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Abstract: To study the effects of different enhancing agents on the remediation of cadmium (Cd) contaminated soil by Sedum
plumbizincicola under a two—dimensional (2D) electric field, the 2D electric field of a graphite rod vertical anode in the four corners of a
soil matrix and a vertical, reticular stainless steel cathode on the soil surface was built, and the effects of sulfur powder, mushroom residue
dissolved organic matter (DOM) and citric acid, as well as two different electric field modes, i.e., fixed direct current (DC) electric field
and electric field reversion, on soil properties, total and bioavailable Cd contents, growth of S. plumbizincicola, and Cd uptake were studied
by pot experiment in the laboratory. The study produced several interesting results: Under the condition of no electric field, applying sulfur
powder reduced the soil pH by 0.5~1.0 unit, increased the bioavailable Cd content, and significantly increased the accumulation of Cd in
roots; however, it significantly reduced the biomass of shoots and Cd accumulation in shoot. The addition of DOM and citric acid
significantly promoted the growth of S. plumbizincicola, but it had little effect on Cd uptake by S. plumbizincicola, and the accumulation of
Cd in the shoots of the plant was 1.43 times (for DOM) and 1.60 times (for citric acid) the accumulation of the control. The application of
the fixed DC electric field caused the total Cd in surface soil to migrate and increased the total Cd content in the root zone soil, but it did
not drive total Cd migration from the bottom layer to the soil surface. Electric field reversion alleviated the change of soil pH and
bioavailable Cd, but it caused the total Cd in the surface soil to migrate to the bottom layer. Under the condition of the DC electric field with
DOM and citric acid, both the fixed DC electric field and the reversed electric field significantly inhibited the growth and Cd uptake of S.
plumbizincicola, and the effect of the electric field was dominant. When the electric field and sulfur powder acted together, the sulfur
powder played a major role in the growth and Cd uptake of S. plumbizincicola. Overall, the fixed DC electric field increased the uptake of
Cd by the plants relative to the reversed electric field, and the reversed electric field increased the biomass of plants relative to the fixed
DC electric field. The fixed DC electric field with sulfur powder significantly increased Cd concentration in roots of S. plumbizincicola and
also promoted Cd uptake in shoots. Therefore, the electric field plus sulfur powder treatment can be used as an effective strengthening
measure in the remediation of alkaline Cd contaminated soil by S. plumbizincicola, but the application concentration of the sulfur powder
needs to be optimized further.

Keywords: enhancing agent; two—dimensional electric field; electric field pattern; Sedum plumbizincicola; cadmium uptake
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Table 1 Physical and chemical characteristics of the soil used

Z41 Paremeter $0{H Value Z R Paremeter ${H Value
pH 7.54 HAE K/ (mg-kg™) 81.5
LS8/ (uS+em™) 865 & Cu/(mg-kg™) 86.2
PH &5 7~ 2c 4t/ 24.8 A Zn/(mg-kg™) 147
(cmol-kg™)
AU/ (g-kg™) 17.8 M Pb/(mg-kg™) 265
HN/(g-kg") 0.683 HCr/(mg-kg™) 28.4
M PI(g-kg™) 0.993 M As/(mg-kg™) 9.30
MK/(g-kg™") 14.8 & He/(mg-kg™) 0.182
375 N/ (mg-kg™) 88.1 A Cd/(mg-kg™) 130
BRI P(mg-kg™) 87.1
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S5 nk, SR BRI NE T B DOM ¥ B T 4 Cuk AR fik
AE A5 NS, A 5% B2 BUAY T 4 78 DOM HL & 28 1.822
mS-cm™ ,pH{E6.71 , A ML 1330 mg-L7',
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Figure 1 Schematic diagram of two dimensional electric field

coupled Sedum plumbizincicola system

=2 Wwigit
Table 2 Experimental design

G BRI L i 135 77 1) 3 FL i ] J1393
No. Enhancing agent Electric field intensity/V Electric field direction Application time/(h-d™) Duration/d
1 JE(CK) — — — 30
2 2 g-kg Bk — — — 30
3 200 mg-kg™ £ DOM(LL C i) — — — 30
4 10 mmol - kg™ FrER — — — 30
5 T (CK) 10 e 8 30
6 2 g-kg ! Bk 10 [ 7 8 30
7 200 mg- kg™ B #iA DOM(LL CiT) 10 i 8 30
8 10 mmol - kg™ #7452 10 EilE 8 30
9 J(CK) 10 87 H R 8 30
10 2 g kg Bk 10 57 HRE 8 30
11 200 mg-kg ' A 45 DOM(LL CIT) 10 BT H R 8 30
12 10 mmol - kg™ F 4R 10 BT H R 8 30

1% WHART]
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Figure 2 Effects of different enhancing agents and electric field modes on the variation of electric current
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Figure 3 Soil pH and EC profiles after different enhancing agents and electric field modes treatments
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Figure 4 Total Cd and DTPA extracted Cd content profiles after different enhancing agents and electric field modes treatments

3 Cd A BAMR CFRTRD ) ) B (9 5 ) 1278 B 3
PR il 3845 2 Cd 35 B i oAl T8 2], 280 3
Ui ), Cd 1 IE #3450 in ] B3 L
ML BEAR L o T30, B e ()2 38 Cd i A P

WA, 265 3.4 )2 Cd A B gt i, R WIS e i i 1
BCARET I N IR, SMERE it 1 1
S Cd BIT A , R R o 1A A R KBRS Cd 5 4
S W (45 Ab Firp Cd B R )2 W IR)Z T

WWW.Qes.019.CN




m@g 2676

VRS RSy F4055E 128

TIARES Cd E =B nE 4(b) s, T
AR CA S RWILE N 110 mg-ke™'o A5
T, 5 CKAH L, it fin DOM {45 2 - 845 308 Cd % =
BT . MENGTR AR AL B R 2
A Cd & BT DOM FI CK, {H i i b 4 4% + )2
ARES Cd & B AR5 m K, B 2 22 18] 22
SR /IS U B e A A 1 3 RS Cd AR
AT . HARAH T, & )2 A8 Cd &ty R M
MRS 22 32~ 4 )2 N 2 B
AR, SR, CK , DOM FIAT 5 IR b H
B AR A RS Cd & s T, IR A RS Cd
Fr R AR, 22 1 A RS Cd DA BH AR 7] BF AR 12 7
I, s 1 2 2R . RO g A 3
WM T A HES Cd 284k, il -5y
B CA AT S AR A P — B, kTR AR
FARK X 1255 2 A4 X)) |, i hn [ 52 B R
Yl CK AT R A B 248 Cd 5 5 BT g, i
DOM Kb H H A7 83 Cd 25 AT FIT R A1
24 AEERXFMBHZEXFET TREKFAR
Wz Cd B

P15 R 45 Ab BRAERT S5 K b R AR R A A 4 o
RANEIZ AL i DOM AR IR & 5 4 v 11
W KA (P<0.05) , HoH it i DOM fifi - 5 Kb
b ERIAR T R 4 0 He CK B4 T 63% A1 53% , Jiti
TFFRERR A FIBE TN T 44% F1 319 ; Ft Gy 2 B A%
T 5 R M AR & (P<0.05) , 55 CK 11K 62%,
X SRR IR A Yy s AN 2 . [ B A
Y M TR s R A K AR A A A FEA E , B
THEIMERA b, LA b PR B PR T AR S R M

be be ed
cde

T Jii i Dry weight of shoot/g

g
=

7
6
5
41 b
3
2
1
0

CK T ¥y DOM
AL PR Treatment

BRFRR R A AR Pt o U B 1 LI PR A 2 [
YEAR , BB 5 AEAT 5 R B3R A K A Ve A o
A T [ B HL 3% 5 DOM FFT A R A W) 4
i, AR e R AR RS R E A . M E
ML, R A PR I T CK . DOM Ab# i 5
R HiL b3 A A R AR Y DOM Py A5 R A B i 35S
P A B AE DRI T AR I A AR B R
e A A P A i B BRI L > R F > [ E B
TR N F S R ] TR SR R AR R
Vb PRAEA 50 R AR A i i 1 ELE FR A A0 B (RAIR
FARIME IR,

K6 M 45 A BRAE T 5 K b b BB AAR &6 Cd e o
I I BE AR 55 CK AR EL , i i AN [R] 3 58 3 751 X
PEBT B R M BB Cd & B 5w/, HA
Bk S B T AR S AR R X Cd IR, AR R
CA ¥R & 2 CK AL 1.57 £ o 112 B R 3 S0k
JLEE R T AR 5K AR Cd &5 i, 4
)2 [ 72 L 34 R CK A BRAY 1.29 % (P<0.05) £l
17745 (P<0.05) , J& JC L 1 4 BRAR B 1.18 1%
(P>0.05) 11 2.82 % (P<0.05) . 5 JCHL Y CK AL, [
E ELI L DOM K ig iR AL [ V6 F S 2 R AR T f:
W5t KA 3 CA e (E X M R 3 Cd W B 50
M, Ui B FL 3 55 DOM FFY 468 iR 2[R 7 FH B, B 3 %
PO SR Cd 2 e 3 1R 3 S ik S
[V RS, Gk XA SRl Cd 2 = S1EH . 5
[ 7 LU FL A H L S 3 g 1 s R L [
— RIS T A AR R AR S R b R R X Cd 1Y
WS, R b BT R A ) Ak B, A% 4 P e ]
E FLUT HL 3 RIS B S B 0] T P s R b b X

0351

e
%
[«

L bed be bed
cde def

e 9
SR )
S G

0.15 [ [ £ ey fg fg

0.10 [

H3F i i Dry weight of root/g
e

0.05

CK ik DOM
Kb FE Treatment

O ki @ EElyy B R
AN PR IR AR PR 25 5 B (P<0.05) 0 T T

Different lowercase letters indicate significant difference among different treatments (P<0.05). The same below

B 5 AEERIKFIF RGN X R R it E ARt T A Y BRI
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Figure 6 Effects of different enhancing agents and electric field modes on the Cd content in shoots and roots of Sedum plumbizincicola
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Figure 7 Effects of different enhancing agents and electric field modes on the Cd accumulation in shoots and roots of Sedum plumbizincicola

WWW.Qes.019.CN




m@g 2678

VBRI R Rt Y F40EF 128

b g s e,
3.2 AR FIFA B IA R 3T B RN CAER
LR

358 pH 25 ) - 38 E 4 Jm I 1 M A ) B
WA T, KA e a8 E LA A 3N e & aE
5 A A AR A ARG, R A 3 5 1t
FA L 37 A5 Ot 38 pH A Cd 1A R = A T ORI
S

TCVR A2 A it 0 F 5 , AR A 5 A R AI T 1 458
pH, X 5 KRR R 3. A o Bk
JiT A ik T35 pH YRR, BRIMPIR a5 R I,
JIE Ak 3 4 5 AN A P i RAR PR +3% pH. AZEEZ 462
FIDF A R, O0 2 B3 2ok BAIC 30 pH 4 v 1 B
PRV Y - b T 4w A TE P DT R T RN AR )
H Z8%F Cd 55 5 4 8 I 26 O o it i s A 34 in 2%
J2 3 Cd A R 35 TN B 98 45 R Al A —
o BIDCIRBEIE dL R I AR LA RS Cd
HTF R, B0l 2R BRSNS Cd W B, 2 i 2K
FR PR A3 B Cd A RS Cd 5 m B AR . ASHE 9T 2 B1
Jiti il DOM {5 +- 58 pH A7 By FAIG, [RI Bk 34 1 4% )2 + 8
AR CAdEH . DOM £ 238 i 5 E 48 A il
AW, P I E AR DV R R A A R
A 0S4 R, ASBE 5T & Bt in
FrE IR 1 1+ pH IS A T, X 5 ZHUF R A /A —
o KEEWEFE R It Iy A6 1R 2 i 1 48 pH B AR,
TG A TR 4 T A O | T AT S & B i
R 3 pH g AT LT, HLRRAR T 3R 2 1A RS
Cd 7 i, X AT e 5 e i 22 vh vk g A ¢ (ki
B8 pH 7.54, L5586 [RIES, it A R A A4
RN Cd WS 3, Xt 2 T 3R 2 - A K
A CAMIREIR. Jioh, A5 bR 2 L pH IR T IR)Z
48, FRURF A R AR R S A PR S IR I
Yy Jot, 1 3 2 AR B 3 0 pH TG A R i
GJEP, X 25 R A] B 3R )ZE T CAA R T R
AT e

Jiti N B L s AR 3% pH L Cd B AT AU
B 534 o T SR SRR AL Cd AR RIEH A
WS E T P R AL I AR AR R AR )2
P 4Eig . om R B Rh T oM Ei Ak
4T BHAR N AR 1438 pH R Z0ARfE 6 A A A 4 AR Y
AFIFEMW . T cdwin & R, IR R A
)2 Cd B i 10 3R 2045 , X vl Ae 5 i 56 v B B AR
T AR/ NEUfE 3 Cd T B BRI IS A . AR

1% WHART]

ML 2 G AR ST 2 B, 15 VY HL B RE A 1F - 4
TRAL Cd 1M R ZEB", R 0 & {E i T Cd i
RIZMRIZWTR , SR UM . X F 2
IR Ay S5z i v 3 A0 B 1 438 v, Cd 0 ] S0 el 5 A
[, T 25 2 Bl 3K ) ks . o3 oh s — ik
HL 37 b B rh , Cd™ HL B AS 119 7 1) B T 7K 8 Ty 1] —
o, HB =R Z MR, NI F 3 Cd 1] 582 T
PRI . UL, S F 37 R 5 Sk — 2L
AHFFE I & B, 3 i Cd N BEAR G B2 21 B B A1 5
b FEAE YR X -5 Cd A B B HIfF AR R
R R S RN Cd AR, 28 2 TR g 4 B 5L AT
BRI v ERE . EIERT , R Hg K
FE, FECHAE B S RN 5 F A, IR AR R
5 OH - [1) PHAR 3 7% 3t e, BH A AT A AR v (8] 437 B 4358 pH
T e PR, B 1 it e ks i A B A S At 3 5 1A 5
AEFREAETR it I e S (AR AR X 38 pH A
Fhr Nz 8 Cd f i i B A A RS Cd
AT TR AN WS R B AFT R R () Ab B
3 Cd RS ) 5 A AR AR — 3, FEUE A
FFFEERR S Cd 4B B TE B+, S 3 CAfER S
TEA% 5 ) Ry DA IR i) B AR GE S o
3.3 AEEEXFIFBFER T ET EREKFAR
Yz Cd B0

LR AR P = R S R A Y BUE IR
CARIEYH/ R T 5t RIEEHCR R R . A5
W TEJCHL AE T i F DOM FIFT R R 1Y 8 25 45
TR SR R R AR L X S R 2 Bt
FEEE R, R s R AR E R R AR T
X Cd YRR & FR i DOM FIFTAGE R A £ 5
PR S BRI R Cd A . X AT RESE AR
B AR R Y Cd VR B 7= AR T H B AR e ]
fiE-5 DOM FIFFAE IR BN A RO A R B X0 A
FE 1 DOM R A IR 43 9 A6 135 B8 1T — U PR,
PRI XS - e o 4 S TS AR E A R o 38, Ao
KRB R 2E T AR S R Cd I, ELX AR
#B Cd WA DEAE AR 2188 3K o (EZ: il Tt
Tl B PR T AR S R I AR, S8t
SORHL FERXT Cd iR R B BRI . AT ik
XP AT S50 AR R A A FH AT 68 -5 Ba A A it o it (2
g kg )b EA G, BN B ST R BT, TE RS Rt
100 mg- kg™ A% Bt B 5T fi ok 25 0 M R ma st R 2R K &
AREE R M AT Cd MR, Bk Tt N DA AN it
TGRS X1 S R A A ) 52 i s 5 - SRS TR 45 DT AH



BEPE 45 R RSN R L A R A S 5 e L 2679

Ko WUSEPAIFFE B, ZE P FPAS [R] 2R 8 4= 4 |
Wi FHE>2 g ke (A KPS 6B+, pH 8.0) Fl>1
g ke (FEYE 1, pH 6.0) B, 34 B AR T 1E0 5 Kb
R E RN 0.5~4 g kg BRI KL R
BT S R M Cd i

F, 2y 2 A XA 4 A R R 4 i A R A 38 s

SR T R A A A R R R . AR &

UL, it o [ A LI L S AR T AR R R A X
AT RES P15 R L M 2 R B 8 4530 Bk 5 H 0
AR BT AR Rt R B H gl i PR
FIBRAR BT 77 A6 1) pH R R B0 AR Ak 23 XA ) A K 7 AR
TR . ASHIFSE 3848 L 3 A G ] T L 4
T R R DR A F Y 1) S R R LT
Gy A A 7 AR R R B IR AR SR R, 5 A
FL 37 (1) A 3R L, I T P S % P AR R IR A
Cd HAG — & MR 1R 3 5 AR R4 22 i A 5
R —, CRENHR ORI ERBE S T
PR RO A R O B I T ELH A E SR A
AN ZEE , it S50 o e o 37 2% 1 R BRAE K-
B 5T BERE N 1 Veem™ 3B HLEFA] 6 h-d
BF, B R s R AR K A R UEE R, g
Y5 )%} 2R R s K AR A S R /N, T A L A ) T
b BN AR B S R Cd MR AL o B i L AN 3 48 L 3 1) AR
B K Cd WA BT REAR . 53 4h , AR DF SR v e ie 2
A it I LA e A X AT S R A I IR FR A
JR PR T M BB . XTAO S5 55 45 L R 0, 78 Jn
WA MR B EDTA B Ak B K22 4 B L
(B H 28 a3 7 1)) o 35 RAR 1 7R Fi S K iR R Y
Ay ARG M S AR R TG B E R . T
W, e P mT s KK H A e O A [R] F — 4
HL 3, AR AR IR 25 et 55 3 o s 5] A A
FEYIAH I,

ST ARSI 25 0F T it it DOM Ry
BER ] B R AR SR A KRR R R R B
Cd {5 Y 3t , v] 2% f& it F DOM Ry 488 i 51 146 Bh
sRAGAE S, HE TS = T 5K X Cd PR IR . it
TIBT RS AT A5 R B AR 358 pH, HL I8 2 B FB 3% 5 Bk
FE[EVE F AT B S AR R RAR &R CA VR, X b
AR WA A A T E R R v it P o
TR SR AR NI RRAIR T AR 5 KX Cd Y
R D, AE R AR 5 KAE 2 i s e 1 1
B, F 3+ oy Ak 35 R A SRy — AT 0 5 Ak A it L (H
JE BB A i ] e T BT R ] - RS R A A .

THA N R B L7 RS B S ] TR
RAK, H-5 A [7]3% 5i 15050 (DOM FIAT AR ) AH
FE , FL X PR S5 KA A X Cd WY B2 i ke
Ve DI, 74 5 OB b, s 5 R 22 1 B
5 HL 375 B DL R H B ) A 5 B — 2P

4 ZEig

(D) T I AMETT |, it 0 6% 8 BE A 2R A% + 58
pH, (B FRAR T A 5t R At o
i it DOM FIAT R R 0 25 (i fF 1 AR 5o R AR K (H X
P 5 K 1 RN R Cd 75 5 B R

(2) it E e i T R CA TR,
]I T AR A K X U Cd S T S B v 3
HAb ¥R Cd R Z MK Z TR

(3t i 361 52 B9 FL S R s 2 R 3 0 40 T R
A T RE LI H S A R % L 3 T S I % Cd
PR IR AL, 2 i v 7 A X i1 R L L 37 BB 3 AR 4 A=
Wi,

()BT I sws ¥ 2 & ek 71
W5 RN Cd AR . [ B L 3 5 ik AL [m]
YRR AR 5 R b 13 R b R Y Cd vk B 5 F 3
b Ak 3, (ELBRE AT 4t o e B 5 A — ARk, DL G2 i
XA SR AE R AR

(5) HL35 55 AN [ 1 e ) S [ A TP 5 R AR
KA Cd I sZ AN . H 3 5 A S R4 B
TR XA e I A K Cd W W g 2 i e 2 SR T
137 55 DOM FFr A R 2L [ /6 I I, f 3 % 50 K
A= KN Cd WM A5 o v

S 3

[1]WU L H, LIU Y J, ZHOU S B, et al. Sedum plumbizincicola X. H. Guo
et S. B. Zhou ex L. H. Wu (Crassulaceae) : A new species from Zheji-
ang Province, ChinalJ]. Plant Systematics and Evolution, 2013, 299
(3):487-498.

[2] XUFe, S ek, AR08, 45 . RIS B X SR BETS e e R S R 18
B RCRI L [J]. PR R, 2009, 30(11) : 3422-3426.  LIU L,
WU L H, LI N, et al. Effect of planting densities on yields and zinc and
cadmium uptake by Sedum plumbizincicolalJ]. Environmental Science,
2009, 30(11):3422-3426.

[3] PLmmie, S Jete, e H, 4% . FR o xb AR B SR A K
T WA B ST, 4, 2011, 43(2):221-225. SHEN L B,
WU L H, HAN X R, et al. Effects of nutrient regulation and control on
plant growth and Zn/Cd uptake by hyperaccumulator Sedum plumbizinc-
icola[J)]. Soils, 2011, 43(2) :221-225.

[4] SARWAR N, IMRAN M, SHAHEEN M R, et al. Phytoremediation

WWW.Qes.019.CN




m@g 2680

VBRI R Rt Y F40EF 128

strategies for soils contaminated with heavy metals: Modifications and
future perspectives|J|. Chemosphere, 2017, 171:710-721.

[5] VARGAS C, PEREZ-ESTEBAN J, ESCOLASTICO C, et al. Phytore-
mediation of Cu and Zn by vetiver grass in mine soils amended with hu-
mic acids[J]. Environmental Science and Pollutant Research, 2016, 23
13521-13530.

[6] S, AR, WIRAE, 55 . ARG AL AR 5K 5 A 5 A5 R
[J]. BN B4R, 2020, 40(3) :36-41. WU M J, ZHANG D X, HU
H X, et al. The effect of different activators on cadmium accumulation
in Sedum plumbizincicolal]]. Journal of Huizhou University, 2020, 40
(3):36-41.

(7] X ) i, 8252, MR, 55 . A HLYDR T B TS de ek S pR SR R
AL M) Al FFEEREF24], 2020, 39(12) :2762-2770.

DENG Y Q, CAO X Y, TAN C Y, et al. Effect of organic materials on
phytoremediation efficiency of Cd - contaminated acid soil by Sedum
plumbizincicolalJ]. Journal of Agro — Environment Science, 2020, 39
(12):2762-2770.

[8] KAYSER A, WENGER K, KELLER A, et al. Enhancement of phytoex-
traction of Zn, Cd, and Cu from calcareous soil: The use of NTA and
sulfur amendments|J]. Environmental Sciences & Technology, 2000, 34 :
1778-1783.

[9] WU G M, HU P J, ZHOU ] W, et al. Sulfur application combined with
water management enhances phytoextraction rate and decreases rice
cadmium uptake in a Sedum plumbizincicola — Oryza sativa rotation[]].
Plant Soil, 2019, 440:539-549.

[10] HODKO D, HYFTE J V, DENVIR A, et al. Methods for enhancing

phytoextraction of contaminants from porous media using electrokinet-

ic phenomena: US Patent No. 6, 145, 244[P]. 2000-11-14.

[11] MAO X Y, HAN F X, SHAO X H, et al. Electro—kinetic remediation
coupled with phytoremediation to remove lead, arsenic and cesium
from contaminated paddy soil[]]. Ecotoxicology and Environmental
Safety, 2016, 125:16-24.

[12] XIAO W D, LI D, YE X Z, et al. Enhancement of Cd phytoextraction
by hyperaccumulator Sedum alfredii using electrical field and organic
amendments[]]. Environmental Science and Pollutant Research, 2017,
24(5) :5060-5067.

[13] PUTRA R S, OHKAWA Y, TANAKA S. Application of EAPR system
on the removal of lead from sandy soil and uptake by Kentucky blue-
grass (Poa pratensis 1.) [J]. Separation and Purification Technology,
2013, 102:34-42.

[14] LUO J, WU J, HUO S Y, et al. A real scale phytoremediation of multi—
metal contaminated e—waste recycling site with Eucalyptus globulus
assisted by electrical fields[J]. Chemosphere, 2018, 201:262-268.

[15] FAN G P, ZHOU D M, ZHANG Z H, et al. Effect of two—dimensional
electric field on the growth and cadmium uptake of Sedum plumbizinc-
icolal]). Separation and Purification Technology, 2021, 259:118121.

[16] BREAGAL . AR Br L 35 b 8 4 J 19 % Ak DR 3% B AR AL ELBIE 52 D). K
A« A5 b k2%, 2015:83-116.  LIAN M H. Study on the activating
factors and mechanisms of heavy metals in rhizosphere soil[D].
Shenyang: Northeastern University, 2015:83-116.

[17] BB . SMIEZE & TR IR A NTA X 2508 52 T 42 Cd 531

1% WHART]

WD, KD IR K2, 2015:27-40.  FAN Y F. The effects
of exogenous CA and NTA on phytoremediation of cadmium by Boeh-
meria nivea(L.) Gaud[D]. Changsha: Hunan University, 2015:27-40.

[18] CAMESELLE C, CHIRAKKARA R A, REDDY K R. Electrokinetic—
enhanced phytoremediation of soils: Status and opportunities[J]. Che-
mosphere, 2013, 93:626-636.

[19] CHIRAKKARA R A, REDDY K R, CAMESELLE C. Electrokinetic
amendment in phytoremediation of mixed contaminated soil[J]. Elec-
trochimica Acta, 2015, 181:179-191.

[20] LUO J, XING X L, QI S H, et al. Comparing the risk of metal leaching
in phytoremediation using Noccaea caerulescens with or without elec-
tric field[J]. Chemosphere, 2019, 216:661-668.

[21] AZEEZ J O, ADELEYE O A, OYINLOLA R O. The effect of sulfur
and urea on the heavy metal extraction by African wild sunflower ( Ti-
thonia diversifolia) in an artificially contaminated soil[J]. Communica-
tions in Soil Sciences and Plant Analysis, 2016, 47 : 1940-1949.

[22]1ZHAO K L, LIU X M, XU J M, et al. Heavy metal contaminations in a
soil-rice system: Identification of spatial dependence in relation to
soil properties of paddy fields[J]. Journal of Hazardous Materials,
2010, 181:778-787.

[23] GADD G M. Microbial influence on metal mobility and application for
bioremediation[J]. Geoderma, 2004, 122:109-119.

[24] BRI . BREAL XS KA A< T 57 R AR A ARG A S SR R A B
TEREEMISZIA[D]. BUM < Wi VLK%, 2019:47-48. WELS. Effect of
sulfur on the bioavailability of cadmium and characteristics of rhizo-
sphere bacterial community in rice=Sedum alfredit Hance rotation sys-
tem[D]. Hangzhou : Zhejiang University, 2019:47-48.

[25] SRARAL, skatar, BRI, 55 . AMIFT BRI X 8 L - R g

1 52 0 [7]. PEALAR B 2 4%, 2011, 26(2) :47-51.  ZHANG G Z,
ZHANG S Q, SHAO L, et al. Effects of exogenous citric on nutrients
of old manured loessal soil[J]. Journal of Northwest Forestry Universt-
ty, 2011, 26(2) :47-51.

[26] L1 Z, WU L H, HU P J, et al. Repeated phytoextraction of four metal—
contaminated soils using the cadmium/zinc hyperaccumulator Sedum
plumbizincicolal]]. Environmental Pollution, 2014, 189:176-183.

7] &g, JAASE, SFHIE . KA 5 EDDS #5175 AW &
B Cu/Zn 54 151 BHESR, 2009, 46(4):729-735.  CANG
L, ZHOU D M, WU D Y. Effects of horizontal exchange electric field
and EDDS application on ryegrass uptake of copper/zinc and soil char-
acteristics[]]. Acta Pedologica Sinica, 2009, 46(4):729-735.

[28] fi . B - AR SRR B 5 Cd 15 3 L IERCR A BIE 5T
[D]. HLM « WIT AR AR K24, 2015: 14-25. XU H Z. Efficiency of di-
rect current (DC) field and Sedum Alfredii Hance on remediation to
cadmium contaminated soil[D]. Hangzhou: Zhejiang A&F University,
2015:14-25.

[29] BRA A, 10, W4, 55 . LIEEE 48 TS gL il sl - G 1B R 4L
ARBEGEIERE(T]. B MOl RS2 4 (A AR, 2019, 43(1)
154-160. WEIS H, XU L, HAN R, et al. Review on combined elec-
trokinetic and phytoremediation technology for soil contaminated by
heavy metal[]]. Journal of Nanjing Forestry University ( Natural Scienc-
es Edition), 2019, 43(1) : 154-160.



