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Soil Cd Adsorption Ability Under Different Freeze/Thawing Treatments and Its Influencing Factors

WANG Zhan, ZHANG Yu-long", YU Na, ZHANG Yu-ling, LIU Chang

(College of Soil and Environment, Shenyang Agricultural University, Shenyang 110866, China )

Abstract: In order to discuss the effect of the freeze/thawing on the Cd adsorption ability of the soil and its mechanism, this paper studied the
soil Cd adsorption ability (k,) under different freeze/thawing treatments and its influencing factors by artificial controlling temperature, indoor
experiment and the method of correlation and path analysis. The result showed that the Henry model (¥ =a+k,C) could imitate the progress of
the cadmium static isothermal adsorption perfectly. The Cd adsorption ability of the soil firstly increased and then decreased with the freeze/
thawing time increasing under the different soil water content. The change of the soil Cd adsorption ability with the soil water content was dif-
ferent under the different freeze/thawing time. The correlation of the Cd adsorption ability of the soil and the soil pH, cation exchange capacity
(CEC), permanent charge(CECp), dissolved organic matter(DOM ) were 0.01 or 0.03 significance level. The effect of the soil pH, CECp,
DOM on soil Cd adsorption ability was direct, while that of CEC was indirect. This study clearly demonstrated that the effect of the freeze/
thawing on the soil pH, CECp, dissolved organic matter was the key reason for difference of soil Cd adsorption ability under the various freeze/
thawing treatments.
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Table 1 Regressed static isothermal adsorption

equations( Y=a+k,C) and their correlation coefficients

QbR a ka R?
Wi FO 113.74 87.648 0.9327%*
F1 147.98 113.97 0.934%*
F3 113.51 723.38 0.954%*
F6 120.64 115.51 0.941%*
F9 126.17 112.07 0.937%*
w2 FO 810.44 72.689 0.981%*
F1 190.29 136.63 0.911%*
F3 101.30 677.01 0.967**
F6 114.12 95.254 0.948**
F9 123.05 104.27 0.937%*
w3 FO 50.224 61.812 0.984 %
F1 221.85 78.491 0.868%*
F3 41.215 964.05 0.991**
F6 106.39 69.381 0.929%*
F9 101.79 83.75 0.959%*
W4 FO 36.301 54.188 0.987%*
F1 217.34 81.185 0.954%*
F3 123.11 666.22 0.943%*
F6 112.68 87.629 0.928**
F9 114.75 96.214 0.949%*
W5 FO 42.885 65.965 0.991**
F1 216.62 113.10 0.868°*
F3 115.60 722.24 0.959%*
F6 130.26 134.50 0.960%*
F9 132.13 120.56 0.929%*

Y e CAEBH R (mg-ke™)sa REEE R SRS A
AR H B (mg kg ™) 5% FE 0.01 K- FAHSE;* I7E 0.05 K- FAH
¥, r(5,0.05)=0.878,r(5,0.01)=0.959

Note:Y is the adsorpted Cd** content of the soil (mg-kg™);a is con—
stant; k, is constant correlated with the adsorptive capacity (mg-kg™);* in—
dicate significantly different of 5% levels, ** indicate significantly different

of 1% levels. r(5,0.05)=0.878,r(5,0.01 )= 0.959.
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i@ pH  CEC .CECp 1 DOM i SZ 3K .

B pH MFHer, TR -0 KA E AL
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Table 2 Univariate analysis of &, under different freeze/thawing

times and soil water content

A SRR 5 1 ¥ g5 FE B

VRERUEC 1727 602.111 4 431 900.528 119.158  0.000

+HESIKE S 8054.917 4 2013.729 0556  0.698
22 57 993.744 16 3 624.609

SV S 1793 650.772 24

R 3 FEFRRHALET kL HEEILER
Table 3 Duncan’s multiple comparison of £, under different

freeze/thawing times

AbFR FO F1 F3 F6 F9
ks  68.460bB  104.675bB  750.580aA 100.455bB 103.373bB
e ARRVNG FEEOR R R VR ARk Bd B2 ) 22 508 B K
(P<0.05) , AN [R] K5 “F 0 R i i A 3L 2 ] 22 53 3k W 8 35 /KO- (P<
0.01),

Note: Different small letter indicate significantly different of 5% levels.

Different capital letter indicate significantly different of 1% levels.
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Table 4 Correlation coefficient between the soil chemical and physical properties and £,

[AF Factors X1 X2 X3 X4 X5 X6 ky
X1 1.000 0.466* 0.424* -0.229 0.226 -0.325 0.605%*
X2 1.000 0.339 -0.550%* —-0.508** -0.656** 0.495%*
X3 1.000 0.024 0.158 -0.111 0.558%*
X4 1.000 0.498%* 0.389* -0.465%*
X5 1.000 0.255 -0.065
X6 1.000 -0.311
(33 X1~X6 ﬁj\ﬁluhﬁ pH \CEC \CECP ﬁf{%ﬂiﬁﬁlﬁﬁ ffw&%(ﬁ’ﬂﬁg ‘ﬁ}ﬁﬁé’@ﬂ( D H r(25,0.05):0~396 J<zs<0.0|):0-505 o T[EJ o

Note : X1~X6 mean pH, CEC, CECp, DOM, activity of iron oxide, fractal dimension, respectively. r(»s 005/ =0.396 (25 001/=0.505. The same below.

®5 TEMERSRMEESN (k) ZBHBEZESH

Table 5 Path analysis of effects of the soil chemical and physical properties on k,

L[5 S [l ] 1PC o 3 1 5
Factors —X1 —X2 —X3 —X4 —X5 —X6 Z A SIPC
X1 0.382 ~0.060 0.194 0.093 ~0.018 0.014 0.223
X2 -0.129 0.178 0.155 0.223 0.039 0.029 0.624
X3 0.457 0.162 -0.044 -0.010 -0.012 0.005 0.101
X4 -0.405 -0.087 0.071 0.011 -0.039 -0.017 -0.061
X5 -0.077 0.087 0.065 0.073 -0.202 -0.011 0.012
X6 -0.044 -0.124 0.084 -0.051 -0.158 -0.020 -0.268
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Table 6 Determinative coefficients of path analysis

Dij X1 X2 X3 X4 X5 X6
X1 0.146  -0.046  0.000 0.071 -0.014  0.011
X2 0.017  -0.040 -0.057 -0.010 -0.007
X3 0209  -0.007 -0.011  0.004
X4 0.164 0.031 -0.017
X5 0.006 0.002
X6 0.002
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DOM content/g-kg™
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R EL Frequency

- Wl A W3 X W4 -O-W5

| NEHRBRANE 18 pH CECp AR A MG HURAZEL
Figure 1 The change of the soil pH,CECp and DOM under the

different freeze—thawing treatments
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