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Effects of Mixed Chelators on the Leaching of Cadmium in Contaminated Soils
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Abstract; In order to elucidate the influence of chelators on Cd leaching in contaminated soil , outdoor soil column (100 ¢m) leaching
experiments were conducted using two paddy soils irrigated with Pb-Zn mining wastewater. Soil samples which under intercropping
systems were collected from Qingyuan City (acid soil with pH 4.63) and Lechang city ( neutral soil with pH 6.51), Guangdong
Province of China. The mixture of chelators (MC) comprised of citric acid, monosodium glutamate waste liquid, EDTA and KCI with
molar ratio of 10: 1:2:3 at the concentration of 5 mmol - kg ™' soil. The intercropping system used in this study was a Zn-and Cd-
hyperaccumulator ( Sedum alfredii) and a low-accumulating crop ( Zea mays) . Results showed that at day 2 after the application of MC,
the Cd concentrations in leachates from every layer of neutral and acid soils increased significantly in the treatment with intercropping
and MC. At day 8 the concentrations of Cd in leachate from layers below 20 c¢m in the neutral soil and below 60 ¢m in the acid soil were
still significantly higher than those of control. However,the mobility of Cd was decreased greatly compared with that at day 2. At day 2
and day 8 the Cd concentrations in leachates from every layer of neutral and acid soils in the Co-crop + MC treatments exceed the
value of the Groundwater Quality Standards( GB/T 14848-93). Cd in all soil columns showed the trend to migrate downwards, especially
in the acid soil. The total Cd in the soil layers of 20 ¢cm and 40 cm was decreased by 40% -58% and 39% -49% respectively at the end
of the experiments compared to the initial value. After leaching of 100 days,the total Cd in 0-40 cm soil layer of acid soil reached the
limit of National Soil Environmental Quality Standards ( GB 15618-1995). The results also implied that in Cd-contaminated soil MC
addition might enhance the potential risks of Cd contamination in groundwater.
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Table 1  Basic physicochemical properties of the surface of the tested soils

R BN MK HEP 4N &K &P A7 WL CEC 4 Cd fcd Atk
Byt P /mg - kg ' /mg-kg ' /mg-kg' /g-kg' Jg-kg' /g-kg™' /g-kg™' /emol - kgT' /mg-kg' /mg- kg™ Bl
ik 6.51 106. 95 40. 21 8.39 2.13 18.23 0. 651 41.39 12.52 1.298 0.686 i1
et 4.63  131.5 108. 5 50.33 1.83 23.78 0.554 38.98 6.08 0.510 0.458 Wi+
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Fig. 1 Soil column
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Table 2 Effects of different treatments on the Cd concentration in the leachate from the different soil layers /g1 ™"
(e Syt LEWE/em A My 13 d W 6 d M s 5 2 d i Je 55 8 d
CK 2.88 +2.14a 1.14 +0.63a 4.62 +1.15ab 0.74 +0.66a
20 B Ry 0.29 +0.25b 0.29 +0.23b 0.50 +0.17b 0.13 +0.11a
£F0 + MC 0.46 +0.37b 0.44 +£0.39b 10.00 +6.46a 2.44 +2.18a
CK 0.69 +0.64a 0.13 +0.12a 1.58 +1.45b 0.22 +0.15b
40 Eoyil 0.14 +0.09b 0.03 +0.01a 0.22 +0.11b 0.09 +0.07b
£FP + MC 0.19 £0.15b 0.03 £0.03a 21.60 +18.88a 4.93 £2.33a
CK 0.46 £0.38a 0.21 0. 16a 1.66 +1.57ab 0.16 £0.06b
o 60 £ Ff 0.14 £0.13a 0.06 £0.05a 0.41 +0.15b 0.09 +0.04b
£Fp + MC 0.23 £0.18a 0.16 +0.12a 14.07 +£12.77a 2.64 £2.04a
CK 0.61 +0.34a 0.35 +0.44a 1.09 +0.91b 0.26 £0.17b
30 gyl 0.09 £0.04b 0.10 £0.08a 0.32 £0.09b 0.13 £0.09b
EHp +MC 0.24 +0.21ab 0.10 £0.05a 9.70 £6.25a 2.32%0.76a
CK 0.74 £0.73a 0.18 £0.13a 2.88 +1.95b 0.42 +0.15b
100 By 0.15 +0.04a 0.03 +0.03a 0.32 +0.16b 0.12 +0.04b
E R+ MC 0.23 +0.23a 0.06 +0.04a 21.77 +8.89%a 3.90 +0.64a
CK 20.2 +15.1a 0.79 +0.18a 7.65 +3.64ab 3.33+1.6la
20 Byl 6.14 +3.68a 0.41 +0.25b 2.25 +1.26b 0.31 +0.28b
£F + MC 4.29 +1.46a 0.17 £0.10b 12.40 £5.95a 0.23 +0.12b
CK 12.99 +10.43a 2.00 £1.02a 10.00 +8.59b 5.1+2.6la
40 £ R 2.66 +0.59a 0.12 +0.04a 4.73 +4.61b 0.86 +0.37b
£Hh + MC 3.18 £1.50a 0.14 £0.07a 38.30 £9.28a 2.05+1.11b
CK 2.76 £3.00a 0.55 +0.46a 2.45 +1.62b 4.14 £2.66a
% M 60 £ Fh 1.88 +£0.71a 0.07 £0.04a 1.35+1.22b 0.39 +0.35b
ER + MC 2.38 +1.26a 0.07 £0.06a 55.87 +32.35a 1.75 £0.21b
CK 1.21 £0.42a 0.05 +0.05a 0.23 +0.13h 0.13 £0.06b
80 £ Ff 1.25 +£0.56a 0.09 +£0.04a 0.20 +0.06b 0.07 £0.05b
EHp +MC 1.78 +1.26a 0.01 £0.01a 43.2 +23.93a 3.96 +1.69a
CK 1.50 £0.57a 0.01 £0.01a 0.11 £0.04b 0.04 +0.04b
100 £hh 1.05 +0.26ab n.d. 0.09 +0.01b 0.03 +£0.02b
E R+ MC 0.67 +0.36b n. d. 13.93 +7.1a 4.86 +0.49a

1) e BB N P39 ME £ ARAEZE (0 =3) 5 nod. RO R B )2 [ 90 H0li B A R 5 B 2R 76 B %% %5 5 (Duncan %, P =0.05) , N [A

2.2 AL BRI pH ¥ 5

M3 AT LA % F o 8 T 13 d AN
JEHT 6 d % 2 AN [ b B B8 WA pHL ¥ E W 2
SIS 2 d, A 100 em AL EE Rl + MC AL B ik &
Wi pH AR T CK MR Ab B2 i J5 55 8 d, £E 80
em AbEFP + MC AL HMRIER pH T 3K T CK Ab 2.
25 R WA T IR 5 B S AV, R AR 5 S OEAS
S P b L R R R pH AR S A 2 d AN

55 8 d FEE TP RIE A B 1) B 3L A AR T fE 3 B
G o P 39 R 2 R DB pHL A

T RRYE LR 3) LA 13 d % L2 A
Ab PR UE W pH TG W2 2Z . i HT 6 d, 7 20 em Ak
() CK Ak BEAR &M pH 2 25K T & AR PR it 5 5 2
d % LR AR Ab B UE W pH T8 B2 % S i )5 5B
8 d, 7t 40 cm F1 60 cm &b, EFh + MC Ab FH Ik 38 W
pH 2 2T CK Ab T 45 5152 0] 4% i 5t 6 A T £
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ol R $1 vy TR 1k - SR R R U pH B IR A 2 d, 2
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3 40 ecm Al 60 cm ALWRBEVH pH H.

3 IR A A G AN R AL EN & R kg v pHL ) 52
Table 3  Effects of different treatments on pH of the leachate from different soil layers
1R BF
v AR Wi 13 d Wi 6 d WR 2 d R 8 d
CK 6.57 £0.41a 6.61 =0.42a 6.54 +0.52a 6.50 =0.33a
20 ey 6.42 £0.47a 6.67 =0.80a 6.87 +0.27a 6.28 +0.84a
5+ MC 6.50 £0.64a 6.69 £0.72a 6.34 £0.40a 6.39 £0.19a
CK 7.13 £0.36a 7.20 £0.13a 7.30 £0.21a 6.86 0. 18a
40 45 il 7.08 £0.51a 7.09 £0.39a 7.27 +0.31a 6.90 =0.23a
250+ MC 7.20 £0.58a 6.94 £0.40a 7.22£0.21a 6.81 £0.15a
cK 7.23 £0.49a 6.94 £0.32a 7.1520.41a 6.86 =0.20a
ok 60 ey 7.26 £0.28a 7.07 £0.33a 7.05 0. 16a 6.79 0. 13a
£+ MC 6.83 £0.18a 6.81 £0.32a 7.08 £0.20a 7.04 £0.13a
CK 7.20£0.19a 7.06 £0.21a 7.06 £0.33a 6.84 +0.08a
30 45 7.07 £0.38a 7.04 £0.34a 7.19£0.13a 6.76 0. 15ab
255+ MC 7.05 +0.26a 6.92 +0.58a 7.01 £0.29a 6.58 0. 12b
CK 7.31+0.33a 7.31+0.21a 6.82 +0.13a 6.97 +0.13a
100 E3 7.32 0. 14a 7.27 £0.29a 6.75 +0.12a 7.01 £0.17a
25+ MC 7.36 +0.29a 7.28 £0.29a 6.39 +0.11b 7.04 £0.12a
CK 5.28 +0.22a 5.36 +0.26b 4.76 +0.17a 5.40 +0.30a
20 = 5.84 £0.57a 6.22 +0.11a 5.78 +0.82a 6.00 +0.53a
25+ MC 5.79 £0.38a 6.14 +0.18a 4.49 +1.55a 5.91 +0.23a
CK 5.86 £0.75a 5.93 £0.27a 5.70 £0.45a 5.65 +0.15b
40 45 il 6.19 £0.23a 6.08 =0.46a 6.04+0.11a 6.47 +0.09a
LR+ MC 6.03 £0.20a 6.24 £0.25a 6.04+0.41a 6.44 +0.18a
CK 6.28 +0.52a 6.28 +0.44a 6.24 +0.67a 6.16 +0.28b
i 1 60 12 6.39 £0.36a 6.42 £0.21a 6.73 +0.22a 6.59 +0. 18ab
25+ MC 6.33 £0.25a 6.38 £0.43a 6.30 £0.24a 6.69 +0.13a
CK 6.51 £0.24a 6.44 £0. 14a 6.56 +0.25a 6.57 +0.11a
80 B 6.61 £0.29a 6.64 £0.28a 6.83 £0.35a 6.78 £0.09a
25 H + MC 6.61 £0.20a 6.63 £0.15a 6.66 +0.19a 6.82 +0.12a
CK 6.86 £0.06a 6.61 0.01a 6.95 +0.40a 6.85 +0.07a
100 Ey 6.86 £0.16a 6.53 £0.04a 7.32£0.31a 7.10 £0.27a
25 Hf + MC 6.88 £0.20a 6.46 =0.11a 7.15 +0.31a 6.89 +0.18a
2.3 ARFAALBEN %+ 23 Cd &8 L H pH [15Em em AN 20 m T HIEEGBAE . U0 ) Ak

H1e 4 mp g, ook R b A R AN R AR B 2 1)
ff) 58 pH 2000 W35 22 555 X F IR PE L, AE 40 em
AR FE + MC AR BE A+ 4 pH B 25T CK A2 &
WIAEE R A IF MR G B AR A Y B R ERN
80 cm LA b B b 5 pH W AT S (H R 5 B
A 7T AR IR P 3 40 em Ab Y pH. % L R AN FE AL
B 8 pH By AR T L R i fE, (X TR
P - SR AR T b B G E, T2 60 em BLTR
¥ 2R AR R D P WG 45 RS A IR . R W
P AL - MR PR R A T iR 2

M AT Cd SR A (AR 4) , Pk A
TR PE 45 H R AR AR B A 2% Cd & BEE 0 B 3%
Zegt. B R OR I E AN L W 4 R R LA
AP A 2 Cd B3 AT 1) T 3 = B v a9, 7E 60

Rtk LA % Cd ¥ W FITB . N LA
Cd & KA (WK 4) , AR 4 FE b o 1384 Cd
FEAE 20, 40 em AR AR T LR GG 1H , 4 B BE AR
T 1% ~39% f1 12% ~60% ; ifi £ 60 em LI F + 2
WILF AR S, 43 38 & T 6% ~19% | 14% ~ 60% FiI
69% ~96% . F W 1 3 AN [A) Ak BEAE 40 em DL
FEERCd P BE, A s T2 LS Cd
H.AE 20 em AR + MC [+ 34 Cd BB EFKT
b A B U6 N Vi B B R R R R
BeR)Z M4 Cd &6 TR L5, 75 60 cm &b, = H
+MC 4bFE 34 Cd &2 B F KT CK AL B, R AE
ER AR A B AR ML FAE R o B R M T
260 em b4 Cd & X IR IR, H5A %k Cd
AT AH R A, AN [ A B R M A Cd M
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T HR AT A IO . 72 20 om I 40 om &b, A [7) b 5
HORRYE L4 A Cd 5 8 i LB o) B F IR T 40% ~
58% R 39% ~49% . 15 1= FE IR I K AE 1045 R IR HE T

*4

ANTR) AL B R Vv G T HER )2 (0 ~40 em) (1) Cd 5 &
28100 d ¥ 15 52 R A7 Gk B 1 3 BR BT T & b fE (GB
15618-1995) (] — K hr v (Cd <0.3mg-kg ™").

PRI 45 RS & b Z AN A Ak PR e 4 Cd AN 80 i % pHL LA

Table 4  Concentrations of total and DTPA-extractable Cd and pH of different soil layers under different treatments

if%é SH P R/ em
Byt 20 40 60 80 100
CK 6.33 £0.05a 7.88 £0.03a 7.70 £0.26a 7.61 £0.19a 7.35 £0.09a
= 6.36 £0.16a 7.80 £0.08a 7.87 £0.06a 7.58 £0.28a 7.62£0.11a
pH Eff + MC 6.07 £0.52a 7.79 £0.12a 7.79 £0.20a 7.48 £0.16a 7.29 £0.43a
TR IR E 6.51 7.95 7.93 7.69 7.50
CK 0.86 +0.04a 0.14 £0.03a 0.06 £0.04a 0.03 £0.0la 0.02 £0.01a
G5 Cd & E 0.91 £0.42a 0.39 £0.23a 0.05 £0.02a 0.02 £0.00a 0.02 £0.01a
L /mg - kg~ EH + MC 0.50 £0.30a 0.40 £0.18a 0.06 £0.02a 0.05 £0.02a 0.02 £0.00a
R R 1E 0.69 0.40 0.07 0.03 0.01
CK 1.19 £0.16a 0.59 £0.12a 0.18 £0.05a 0.13 £0.01a 0.11 £0.02a
4 Cd B kS 1.28 £0.34a 0.65 £0.29a 0.18 £0.02a 0.11 £0.01a 0.10 £0.02a
/mg - kg~ EH + MC 0.79 £0.29b 0.62 +0.17a 0.20 £0.03a 0.16 £0.05a 0.12 £0.01a
LR G 1.30 0.74 0.17 0.10 0.06
CK 4.17 £0.02a 4.39 £0.09a 4.46 £0.24a 4.44 £0.23a 5.30 £0.36a
£ 4.04 £0.23a 4.20 £0.08ab 4.34 £0.02a 4.59 £0.35a 5.11 £0.74a
pit £+ MC 3.96 £0. 12a 4.16 £0.03b 4.30 £0.07a 4.63 £0.25a 4.97 +0.31a
TR IR E 4.63 6.29 6.29 6.97 6.97
CK 0.14 £0.01a 0.12 £0.04a 0.33 £0.04a 0.35 £0.07a 0.35£0.18a
\ G Cd & kSl 0.19 £0.07a 0.18 £0.07a 0.28 £0.18a 0.35 £0.05a 0.39 £0.18a
Rtk /mg - kg~ £+ MC 0.23 +0.08a 0.17 £0.05a 0.28 +0.05a 0.37 £0.09a 0.36 0.03a
+ g IR E 0.46 0.29 0.29 0.15 0.15
CK 0.22 £0.02a 0.23 £0.07a 0.53 £0.06a 0.44 £0.12a 0.44 £0.19a
4 Cd B kSl 0.25 £0.09a 0.28 £0.08a 0.42 £0.12ab 0.45 £0.03a 0.51£0.17a
/mg - kg~ £ Hh + MC 0.29 £0.06a 0.28 £0.03a 0.37 £0.03b 0.46 £0.05a 0.44 £0.03a
SEee ¥/ ) 0.51 0.46 0.46 0.28 0.28
2.4 ZREgEARMAKEY) E LI Cd &5 Bra TR LI, X e 5k LR E 4 Cd &

HI2 S AT, 2 Al b AN [) Ak BE ) 2K 7 5K AN
TR B AEY R A Cd & B RO R B R
SRS RN Cd By L8 ¥ =7 h ik
T2 MK R R Cd R DA B R R

*5

HAAMC FEEEmAR(HELLD). 257 1% K
FoRF AL Cd 7 & HAC T B X Wk A 45 fE GB
13078-2001 (Cd < 0.5 mg-kg "), iX 5 T 9% jik 22"
F BF 9 45 AR ).

AN [e) 40 B3 AR R SRR R AR B Cd iy R g

Table 5  Effects of different treatments on biomass and Cd concentrations of S. alfredii and Z. mays

L e ERCSE ) TR (CLFmib) PTE—
4%&” Ak # Mo b A Cd & & b HFRE ™ ¥PRE Cd 2 5 xf Cd SR IR
o /g+column ™' /mg-kg ™! /g-columrfI /g+column ™! /mg-kg ™! /mg+ column ™'

By 2.16 +1.52 80.9 +20.7 63.4 +4.4 10.2 +14.3 0.26 +0.15 0.18 +0.11

ik EZH + MC 3.53 +£2.30 82.2 +21.2 74.9 £23.9 25.0+18.6 0.08 +0.05 0.28 +0.15
\ ESyil 2.48 +2.28 64.5 +30.0 84.5+23.7 13.1+19.8 0.34 +£0.12 0.17 £0.11

R tE ER + MC 1.26 £0.59 52.2+11.2 101.5 £18.8 30.0 £15.2 0.14 £0.01 0.09 £0.02

)R EAEN T3 £ % (n=3) 5 TR RN, EMAE R + MC Z W T 2% %57

3 itk

H1 2 2 WA, N VR S B A T 13 d, o b
K] CK AL FEAE 20 cm A1 40 cm A& )6 38 Cd W

B m TIHE 2 M EY LB, £ 80 cm A&
YO A 2 v 1 R AR B R S B S AT 6 d, Pk
F ) CK AL PEAE 20 em AE IR IEW Cd WK 2 2%
e TG AR B 0 TR I 3L Tt AT 13 d, £E 100 em
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&) % 32 %

AbEEFP + MC R gE R Cd IR W (KT CK Ak 2
WY 6 d,CK 4B AE 20 cm A WKIEM Cd W FE W& &
TH G AP b 555 8 d, 75 20, 40 F1 60 cm A, CK
b PRRPE W Cd WK FE W T e A B R R
S R A EOK B FloAT B 2 A AL 98 of P R0 R 1 3 Cd
R IV . B A A (B A g R R, AR
KA B B 428 EDTA 511 T3 E 48 1m T 2
TR WRDE. AHR AR FT (W FR 2) BB I T 4
RARREIUE Bk i, L W AE 20 em &b, 75 )5 28 2
d FIEE 8 d b Pk g DL R AR i AT 13 d i S 2R 2
d TR 3 CK &b 31 R0 £ b Ak 211 3K 98 W Cd
WERAREER, HEMNTEHEKE CK AL
e T B AL B GX A] fE AL AR 0 R 22 1 B PR
Lt — BRI

pH I\ Jhy 5 5% Wi 1 48 6 UG P 1 B T 2L
Fz PV HRE A WRIEW Cd WK (LR 2) M
WU pH (R 3) Mg W nT LRI, 3t f5 26 2 d FIER
8d, 2 i IR LEPER + MC BRI Cd
WK Z B3 m T CK f kb 21, 1 2Lk 8 7 pH
HEEDH L E TR T CK MERM AR, SRS
B DN T SR (G K BE AN 58 A B g LK
T pH IR R M. X 55 R S I AT I 5 45 SR A
e

& 4 W0, ot vk LR IRk g
SR YA TELETENBER, L2 LY
AR A E AR CK Ab B A A 411X nf fig 5 Cd
BA BRI 68 07 FELAC I 1458 pH {5 B K
YRV 15 AT 5. 4 72 412 B9 45 SRR W) Cd 1R
FIEF 1 RE ) 8 . Andreu 257 B 9T 45 R &
Wi, ZERG b Cd ) NI R  AE J) 3R T Cu Al
Ph, HAT # ¥R FE 135 85 em. 7E MR Mk ¥R 55 Jr H /2 1 4
pH <5 M4 fF T, 148 Cd [ fif W% it % i IR 2R 40 ¢
o, LU R A O R A [ T g
TSR W R AT Ok B K B DA
KRR L HERELEF, BEKEN
1652 mm, L1 &5kF 2k 46.8 L, 7 100 d Py ko, 7
B AR % pH (R M LR Z R 4G pH A
4.63) , Mt g T3 Cd ) N ZIT %, JUH &R 1
TN R SR R, P R CK b
M )24 Cd R EE N BRI IR BB JR KB T 5 +
B pH A XA, 38 5 2 Pl L B0 kA O, R 1+
JE P Wb A R, K 4 5 T N B E, B LAk
BEOR A T JE T R MRS, K A 1 R
P s Bk, Bt DL 88059

Wu 204 [R5 45 338 00, I V8 & B A AU AT
BER AR RN Cd . X 5 AT 9T 45 R
FAAEZE . JR N AT e - (D 55 VR A 2 4 790 1 4 T I )
BBA K, IR G2 G 2B AR s KRR
10 d, &gk Bk A 15 d, il T4 1 k) 49,
TR B R R % ) 2R B e RN K 19 A ) a2 3L
CAd ;@5 W& 2 A ¢, Mt ik & # & 7 2
WK 2R e o R IX 10 d g B A R SR KRR B N (1)
WY 7K 2 3L 71 574 mm , (58S 056 (8] (100 d) [
Bee Ty 0 7K B AR TE 1652 mm (¥ 35% , (h R S
Z RGBS FARE LTSN Cd B m T
JERE) MG 2 d A 8 d, 2 M LB + MC
AEFRAE 20 em Ab R IE W Cd R FEEIE T R 2 (I
F2), AT 52 M8 2R B e RO Cd (1AL

4 4ie

(1) iR & 2GRS 5 2 d, R A 4 7 g 9l
WA 2 A b bR IE I Cd WKL S A 8 d
WA B A A R gk S 42 m Pk 1 20 em UK L2
HIPR 1 3% 60 cm LUN + Wk ug i Cd B B2, 0 3
WEWAER B O N S 2 d FIEE 8 d, 2 A
TR LR + MC AL B (WK P8 Cd MR Y
o X M1 KSR bR AE . 2R Wt T VR 5 B S R Cd
Vo G R K K B AF AE — € I AE TS A R,
it LR IDURH B 1) 73 90 45 it

(2) T KRR B S5 R Bl e 4 v TR 1 3 3R 2
IR pH H. W5 %6 2 d FIEE 8 d  FEE TP R 5 4
B A 3L R AR R R 68 B AR b 1 5 R 2 R pH
B 50 45 R 5 R Pk 3 25 L2 AN A A B+ 3 pH
B B TS AA i, UL 2 60 em DAR 4= J2 ) e ok
A R TR, 3% I TR M R R A A A

(3) Wt n vk 75 2 5 0 AT RIS rp Pl R AR 2 4 Cd
. AN AL 2 B3 Cd B T R R
PO IU MR YE 13, 76 20 em A1 40 em 4b 1 4 Cd
BRI 0 T T 40% ~58% Al 39%
~49% , 23 100 d (115 5= R Arak 2 o 5 By i
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