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FEE A\ L — i N 5 0 22 4 v 8 A A b 3B R R R e O S A LR A R A, L P R A A AT L
W5 KPR E R E SR N HAA R A EY . YR S Cd BRI AR /i A )
PN TR Cd ZSBRAE 1 052 W, - SR A Py % Cd /9 & 48 e, O AN T b 2 e S 30 S 4, 2 HH 3 AR
Ho A KT O B (Juncaceae) . IK P (Eichhornia crassipes) FlJK 1% 3 (Oenanthe javanica) »¥% 2 Fhak 3 iR &
F A8 /NI TR I 43 B HX AR VR (5 mg/ L) & Cd Bk i Cd 19 26 BR 38, 7 i 48 (DO YR 1 52 i)
Ko 3 R R AR Cd i \Cd 7EAE W04 Y 9 30 20 i 43 A AL 22 TB A o G5 2R 38 I < KO 38 XTI B0 O P 3 [ G
4V R G b AR IR R A B R L K R DO R EE LCd Y 23 BR A T 3 R % Cd 1Y) S 57 4R B 38 0 i s KO 3¢
bR R 4> (RO & e it W = T 05 8k 2 A ST B Cd bt it B 02 R BUR = . 3 2 Fiid e T O0 3
MRHAE Y s Cd B AETE 3 Pl 4 20 L BE T 43 o LAt A2 F JFL s 200 J0 2% 119 25 E AR s A IR I Cd AR BS 8ok £
SANBARL G 8, IR Y 2 F R . ARV EE Cd 5 YN 7K 7 36 KT 0 R+ 7K 75 19 416 4 13 7K 1

R Bl Cd ZHBRZF R F] 68.14%
KR A TR M YR HE ; Cd LBR3R & E R0
FESES X171 XEARERD A

BB Tl A= 7 R T R R, Kt T G ) i
PP AR R KA S R X A e M R B R
PEAT 3G S8 B B (TR EE AFL 2017, L R
(Cd) B¢ T #oi , ml a0 4% w0 B Pk Bl i i A AR
RLIEXF NSy 7= A G (A4 5F,2015) . AN T
iy A BREE AR AE S — Bl AR A A I AR 1 3R 3 U AE
9z M H (Vymazal, 2014 ;5 Guittonny-Philippe et
al,2014;Dan et al,2017), H o fy 4 4 ml LAWK I 75
K E TR BT AR A A A F Y
A] AR X S AR W ik R (Yadav et al, 20115
Yang et al,2017) ; BEW6 K i P 3R 8 4 ) 1 1 M AE )
REZ BB R WA RETT, v A 808 T+ KR il
JE U R DO e B AR AR I DA, 7E AR X SR
AR A A Y PRI L AR AR DX S K R 4 S ) T A
P & AR IR RS (CE A5, 20155 B R4,
2018;Chatterjee et al,2013) , JF Ifij 14 5% 5 4> J& (1) 4=
WA SCTE FAE P % B 4 R 0 4 EORN B AR R
(B4, 20105 5 B 4E,2019) . IT4EK A WF5E I8

KA 2019 -12-13 f& B B #:2020 -01-12

E&TH: BEAKPR SRS T H (315601615 31260089;
31971466),

PEE B R, 1974 4R A 2 U8 P9 T 1) g T G JR TS
YR,
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SUE YN RIS K/ E =S e 3 T WO R SR K7/ N
R BEAETS Ye KR 1 AL T e CR AR L 2015) , X 8
08 15 YL K R B AT 5T 32 4 vh 7 B b AR ) Ak B X
& B W EBRBOCR JH R 4% ,2016) , MAEY) 2 FEPEXT
ik T B 52 ma) K ML D T Y BF 5T D G i AR
2012),

IO (Juncaceae) (B AATE 55, 2006) L K #i
(Eichhornia crassipes) (B /NEE, 2012) 1K /725
(Oenanthe javanica) CESH 8, 2010) 4 ¥ &4 K,
T PR SR, LIS R L B T U X 4 S T R
BEAEFHHC R . e R A I I R 4B T R L I
Erh By TR ZE vk, B R 4R iz s bl
AWFFEVEFEIX 3 i AE W #5 B I Bl 3 R 45 1Y
T3 AHC B 4 /N RUA DN TR b BIF 5 4 ) 0
Cd JE K i b RACR 46 96 R ) - 6 B X N T
Cd EBRAE T RIS W AR HE H A P X Cd #1945
P N T Ml v SR A PR S,

1 M#EEFRE

1.1 R5e A

A KT KT 0 B UK 5 &) v 100 1 v
FESLH % 1/2 19 Hoagland 75 77 W 47 185 3%
R A KRB a2 1,

B34 cmX 22 cm X 18 em LIRS .
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1.2 Rt

S8 R G STk CRTHE 3R, 20155 i 3245 45, 2016
BN S5, 2012) TG E K Cd W R 5 mg/L, it
K pH K 7.0~7.3,

6 H 15 HIF4 . 1/2 B Hoagland 5 3% & T
Hige 3 UL B, B R 1 KT 5 6
20 LRI K B I T/ — S K 7 A A
4 LERFR WA I IR N R A7 K

F1 3IHEYHRERKR
Tab.1 Growth parameters of the three tested plants

) R /em M b g . bR R B /g - bR b TH /g e R R TH /g« #
KIS 33.5340.65 22.1940.46 6.22+0.41 6.98+0.32 1.76+£0.18
PSpOY A 70.8341.37 1.2640.09 0.894-0.06 0.67240.05 0.3740.08
TR 10.50+0.30 18.14+0.44 9.2040.44 3.69+0.15 1.44=+0.12

R (D2 MR ABE ., KFE+K
P CAD K3 ST 8 B (B) LK 7+ ST
(C) s A AL AT AR FIK 38 3 Bk K E 2 3 BRANKT O
O3 NA BRER /N . (2)3 P A B ECE . UK
FEFE K AT (D) AR B K 3 2 bk K
B2 BRAT R 2 A

GEL /BN UR B e B S OB SR Sy |
5 mg/LI CACl, B8l Cd JF /K, &5 Fh A 4 i B %
3SAFAT. ABITES 1.3.5 M 7 REUKEED & Cd
MR A (DO W E 7 d J5 W MY HE, DI E
Cd &4 . Cd 76 4% W 40 g 41 43 v & & A A [l L 22 12
A CdH i,

1.3 MEFE

FHZE [ Nicolet 23 7l 220 9 K 4 JE 7 W Wi 43
JEIEREEH I E K BE R Cd e FE FI ALY & 4 Cd & &
(BLE % .2002) ; HQ30D B i fif & (DO AL 52 /K
FE DO MR ; 22 3 B0 75 (R B 4, 2012) 2 Cd 78
FEL AR DY) T 0 B 53 A 5 Ak 27 B A0 4 U (58 4
Br4E 200D 2 Cd ML#IEZ .

TP 5% is REW TR AKX N

U A 4 ( TF ) =

Mo 3R A A PR P9 B A T R o
WRAHE R

1.4 HEHH

Bl kb A4y B R ] SPSS 19 1 Origin 2016
B AR 95 00 1Y BT XA SR 5 22 43 #f CANOVA)
5 Duncan's ZHE W 22K 560 317 22 5 B F M08,

2 ERE5SMH

2.1 HEYEENAILE CdEZBRENEIN

N T i A A ) T S R K R Cd 25
R (P<C0.05) ,4 BT & A9 N L i x) Cd i 2 B %
ST REEEIR A, ARE Cd A EBRRERT d
Feok I BECEERT 3 d RE T, 25 st
EFFC 2 BT Dt BT H A LR R

kE 4 HP R RME. 2F ST ALB M C
(P<C0.05);:H1 3 d 4 A EBRBEN C>D>A>
B.% 7 KEFN D>C>A>>B; 3 Ao ¥y 5] i Bt & %)
Cd W L BRFE B MK HIT ISR &Y B 42
o 23R I 2 I ol FC AL (P <<0.05) (] 1),

—A—A
—¢—C

—-B
—e—D

CAdZE B #/%
Removal rate of Cd
N <
j= <

wn

<
I
T

s
=

3 5
4k 22 B [A)/d

Processing time
E1 EYERENATIERRCIERENHN
Fig.1 Effect of plant combination on Cd removal rate

in the simulated wetland

22 HEYEEXNAIRIES DO KM

N i A ) T X K A DO R B A I 3 5
M (P<<0.05), A FCE M 1 RBIHE 7 Kk iz
AKBRCE RFRE S, H BT g RO H
46 2 AR F Hofh 3 AP B (P <<0.05), A & i
B ERAEC BB A TR A 1 K E
555 K, [A)— 7K 7745 B s [ # L At C B Ak B
HCBEMMY.D M EHE FREEH, 51 Kt
DO kN C>D>A>>B HALES 7 Kk 5 45 o if
DO ¥R D>C>A>B,D it # DO ki B & &
T A.BFICHELE(P<<0.05) (K 2),
23 HEYX CdHEEMEE

FIFP A AE AN FIBCE RGP Cd §ERZER
i3 (P<C0.05) , H.5:Fh Al ) #F J2 76 3 P 4 IiC &
M DRGETHEERRSGR 2., 3FEYNEZ
REIINT 1, SRR IR KT 00 B> 0K 2 > 0K
S (P<<0.05) , H TN HAE D RGE iz et , K
i3k 1 i d8 R BURAR (P <<0.05) ,
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Fig.2 Effect of plant combination on DO concentration
in the simulated wetland
R2 IWEYENCIEEMNRERY
Tab.2 Cd content of the three plants in the different

combinations with translocation factors

2.4 Cd 7 3 a4 R T4 A 5 7o
Cd 7EAE Y 240 i BE v &5 d de e - LU & BRI
fRR] ¥ AR o (181 3a) . Cd fEAR W) M K #8273 CHRD 4 i
273 TP B 0 TR L 191 2% S 200 iR R > 5 A OBE A 4 T 9
3 = E0 A R I 2 AT 43 > KL R B 4, B S
(CZEM) 5407 AR 20 AHARL, HL 4 b C & b 40 i BE A5
RO R 0 23 22 R B B A LE B3 KT 800
(Pl 3b) . A A0 BE T Cd 3 BC U9 567 Sy 3 T 48
o3> 4 ARy AT 0 B MR A 20 i BE P Cd IS
FE A 2 35 5 K SRR 7 (P <0.05) (1 3) .
R3I EYCGESESAIEMAES DO ZEMNE RS
Tab.3 Regression and correlations between Cd content in

the three plants and DO content in the simulated wetland

H fic Cd & (THE) /mg « kg™’ s ZHL
7] i Hh B4y Hb R4y TF
A 161.5544.22°  727.04%5.05>  0.2220.01°
KA B 167.334+1.95"  732.69+4.13° 0.2340.00*
D 174.28+2.41"  775.2849.26*  0.2240.01°
B 92.6542.43°  242.76£4.08°  0.384:0.02¢
JTAS® C 0 118.2944.76°  267.447429.95>  0.4470.01°
D 139.57+5.40"  288.4744.66°  0.48%0.01°
A 163.36+3.91" 415.7545.58"  0.3940.01°
K C o 167.13+£3.80"  385.61£6.47°  0.43+0.01°
D 185.424:3.25*  455.0547.39°  0.4120.01°

TE R A A R 5 h AR TR NG Bk R 2 5 3 (P<C0.05),
Note: For the same plant, different lowercase letters indicate

significant differences (P<C0.05).
D Z G, Hb b4 B A R K R > K S
TR E MR R AR R K S K P AT R R
A KT 3R KT R > AT R (P <C0.05), 3
FRAE 3 T 34 Cd & 4 3 i T il B3R 4y (P <<
0.05), Cd HEE 5B RS DO & & Z I AF4EIE
FH G L K S H R 8 43 LK B A BT
TR E AR Cd BER SRS DO FRZ
(i) 3 A G 22 B850k B A i 25 7K1 (P <<0.01D) (3R 3D,

L7 ENGIEEba 5] U5 75 g ZE(R?Y)
. MBS y=14.9352+65.089 0.3882
KR
i F#B4  y=85.3192+158.72 0.7402* "
.. MBS y=73.03x —338.51 0.9190" *
IR . )
R y=140.352 - 562.26 0.3897
e M BB y=86.2152 —479.46 0.9803* *
ﬂ‘lbﬁ
i F#B4r  y=283.107x —308.74 0.9800* *
. 2 N DO &H,y b Cd &, P<0.05,"" P<0.01

Note: x represents DO contents; y represents Cd contents. *
denotes a significant difference P<C0.05; * * denotes a highly signifi-
cant difference P<C0.01.

25 CAdE3IMEVHABPHNLERS

XFCd 7E D R40 3 FiAs M 20 2L 40 L N T 2 25
ST TWRIE . AR R 3 R P b 4 3 LA
WHERESN LS FKERS Cd & &K
(P<C0.05) , 1 PR B AR 19 A AL A4 HUS Cd Rz K
A RORUAT GO B Ml 3R 40 2 L B KR IS Cd &
e (P<C0.05) , 7K 32 Hb 135 43 Ak B 3 OGS
Cd 5 Fedpe i (P <20.05) (] 4a) . 3 PR b - Al Hb
TR IR RS BE T R A £ B R O A B KR B
FEALAN PRI Cd o5 e Z FIEE 75 % ~ 80 %0 » MEV
PR A T R P2 U (R R SR S FAR 2 Cd bz

2 (a) £ (b)

s O&BEsamTEnsy &, 100

EZ 180 O 2 i 1 =R

pil- i B0 0 3% R0 v 45 1 EE -

o2 4 RSl g

21200 H I |I|;||||!.£!||IE’;

fad © ol I | Ser HONWCAOWWNEOIED N W B

®EE 4 3 g5 el Ul nl & { L i

=e & I!I;|4 [ [ wE O AL

25§ oo MM 253

HE ] | DEF THHEC =2

WS @2 [ He M e o a[He Hb MG Mo

S =8 [EFEFTEFEFEFEFEFEFET
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Fig.3 Cd content and distribution ratios in the subcellular components of the three plants
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HANH 20% ~25% ., H 3 Fhia Y K Hoib | 53 3

00T pay moEEns BEETARRS
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Fig.4 Chemical forms of Cd in the three plants in treatment D

3 it

3.1 EYEENAIEM CdEB RN

AN [ AR ) 4 D T 2 B LA R L R, R
— MR RN TR M RGN AR BB A —
BEL 1) 1 ] B A 40 AR 2R 0 0 1) Ak B ) I T i 25 A1
A0 ) b o 2 AR P 1 2B K At RT R AR K A rh T
& BMIEAS L, SBR[ A AU R & SR 1 )
MR AT 45 T A 0 348 5 A T b AR 4 A AR E M D
Xt 4 IR 1 25 BRBE 7 CR IR , 2015 5 T A UK -,
2010) . AW 78 . N T8 b A9 A 4 T B X K
Cd W ZEBRA B &, Cd 12 B 56 b B A fY
FER M E T AR 7 KA 4 FORSTR G B R SR LB R
Y3k B 5L Hoh 3 i 4 [ B i B ) D R SE ik #
A BREC P R R DA AE N TR M P i
REMIAE Y 24 E R GE R Cd i 22k, 3 Rl 9 B K
AR AR 3R 3R TP A RS SR A K U W T A oy
5 H A5 T A A A 2 A R AR AR B SR LR 43
WYy A G AR SRy TR » 1 R A 1 S 35 ) I e
HAEK R B IR 4 5 175 K S b 0%, 3 FikE ) [R) st
Ji B B BOAR S e & AR D RAE D il R e Xt Cd i &
W d g 5 KT 3 H AT RECE ) B RS ABR R
AT AL B R G5, T RE R 3X R AR ) 8] £F 7
TE G A T HEBUVE R TS 8 G BA PR AE L 2015)
3.2 EYEREMAIEMERES DO RN

4 JE AR R AE 7 5 107 A A AR 2R I AU fE Tt
AEO , TC T X A T b AE ) AR AR PR LN T R 4
KA AR Y8 DO e A 4 AR 8 S e 457 AR 1 T
17T AR AR B HL A7 e S R  J O A 19 8 Ak RN %
JE R R ) 4 S R R TG M (B R A AR,
2018), AWFFEFEM LA EIF Y E ARG T K
T DO Ve B F A8k i S5 H 6 R0 W 25, AH I 1 3 n
TR SR S R T AR 1A A Rk,

) X0 T 4 J B B 4 IBORN B AR ROR T A, R4 R
W5 R R K B B B S RE D GRS R AE,2019) .
AR v, N T AR ) T X K AR R DO MR E A
252 AR B A 0 I ] A SE G, ALC D R
KR DO W 2 T R HAER LR, C
D RGUKMAH DO W B FR T A f B, Hik%
W C RG KM T DO e B 5 K, MAESR 7 Rk 5
L5 S D &4 DO R e K, R W 3 Ak ) [+
i L B A B T R GUK R DO WL TR X 5 D
ARG Cd 1 LR b —
3.3 EMEEX 3 MIEY Cd EEMEIZNH
A0 30 ok 1 B2 B K R b i R A
4w R SR — /N R S o (H R W T R L 5
LY AR R 5 T I [) g i Ay N T el 2R 8 )
WA REh R EE B REM . FIHZMiEmH S
N TR R G0 A AL AT LA S Ik B — Y R
T 122 BR RCRAIR Y Bk A5, 340 BB S B 22 AR ) 1] 110
P37 b CE R 7K F . 20103 Chang et al,2014),
AW LI, [F 5 — A ALY A L, BB (Tris
pseudacorus) (FEKFEY)) . K (Pistia stratiotes)
CIEK AW M B (H ydrilla verticillata ) (UL7KFE
V)3 FHE Y & &R SR A B A 4 R B AR A BB
M ZBRAOCR , BAE K R4 (WIS, 2012) , R UTF
N T M A ) 22 R M ] L3 5 28 0 X T e K AR 1) 1
feThfie R Y A7, 2017 B MESR . 2019) . AHF5E
o A YA AR 3 A L AR K D Rgh
XF Cd Y& 5 i i K, R 3 Rk i 3t [m) A= K2
THYIX Cd M E . D RG T, KT 3R IR CR
IR, T R B O a6 200 1) K 3 B R 25K B 4y
o, PR P AR R, AR I A R A R B
TS PIRAEY . PO AR R AR A D RS
4 R B 42 Ml O 38 Ao A A R e Y S e o SR
G JE BT A4 0, L T BE 230 B R S 1 [ E IX
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B BEL 1B 1] bz i (1 5 2009) , BT LA 3 R A9
R RSy Cd w4 W & T B ARy
3FMAHY A F AL Cd & &5 P AN T
48 DO & & IEAH K, X 5 AW SR — B (E
%.2015; BIE R AL, 20185 2556 45, 2010) , Ut
I . A 0 %o 2 K e 4 T ) R SRR R B T AR 2
RFREE FHR T HAR R MW AR Sy, H, KT
B 57 ) T O 12 o SR A< S O 1 i
ARy Cd W 5P E N TR R 58 DO & ik
REAIC YIRS DO B KT 3T 8 4
TR Ao B AT R R R XS Cd e, 3 R
T B 56 iz R B/ T 1, 5% n] g 5 i 50 3 5 A
Ko JTEHEAE D R X Cd 0y ¥ iz fe e, T g &
D R4 3 R YIAR £ 23 WA AH B 52 i kA Py [ AR
FHM 45 3R (Lambers et al,2015) . K FER 5512 R 5L
A, R KA 43 Cd Bl B K 3R AR R
3.4 HEWEEX Cd 7E1EY I LA AR 53 76 9 % 0
Sy 3k A EE 4 J T AL ) A0 2 450 A
23 0] IR WA P R 4 i R AT 0 R R Y 20 B AN R B A
A 5t Az oA 7 200 L B i) AR SR R A X B 4 )R 1Y
R 2 A EERE, AFRE
B, KB4 (Alternanthera philoxeroide) " i (5 H
45,2012) FIZE 1 (Zizania latifolia) (i B3 FVT
14,2010 40 M BE vh Cd & 4 dg e U AT 0
5L ASIE ST 3 AR W A0 ML 4H 43 R i Cd
R T L A9 227 DA A RE Ry 5 RORE AR Y ] R
PR3 Z o HL 200 BE 5 A OB AR 1) AT O3 o e 2
MRT 8000, AlAER A Cd #F AR YA I 18 31 1y
BF — 1 5 2 A B BE L SRy R ARG Al A
o S U L AR A0 I T R 0 AR SN 3, R )
Cd 2 5 20 BE b i 8 1 0 e 20800 1 3 A Y FR 4k
R R Wl TR e 55 05 4 R 1 (A T o7 B AT R A C S T
it 4 L LU/ 4 J B I B RS L B IR Cd
Xof 240 L PN ) B 0 405 L A AR ) ) Cd 3R B S T 1 L
A RE SR SRR T LRk REs & i A d A HF 1 Cd
PLORUE HOG A FR I 0 AR Y B T 5 247, 3X 26 0] B
WY B 3453 HLHl (Nyquist & Greger, 2009),
() M A ) 3t T AR 23 4% 2H 23 b Cd & i 2 T 3
AR 35 DU G TR ) W A 4 s U 5 — B
(Zhao et al,2015) , A] A& /2 5 4 Ja MAR 21 Mo 1 34 70
FIR) 2 B 2 P A T S E5CAY . [) RORE L R 0 4 i BE
3 Cd 43 IE H A9 O T 4l B 38 43 40 Jf BE 26 43 v Cd
S3TC L A9, 2 WY AR 5 48 Jf BE XF Cd i) IX B Ak 7 T
S KT REHL TR T 40 A0 A BE 2H 43 b Cd 43T H )

T ORI R AR E L R W X Cd i 1
SR T KSR, BE— L EIE T BARE Cd £
BRm @i D &g, AT R b R
A R R AR AR R A (B s R R
YEHAT IS REAE Cd ¥5 Gk AR P AL BE IE B A KL 6
AEHE 3 T FB AT Cd B i i & 0 BB 4% T
FAT . EAE 18 52 ) i B A R ALY S AR B R A
S R DXAE T K ) Ml b 5% 08 4 R 1 RE ) (%
830, 2017) PO KT8 REAE ) T 1 46 Ji V5 Ge A ) 18
5275 T R] REFLA SR T
3.5 EYEREEN CdEEWHEBT U FERSHZN
FURYE Cd 78 PR 58 b (9 500k B2 ok D7 H: 5 Pk A
A R RN TR 1, Cd YRR e fig ) LA A=
YA B R /N 5 L AF A 25 8 DDA G, AN [R]
AT Cd B AT A (8] (8 A Wy 880 5 B 558 200 0E
(Wali et al,2015), {H Cd 7&K [Al 48 97 i 1k 22 72
DA EA A, W Cd #IT]IE (Erigeron brevis-
capus) PRIEFEIEES NRBE (DI %,2010) . 7
XM E B (Cordyceps sinensis) H 3 T IE I M AL
(0 AL B 3 B (BRI 45, 2015) 7 75 IR # (Echi-
nodorus osiris) MR 32 E R AP IS L B K
RBUS M 4 B S (Zhang et al, 2013), ARWF5E
L Cd SRR ERm M D RG], Cd E 3 F i
WHLA WP HNIEEZ RS AL R —
(Wali et al,2015;Zhang et al,2013),3 M IE YT
AH 853 rh 2 DL 2 B K 3 IS A S AL A R RS
Cd 24 & R BE JI 5 10 £ B4 S L 26 B Tk 4 i
SRR EGS Cd 5 I Z FIFER T 75% , MER
PERYEE IR AR U R AR BUS MR S Cd itz
FUNT 250, BEWI S 0852 Cd 19 2 PR R0, 1 58 Cd
LR He iz . 3 MR N1 Cd LU R RE T 3 1Y
3FF AN FE M S AVLEIALS D, X5 D &
Xt Cd 1y 2B d i — 2

& % Tk
Bl » 4ot . 3885, 2015. 4 M F W £ B L= A e[ ].
rf R B 24 22 2 76 . 35(22) : 2062 — 2064,

Hi/NEE L 2012, 7K 7 R K 6 A TR R A B A PR K I F 5T
[D].m & .75 K.

AEET X, BT B, 2 LA L 25,2017, 74 g5 X AS [R] 98 b A 9 1 B
X5 K A RO [T ]3R5 T2 ,35(1) 126 - 30, 40.

B RLAE 2019, JURR L V7 R 4 o BT R W98 TR M R 1B
W (DR B VLT M 4 K.

B SR RN, 45 . 2012, 3 P S BUK AR M B AL & 3 s
Yok AR b AR BE 0 L BCR B LT ] K b B AR
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38(4):45 - 48,54,

HHLE L VLARRE, 2011, B2 A W30 T 28 AR 4R 4 I 1 40 A
AR 2% 5 R A B LT ] A Y B A AR, 29 (4)
502 - 506.

B PHBH L 78 5K T . S 22, 2015, BREBLA T M AN ] A 4 AR
Xt & E TR KB S RE S IR IT 0] P E K R R, (D
44 - 46.

A AR X L 45, 2010, A ]9 b A 40 B AR R I 4R
YEHIS 8 4 )8 W LT ] K SR A4, 26 (1) < 17 - 20.
A, BHSC BRAR .55, 2015, 3R [+ HEAR TS Qe BUR L8 F K

HAR B R R [T ). 2 Bk 2@ 4l , 21(24) : 104 - 107.

B PR L kT B L 452019, IRRAE Y L RENE R A
W 2 5 35 K A SOCR L ). VA, 39(1) 1 117 - 125.

B35 30,2017 28 A5 0 TR 4 Jm A R N L S ML G B ORI
FE LD AR - A A bR 2

LIk b 0t T, 2010, JTRAETESL BT KL EE
A B oy A L] ALK 3 (fh 2= 40 W) ,46(2) 1133 — 135.

FEW SR, MR, 2018, F AR J5 A7 %] + 38 b 8 4 R IR B AT N
R M AIF 5 aF R [J]. 38 35 B 2 WF 5¢ . 31 (10D : 1669 —
1676.

ZEAENE AL, XS, 55,2009, 58 78 1071 15 (Miscanthus flo-
ridulus) AN [R)FURE A I 09 20 A5 R Ak 2H B S LT ] AE S T
B4R ,18(3) 1817 — 823,
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Removal and Enrichment of Cadmium in Wastewater by Different Plant

Combinations in Constructed Wetlands
CHEN Yin-ping, DING Jun-gang, KE Yun-qi, YANG Bo, SHI Xiao-ping, XIE Hai-fan

(School of Environmental and Municipal Engineering, Lanzhou Jiaotong

University, Lanzhou 730070,P.R.China)

Abstract: Heavy metal pollution of water bodies is becoming more serious and constructed wetlands are a
safe and efficient ecological treatment technology. The plants and their arrangement on the substrate are
crucial components of the wetland systems that absorb nutrients, heavy metals and other harmful sub-
stances in wastewater. In this study, Juncaceae (rush), Eichhornia crassipes (water hyacinth) and Oe-
nanthe javanica (water celery) were planted in four combinations to simulate small constructed wetlands.
The effectiveness of different arrangements were tested for Cd removal and plant enrichment characteris-
tics to provide theoretical support for artificial wetland construction. The four plant combinations were set
as follows: (A) O. javanica +E. crassipes; (B) O. javanica~+ Juncaceae; (C) E. crassipes~+ Juncaceae;
(D) O. javanica+E. crassipes+ Juncaceae. Each treatment was run in triplicate in water with an initial
Cd concentration 5 mg/L.. On days 1, 3, 5 and 7 of the test, the Cd content, Cd removal rate, dissolved
oxygen (DO) concentration, subcellular distribution and chemical morphology of plants in each treatment
were measured and analyzed. Results show that there were synergistic effects among plants when water
celery, rush and water hyacinth were planted together (treatment D). The removal rate, total Cd enrich-
ment of the three plants and DO were also the highest in this treatment, significantly higher than with the
other three treatments (P<C0.05). Cd enrichment in the roots of water celery was significantly higher than
in the other two plants, and the resistance and transport coefficient of rush to Cd were highest. Thus, the
combination of water celery and rush dominated removal activity. Cd was mainly concentrated in the cell
walls of the three plants, protecting other organelles from Cd toxicity. Cd existed primarily in the free
state in all three plants, rather than bound by organic ligands, also reducing Cd damage to plant organ-
elles. The combination of water celery, rush and water hyacinth removed Cd most effectively with removal
rates up to 68.14%.

Key words: constructed wetland; plant combinations; Cd removal rate; Cd enrichment



