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Stabilization characteristics of cadmium in some typical agricultural soils

LI Chuan-fei, LI Ting-xuan®, ZHANG Xi-zhou, YU Hai-ying, ZHANG Lu

(College of Resource Sciences, Sichuan Agricultural University, Chengdu 611130, China)

Abstract; A incubation experiment in laboratory was conducted to study the stabilization processes of cadmium (Cd) in five typical agri—
cultural soils, including paddy soil, yellow soil, acid purplish soil, neutral purplish soil and calcareous purplish soil, which were obtained in
Sichuan Province. The changes of available Cd with the increasing incubation time to 180 days was determined, and simulated by dynamic
equations. Correlation analysis was also made to investigate the effects of soil properties on the stabilization process of Cd in soils. The re—
sults showed that the available Cd decreased rapidly during the first 15 days, then slowly decreased. Little change was observed for the
available Cd with increasing time to 30 days, when soil Cd concentration was not more than 2 mg -kg, and with increasing time to 60 days
when soil Cd concentration was not less than 5 mg -kg=. Finally, the available Cd concentration in paddy soil, yellow soil and acid purplish
soil accounted 52.6%~66.7% of the total Cd in soil. For the neutral purplish soil and calcareous purplish soil, the available Cd accounted
33.6%~46.5% of the total Cd in soil. Besides, the stabilization process of Cd in soils could be well described by the second-order equation
among five dynamic equations. The dynamic parameters, including equilibrium content and stabilization velocity, could be used to describe
the stabilization process of Cd in soils. Furthermore, correlation analysis indicated that the stabilization process of Cd in soils was closely re—
lated to soil properties. Lower available Cd was observed in soils with higher pH, CEC and OM content. Higher pH, CEC and OM in soils
had significant inhibition effect on the Cd content in soils. In especial, the pH of soils presented the greatest effect on the equilibrium con-
tent and stabilization velocity of Cd.
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AKAE L EHELL R SR oA 3 R R L
BRI, o0 o 4 SR LRI AR ) 41.30% ,9.35%
36.400( U145 55 — X L il r ), H. 3 Fh A3 2453
A TE DY) A PN I = R B 4 ¥ e X (R - i
DX PG et DX R D 0 X ), A 7 A () R 1 e
JE TS G B AT TR 22 R — B A R vk A
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R RE -3 e R pOARE AR B I AE . [k,
ATV FIPUIAE 3 Ff (5 SIS ) HL Y Ry A 1438,

A A RRE A SRR, WL T AN Rk EE AR Cd
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I, i 1k H Y 5 Rl At Cd B E s )
Pl R PEA TR A5 B A L Cd AR E ARl 1A
FRAUERY, PEMISRAT Cd fa @ ksl v SHL, B
TE4E 7 Cd BRSE s SRS E AL IR ], Sy -4 Cd
T YIRS A A5 Qe B IR 4R AL AR .

1 HR5H®

1.1 ik +

KFEL,BER, KW & F A, 2R A Y
JIAEIRTLIX ; B4 R 58 €2+, SR B )11 48 TR T 5
Hpk R e+ AORPES A CRA I AKX, L3
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BELAPRAL R AN 1 Fis .

1.2 REMIEFIXE

R 54 Cd ¥ (0.5.1.2.5.10 mg-kg?), 3F
PIRER AN Cd 7 A A XTI, A4 Ab 3 27
AEX , CACl- 2.5H0( 4314l ) LA % A ki
T8, o Cd IEW S ARSI R %A 250 mL
YRBIL, AR £ 200 gOXT 1) o R4 43K 43k
[ K W 75%, TR A F T & 2.5.10,15,20,
30.60.90.,180 d Ji5 43 A 7 LI il R SR AR, BRUCR:
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0.149 mm 745 o
1.3 MEBE R A%

S PR A I SR B i il o 5 3% Cd
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A Cd &R DTPA $2H, KA IR e
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1.4 BIESEIT &

TIEPERE Cd & iE €= Cu- Co
e BEE t R P AMEA RS Cd &, mg-
kg™;ca 655 t RIS Cd 5 YL kb 38 -4 v B AS 1A 44

1 il EEAMR

Table 1 Basic properties of the soils used

JHEk R oH LI CEC/ BRI % it Caf A1 Caf
g-kg* cmol-kg™  FLkr>0.05 mm kKL 0.05~0.002 mm  Fki<0.002 mm  mg-kg? mg-kg™
KRG L 5.39 10.04 11.49 47.20 35.39 17.42 0.206 0.068
Gigid 4.90 13.54 8.53 28.22 3243 39.35 0.153 0.046
etk et 1 5.13 11.53 15.53 35.72 34.81 29.47 0.181 0.013
rhpEgefs - 6.57 18.09 21.71 39.56 34.35 26.09 0.149 0.035
AtEEa L 791 17.35 23.70 30.93 41.28 27.79 0.180 0.054
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Figure 1 Variations in the content of available Cd with different incubation time in different kinds of soils
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* 2 AEFHNFRBEY L FEPINE Cd RELTERARE RE(R?)

Table 2 Decision coefficients(R?) modeled by dynamic equations for stabilization of Cd added to the soils

3R Cd 4bFimg-kg™ IR —BirdREOE sk MR Elovich 77 WL
KAE+ 0.5 0.998** 0.981** 0.646** 0.621* 0.341
1 0.999** 0.937** 0.611* 0.586* 0.311
2 0.998** 0.972%* 0.640** 0.627* 0.342
5 0.997** 0.980** 0.638** 0.614* 0.328
10 0.988** 0.967** 0.667** 0.642%* 0.342
I 0.5 0.978** 0.988** 0.779** 0.757** 0.476*
1 0.980** 0.969** 0.722%* 0.696** 0.407
2 0.993** 0.991** 0.693** 0.669** 0.382
5 0.973** 0.990%* 0.785** 0.754%* 0.462*
10 0.982%* 0.986%* 0.745** 0.697** 0.441
[irdd3- S 0.5 0.993** 0.988** 0.703** 0.684** 0.394
1 0.997** 0.960** 0.652** 0.639** 0.353
2 0.998** 0.990** 0.599* 0.588* 0.307
5 0.984** 0.992%* 0.684** 0.659** 0.366
10 0.979%** 0.969** 0.738** 0.691** 0.440
g 1 0.5 0.992** 0.991** 0.700** 0.652%* 0.369
1 0.995%** 0.963** 0.681** 0.636** 0.345
2 0.994** 0.990%** 0.651** 0.620* 0.332
5 0.995%** 0.977** 0.675** 0.640%** 0.352
10 0.996** 0.997** 0.614* 0.588* 0.332
ARMEEE A 0.5 0.986** 0.994** 0.733** 0.689** 0.369
1 0.991** 0.960** 0.703** 0.634** 0.347
2 0.989** 0.938** 0.722** 0.670%** 0.383
5 0.985** 0.996** 0.682** 0.626* 0.335
10 0.989%* 0.995%** 0.517* 0.511* 0.383

TE % FORAR KRR B E KK (P<0.01) 3 * FORARK K FRIX B K- (P<0.05), R,

B2 2 B T T YRR ) TR T~ A 2,

TE [F)—R -3, S 51 ¢, R Cd AbHiHk
JEERHE R T iy , P WA BRI S I AR Cd A3
A aBEy , LIEXTAME Cd iy [ e i A b &
Cd Ak B BZ A B, — 23 W3 3 55 K (B T
%, — B 2 W A B ko (ELE TG K, R W41 Cd
AR AL AR AR, IR B I e BB Al i . A7
WFFE 2B, A1V AN Cd d8 i 2 % HLAS e fh i %
A P28 5 AR 2R AF T (A Ik B2 < 2.4 mg -kg™),
FE 30 d J 8 e R WY AR T o e JBE 2R A (S e
J¥=4.8 mg-kg™), SAMFFEERANERL: HHMNE Cd I8
e fE <2 mg - kg I AR E AL ] 30 d; 1t 24
Cd IR =5 mg- kg i, K€ LI A FE < 22 60 d.
X FERERNEMRHSE Cd A BT, Cd BTk
5 IR AR TR RS S REAL A G, DB 1] A4
Fr 18880 W B o AR R 45 R ARy , T AR MR L
T A AR A A 2 O M AR g AR AL 5 SR T R

Cd AbHve BEM TR , B4 G e s s B IUVR AR,
Cd B FIF IR BT AEARES A AR ALS b, PR
A 5 WO %88 B I A, 85— TR HE e T 38 el R e
R A L R 11 1 o T R A -2
3.2 4MNIE Cd FaE it FE et 1 18844 fo A i Rz
ANIFZEH 11 n) Cd py Rt B A E— /2 1Y
Ze5% A A3 pH XF Cd BAa RCPE R e ik B3
FHOCHE ST BT BT, pH (E 5 Cd A 75 5 A% 2 3 A
KK F(P<0.01), BB 1+ 18 pH {E A4 K, Cd 1A 2K
PERRAK . BTAFIE R, 4 £ (pH7.43) Fh A 353 Cu,
Zn 43I 2 d B A 6.1% 1 7.3% F R3] 1 4F 5 1
2.8%7F1 4.00% ; 213 (pHA.74 ) v AH W A8 £ U ) 27.3%
F126.59%F% 22 15.7%F1 13.6%", 5 ZAH{LL, ABF5E
[i]— Cd ¥k EEALHL T, 7E/KAG L B HE DL L R T 45 (2
T, ARES Cd SR RA R A L, B
FLASE Ao R AR X 018 3X R BH , pH &5 1 4 4%
Cd W PR ) B & . — S se s, 24 pH (.
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Table 3 Parameters modeled by the second-order equation and the
first order exponential decay for the stabilization of
Cd added to the soils

TR — B R B RS
HEER Cr:g%%/ Col K./ Cal ki /
mg-kg* kg-mg*-d* mg-kg*t d?
IKFE A 0.5 0.263 4775 0271 2346
1 0.522 2.298 0539 2173
2 1.040 1.378 1.063  2.703
5 2.644 0.482 2707 2.657
10 5.480 0.245 5564  3.256
FHE 0.5 0.301 5.084 0304  3.653
1 0.595 2.304 0.608  3.239
2 1.066 1.262 1.091  2.766
5 2.914 0.487 2927  4.266
10 6.533 0.277 6.582  4.196
[ivdce SN 0.5 0.308 4799 0312  3.239
1 0.610 2.381 0.621  2.839
2 1.100 1.235 1132 2.324
5 2.919 0.464 2962  3.283
10 6.694 0.273 6.760  3.918
RS - 0.5 0.208 5.208 0213  2.838
1 0.417 2.730 0.426  3.003
2 0.679 1.462 0.864  2.883
5 2.279 0.529 2333 2734
10 4565 0.268 4676 2642
ARMESEE L 05 0.173 5.714 0177  2.856
1 0.343 2.912 0.35 2.769
2 0.679 1.639 0.693  2.920
5 1.874 0.570 1.903  3.075
10 3.699 0.327 3853  3.581

T Ceo BN SRR & 1 A 8 CA - & h sk, 4
FMHRFHLL T

BRI, -3 58 DL CAP RS TAAE , T HEV W b kK
A H APEEXT Cd*5e 4 W ik, 531 3ExT Cd
{14 W BREVE PR 5529 pH L TH i A 1 4 A SR A P Tt
VEAE IR, 3 USRS B 7 SRR T B
T Cd¥, [ 24 kiR , 3am 7 Cd 78 B3 iy
T EPEP; I Ah B A R pH 9T R, SR Y
FL Ay S0, % Co® g U B 77 insig , [l Bsp Cd> 7 84k 4
FM TR HIEA VLR -4 )8 4 B ife e
FtipH e TG 5m =, | T DA B - 133 pH {E RS T
BRI RS Cd ISP i, e A S i i) PN 6 9%
PERE S AT RS AR R OREs, JInpk Cd s e fhatk
FEo A EE T A - R BT, pH (B 52 ) L3 v A
Cd Rtk FE RN ZE . Nk, U T A SRS
PN A YG P AR A, N 784075 18 1458 pH (Y 52
i), SREATEPEM I 2 A A BE, SE B 4% Cd T5
R

14 CEC Sl 1 IR i i F ey i, LK
15, 2 T3 v AR A R R, AT RE A PR AL T 2
BAF A5 A7 F [ 4 B PR 1 B i S P AR P
FasE bt A gE v R B, CEC S ik 4rigeh
A Pb S T CEC TR m ML et AR
dr, KRR EHERIRE 2 1+ CEC S RARAK, N
8.53~15.53 cmol -kg™, B @ AKF 48 fa £ (21.71
cmol - kg™) FlA7 MK 25 €5, 1 (23.70 cmol - kg ™), 4,
M 4 5 R T LA 1, CEC 5 3 A 53 Cd
(A i AR B B UG OC R, 5 R T ST 45 A
bl CEC &bk , i 153 L3I F 1Y) Ca*ifk 2, +- 4
Cd (ARG . A IAETS H, IR + 3 Cd
TE T R R 2 T AR AR AL b W B X5 i CEC 4%
il , . Cd W B 5 fifi CEC 5 3t 1 i kg e, CEC
JEFRAE 4 e S bk B FRE D I dE AR, L3
CEC & sl , b BH 5 - (4 W B i g ity | DA T 2 B
WO 4 JE R RE S TR, B AR SO RS Cd
bl 3 CEC & i s R R IR B4

x4 HEBUERS Cd REXNEZSHHEXREY
Table 4 Correlation coefficients between the physic-chemical properties and the dynamic parameters of Cd stabilization in soils

Ce2/mg-kg™ ko/kg-mg*-d*
Cd A4b¥i/mg- kg™ - o o N
pH {H CEC AOLBTE R FRRLTT R 44K pH {H CEC BHBE R AR R EL
0.5 -0.96** -0.85** -0.77** 0.34 0.86** 0.82** 0.74** 0.21
1 -0.97** -0.85** -0.77** 0.33 0.89** 0.86** 0.81** -0.09
2 -0.97** -0.86** -0.83** 0.17 0.86** 0.73** 0.63** -0.34
5 -0.97** -0.85** -0.75** 0.31 0.75** 0.64** 0.69** -0.06
10 -0.95** -0.82** -0.72%* 0.39 0.51* 0.48 0.47 0.36
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HL-JCHLE AR 4R T A SR AR T v 44
M58 T 1 3Ex) Cd AU FRE T, (45 13k Cd 1Y
AN REAT HLITTA I i B A1,

4 Hig

ARV BEAMIE Cd A 3, oA RS & R
15 d PN R R AR Bt I A o U 2% , 24 4R Cd A TR o
J¥ <2 mg-kg™ i}, 30 d J5 FEA K B 24 4hE Cd
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