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ViU

DU AL BBy ) BT K A 4 P>
Cd'v Cr* 1 V5 Qe LR R Mt , 43 I o 45 AR [+
P\ Cd*'\ Cro M VIUREEIIKEE, BT 255005y
W AEIRES . SAER . FAESTERE . LR .

RIS A MM EAT, AR 27~35 C,
AR FEVE LA 70%~90% . 5 & R R ~F R 400
mm X 300 mm X 200 mm i% B 3345 .

1.2 E¥FHZE

WACREALIAHR ) BT S K b 4 JE Pb s
Cd'\ Cro Al V' IR BE 42 3 5~15 mg/L 5~15 mg/L+
0.2~2 mg/L f12~20 mg/L, VAL, Bl T &4
[l 42 JB IR BE (KR, VIIIREE XA 24 10 1 20
mg/L, CA*WKFE4r510 5. 10 A1 15 mg/L, Cr¥"KJE45y
B0 0.2 1512 mg/L, Po™ ¥ESHIM 5. 10 F1 15
mg/L. 73 W& AR SE Pb* . Cd*' . Cr¥ 1 VK
FEBONIEEEAT IS AR R A I — s S i 22
TS TR, RIKEE N 10 Lo AR5 20 AN 2E 3R
IR EEBATHE TR, BRI A (40E5) g, HikK
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I Fof 5 T8 A o 6 o PR AR A R TR A g e R R
Wb 14 K, 5ITFRFR 7 R, 14 RERDIAL i,
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Pof v e (T Rk, (R KRR VR
Cr R kAR T o IR X K A PR DR
B, /KA PO RSN 5. 10 1 1S mg/L i, &
&8 IHIEE AR T 97.22%- 96.74%F1 98.38%.
CA* (PR IE A 5. 10 A1 15 m/L B, HIWEED BN
70.23%- 52.08%F11 50.95%. JNEHXT VR CroF 1)
PR AT AN VIR 20 mg/L Cro" ¥ 5 24 2 mg/L
i, AR EIER R 5.97%81 18.26%. 41, Ik
JRES F 4 PO R Cd™ Bl R, it VIR Cr®

Hi Pl 2 AT, B E AR VL PhY ORI Cd™ o R
N, SRS KRR R () 4 S kR . i B Cr®
WRPEREIN, SR S R R BT CroR
J& 0 2 mg/L i, BESEGT Cro (I BE ) CL A 2R PR o
SR PO R B B O, PHT R
5. 10 F1 15 mg/L B 1IHIBE 5 54 89.63% 92.27%
H194.35%, BAHT CA™ MR bF, Cd™ iRk
A S mg/L I IR Rk 96.53% . SR ET KA VT
MIEREEA BT 20%.

ZEA N IR SR R E KA Ph> 34
AU IR, 2 PO RN 15 mg/L I, 3%t
AKARH PO> IR 2 A E] 98.38%F1 94.35%.
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Fig. 1 Reduction effectiveness of heavy metal in water environment by Myriophyllum verticillatum: (a) V>*; (b) Pb*"; (c) Cd*';

(d)
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Fig. 2 Reduction effectiveness of heavy metal in water environment by Hydrilla verticillata: (a) V>'; (b) Pb*"; (c) Cd**;

(d) cr**

BEAR: 53R 14 KJG, VO'IREEN 20 mg/L I HE
Fa i NET 554%, PO KN 15 mg/L I
M2t a S8 NET 66.5%, CA*HE N 15 mg/L I
HEEIAEE a T N T 69.4%; L Cr B s
,%%E a IR K, Cr"%z;#jv 2 mg/L I BRI
LEFEa i M T 52.0%.
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Table 1 Chla content of Myriophyllum verticillatum stressed

under different V" concentrations

VIR FEAGT 20 mg/L 1N, PIRHEERMI 4¢3 a &
YRR IR KT, VIR 20 mg/L AN 4% %
a i R L/ T S o PO R P b 5 28 1 F 0 R
K, POXUREE A 15 mg/L I, IR W BB iy
Ea W RMET 65.1%F 66.5%. {£ Cd* Al Cr® i
PR EEM 2R a S N RH/ N T2

£2 OARFMKEE Po> sl FILRBEM 4 % a &
Table 2 Chla content of Myriophyllum verticillatum stressed

under different Pb*" concentrations

V> concentration/ Chla content/(mg: g_l)

(mg:L™)

Pb*" concentration/ Chla content/(mg: g_l)

7 days 14 days (mg'L™ 7 days 14 days
0 1.15+0.028 1.15+0.041 0 1.15+0.028 1.15+0.041
0.96+0.043 0.95+0.075 0.93£0.110 0.94+0.080
10 0.93£0.094 1.07£0.042 10 0.78£0.061 0.80+0.018
20 0.87£0.018 0.82+0.062 15 0.57£0.053 0.40+0.034

Note: average value + standard deviation, n=3.

Note: average value =+ standard deviation, n=3.
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Table 3 Chla content of Myriophyllum verticillatum stressed

under different Cd** concentrations

R OAFRE CI A R RN 4R a B
Table 7 Chla content of Hydrilla verticillata stressed under

different Cd*" concentrations

Cd*" concentration/ Chla content/(mg: gfl)

Cd*" concentration/ Chla content/(mg; gfl)

(mg-Lfl) 7 days 14 days (mg'Lfl) 7 days 14 days
0 1.15£0.028 1.15£0.041 0 0.66+0.056 0.6510.033
5 0.95+0.018 1.15+0.088 5 0.441£0.095 0.35%0.053
10 0.91£0.097 0.8210.034 10 0.37£0.005 0.23£0.006
15 0.79+0.065 0.50£0.016 15 0.29+0.010 0.20£0.021

Note: average value =+ standard deviation, n=3.

T4 AR COhE FIRR RN a &5
Table 4 Chla content of Myriophyllum verticillatum stressed

under different Cr®" concentrations

Note: average value + standard deviation, n=3.

R8RS Cro Whid F B4R a R
Table 8 Chla content of Hydrilla verticillata stressed under

different Cr®" concentrations

Cr®" concentration/ Chla content/(mg-g ")

Cr® concentration/ Chla content/(mg: gfl)

(mg'L™h 7 days 14 days (mg'L™) 7 days 14 days
0 1.15£0.028 1.15£0.041 0 0.66%0.076 0.65£0.050
0.2 1.034+0.018 1.13+0.082 0.2 0.59+0.091 0.42+0.017
1 0.9740.090 0.82+0.034 1 0.57£0.075 0.41£0.071
2 0.84+0.065 0.51+0.016 2 0.57+0.064 0.31+0.081

Note: average value + standard deviation, #=3.

RS ORFREE VMG N B4 a i
Table 5 Chla content of Hydrilla verticillata stressed under

different V>* concentrations

V** concentration/ Chla content/(mg-g™")

(mgL™") 7 days 14 days
0 0.66£0.084  0.65+0.033
2 0.60£0.049 04140074
10 0.60£0.083  0.3920.068
20 05940012 0.29+0.009

Note: average value + standard deviation, n=3.

6 AR PO Ml R RN AR a T
Table 6 Chla content of Hydrilla verticillata stressed under

different Pb>* concentrations

Pb*" concentration/ Chla content/(mg-g™")

(mgL™") 7 days 14 days
0 0.66£0.054  0.65%0.075
5 04240.062  0.3820.042
10 038+0.067  0.2440.037
15 03140081  0.22+0.048

Note: average value + standard deviation, #=3.

Note: average value + standard deviation, n=3.

gr bpTiR, MR EZESEaEmE N e E!
FIRFFER, Cd* R PO X had e &6 FIA 0 2
HIER: Mot a b CAP IO EE SEAURIDE: 1T Pb>
FHYI R R A 43 a & i BRI, X5 A
WFFUS PR EESRI 2 3% a (IS R — 2.

2.3 AREBRE V3. Pb*. CA™#1 Cr* 3 4ARaARiE 14

B2

RN M 28 5 4 s, LS8 P BRI N 5 e
MLV AN, A0 AR H S 2 T s 0 AR
K, UMY B SR R AR T A
R BT MR B AFUHICHE, AR AN [RI A4 1) B35 1
TR, @ PR 4 FhASRIAR B 42 2 7Ry
I RN RN ZE S A 4N H 2%, m o0 A i e
AN Sz e FE 5, g AR B R A
DA M RS RS PRGN M PN G e s T A AR . B3
T4 B 43 5 b 02 A B AN R BE V'L P
Cd> T Cro e (4 A X 5%

B 3 R8s R EoR: Po™ IR 8 1 4 B3 1 5
Wi f 7™ 8, PH> RN 15 mg/L I, JIUR 3 1 41 A
XPHLF AN 93.2%; I HE 1) 4 B AR i 5 2R Bl A
CA* R Cro IR FEE I R VIR /N T 20 mg/L I
R BE T A0 R R8T TR A B 4 e PO 2 PRV AR A LG O
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WA RRABRA, VIR Ny 20 mg/L 40 i A0t el S
WK, N 39.6%-

HE 4 i %0, VUKREE A 24 10 F1 20 mg/L i,
FE AN BAHXT i R S B R E R AR, #E
30%/A A7 SN AT LS KBl P, CdTR
CrO VR B (VI N i YK, it o5 45 7% I 1] 28 K 40
I SRR R I E PO RN 1S mg/L. Cd*
WPBEN 15 mg/L Cro" KRN 2 mg/L 1577 14 KIAEE
T, BB AR S0 96.7% 69.5% 1
90.8%, ULHH Pb> 1 Cr® W 2 {5 41 o Ity 4 2 P2 B %
Ko

15 4 PSR AR ERMNA T, BB AR,
21 R VXA R B 11 AN PR RS 1
WA BIAN K s PO XeF P ol 35 285 40 PSS 10 45 o o e
FE CA R Cro e N, SR SRR AN M i 25 A FE KR
SHEEE S THEAS RN, X0 R T
HIAE RTINS S DA ot dpt S5V 5 AR g 5
KA WIS ENE R L, Zn® 3 SOR DR 3 40 o Jgi A=
FUBESZ A, AR S A S AR, X5A
FSE IR S I AR A o

1) IR SR B EEIANT P A s (IR g, 24
PO WA 15 mg/L I, —FRKART Po? (1) ek
S IEE] 98.38%F1 94.35%; BABEAE CA> ¥R 5 mg/L
ISk 3k B 96.53%, 7E Cro kBl 0.2 mg/L ik
HH 69.23%;: EMIFHRE T, JMRE cd M
FIHIRR S 5K 70.23%H1 26.73%, HIERAC R LT
BESBEIRy s P R B KA VR AN
LKA VIIREE A 2 mg/L I, PIRRERENT VI EI
Wm0 16.71%H1 19.23%.

2) VKRG T 20 mg/L i, PHFPEEISIIT4EE a
FRAERFIE R KT VIIREE N 20 mg/L i, JRRSEM
LEE a i FRELL/NTRREE . PO X Al e g
LEE a O BRI VE s PO IR 15 mg/L
I, JURHEAREEM 283 a a5 R T 65.1%
H1 66.5%. £ CA*F Cro' Mt F, INBEMNLEE a &
BN TSR, P A IUR M 48 a 2
EIEy IS ER- A1 I3 S

3) VUSSR SN B (K 4l RS RS AN K
P> 'S 1 ol 78 25 1) 40 MR B o R P e Ko fE Cd> AN
Cro S T, P 8 11 20 B I 52 453 R P /N B
YL BEAE CA> AT Cro s | i 32 M A g
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Phytoremediation on heavy metal-polluted water of Pb, Cd, Cr and V
by Hydrilla verticillata and Myriophyllum verticillatum

LIN Hai"%, CHEN Si"? DONG Ying-bo"?, SUN Meng-yao"2, LIU Lu-lu"?

(1. School of Energy and Environmental Engineering, University of Science and Technology Beijing, Beijing100083, China;
2. Beijing Key Laboratory of Resource-oriented Treatment of Industrial Pollutants,

University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The reduction effect of heavy metal Pb*", Cd**, Cr®" and V*" in the contaminated water by Hydrilla verticillata
and Myriophyllum verticillatum and the effects of these four heavy metals on the two macrophytes were studied under the
experimental conditions. The results show that the reduction effect of Pb*" by Hydrilla verticillata and Myriophyllum
verticillatum are the highest. When the concentration of Pb* is 15 mg/L, the decrease rate reaches to 98.3% and 94.3%,
respectively. Besides, the reduction effects of Cd*" (5 mg/L) and Cr®" (0.2 mg/L) by Hydrilla verticillata (96.5%,
69.2%)are higher than those by Myriophyllum verticillatum (70.2%, 26.7%). The reduction effects of V>* by Hydrilla
verticillata and Myriophyllum verticillatum are the lowest. When the concentration of V>"is 2 mg/L, the reduction effects
are only 16.7% and 19.2%, respectively. The test result indicates that the Chla content of Hydrilla verticillata and
Myriophyllum verticillatum decline when the concentrations of Pb?', Cd**, Cr*" and V>'increase, while the relative
electrical conductivity increases. And the influence degree becomes more obvious as the cultivate time goes by. V>* has the
least influence on the physiological characters of two macrophytes, followed by Cr®" and Cd*". The Chla content and
relative electrical conductivity of Myriophyllum verticillatum drops less than those of Hydrilla verticillata under Cr®" and
Cd*" stress. The two macrophytes show a weak tolerance under Pb>* stress. Both Hydrilla verticillata and Myriophyllum
verticillatum can be recommended for removal of Pb?*, Cd**, Cr®" and V°* from the contaminated water, and Hydrilla
verticillata has a better removal ability of heavy metal.

Key words: heavy metal pollution; phytoremediation; Myriophyllum verticillatum; Hydrilla verticillata; tolerance
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