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o OZE: WAL A IS A A I 25 R 2015 AEX 2RI E 48 Cu.Zn Pb Cd Hg 1 As &
HKOE 28 B AT RHESEAT T AT e . SR A EAT5 S A 4 (P) F8g J8 AT i 52 5 A & (PTWI) $5 45 43 519
FrG R ERME AT 2, 48R TR, BEE As RIS AR TAE 3. 0% MBI S, ICEAF &
KPR A EY IR E) KR, As IR EIRIG UK HAK E 4R AR I &840 T B8R KT
AFIXBOKI AT E 4SS CuZn Cd Hg 1 As & R ICEEM 225 (P >0.05) ,{H Pb 4 & 5 T Ifff 4 =
VL BT WA =T O, X 0] BE R TR s & P B K HENCTS Y A T R AR S Y 2L R P A 4
o BRZEMENER ER, M ERE AR AS, EL R WAL T JECFA #7209 8w &5 7T
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THEBIT . RE 225 RaE KI5 Bik ok
Nz TAFBRENESEG Y, L Pb
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R, IEH B EN RN EES B ITRN
BRGNS BRIETEWTLA 1 BEERT 3
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RT3 e e B 2 o I 45 2R IR &
ANo PR INEE S BISE 3 A PAT(E, F0BR R =2
IR E AR EY ot (B DL, GBW 10024) i/t
17 R A o

29. 901

29.851

29. 801

29. 751

29.701

29. 651

119.5  119.6 119.7 119.8 119.9 B
B1 XESESHE
Fig.1 Sampling location

1.2 HiELE

JER B 22 Excel 2010 #) 20 % M5, R A
SPSS 13. 0 ik 47 # A % J5 22 47 H1 ( One-Way
ANOVA) , 3] Duncan’ s £ 507517 2 5 L5
Br, B KF-(P) 4 0.05, YEE (h Origin 8.0 5
o

1.3 MG ESKREE
1301 B -5 Yea B0

KN 95 e Ag BOE X R P A & R
(5 Y LA TR o AT

P.=C/S, (1)
PP S o P E R A B TS QAR B €
N i MR S, S, D5 @ MR Y
PRUE(E . ASBFFEH, R NY 50732006 T4 F
B A A FE YRR ED) /E N Cu Pb,
Cd Hg . As [ RERIE, Zn SR FHSCHRAE ™ 76 BR
EARE, 4 P, <0.2 FIEFHEFREKT,0.2<P, <

®1 HREBEMTE

Tab.1 The number and types of samples
4 BT wit A 6 9A - - -
Species Latin name Number ~ March June September

W Pelteobagrus fulvidraco 6 + + + 4 4 +
i F71 Carnis megalobramae 6 + + + + +
g fa Cyprinus carpio 5 + + + + " +
fiff £21 Aristichy nobilis 4 + + + + + +
{0 Hypophthalmichthys molitrix 5 + + + + + + +
fiy 21 Silurusasotus Linnaeus 1 + +
it Carassius auratus 5 + + + + "
AT Ctenopharyngodon idellus 1 +
yiait Hemibarbus maculates Bleeker 4 + + + + +
i A Cymoglossus robustus 2 + + +
1k fiyi Lateolabrax japonicus 4 + + + +
SR 21 fify Erythroculter ilishaeformis 2 + + + +
S B iy Saurogobio dabryi 3 + + + +
TRk Misgurnus anguillicaudatus 2 + + +
Hfa Mylopharyngodon piceus 1 + +
Vb i i Odontobutis obscurus 2 + + + +
E2 S Hemiculter leucisxulus 2 + + +
BE i X2 i letalurus punetaus 1 + +
4 Xenocyprisdavidi Bleeker 2 + + +
AR A Pseudolaubuca sinensis 1 + +
R fil§ Squaliobarbus curriculus 1 + +
121855 Pseudobrama simoni 2 + + +
il £ Siniperca chuatsi 1 + +
fi iy Acanthorhodeus polylepis Woo 2 + + +
Hefbfa Abbottina rivularis 1 + +
Ae i Sarcocheilichthys sinensis 1 + +

T+ + FOR MR R AR [ FR SR 4 5 CRAE P A0 )

Note; Time and location of collected samples are indicated by +
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538 A PN 26 &

0.6 G HIKF,0.6 <P, <1 Jfig YLk,
P =15 YK, BRI K 7= 5 5 4 )8 5% B O
PR

1.3.2 g%

KR BAH A (WHO) /BRA A 2H 2
(FAO) /B SIS IR BE & & K 2 5143 (JECFA) il
FE 975 G ) g JE A] i 52 5 B (PTWI) AR 48
PR SR AL S R A R AR S e
SR U A = NS [ Pl ENE S R g A T NG
(AWI) , 5 PTWI 17 FAS TP 2R B R &%
2k, HEAXWT:

1, =C,xC, (2)
AP Ly AAHLIX J5 58 54 8 S PRl A it
C, Nt ENATESE S &, Cy, WAMKX A
BRMIERI T, 2% (2015 AEHTILAE Gt
YGRS B R g D 0.5
kg 11

PTWI" = PTWI* x W, (3)
K PTWI® Sy JECFA il 5 (1775 G ) 5 )& Al Tid 52
B ELAR L 2 PTWI Sy A JA AT i 32
iy Wy MR R T, AT A T £ LA
60 kg it

PLAWT (5 PTWI (BN ) B 09 v AR F i f
REIRAEAED & 22N, 2 AWL/PTWI (i
N) KT 1B, vt & iz R B L 2R
I, 2 22 I A £ XU A

x2 EcERSEYESATHEZE
Tab.2 Provisional tolerable weekly intake
(PTWI) of heavy metals

Cu Zn Pb Cd Hg As

PTWI*

3.5 7.0 0.025 0.007 0.0007 0.015
/(mg/kg)

2 HER 500

2.1 BXPESESENEERE

BRIETL K I A8 IS LA 4% B R 19 3
Bl P R AR R AR R LR 3. N AT DUA
S E R RN P P2 B2 Cu
0.18 ~27.16 mg/kg, Zn 3.36 ~24.05 mg/kg, Ph
nd ~ 0. 233 mg/kg, Cd nd ~ 0. 038 mg/kg, Hg
nd ~0.135 mg/kg, As nd ~0. 11 mg/kg, A
6 Bl E G @A R IR T 60% , Hor Cu Zn Pb,
Hg 4 i < J 94 H R TF 90% , S ALa A 5
it 2L h 4 A AR L o A
NERMAO P A EA FYBRE) M Cu,
Pb.Cd Hg  As (i) B it b o, SCHRAE 1 Zn
BREEARE, DUA BB IR As RV P oA
PRELGE, AR RN 3. 0% , HaR 5 PG R Bk 1
b AR AL T LU 22 B £ 2 RIBR VL = £
PR K At AR v B 4 T A R AR R, SRR TR
SRR H Cu Zn (Pb Cd Hg As 6 R 4
R,

RI BXPEESRARSEMHEMBIRE

Tab.3 Concentration, detectable rate and superstandard rate of the heavy metals in fishes
— Yl - i> + Rt 7 7 J
e A u SEBIE + AR Ko th/% R %
) ) /(mg/kg) /(mg/kg) S Lo
Heavy metal element Detectable rate Superstandard rate
Content range Mean + SD
Cu 0.18 ~27.16 1.45 £4.05 100 0
Zn 3.36 ~24.05 7.35+£3.75 100 0
Pb nd ~0.233 0.028 +0. 040 98.5 0
Cd nd ~0.037 0.005 +0. 006 82.1 0
Hg nd ~0. 135 0.027 £0.022 92.5 0
As nd ~0.11 0.030 +0.027 65.7 3.0

Hond FoRAERH ; #2B GB/T 5009. 13—2003 ,GB/T 5009. 14—2003 ,GB 5009. 12—2010 ,GB 5009. 15—2014 ,GB 5009. 17—2014 ,GB
5009. 11—2014 , L P} F FE 4 )& Cu.Zn Pb Cd Hg.As {5 A4 H PR 45 4 0. 1.,0. 4 .0. 005 ,0. 001 ,0. 003 ,0. 010 ( mg/kg)

Note: nd means the heavy metal was undetected; According to the government standards, detection limits of Cu,Zn,Ph,Cd,Hg, As were 0.1,

0.4,0.005,0.001,0.003 and 0.010( mg/kg) respectively

http: //www. shhydxxb. com
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2.2 HREIREARARERAKBELXIES
EBEEMEEHE

Fie O i 1) R i (S1.,S2,S3 . S4) BT,
PRIV I8 7] X B a2 LA Cu Zn  Pb
Cd Hg As [} F- 35 & SRR 7 50 B, 45 SR 2 W
(K 2),82 kI fa A Cd Hg As 1973 5 & i
B LR 0,007 0. 031 #10.037 (mg/kg) ; S4 7K
R Zn Ph B9V E R i, e 8. 15,
0.056 (mg/kg) ;S1 7Kl A Cu (-3 & i
L, 4 2.03(mg/kg) o K AENANHESE)E Zn.
Pb Cd  As VY& 5t (1) AR E 4 BLAE ST, Cu i
Hg (5 (I AE 53 51 BUAE S4 Fi S3 .,

ZE B E R BN, T4JE CuZn Cd,
Hg FiI As V-3 & AR BRIV 1 T i 4 AN IR
XEAENAP IR EEZS(P>0.05), XA]
e S M FE R NESE SRR KIAS R
FESE " AL R kb & E 4SRN
THEEFAE/NA K. R, AR A E
4xJ@ Pb 16 i s =T Ot Ny b i A i R
TR ZFIE =0, AR AT RE—J7 1, £k %
YUY R IR T N B i Tl A AR 22, 3 A
AIEAR) AU AR AR T R e B
T4 BT A 1 s AR 2 Al i K U5 A e
Tk AP HEC S P 2 K T fig i R 3 K A 5
R 4 TS Yy, 1T 3R A A A A ik
g R S —Jr i, X AT RE S Pb 2 F—E
T RARUIEIS e sgmf 5t

100 = Cu

w2 In
Y Pb
= Cd
=3 Hg
= As

BEEARE
Concentrations
1
S

4

B2 ARARB&EFRESESE

Fig.2 Concentrations of the heavy metals

w2

in fishes of different regions
HEJE Cu,Zn FHRIALY me/ke; Pb,Cd, Hg, As 7 LAY
ik ng/'kg
Concentrations of the heavy metal Cu, Zn are in units of mg/kg;

Pb,Cd,Hg, As are in units of pg/kg

2.3 BRPEEEWITEAKFETEN
KI5 e dR B R R L A s
%)@ Cu.Zn Pb Cd Hg As [A)75 Y K, 4550 5
N (R 4) VERIEIT AL As 1 500075 Yt 4
KT 0.2, BIETG YK Hop 45 4 8 By
PARBOY/NT 0.2, IEH W 5K, s R
Cu.Zn Pb Cd Hg V54K P8R HuE E N 4b
WA R, BRI Beta N 82 4 )8 Cu,
Zn Pb Cd Hg As {75 YLK - 53K E 0 =0k |
TE LA L R T A5 K S8k A 2 B4 TR OK
S AR As IKE T RIS YOKF (HAB AR TR
ESfZSANE RS I N N AL RN S SR SIF N
2 5 4 X 75 YK o £5 B BTR R IE VT
BUIH Bt 28 LA Hh 8 4 J8 ¥ G VAR A T AR K
F4 HRERTEESENATUSLER(P,)

Tab.4 The single factor pollution index (P;)
of heavy metal for the fishes tested

JGZ Element Cu 7Zn Ph Cd Hg As
P; 0.029 0.049 0.046 0.050 0.027 0.290
100 mm S1
2z S2 7
83 m
£ 30 mws4
|
& 2 |
= L
-
10 |
|
olee e el e WA i,
Cu In Pb Cd Hg As
(a)
- S| i
ez 52 r
E= S3 g
120} mm S4 g
< L
e &l
2 N
= r
= ;|
= 60 ||
= 7
< |
0
/6&
o L=z [ | -

Cu In Pb Cd Hg As
(b)

E3 FERXREKEEANERAREETEN
Fig.3 Food safety evaluation of the heavy metals
in fishes of different regions
&l (a) LA op B4 B 0P & ik it B (b) DL a4y

J& I K it
Fig(a): in terms of average contents; Fig (b): in terms of

maximum contents
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RS KETIKESKTRAHDEELRENE (AWI) K H A5 PTWI
Tab.5 Weekly intakes of heavy metals( AWI) and their percentage
of PTWI in aquatic products of the Qiantang River
HEHITR a ) S o (i SEYNIER
Heavy metal y (nglg) Pjggll (m:/:lfg ){E leean é:g AWL/ PTWI® /( mg/ kg) ézfgl AWL/PTWI"
element Maximum
Cu 3.5 210 1.45 0.725 0.34% 27.16 13.58 6.47%
Zn 7.0 420 7.35 3.68 0.88% 24.05 12.03 2.86%
Pb 0.025 1.5 0.028 0.014 0.93% 0.233 0.116 7.76%
Cd 0.007 0.42 0.005 0.002 0.60% 0.037 0.019 4.42%
Hg 0.0007 0.042 0.027 0.014 32.1% 0.135 0.067 161%
As 0.015 0.9 0.030 0.015 1.67% 0.11 0.055 6.11%

TE:PTWI* 375 JECFA il 52 1) 4 8 T AR5 PTWIP 3278 BN 4 8 T it 32 42, AL LA 60 kg 18

Note: PTWI® means the provisional tolerable weekly intake set by JECFA; PTWI® means adult’ s(60kg) provisional tolerable weekly intake

2.4 HEI&XFESENRAREMEITN
1 H Ak 2 R 8 VL SR R RAIR K R
SRIK S A0 2800 9% i AR DR Ge 4 , 7% 08 B Ak o
YLk F B TN T, H 23 B FH IR 7KK
PR R S, P AR SR 2015 AR #TVLAR
GEITARSE) B Ge it &5 R, UM T N3 B R K™
HRELA N 0.5 kg FENFEEARTE . 4% BRI
FBRNA T E S E W E 5, AT BRI KR
NI R PR A (AW g H 5 PTWI
PEAT HOAE, VA A 3 T /K £ 20 0 £ FH 22 4 1k
MR 5. PRI LA 1, DL SR LA
R, 6 M4 R AR A R/
T PIWI, £ % 4 R £ B Hg > As > Pb >
Zn > Cd > Cu, RIVEIEVTL KL H AT HE S
J& Cu.Zn Pb Cd Hg. As 5| a9 & FH XA, %
hre gy o AT B B A A R KA
K BESJE He, #i AP T Hg (973 & &t
A R AR ACK B R 2 pe/d,
TEART USEPA X 3 [ i £ 45 14 4 A R S A &
AI16.9 pg/d By R e I T ] e £ 45
A Hg (290 54 pe/d 7 AR BE58 b A
R BT 48 A Hg AU 5 3] B &4 A &= 1Y
3.7% . L, BARERYEIT M0 A+ He M D 4
DRV 8 2 e O A s R AR,
LN ARIRAL FEBAK . DLAaZEILA &
MK SR, 6 FE &R M A B EEA
Bk Hg S, x4/ T PTWI, H L {H Hg i,
Hh161% 1 % 4 A K F B A Hg > Pb > Cu >
As > Cd > Zn , RUVERIETK A B a5 h H 4R
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Hg A7 —E MR XU, )IX AT B Hg 2t
EYIERAT A Y R ADIOR, AR Y
BRI

20 o A FUBAS [R] X Bk 3 b 1 28 9
R Ze etk PP AR ILIE 3. PR AR R, & X
Belw) 22 585008, 82 X BUK SR A 1 . 28 LD Hh
<5 PR 22 4 AR 1y T At B X

3 e

RS KA R AR T A K R R, 32
T A B | S TR SR I S A A R AR
) R NGl SE RS R c LB S Y=
GUKT R L R D EE N E S, 4y
PrA R R PEAAE K Z AR P R 1 & &,
SRR (4 ~5)  BAREYERZs Pk 2k
i S Cy dR LN Cy = SR L
AR E SR SR TP LR A EAR
P BT AS [ B A [8] AR 395 K 2 BT 3 18 i) 45
ERIEAER I RHERIFARE (P >0.05),
K5 SOV BRI = A T R X 0 28 F) B
FEERAA] o ERIE TR IR N W VT4 5 22 1 3 5
TRCH K3, AR T A L BT R A B B 5
7S HTTCIR Al Rl TV 22 SRR 7 B B2 T A
B St TR L SE R TR TIOK
F b T R BT A A DRI AR R A B
FERIE L, EA AT RES 0 RE dh ok B A AR T O
0 £ 2  TERRIE VL A 4K I E] A [ PR A 22 5 1R
FEEE AR ES, HI, 752485 AR A
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- A AJEE A
80 g ~ Filtering fish
]
2 m— B: LA
E &2D Herbivorous fish
I ¢ T o C: e
4t *;40 Omnivorous fish
g i | pemes
§ Eé ' Carnivorous fish
0 g |
A

4 TERMENEXFENESESE
Fig.4 Concentrations of heavy metals
for the fishes feeding different diets
HJE Cu,Zn F iR mg/kg; Ph, Cd, Hg, As {5 ik i1 5.
ik pe/kg
Concentrations of the heavy metal Cu, Zn are in units of mg/kg;

Pb,Cd,Hg, As are in units of pg/kg

A A Bk
2 B Pelagic fish
| B Rk
e 5 50 Bottom fish
¥
IS
8
[=]
Q
S

Cu Zn P

=
(@]
(=9

Hg As

5 AREKEHEFNESZERE
Fig.5 Concentrations of heavy metals
for the fishes that living in different water layers
E:EAE Cu,Zn &AL mg/kg; Ph,Cd, Hg, As & i
R e/ kg
Note: Concentrations of the heavy metal Cu, Zn are in units of

mg/kg; Pb,Cd,Hg,As are in units of pg/kg

MK il v 2% 4 1) & o A T LA
ERIETTOKIOK ™ il v 4% T 452 1 & B 3 AR, H
H Zn S RHRGE, Cu 2, 53Rk ok P 7R T i T
MIBFFE A A — B K AEAEYIA N, Zn F1 Cu
SEYERFK A A W) AE A BRI 2 i B
TR, Hob Zn RVFZ R RULSY , Cu 25— 4
RIS €0 3 1 25 B DRI R AT T A it v
XSS o 1M Pb As Hg Cd /5 ARLEI0E
R,

[, 02 [] A AH B A FH o 52 Wi 25 B < s )
FH, Y Cd/Zn /T 0. 01 1, RAEA D) Al F ] Zn
AR AE L g DX Cd AR i, BB, R4 ki
WA fE Y L AR A i Cd/Zn BN
0.01, [N H R RURER /N o 8 1o X A 7] 3 4 )

] (A R HEAT 20 0T, 45 SR R (% 6) ,Pb 5
Zn .Cd 5 As 7£ 0. 05 BY/KF bW FHH 5, Pb 5
Cd 7£ 0. 01 FY7KF- Itk 5 40 5% , 10 W1 46 31 T 7Kk 3
Ak R E 4R FR, SHEmE SN st
WA, ILAh, AT A ES B He 5 H A&
4 R R ION OC FLAH et 455 R T B S
a2 Hg WSk IEA &, — i, Hg R B &M
FERME, AT LA AT K I B 1 KA P i skt
(5 Y o R A% K T SR A0 AT RE S 3K
Hg i AR, NI A R i R )
—Jy i, AR FHALE R TR, kb Hg EZL
AU A SR, B B ek, B W % 1A
SR HAE R P I B i A

x6 KFERPEESZEENHEXXER
Tab.6 Correlation between heavy metal

contents in aquatic products

Cu Zn Pb Cd Hg As
Cu 1 0.099 -0.02 -0.004 -0.025 0.061
Zn 1 0.277** 0.173  -0.038 0.220
Pb 1 0.632** —-0.116 0.096
Cd 1 -0.062 0.246 "
Hg 1 -0.052
As 1

Tt R 0.05 K (MR ) EBEMIE, ** %R 0.01 K- (3L
B) LB EMK
Note: ™ means correlation is significant at the 0.05 level (2-tailed) ;

* " means correlation is significant at the 0.01 level(2-tailed)

AWFFE RN, 28 rh & T 45 R A7 A S
NA 25 LA BE 8 v (Between-groups
linkage ) 1 Jy il £ J7 2% , B2 J7 BE B ( Squared
Euclidean distance ) {F il & 1 B, X @25 LA
6 Tt Ei 453 J& AT J 2R A0 BT, 19 B E 4 R i ARHE 58
Kot (B 6) . Kbl L&, Pb Cd #il Zn 2y
—2, X BETT R W] RETE PR TR AR TE A L) AR U
552 B AH R A 2R RS20 5 As  Cu #1 Hg 25 9 —32K,
X AJ BB AN ) H 4 1Y 70 2R R P RN AR 28 0 LY
[CE VIE- WP

UTAESR B AR H 25 19 2R, A ATTBOR B
AN AR FH SR A I 288, 3 (45 R AR /Kl #1
Ok Bz 2 AATH T bR, W E A 2 e Pl
TR BRIV R R K e 2R b 4 R
(4 E B 5 K ] 0 5 B v 9 RN T S A 2R AT L
BAYHT (3R T) A5 REWI RIR K 26 FR5 a2
i e rh Hg 09 & R EOH 25 FR 581t I b
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Cu Y& B TRIUKE, X 57 R PP A A — 20

PR 25K (1A 55 T4 f ek Ph A As (195
R TR AR K e 0 S AN IR AE 1 285 T Cd Y

TRFRIH T B 2 o LA HE A,
T Z BRI VT K SR B M v 1 S
AR SIS, A SCe 1 AH I X ) S i el 37 i

Frorh o, 5 Ja A i ik —
FrRAE M YE 1828 4 I R

A IT %K 8UH 1
FAE BT, RA

W%,%ﬁﬁ{l7ﬁbﬁﬁﬁﬁﬁl[ﬂ‘]ﬁjﬁ/\ﬁ Cu.Zn .Pb,
Cd Hg As 8k, B B L 2 X 5 E L4

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combination

CASE 0 5 10 15 20 25
Label Num #+——t——t——t——t——rt
Pb S —_—

Ccd 4 o —

Zn 2 )¢ .
As 6 —
Cu 1 T
Hg 5 ,

6 ESEMERESINE

Fig. 6 Dendrogram of heavy metals

RT FARGBEAPESRESESTHENILER

Tab.7 Comparisons of heavy metals in fishes from selected studies mg/kg
Cu Zn Pb Cd Hg As
ZRWFSE in this research 1.45 7.35 0.028 0.005 0.027 0.030
¥ FEm L E ) aquaculture ponds in Shanghai 3.14 - 0.064 0.014 0.023 0.010
22333 34 aquaculture ponds in Changxing - - 0.045 0.011 - 0.185
WL TP markets of Zhejing Province - - 0.10 0.010 0.030 0.160
o 8 %) markets of Hangzhou - - 0.2890 0.1400 - -
%}%j{ﬁj}( (4): 14-20.
(1] BRZZ, M, FUIGR, & KILILaB Wik NS LIX P, LI J R, DUAN Q Y, et al. Investigation and
J& V5 e A 'ﬁl‘l“ﬁ’\[ 1. VLEHLR, 2007, 31(3): 223- assessment of heavy metal in edible bivalves collected from
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CHENSL, HU G J, LI'Y Q, et al. Heavy metal content Institute of Food Science and Technology, 2008, 8(4) : 14-
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2011, 20(6) : 923-929. [7] ANON G. Report on revised standard for metals in food.
WANG Z H, LIN Q, WANG X N, et al. The variation Appendix I-V[ R]. Canberra: Commonwealth Government
features of heavy metal contents in shellfish samples from the Printers, 1979 60-70.
coast of South China Sea and the safety evaluation [ J]. [8] XIV-, Fz#r, WAIA. bR 4 FpaZiikNE
Journal of Shanghai Ocean University, 2011, 20(6) : 923- SRR ], BRI, 2011, 32(7) : 2062-2068.
929. LIU P, ZHOU Y Q, ZANG L J. Investigation of heavy metal
[3]  BWAE. AU A i R R R A2 [ 1], contamination in four kinds of fishes from the different farmer
b, 2005, 27(2) ; 164-168. markets in Beijing[ J]. Environmental Science, 2011, 32
GE Y F. The fish resources and their propagational (7) : 2062-2068.
approaches in the middle and lower reaches of the (9] A, B, BTe, & HRILOKEAaIREE SR
Qiantangjiang River[ J]. Marine Fisheries, 2005, 27 (2) . SRR IIAAELT]. P EDKERME, 2002, 9(2) : 172-176.
164-168. WEITL, YANG W L, LAl Z N, et al. Residues of heavy
(4] JiEE. W EFRBNERELSE (B4 csemEans metals in economic aquatic animal muscles in Pearl River
SHTID]. Fril: WivLHEEAEERE, 2014, estuary, south China[ J]. Journal of Fishery Sciences of
GU J. Investigation and analysis on content of heavy metals China, 2002, 9(2) . 172-176.
(Lead and Cadmium) in maricultured shellfish from Zhejiang [10]  PMER. RIETEAK M E SR & 8RR KO 5 28 XU
Coast[ D]. Zhoushan; Zhejiang Ocean University, 2014. IAFID]. K. KBRS, 2015.
[5] Z==2Wb, mhatae, Be i, 45 HuMlimycissm e sk SUN H L. Concentration characteristics and exposure risk
FE4 RS EREE MG [T, P EE N ER, 2008, 8 analysis of heavy metals in consumed aquatic products from

http: //www. shhydxxb. com



434

T3 , 25 - BRI VLAt A v B PR SR e A

543

[11]

[13]

[15]

[16]

[17]

[18]

[19]

Dalian markets [ D ].
2015.

MR, SRR T N T o T A SR R AR Y L
[J]. wEEH TR, 2009, 21(3) : 273-276.

YE HM, WU Y N. Comparison of lead arsenic cadmium and

Dalian; Dalian Ocean University,

mercury contamination on fish and fish products[ J]. Chinese
Journal of Food Hygiene, 2009, 21(3) : 273-276.

JUEERT , XK. T T Y 3T T 1 0 L2 P T
MO E BN ] &R TR, 2012, 33(8) : 63-67.
GU J L, ZHAO G. Determination and safety evaluation of
heavy metals in fish and shellfish from Liaoning coastal city
[J]. Science and Technology of Food Industry, 2012, 33
(8): 63-67.

INAERE, X/NEE, SEIEW], % W LHHRE T 2R R N E
SIBIFREAK-[I]. WL RA2 4 (B ) , 2012, 39
(3): 338-344.

SUN W P, LIU X Y, PAN J M, et al. Levels of heavy metals
in commercial fish species from the near-shore of Zhejiang
Province [ J ]. Journal of Zhejiang University ( Science
Edition) , 2012, 39(3) . 338-344.

WOCF, BRELE, KRB, 5. BRIC= AU XK A K
MRNES B ST SN T]. b IFER 2R,
2010, 29(10) : 1917-1923.

XIE W P, CHEN K C, ZHU X P, et al. Evaluation on heavy
metal contents in water and fishes collected from the waterway
in the Pearl River Delta, South China[J]. Journal of Agro-
Environment Science, 2010, 29(10) : 1917-1923.

XUTE, AFuk, %, S5 TLIREROb XK i E AR
5 e[ )], RN, 2013, 34(10) ; 40814089,
LIU Y, FU Q, GAO J, et al. Concentrations and safety
evaluation of heavy metals in aquatic products of Yancheng,
Jiangsu Province [ J ]. Environmental Science, 2013, 34
(10) : 4081-4089.

T TR TS YA A R R AR K e (9 23 A R AIE K £
FEMBLIEAE D] L. B#ERE, 2013,

XU Q. Distribution characteristics of heavy metals in
freshwater fish from various aquatic environment and health
risk assessment[ D]. Shanghai; Shanghai University, 2013.
KR BRIV T A A s ] 43 A B R
HERF[D]. L LAWK, 2016.

ZHENG J. The research of heavy metals spatial distribution
and formation discussion in the drainage basin sediment of
Qiantang River [ D ]. Shanghai: China Normal
University, 2016.

Fefsc, FER, RRA. RWEEEERL SRS
I (AR K T AR SRR RS R [T ], &I,
2005, 24(2): 131-139.

QIU Y W, WANG Z D, ZHU L S. Variation trend of nutrient

East

and chlorophyll contents and their effects on ecological
environment in Daya bay [ J]. Journal of Oceanography in
Taiwan Strait, 2005, 24(2) ; 131-139.

BURGER J, GOCHFELD M. Heavy metals in commercial

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

fish in New Jersey[ J]. Environmental Research, 2005, 99
(3):403412.

FABRIS G, TUROCZY N J, STAGNITTI F. Trace metal
concentrations in edible tissue of snapper, flathead, lobster,
and abalone from coastal waters of Victoria, Australia[ J].
Ecotoxicology and Environmental Safety, 2006, 63(2) ; 286-
292.

SUNDERLAND E M. Mercury exposure from domestic and
imported estuarine and marine fish in the U. S. seafood
market[ J].
(2):235-242.

2, FRA, BRE A, 2000 4E o [E AR UE S -
SRIEA[J]. BB, 2006, 35(3) ; 323-325.

LIX W, GAO J Q, CHEN J S.

Environmental Health Perspectives, 2007, 115

Chinese total diet study in
2000-the dietary mercuric intakes [ J]. Journal of Hygiene
Research, 2006, 35(3) ;. 323-325.

TEMG. ) ARAE R K R OR A A S N A AT
fEID]. HPR: PRIR:, 2008.

LIANG P. Mercury in Consumer aquatic production and
human of mercury via production

exposure aquatic

consumption in Guangdong Province [ D ]. Chongging:
Southwest University, 2008.

AR, VNG, B E, % AUt R RS
FEAEBFTELT]. KA, 1994, 18(4) : 309-315.
LEI Z H, XU X Q, HUI J Y, et al. Studies on the
characteristics of ecological chemistry of microelements in fish
[J]. Acta Hydrobiologica Sinica, 1994, 18(4) . 309-315.
QIU Y W, LIN D, LIU J Q, et al. Bioaccumulation of trace
metals in farmed fish from South China and potential risk
assessment [ J |. Ecotoxicology and Environmental Safety,
2011, 74(3) . 284-293.

UYSAL K, EMRE Y, KOSE E. The determination of heavy
metal accumulation ratios in muscle, skin and gills of some
migratory fish species by inductively coupled plasma-optical
emission spectrometry ( I[CP-OES ) in Beymelek Lagoon
('Antalya/Turkey ) [ J]. Microchemical Journal, 2008, 90
(1):67-70.

KARADEDE H, OYMAK S A, UNLU E. Heavy metals in
mullet, Liza abu, and catfish, Silurus triostegus, from the
Ataturk Dam Lake ( Euphrates) , Turkey[J].
International, 2004, 30(2) ; 183-188.
TRARSK. IRV R Ui K b R b T R A AR S
KEPFD]. B mER¥, 2015.

ZHANG ] L. Heavy metals and ecological risk assessment in

Environment

water, sediments and fish in the Middle and Lower Lancang
River[ D].
T TR K BOK LB g R PN [ D). JT
& R, 2011

HOU Q. Assessment of human health risks posed by water

Kunming: Yunnan University, 2015.

contaminants and consumption of fish from the drinking water
source in Kaifeng City [ D]. Kaifeng; Henan University,
2011.

http: //www. shhydxxb. com



544

(SR I PN

¥k

26 4

[30]

[31]

[33]

EHMe, MRE, EVFE, SF. ERSUREELYG SR O R
AEB XS IEAG (], K24, 2011, 35(2) : 291-297.
WANG Z H, LIN Q, WANG X N, et al. The variation
features of heavy metal contents in oyster samples from the
coast of South China Sea and their safety assessment[ J].
Journal of Fisheries of China, 2011, 35(2) : 291-297.
fERREL, M, IRIRDT, 4. H4&JE (Cd . Cu.Zn 71 Pb)
A FHE T B3 o P 0 €600 P P9 0 A RPAE S SRR XURZ [0 ] 3R
fk2, 2014, 33(9) : 1433-1438.

CHU Z X, WANG X M, TU J F, et al. Distribution and
health risk of heavy metals (Cd, Cu, Zn and Pb) in Crucian
carp ( Carassius auratus Gibelio) collected from subsidence
pools in Huainan coal field[ J]. Environmental Chemistry,
2014, 33(9) : 1433 —1438.

AR, W14k, DEAR, % ST AEWI ik B &
PR 02 PP B 4 1 40 A PR B 5 K R R 4 T ¥ e K o
MIARRHELT]. 7K™ aEd, 2012, 36(5) : 714--722.
TIANL F, HU J W, LUO G L, et al. Heavy metals in
muscle tissues and organs of fish species from Lake Baihua
[J]. Journal of Fisheries of China, 2012, 36(5) : 714-722.
sk, TLEL, WIAK, S5 FRAEIR T E 4 E TS YR AL
MmIT]. B4, 2013, 34(10) : 49-52, 58.

http: //www. shhydxxb. com

[34]

[35]

[36]

HE L, JIANG M, DAI X L, et al. Assessment of heavy metal
pollution in the farmed fish[J].
Food Industry, 2013, 34(10) . 49-52, 58.

SN WK R KRBT E &8 0 S E 5%
WNID]. BN Wik, 2014

WU P P. Distribution of heavy metals and dietary exposure

Science and Technology of

assessment in freshwater fishes, water and sediments [ D ].
Hangzhou: Zhejiang University, 2014.

SRk, EWAE. WA EEIRTT Y oK R e
JEERMAPITEI]. JTARBEITERE, 2004, 11(6) .
56-59.

ZHANG Y Z, WANG G ]. Evaluation of heavy metals in
aquatic product in the market of major cities in Zhejiang
Province[ J]. Guangdong Trace Elements Science, 2004, 11
(6):56-59.

NI, PRIELL, WA, . BUMHL X AR O> i s
REEAFZE ], E BAER RS, 2006, 16(12)
1498-1500.

YING Y, SHEN X H, TANG Y, et al. Study on heavy metal
pollutions of in some foods in Hangzhou district[ J]. Chinese
Journal of Health Laboratory Technology, 2006, 16 (12) .
1498-1500.



4 1 T3 , 25 - BRI VLAt A v B PR SR e A 545

Study on heavy metal concentration and their food safety assessment in the
muscle of fishes in Qiantang River

SHI Qinxuan'>** SUN Boyi’**, WANG Jun®**, YE Xueping”**, ZHOU Dongren®’**  HU Yaqin'

(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, Zhejiang, China; 2. Key
Laboratory of Healthy Freshwater Aquaculture, Agriculture Ministry, Huzhou 313001, Zhejiang, China; 3. Key Laboratory of
Fish Health and Nuirition of Zhejiang Province, Huzhou 313001, Zhejiang, China; 4. Zhejiang Institute of Freshwater
Fisheries, Huzhou 313001, Zhejiang ,China)

Abstract; The contents and distributions of heavy metals Cu, Zn, Pb, Cd, Hg, As in fishes were
investigated with the samples collected from the Qiantang River in 2015. Then we evaluated the pollution
degree and assessed the food safety based on the single factor pollution index( P;) and the provisional tolerable
weekly intake ( PTWI) ,respectively. Results showed that the contents of Cu, Zn, Pb, Cd, Hg in the muscle
of fishes in Qiantang River were rather low. However, compared with the limit values of the safety
requirements for non-environmental pollution aquatic product, the contents of As were somehow higher with
the exceeding rates of 3% than the standard limit and reached  Light Pollution’ . The statistics results showed
that although there was no significant difference among Cu, Zn, Cd, Hg and As(p >0.05), the contents of
Pb had obvious variation with sampling areas, which may be mainly caused by the waste water and
atmospheric deposition of nearby factories. Assessment results showed that the dietary exposures of heavy
metals in the muscle of fishes in Qiantang River were lower than PTWI, indicating overall in a safe range of
the fish meat, namely no harm to health. However, we found that the Hg intake of a minority of fish species
exceeded the PTWI value, suggesting possible risk to health. Therefore, more attention should be paid to the
heavy metal Hg.

Key words: fish; heavy metal; food safety; correlation; Qiantang River
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