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Cu and Cd Extraction from Contaminated Soils by Organic Ligands

WANG Shu—jun, HU Hong—-qing, LI Zhen, CHEN Su-wan, CHEN Guo—guo

(College of Resource and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Chelation—induced phytoremediation technology which can enhance plants to absorb heavy metals is paid more attention. It is sig—
nificant to apply this technique on remediation of heavy metals in contaminated soil. Four soils from the mining area of Daye, Hubei province
were collected to investigate the extraction effect of three organic ligands (citric acid, tartaric acid and EDTA) on copper and cadmium from
these soils, based on the conditions of different concentrations, extraction time and electrolyte addition. The results showed that the extraction
amount of copper and cadmium related to the types and concentrations of the organic ligands and increased with the increasing concentration
of the organic ligands. The extraction reached equilibrium for Cu in 30 min and for Cd in 1 hour. The addition of electrolyte to the citric acid

treatment in the soils could decrease the amounts of extracted Cu and Cd.
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1.2 i3t
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kg™ F19.87 mg-kg™, 1] EDTA & 81.1 mg-kg™, AiHg

1 Ml T REpE AR

Table 1 Physicochemical properties of soils examined

g KA pH(H,0)  <0.002 mm Fiki/%  AHHLF/g ke CEC/cmol -kg! M Cu/mg kg M Cd/mg kg
1 B IX 7.02 73 40.43 22.98 21155 3.82
2 B IX 7.77 12 32.15 48.90 29027 4.83
3 SRR IX. 7.87 13.8 39.34 16.55 1102.1 2.01
4 YR IX 6.49 25.3 32.45 18.48 540.9 12.48

T« 38 pH R 1:2.5 1K EE, pH THIGE 5 i R A A
AR E R - R SR T A - O g o

TR E s A HUTCR HH B A PR AN 77

=AM S 5 CEC SR LR B Ak s Axled

x2 AEREBNBREZG TRERRE (ng-kg')

Table 2 Extraction of Cu by organic acids with different concentrations from contaminated soils

AT /mmol - L 0 0.5
15+ AR 0.15 (0.053) 7.83(0.214)
PR 0.15 (0.053) 10.6(1.203)
EDTA 0.15 (0.053) 80.8(0.184)
25+ AR 7.26 (0.160) 7.85(0.027)
s 7.26(0.160) 8.74(0.481)
EDTA 7.26 (0.160) 74.4(0.515)
35+ AR 2.77 (0.481) 3.27(0.080)
Frige 2.77(0.481) 4.75(0.187)
EDTA 2.77(0.481) 63.9(0.386)
451 AR 5.50(0.027) 7.03(0)
Frigmg 5.50(0.027) 9.87(0.348)
EDTA 5.50(0.027) 81.1(1.655)

2 10 20
8.34(0.080) 11.9(0.053) 15.9(0.401)
19.3(2.405) 76.3(2.574) 100.1(0.919)
102.8(0.368) 105.5(0.919) 105.6(0.368)
8.55(0) 9.34(0.053) 10.4(0.080)
14.2(0.294) 69.0(1.471) 93.3(0.552)
101.6(0.184) 105.3(0.184) 107.5(1.103)
4.94(0.080) 6.43(0.160) 7.85(0.722)
7.89(0.134) 53.0(0.184) 69.9(0.533)
99.0(1.287) 105.1(0.184) 105.8(0.368)
9.02(1.578) 11.9(0) 14.6(0.802)
21.7(1.203) 90.2(0.552) 91.7(0.497)
100.1(0.184) 106.6(0.184) 106.9(0.736)

TE AR5 PRy 3 UCR PR CR IR

Values in the brackets are SD of three replicates (the same below).
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LRI 11.6 15 FPEERRIY 8.2 4%, A HLEC Mk 5 H 10
mmol - L™ i}, P 47 R Xof A 11932 41 s R A 14 o, (EL 394 i
4.9 mg-kg™, WIFrEERNIBEIEAR A, 90T 80.3
mg kg™ HFFEIR 5 EDTA A Eb , XF4 A9 3= £ B 475 {1%
16.4 mg-ke™', FEHCSE A 20 mmol « L™ I}, 175 47 1% Xt 4l
I P ATy B, 55 IR B s AH LU A R AR /N s A4
PR A IR i 5 EDTA A 25 BE 4RS00 /)N, 4 A1 2%
152 mg kg™ AR, BHENIAAGPLRRMEH KF) 20
mmol - L7 B}, FPBE IR F EDTA XoJ - $385 (14 152 45 Fh ooy
FHIE o XF A R , AR S

HHURHE R 2 mmol - L7 {5, AR . F7EHR
EDTA X 2 5 T4 )i 4 5t 43 310 8.55.14.2 F1101.6
mg - kg™, 7EAH RV B S, W75 A R X4 11 3 4 e 1K T
BEIR A EDTA (iR 8& i, BEE R B3GR, W05 A W %o
I B G WRAR /)N, AR I X ] 1) 322 4t DU 34
., M EDTA ¥FERT 2 mmol - L™ B, X4 ()= 12 &
HE RN, A 3 5 g EDTA #9310 mmol -
L 349 20 mmol - L™ A, X4 ()92 $12 F A3 N 0.6
mg-kg™o FE[Rl—VREE ST EDTA X4 ()32 4 i i
m L ATERIRZ TN A TR/ N WRTEAT LA Y
WEE/NF 0.5 mmol - L B VY A7 PR FIAT A B ) 1 v
i R A A Y s SRR R T 2 mmol - L7 B, R TR
FI A PRI FE R 2 =i 22

DIE GO 4 Jm i 5 R i on R A
B EH R ITNIZ IR (F 3), LI ITLUEW, ME
FHLEE A FHRE BOBE TN,  SHAR B IR 4R AR
{HIRZAET 10%,

xR 3 ARREEAFIN 4 FhLJhAN FHRREE(%)
Table 3 Mean extraction rates of Cu by the chelating reagents

of different concentrations from 4 soils

¢ B /mmol - L™ 0 0.5 2 10 20
AR 0.38 0.59 0.83 0.78 1.13
FriEm 0.38 0.73 1.53 6.86 7.81
EDTA 0.38 6.79 8.99 9.48 9.50

2.2 AEIREHITFEEET EDTA XH4RE4E RN
4 NAREHR FEAT R A1 EDTA X 3 5 11 4
SRR R, ATLIAE B FPEER 1 EDTA
WREMBEIN, X AR SR I I . EA R,
EDTA XM R TG mfs L, 3 5+ h Y
e 10 mmol - L B, EDTA X 47 (112 45 28 B Ay 1t
fR) 7.6 £ SHIAFMZ, WA 20 mmol - L

&4 TR EDTA XA L EPERRRE (%)
Table 4 Extraction rates of Cd by citric acid and EDTA

from 2 soil samples

e/ 35+ 45+

mmol - L PR EDTA FPEER EDTA
0 3.55(0.019) 3.55(0.019) 0(0) 0(0)
0.5 4.22(0.025) 28.66(0.040) 0.36(0.032) 39.03(0.128)
2 4.88(0.057)  40.76(0)  1.76(0.240) 48.23(0.008)
10 6.44(0.013)  48.65(0)  21.3(0.024) 55.58(0.008)
20 7.55(0.019) 57.66(0.032) 29.96(0.592) 58.12(0.168)

B, 3 5 PG IR X R IR $E 502 7.55% , EDTA |
J& 57.66% , Wi AH2E 2, B EDTA 7E42 M 4 5e4m
A AR
23 R EXTSEFRIRIREN R

K1 RATEERR . AR EDTA XF 4 Fb 3 b 4
(R E BER SR ] AR TR th £ . T LU Y G R
PEBF A AE K | 3 FhAT AILIR B2 R 1) 1 2 S 3 ks 34
TP T B EBCAHR] 174 i B A ) AR A S AN B &, 145+
2RI M 5 min SEKF) 30 min B, X 02 $2E
{LHETIN 2.06 mg- kg™ FZHERFAIN 5~10 min, FEA5 R Al
EDTA XJ i iz $E s AHIT ; M 10~30 min, FP&ERR A1
EDTA X4 i) 2§18 12 359 80 38 fin , EDTA. 3 Jin (1 38 %
KEFERR, WFBERRXT 3 5 R ERmn T
28.0 mg-kg™, M EDTA MjEaH 7 72.2 mg-kg'l;M 30
min~4 h, FFEERRH EDTA X4 0354 f 2k A fa
FE L EIRAR/IN, 40 3 5 4 FPEEIR AN EDTA X4 912 #2
AR 0.9 mg ke 1 4.2 mg ke, HUt, #76
P2 A1 EDTA {24 - 38 v il i 32 £ 15 7] 22 75 30 min
B, A A

Bl 2 R ANFEIR R R P AP RR AT EDTA X 1 %
T4 SRR R AR N . FTUUE SR
PRI AR, AP RR AN EDTA 2 HUR iy B S 4 0 ks
B, BHEEE A 5 min~1 h, 474G FI EDTA X4
PGB, MM 1 h~4 h, FPEERR I EDTA X451
RERRIEIMAR A . W4 54 2R 4REHE A S5 min %E
KE] 1 h, FrEmRXTaR fE E1 0.47 mg-kg” ,EDTA
BN 0.68 mg-kg™, TMSIZHRAFRIM 1 h ZEKF] 4 h,
FERE IR AN EDTA i 45 3= 12 5 U340 0.06 mg -kg™ Al
0.18 mg kg™ o BT &I, N—TFF U5 , Frigs B e (A= 4
it EDTA RfRZ, 4 1 5 1761248 10 min B, 7
IR #e b EDTA X 2.39 mg-kg™'o KL, H
FrIERR A EDTA $2H 35 vh 7 i IR B A ) 2220y 1
h, A BT
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Figure 1 Extraction of Cu by organic ligands at different extracting time from 4 soil samples
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Figure 2 Extraction of Cd by citric acid and EDTA at different extracting time from 2 soil samples
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Table 5 Extraction rate of Cu by organic acid from 4 soils in the presence of different electrolytes
=l e KCl KNO, CaCl, KH,PO,
15+ FrigR 5.38(1.895) 4.37(2.412) 3.52(0.638) 3.44(2.929) 5.22(1.723)
WA 0.69(1.551) 0.35(0.517) 0.51(0.448) 0.67(0.689) 0.66(0)
EDTA 17.55(2.584) 16.32(0.292) 16.75(3.015) 15.51(3.274) 16.32(3.446)
2 E4 PR 2.61(0.586) 2.50(1.378) 2.47(3.791) 1.96(2.240) 2.59(2.929)
AR 0.45(1.034) 0.28(0.517) 0.46(1.551) 0.67(1.172) 0.64(3.446)
EDTA 8.39(0.603) 8.97(1.637) 8.13(1.292) 9.54(2.068) 12.94(3.274)
35+ FIREIR 6.55(3.791) 4.77(2.240) 3.94(0.793) 3.15(1.034) 5.69(0.482)
Wi R 0.40(0.620) 0.85(2.068) 0.85(0.620) 0.40(1.034) 1.02(3.791)
EDTA 14.51(0.862) 16.01(1.464) 12.97(1.723) 14.07(1.723) 28.28(0.439)
4451 FrEIR 21.12(1.206) 14.61(1.034) 10.35(1.895) 9.92(3.446) 16.82(0.689)
AR 2.47(0.861) 1.95(1.034) 1.48(0.172) 2.72(0.793) 2.36(0.345)
EDTA 47.26(0.948) 42.53(1.292) 40.50(1.637) 35.66(3.446) 39.26(1.723)
% 6 AEIBFRRFERITIRERT EDTA Xf 1 S 1514 S+ HEMNIZRE(mg-kg™)
Table 6 Extraction of Cd by citric acid and EDTA from soils 1 and 4 in the presence of different electrolytes
i [ e KCl KNO; CaCl, KH,PO,
15+ FriEmg 0.93(0.022) 0.68(0.022 0.58(0.087) 0.76(0.130) 0.18(0)
EDTA 3.81(0.152) 3.78(0.499 3.43(0.867) 3.3(0.390) 3.55(0.347)
454 PR 2.68(0.065) 2.29(0.043 1.54(0.238) 2.66(0) 1.42(0.022)
EDTA 5.85(0.130) 5.28(0.542 5.24(0.043) 5.88(0.087) 5.71(0.715)
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