; N A b, n
%27 %W 5 W Wl ¥ REZE 2R Vol. 27, No.5
201849 H JOURNAL OF SHANGHAI OCEAN UNIVERSITY Sep., 2018

NEHRS: 1674-5566(2018)05-0710-08 DOI;10. 12024/jsou. 20171102176

KFEINMMNBEREAROPESENESNRREEYWRR

i, BEE, BET, BB, AAL, I
&, 2HF

(L. ARl BRI I FRE SR8 B S0 2, WiV 3N 3130015 2. WiVLA8 S fl R 5 8 SR B S0 &, W VT M)
313001 ; 3. Wil IRAKK=WEFE I, WL W0 3130015 4. K26 Bl )5, #vL WM 313100)

%",

Bl xRN BEE 2 DR 48 CuZn Pb Cd Hg As & B AGIREE, 4007 1%k R 2 0T
T 4 & S KT a3 () o A FRAE , 006 A A A KU R IR T T PR AT . 5 IR ER K IR 20T
R A —E A B TS e AR S XU KT A 58 , Cd  Hg J2AE 25 XU 3222 1 STk 7, A2 25 KU o B
A3 AR B EE A m AR K IO [R] X B (R AE— 8 43 25 5, v 83 X BX a4 Jm 1 5 i B AR S U 3 5%
o A HERTGYRIEARRL, F 8534341k (Principal Component Analysis, PCA) 7, TR 15 44 AT TT YL |
AT AR Y 8 N B R K R BB h AR 1 TR IR . I — BRI Hh F 4 T AR X K 3
Fr SR RR T, He (A4 W3R 2 U0 BB F (BSAF) 2y 0. 861, f7 46— By A4 9 RARE AT (AR 2 Ui
Y5t KA Z RGPS (P >0.05) o KIS KR 8l MR HL 2800 25k B 3G BEI0A , i B T B

eI IR G Y BRI

R REVRW; Eam; FR0rs Mk BT

HESES: X 174 XEIRER: A

BRI WA 0 B 2R IOK R K
KA R, KR R ik
AR TR JRE A58 v ) ST A R A T
SFERF AN LTS By ] S UURY- KR S5 2 Fh i
Aokt N A4 B B A 2 R G A 7 A L BT
PR AR 2 DRI o 4 1
FE: | SB35 S0 B R (A T AR R RO [T
FHECK TN TR, DR B 4 & 1 e I DL 3
(SYSREIRR 53 I VFR RN S E INE S TR IR
SRIP S IR R

BA DR, RIS h 2R
B3 CENER SRR S YN b R ENE R £ D)
BIFTIHUN B, R G000 MK S < 15 Y ) A 25
DRSS A 5, A A g 32 7K SR i A T 5 D
ABIFFE I 5 43 A BRI LK ST N B 2R B DU
HHEE < 19 R A A KR, A 22 o0 e I iR
A B e AR R, [ I 45 45 £ PA) o o < s ) 5 T
O, IRATHERZ PR E 4 i % L 3K dsk

Weis B HA: 2017-11-22 fEE HHA: 2018-04-07

FRISEENE , S 7K AR A ) 05 18 5 B P 0 3l 3R 355
PRI S AR s o

1B ik

1.1 #mRXEESNERE

2015 AFEXTERIEVL I e B it Be (S1) |
Ml I B (S2) VPR B (S3) K Ll I HE B (S4) 4 4
AR AT AT AR (BT 1) o ARSI AR
ASEREE WIS SRS =300 k) ), FREIR R TR
i, 7E 4 AW 43 )R S R 2 DU AL 54 (0 ~ 10
em ), BRSBTS AR AN S rp e 3 3 SR R, B
AR E 3 VAT, RIZ VTR SR 58
UG BT IR s [ 5L 2

FEAE I SEIG % S, R bR A T RS A sk IR
5, -80 CTF ¥R TREE G, H I
WHES 4k 100 HJE e b, 1R 5145 H o BGE & 1 il
S = el ek N 2N LN e
Varian AA240/FS-GTA120 (7 24P/ K44 BT 1%

ELWB : WA RHEITHITH (2017C02026 ) 5 #7145 BHGH )5 H (2015F30020)
TEB BT« MEIOTE(1989—) , 2, TRENN, BEFET5 a1 g it ll /K IR AR A SR IFE ORI MK 7™ b R R %o 42 o E-mail : shizhuhuan@ 163. com

http: //www. shhydxxb. com



5 3 T3 , 5 - BRI TIHUM BERZ DR T3 10 A 25 KU b AR 1 R 711

W3St AN , 5k i 35 B 35 R AFS-9130
JEF-5E 6 3 6 C BEAGIN 5 o B A ot 2400 2 3
AFATAE, F0BR IR 25 1, 5% [ SR ) o

AT R AE
N [EJ}HE Wenyan
29. 90 I~

29. 85
29. 80+
29. 75
29. 701
HE

29. 65 | Jiande s1
oA M, Meicheng

T T T T T T T T T
119.6 119.7 119.8 119.9 E

B1 RESSHE
Fig.1 Sampling location

T
119.5

1.2 EHhrAE

1980 4FEFf 2% % HAKANSON) 45 H vk 77 A=
A FE FOE P DU vh 4 e i AR S XU
ORI B 2 8T A R RS K
EERIER, BRI Ak )iz TR h
SRR T, HitBImEmT .

I,=YE =YT'xC'=YT ' x(C'/C})
LXf: € NEEE | X TR ETE Y R
(C/=c'/¢'): C' NELEE i HIFEEIMAA,
C/ NELE i MEFM; T NESE i WES
BETENA Y R KL, 275 1980 4= HAKANSON #i 4f5 8
G JE N £ e FE R AR W A R EE : Hg =40,
Cd=30,Pb=Cu=5,Zn=1,As=10,Cr=2; E'
HESE MBS E RS L MIBEAES
fEFEIEE . WM N RS B AESEER
G IAEA S fEFE RO R D PnE LR 1,

®1 REARYPEEETERETKEREEX S IRE

Tab.1 Criteria for the classification of degrees of the ecological risk of heavy metals in surface sediment

T XU 3R i A

Potential ecological risk factors or potential ecological risk index

A 25 RS i

Ecological risk intensity
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Tab.2 Soil background value in Zhejing Province

FRE(E

H
Background value &

As Pb Cd Cr Cu Zn

WA L S (K1) / (mg/ke)

Soil background value in Zhejing Province

0. 065

7.5 22.4 0.058 49.7 15 62.1
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Db B4 28 Excel 2010 )20 8 M5, R H
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YEEIH Origin 8.0 58 /.
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Tab.3 Concentrations of the heavy metals in the surface sediments of Qiantang River

HEHITR/ (mg/kg)

Heavy metal Cu Zn Pb Cd Hg As
Sl 45.3 +£6.43 160 +36.0 38.3+3.70  0.617 £0.115 0.157 £0.015  12.3 +1.23
2 79.5 £9.19 256 +24.7 58.4+2.12  1.02+0.106 0.250+0.071 14.8 +1.63
S3 93.2+17.3 258 £21.8 70.0+10.5 1.53+0.260 0.138£0.041 13.2+2.98
s 30.3 +6.35 115 £17.6 24.3+2.89  0.493+0.110 0.065 £0.006 6.43 £0.907
i 63.2£29.4  197.1+68.2  48.6+20.1 0.958 £0.484 0.143 £0.069 11.5+3.64
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Tab.4 Potential ecological risk factor and potential ecological risk index in surface sediments

Cu Zn Ph cd Hg As Iy
sl 15.1 2.58 8.55 318 96.4 16.4 458
s2 26.5 4.11 13.0 530 153 19.7 747
S3 31.1 4.14 15.5 791 84.6 17.6 944
s4 10.1 1.85 5.42 255 40.2 8.58 321
I 21.1 3.17 10.8 495.7 88.0 15.4 634
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DX E <5 Je 1 79 e K AR 25 AU 5 S4B R i
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Tab.5 Correlation between heavy metal contents in surface sediments

Cu Zn Cd Hg As
Cu 1 0.954" " 0.988" " 0.965 " " 0.473 0.422
Zn 1 0.942** 0.875** 0.679 " 0.611"
Pb 1 0.953 "~ 0.454 0.408
Cd 1 0.315 0.226
Hg 1 0.928 "
As 1

TE: " K78 0.05 /KFORUR) ERFAS; ™ " 7R 0.01 KF(XUR) ERFARR

Notes: * Correlation is significant at the 0. 05 level(2-tailed) ; * * Correlation is significant at the 0.01 level(2-tailed)
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Tab.6 The main calculated results of principal

component analysis( PCA) in this study

i H STy SRR
[tem PC1 PC2
FFHE(H Eigenvalue 4.666 1.166
TikZ/% Contribution rate 77.759 19.426
S TR/ % Cumulative 77.759 97.186
Cu 0.962 -0.258
Zn 0.988 -0.013
Pb 0.956 -0.259
Cd 0.889 -0.437
Hg 0.628 0.755
As 0.815 0.521
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Fig.2 Loading plots of the heavy metals in the

space defined by two components
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Tab 3 Biota- surface sediment accumulation

factors of fish in Qiantang River
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Tab.7 Correlation among surface sediment ,muscular tissue of fish and water on the basis of heavy metals

NN PINES KZDIRY)
Muscular tissue of fish Water Surface sediment
&L Muscular tissue of fish 1 -0.178 0.281
K& Water 1 -0.106
2V Surface sediment 1
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Ecological risk and bioaccumulation of heavy metals in the surface sediments
in Qiantang River

SHI Qinxuan'”?, SHENG Pengcheng'”’, FANG Weiping*, SUN Boyi'>*, ZHOU Dongren'””, WANG
Jun"*? | XU Lei"*?, WU Qifang’

(1. Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Huzhou 313001, Zhejiang, China; 2. Key
Laboratory of Fish Health and Nutrition of Zhejiang Province, Huzhou 313001, Zhejiang, China; 3. Zhejiang Institute of
Freshwater Fisheries, Huzhou 313001, Zhejiang, China; 4. Changxing Department of Agriculture, Huzhou 313100, Zhejiang ,
China)

Abstract; The concentrations and distributions of heavy metals Cu, Zn, Pb, Cd, Hg, and As in surface
sediments were investigated with the samples collected from the Qiantang River. Then we analyzed the
potential ecological risk of heavy metal with the Hakanson ecological risk index and searched for its source
based on Pearson correlation coefficient and principal component analysis (PCA). Results showed that the
concentrations of Cu, Zn, Pb, Cd, Hg and As in surface sediments of Qiantang River were rather high, the
overall potential ecological risk level was extremely high. Cd and Hg were the prominent factors for ecological
risks in surface sediments, showing the intensity of potential risk as extremely strong and strong, respectively.
There was a certain distribution difference with different sections of the river, among which the concentrations
and potential ecological risks in S3 section were both higher than others. It was likely that the sources of heavy
metals in surface sediments were similar; industrial pollution, agricultural non-point source pollution, traffic
pollution and domestic wastewater were the probable sources by the method of PCA. Besides, we determined
the effects of heavy metal with surface sediment on fish in Qiantang River. Results showed that the biota-
surface sediment accumulation factor( BSAF) of Hg was 0. 861, which presented a bioaccumulation to fishes.
However, the average levels of heavy metals in surface sediments presented low correlations with fish on
overlying water samples. It may be caused by the fact that the water in Qiantang River flowed fast and the
majority of fish investigated were from proliferation of releasing of young age.

Key words: surface sediment; heavy metal; PCA; correlation; Qiantang River
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