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Effect and Mechanism of Immobilization of Cadmium and Lead Compound
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Abstract ; The effect of new hybrid material and its compound treatments with phosphate on immobilization of cadmium and lead in
contaminated soil was investigated using a pot-culture experiment, and the immobilization mechanism of hybrid material was clarified
through analysis of heavy metal fractions, sorption equilibration experiment and X-ray photoelectron spectroscopy ( XPS). The single
treatments of hybrid material could not significantly promote growth of Brassica chinensis, while the compound treatments of hybrid
material and phosphate markedly increased dry biomass of shoots and roots, with maximal increases of 75.53% and 151.22% ,
respectively. Different hybrid material treatments could significantly reduce Cd and Pb concentrations in shoots, with maximal
reductions of 66. 79% and 48. 62% , respectively, and the compound amendment treatments appeared more efficient than the single
amendment treatments in reducing Cd and Pb uptake of B. chinensis. Different hybrid material treatments could significantly decrease
concentrations of toxicity characteristic leaching procedure ( TCLP) extractable Cd and Pb, and the compound hybrid material
treatments appeared more efficient than the single treatments in reducing TCLP extractable Cd and Pb. Through the formation of
bidentate ligand between metal ions and surface sulthydryl by complexing reaction, the hybrid material could absorb and fix mobile
fractions of Cd and Pb in soil, and promote transformation of acid extractable Cd and Pb into residual fraction, resulting in significant
reduction of heavy metals bioavailability and mobility and then fixing remediation of contaminated soil. In summary, the compound
treatment of hybrid material and phosphate is the most effective treatment for immobilization of Cd and Pb in contaminated soils, and
the hybrid material inactivates Cd and Pb in soil mainly through special chemical adsorption.
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Fig. 1  Effects of different hybrid material treatments on growth of B. chinensis
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Table 1 Effects of different hybrid material treatments on Cd and Pb concentrations of B. chinensis

e B Cd A i MRS Cd & & Rk R i B3 Ph & ik i B Pb & ik PR %
/mg-kg ™! /% /mg-kg ™! /mg-kg ™! /% /mg-kg ™! /%
CK 5.05+0.65"a — 7.57 0. 52a% 8.02 +0.58a — 32.93 +5.31a —
p 3.40 +0.35b 32.72 6.11 £0.74b 19.25 4.83 £0.42cd 39.75 20. 64 3. 59¢d 37.32
M1 4.72 £0.28a 6.50 5.47 +0.39bc 27.76 7.18 £0. 62a 10. 44 27.40 = 3. 26ab 16.78
M2 3.30 0. 24b 34.74 5.84 £0.42b 22.89 6.80 +0.37ab 15.22 22.71 £2.41bed  31.05
M3 2.28 +0. 40de 54. 88 2.60 +0.31e 65.70 5.93 +0.41bc 26.08 25.55 +3. 06bc 22. 41
M1 +P 3.17 0. 27be 37.22 4.15 £0.52cd 45.24 5.37 0. 62¢ 33.05 18.85 +2.44d 42.75
M2 +P 2.59 +0.28cd 48. 63 2.65 +0.20e 65. 00 5.05 +0.29¢cd 37.05 22.63 +1.39bed  31.27
M3 +P 1.68 £0.21e 66.79 3.20 +0. 36de 57.74 4.12 £0.50d 48.62 20. 34 2. 58cd 38.24

1) BB A FE « brfEE (n = 3)32) ZH KR LSD %, M — 1 sp 8 R W R Ab FL A 22 5 03 (p < 0.05);3) BB IGRE R AL

LIS R DO ROl NP S

04
a (a) Cd
I ab b
Tan 03 - l ab 4
E}, bed ] I
Eﬁ I d e 4
<9 02| _-[ T
@]
% 1
&=
L
5
&
= 01
0

CK P Ml M2 M3 MI+P M2+P M3+P
sl

40
a (b) Pb
.
E’f 30 l ab
g l be .
mﬁ c
g 20 - Ic I j: c I
g i
®
3
B o0+
0

CK P Ml M2 M3 MI+P M2+P M3+P
sl

2 FAEZFAHMELE TCLP RESESERAENHIN

Fig.2  Effects of different hybrid material treatments on concentrations of heavy metals in extractant solutions by TCLP
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Fig.3 Effects of different hybrid material treatments on transformation of heavy metals speciation
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Fig.4 Cd and Pb sorption isotherms of hybrid material



586 2N 5i

Bt & 32 %%

PAAS 2 Ak AR Cd® R Ph® 1 35 KW B 4
N 39 mg/g Ml 130 mg/g. B A KIWFFE M ) B
T A B A e’
BRI B h 8. 45 ~13.62 mg/g, % Ph”* Al K
Bif A 32. 06 ~ 35.28 mg/g, I BB 41 %F Pb™* (4 B
KW B R 27. 35 mg/g. H AT I, 5 ik 2645 B0 1
BRI AR LE B B 2 A B REXS Cd | Ph 1 B 5 g
B, O o A B R S R TS R T R
I 1 3R KL A

122 2 AT, Ze AL ORI BE PL* (9 K, Al {H
BT Cd® L A 2 A BE RS Ph? T I R K I B

WL Cd* K, X R BIZ AL AR Ph i 5 B 5 1€ fiE
JIHE Cd* " SR T 7E F R 52 8 rh 2 e M BB AL Cd
AR AT Ph i X — 2 S i I AT g 2 A4
SR A AR A G W B 52 56 Hh 7 P Y AL 3
B RSR e A R RS S TG A
H R (- ) B i LA % T [ S (k-
) BT A2 AR, 5 AR KR IR - )
S i T B 1 A 22 0 AR 53 A A R e gk
FFES T R 45 I 3R R 2 52 i Bl AL B R 3 4 )
f B SRR AL TR Ao B A 700 A ] A A B (e
SERIK ) AT RE 24 AN R By Sl Ak 18 220

F2 ZUMBBRHMEMEHNEERZNESH
Table 2 Parameter of isotherm fits of Pb and Cd sorption by hybrid material

BT VRSN i F,,,/mg-g" K[‘EiKF/mg’1 n R?
Langmuir'’ 117.51 5. 16 3.51 £0.88 — 0.943 9

Ph** Freundlich® — 63.99 +3.92 0.14 0.0l 0.967 4
Langmuir 33.72 £1.23 2.49 £1.25 — 0.970 5

cd?* Freundlich — 25.65+1.43 0.067 +0. 014 0.989 6
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Fig.5 XPS spectra of hybrid material after Pb and Cd sorption
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