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Leaching of Copper and Lead in Contaminated Lou Soil with Combined Saponin and EDTA

DENG Hong—xia, LI Zhen, YANG Ya-li, XU Yan, YANG Ya-ti"

(College of Science, Northwest A&F University, Yangling 712100, China )

Abstract: In this experiment, leaching of Cu and Pb in their singly or combinedly contaminated Lou soil was studied by chelating agent
ethylenediaminetetraacetic acid disodium salt( EDTA ) and biosurfactant saponin in single or mixed solution, using batch shaking and soil
column leaching method. Characteristics of Cu and Pb fractions were compared before and after leaching. In batch shaking test, synergistic
effects on Cu and Pb leaching in contaminated Lou soil were observed in different concentrations of saponin solution combined with EDTA
(0.5 mmol L™ or 1.0 mmol - L™"). The percentages of Pb leaching were higher than those of Cu. However, antagonistic effects on metal
leaching were found at EDTA concentrations higher than 5.0 mmol +L™". In soil column leaching test, cumulative amounts of Cu and Pb
leaching in contaminated Lou soil columns increased gradually with increasing cumulative volume of leaching agents at 1.0 mmol L EDTA
or 50 g+L™" saponin and their mixture. In mix leaching of 1.0 mmol-L™" EDTA and 50 gL' saponin, the synergistic effects on Cu leaching
was observed and the cumulative leaching percentage of Cu was 23.59% and 21.57% for singly and combinedly metals contaminated Lou
soils, respectively, while that of Pb was 27.59% and 24.92%, respectively. Carbonate, organic, and sulfide residual fractions of Cu and Pb
were effectively leached by 50 g+ L' saponin, 1.0 mmol - L. EDTA and their mixture, demonstrating their significant activating effects on Cu
and Pb in contaminated Lou soil. Saponin and EDTA leaching agents in combination with phytoremediation technology could be used to re—
mediate Cu and/or Pb contaminated Lou soil.
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Table 1 Basic physicochemical properties of saponin

. T
4
HE pHED) kgem Nem' gL
95% 4.86 1.015~1.020  0.050 41 1.25

1.1.2 {11
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FROGR A IR AR B4 o L3 pH SR R B 12 0
SE 5 14 CaCO;y (Y BT MBOR HIERRR th AN s T3
HUBT(OM ) SR FH B R B 4 AL A Ik I 7 5 -1 B
A i (CEC)M 7 SR PR B Sc 1% 5 - HEAL
PRALSCR O RLEE AN E 5 3 Cu (Ph A BT
o346 FH 7K = SR TH 3 - IO S RSO 7
R 2.

&2 BT EARBUMR

Table 2 Basic physicochemical properties of tested Lou soil

CaCOy OM/  CEC/ Bk Cu/ Ph/
g-kg?  gkg' cmol-kg! <0.01 mm/g-kg”! mg-kg! mg-kg

8.66 755 11.2 20.60 4522 79.94  68.51

T : OM AT HLBT, CEC B B 758t




ABLLH, %+ 51T 5 EDTA S AR AL Cu Ph MRS 463

1.2 RBEFHE
1.2.1 J55¢ -3 A5

A3 MFRBUGE S CuSO, Al Ph(NO, ), I A—E R
FRRBAE K Rz B B 1 1 a1
o SRR s Y ) — A e A BT
Bk —4F, 230 il 45 5 Cu  FRL Pb J5 Y23 4 F1 Cu Pb
AL LUF @R Cu +, 38 Pb L R EH
17 MEFFRBCE B s Y 3, B EK-m AR HE
B - AR TFIRCE AR Cu £ ME A+ Cu Y
SRRy 484.42 478.51 mg-kg™; P Pb -4
+ Pb B4 RN 575.45.554.49 mg-kg!  1E Cu.,
Pb (14300 5% 12 i v R bR oA AR EA T B 44, LA
T CuPb A E 2R F KR - S o
1.2.2 217 .EDTA X5+ rp Cu .Pb kit

HERFRES 15 e 1 1.00 ¢ T— 241 100 mL %
BT, B 20 mlL AS [R]ve 3 () S 1
EDTA % (sl B RS 0 0.0.5.1.5.10.15,
20.25.30.40.50.60.70 g+ L', EDTA V01 BB EE R
0.0.5.1.0.5.0.10.0,15.0.20.0 mmol -L"), F{ 0.1 mol -
L™ HNO; F1 NaOH §& 5 %) pH {ELR 5.00( LR 2
SEHRAS AR pH5.00 I BERICR et ) , AL PR EE AT 3
o T 25°CLL 200 r-min” $£¥% 4 h J5,5000 r-min™' =
0> 10 min, B3R 0.45 pm B, KO 5T 1% 1k
P Cu Pb (4 TR, T o0 o B R
EDTA X} Cu.Pb fbRBE R FIMGE A 433
1.2.3 EDTA 5 B2 A5 48 4 Cu Pb 1k

HERFRES 15 e 1 1.00 ¢ T— 241 100 mL
AT EOE T IR EDTA 35 ST AR 1:
1584, AW EDTA R 0.0.5.1.0.5.0,
10.0.15.0.20.0 mmol - L, FFFUEEHH 25 ¢-L, [l
BRI pH oA 5.00, AEACBREE SR 3 ¥k, W 1.2.2
TR B U8 AT IR A
Cu .Pb A BT L, 43 5345 52 5 I DR IR O e
+ Cu Pb (R PEREFIIRIE B 2%, JifE BaRUkE
FAEE EDTA -5 W 40514 10.0.5.0 g+ L7 (R TT
VWA RS, PEAIRUR FE EDTA S Bl 9 0 2 0k
VERCREST 12 G IRERTC

HAE L IRSEIREE I, AR Atk P fefd: EDTA ¥
W (BT BE ) 5 B — MR e i o Ak R O A B0
W — s Y 1
1.2.4 ¥ EDTA K HE AW Jeid + + 4
Hi Cu Pb ks

MR SRR G IR GERISE R, 051K 1.0

mmol - L' EDTA 50 g+ L' BBA7 N HEZ SRR IRT&-15
Yudst - JEA T OB AR RDE , T LR A Ao BE
FNBL A R 48 em, NAE 40 mm B BE 5
BLOHENIEA LN | mm BRE B R JefE R A
VI A SRR L LA - M-
AN (=35 = BEEY N 5 em) B9 RSN W0 33 8 2 5 1
b b SRS 10.00 g 15 3% BARISIH T
b PR T S R R R A U8 2 T A I R
At DI A A SE B P B A TS, R S A 5
S E IR - e B AK I R 2R S
AL MPER, LL 1 mL-min™ 93957508 -1 TR0E,
PEESE T i 50 mL 3R ARt (4% MR R IRIR
AR Ak HH IR, B 20 mL YR 1 vk, HRic4E 200 mL,
Sy MR R P A R R i 0 S A AR LR IE RN R AR
i
1.2.5 Wukni e ELEIE SN
BUHARME S B 4, BARXCT, BE4HS 1 mm
it £ FH o 23 SR JBUIRK R T B4 95 % A 2.00 ¢ 4% 3
3, R Sposito JIFUT 4 H7A PR O R JE 25 1 52 4
JEHB I TS AR IR SR AR

2 HFR5iITR

2.1 EDTA X354 13 Cu Pb i#kERIZR

Bl 1 AR B EDTA %5806 75 Je 38 1 v Cu,
Pb keI . X FH—ME A5+, 24 EDTA
He AR T 5.0 mmol - L™ [}, 347 B K bifi EDTA e Ji5 3
i, Cu P (RUE E A3 KIERE I 4 EDTA ¥R
F 10.0 mmol - L™ Bkt B 4RI A/ s A0 i
R, EDTA X8 Cu +, 24+ Cu B9MTEE
AR 59.35%F1 55.88% , %t Ph + E 4
Pb BIIRIE 20K 51 Ky 87.54% 1 84.52% ., Hiitt Al
UL, EDTA nJ{E KI5 4+ i Cu Pb i E R, HXT
Pb HA B I GERCR EDTA X -3 h # 4 @ it 2
BRAL 2R T 88 S iRtk T S e K2
B i BT M HIRGE B A ™),

Bl 1 57 EDTA ¥ B8R IR PR 7 43381 R 4
AN HEF 3R R AE HARE T Ca Fe R HAh™
YIgl 7t 5 EDTA 2851008 R i IR S A 471 £ )3
W&, 7EF EDTA 858 T 48 5 e 38 4 i D R PR IR
FER) EDTA, ME 1 F i nf RLE H, RO B 1
EDTA ¥&JE#7E 1.0~10.0 mmol - L™ 2 Jf],
22 BEXTHIET H Cu Pb FIHBERRE

AN ) o v R X 5 e = i Cu Ph (3R R



464

YISty S 34EE3H

BRI 2 P o WA S T 0T v B B4 in T e bt
+ Cu Pb (UL E R R BORIR B . 2
i e B R T 50.0 g+ L B, Cu Pb (3R IE T 43238
Mg/, HAEM M LR, 5 Cu + 2 &+ Cu Ik
Ve E Rk B K, 43 518 29.02%F1 25.09% , 5. Ph
+ . A A Ph ik BE B 432 45 31.56% F
28.03% ; 24 LT T e 13 4 & 70.0 g+ L B, {Y Pb
PRI T 23 SR BT IS 38, Cu IV A 43 2 2 R
B W] UL, o e AT X S R Cu Pb ()
WP E RO, WA AESEA%1E,50.0 g
L B A5 AV ikt rp Cu Ph BIBGEWREE . B
HRF , B+ Cu P ¥ — &= RVEM,
X} Pb B BERCR KT Cus X —5 L+ 1 Cu Pb
I ERCR T E ARG 1, S a2
Yuan 55 Maity 5 1 i IR SRR 255 — 3K
KT A L e 4 R ARk L BR LB,
Yuan 85571880 Gt i A8 A T IR IA
Jy, BAF LR BCA S BARE 48 Cu Pb fLf7, {15

LA e i AR B ERE A AT A, AT
RPN GERBRITRCR . B B AR, - 3Ok %)
B FRAS B AR B E TR % Cu Pb 4%
SV 75408 Cu Ph 8515 B+ 33 ok 2% 1 5
MR EER A H CMC B, B TIR M
JEEATKE Cu Ph B 7~ BB TR JKE AT Y BRAS B 2
(], A - RO 0 TR 25 B 2 B, IRl R IR A
MR E AT, BUE X Cu Ph BTk EE
I3 EFARH G AN ; YB R R ) —E (ES , B
5 Cu Pb 7GRN 5 A B 4565638 1F
i, Cu \Pb BIKDE 202N THE o AR IE4s Rk
— U] T X B
23 EDTA 5EEHEEXTLIEL B Cu . Pb BI#kSE
EVES

ML T 2 AL, S ot i R B (50.0 g - L) 2
F 5% Cu Pb B9 EBERRCR MK T 1.0 mmol - L' EDTA,
DRI T RS A IR EDTA s Ak BRI 0 £ i
k&, 3 25.0.10.0.5.0 g- L™ (R R S5 A

7071 100
& ) ____:::: _____ {'}.- ""__..q..- e 80 —— Lkl
S sl e 1 S5 A
A R = N
XN 40 L = <R 60
[ -__.”' st |
z 08 Z wft
= ir = i
- 20§ a H]
o ~ 20
P! I
[ T SRR 0 S S— 3
0 5 10 15 20 25 0 5 10 15 20 25
EDTA/mmol - L EDTA/mmol - L™
- ficut -#Pht+ IHE4H+
B 1 EDTA iREXZHRIE L A Cu Ph ML RN
Figure 1 Effects of different concentrations of EDTA on Cu and Pb leaching in contaminated Lou soil
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Figure 2 Effects of different concentrations of saponin on Cu and Pb leaching in contaminated Lou soil
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Figure 3 Effects of combined saponin and EDTA on Cu and Pb leaching in contaminated Lou soil
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Table 3 Contribution values of Cu and Pb leaching by mixed leaching agent

EDTA ¥ /mmol - L™

Bk /g L g i
0.5 1.0 5.0 10.0 15.0 20.0
25.0 Cu i Cu+ 0.285 4 0.197 4 0.063 0 -0.033 4 0.017 1 -0.034 5
"2H5+ 0.355 7 0.242 6 0.036 2 -0.018 4 0.066 7 0.023 3
Pb HPh 0.361 5 0.295 0 0.096 4 0.062 0 0.013 8 0.027 0
&5+ 0.432 4 0.366 9 0.152 6 0.055 0 0.074 4 0.055 9
10.0 Cu ¥ Cu+ 0.199 5 0.063 8 -0.138 4 -0.195 0 -0.209 8 -0.183 7
"2H5+ 0.227 4 0.120 7 -0.109 6 -0.148 2 -0.028 1 -0.158 5
Pb HPh 0.277 5 0.204 3 0.003 1 -0.048 4 -0.070 6 -0.063 0
"2H5+ 0.350 9 0.318 5 0.084 5 0.018 1 0.041 4 -0.012 3
5.0 Cu ¥ Cu+ 0.274 4 0.203 5 0.076 5 -0.004 5 0.040 4 -0.005 4
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Pb HPh 1 0.292 5 0.235 1 0.030 1 0.028 1 -0.024 3 -0.030 9
"2H5+ 0.338 8 0.299 2 0.094 0 -0.007 1 0.024 8 -0.016 3
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Figure 4 Dynamic changes of leached Cu and Pb in contaminated Lou soil column
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Figure 5 Curves of cumulative amounts of leached Cu and Pb in contaminated Lou soil column

iRt e S ST Rl AN A TIPS N S S AN §
VR AR, Cu 1Y 22 B GE 5 hy 52 ke >
1.0 mmol - L™ EDTA>50.0 g- L™ BAF , &2 G B X B
Cu - FNE 5 1 Cu BIWRIE T 33893531k 23.59%H1
21.57% ; Pb ZFk e B9I0)F 4 1.0 mmol - L' ED-
TASE A GER>50.0 g- L AT, A GO0 Ph
LA b Ph BT 2 R0 5 27.59% A
24.57% 2 CABAF IR AR B TS
AR T X — A fb s, T AN RS IR
[F] 99 73 VA O s - SFA0RE 5 IbK R V1Y 1 i e ™,
IR BRI ] ARl B 2 e, 7 S FLITIT A% If REL
ANTR] TR B bk 5 s 1] S8 40 3 A e B, BT A5 Ik
Xf 5 e Ao v Cu Ph iy 22 BRI Uk B K AR T4 G vk
UEAHE S PR Cu BEBEIVE FH R T Pb, SR
RS R IA

100
80+

60+

o
o
=

40+

20+

AREIEA Cu B E /%

1 > .. . - .. .. ..

25 HERIEEEBEESNTL

Kl 6 N AR E V5 Y £ Cu . Pb A[AIFE
DA RO . WERTEA Cu R4 T sy ik
BA AL AR RIS Cu 09 L BED
34.02% .28.50% .24.36% 1 30.72% .31.55% .26.79% ,
FRIEA N 11.26%; M Pb +FIE A L himihas &
B WAL skis A FRIE A Ph 433 i SR 53.37% .
20.95% .15.36% Fl 52.06% .26.83% .12.38% , 47 KL 4%
BN 8% iAo TEAS TS YLt 4 v o8 e 245 TR o 24
Cu .Pb YR K i (1) 2% LU V5 e 4 Cu
FEAILGEEE BRIRER A A5 s S 1)
FERAEAE, Pb FELBREAEE 25 A5 ALk m
FERAEAE, SR X5 Ye i+ Pb ATE 5
Mratie—ak.

TGRS I, B T K A R T R Y

1001
i
) -
s sor %
@ 7
] 60 iy
& %
2

£ 40t

k3

B 20}

=Y

]..é

0

O s Bwmms &8 A0sas  mmasas ks Bl RE s
L RGERTER Cu Pb 4o 2. WRBERTE A 15 3. 50 g- L7 M5 5 Cu Pb 125 4. 50 - L BH WS E A 1
5. 1.0 mmol - L” EDTA #£/5 84 Cu Pb £+ ; 6. 1.0 mmol - L' EDTA ¥E/5 E &1 7. E& WG Cu . Pb +; 8. EHEWEEES L
B 6 MERIE Cu.Pb IS (L

Figure 6 Changes of Cu and Pb fractions in contaminated Lou soil before and after leaching



468

YISty S 34EE3H

WISl 4 JE AN RDE A & AR AR 77 A AN [ 1)
A WIBRONE AL IR R IS A R AN RIS B AR T mT
CEATRM A RO B 48 BRI . INEL 6 1]
AL AU IR S TS Y b ORTRDE S A8
1) B R 22 5 (LR AT BRI :

50.0 g+ L' BAFEL—PEIG , SCHASFIE A Cu,
Pb S AN, FRE SR/, BRIRERES A7 i
RIEAS BHEE Cu 58 Cu HFIEA T
BB 22 5 A3 BB T 23.00% .19.10% .10.66% ; 5t Ph
TR IFRIE S . BRERERSE A S A HLLE S5 B
KA T 30.69% 24.11%F114.35%, E4+Hh =FEs
Pb HREIRRSIR T2 Pb £

1.0 mmol - L' EDTA B —tk¥k )5, WA Cu.Pb
AN T 29 8 5 A 15 £, AHAS Cu Pb g A 34
e ZE Cu 2FE A IRIRERSE A Cu 43 3IIkE
IR T 41.32%F1 36.56% , F W45 G A& B fb Wy 5k it &
Cu 23 HIFEAK T 28.16%H1 10.33%., 7EEL Ph +FIE 4
+ hak iR 45 A& A& Pb 43 il BEAR T 60.63% F
35.29% , AL G A Pb 2 BIFEAR T 54.03% il
33.37%, fifbPskit A Pb 4y BIFEAR T 12.24% F1
33.12%. BRI Cu Pb 1EE A 1 g A B,

BHEMUERIERG, A% Cu MRS+, %8
& Co BEIN T2 545, WA Cu ZRfBAR/N, Rk &
Cu S EMA NI RIS AR B A il
PIFRIE S Cu 23 AR T 58% 45%F1 16% , % ik
VERIMTTE R 2953 311K 53.82% 41%F1 18.38% , H:
HIRTRERZS A4S Cu X R ABRFR I vt K. 7fEH
Pb +H1%E A+, 584 Ph 4y B3 i T 3 550 7
5, W25 P 2545 Cu AL, BRERERZE A7 B WL
GEAAS . BIEPRRIES . FRIES Pb BT
78.02% .65.02% .49.83% 34.51%, TRIALLLE A
WHIFRIER . FHLASE S P X 225 i BTk 43
R 70.93% . 17.61%F1 10% , 5 Cu #HAL, Hd ik iz
EREEEA P X B ABRR I sTkE R K

HEHIEESENIE AL, A RIS
Tk TRk 285 6 25 5y WA R SOR A, A LR ARG
IR R s AL EA . ik ki S
TE I KU I AR AR, AR S H A R I RS e
BRI, - FE S ok E ,50.0 g- L AT 1.0
mmol - L™ EDTA J¢ FL& A R PR 7T A 3% 2 B i e it
TR A AU EE . ki s
Cu Pb, X5 A Cu Pb ZBRAURE 2, UL &k
TR AEAE SRR TS Ye 3+ rp E 4 8 A BR B XU L T

FAF 5 e 1 I o S k&g 2 . Rl o] LG
W, WRGERS TS g S R AR A . IS
Cu . Pb P55 AN [A]R BE (38, 150 BH 45 I 6V
Pt THESEE T ER, SR T HEA A Z R
PRS-,

R BR Y 855 4 8 5 Y 3], 3
MAEYHE SRS RS, RSN ESENE
L8 RBUE WA PE Z CEEIATT . M Oy IEE R
W - VRN o v i AT I V5 e R EE 48 Pb.Cd
Al Zn (AR 0T RS B B IR R A R 22 AR S 535
PR, B B Y SOD . POD Fl CAT Jiff (1475 14 24 34
i, VR BH R AT B S e R s e R
RIS RE I M E R A IARTISE LA e 19
HERBIEASNMEEREGAAKE EDTA, BT RES
WRPEIR A AT A s e T I E SR B A
AT T 4 s e 38 4 R SR A S SR TR 1B E
WA ESEPEE AR, DA & ZBUE %
HEJRMEEICE

3 #ip

(1)EDTA ¥ 5 0.5.1.0 mmol - L™ B} 5 A 7] i
JE R E A WYE Cu Pb BRI IMEMER , PrFEE
JH B 58 535 i B2 VA B 1S T S K, X Ph iy 3[R AE
FHIC B 8 B W B (5.0 mmol - L' )EDTA 5 4%
e JF BT AR Cu Pb ZE30 A A58 B i 45T
YER.

(2)1.0 mmol - L™ EDTA .50.0 gL' 2 N HE &
WRBEHONT LA H Cu Ph ) SRR S BE I DR A
FEURHE KT 2 38 0 Cu B9 BRI GE R A &2 G
WP >1.0 mmol - L EDTA>50.0 g- L' B24F,Pb (1) 2
FRUM P65 T 24 1.0 mmol - L™ EDTA> & 45k 3k >
50.0 g- L' B,

(3)E A WRVER AT L AE T Cu AR PE L BRI R
JHEER, FER Cu £ KA Cu MIRSEE 43
RO HIN 23.59% 21.57%; 1%t Ph B FIVE A
AR, X Ph + B A - Ph IR E 432550k
27.59%%N 24.91%,

(4)kyenn e 4 Em P A2 03 , 1.0 mmol - L™
EDTA \50.0 g- L' 47 M 1R SRR 6E A 3K
EERRIREL S A AWE Sy ikiE S E 4
J& , AT 5 Y 1 I e OB S [R5k
Wl BT s s E S R A B G T
SIEEE I YIEE



XBLIfe, 5 T 15 EDTA SIAHRUETS Y4 £t Cu Ph HOBCRAF 469

S 3Lk

[1] Dermont G, Bergeron M, Mercier G, et al. Soil washing for metal re—
moval : A review of physical/chemical technologies and field applications
[J]. Journal of Hazardous Materials, 2008, 152(1):1-31.

[2] Domen L' T, Chun L L, Xiang D L. The use of chelating agents in the re—
mediation of metal—contaminated soils : A review[J]. Environmental Pol—
lution, 2008, 153(1):3-13.

[3] Torres L. G, Lopez R B, Beltran M. Removal of As, Cd, Cu, Ni, Pb and Zn
from a highly contaminated industrial soil using surfactant enhanced soil
washing|J]. Physics and Chemistry of the Earth, 2012(37-39).30-36.

(4] FiFIR, T F, 8RR, S SRR SRR RO KSR A R

FBEFEL. DU T2 4R, 2010, 32(5) : 100-104.
WANG Hai—juan, NING Ping, ZENG Xiang—dong, et al. Lead extraction
and nutrient runoff during leaching by chemical leaching agent on lead
polluted soils[J]. Journal of Wuhan University of Technology, 2010, 32
(5):100-104.

(5] Bok ML, SAMSZS, 25 4%, 4%, 4R W5 deok 3 EDTA RUES
PR 14, 2013, 45(5):928-932.

YANG Bing—fan, HU Peng—jie, LI Zhu, et al. Research on the wash
condition using EDTA for a heavy metal severely contaminated agricul—
tural soil[J]. Soils, 2013, 45(5):928-932.

[6] #ETLI, PLkzs, X, 25, EDTA WhEEE 5 Cu J55 1380 250

R ER SRR A D). A LR F A, 2010, 47(9) 1135
139.
DONG Han-ying, QIU Rong-liang, ZHAO Zhi-hao, et al. Washing of
Cu contaminated soil using EDTA removal efficiency and the optimiza—
tion of EDTA dosage[J]. Acta Scientiarum Naturalium Universitaiis
Sunyatseni, 2010, 47(9):135-139.

[7] Ramamurthy A S, Vo D, Li X J, et al. Surfactant—enhanced removal of
Cu and Zn from a contaminated sandy soil[J]. Water Air Soil Pollus,
2008, 190:197-207.

[8] #ILIE, PLose, MW, 55, TR 2 4 8 Vs e T3 Ak Uk
BEHARBFFEI]. TR, 2010,47(9):1126-1133.

DONG Han-ying, QIU Rong-liang, ZHAO Zhi-hao, et al. Sequential e—
lutoin technique for remediation of multi —metal contaminated brown -
field soil[J]. A cta Pedologica Sinica, 2010,47(9) :1126-1133.

91X &, FE%, 5k W, & BEAR ALY RIEE PER X Cu P 5
Yl L IR IE R[] REERIF, 2013, 34(4) :1590 -1597.

LIU Xia, WANG Jian-Tao, ZHANG Meng, et al. Remediation of Cu-
Pb —contaminated Loess soil by leaching with chelating agent and bio—
surfactant[J]. Environmental Science, 2013, 34(4).1590-1597.

[10] f a5t MFE, AR, 5. WSS EDDS sifL B AE 1

&R AT U IR ROl B R 2 22 4, 2009, 28(9) 1 1818~
1823.
SHI Fu-gui, HAO Xiu-zhen, ZHOU Dong-mei, et al. Remediation of
the combined polluted soil by growing ryegrass enhanced by EDDS/
rhamnolipid[J]. Journal of Agro—Environment Science, 2009, 28(9) .
1818-1823.

(1] S, Jr R0, S A, S5, SRIMNG MR AL EDTA 2851857
e 4 8 1 IR B TT T ARl IR R 2, 2006, 25(1)

119-123.

JIANG Yu-feng, ZHAN Hui-ying, YUAN Jian—mei, et al. Washing ef—
ficiency of heavy metals in soils with EDTA enhanced by surfactants[J].
Journal of A gro—Environment Science, 2006, 25(1):119-123.

[12] B R, PR R, XU T4, 5. AR G P e HAE s 48 5 e -
Habk sk e (D). R EE R, 2013, 44(6) :1508-1511.

LEI Guo—jian, CHEN Zhi-liang, LIU Qian—jun, et al. Biosurfactants
and their applications in soil flushing of heavy metal pollution[J]. Chi—
nese Journal of Soil Science, 2013, 44(6):1508-1511.

[13] e, JRTESE, SRABEE, 55 BMTAA VRN BT ESEMN
5. FREERl 2224, 2006, 26(8): 1315-1319.

JIANG Yu-feng, ZHAN Hui-ying, ZHANG De-yi, et al. Study on des—
orption of heavy metal in sewage —irrigated soil by complexing with
saponin[J]. Acta Scientiae Circumstantiae, 2006, 26(8):1315-1319.

[14] Yuan X Z, Meng Y T, Zeng G M, et al. Evaluation of tea—derived bio—
surfactant on removing heavy metal ions from dilute wastewater by ion
flotation[J]. Colloids and Surfaces A : Physicochemisiry Engineering
Aspects, 2008, 317(1-3) :256-261.

(15 20T, SRS A, 55, R B RN L B4 m s v e 2

YRR, Al L FRA4R . 2009, 25(10) :231-235.
LI Guang—de, ZHANG Zhong-wen, JING Peli, et al. Leaching remedia—
tion of heavy metal contaminated fluvio—aquatic soil with tea—saponin
[JI. Transactions of the Chinese Society of Agriculiural Engineering,
2009, 25(10):231-235.

(6] =3I, BT, A7 JF. S A Xt L3 R 4w A R R A AL
HI. e84, 2010, 16(9) :36-39.

LU Ning—chuan, YU Jian—-qiao, YANG Fang. Study on the process and
mechanism of heavy metals desorption from contaminated soil by
saponin[J]. Anhui A gricultural Science Bulletin, 2010, 16(9) :36-39.

(7] AT, HREIEE, 5k 1K, 5. AEW SRR P50 2 A I R 2 B 1
H 4R IYTFFELI]. BRI 22447, 2010, 30(12) :2491-2498.

ZHU Qing-qing, SHAO Chao-Ying, ZHANG Zhuo, et al. Saponin bio—
surfactant—enhanced flushing for the removal of heavy metals from soils
[J]. Acta Scientiae Circumstanae, 2010, 30(12):2491-2498.

[18] Maity J P, Huang Y M, Fan C W, et al. Removal of Cu, Pb and Zn by
foam fractionation and a soil washing process from contaminated indus—
trial soils using soapberry —derived saponin: A comparative effective—
ness assessment[J]. Chemosphere,2013,92(10) . 1286-1293.

(1914 5. ST fb HA S B A o 4 J 15 Y 3R RICR S LI D]
T AR R, 2010 11-34.

YANG Fang. Saponin strengthening remediation effect and mechanism
of ryegrass on heavy metal contaminated soil[D]. Nanjing: South—
east University, 2010 11-34.

[201°F 2z, BRAL S, 2B 28, S A HLRR S R IANE M B & 1 T 13
B4R MR ORI R A S B2k, 2011, 20(6-7) : 1152
1157.

PING An, WEI Zhong—yi, LI Pei—jun, et al. Study on the extractive ef—
fect of soil heavy metals with organic acids and surfactants[J]. Ecology
and Environmental Sciences,2011,20(6-7):1152-1157.

[21] Jil A, EDTA sk AT -3 Cu Zn  Cd RBEIE S 152 M5
[D]. Z&4¢ : LA R, 2011 : 19-36.



470

YISty S 34EE3H

ZHOU Nan-nan. The improved leaching of Cu, Zn, Cd contaminated
soil by synergistic effect of tea saponin and EDTA[D]. Taian : Shandong
Agricultural University, 2011 :19-36.

2] VF R, VEPHE, SR, AR S R RN E AR T R
AR BEVE I Al AEERHF 224, 2014, 33(8): 1519-1525.

XU Zhong—jian, XU Dan—dan. GUO Su-hua, et al. Combined leaching
of heavy metals in soil by citric acid and saponin[]]. Jounral of Agro-
environment Science, 2014, 33(8):1519-1525.

(23] W W, AT AL, MR M8, 5. krt i B AR IX 1 M o 4 J %5 ] 43

ARFIE KRR Al TREE4R, 2014, 30(6) :88-96.
LEI Ling—ming, YU Da-song, CHEN Yu-peng, et al. Spatial distribu—
tion and sources of heavy metals in soils of Jinghui irrigated area of
Shaanxi, ChinalJ]. Transactions of the Chinese Society of Agriculiural
Engineering, 2014, 30(6 ) : 88-96.

[24] FhPG T, SKHG R, SRk, 55 V5 TR HENE S R vh B 4R B S8 1L
TF5E : Sposito J2 $23k [J]. Ak FREERE 22 4%, 2007, 26(6) 2339~
2344,

SUN Xi-ning, ZHANG Zeng-qiang, ZHANG Yong—tao, et al. Changes
of heavy forms in sludge during the composting process: Sposito method
[J]. Journal of Agro—Environment Science, 2007, 26(6) :2339-2344.

[25] W, 2R, AL A eI, 26 2 . Jbat: @S 0R th

#t, 2005.

HU Shi -bin, HUANG Qiang —lei. Inorganic and analytical chemistry
[M]. 2nd Edition. Beijing: Higher Education Press, 2005.

[26] Wallace A. Additive, protective and synergistic effects on plants with
excess elements|[J]. Soil Science, 1982, 139(5):319-323.

R71F L, BREE, #30H. EDTA 5 ERE GkkBE L EL)R
V5 e+ SRR SR ], F4ERlA, 2014, 35(8):3096-3101.

YIN Xue, CHEN Jia—jun, CAI Wen-min. Elavalution of compounding
EDTA and citric acid on remediation of heavy metals contaminated soil
[J]. Environmental Science, 2014, 35(8):3096-3101.

[28] Mitral S, Dungan S R. Micellar properties of quillaja saponin. 1: Effects
of temperature ,salt and pH on solution properties[J]. Agriculture
Food Chemistry, 1997, 45 1587-1595.

ROV AL, B 52, MG LI, LA AMETE 42 )8 Pb.Zn .Cd JE &4
BiEEsF [E) A Ak YRR D). E3E S5 1R, 2012, 1(4):199-205.

FU Cheng—cheng, ZHOU Liang, MEI Fan—min. Changes of form for ex—
ogenous heavy metals Pb, Zn and Cd in Lou soil[]]. Soil and Crop,
2012, 1(4):199-205.

(3017 Ny, BIATISE, 28 4. T 4 R AL =B A i AR 1 ml R R M
M. AR, 2007, 16(5):1551-1556.

LEI Ming, LIAO Bo—han, QIN Pu—feng. Assessment of bioavailability
of heavy metal in contaminated soils with chemical fractionation [J].

Journal of Ecology and Environment, 2007, 16(5):1551-1556.



