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Desorption Kinetics of Heavy Metals in Medium and Slight Pollution Loaded Soils with EDTA

XU Chao'?, XIA Bei—cheng?, LIN Ying*

(1.College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2.School of Environmen—
tal Science and Engineering, Sun Yat—sen University, Guangzhou 510275, China)

Abstract: EDTA(0.05 mol - L. )was used as a solution to desorb Cd, Pb, Cu, and Zn in soils with medium and slight pollution loads. First—or—
der dynamics equation, Elovich equation, and double—constant equation were employed to describe the dynamic process. Results showed that
the desorption efficiencies of Cd, Pb, Cu and Zn increased with increasing action time. The desorption efficiencies of Cd, Pb, Cu and Zn in
soil with medium pollution load were higher than those in soil with slight pollution load. After action 720 min, the desorption efficiencies of
Cd, Pb, Cu and Zn were 45.16%, 51.32%, 17.86%, and 23.31% in soil with medium pollution load, 30.88%, 26.45%, 14.23%, and 19.63%
in soil with slight pollution load. Two—constant equation was the best model to describe the desorption kinetics of Cd, Pb, Cu, and Zn, Elovich
equation was the second, and the worst was first—order dynamics equation. The desorption velocity of Cd, Pb, Cu, and Zn in the soils de—
creased with increasing duration of desorption. The desorption velocity of Cd, Pb, Cu and Zn in soil with medium pollution load were faster
than those in soil with slight pollution load.

Keywords: heavy metal; soil pollution; desorption; EDTA; kinetics

Hp R IUR A IR R ARMERE i, 75 2 77 B
TRIZ LIRS, 8 i P X A A &

AT Ak Bl AR 5 e 5T B, AT i 1
T9UAESE o EDTA JEf i R H ATHF 82 i) —Fil

AR AN TE G T, DR IO i e T Y IR B Y
E A TS YL b 3T ) i R — IR T
VL N #5175 548 2 (chelate—induced phytoextraction )
I INATCHLIR A R BOA DL R G A T3 rh i
)8, P m R P A R W G

W B H7: 2008-12-27

EEUIE T RA HARAEE S AT H (06202438 ) ; LR %985 T
FERET 5 Jeti ] S B 2 HOARBIH-E 50 H

EEE N B1978—), 5 i, BB RN SBEHAR
W%, E-mail :xuchao1388@126.com

BIFAEE . Bl E-mail : xiabch@mail.sysu.edu.cn

BTN T E G G e, T AR
PR AR R, DA D aE s WS e R AT
A LLTRUI A SRR v R R I RS B AR i, A
HEmis iR | HHERIEA N E S H
%551[13—15]0

B AU IR L DX b ] PRl XA S B3 o
TG YRR — B2 B2 OEEN ™, R, [ A2
RFE AT DX 398 T 5 Jam 5 e IRV b A RRE X
5200, MRk R B 0 A AR R Y R e AT T
G, T E G R B A TS S AT AR K



1586

VE A EDTA X P ERys Gt e 5 G Jm 1O il s ) o

2009 4F 8 H

ASCNB I ME &, T 0.05 mol - L™
EDTA 5 52 1A 1L 3 A TS e 1 fr 48 Cd
Pb Cu Fl Zn AT 255, if—L MR T EDTA
X} Cd \Pb Cu Fl Zn 7[RI Y 071 far 1= 458 v (4 i W oy
PE, RMRFEIWLG L T2 E4SJE Cd . Pb.Cu Fl Zn V5
e+ e 5 UL B S e IR IERL
2%,

M5 TTE

1.1 fEfaret

SRAEBE AR T LA 1L T2 A 15 YL K RS
K2 0~20 em T3E0E AL 2 4, IR Qi L4
F2%% o R HERE S WA, M, 1 20 BT, AT
+- 458 pH Bl AR R0, 50 U i AR B A AT
100 Hifii, HF M@ A P .Cd.Cu Pb Ml Zn 46,
EDTA(EDTA-Na,) }43#Hr 4t .
1.2 K A&

FREC - 3Rad 20 B W 4 1.00 g, B F— R
50 mL #RFELCAE T, A 10 mL (£:9=1:10)
0.05 mol+ L™ EDTA(EDTA-Na,)"* ¥ FRIEA W T
iR THRG AR E S, i 0.45 wm [, ] ICP-OES
(Optima 5300DV, Perkin ~Elmer Instruments, USA ) {l
E LIER T E SIS Cd Pb Cu Zn ¥R, IR A0 HAT
i) 43524 5.10.15.,30.45 90,120, 180,240,360 .480 ,
600 1 720 min, FRAMHETE A 3 K.
1.3 A E

- 4ERE R pH (AOKEH 2.5:1) /] pH 3HIE ;A&
BUTR FHK G A AR PR BT A A — L Bl 5 Bl
K FHBRAR T ORI 5 A7 850k i R AT D
4 8 4 5k HF-HC10,~HNO; J§ ™, H ICP-
OES(Optima 5300DV , Perkin—Elmer Instruments, USA )
MEFE4JE Cd . Pb Cu.Zn ¥,

HZRE5SH

21 TtEPEESERE
F2 N TR EEGRRE S IR E IR i
WA (GB 15618—1995,pH<6.5,.Cd<<0.30 mg-kg™ .

1

2

Zn <200 mg-kg™ Pb<250 mg- kg™ Cu<50 mg-kg™)
(1) LR (A (A 5 4 SR Wk B S AR ME (B L I (E
AR, BEZ G Vo Yok bR ™ H ) . 15 1A
T E )R Cd\Pb.Cu Zn XS, HWARE N 1.01~
11.87;2 5 4 Pb Rl Zn W LLFREAR T 1 AN AR, (0
Cd A1 Cu I HEAMER T 1, IRBLEEAR (3R 2). R
WREFATT JARETAN PR S WS 5 Y e B T
W

»n|C

AP IS YLE B IR B n S IV 095 S Y Fh
25 C TG YY) | B SEIE , me kg™, TS YL i 1Y
PEMARIE , mg-kgo

R2 BRI EGFELSERENLLLIRE

Table 2 The ratio between concentrations of heavy metals in

pollution soils and National Soil Environmental Standard

‘ HebR S
T P SRR
Cd Pb Cu Zn
1 5.17 1.01 11.87 1.16 2.19 5 Yy
2 2.27 0.36 6.09 0.57 1.52 Y5 Y,
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Table 1 The basic chemical properties and content of heavy metals in the soil samples

T pH {E AR/ mg kg KA /mg ke HHL/g ke Cd/mg-kg™ Pb/mg-kg™ Cu/mg-kg™ Zn/mg kg™
1 4.98 42.28 32.81 15.04 1.55 250.94 593.37 232.69
2 5.22 35.93 43.90 12.56 0.68 89.77 304.18 113.54




5 28 5 8 1] AR

B ¢ 1587

T Yy e 4 B 4 R RE T A I 430 R
Pb>Cd>Zn>Cu F Cd>Pb>Zn>Cu,

s g A b Cd A R AE SN Y AT 120 min
WA, I Cd Bl I SRR TR B T B KA R Y
80% L) I ,0~120 min AP )z i B Bt , 120 min J5 i
Wz 23 34 SRR 1, Ry 2 S5 W B B 3 Pb 7 0~180 min /1Y
fif I 2 L SR B e KRR Y 80% LA I, Ay DRt 2 iz By
BT 180 min i fiff W 2814 SR | Ay 0 8 s 1 i B
Cu FIFFEMCRAE SN AT 90 min B4 N%EHL, 1M 90 min
Ji e W S SR N 5 Zn () g W 3R SO AT 240 min
BN, T 240 min J5 A IRCRIGE 2 (1] 1) K5
e+ HErf Cd M FRIRAE SV AR 45 min BEMEEHR,
SR SR [ B, 45 min S5 A SR S, A
JIE B B 5 Ph 1 i W 28 A SN B HIT 360 min 3 045
P, 1M 360 min J5 A W R IG S8 ; Cu F1 Zn BRI
A RN B HT 180 min HEMALHL, 17 180 min J5 I
RIS (B 1), FHILAT UL, EDTA X iP5 4e + 15
1 Cd .\ Pb . Cu.Zn BT FE T 43 Ay HRess S 1 i B Al
23 2 7 B B EDTA X iP5 4 £33 Cd .Pb . Cu,
Ly i ST (4R F52 07 R 8 2 I P s [] B A —
FE 225 EDTA X5 4+ 3 Ph Al Cu (RN
) PR S5 o7 e () B e A5 e 498 L 1 Cd T Zn (1)
iR RS2 7 P PRS2 7 s o] B A AP % - i 3
T35 1 2 1 R S5 7 B BB XoF Iy i L I S T 4 R

55 ¢
50
45t
40
35t

30 +

1%

25 1

20 |

15+

10

FRIAF IR TIP3 IS 7 o B B o 7 T P R o 5 4
i P i g 26281,

X5 Gt + 4% Cd . Pb Cu.Zn (¥ i W A7 M Al 3
Elovich 772 . BUH B0 FER— 230 71 2 7 Rt A 140l
4 (#£3). X Cd.Pb.Cu. Zn it B T —Zsh 124
PR r HEARLIAN , Elovich J7 RN K0T FE23E &
THIE EDTA X154 +- 48 Cd . Pb Cu.Zn W 5]
Fifad i, RIS A B4 BN S Uk £ >
Elovich JrfE>—2 a8l Ji2a 05 fE . AW 30, N SR A
Wt PR 5 Elovich J5 BT B AL A1, BI
FLA AR L5 A O 2R {8, 6B g e i
LAY BT A, AR EE 1 EDTA % Cd .Pb ., Cu,
Zn fEW it 25 Elovich i #4419 r (55, HLASAL
(AL BE A, 1] EDTA %54+ 88 Cd .Pb.
Cu . Zn [0 A A AE XA B R,

il 5 ik T [ A SE K EDTA X5 Y 1= 4 rp
Cd .Pb.Cu Zn BN RAAE AN BT AL, s R
5 gt W g B[R] = A — B R R o X5 e+
& Cd \Pb Cu . Zn fif Wi 72 () B (AR 0Ly FE—— XU
BOTRIEATIY RS, B SRAHE Y -4 Cd P,
Cu \Zn W 38 B s ] 14 A8 Ak 7 «

ds

ln(a)zanz(B—l)1nt+lnB+A(t21) (1)

KbV V5 13 Cd P Cu Zn [YfEIEH A A F
B 9 BUH BT B R A H R B-1 2 1 5ECd Pb

5 10 15 30 45 90
[} 8] /min
TE M- g 418, TRy5 e 1
Bl 1 EDTA 3475318 Cd.Pb Cu Zn SRR ZEHIBE NS
Figure 1 Dynamics of desorption rate of Cd, Pb, Cu and Zn by EDTA in contaminated soil
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Table 3 Correlation coefficient and standard error of desorptive kinetic equations for Cd, Pb, Cu and Zn

Elovich J7#¢ S=A+Blnt

WU BT RR InS=A +Blnt — 2] Eh S )7 InS=InS, . +Bt

EE)E +3%
r SE r SE r SE
Cd s gk 4 0.988" 0.024 0.989™ 0.047 0.813" 0.187
Ts Y, 135 0971 0.007 0.958™ 0.054 0.711% 0.132
Ph Hhs g 4 0.989™ 4.578 0.991" 0.050 0.807" 0.216
AR5 G 15 0.985" 1.278 0.994™ 0.074 0.819” 0.373
Cu s Y 4 0.989™ 4.340 0.990" 0.064 0.814™ 0.265
5 Y 35 0.995" 1.044 0.988™ 0.063 0.783" 0.256
Zn SRR e 0.987" 1.646 0.993™ 0.057 0.814” 0.275
1RT5 Y 35 0.993" 0.645 0.988™ 0.062 0.789™ 0.244
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Table 4 Linear equations between the logarithm of time(Inz )and

desorbed rate of Cd, Pb, Cu and Zn in contaminated soil

G iR +- itk
Cd L bR ut 1 InV=-0.815In:-3.208
fii5 e 3 1nV=-0.895In1-4.472
Ph G g 45 InV=-1.556In:+1.988
R g 45 InV=-0.976In:-0.220
Cu rfrs g 41 InV=-1.332Int+1.676
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Zn rfrs Y+ InV=-1.2911n+0.959
RV g 435 InV=-1.474Int+0.156
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