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Leaching characteristics of Cd in the contaminated soils with chelates and rhamnolipid

CHEN Dong-yue?, SHI Qiu-ling*, ZHANG Jin-zhong*#, LIU Jiang*, QIAN Sheng*

(1.Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education, College of Resources and Environment,
Southwest University, Chongging 400715, China; 2.Chongging Key Laboratory of Agricultural Resources and Environment, Chongging
400716, China)

Abstract . The simulated pollution soils with three Cd concentration levels were prepared, the leaching characteristics of Cd from the soils
were studied with chelates and rhamnolipid, and the speciation variations of Cd in soil during the joint leaching process with EDTA and
rhamnolipid was also discussed. When the eluent concentration was 0.025 mol - L and the initial pH was 7, the leaching process reached e-
quilibrium at 220, 140 and 60 min with EDTA, ethylenediamine disuccinic acid(EDDS) and citric acid, respectively. The best leaching re—
sults could be obtained with EDTA, and the maximal leaching percentages were 93.16%, 93.62% and 94.09% for 0.38, 0.69 and 0.93 mg -
kg Cd contaminated soils, respectively. The leaching process with EDTA could be described by pseudo two-order kinetic model, and the
leaching rate constant showed a decreasing order of 0.38 mg- kg™ Cd contaminated soil, 0.69 mg-kg™ Cd contaminated soil and 0.93 mg-kg™
Cd contaminated soil. When the volume ratio of EDTA and rhamnolipid (0.025 mol - L-*) was 1.5:1, the leaching percentages reached
85.45%), 89.25% and 93.88% for the three contaminated soils, respectively, and the leaching equilibrium time decreased to 50 min. Joint
leaching can effectively release the exchangeable, carbonate bound and organic bound Cd in the contaminated soils, and the possible mecha-
nism is the synergistic effect of EDTA chelation and the micellar solubilization of rhamnolipid.
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Table 1 Main physicochemical property of the three chelates and rhamnolipid
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Figure 1 Leaching kinetic curves of Cd in the contaminated soils
with the three chelates
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Figure 2 Leaching kinetic curves of Cd in the contaminated soils
with rhamnolipid
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Table 2 Kinetic parameters of Cd in the contaminated soils leached by the four eluents

Cd V547K F/mg- kg™ W ky/mint R? k, /kg-mg™-min R?
0.38 EDTA 0.013 1+0.001 2 0.435* 0.001 7+0.000 3 0.969**
EDDS 0.018 7+0.001 8 0.718** 0.002 3+0.000 7 0.968**
CIT 0.021 4+0.001 7 0.724** 0.014 4+0.001 3 0.992**
LA G 0.435:0.037 0.621* 0.132+0.021 0.990%%*
0.69 EDTA 0.012 4+0.001 5 0.664** 0.001 0+0.000 3 0.964**
EDDS 0.016 3+0.001 2 0.812** 0.002 1+0.000 5 0.977**
CIT 0.020 4+0.001 8 0.794** 0.012 8+0.001 1 0.978**
LA G 0.321+0.022 0.763** 0.108+0.019 0.993%*
0.93 EDTA 0.010 2+0.001 2 0.554* 0.000 8+0.000 2 0.954**
EDDS 0.012 8+0.000 9 0.798** 0.001 9+0.000 4 0.966**
CIT 0.018 9+0.001 4 0.682** 0.010 8+0.001 1 0.961**
SEkesy i1 0.269+0.018 0.682** 0.090+0.003 8 0.991***

1 : *P<0.05,**P<0.01, ***P<0.001; J&7& R (R*) F T AR AL 1B, R (RO, TR AR A 3L 6 R ke
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Figure 3 Effect of the concentration of the three chelates on the
leaching percentages of Cd in the soils
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Figure 5 Effect of the initial pH of the three chelates on the
leaching percentages of Cd in the soils

R ETSYe rh Y Cd NI .Cu F1 Zn 5, 7E pH Wy 4~7
I, 4 i 43 e (SRR BE pH A A SRS A T R,
BB AR, 24 pH 2 4~6 15}, CIT XJ Cd 1)
WRPER L T RS b5 TP . X2k CIT 43
THEARIE IR, P i AR P
BHHT, G ERAEAE L U 3 Cd fikisE s pH A8
fb 252y CIT AFEIEAS, TR P AT LA Hok (HoL-,
HL>F1 L% 4 FE B AFAE  HL- HLZ A L5 Cd* Y fic
P RS B B B 430 R 7.9 4.0 Fi 11,35 L3
BCAZBE Sy dRck o 78 pH Jy 4~6 I, CIT FZLL HL A



BRA 48 A0 U BRI A ik 5 e g Cd 2341

HLZAAAE , OOV E PSS , Wkt 4 b () Cd AR
MRE,

FRASHE N A M5, 76 pH B B AT TR i 2
H/INRLIE R, A R Cd> 5 2557 pH T {45 Bl
WERR I A5t R AL, IR R
AR B, Gk T IF I, SRk R 25 5 5 Cd>4h
A, Rl FRAE G v i 2 2 S0 i, 5 R TR B
T5 CAIERBL A, {138 Cd (1) %3k . Bodagh
P R A BRI TR Cd i 2 B, BRI A 2 1 36
PENG 3 R o > otk > bk, JHOIG JAL e ok v B B
pH TG K, 7E pH 2 6.5~7 IR PEdR i 5
W FEER SEPIUR SRR Bl 4x T5 e % Cu i Ni,
WABMMIMEE R K, Ao B e RIS
BRI pH R 7,

2.3 EDTA FARZHERSBL A Mk T EHh Ay Cd

MG 2.1 Fi1 2.2 A5 45 5 EDTA X Cd Ak e %
2 E T AR AN A ), H EDTA 3R 46 pH XF
WPERBCA A W, R, LIwIEs pH o 7 WK EEH
47 0.025 mol - L™ (%) EDTA Fl ERA BBV R bk e 711
WE EDTA FRZAMERR (AT LE Ry 1:1.1.5:1 F1 2:1,
K FH AR SE 0, BT B AT TS e L 8 Cd AR
BIRPERCR , ARAT A 6 P4

M 6 FTLAE H 24 EDTA F1 2SS R F He
S 1.5:1 B, 3 Flim YL K- 1) L3 Cd 119 Ik k% A
7+, #k15 0.38.0.69.0.93 mg-kg™ Cd 15 4 + Lk k
L35y 85.45% .89.25% 1 93.88%. X =K MRS
IR ER A v B>l 0.01 mol-L™(5.47 g- L) 3
KT FAHERE A CMC(50 mg-L™), st o 1% 385 ¥ 4
REME I I 4 )R 5 7 Kt {2 ik -3 Cd 19
e EDTA Z44Eh b iy Na g hn 1 - e W 1 5+

100;’ 11

L | | A
0.38 mg-kg™ 0.69 mg-kg™ 0.93 mg-kg™
Cd {5 4 Cd {5 -3 Cd 5 135
6 EDTA R Z=HEREECLL 335 T vk Cd MR ZRAZ M
Figure 6 Effect of the volume ratio of EDTA and rhamnolipid on

Cd RIMRPEA/%

the leaching percentages of Cd in the soils

SR, T RE RS e HE R At - S fF Y Cd, 1 EDTA FE
TRAWRVER B E g, A ) F Cd* 5 EDTA JE AR
FREMNEEY) .

KT A 1.5:1 i EDTA Fl R ZHERS L &k
Uk Cd y5 e 3 AR K 7 R ish fiahig . aT
DIBEH, Yibkukita]h 0~50 min i, 3 s gy -3
Cd % B4 1 By BE T [R]85 N 920y , IF7E 50 min 247
REPEA . SRS WG He s ] EDTA
BHA BT B, HZIEG IR UE 0 25 Ik T EDTA
i, 08/0 T EDTA V5 G R85 14 JRUBS: , 1 bk 3% 1 il Biof
()RR o R, DAERAP PRI N 20 Jod I R HsF T 1) £
JEZ5 i, R EDTA R NR I Ak e AT — &
(R

-2 0.38 mg- kg™ Cd y5 4L 435
-+ 0.69 mg- kg™ Cd y57 14
~ 0.93mg-kg* Cd 5% 135

[E 7 EDTA R ZEHERSEX A Wit is 11 Cd Mzh S i 4%
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