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Tab.1 Criteria for the classification of degrees of the
ecological risk of heavy metals in surface sediment
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Tab.2 The contents and removal rate of heavy metals in sediment before and after planting submerged plants

HREITR LKA AT R ESES
Heavy metal Submerged plant  Before restoration/( mg/kg)  After restoration/ ( mg/kg) Removal rate/%

EE 25.100 +0.390 13.25 £0.52 47.21

Cu s 25.100 +0.390 15.00 0. 81 40.24
VL 25.100 +0.390 13.27 +0.64 47.13

FEEE 72.100 +3.510 58.95 +£8.83 18.24

Zn g 72.100 £3.510 47.00 £6.00 34.81
W 72.100 +3.510 57.33 £4.33 20.49

T 37.200 +1.240 18.0 +4.00 51.61

Pb b 37.200 +1.240 15.0 £1.41 59.68
THE 37.200 +1.240 18.3 £3.40 50. 81

fi 1.770 +0.005 0.065 +0.008 96.33

Cd 20 1.770 0. 005 0.075 £0.007 95.76
ME 1.770 £0. 005 0.130 £0.012 92.66

T 0.114 £0.008 0.061 £0.007 46.49

Hg R 0.114 £0.008 0.047 £0.008 58.77
e 0.114 £0.008 0.067 £0.015 41.23

T 9.200 0. 180 5.69 +£0.22 38.15

As et 9.200 0. 180 6.10 +£0.21 33.70
W 9.200 0. 180 6.94 +0.24 24.51

FEEL 60.730 +0.580 58.09 £0.51 4.35

Cr e 60.730 +0.580 60.63 £0.08 0.16
P 60.730 +0.580 56.26 £1.85 7.36
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Fig.6 Cluster analysis on heavy metals in
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Tab.3 Correlations among the removal rate, mobility factor (MF) and distribution characteristics of

heavy metalsforms in sediments after planting submerged plants

RIS AR R A CIE=R i b A PRI TR
Sum of acid- Reducible Oxidizable N Removal Mobility
. . Residual fraction
extractable fraction fraction rate factor
RV A
i 1 0.746 " * 0.887° " 0.400 20.299  -0.121
Sum of acid-extractable
Reducible fraction 1 0.749 0.262 -0.208 -0.303
CIE=RERS .

Oxidizable fraction ! 0667 -0.525 ~0.287

RIES Residual fraction 1 -0.769 " * -0.338
F#* Removal rate 1 0.782**

THF  Mobility factor

1

TE: o+ 7R 0.05 KF(CUR) ERFAF; = = F78 0.01 KK (RWR) ERFMNHK

Notes: * Correlation is significant at the 0.05 level(2-tailed) ; * * Correlation is significant at the 0.01 level (2-tailed)

®4 BEEEERREVEERIBGFESSESRERE IBENEXXER

Tab.4 Correlations among the removal rate, mobility factor (MF) and distribution characteristics of

heavy metalsforms in sediments after planting Vallisneria

TRV CIBZYEVS CIE=RES Rt A LR TR
Sum of acid- Reducible Oxidizable Residual Removal Mobility
extractable fraction fraction fraction rate factor
RS 1 0.715 0.925"* 0.447 -0.379 -0.129
Sum of Acid-extractable .
CIRZY5EN
Reducible fraction 1 0.752 0.285 —-0.265 -0.317
CIE=RERS
Oxidizable fraction ! 0.705 -0.599 -0.280
WRitZ  Residual fraction 1 ~0.801* ~0.333
Zfx%  Removal rate 1 0.798 *

THFE  Mobility factor

1

T % 78 0.05 KF(ORUR) FWFME; » = 8 0.01 KF-(0UB) ERFHRK

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.5 Correlations among the removal rate, mobility factor (MF) and distribution characteristics of heavy metals

forms in sediments after planting Hydrilla verticillata

BRI CIBZY/AP G =R Bt s PR PRS2
Sum of acid- Reducible Oxidizable Residual Removal Mobility
extractable fraction fraction fraction rate factor
BV
i 1 0. 640 0.905" * ~0.306 -0.207 ~0.160
Sum of acid-extractable

AR RS
Reducible fraction 1 0.676 0.136 -0.116 -0.345

CIE=R R
Oxidizable fraction ! 0.633 -0.507 -0.318
Wit A Residual fraction 1 -0.790 = -0.339
£B%  Removal rate 1 ~0.742

iTF%#%  Mobility factor

1

T+ R 0.05 K (WR) EREAMR; + = FIn 0.01 KF(RR) ERFMEK

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 Correlations among the removal rate, mobility factor (MF) and distribution characteristics of heavy metals

forms in sediments after planting Potamogeton crispu

BRI QIFLYEEN GRS it LR THHE

Sum of acid- Reducible Oxidizable REA Removal Mobility

. . Residual fraction A ’

extractable fraction fraction rate factor
A% j;\
o s 1 0.804 ¢ 0.919"* 0.447 ~0.305 ~0.099
Sum of acid-extractable
CIPZYN
* .3 -0. -0.

Reducible fraction 1 0.850 0.340 0.207 0.290
AL

Oxidizable fraction ! 0.680 -0.475 -0.279

A Residual fraction 1 -0.719 -0.344

E#  Removal rate 1 0.823*

TR Mobility factor

1

T R 0.05 KF- (W) ERFAMRE; =« Fm 0.01 K (BUR) ERBFME

Notes; * Correlation is significant at the 0.05 level (2-tailed) ; * % Correlation is significant at the 0.01 level (2-tailed)

DUKAB I TG e H 3 4 19 25 BRABBCR AR
HEGBICEMTUKAEY R A K, b BT
MR R RECHL A, Forh pH L A 4
PR S PR 8 R 2R 242 52 0 IR 98 P B 4 R 1) R
AL, BRI BT G R R Y] T YR 3
BEMRYE (pH <4) 2608 T & AR T 4 s B, HL B
% pH (M FF R RO G TR S84 0R ™ Do
R, BER R e A ML BT, e R s SR AR
58, B R 2 B A €, i T R AR AR B
B e H AR . AR LB SRAE A A, pH AR
i i LR DA LT &5 5, RS M T 0K A
YIRS IRIEHE B R KRR . M, i TR e
Hh R 4 TR 8 e WU R JRORA R BRUE 9 AT AE
B R AW 5 TR 45 & 5L, S
SR EEED B R TR R R R Y
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TIRJe P E R B AR S XU, il ik 3 R UK A )
MBEEAIERTE , A BRI P ERJR Y R, (EHI4/)
T 150, AR A A KU R JE o

AR 1Y A AR B DOACAR 0 % AN [ B 42 ) )
BEBCRAR . R R, 5 5 R SRR
HZFHEPUKIEYIXS Cd As Cu Zn Pb B EBRICR
By, T AR DK AN Cr 1) 5 BRI
U R EGRIES TR, DUKY B R
fif)e , Cu Cd EZE AW A RS XAFAE, Zn,
Pb Hg As . Cr W DL3k ¥ 25 A7 e DUKAEY)
B FIEJE Cd Zn F1 Cu BT HE R, JUH
& Cd, B/ T HAE G UK BE)G Pb.As
I Cr BYIERS A5 Rl AT JC W] 22846, {5 Cu \Zn
Cd BT R R RIEIN P, IR i AR A 20
TR REE K Cu M1 Cd TR B R
JE RV A WA RS 1 RE A% A b A T
RWEW . Beoh, MM B s, IR P
IR L BR RS HAEYA S S AT R Y
PR EIER (P <0.01) . Ik, IR+ H
< B AR A RS S R I RS R ] LU AR AE
DUKAE PR R 25 R 15 Y i RERACR .
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Bioavailability of heavy metals in aquaculture pond sediments with
submerged plants

SHI Qinxuan'**, YE Xueping'>*, SUN Boyi'*”*, ZHOU Dongren'>*, GAO Sheng’, LUO Yizhi'?*”

(1. Key Laboratory of Healthy Freshwater Aquaculture, Ministry of Agriculture and Rural affairs, 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)

Abstract; This paper is aimed at restoration of aquaculture pond sediments with submerged plants. We chose
plastic boxes to make a terrarium and selected three kinds of submerged plants, namely Vallisneria,
Potamogeton crispus and Hydrilla verticillata to plant on sediments. Then we investigated the total contents and
occurrence characteristic of heavy metals ( Cu, Zn, Pb, Cd, Hg, As, Cr) in sediments and analyzed their
bioavailabilities. Results showed that the contents of heavy metals in aquaculture pond sediments were rather
high, which may lead to high ecological risk. After planting submerged plants, we found that the contents of
heavy metals in sediments were lower and their ecological risks were reduced. Compared with all heavy metal
elements, we discovered that submerged plant restoration showed a good removal effect on Cu, Pb, Cd and
Hg, while it appeared poor to Cr in sediments. There are different restoration effects between submerged
plants which lived in different seasons. Cluster Analysis showed that submerged plants that grew in spring and
summer can obtain a better restoration effect to Cd, As, Cu, Zn, Pb, while overwintering plant can reduce
the content of Cr more efficiently. Speciation analysis on heavy metal in sediment reflected that bioavailability
fraction contents of Cu ,Cd and their mobility factor ( MF) were higher before planting submerged plants.
After restoration, the bioavailability fraction contents and MF of Cu ,Cd increased significantly compared with
the others. Besides, it showed extremely significant correlation( P <0.01) between the bioavailability fraction
contents of heavy metals and their MF to the removal rate of heavy metal. In conclusion, the bioavailability
and MF of heavy metals in sediment can effectively characterize the removal effect of heavy metal restoration
with submerged plants.

Key words: submerged plant; sediment; heavy metal; removal effect; occurrence characteristic;

bioavailability
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