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W OE: O TSRS DO I B R A BEOG A AR 2 KUK , 2018 AR A EIETITIE Y 17 4> (iR
FEFE M IE UL G KL DA & B 68 (Cu \Zn \Pb (Cd \Cr \Hg \As) & B IFHE4T 2 088 T o0 LIRS H o3 Al
ARV L, R 3 B RN 7 P PAG L G AR S XU . BIFFE 45 SRR W R JZ DR o Zn (Cr Cu,
Ph.As .Cd il He 4F 25 5 43 51 (58. 36 +23. 41) mg/kg. (41.96 = 11.92) mg/kg . (20. 61 = 7. 76) me/ke .
(10.87 £5.83)mg/kg . (7.81 £2.12) mg/kg (0. 13 £0. 05) mg/kg F1(0. 055 +0. 03 ) mg/kg, Cu,Zn Pb Cr, As
AR S BEAE AN R SR AP Z [0 (35 22 57 (P > 0. 05) SRS AR SELRR Y Cd Al He AR R & B B 3w T
il WIS R s S R BRE B (1., ) i ARS8 Cd As Cu Zn Cr Hg Pb, J& 1§ i % 9
ain i R T 95% o £l IR EESE ORI B R T A AR S F HE B (R S 4350 Dl 56.94.76. 51 Al
69. 65, 4 m AR M F S . —BUETURRY B 2L iE ( CBSQGs ) PR 25 R /s i S AR MR il b 2 2 1) -3 ]
RERONIR LR (Mppeg ) PMRT 0.5, RIVEE 3 J@ B AR AR 207 A A W13 P800

KR FRAEMYE; VIR AR ESTEN
FESES: X 52 XEARER: A

B T AR AN T A Ji , K PR B8 52 T 4 )
TP e B K AT IR K #1558
S RGN AR, HTs YA R A n] sk
SR 2 KR R LA S AR 25 AR 40 TP A 3 45
RS, DU v H 4 i 19 e n] AR TR 2 iR
2R B KT AT S 1 K R BTk TS 3
fF T P R R B R R,
25 N A ety SR Uy, B I OB oh B 4
JE ST 78 B R o Bgmi Ay E ACH
SR IR DU AVE SN i e b= & 2 €[ ST Y
BIRTTYIRES NS B R4 IR B 502 o %
T4 A EORYR b i A% T A
HEE A g S Y E Y R, b T R K
TELLA L LRI e Y iR R
BB ATIRDCR C B, MR /N K IR0k 97
BRI DORR ) v H 4 e A SR AT 5 1 R DL AT
18 R 4 e DR BR S Ry AR AR ) o B 55

WHmBHA: 2019-12-12 f&[E] B #A: 2020-01-31

o AN SR GE PR A SR ALK T il B A R
ST PR A S AE BT B I T VR K SR b
DURRY v E <5 1) A R L, DA A 2 KRR
NFRFEIRETIA B P R A i it B B A B R A
YR S HE

1 MRSk

1.1 HmR&E

2018 AFEAE_ LT IX AV IX 2B IX 5%
B DRI AR BT X A 5 17 ASIROK I3 G813 R A
RS MK IE (F1 ~ FS) |, FR58 i A 32
Al $5 B £ ( Ctenopharyngodon idella ) | # i
( Mylopharyngodon piceus ) . 38 W& 21 1 ( Culter
alburnus ) 2%, 6 A~ FL g4 & XF #F ( Litopenaeus
vannamei) W YE (S1 ~ S6) F1 6 4> v 1E g B f&
( Eriocheir sinensis) WY ( &, C1 ~C6) , KA S
S IEFRIEAE B U SCRFERT R TEDLER 1, £

EEUE: RilEfiRHORE GEOH H (PRFE T (201555 6-3-3 5 ) 5 RlEdTRHE R E) T H (P RBHIET (201755 1-12

Z)

EB BT X84 (1989—) L, WL, WF5EJ5 1 il FREEEAN 5182 . E-mail:jinjin0611@ 126. com

BEEE: KEFE,E-mail;13918321369@ 163. com
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GEREESEDUR) R BER AR 1 U, SR DU

TEHFRFE A (4—10 H ) WIERER 3 0 FIIAE
PRV (AL H AR RS IR ) 11
PEXS F Lk LA H L3RRS 3 A RZ 20 em (9L

FUIRE S, B3 43 0 ~ 10 em F1 10 ~20 em Fj )2,
FUZRE GRS B DUBURE i 47 0 S 90 %)
LBRAr e RS IR T, B AR AT S BFIE L 100
H (FL4% 0. 150 mm) §f , {745 £

R1 REBIEFRER B R RERELCD

Tab.1 Summary of aquaculture informations and sampling time

FEAE D b I e/ 2018 4F ;"5 2018 4R AL 1]
Aquaculture species Pond No. Area /hm’ Yield in 2018/ (kg/hm?) Sampling time
F1 0.40 12 500.0
- F2 1.40 50 000.0
IRIK AL
Fresh water fish F3 2.00 22 500.0 358.11 H
F4 0.51 9 750.0
F5 0.50 28 680.0
S1 0.40 4 875.0
S2 0.83 480.0
FLyh i iR S3 0.33 1425.0
‘ % . 579 H
Litopenaeus vannamei 4 0.43 692.3
S5 0.33 3750.0
S6 0.57 7 500.0
Cl 0.73 115.9
c2 0.67 135.0
Ak gy e fit c3 0.33 1 650.0
qﬂ+£f3ﬁi&§i 3.58.11 A
Eriocheir sinensis C4 0.67 1275.0
C5 0.33 105.0
Cc6 2.93 975.0

1.2 HmUESHELIE

Fi A DRI I 2 Cu Zn Pb Cd Cr Hg,
As USSR A (TN) S8k (TP) B8 A HLA (TOC)
Tt (BT i) ,CuZn Pb Cr Cd Fil As 57T
RES RPN 12 Fi & @ TR
I 7K B8 B -H B & 45 B R T i ) (HJ
803—2016) ; JLARY h Hg (il 2 B I AT
TR B B0 Bl 6 1 00 S Tl I8 A T2
) (HJ 680—2013) ; GLAL Y H TN [y 52 - FREL
0.5 g FEim M S g CuSO,-K,S0, JEG #EALH T
&b AN 8 mL WA R , 420 CIHfR | h, 4
H Zh3LEC 2 2% (KIELTEC 8400 AUTO SYSTEM,
TR RR AT BT A A A B2 | ) I T A A
St DU i TP (R0 22 2 R 8 Sl ) 0
FE-FHBR LA 6 RE TR ) (H) 632—2011) ;5 % 4R
B AL-AE LT ML 43 50 I 5 4 458 v S A0 TG
MLk & &, Z00E15 ) TOC &, AR IEI & 45
SRR, XA AT T EE W (EE R
K 5% ) FIRRAERE S A AT, B A i a3 B 152 25 247N
T 10% , F5 6 B 20K .

FIIH Excel 2013 317 £ 4831 &, SPSS 19. 0

http: //www. shhydxxb. com

TR G o3 AT, B B 25 S o A A
HLRZR ANOVA 73087, DL P <0.05 fEh 22 R B 2%
MK X BT 4 R K 17 KMO F1 Bartlett
BROV B2 f 3, 45 R 7R KMO f{E Ry 0. 686, KT
0.6, FHFEHERR S 0. 00, AT AT 230 #r (PCA) o
FIF Excel 2013 Fl Qrigin 8.0 2,
1.3 {FhAE
13,1 i RARTE B0k

5t 22 A 45 21 ( Geo-accumulation index, I, )
W T RO A IR 4 R 1 R RR
AR TR AT

T =logs 0 (1)

Kb C U P E 4R § SEIIE, mg/kg; K
Rt s Bl A e G R B SR B0 T R R
B, — Ml 1.55C MRy 48 o R i s Bk fh 2
HoAE, me kg MR L, B DURRY)TS Qe B 7y
Fel,, <O, 00 <[, <1, RBEHY; 1 <
L, <2 MW G Y;2 <1, <3, P ETGY;3 <
L., <4 fWERET5 94 <1, <S5, HJZ{59%; 1, >
5 EET,
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1.3.2 e S e ok

TETE 4 25 16 % 38 8 ( potential ecological risk
index, RI) "™ 25 FEA [f] 4 Ja 20k %A W /B 25
P, AT LY U B T i 2 51 9
PR TR AR

IR = 2::1 Ei = 2?:1 (Ti x C;) =

i

- C
2L<nxg> (2)

s

KL MBS G FEREGC, N ESE i
DU A 2T, me/ kg € A2 i (75 5t
S% mg/kg;C, WEAIR i TSR REGT NE
&8 i RS Y A%, Cu Zn Pb Cd Cr,
Hg il As {351 22 04 9 L 5.1.5.30.,2.,40 Al
10;E: NN FHAR | FIESEE R, RI%
HRN AR IR 2,

R2 BEESERERHEEXELENS

Tab.2 Method of potential ecological risk index related grade classification

ZHGEH Index range PR 228
W FAESfEE R Er IEAE S ERERI Risk grade
Er<40 RI<150 RS
40 < Er<80 150 < R1<300 AL
80 < Er<160 300 < RI<600 e B XU
160 < Er<320 RI > 600 R R
Er>320 ™ R
1.3.3  —Z Uiy i R i s F3 —HMERNRYREEAL (CBSQGs) Y

UURR Y 5 B KL (sediment quality guidelines,
SQGs ) SZPFUT R AT I FIIR K DR A PR 45 it it
AR T B I A R AN TR o b
T ZFEUE B URR Y 5T o, R A AL AR
SE TSR KR S R4 B AR . —Bobkvt
Ty I 1 FE UE ( consenseus-based sediment quality
guidelines, CBSQGs) i F 25 T T WM R [ 3t
R4 SR DURR ) B, & 3 5 e J LA B A
PN BFRATEAS SQGs , IBCH LT P X fEDR SR A
AHNE 75 G Wy 1) B0 e B . CBSQGs A 4% 2 A~ 1]
E, B | (E = W i & ( threshold effect
concentration, TEC ) F1 7] 8 % I #¢ ¥ ( probable
effect concentration, PEC) , 4 T4 vhi5 e ¥ &
ST H I, A2 W PO & A 1Y AT RE MEAR
NGB FART 25% , RIS 23 K A A W) s R AL
N5 TR s Qe & e TR L A A
PR A B AT REMEOR, il R T 75% , B
N RAEHEYIREERION 5 2475 9 W) & 4 T TEC
F PEC Z [A]] , A A A A AN A A ) e PR s800
(o AE 38 A 24, TG ¥k 2. H AT MACDONALD
20 2 5 U R — S5O R v AR R K DT ) 48
BRIz, A SCH % HOAH 5C H 4 @ 1) TECs Al
PECs i (3 3) PP b it 17 iR 7K 53 58 i W5 0
Hh R B 4 S AR R XU

TECs #1 PECs &
Tab.3 Values of TECs and PECs in

method of CBSQGs mg/kg

EEJE
Heavy Cu Zn Pb Cd Cr Hg As
metals
YRy OA

31.60 121.00 35.80 0.99 43.40 0.19 9.79
e TECs

T RER
ey PECs 149-00 459.00128.00 4.98 111.00 1.06 33.00

2 AR50

2.1 E€BWMSH

HIFEl 1 A& 4 AT1:0 ~20 em EYIRY HE
&R E Bl Zn(58.36 +23.41) mg/ke .
Cr(41.96 £11.92) mg/kg . Cu(20.61 £7.76) mg/
kg . Pb(10.87 +5.83) mg/kg . As(7.81 £2.12)
mg/kg Cd(0. 13 £0. 05) mg/kg F11 Hg (0. 055 =
0.03) mg/kg, Horh Ph 78 5 RBUER, 25 8] 57 ot
PR o WIEZ (A% A R AR A S
RZEFALE A HMIETORY) &SR & &
A S B AR B a0 FL B AR h % AR
TR, F2 U Y Ph Hl Cr 421 5 55
i, FS ORI Cu 5 i85, S2 LA b Cd &
R, S3 UL R Zn & R, C3 PLERY)
Pb. Cr As 4 . 0 ~20 cm JZUTRYH Cu,

http: //www. shhydxxb. com
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Zn Pb Cr F1 As ({4215 & B AR 5 5 it Fb (£ KR
) Z ¥ T % 22 5% (P >0.05) ,Cd \Hg 7EHFR S
MBI P EYEE R E R TAJE(P <
0.05) . SEitsr#r M, UiAH 0 ~10 cm Fi1 10 ~
20em EHpESESEEREE(P<0.05),
BP0 ~10cm 2 Cu ZEEE ST 10 ~20 cm
JZ, 85550 ~10 cm 2 Pb & & I 0 ~ 10
cm J2 Zn Tl Hg S0 275 TH 10 ~20 em 2
(P<0.05), n] Wy IR Z DU 5 4 | R E
W 5
PICTE A 3% B IR K I 58 7 #h 3R 5% 45 1F)
(NY 5361—2010 ) H5%f 57 5 7 Hb i 51 o 5 43 | T
S SORONARE , R A e 4 B AR L4, 5
HidE S2 150 ~10 em 2 Cd Hibr,3 J] i C3
S5 I F2 #50 ~10 em JZ Cr HiAs, IR S
BIRAETEDURRY) 3R 2, H 28 vh T 3% 50 J5 30 1 i
W, KU IER Y EE R RZEE RS
FEFH AT A NE K A5G, 57 FE 1 00 3 35 K
J , AR KT, B AR N BE , 23 1a) (UF) 38Tk
TS 0500 Al S 0 351 v 5 4 A A 1% FT e
BRSO S TR Y 4R A A L
(E2) : i iR Cu Cd Zn &5 T 1
WAEERAC T Y Ph As Hg & B 5 HA 2 Cu,
Zn .Pb Cd .Cr Hg As 7 & BT R0 i el it
ORI K 2 T 28 3k T e A DA M e B A 24k
Folr A= X KRR P E SR SRS
Cu . Pb Cd il Cr &AL F¥E 1L RZ VIR, JE
LU 32 Tl AT K S S e K [
VLA ALK SR EE M > A L, B M IX Rk
L IE TR Hh 48 B i ] IR
2.2 EEEXE

UURRY) h H A B SRR A DG C R (3R 5) &
WY . 1 4 8 2 R385 A4 A S 5 ARG, {3 Cu (Zin
Cr 35 Cd F1 Hg Jo i A CPE (P >0.05) , As
5 Cd LW FEM KNP >0.05) , R U] H 4 KA
A HAE SO A ), Cu Cd #5 TN TP F
TOC 1 3 A CHE (P <0.05) , Ui B LA )
Cu Cd R 5 A BES5E T R R IEA L,
PEAK AR 9 rb 2 WY 2 BRI R
Cu Cd 1 F2 2R UF Z — 7] BE A2 i K F AR L

http: //www. shhydxxb. com

T3 AT (PCA) g5 S i 28ty BT (18] 3) 7R, Cr As |
Pb Zn Fl Cu Ay 5 — F Wi or FE LM, RRRIr 2
DIHRFE Ny 44.5% ,Cd Al Hg S 55 — 4y 24
B, BB Z TR N 62. 5% , %45 F 5 M &
PP 45 RIERL, Cd A1 Hg FEAEAS W] T HoAth B 4
JE R . i iR Z e STt o B, AT A DT AR
Y E S B ITR R AL 2R Cr As,
Ph, 32 957 - SRR e, b v T A A 1 IS BT
3 Tl A AE 36 HEVS i 2 i, Cr, Pb 25 R K
KKk Zn i Cu, Zn FI Cu 235504
AEAE R AE 7 0 06 2 U T R b O R
I S AR R P B R AR At 2 1 i 4
HOREFAEE R Cu & B AR BT N> 555 =2
Cd 1 Hg, Cd f#y 3= 2R U5 0 S i)k, oA ok
R B R, XK 7R sh i S G
B B R0 SR A AR AR e bk TSR o8 4
AR (B f ok i Cd A5 s L il A oy e E
WU i Hg SR BESEE FRITR DL
Cu.Zn Cr % HE 4 J@ AH G R 22, R Hg A4 5
4 JEm A F AR IR, ST b S TR Y T 4
Ja A3 B A ] e R R 2K ST ARy vp
J& Er i 22 F R A - [A)JE v b X LR K
LT S i s 3L AR, 3 4 e & fe A
2 AH I B 5 37 A A dh A RZ ), DR Ikt 3 R
Yrrbr Cu Zn F1 Cd 25 50§ 5 5 [7] S IR 7K 57 58 1 9
LA R Y T E AR SRV RS T
R EHBIX, — 05 T PR A R R R AR B TR
FZ0~5 em, BEEJEEDVIRYRZ M B EE
15, o7 1 AT e 3 R EDRRAS i, i X
RACHIEFRE A (0 HIZ IR K ) 5 R PR Al A 25
B 0 FLBBAE T, 358 2 7 A X AT 1 ) e
PWREREAL TR h B &R ny F ORI ——
FEMEFNGRH &, W VL AL FR WM L 55 24 P b IR 7K
R 8 A =R IROK IR X Y
BESR A e ) LS T FRURDRL B B, 2S5 BRI 1Y
KR SHMIFEVRY P ESR S EE S
XPEee AT 1 s i R TR i 4 R AR 1Y
SR UL E G R SRR YE F1 O E R,
HAEJE T RBE YE F2 F1 C3 )77 5 X [E b
T At 5 = o
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Fig.1 Annual distribution of heavy metals in 0 —10 cm deep and 10 —20 cm deep sediment of aquaculture ponds
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x4 tIEO~20 em RIAMRYHEERE TN TP 71 TOC FHFEILE

Tab.4 Average concentrations of heavy metal, TN, TP, and TOC in 0 —20 cm deep sediment of aquaculture ponds

mg/kg
3 Ponds Cu 7Zn Pb Cd Cr Hg As TN TP TOC
ok 22.00£12.29 54.92+19.68 11.09+7.48 0.102+0.034A 43.41£15.29 0.044 £0.02A  7.29+2.74  838.91 +437.84 829.15+339.34 6.87 +4.04
Freshwater fish
ARGHSOLAN
. . 20.96+3.26  66.82+29.83 10.80+3.71 0.144+0.0618 43.36+4.84 0.068+0.032B 7.95+1.36 1001.04 £258.99 778.12 £180.68 7.89 +3.48
Litopenaeus vannamei
N
S 19.19£4.90 54.89£28.68 10.73+£3.92 0.140+0.068 39.7x11.19 0.054+5.402B 8.12+3.40  797.51 £305.85 776.74 £213.88 6.04 £3.35
Eriocheir sinensis
I(H Average 20.61 £7.76  58.36 £23.41  10.87£5.83  0.129+0.05 41.96+11.92 0.055+0.028  7.81+2.12  869.95 +375.80 795.58 +275.65 6.84 +4.56
BB CV/ % 37.64 40.11 53.62 37.63 28.41 49.41 27.13 43.2 34.65 66. 58

TE S0 P& AR R _E AR B PR () T e 25 22 5% (P > 0..05) 6

Notes: No significant difference between data which’s marked the same letter in one column (P >0.05).

O BTSRRI
250 aqua—cul‘gural ponds in northern Zhejiang
14.0 [ [ 2 A T
’ — rivers of Taihu basin
_ [ivav W AT @
12.0 Dishui Lake of Shanghai
AR A SRR
200 freshwater aqua—cultural ponds of Shanghai
10.0 B RO
"&b = Shanghai Yangtze River estuary
< =
\%o » ED 8.0 %7
= 150 NG
o S 6.0
2
©
= 5 o
) _ = [
S 100 g 251 I
5 g
© S 2.0
pai 1
T X
¢ “ L 1.5
?7_ 1.0
4
0 iﬁ 0 ’—E Viza
Zn Cr Cu Pb As Cd Hg

E2 tEWABKIRRYPESCESENT

Fig.2 Distribution of heavy metals in sediments of the waters around Shanghai

RS POKFEMEARYPR B BUREEREREREAEXXR

Tab.5 Correlations of nitrogen, phosphorus and heavy metals in pond sediments n=124
£
TN TP TOC Cu Zn Pb Cd Cr Hg As
Indicators
TN 1
TP 0.505** 1
TOC 0.692** 0.468** 1
Cu 0.563** 0.502*" 0.449"* 1
Zn 0.156 -0.037 0.114 0.313** 1
Pb 0.049 -0.216* -0.044 0.248"" 0.345"" 1
Cd 0.204* 0.230 " 0.265** 0.150 0.083 0.253** 1
Cr 0.098 -0.236** 0.035 0.390"* 0.411** 0.789** 0.036 1
Hg 0.130 -0.036 -0.053 -0.066 0.128 0.500** 0.290** 0.175 1
As -0.036 -0.239** -0.128 0.303** 0.377** 0.740** 0.151 0.724** 0.182" 1

T % FR7RTE 0. 01 K- (XU E R FAARE 5  FRRTE 0. 05 /K- (UM) B AR (RUBARI)

Notes: #* # Correlation is significant at P <0.01 level; s Correlation is significant at P <0.05 level ( two-trailed) .
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Fig.3 Component plot of heavy metals in
rotated sapce

®6 TREITEEREAETS

2.3 EEXKIFMN

T4 R KU P 19 G e TP 7 i S 5
{ELER B (A, 2 FH R 6] BP0 ik B 4
BT RE S B SE AN PR S5 9. [ b
WAL, KSR AT ), K TR W BT A b BEAY
BN TR 25K, ARUKISITR Y
AR EREERRR(EE) KT HIERES
JE T S EAT 58 DX R A5, AR SCHb T SR AR 5K
BV AE A 25 RS DA v iy s B 38 v [ B 5 )
Sl 1990 AR R AR E T R ) b
WHiZR)Z 0 ~20 em 34 R 8 S (H, (M
o WL BE B - 3 08 IH A b - 3 P R 4 R Y B AVIR
T

ERARYREREELD

Tab.6 Heavy metal backgrounds in soils of different areas mg/kg
4325 Category Cu 7Zn Ph Cd Cr Hg As k5 Source
ifggf:ffd Shanghai 27.200 81.300 25.000 0.138 70.200 0.095 9.100 [ B W5 2k 3]
s%iiiffds of China 22.600 74.200 26.000 0.097 61.000 0.065 11.200 [EFFHs WM k%2
gﬁf@%ﬁfd Jiangsu 22.300 - 26.200 0.050 77.800 0.289 10.000 Pt (33
sJ: jflﬁciq%:ffof Guangdong 8.000 21.000 23.400 0.034 36.140 -  5.400 e 34
?{fﬁ]ﬁ%‘iﬁ‘giﬁmk of Taihut basin 18.870 59.070 15.680 0.271 79.430 0.110 9.400 A

2.3.1 s RBIREOEN 2.3.2 WA SEERBOH

2018 4F ¥ T 1R 7K 37 5H Tt i UL FR ) b 4
JE T & (R 4T LT R Rl (%
6) , LV AT UL _F ¥ T R DU AR A R AR - T B
G JEim gy, it R AR EOTAN 245 R R W I T
FUIAE S Cu Zn \Pb Cd Cr Hg FI As Kby 55
FRE S 5 B 97, 58% 95.97% 100% .
95.16% .99. 19% .99. 19% F1 95. 97% ., % /it
DA B E T Y (0. 81% ~4.03% ) B fi 1 &
1594 (0.81% ) , FEH M IE DT 5 4 IR S 3R
T BRI IR . £ B4 8 T i R
BHEEL L, (R 7) hE 285058 Cd > As > Cu >
Zn >Cr > Hg > Pb, (A IEGTRY  Cd it B FLHE
BB FART AR IEFNEE S (P <0.05) , #RIH TN
H Hg 357 R ARE £ i % i T % (P <0.05)
IR B o 2 R (P >0.05)

BTEAES G FEAREC(RD) GEiT 45 R (&1 4) 3%
BH - JROK A LA T 0T R 0 b R S8 il 31 T AR
Yd 4@ RI B {H 5 Bk 56. 94.76. 51 F
69.65, ki RT X{H B 5K T AR JE AR 3% (P <
0.05) , 8 4 @ W 1A 08 3 MU IR, & TR 5
IO Y o s N IR AR S R
(k) BEART 40, 28 IS 7E A= 25 a3 KUK,
HHEE E, WE b m 25 Cd > Hg > As >
Cu >Pb > Cr >Zn, H:A Cd 1 Hg ¥t &4 )8
LRI A G F R EU(RY) Y STk AR A R, 3
K 74.4% o X -GN TR AR SRIE W PE DR )
4 B VS AL S8 VRN 4 Ry — 3 &
&JE Cd M P TEA S e H R8s 3 E
3 X IR M TR Cd T AR S e &R
BOCE" =28, 12) WA 150 01 1 3% 5 b 3 2 /2
VR (E" =102.03)
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Tab.7 Descriptive statistics of /,., of heavy metals in sediment of different species aquaculture ponds
Gigy i A ¥iE b2 B /MEL ENIEN V5 YL SRR
Heavy metal Species Average Stdev Min. Max. Pollution class
e —-1.124 0.808 -3.441 1.264 i
Cu iR -0.984 0.271 -1.872 -0.492 i
i -1.139 0.389 -2.062 -0.281 R
il -1.297 0.782 -4.631 -0.191 TG
Zn HE -0.989 0.589 -2.485 0.637 i
i3 -1.266 0.590 -3.262 0.384 R
idl -2.084 1.000 —4.242 -0.235 i
Pb [ -1.875 0.472 —2.488 -0.937 ik
1% -1.985 0.712 -3.481 -0.275 i
i —1.1228 0.561 -2.661 0.117 T
cd i -0.638" 0.519 —-1.452 1.390 i
fig -0.627% 0.439 -1.535 0.238 i
h -1.369 0.513 -2.172 0.008 T
Cr iR -1.29% 0.202 -1.637 -0.938 i
% —1.471 0.423 -2.623 -0.345 VeRG
h —1.899"% 0. 869 -4.504 -0.582 T
Hg LIS —1.275% 0.810 -3.087 0.155 ik
% —1.586" 0.798 -3.536 -0.247 RG]
il -1.012 0.575 -2.235 0.071 T E
As R -0.805 0.274 -1.289 -0.087 i
fi# -0.797 0.370 -1.722 0.195 IR

T B A A R AR B P R 7 T AT B M (22 e A B3 (P >0.05) .

Notes: No significant difference between two mean values marked the same letter in average column (P >0.05).

Cd A1 He (9781 A4 258 T AR B A [A) 97 7
sty BRSSO 22 () A7 A 35 22 5, R I
PEOURWI T BT % Tl (P <0.05) , iF
PROTRW b B 3w T AR (P <0.05),
RERKTEIR E, HER ML R, B4
SEOURUIRE gl b Cd(8.9% ) Fil He (3.2% ) I
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Fig.4 Histogram of potential ecological risk index of heavy metals in sediment of aquaculture ponds

60

50

40

30

20

E

E

BRI SEERE
Sinagnl factor potential ecological risk indice

FEAE G T RS I v B RS 22 g B RS,
FEHHHII S2 Wi HEO ~10 em 2 EC =117.95, )& 5
FEVRAE ARG 3 AR, X 54 = A b IX 55 4 1t U
JRUEFIK 7= it v o 4 J T YR D0 i AF T 45 2R —
B, IR A FRGE A i Cd TS Y,
LR IR i 22 4 KUK o T #2607



334 Xy, 5 IR TSR IR M I TURRY) v o G A1 B A 25 KURL P 509

2.3.3 BT B AR

XF F IR K TR ) — Bk DA W o O A
(CBSQGs) [H{E (£ 3) : i A I AL i i 4 s
ERCT H T RESONIR L, WLIEL S, BT A ik
TURWIh Pb Cd Hg Y 5T ik 2 S4% T H BB AL
MR, LT Y b Pb Cd Al Heg A5l kA4
WERPERON, TURRH h Cr (As (Cu I Zn 5T R JE
I T TECs H1 PECs 2 [] A AE i B o B 3] 0 )
#38.7% 17.7% 4.8% F13.2% , XL FH A
TES | R FEERY AT RE, Horh Cr AH G 1Y L ] 45
iR, FEFRFR R 2R G T WY R IR R AR 3 TUAR
P X LB R, 235000 47. 2% Fi1 45. 0% o

LONG %) 5| FRSF- 357 0] RE 0% e ¥ 7 ( mean
probable effect concentration quotient, Mg ) P oA
W Z R 4 B B05 Y R A BRI RO, Ht
AR

MPEC-Qz(ZLlcii/PEa)/n (3)

2 €, A i PR 4R ) S IE , me/ kg Pre h
o i RO &R 0 R BERON UK B, mg/kg s n g T 4
JEFRANE TR HE )R My, >0.5 i
RAE W TR My AR B BT H
MPEC—Q =0.5 BT & A A YRR N 25%
RIGAD 24 My o <0. 5 BT H B SR A =51
R FEE SO, e R W IR LR Y b 5 R
My o ¥I1E 9 0. 133, £ 4L AR i 39 R i B
Mygeq >0.5 BITEOL, WM IE DU Y 46 e B
K AT AL 2, A5 R YA R

3 e

M5t SRBLEE RIOM TR A 2R 25 KRR P 45 2R 4
7R 2018 AR B IR S M S DL T R
AR b Al 355 T AR XU 25 25, AN ] 57 58 b 2
(], AFEICRI  Cd \Hg /9 1, M E, BILARFRAH
. ISR XA H - Cd 55 0. 11 ~
0.20 mg/kg | L E BB h Cd & AR,
TR TS G e S DU b Cd 52 i /N ke
et IETUR Y Cd i £k IR Z — Bk i
R Cd FTR H— g Yk EOR Y R
BRI PR AR S T 1T oK 7 R
HH R 4 S 1) A, LRI 4 2R RS AN [ R B L A
TREER Y 22 S R IR B R Cd (Hg 35 iy
B2 0.12 F10.021 mg/ kg, Xf Tl ek v 01 53531 g

0.08 ~3.05 F10.011 ~0.204 mg/ke , i fi et o
Cd \Hg & &3 BB 5 TRk s eh, Ho— R
IRERH R Cd 5 ik 3. 05 mg/kg, LLTLERY)
Cd &t 22 £, W] WARDBHL ) T RE S T 3O [F]
FRIA SR I U TG R S AR L
M ERZ—o FRFHLRE IR 2 HA AR A (AN
HER A B il 500 LA B 250 55 ) E LB AR S &R
g8, AU b EE G TR 1Y 43 AT 7 AR S I T TR
Yy ) 4 J L 23l AR ) AR AE SR AR WK
P RBL AT BN K = MAIRK IR M TR
YIRE R Cd BEFRR IR 67% /K= Cd 1975
et bl de hy ™, A A B 2 A TR AR B I v 3
TN DL B SR 5E A ) v 4 e 1 43 A A L
SR TR — L RAITE

— TR i ik (CBSQGs ) PRHr 45
RBWVEAR b IEIR Y b &R 5| &4 Y B¢
PRI, ARSI AT, R 8 42 JB T3 404 Cr AT RE
IR A YRR E R RE R AR X B, X — 25 R 5B TE
A SE FHIRBOT M 45 2R (Cd  Hg 1838 78 A2 285 KU
AEXT AL ) A AN [H], 3% AT RE 5 PE O O s iy
SEAER AR S T Y R EO 22 S A OG . IR TE AR
SEFHREPEM b il L Cd 3 5K
i, A CBSQGs & v TEC, /Y 0. 14 4%, T
CBSQGs K TEC fHEUR, JHi& Y 0. 62 4%,
HABFEARTET S H 28 5 800N, [V e A 5 fe 5 45
Bdirh Cd LR WY RECE Cr (1915 £ ,3X
PG B0 AR AR G H 18 BOA X Cd AN 42
CBSQGs ™4, Sk i1 1) CBSQGs i i
SEVEVE AN W x Hg (9 JC 7 7E 000 A 22 AR
(35% ) , RIHASCRI F CBSQGs 0 LR He
(R TCTE I T n] REAH XS B AR AT, CBSQGs ki
TEC H1 PEC f{EL 2 AR 4h 5 [ 458 P B 358 7K 3] 3
VLB SQGs 3145 1, 5 3k ERHIE A B 3K
R E N K R UURY) SQGs A FT 22 5% . [HIN“#3%
M 20 {42 90 AT IR B THFE E N H K &
DB A SR v, W A 250 7E 1992 4E %6 [ P
HPIKARTTRR ) 5 St o o R Iy 1 Ak 1 A X A 4
T VTGN ST, E G R AT P AP
B 43 BeTE (BqP) 43 BN THRILH R K R AR
IR T 4 Pk v Sl
12 0 T B A ) 280 0 B AR T ( biological  effect
database for sediments, BEDS ) 348 T /KT
Yyrp Cu Zn Pb Cd Ni fyk B2 5LE, /T 4 Fh 5 4
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Ji& (14 e B A% 0 e B (TEL) 43531 g 45.5.74.°9,
47.3%13.0 mg/kg, Al RERL ML ¥ BE (PEL) 4351
181.1.403.6.204.1 71 19.0 mg/kg, Cu.Zn F1 Pb
e B 36 v (H 55 MACDONALD %) CBSQGs &
fE{E A AT, CdOAR N MfEfH A 22 ALK,
MACDONALD &5l 5€ 1) TEC o, K- JLT- /2 B A 2
W R A 10 SO A S S DURUARE B Cd
J e B 2 W AR T TEC,, ] LR AR A8
RAECEX I Cd PEO 45 R B o A PR
B2 (9 CBSQGs MR AE e [ 1 I DU
SEVEHT R IE B A R (H DA 25 1))
HARZERE L.

4 Z5g

TR K SR E UURR Y R 4 R e
AR 24 Zn Cr,Cu,Pb As Cd Fll Hg, % 43
Wk 4.92 ~ 189. 71 ,17. 09 ~ 105. 89 3. 76 ~
98.00.1.98 ~31.87.2.90 ~ 15.62 0. 033 ~0. 543
F10.006 3 ~0. 159 mg/kg, PLENEEXT IR AT A2 2
R IETUR Y Cd Ml Hg 4E X St B m T
K HIE (P <0.05) , HoAthH 4@ 76 A [F] 5= 56
st Rl S ORI AR 2 43 A T i 3 25 s BR A
S IE IR R IZFE S Cd 5 Cr & bR,
oA 99. 52% T SETTRIAE & 4 R & AT
BTN FEA T IR K FRFE = 1A B8 5% 1)
(NY5361 —2016 ) HiAH AR MEZEK s thIHDTR A
Fi 4 @ R e HORIE T 4k 3 25, 430010k Cr As
1 Pb,Zn Al Cu,Cd F1 Hg; #J57 RAFEE IR TEE
AAEFHE UM — B TR B it ST AN 45 2R
FEU 1V TR K IR A Hh S DURR ) R 4 R A
AT EER AR AESGE AT kA
PreRptEROSLARAS  (HA /b S U A) h Cd (Hg Al
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criteria and ecological risk assessment for heavy metals in

Distribution and ecological risk assessment of heavy metals in the sediment of
aquaculture ponds in Shanghai

LIU Jinjin, ZHANG Yuping, ZHANG Fen
( Shanghai Shanghai Fishery Environment Monitoring Station ,Shanghai Fisheries Research Institute , Shanghai 200433, China)

Abstract: The concentrations of heavy metals (Cu, Zn, Pb, Cd, Cr, Hg, and As) in the sediment which
were collected from 17 ponds were determined to clarify their distribution characteristicsand evaluate their
ecological risk in aquaculture ponds in Shanghai. Their distribution and sources were analyzed using
multivariate statistics, and the ecological risk of heavy metal was assessed by three different methods. The
results showed that the average concentrations of heavy metals in the surface sediment were as follows, Zn
(58.36 £23.41)mg/kg, Cr(41.96 +11.92) mg/kg, Cu(20.61 £7.76)mg/kg, Pb(10.87 £5.83) mg/
kg, As(7.81 £2.12)mg/kg, Cd(0.13 £0.05) mg/kg, Hg(0.055 £0.03) mg/kg. There were no significant
difference of the annual values of Cu,Zn,Pb, Cr, and As among the sediment from different aquaculture
species( P >0.05) ,while the values of Cd and Hg in the sediment of shrimp and crab ponds were higher than
fish ponds obviously (P <0.05). The order of geo-accumulation index (/,,) of the heavy metals in the
sediment were as follows, Cd > As > Cu >Zn > Cr > Hg > Pb, and more than 95% of the samples belong to
unpolluted class. The potential ecological risk index (RI) of the heavy metals were 56. 94, 76. 51, and
69.65 in the sediment of fish, shrimp and crab ponds, respectively. They were all ranged to the low
ecological risk grade. Evaluations of consensus-based sediment quality guidelines ( CBSQGs) showed that the
mean probable effect concentration quotients ( My, ) of samples were all lower than 0.5, which means that
the combined effects of heavy metals in the sediment were not toxic.

Key words: aquaculture pond; sediment; heavy metal; ecological assessment
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