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Tab.1 Basic physical and chemical properties of

the tested soil
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Fig. 1 Equipment diagram of soil column leaching

(D AREHE GLDA 44 i vk 52 56
W EH 1.0.2.0.5.0,10. 0 mmol/L,pH

6.1 19 GLDA I J +AE vk 55 55, Rk 1
GLDA Ak pE 5 4 L5 Cd Zn B e fEv .

(2) 7 [) B4 G 3R 0T L 52 3

JPEH GLDA M %t F EDTA.CA 9 ik ¥ 5L
B 4 ¥ B o 10. 0 mmol/L.pH & 6. 1 Y
EDTA .GLDA ,CA ¥ W T & 1 FE ke X L 52 56
KT H 4 Ja i 4R BU(BCR) 120 5 A 5] 25 4 791 ik
Ve A b 4 R AR AL S BCR 52
BB L $8 80 AW v R R (M) WA
35 v 4 T e M AN A g mT R

IR=(21‘Z><F,)//e2 (1
APk 4 BCR EBUPBRE k=45 F, 5 0 FiiE
BEETEG Yo Ig AT 0~1, H{EMEE 1 £IR

MF fl

AT S S
K. f AE FIEESESRESE (ng/ke).

M, HEEBERSS S8 WHE. &8iT%
Ao AR (1% <M <<10%) . H (10% <M <<
30%) 15 (30 % <TM <50 %) FlId i (M >50 %)
1.2.2 GLDA BA A5 E G5 E%k

(DA FeS Mt GLDA kit #

¥ GLDA W i i1k 2= pH=4 JiCE 12 h,
B 25 mL bk H 5 3 4% n(FeS) @ n(GLDA) =
0.5,1,2,5,7.5,10,15,20 5 FeS Hy KIE4 12 h,
g BE AR L AT A R B Ak . R HNO,
A NaOH % W # 98 W pH 19 &= 3.5, M A
Ca; (PO, RGP+, 20 min, H pH R4 Tt
2 11~12.984 12 ho R AT AAS W& 08 4
JE& R

()4 GLDA PRz 2 HUE 4 )8

A2 B9 GLDA # WA 1 HNO, 1 NaOH
WHCK pH T 2 6. 1.8 14 20 BifAY T 4 -1
W GLDA Wil # B Lk 1 ¢ 5.4 50 mL
B 150 r/min JR I FEEL 240 min, $ BT
L4 000 r/min B> 10 min, K AAS I 52 VB K
W 4 R E

(3) HFEWRPEIE GLDA 5% 8 4347

GLDA -+ #E ik Pk 5 1 4 8 it K 4% [ W L
T 1opyk, A 5 K. KRB ELERNES
JEF GLDA. # 57 % fift £ 8B A Pk (TOC) 5
GLDA ¥ 3 1) b o il 2, 38 328 I 502 98 s ¥ K o
PE LW TOC W B GLDA # 4.

X100 % (2)




136 KX % H T

a2,

¥ ¥ 4 562 %

2 HiRS5HR

2.1 AFHPE GLDA X Cd f1 Zn W 3ECA 5B
AP 4 ¥ £ I SE 5 R W] 0 ~ 10 mmol/L
GLDAX} Cd.,Zn ik i 5 8 2 $2 I+, fH 02 10~
100 mmol/L B}, B % GLDA ¥ B #2585 . bk R 5
Jo F T O AR E R W E N 1.2.5,
10 mmol/L % GLDA 38 W bk & 15 4+ 1 58, LA
K GLDA WX Cd Fl Zn B 2 R 80R. H FAR #k
VEXF - 58 pH FNAL B B A S L R b RV pH
W R L pH 6. 1. WA 2 froR B GLDA ¥
FERE R, Cd. Zn Wt R 2 B 1.2.5,
10 mmol/L GLDA X} Cd #y 23tk i R 4 51 Ky
5.2%.50. 7% .58. 3% .61. 7%, X%} Zn Yy Btk
AR 15, 2%,19. 5%, 20. 2% . 22. 3%.
GLDA ¥ J3 8 755 . 35 2048 [7] 3k 1 Z i AR BUR /N, an
10 mmol/L GLDA 7 ik i1} #i& & F135 %] 300 mL
Bf,Cd. Zn Wk H Rk ik 8] 58. 0%0.19. 9%, Ji 2Ltk
AR IAR I B, X B BB & e LR G % ik
GLDA ¥ B2 Rk G v AR B LA A ik vk 2% 128

80 —=— 1 mmol/L —e— 2 mmol/L
—— 5 mmol/L —— 10 mmol/L
60
=
= 40
<
20

0 150 300 450 600 750
V/mL

(a) Cd

30 —=— 1 mmol/L
2 | —— 5 mmol/L

—e— 2 mmol/L
—v— 10 mmol/L

—_
[o°)
T

”Zn/ %

-
N
T

(=]
T

0 150 300 450 600 750
V/mL

(b) Zn
M 2 GLDA #JE X Cd 2 Zn #f i % 69 % 0
Fig. 2 Effect of GLDA concentration on leaching
efficiency of Cd, Zn

2.2 AREEAFIR Cd H Zn # RO X EE
AFFEXT T 7K .GLDA .EDTA ,CA X} + 1

BV S R (| 3). sk % 3 CdL Zn
RARME 4390 0. 6%.,0. 2%). GLDA MEDTA
XF Cd Al Zn 1 ik H 22470t B BE B Ik S 8 A R
Kot 4 L 0 S S22 TR B . GLDA Al
EDTA X Cd. Zn % i ¥ &% S A0 3T (61, 7%,
22.3% M 61.1%.22.5%) . ¥ B E T CA. HH
P Cd Bk R 83 5 T Zo, 0l RES 3 MM R
MAE R RS A A .

ZO-M

0 150 300 450 600 750

V/mL
(a) Cd
30
24 +
xX 18 | —a— 7K
5 —— GLDA
s 127 —+ EDTA
—~—CA
6 W

0 150 300 450 600 750
V/mL
(b) Zn
M3 RS A Cd s Zn B E BB
Fig. 3 Effect of different chelators on the leaching
efficiency of Cd, Zn

2.3 AREEFKIA Cd Fl Zn B G

J TR R E A FIA Cd A Zn Tk 2
SRR SR BT R B4 5 BCR % f
S IB o R 4 Ay AREL. A 1 R T HRE S (L
KIER LA RIS G5O e R — B
AR 0 X B T R i A R s PR RS
S 4 b SR AR SR ) T S A A T
Bt 42 ) s T SRR S (LS A LY i fb o) 45 &
B AR b S A L R &
14 463 Jag 5 v S O 4 45 A TE SRR AR R Eh A A R
1) 4 T o — AR X4 R R o PR I A 8 e A1

LRI AR E AT PE S . B3 d Cd Al Zn £
A& & E B A (Bl 0. GLDAEDTA
WVE)S .4 FHIE S Cd & & 354 K R R2 Y %



2 ) Zx FE, AAYEMEALSR GLDA A RN G E BT L 2 137
15 0.8
B TR mcd
o 12F R 06 | =&
) :ﬁicf& -
%D 9 -lf)%{_:w\ .N“ 04 i
= 67
3 02 F
J
- 1
0 4+ GLDA EDTA CA Ji%i+ GLDA EDTA CA
(a) Cd () FUEM Ir
700 W TR =cd
600 V273 iR SR A OZn
= w0 | O w4l
) kit
& 400 | 2 g
£ 300 f % ﬁ
8200 f
100 |
0
JF#h+ GLDA EDTA CA JF#h+ GLDA EDTA CA
(b) Zn (b) FBH M
K4 FEELFMKENE CdF Zn E4 R H5 AEESMNKEMNEESREMN [ 7 Mr B
A i Fig.5 I and My variations of heavy metal before and

Fig. 4 Chemical forms distribution of Cd, Zn before

and after leaching with different chelators

%, Horp g AT SO Cd B AR i (2 3 (86. 6 %0).
5 Cd AL, 3 Zn 92 AT $2 BCS AR IR S
T R R, T RS BRI S Zn R TC
WA, —EBE LR T Zo 1K R AT
Cd 8RR . 25 b GLDA k)5 . Cd. Zn B9 &
D S R LT A A AR A 5 R,
UL Cd.Zn 75 - HE 3T RS M A kv 2 T .

HRAE BCR $0H T+ 5k Ve BT 5 1Y T F1AE H 0]
FHHEF M (F 5, Uit & )8 5 H g 56
FIERL R PR, £3Eh Cd Zn 1 Ik 4390k
0.27.0.38. &3 EDTA .GLDA k¥t )5 Cd.Zn 1y
I ¥IRF 0.5, Ui B 48 b ik i 1) 5 4 T DA B R
HARZSAAAE. IR 0 Cd. Zn 89 My 43511 39. 2,
26.5, UL Cd A mEB R, M Zn TB RN &
K. GLDA Bk )5 2 4@ 09 Me 433128 20. 0,
8. 7. W] GLDA ¥t 5 + 1 v 5% 88 4 & 19 i B 1k
W LR LR S S BIEA  Ie JMy S5
Ul BRI T DA R0 25 o b 8 v 9 PR A RS M e v
[ Cd Al Zn, FEAR TS e 1 rp 5 4 1 2R 58 KUK
2.4 GLDA Wy 5588 55 b

T GLDA 4 fdf FH St 1 [ AR bk Wk i b
PHAA 5 5% & GLDA B8 A F) FH 7 3. fli A
FeS Ui ¥ #k W& 9 & 4 J& DL 17 it GLDA
(I 6). FeS X} Cd WULTERE I KT X Zn 1Y, £ %

after leaching with different chelators

RI%
3

Tl T T T T T T T 7T

——7Zn

0 5 10 15 20
n(FeS):n(GLDA)

6 n(FeS) : n(GLDA) A H 7% # Cd.Zn
FHREWDH
Fig. 6 Effect of n(FeS) : n(GLDA) on removal
rates of Cd, Zn in leaching liquid

5 CASWBEEMR(K,=23.6xX10 ) B F/NT
InS WE (K, =1.2X10 ®)fF x| [HH
n(FeS) : n(GLDA)# K ,Cd fl Zn LBE*E R
B K. Y n(FeS) + n(GLDA) K% 20 Af,Cd.
Zn 2% F 5 9k F) 99, 8%, 97. 9%, Al LA S
GLDA 1 4. 14 GLDA 5 ¥ fif GLDA %}
Cd.Zn M WA E M, 45 % R 56. 5%,
16. 4% 1 53.8% .18. 1% (& 7). A i, v] LL3E i
XF GLDA 4= R 1, 9 20 2 & 500 09 98 A8 JF AR
P VR 1) A 3L A R T g XL

T WG S 5 B A b i AR (n
EDTA) A B8 45 F- U 76 1k 4 18 v 5 4 J i 7= A 38



138 A % # L K ¥ ¥ 55 62 %

% T 2.5 GLDA iHBERT1-HEm L PR 03500 75 b7
w0l O #HiGLDA W T BB 4 S 9 22 I 2 bk v A - A
s PR B A B 9 (45 06 7. % 2 FTR 8 GLDA
Yo 5K RV S - 48 A A R 7 Ak, 55 R %
IH L GLDA ks pH i 6.1 THEE 7.3, fES
° Cd Zn GLDA %5 A £ Na £i4 5. GLDA 5Kk

W7 Bk & GLDA af Cd.Zn Wy s s CLEARETRLI 30.1 me/ke BEMRE 27. 0 me/ke,
Fig. 7 Cd. Zn extraction efficiency by recycled BT GLDA 5K —Ff . R > — i 1A RS

and fresh GLDA B AF R e R R A PR R K MR R R R

it M\ 80. 8 mg/kg FEALZE 66. 6 mg/kg. 1M GLDA

B R AR BESE 6 R 300 mL GLDA #kk + WEVE S B & RN T 7. 3 me/ke. 55 Guo

e ORJ5 R OK G — 20 vh Ok 15 U BRITRBR sl i EDTA L FeCl, 26 i 1 75 22 -+ 18 (1 % 31
61.5% Cd.31.7% Zn, 53R 700 mL GLDA WK o a g F 204 FI B T 30T EE 574 . A
VWA Cd. Zn 25 BR AR A 3T 50E A (61, 7%, T B T 3 A s A BT - R 2 R K
22.300). WAh, 5 YOK MR RE S AL K BRIE B AL 5 GLDA #hyk 2 S 80+ HER R 5 i 5k Al
L3 G GLDAC=98. 0%0). #3d GLDA  jewer b 1y o Jir, 5 5 0 i 85 - 75 S B 3¢+
AR BE S K e — 5 T AT LA R AR 2 5 5 Zupanc 2250 i Fl EDTA Pk g - H8 175 51 48 1 i
SR LI IAA 73 =TT WA BT R EIT e i B (P 8) R AE b ¥ WK BT, GLDA
MU SR GLDA, B R = YR SEREE. T MR .5 1) I 40 40 25 1L ERE T

K2 MEWEEEERE KRN E W

Tab. 2 Changes in soil basic physical and chemical properties before and after leaching
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Fig. 8 SEM images of soil before and after leaching
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Remediation of Cd and Zn contaminated soil by soil column leaching
with biodegradable chelator GLDA

LUAN Xue, WU Lei, XIE Qing, ZHAO Ligian, QIAO Xianliang’

( Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education, School of Environmental

Science and Technology, Dalian University of Technology, Dalian 116024, China )

Abstract: In order to reduce the risk of heavy metal contaminated soil, it is necessary to study
effective remediation technology. The biodegradable chelator N, N-bis (carboxymethyl)-L-glutamic
acid (GLDA) is used as the leaching eluent, through the soil column leaching experiment, the
remediation effects of GLDA on Cd and Zn and the effects on soil physical and chemical properties are
investigated. The results show that the leaching efficiencies (61. 7%, 22.3%) of Cd and Zn by GLDA
are similar to those by ethylene diamine tetraacetic acid (EDTA). The acid-soluble and reducible Cd
and Zn are significantly reduced, which indicates that the mobility and environmental risks of Cd and
Zn could be effectively reduced. FeS can precipitate Cd and Zn in the leaching liquid, which can realize
the recovery of GLDA, and the regenerated GLDA has similar Cd and Zn extraction ability to the
fresh GLDA. Using water to wash the soil after GLDA leaching can reduce the amount of GLDA
applied and residual GLDA in soil. GLDA leaching changes soil pH, available phosphorus and
available potassium, significantly increases the proportion of soil fine particles, and has certain effects

on soil structure and texture.

Key words: Cd; Zn; contaminated soil; soil column leaching; GLDA; regeneration





