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The removal effect of Cd, Zn, and Cu using a micro—electric field constructed wetland system

ZHANG Xian, WANG Yu-hui", ZHAO Xiao—xiang, SHA Yi

(College of Environmental Science and Engineering, State Environmental Protection Engineering Center for Pollution Treatment and Control
in Textile Industry, Donghua University, Shanghai 201620, China )

Abstract: To explore a heavy metal wastewater treatment process with high effectiveness, the ecological, and environmental complementary
advantages of electrochemical techniques and constructed wetland were coupled in this study to build a new treatment system called a “mi—
cro—electric field constructed wetland.” Through a simulation test on two different plants species, Scirpus tabernaemontani and Juncus roe—
merianus, we planted a micro—electric field constructed wetland and removed heavy metals from aqueous solution with different hydraulic
retention times( HRT) and voltages to find the best conditions for micro—electric field constructed wetland wastewater treatment. The re—
sults demonstrated that the treatment efficiency of S. tabernaemontani planted in constructed wetland was more than 20% higher than that of
J. roemerianus planted in constructed wetland. When the HRT was 5 d and the voltage was about 2 V, the removal efficiencies of Cd, Zn and
Cu were 74.0%, 75.8%, and 95.6%, respectively, and the removal efficiency is the best. Besides, the enrichment ability of three kinds of
heavy metals was different. The root biomass enrichment coefficient of S. tabernaemontani was in the order of Cu(288.24) > 7Zn(143.78) >

Cd(127.75), but that of J. roemerianus was in the order of Cu(299.84) > Cd(166.34) > 7Zn(159.61). Statistical analysis shows that both
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the voltage and HRT have an impact on the removal of heavy metals in a micro—electric field constructed wetland, but the influence of volt—

age is more significant.

Keywords : micro—electric field; constructed wetland; hydraulic retention time; voltage
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Figure 1 Experimental set—up
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LRI Pt 0 e R 4 0 0.1.2 V R4 V5L 5
H. HEJEEAMEET—A 300 L 1 BB ERFE IR
FiH, FE244% BT100-1L /Y 16 Wil k% sh 4 VE T
WAL ASA N TR % JE R K F115 88
0 A T3 b 2 B /K P B 4 TR AR s ), A
BRI T 5 AR R (0.5.1.2.4d F15d),
FRSESN AR AR, RRR R — R OK 45 R s ]
N TR R G T T 3 WK 45 B8 i a] it R 390
HEATIRE o BRI AE SR & N T, N LR
2 m ARZRBERMEAT , TR AR 2 P I B0 15 AR 4 o' o
IS o
1.2 X3 Ak

RIS FKCR N TR 4@ K, T L 8K
HEFFECH, T A0 B 4 R R K MR B ANk 1 iR .
JE7K pH=6.3~6.6, 15 pH FT A1y Eh iz L 2 484k
By IR B AT HLTS K AT R AL R
B BER AR . 75K COD Mk 60 mg- L,
SRR A 20 mg- L, BB EE R 1.5 mg- L

#1 ANIRHEKESERE

Table 1 Heavy metal concentration in artificial wastewater

EE S &JEE BT /mg- L
Cu Cu(NO;), 2
Zn Zn(NO;),+6H,0 4
Cd Cd(NO;),+4H,0 0.1

L3 HFmaiAiE
13,1 H/KEE 4 v B2 I3 ik

H KK R 0.45 pm JERETUE, FFEATHR K
50 mL W, WA 50 mL AARFR RS N g R R AL , I
T pH<2, IR CIa A, FH ICP-MS Il 5E KA v
BME SR
1.3.2 HaPIFEA AL PR

A IRIEE T AR I T A SRR 2 B 1
KBRS e, BT 5 A R R A 5 25038, ) BT
PEIFT 80 CHEFE P T4 24 h B3t J0il PRI 1 g #E
Pt T 250 mL HETRI 0 v CRERR )V (e iR )
N 41 BIRAFRIHAL UL 20~30 mL, # B, BT H
bl EInBE AL 2 IR E BN I, 05 mL £ 51K,
IR Z R AHIR R HETE I P IR AR 4% 2~3 mL 1,
BURAHIFES R 25 mL LS, BT KERE
ZIPE . FH ICP-MS e F 4 SR
1.3.3 Y& R R B HR R At a

T4 B E 4 2% (Bioconcentration Factor, BCF) &

FRMY) BB E SR TR WA 5 N TR 7KK
W R —Fi e A Jm TR HE, AR
BCF=C s/ C e
K C o AR B —EBA7 (FR 25 () I EE 4
JBICER UL ,mg kg5 C oy 9 N TR 7K X 1
M E SR ITTRWEE , mg- L,
48 Z 40 (Transfer Factor, TF ) 245 A4
b A Y 4 i e B A Y R TR A A T A
M EZ . HAtE A
TF=C  13/C
1 C oy g AL RO, CERIM ) B E &R TR
WP mg kg™ s C o HAEYHL T 007 CHR ) AH N HE 42
JRITRWE ,mg-kg,
1.4 BIESEIT D
K Microsoft Excel 2013 X ¥ 4f 147407 45 b B
2, R SPSS 22 AT Bl I BE 140 #r, 257
BT B5CHH () s 152 25 DA KoK 7 4% B ek 1) R R 1 44
(BRI A 56

2 HERESMH

2.1 MAHEPNHARESENEBREER
2.1.1 H4JR Cd LR

FERTR HL T, R K Z 9 e 3 A T e &
G )8 Cd 1 2 R 232 Bt 7K 45 B s (V) P 85 000 T 58 7 34
INCE 2A) . 7EK ISR EN 0.5 d B, Cd [ 25 pRoR
1R 16.7%~39%; 57K 345 Rt mE) 5 d B, Cd
() EBEHE RN T 41.1%~74% . v W, , 7K F7 45 B s [aa] ol
H4 B Cd B R i 2 (F=7.13,P<0.05), %
A, BB N T3 Mt e R 3, YR X B 42 )R Cd
[ EBRRMA AL, BRI FTHE TR,
HAE 2V ELWHRIERMN T EER LR (E
2A) o ASHENEE RIS, BhAE 2K 28 A0 N T3 ) 54
Cd HZBRAFAH 16.7%~41.1%; TGN E R 2 V
i, B4 JE Cd M RBRRIET 2 42.69%~73.7% ., HIt,
Jite Jin L T DA BN Cd (8 2 BRAICR (F=31.185, P<
0.05) 7K 7745 B4 S [B) TR (14) ;528 Xof b AR A T 58S 5 114
N TR HLZ B Cd BIRCR 52 M 5 R K 2/ T
T HAH FE AT AS[A] (P 2B) o Btk 452 B s fg 384
FiAE K Z 3R 3 AN T8 X} Cd i £ RScR s
JIERE N AR IR AR K, e 2N T 23.1%, HoK
SRR EHE] Ry 2 d LA B, 7K 5% B8 B [ fR) B4 % 28 4
J& Cd 19 BRI I+ Jo B B e SEEH . 53 4%,
JitE I L S KT S R X Cd R e PR — R FE R



1214

RAIMERF 2R R AR

H3E R, HAE 2~4 V HL T2 (8] 3R
2,12 EEJE ZIn LR
TP 7K 28 B L S N T 3 5 T K0S R )
HL 3 N TR AE AN [R) 7K 07 45 B8 B ] ) 45 14 TR % 2 4
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Figure 2 The removal rate of Cd in two types of wetlands under different voltage and hydraulic retention time
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Figure 3 The removal rate of Zn in two types of wetlands under different voltage and hydraulic retention time
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Figure 4 The removal rate of Cu in two types of wetlands under different voltage and hydraulic retention time

0.05), FMEXT IS E AR A A TIRHXF Cu i 23 fR
FERMAE K 28 A f0E 3 N TR Ik, (H A AR AR e
55%Vh & o SRR ZM N TIRHAS R, FRAE KT 05
PN TR Cu (19 LBRAZ H 2 MR (1 4B) (P<
0.05) . Fifiiti Jin e R A3 o, AR TR B A N TR M X
Cu LB BTG RS IFHE 2V AL
B, MAITHLER 55%~64.9% T 2 64.6%~
77.1%  {R7K 5% B8 i (B %o 38 s R AL K T 208 (0 ol H 3
N TR B E 48 Cu JC WM,
22 BHMEMNARNESEENEERBEEHBERY
o] a:3%
2.2.1 PAPRE AN R 4R A Y LA
PRI AN R B 4 )8 B AR AR K I 25 53
HEE R 2. ik 2 AT, IR IR N & R 4
JBEEERIN Zn>Cu>Cd, HLE PRI A RIS Y
FE4E(Cd Zn Co) FREM, B4R S EAAERK
FI2ZE5 . FTEE AR Cd \Zn Cu 3 FIE 4B E
e s, HAH N 16.86.634.31.589.13 mg-

R2 AHENARBLHNESESE(ng k)
Table 2 Heavy metal content in different parts of

two plants(mg-kg™)

Y] B it
Cd Zn Cu
KA Jits 12.78+1.86b  575.14+£19.00a 576.49+17.32a
=M 5.04£0.26¢ 284.24+13.00a  224.91+9.58b
KT R 16.86+0.90¢ 634.31£9.23a  589.12+13.79b

i 10.48+1.09¢ 324.49+8.52a  245.56+9.82b

T« R/ ING 5B R R 7] — A5 Yo A [ 2 <5 Jed R A k)
REVEEL (n=3), T EAHIFFR 2R A 3 (P<0.05). T,

ke, /KA ZETNT Cd = HERE ids, HAE R
5.04 mg-kg™ o KTIONEL KA 3 FhEE 4 @ A B 5R
(AW I BE

2.2.2 PR P AS IR 42 8 1 4 R B H

FEY T 4R I & AR RE AT LU & 4R R BCk %
TR AR RBUEA YR H s S p A R 1)
B 5K R R Y B, R A A 6T
HE BRI MY — D EEIR, &R R
K, FRAHPTHZ IR N TR B R N Y g
i, Hos AR RE T R,

H K 3 MR A B R BT LA ), IRk A4
Pixt Cd . Zn Cu 1) & HERE S AR SR , AR 1 B HE R
BT 1o AFEREY R — R 48 0= L B
225 IR Cd 1 s A RE T BOK e, AR
LRECH 166.34 M &L R ECH 77.50, FME )R
Zn M EHERIGXT Cd IS AR, AR K AR
BERR IR A, AR RO IN R
0.90 fi5, (HRKZZEM B EEREHRE TIN5
BERBOSATER 118 £, BAMEYIXT Cu 1 42 RE
JIHERAR SR, AR B AR R AR = T 200, 250t AE R

®3 AHENNIEESCRNEERE
Table 3 Enrichment coefficient of different heavy metals

for two plants

L7/ 102 AR
Cd Zn Cu
KA Lits 127.75+8.60b  143.78+11.50b 288.24+16.71a
Znt 49.68+2.62¢ 71.72£5.75b 110.47+4.79a
ST Giss 166.34+8.99b  159.61+2.31b  299.84+11.89a
ESi 77.50+4.91b 60.95+2.13¢  122.78+10.94a
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AR T 100, (HAHXTRUE, KT 005 1) B AL R T 80K
24 W5 [ AR AN R 4 R 1 s AR RE 10 E B
W 2ES BRI 3 Fh 4 R & 4 R AL
g LR Al LU K ZRET ST Cu 1 & 42 6E 71 W
T Cd Al Zn gARES & 42 RECK UL, K2R Cu 1
B RHUE Cd 19 2.26 £, 2 Zn 19 2.00 £, kTN HE
M XF Cu B9 & 4 &R $JE 299.84, it & T X Cd
(166.34)F1 Zn(159.61 ) (1) & 4 R 5L /KZXT 3 FhE 4
J& & AR e T H IR B 55K Cu>Zn>Cd, Tk 0B
XF 3 PP EE 4@ B AR RE I E Cu>Cd> Zn, IRIFIAH S
() ZE M RIS E 4 i 8 AR R BOR R, KR R
TR0 AR o 4 R BT R T 2 4 R 8, X FT g
SRR P K A Hp B 4 i i R TEARR , SR AR e
& @ () —FhiE
2.2.3 PAMEPIXT AN R 4 IR I RS R B0 A
HRRFUEHEYRN I FE A ELE SRS
FEBAILE SR R Y, RS AR B M T
11078 B O 3 S P s o R S = LT R
3% 4 IR 3 FhEE 48 R R B
KIL, KZFET T 3 FhiE 4 JE 105 R A T #0 AR
55, 5% R BER/NT 1 [RIFEY XA [ B 4 R 1 #;
FRE I PN KN Zn (SRS RE TR K ¥ H8 22
Bk 0.51,%F 73 SN HiFD 4 8 5678 RN T 0.4, 22
SAEE . AT 3 A E 4R MRS R A 224
KB ZBM KRB IMER SR Cd>Zn>Cu, 22573 8.3 .

R4 AHEYNIRESENESRY

Table 4 Transfer coefficient of two plants to different heavy metals

. AR
(7S
Cd Zn Cu
KA 0.39+0.06a 0.51£0.07a 0.39+0.06a
AR 0.62+0.08a 0.51£0.02b 0.42+0.01c
3 it

3.1 ATt EEBHEENR

N R PR S A ) K sh A P A v 11
WP AL AR W) A AT 3 a5 g I R
TR T 2cie, AW 0 A AR ) O e A 7, 5
B PREOK e 4 R T I B

K A5 B I TR] R, RERE IS IR E S R RS
I R S A O IR TRD 3k 3 4 B
(9 H B o WFFEIR I AR TR M B ) 7 d
i, E4Jm Pb.Cd Fl Cu i EERFMAE 30% /547524

L 150 d B, RERACGEIIER] T 999%™, {H2, s
T M PN LT . R N RE TR AT, £SR3 Ak
S W SO S8 4, K 45 BRI ) R A0 AN B
&R LBRERI LS

N TR AP N 848 HoA s S SR M
Py I 4 A L BRAILH B 3 A il OB
X4 R AR R A . A AR R AR PR R ) B ST
UM A LR, HLRE 5 84 R T il T Vs 1 2%
H 0, IFE AR R IR & 4R o Sunghyun S5EPE B R
MR IR IS BARAE 4 KRR A T o AR OF
FEPLE A 0 B BB . QUGER X R85 , fi iF
HAERE MU i Y A AR R E
TR XGPSR PRI AR AT B, (R 43 )R
R B A 2, R IAR R BE S 1A W TE i A o
F 0PN T b B s A B AR A KA
A RS UE A AR R e A W AR R S 4
J& 7 A AAE R TR B8 2B, AN FK
AEFEY A R B E AR I AP E R, X
S FEPAS B 25 P ER 4 A ISR A7 RE A O o A
YIXTE SR EE R 2/ AU SRR ¢,
H5EERBIFIE JCRNA PTG G S
3‘é[24]O
32 MBHMALRMMESEEENRNZII

Jit I R o N T 2 B o 4 J A (e BV T 3
AT HE 2 R R R B R 65 52 AR ) 1) A R B LR
YIiE A, SCRT DI N T RS N 50 A S
UL TN E R R R BRACR . AR
A S T30 b it i — 5 1% B3 FEL R 6% 1 5ok I ol 3t
AL 5T, SR AL B S, O HL 38 B L RE R
AR TR Y . [RET, R BRSP4 R T
RUAEYIAR R, AR LR ESRMERN. B
AR R I L BE RS A ) A0 A e T A Y B L
T4 v AR MG e, DR i A 258 . Costanzo™ 5
Y R SR 2E FER RE IR, 30 HE 37 RAF PR 40 i
IR 3 AR5 1 7 A 5 i), 1 R ) PR 37 e v 4 A
Oy A oy ST AR AR o XA
T LG TR TR R SE 5, & B Re s B I
PR E 5 15 0 @A AL 8L R A AR A

SR, 3o 5 118 PR 2 X Al A A 0 e 7 A 1 o A
FH, BEARAE AR 9 AR Py 1, 3 T BELAS AR R Il
S BB Y R, SR AR ) R G AR Y RIE
AR, FEERLRROSHZ L. mas Rt
AN TR EE 42 R 25 BRSO Bl L R AR A A AN [R] R R 30, AT
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AEE: K o AN TR R 2k 14 Bl A A Qi 52 H T 52 i) 0 7 2
AT

4 Hig

(1) PRI E AN R K 345 B A ) AR s 26 1R B
X3 Bl G R 19 25 BRASCR R BRI Cu>Zn>
Cd, H/KZGRHRT 3 PG Jm A B AF I L BRACR o

(2) N TR 0] 53 T 1Y) 25 R AR Bt K ) 452 B Ik
(] P38 A P ey, (LI 7 36 3t P 8 S MR S ¥ o
FIEETAT, 7K T 45 B IR A A REX B 46 1Y
KBRS

(3) F Xk 2R Gt Ak P < s R /K B8 Ak AR
2 BERR T R, EE e B R R e R el A2
T, LRy 2 VI JBRACR A

(4) IR AR IR 3 PR ) 10 s SR BE 0
ZE5E ST R AR ZE M0 X 3 b B <5 A I it
R TR A AKX 3 eI B R AR R E/N
G Cu>Zn>Cd, TETEHEXS 3 Flve 43 = 4 R A
WJE Cu>Cd> Zn o LT FRX 3 PG Jm A IR H oK
B2 TSR ARR C fr i . AR IX 3 Fp
H BRI R LN T 1.
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