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Biosorption of Cu* by Submerged Macrophytes and Their Physiological Responses
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(1.Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China; 2.School of Environmental Sciences, Beijing Nor—
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Abstract: The aim of this study was to investigate the physiological responses of Hydrilla verticillata and Myriophyllum spicatum in the pro—
cess of copper biosorption. Chlorophyll and antioxidant enzymes(SOD and POD )were measured to reveal copper stress on submerged macro—
phytes at various concentrations. Both of submerged aquatic macrophytes were treated with 0, 2, 4, 6, 8, 16, 32, 64 mg-L™" copper solution
(copper( Il )sulphate ). Copper accumulation in the plants after an exposure period of 24, 48, 72, 96 h showed that Cu uptake by H. verticil—
lata was much higher than that by M. spicatum. In this study, the maximum accumulation was 11.29 mg Cu-g™'(dry weight )for H. verticillata,
whereas, only 6.86 mg Cu+g™'(dry weight )for M. spicatum. Dose effect of copper stress on both macrophytes significantly differed in chloro—
phyll content and activities of SOD and POD. Compared with the control treatment, copper amendments caused significant differences in
chlorophyll content and activities of SOD and POD, 32 mg-L™, 64 mg-L™, and 8 mg-L™ for M. spicatum, and 16 mg-L™", 8 mg-L™, and 2
mg L for H. verticillata, respectively. Our results indicate that M. spicatum is much more tolerant to Cu stress than H. verticillata. These
findings may contribute to selection of potential submerged aquatic macrophytes for removal of heavy metals in aquatic environments.
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Figure 1 Copper accumulation in leaves of H. verticillata and

M. spicatum exposed for 24~96 h
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Table 1 P—Value comparisons at a 95% confidence limit
(a0 =0.05)of initial and post—copper exposure chlorophyll levels

for H. verticilla and M. spicatum
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Figure 2 The activities of SOD and POD of H. verticillata exposed

to different concentration copper for 96 h
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Figure 3 The activities of SOD and POD of M. spicatum exposed to

different concentration copper for 96 h

& HBMHIIY SOD {& M T BEA H B {E) POD
EVEREAE AT i Tt — PR AR SIS

HAEE Cu BAEY LT EICRZ —, 2L
il (o 22 Py S8 AL I DR LR SR AL T 200 (5 3R S A
B ) o3 , P A S8 AR I e B A7 A T 4R
B R P, 2 5GP HT H ARas fA R, xf
YA R BRE T B EAE ] (HR, 35
HA B B R R — I LI, s R AR A A —
SEMREFAEM, RRNAE YR A A AR e kAR 2R
AL, AR A A 2 2, I S E T

SOD .POD et AN It ALl R 4e LA 3
SRR, TR R i 5 R AR S e
FIRRAGA73 75 TS B B o FEAS SR A, SOD Al POD
(O B — RE R E A TG, IR A PR Y PR P B
I, BEA O bR 5 T AR G PR R AR AR SR
POD {HPEH SOD G PER thiF 2, JFH TGP x
Cu & B2 1Ay 157 5 0 80, W] POD 7EFE 2 J& Cu™ iy
IR R FEAE R I AR AR N A TR
I AR e ) A

RSB A SRR IR B R B Cu™ B
18 BA B YR 2, X a] BB LA _E PR DU PIIE

A AR ARG 56 o EENT B AR B B TR
B, Mt 4~8 e, sk AE, K 7~17
mm, 5% 1~1.8 mm, MR HEE M 4~6 MEE L, 220k 4
242K K 10~15 mm, JUB B RS2 FIEAS AT
AEAF T S T Cu i (i derE . At & BE,
PR HEAEZRHR WLy 2~32 mg- L7 I HY 3 1A [ A 2
I VR R , 3 1T RE S F TR 8 LA 7% =2 bt
R QU 5 Co? 2 fil i B A HEAE Cu Bl %t 3 B 1)
Vi, (AL R RV N 64 mg- L IR BE A A 210
A I T 0, AR A AR BE R A M T BRI B
C 285K 3 B IR X Cu B TR A2 {1 77 L 9 A
B AL BB P S B RS (HE A Cu™ 5
2 I B S )RR AR PR G | R S g A
SRR E Cu™a O RUR . R, RO AT 4R
b Y IR B Y 2 A5 221, 41 i RE 2 1 A7
B2 () FE 4 SR W R A, R A R P AR Cu™
TERBEARN IR . ARSI SUF S, AR AR R A S5 56
M, MERM Co LR B BT 2 (WK
1), X A BRI S B 48 Co™has HoA o i 52
PR SR N 2 — , I B A i PR X Cu vk JiE
A a e el A S T 7 N P 2 N s W € - L)
A A R A TSR], AR B 4 R i
FPTEALEE POD T P35 W i 2Rl T s f 1
B A R TR E IR S 4R Cuid bt

3 #ig

(DL FE Y5 - R 8 MR AL X o 2 )
Co" HA B A IR RAE 1 . SLIRa KRN, et
SR Cu* BRI i TREAEAR B , 78 Cu™ ik
N 64 mg- L7 BRI B ER 96 h 5, it R Cu™
BUREY 1129531 pg Cu-g™ (T ), £ AR S5
FAF AR B Co TR 1.6 £,

(2)PC/K A5 v 8 B R RE AL T 3 X o
CuP R AR A Y A B S ] A RV RS o AR SR 2%
RN, FEAEITRE BEAL P 55 X IR AL i S 38 5 i
SOD F1 POD i1 i BEge it LR 22 5 Cu™ ARz
WS35 0 32 .64 H 8 mg - L7, 42 v e ik S A i
(Y Cur B2, Jf ELREAEINRE B2 POD % L] .
TR TR, XRVIB IR X R JE Cu™ B
W R R PTAA e BE

(3)JA8 e it B e 0] Al B A 0 v 1) 2R ) B
71, B TR FR AR AL IR X 4 75 e B A
SR, DR M A v ok P A 5 G R AR )3 B AN AR 2B 5T



370 PR o 25 - DUKA YD B G Jm Cu® (4 A I B B LA S 7

=

2009 4£2 H

S S TR R RAE R B A 15 YK A 52
HUEZ/EL S

SE 30k

[1]% 73 i, BUFLE, MRIRL. K2R R M AR A A A R F 1.
BERleEAEdR, 1995, 15(2):251-255.

GUO Jing, RUAN Yi-lun, LIN Rong—chen. Purification capacity of

aquatic plants in treatment of geothermal wastewater|[J]. Acta Scientiae
Circumstantiae, 1995, 15(2):251-255.

[2] Alaerts G, Mahbubar R, Kelderman P. Performance analysis of a full -
scale duckweed—covered sewage lagoon[J]. Water Research, 1996,30(4 ) ;
843-852.

[3] UK, EEHr. B TR TR i T« I fbis K bl
PR AR, 1998, 10(2):66-71.

CHENG Shui-ping, XIA Yi-cheng. Studies on artificial wetland with
cattail (Typha angustifolia), rush (Juncus effusus) Il : mechanisms of
purifying wastewater[J]. Journal of Lake Sciences, 1998, 10(2):66-71.

(4150 B, AR AKAERAE TS /K AR BRIK BTt o it R, (T A
2F3E 4z, 2003, 2006 ) : 641-647.

HE Feng, WU Zhen-bin. Application of aquatic plants in sewage treat—
ment and water quality improvement[J]. Chinese Bulletin of Botany, 2003,
20(6):641-647.

[5] Rk, AV, B 98, %5 Hg (Cd e H A
E[]]. PEFREERIE, 2005, 25(3) 1 262-266.
WU Zhen—bin, MA Jian-min, ZHAO Qiang, et al. Toxic harm of Hg**
Cd* and their combined stress on Elodea nuttallii [J]. China Environ—
mental Science, 2005, 25(3):262-266.

O] BRAIE, I i, Bk L 4F AR AT Y AT DR AR SR
RO B T 4 S T R AR LR SE I [T]. A BRI RL A 2 4z, 2006, 25
(3):629-636.

TIE Bo-qing, SUN Jian, QIAN Zhan, et al. The eco—toxicological effect

30 X AR B B

of Cu, Cd, Pb, Zn and as compound pollution on Juncus effuses and its
accumulation character of heavy metals[]]. Journal of A gro-Environment
Science, 2006, 25(3) : 629-636.

(7] JEILT T, Jife FE, RN, 45, Cd 5 Yt /K A8 A Az A fb S b fle
F RS, A 252441k, 2003, 14(9) : 1581-1584.
ZHOU Hong—wei, SHI Guo—xin, DU Kai-he, et al. Toxic effects of Cd*"
pollution on the biochemical and physiological characters and ultra —
structure of Alternanthera philoxeroides[J]. Chinese Journal of Applied
Ecology, 2003, 14(9):1581-1584.

[8] Aravind P, Prasad M N V. Modulation of cadmium—induced oxidative

stress in Ceratophyllum demersum by zinc involves ascorbate —glu —
tathione cycle and glutathione metabolism[J]. Plant Physiology Bio—
Chemistry, 2005, 43:107-116.

[9] Thomas D L, Styblo M, Lin S. The cellular metabolism and systemic tox—
icity of arsenic[J]. Toxicology and Applied Pharmacology, 2001, 176
127-144.

[10] 8 2,24 4k, = %, & RICHiEE Tk AN &

I A IR ST, 2002, 15(6) : 1-4.
HUANG Liang, LI Wei, WU Ying, et al. Distribution of heavy metals in
aquatic plants of some lakes in the middle reach of the Yangtze River|J].
Research of Environmental Sciences, 2002, 15(6) :1-4.
(1] 55 B, FRADBTS. A AR H S0 S (M. JE - S50 R,
2003.
ZHANG Zhi -liang, QU Wei —jing. Experimental guidance of plant
physiology[M]. Beijing: High Education Press, 2003.
[12] B, el A /4 oA S04 M. ) - 4
Jtt, 2002:120-121.
CHEN Jian—xun, WANG Xiao—feng. Experimental guidance of plant

FER PR T R 2R

physiology [ M ]. Guangzhou : South China University of Technology
Press, 2002:120-121.

[13] Aravind P, Prasad M N V. Zn alleviates cadmium induced oxidative
stress in Ceratophyllum demersum L.:a free floating freshwater macro—
phyte[J]. Plant Physiology and Biochemistry, 2003,41(4):391-397.

[14] Sivaci E R, Sivaci A, Sskmen M. Biosorption of cadmium by Myrio—
phyllum spicatum L. and Myriophyllum triphyllum orchard[J]. Chemo—
sphere, 2004, 56(11):1043-1048.

[15] Dunbabin J S, Bowmer K H. Potential use of constructed wetlands for
treatment of industrial waste waters containing metals[J]. Science of the
Total Environment, 1992, 3:151-168.

[16] Shin H W, Sidharthan M, Young K S. Forest fire ash impact on micro—
and macroalgae in the receiving waters of the east coast of South Ko—
rea[J]. Marine Pollution Bulletin, 2002 ,45:203-209.

[17] 6 5L, HERBAT. R AR B2 (M. (35 =B, b AT i 50 R
#t, 1997.

PAN Rui-chi, DONG Yu-de. Plant physiology ( Third edition)[M].
Beijing: High Education Press, 1997.

(18] 5 Hi, G BT, GxAbl, 45 TOKAEYFe T BRI BT Cu™

SFIRMEBRAELT]. PREERI, 2005, 27(6):1068-1072.
YAN Chang-zhou, ZENG A -yan, JIN Xiang—can, et al. Equilibrium
sorption isotherm for Cu®* onto Hydrilla verticillata Royle and Myrio—
phyllum spicatum 1.[J]. Environmental Sciences, 2005, 27(6):1068—
1072.



