B, BEr, REFERK
TR K 22 R AT 6 1 7K LR K AR R F2 5 K I8, 998
SRR TR , BRARISTTREFERUA . R4k, MG
F ] Tl ity P i, K87 e i IR T 5
AHL, FREE K b2 20 . R, A CHEH
IKFEFARE I SE , REZEPEFRM ARG KL T L
ARG . A P s SR AR IR T . RS
TS5 I 1, 2011; XIS, 2012), AKX
BEACFR B ™ b 1 2 Ak Il R/ D A 5

RKEET R E N T IEH KRR &S T
AR B T R X, ASBIFFE DL Rt X e R AU R
P&t ff1 (Dicentrarchus labrax)fii 5 /K 37 8 £ 45 M5
NP4, FEFEFE RS R N [R] e 8] BEOR S FR AR A, 2R AT
BEE G SRR BT, DU PEARIZ SR 56 7 S )
GAVE, IEPRIRIRE PR K FR5H 22 4 5 4 Ja A RO
RN 0 RS0 ERAE , S B PR PR K FE A AR X
AT A AR AL IR 2%

1 #wREFE
1.1 SEIGiZit. RS R RHE

IR FHAR MY AL K HE T I TR XA K B, IR A
PR A 1 #h5 xiK 5 R HoK, K Zead Pl b i

VR, SHTEIRRAKE S, AR E 30 £47,
YENFRBE R Gl KR . izl 1 B E AR K IR0
ARG 1 B RGA 8 ANRETEKJe i, HiK
P BN 6 m, /KIEEK 1 m, RN 605558 % 5 2
M 30 kg/m?, FEIE K A HUWGS nE AR L g | AR
Yrug it A= YR . VRIR ISR, FE K 1] 3R A G AR
M, HEIKZEHR 50%.

AWFFEIERE | EFRIH R G 1N FREE I A AT X
(AT FFBAAL) 1600 ), RAEZFFIZNM
it A KA 3 B BLIRES, . AR 3 N,
FRFEFHI N 2015 4F 2-5 A). PG 6 A, FH
JEII A 2015 4F 2-8 H)FIsifa(FR5E 10 N H, FR5EE
2015 4F 2-12 1), 3 DNHrBeRRR 4 BIBEHLRAE 6 FEfh
W 5 A K o B AR RS DL 1, BRUN B %)) £
FEIE AR A O LPR | FRE | SR T 4R
HAE o A BISRAE 2] Sl TR A URK .« FR5E M Pk A
YIIEAR A FL K 3 FOK AT T 48 S e

1.2 RFI5{E

121 MNE EG35A Plus HL IR CGEIAZBHE FRA
Al, HE); 4% ICPE-9820 Hi B A %55 T & 5
FEIEAL (B, HA); AFS-830 BT 6
AL R A RA A

1.2.2 AR/ S5 R H4a B AR R W T E K
F SRR S e SRR B B VW B NNA £ 7/ 05073 0 T
T Jo W) T v D b A o b K 4 3 e 3ok £k 2 B A
. R SR . SRR el T E 2
b2 PR A A

1.3 HmitiE

IKRE K ARBUI K | St K R AR B g A K 4%
FKAEST A 0.45 pm IR IEREHIE, A 1 ml 65%
HNO;, & F—-20CUKFEL-AF R,

A IRE KA O TN o £ R A 2R VKA Y
PRIEAE R, P ST ae 5, K R 5 P B i
FIII4y MEUILA . BF . SEZHZY, HSELAIRIE BT
20 CEMF T AE& .

® 1 FEIFRERM R MG &R

Tab.1 Specifications of D. labrax at three growth stages
KB B FE £ &K BL(cm) R E BWH(g)
Growth stages Sample number 7 [l Range Mean+SD 7 [l Range Mean+SD
#1f4 Juvenile 6 7.5-10.2 9.1x0.9 13.3-17.6 15.8+1.3
FH# Mid-term 6 30.2-31.5 31.240.8 221.3-331.3 287.3+47.5
A Adult 6 25.0-30.6 27.942.1 270.4-470.7 380.0+82.9
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T ERHAS IE IR K 3558 WM 85 8 (Dicentrarchus labrax) T 4 & 15 Yotk 5 5 52 0 AR 4R 1iF

85

BT IFREL 1.5 g ZEATRE S 50 ml HETE R
., A 12.0 ml 65.0% HNO; DI & 3.00 ml 70.0%
HCIO,, N sl nd; H il %5 s oA B
P LT R BT A, 2 IR s ) TR
AP A 65.0% HNO; Fil 70% HCIO, IR&

MR, SREENNME, HERBEBOETIFE AW, Wikt E

WA B 85 0, Yo HJ P 25 B Tk i SR A I
HOFERE 25.0 ml, Rl Z A, AR

1.4 £ENE

PR Py ke S SR AT i, B S P B B A S S T
R SHEIEAME As. Cd. Cr. Cu. Ni, Pb, Zn,
e ks CEdh Py, il k. 45 B RS AN
BELOBW. BG. HE. BLL BKL BEL B WL B HLEE
B 5E ) (DB53T 288-2009), [ 12 G:ME Hg,
e B (B ZEEFhE &b Bk H
LR B ) (GB 5009.17-2014), 5 35 & rh il 4E A7
ML, MRAEtRE g AM AP HEE R S5,
BEOYRE SN E 3 AFEATHRE, S5 RLINBE T, Fril4
JCEMBRBICRN 85%—120%, A5 bR 22 /8 T
5.00%.

M FiE

R G G s gk, sk E ML e R
FrE-1 it H 5 Y R (GB 2762-2012) (2012), X7 5z
6 F KR 5 €7 JUL DA PP R 4 S VS YR LA T IR . %
AR E S JE AR RIS YRR T g, Ho, 5 YR $i<0.1
FARTGYE; 0.1-0.2 RIIEYY; 0.2-0.5 KI5 Y
0.5-0.7 A5 ; 0.7-1.0 HEIG5Y; >1.0 K =Hi5
(AR, 1994),

1.6 HIEAIER S HT

K P 5 £ 45 21 2028 B E 4 JE 6 AN R) A K By B AR
PR 1 Excel 2010 F1 SPSS 21.0, Bt % T #5631 7

225000, TR s AR st 4l 1 R UIA
A K B B i 25 5, ASORA B BV . FE

15

TR 4 R 25, P<0.05 K TR E R 5%,
2 ZRE5HH

21 Bt ERNSREKEDIESRESETERA

2 RRRUN G f0 4 2 2 R A Jm R R AR AR
., TEFTRIEY 54 AT, Cd Al Cu fETEMIPR,
BRI M0 33.3%F1 22.2%, Hirf, #FrkES B AF
FET AL, LR FERREAS th 25 ST R YR A o
IS B 7 WU s e (AR DN 4 R o B VAR O R, 7
JIAS I L IR o MR A v, AL PRI it B 4 T
M &5 K5 A I E B L2 ERRE - &g
PR (GB 2762-2012) (2012),

AW BRI IEK KR K TR 4R S
FEL FITBIR B bR v G 3% 3 B/, /KRR v B 4 8 A i /K
TGO RAE, BrIFE K d Pb A Cd IR,
AR T 4 U 2R A DN 235 R 4 A5 5 L b oK 5 s 1
(GB 11607-89) (1989),

1 SAASHI T WU i 0 25 A 4 B B LA B
LRI SRR, FAERKNBES RS YR
BA AN, Hf, FREais R BmeE, A
0.0831, FFH 1 IR FRE AL 75 YL 38 2057 3R 0.0203
F10.0302, £ KB BIRR &5 a2 )8 T ARG Y. £
ZFH RGN E &R G RAEL EE N, ks T %
SR B FHVE L, (AR 75 BEXT 2R Ge b A7 Wi T4 P A 4
I, UMRZ R G K& &HWE1T.

22 ARERKMERNYEEESRESETUFE

ANTR) A K By BE RN s £ JIL PR Hp o 4 T AR A
FRIEANE 2 fR. W& SRR HETT, As FiK
SEE RGN, HM B 2 R 3 25 (P<0.05), fE
Hifa MO B, HAA 2500 1.05 mg/kg, FEFRH
MBL, HiE N 1.93 mg/kg, Hg & &K VB HifEAL,
HAHE. Z B FF1E i 75 22 5(P<0.05), TEZ) I B
B, HEES%4 0021, 0.005 mgkg, HETEE
B2 A PR ARIE(0.5 mg/kg), Cu 5 Hg &8 ki

®2 MiNEaRARAPESERHEMBIRE%)

Tab.2 The detection rate and the over limit rate of heavy metal in three tissues of D. labrax (%)

i H Items

4:J& JCE Metal elements

As Cd Cr Cu Ni Pb Zn Hg
WLKE H % Detection rate in muscle 100.0 33.3 16.7 100.0  44.4 333 100.0  100.0
JFAEAS HY % Detection rate in liver 100.0 100.0  100.0  100.0 66.7 33.3 100.0 0.0
4 H % Detection rate in gill 1000 667 1000 1000  11.1 0.0 1000  61.1
PR Over standard ratio 33.3 0 222 0 0
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#3 BEKWEFEKPESESETCEMBREFRAEm/L)
Tab.3 Concentration and limit standards of heavy metals in water at three growth stages (mg/L)
FEIE B B 45 JHJCE Metal elements
Growth stages As cd Cr Cu Ni Pb Zn Hg/107
Zhin 7K Inflow nd nd nd 0.003 nd nd 0.009 nd
Juvenile 7K Culture nd nd nd 0.003 nd nd 0.009 nd
H7K Outflow nd nd nd 0.003 nd nd 0.009 nd
Hr it i##7K Inflow nd 0.007 nd nd nd 0.160 0.032 0.102
Mid-term  yiHh7K Culture water nd 0.004 nd nd nd 0.046 0.014 0.377
H7K Outflow nd nd nd nd nd nd 0.015 0.256
i AL 7K Inflow nd nd nd nd nd nd 0.004 0.098
Adult WA K Culture water nd nd nd nd nd nd 0.008 0.117
H7K Outflow nd nd nd nd nd nd 0.003 0.123
FR i AR Limit standards 0.05 0.005 0.10 0.01 0.05 0.05 0.10 0.50
" nd AAKKH  Note: nd: No detection
o107 FHGR RS, LI 2 )47 7E 535 9% 5 (P<0.05),
008 T4yt iy B 5 ik 5 B0 KA (8.98 mg/kg), FRAHH
g ' 15 Bl A5 /IME (4.59 mg/kg) . Cr Al Pb 7E 45 KB Bt 3
£ 006} AR
= ANTR) A= K B B DU s £ JHF I vh B 4 R A R AR
A = - N N NN
£ 0.04f DL 3. As Fl Cu 5 5t 7K V- BE 55 58 I (8] 4 3 iy 32
gm N . . = N
= o, HITER A BOA RIS KM, 7300 1.47,
£ 002 143.00 mg/kg, HAr, As FEAEL) TR P A 2 (0] 2=
5 % (P<0.05), F7 FH A )R8 AR ) 22 S N W
0 e o R (P>0.05). Cu 7EA:K 3 W BORIE(EIIIF1E 5% 5
Juvenile Mid-term Adult (P<005)o Cd\ Cr ﬂ] 7n /ﬁ\ﬁﬂ(qzyﬂff?%@':ﬁ,ﬂﬁﬁﬂ'iiﬁu
B ORI B B B 0 T 4R 5 A B FIll, 4¥%1H 1.09, 0.455 Fil 50.8 mg/kg. Cr Al Zn
Fig.1 Heavy metals pollution index of D. labrax o AL A L1 S AL
at three growth stages TEER 3 MBS iﬁ]ﬁ?’fﬁ%‘%;+(P<0.05)o Cd 7
TR S A58 P BIAF A 35 2% 57 (P<0.05) Hg 7E R fifi
9.00 - D 3ANAERKBBOFIEHZ AR AG
£ 600F vCr
B —-C 160
2300f wNi 2120 508
g ——-Pb -« —* ‘S 80l ~»Cr
Z0.05( —*Zn S Cu
2 ~>-Hg s 40 = Ni
% 0.04] 2 184 oPb
®E 2 16| *2Zn
£003F & [ ~-He
% 0.02 g 1(2) -
Q = 1.0}
S 0011 % 0.8}
0 ~ S . g 06t
Yt i1 it O 04
Juvenile Mid-term Adult g 02+t
0 <> = o= o s
B2 KO R A B B Th T I o F A 4t T L
Fig.2 The variation of heavy metal contents in the muscle of Juvenile Mid-term Adult
D. labrax at three growth stages B’ 3 BN 3 AN AR K B B o
IR 4

P—F, EEKFE A>T P>, (H4 5
Bt R AR E(P>0.05), Zn SHKFEE TG

Fig.3 The variation of eavy metal contents in the liver of
D. labrax at three growth stages
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T ERHAS IE IR K 3558 WM 85 8 (Dicentrarchus labrax) T 4 & 15 Yotk 5 5 52 0 AR 4R 1iF 87

AN TR A A i B RO B £ 65 B 4 i i AR b L
Kl 4, BEE SRR PEAT, As & A ZEE N,
L AR AR B, %851 0.248. 0.321 mg/kg,
Hop, As {UFE % fa R 35 5E b W 7 A B 2 R
(P<0.05), Cu Fl Zn & HILEL OB BLS e, 4%
A 0.472, 19.2 mg/kg, FHETIHE EKERIK, 4
S 0.297. 10.5 mg/kg, HHr, Cu il Zn & FrB 2 [6]
2455 1 3 (P<0.05). Cr Ml Hg 763758 W A0 B B 2 K
AR RAR, 439 0.356, 0.00137 mg/kg, TEFF
S A B B/ IME, 43318 0.119. 0.000977 mg/kg,
Horr, Cr £ B BOM B 2Z [0 47 1E i 35 22 5 (P<0.05), Hg
2 Wy BeAl B 22 18] TG i 3 22 5 (P>0.05) . Pb 7E45 A K F
BEYIRKH

20.0 -
= -o-As
s -o-Cd -\t/‘
g 10.0 | —~Cr
5 06y =Cu
3 = Ni
T -o-Pb
%Z 0.5+ ~7n
E 4| He
E
g 03}
g
§ 02+
(=}
O 01t
i
¥ o o
kil k] Pl
Juvenile Mid-term Adult
K4 B 3 SR AR B Bedi
BeRTETL

Fig.4 The variation of heavy metal contents in the gill of
D. labrax at three growth stages

23 Wil aRENREFNESRNEARS I

R ff 1 o £ [y B AN i) 2H 40 v o 4 J 5 o A
UL S As TERR S AR Y A9 412053 A o LA > JEF A >
SR KN 1.93 mg/kg, HAEZ AT BE 2R
(P<0.05). Cd. Cu. Zn L5345 M IFAE>EE>HLA
BB ARAEST N 1.06. 143.00, 40.90 mg/kg,
HATCR WAL i Rk 25 57 18 35 (P<0.05) . Cr 7EBK
D 5 A P ) SRR A > ST S WL DAY, 5 R /K B
KAE N 0355 mgke, HAHHE Z M AFHREZER
(P<0.05) . Ni & i /K VP74 80 W 3% 2 7
(P>0.05), Pb HEEJLA A, & 424 0.0324 mg/kg;
Heg 7EFRER AR, ZENLA & K7 e KAE
(0.005 mg/kg), WML G Hg it R EES
(P<0.05).

=150} 1
= | =LA Muscle
= fFE Liver
90 mm# Gill

60

301

&
o

e Concentration/(mg-kg 'wet weig

DS = N WA U
T T T T T

&b

a
Iﬁs lo b5 cp asa ab
As Cd Cr Cu Ni Pb Zn Hg

P s B e i e A P 4 S Y 2H 400 A R E
Fig.5 Distribution of heavy metals in different tissues of
adult D. labrax

() LB A AN ] - 2 s 41 1) 22 57 2. 3 (P<0.05)
Different superscripts represented significant difference
within groups (P<0.05)

3 itie

31 M ERFEKGHIESRETERAERIN
kS

bR, FEHRRMN G0 3 BB . 3 AP 4
PRI 1 As, Hg, Cd, Cr%HE4BITE,
X WL PR 55 ] 0 04 R A i e T AR (& b p
EY IR ) (GB2762-2012) 45 i KR A5 v (7R 4T
WA o SRR, IZFRTE 2 G0 WOt £ LA o i 4
JE A BUBAR IS . BLAh, F5 5 NIt £o T
Cd fil Cu & #t%m, 4050 1.07, 143.00 mg/kg, fH
— ML, WS E A T AR NL R R4, T A A
P I B —350 4%, ZERTARERET B Bk E3F, Wik, M
BHMEEE, FFE e 40 E 4R R SXHZIRE &
5 v I Y f £ £ 28 4 R o T K A sh
s, BRSPS ESE TR, TeES
MEEa A ¢, #aresh Pk NE T .
B4R R AR AR 41 21 P B 2 (Rainbow, 2007) ., Lacerda
E(2006) K BB Cu EZORIETFRAAIK, Hik
SER AR R R RIfL 2 24 5 45 . X FOERK IR
ARG, MKIEZE S E— R Yt SR KR
RGP E SR M FEORIE, I R GG e
fiE, 73758 3h P 7R P9 7= A 45 38 ) & 4E (Cheng et al,
2014), AHFGEH, SR A A 3R 8 K R 3 i h 5
i ZK RT3 oK 2] S, XA SR A K ST ARG
M, KK E 48 Cu. Pb. Zn FI Hg S5 4 #
HFRF T IR A JEKH Pb il Cd & K8
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2 )R 38 %

Halb K AR HE(GB 11607-89) Y BRE{E . A HFFTFEM,
HHTEH KRG, Bk R BRI R G KK E S
BERMNERZ —, BARFSEHAKERE, KIKESE
BN ETHER, ARERRW, EXREHEY
defn . KZE6T(Psetta maxi ma)2s i 14K & 4 J@ 4746
I, R B K R I A Ak R B A 5 W) fa AR 4 T 0 AR 1Y
FHE [N Z (Calvi et al, 2006; Deviller et al, 2005; Bussel
et al, 2014; Martins et al, 2011), {H #7800 4K & 4 )8 5
A RFAE I8 25 [R5 B8 & Fh AS [ 10 A8 9T AN [) (o &4 30 4%
2016), ASZE FTIAEA RN Bt f, 5 AR5
WX S E AR, BFEasRua e,
ARG, ZFRFEANWAGIR K RGKMAE T As,
Cr FI Ni ¥JARKGH, HSZPRA = KR m ik 50.0%,
SR, FERGI AL RE S, As S Ab TR E K,
[ EE, A8 BRI AR v B AR ) Pb 72 RICM f £ {4
WIFARAE T Cd fE KR BUBAR IS, AR
FERRIN £ I b 5 KO85 , 3k 8 BH 2R AR PR oK
FEEH RGeS ROt e A o B 4 B SRR SR
JEARREME—N R, AFREY, As BEESXT AL
JRE B, ER SRR E . WS, Cd i@
IR RVR B AR, B ETER R Cd X AR
WRE . B8 LA B B HA Bom s, K Cd
TR T B . B MM AR, Ph X AKZE
MR M EHALEAFER, 5 EMERG R
AL SRR A R (RO 1A, 2009; LT B8
4 2013; SHHIERZE, 2009), K, s iP5 K oh
EIEA R, HETEHRKFFEARGBITHE, VIS
PR K 7™ i B & A X R PR K SR 0 R G R & R
FEREE, XTHRMEANYN S, EEBEE T NEFR
KAAEE RS, Cu M Zn FEFILE L As, Hg FiF
EIRICE B G HAUARL, HAIRE 48 Z B
AP e, R ETR S8 THiAE,
M 2R A AR, AR AR )
SR SE N, RIS (CE AR SR, 2005),
1) 8 FE 4B IR, BR Cd. Cubl, Zn EHERE M
XA, B Pb ERM B R Y IR AR TC B 4, ULRARK
Dt e %o H 2 E 4 B U R 0 E A A Rk . TEFRK
FIARG P EE IR TG4 5%, 05375 R G KAk
T W REWBITE I SR MR A 5 5
RS 2 R AOC, Al is /b 16 35 1 o i 4 D R
75T I 5 7 i i BT A 4 () A T L 2 IR A

WFFRERER .
32 MiNaFFERKMREEESMANRE

ARAFGEAE IR K IR ZR Ge v, S5 K A A FH %]
K 50%, 7K HP A 25 bR 0 T 4 S Bt RGO s £
A & B e R AT REL, FLA [ 0 3 7E RO
AN A B B A A AN TR . Bk (2007)"
R R, Zn ERMEAERNYBLTFILE, EAalkH
S SLR 20 5 g AL, TR ELA AR a2 R AR
W B AFTEYRE. EIFMEQ)FIRINN, i
AR R T 1 o i) B B LA 9 B 4 R A UR
T, Bl E VR PGS I, AR AR S R
W R RS, R SAM RS R —E . W T
AEESIEICE, LW RIS 8 4 R 5 8% W30 )
PO, AT LU S 2 4 £ R AR 8 1 (Metallothionein,
MT), iliid MT 5H 484G, 1 E 4R HERR RN,
PR P 4 JE B LG (R 1B, 1991; Roesijadi,
1994; #53P74F, 1999; BRifENISE, 2008), A5,
Bt S5 PR T, Cr . Cd FIl Hg 5 2 H BRI
Al RE S I AE AR R A OC, (B0 RAE 3 MERKH
Bt Z 05 87 0 3 22 55(P>0.05) , Cd & m7E FRAE
SR K R K s R B B, X5 B BT
B Cd & BRSNS —3, ATREH T Cd &
R SIS A PR 2R G, Wi P A 95 B v s A A
Cd 28, Hg e Kk rp & 8w, x4 8% S
Wi Y fir £ LA e Hg & 4 A LA — 3. 7R R K 3%
SR G T, KR 4R f N ARIRAE LR KRR
A RE 23 52 M 1% 2R Gt HP RO B 0 5 4 8 Y 43 A R
B, BRICA FFRAR

33 MilramERafFHAAEEREI AR

XFF KA AR, 4 R B WGR 1R R B
Fi(CEBAAESE, 2005): — il i 3% Rz A B 4 M)
KA R, ZJE N W6k s o 8 & (R 1R
FUBCRL Y S5 B 4, — i ad DL w R Oy vk 3 [E VR
W E S B R . ARG, 54 R e BRI 5 045 2
LA E TR 1 35 25 5(P<0.05), P, AFREXT & 4
BRI AT, Cd 7ENE B KR S
21.2 f%; Cu EJHFHE & & 7K 740 00 2 AL IR D 68 Y
659.6 F1 420.4 1i%5; JFED Fe & &K V43 LA 1
B 36.0 F1 2.6 475, AFAEH Zn & E K ZNLA Y 8.0

1) Guo JL. Effects of Fe, Cu, Mn, Zn on growth, physiological function, content of trace elements in organs of Carassius
auratus Gibelio. Master’s Thesis of Soochow University, 2007, 19-24 [ ##k. Fe. Cu. Mn., Zn X} REHEMA K | 4 FHLEE

LA B O U R S RN, SR A BB AR A 18 3, 2007, 19-24]
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T ERHAS IE IR K 3558 WM 85 8 (Dicentrarchus labrax) T 4 & 15 Yotk 5 5 52 0 AR 4R 1iF 89

¥, SRR 2.9 £, R E 4R RS R FE T
ZIAEE T By S 4R W L (Wang et al, 1996,
2001a. b)o EFXHBEXTZAE P K 57 58 52 48 KR '
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Contamination and Accumulation of Heavy Metalsin Dicentrarchus labrax
Cultured in Recirculating Aquatic Systems
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(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; 2. Quality and Sandard Research
Center, Chinese Academy of Fishery Sciences, Beijing  100141; 3. Shimadzu (China) Co., Ltd., Beijing 100020)

Abstract Aquaculture provides human beings with steady sources of high-quality proteins and has
been an ever-growing industry thanks to the recirculating aquatic system (RAS). RAS allows aquaculture
to be less dependent on natural resources. However, RAS is prone to the accumulation of hazardous
substances such as flocculation, non-ionic ammonia and heavy metals, so the safety of produces raised in
RAS needs to be carefully evaluated. In this study, we analyzed the safety and the distribution of eight
heavy metals in Dicentrarchus labrax cultured in a closed RAS in Tianjin. The contents of arsenic,
cadmium, chromium, copper, nickel, lead and zinc were measured with Inductively Coupled Plasma (ICP),
and the level of mercury was measured with Atomic Fluorescence (AFS) during the three growth stages
including juvenile, mid-term and adult. It was found that the distribution of heavy metals varied at
different growth stages. In the muscle, the content of arsenic increased over time with the maximum value
of 1.93 mg/kg. The contents of copper and mercury changed in an opposite pattern and the maximum
values were 0.354 mg/kg and 0.021 mg/kg respectively. In the liver, the contents of arsenic, cadmium and
copper increased over time with the maximum value of 1.47 mg/kg, 1.09 mg/kg and 143.00 mg/kg
respectively. In the gill, the content of arsenic increased over time with the maximum value of 0.321
mg/kg. The contents of chromium, copper, arsenic and mercury first rose and then dropped, and the
maximum values were 0.356 mg/kg, 45.8 mg/kg, 19.2 mg/kg and 0.0137 mg/kg respectively. The
distribution of arsenic in different tissues followed the order of muscle>liver>gill; the distribution of
cadmium, copper and zinc followed the order of liver>gill>muscle; mercury followed the order of
muscle>liver>gill; and chromium followed the order of gill>liver>muscle. In general, the contents of all
elements in the muscle complied with the national food safety standard (GB 2762-2012). All the samples
were unpolluted according to the grading of heavy metal residues in fishes. Contents of all heavy metal
elements were under the limits of the water quality standard for fisheries (GB 11607-89) except for Pb and
Cd. In conclusion, the heavy metal contents in the tested RAS were in a safe range.

Key words  Recirculating aquatic systems (RAS); Dicentrarchus labrax; Heavy metals; Contamination;
Distribution; Enrichment
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