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Effect of added silicon on adsorption—desorption characteristics of cadmium on paddy soil with different pH

LIU Ming-da', LI Cai', ZHAO Yu-ting', YING Bo®, YANG Dan', HE Na!, WANG Yao—-jing'*

(1.College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2.College of Science, Shenyang Agricultural
University, Shenyang 110866, China; 3.Liaoning Environmental Monitoring and Experiment Center, Shenyang 110161, China)
Abstract ; Adsorption—desorption isotherm experiments were conducted to investigate the effects of silicon on adsorption—desorption charac—
teristics of cadmium on paddy soil with different pH.HNO; was used to neutralize the alkalinity of Na,Si0;. NaNO; was added to keep con—
stant electrolyte concentrations in all the treatments. The effects of silicon addition on soil pH and the influence caused by the attendant ion
were eliminated. The results showed that the Freundlich model was optimal to simulate the adsorption—desorption process among the three
isothermal absorption—desorption models( Langmuir, Freundlich and Temkin ). Compare with the control treatment, the alkaline soil showed
higher adsorption constant(k value increases and n value decreases ), while the acid soil showed lower adsorption constant (% value decreas—
es and n value increases ) with increasing silicon addition. Furthermore, the desorption amount and rate of silicon decreased with increasing
silicon addition in two soils, and the hysteresis was enhanced. When adding the same amount silicon, the effects of adsorption—desorption of
cadmium on the two soils were different: the adsorption and desorption capacity of cadmium in alkaline soil was decreased, and the adsorp—
tion capacity of cadmium in acid soil increased and desorption capacity decreased. Both of the two soils demonstrated that the desorption
amount was decreased with increasing silicon addition, while the increasing lag coefficients stimulated hysteresis effects of adsorption—des—
orption.

Keywords: silicon; cadmium; paddy soil; adsorption; desorption
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Table 1 Physical and chemical properties of test soils

ARk ] WL RPRL B

Soil  (1:2.5) Organic matter/g-kg”  exchange capacity/cmol kg™  Available silicon/mg-kg™ Total cadmium/mg-kg” Sand/% Silt/% Clay/%

-3 pH AU PBHES T2tz Cation
A 8.15 59.47 31.99
B 5.44 26.65 547

300.68 0.219 8 10.50 6485 24.65
156.89 0.337 1 5436 3209 13.55
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Figure 1 Adsorption—desorption isotherms of Cd by soils at different Si levels
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Table 2 The Cd isothermal adsorption equation by soils at different Si levels
3 REUR Langmuir /2 Freundlich /5 & Temkin J5 £
Soil Concentration of Si/mg- L™ C/IX=1/kX,+CIX,, leX=lgk+n-1gC X=k,+k,*InC
A 0 ¥=0.000 4x+0.000 3 r=0.987** y=0.535 6x+3.106 9 r=0.964** y=422.83x+1 404.5 r=0.980**
90 ¥=0.000 4x+0.000 3 r=0.985%* y=0.560 2x+3.058 1 r=0.964** y=442.99x+1 315.1 r=0.989**
120 ¥=0.000 4x+0.000 4 r=0.988%** y=0.579 9x+3.039 6 r=0.987** y=446.77x+1274 r=0.984%**
B 0 ¥=0.000 65+0.004 1 r=0.974%** y=0.526 9x+2.429 4 r=0.995%* y=322.87x+270.12 r=0.958%%*
90 ¥=0.000 5x+0.002 1 r=0.943%*%* y=0.477 2x+2.641 1 r=0.973** y=314.58x+586.04 r=0.916%*
120 ¥=0.000 5x+0.001 7 r=0.943%** y=0.413 1x+2.721 2 r=0.941%* y=272.1x+713.33 r=0.889*

%% FORTE 0.01 KF 2253 35, * FORTE 0.05 K25 B3 T,
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Table 3 The Cd isothermal desorption equation by soils at different Si levels

-4 T Langmuir /2 Freundlich J7 2 Temkin 7572
Soil  Concentration of Si/mg-L" C/X=1/kX,+CIX,, lgX=lgk+n-1gC X=k, +k,-InC
A 0 ¥=0.000 44+0.000 2 r=0.924%* y=0.533 6x+3.198 9 r=0.992%%  y=379.27x+1511.8 r=0.916%*
90 ¥=0.000 5x+0.000 1 r=0.933%* y=0.452 7x+3.207 2 r=0.991%* y=319.87x+1521.0 r=0.907*
120 y=0.000 5x+6FE—05 r=0.944%+* y=0.339 8x+3.230 9 r=0989%* y=239.81x+1573.9 r=0.897*
B 0 ¥=0.000 5x+0.000 9 r=0.857* y=0.577 1x+2.822 9 r=0.983** y=330.292+813.98 r=0.911*
90 ¥=0.000 4x+0.000 7 r=0.896* y=0.677 2x+2.944 3 r=0.996%* y=444.012+1 037.2 r=0.940%
120 ¥=0.000 4x+0.000 4 r=0.840* y=0.751 4x+3.044 2 r=0.970%* y=365.38x+1 185.6 r=0.907*

x4 NEFEKFET TR MEERIE Freundlich FREEE HERE

Table 4 Parameters of Freundlich equation and hysteretic coefficients of soils at different Si levels

N e )7 e 2 WK TR R
5% REHRJE Adsorption equation constants Desorption equation constants Hysteretic coefficient
Soil  Concentration of Si/mg-L""

k., n, kq ng Ak+An

A 0 1 279.09 0.535 6 1 580.88 0.533 6 301.79
90 1 143.14 0.560 2 1611.38 0.452 7 468.13

120 1 095.47 0.579 9 1 737.40 0.339 8 641.69

B 0 268.78 0.526 9 665.12 0.577 1 396.39
90 437.62 0.477 2 879.63 0.677 2 442.21

120 526.26 0.413 1 1107.13 0.751 4 581.21
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Table 5 The desorption ratio of Cd of soils at different Si levels

1% FEvR §@HeE Concentration of Cd/mg- L™
Soil  Concentration of Si/mg*L™" 190 20 40 60 80 100
A 0 0.16 050 0.77 1.05 1.15 1.17
90 0.08 031 0.64 093 1.09 1.10

120 0.01 0.09 030 0.77 0.80 0.83

B 0 092 270 3.09 3.38 3.79 3.96
90 0.88 1.66 224 228 2.60 2.80

120 020 1.24 145 2.04 280 2.13
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