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Predicting the adsorption of arsenate on soils based on the constant capacitance model

XUE Qin"? LI Yan"?, YU Hemin"?, WANG Yujun"*

(1. Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Adsorption is one of the important processes to control the migration of As in soil. In this study, the constant capacitance surface
complexation model(CCM) was used to simulate the adsorption behavior of As( V') in soil, and the surface complexation constant of As( V)
was obtained based on the CCM model. A linear regression model was established for the basic physical and chemical properties of soil (pH,
organic matter, calcium carbonate, amorphous iron/aluminum/manganese, and total iron) and the surface complexation constant of As( V) to
elucidate the main controlling factors of adsorption of As in soil. The results revealed that As( V) exhibited different adsorption characteristics
in different types of soil at varying pH levels, and the constant capacitance model could simulate the adsorption edge of As( V) at different
pH values (R? ranged from 0.71 to 0.96). Three surface complexation constants of As( V) on the soil surface were obtained by fitting the
CCM model. The values of lg K; in most soils were larger than those of lg K> and lg K, indicating that the adsorption of As( V') in soil was
more inclined to form bidentate rather than monodentate complexes. The regression analysis of As( V) surface complexation constants and
soil properties demonstrated that the As ( V) surface complexation constants were mainly affected by soil pH and the contents of
amorphous Fe and amorphous Mn. To further verify the universality of the above linear model, the surface complexation constants of

As (V) on different soils was predicted from the soil property data in the literature, and the adsorption capacity of As( 'V ) in the literature
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soil was also predicted using the CCM model. The predicted and measured values in the literature exhibited a good correlation (R*= 0.71),

indicating that the model had a certain universality. In this study, based on the adsorption behavior of As ( V) in soils with different

properties, the generalized complex method was used to establish a CCM model to describe the adsorption and distribution process of As

(V) in non—calcareous soils, providing theoretical support for regional soil heavy metal environmental risk prediction.

Keywords: surface complexation model; As( 'V ); adsorption; constant capacitance model; generalized composite
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Table 1 Physical and chemical properties of soils'”
- A S R A s - A VL X7
LHGS TR AOUR oy s A~ AERE  RERE X
No Location pH  Organic matter/ Tvne Lime/(g-ke™) Amorphous Fe/  Amorphous Al/  Amorphous Mn/  Crystallin Fe/
. catl 1 .

(g-kg™") P B8 (g-kg™") (ALOs,g-kg™) (g-kg™") (g-kg™)

S1 MR 578 54.71 Bt 0.44 435 1.92 0.59 7.42

S2 VLG 491 10.11 FAR: 3 0.79 3.45 2.12 0.14 23.04

S3 BN 6.40 17.00 g 0.76 2.95 0.57 0.27 9.09

S4 T RE AR BH 6.60 27.61 KAEL 0.51 5.46 1.29 0.54 23.34

S5 PN 6.93 26.52 LT 5.77 5.99 0.78 0.19 15.18

S6 JUARILT] 491 46.10 2135 0.80 7.87 1.03 0.12 20.52

S7 WL % 6.82 33.43 KAEL 5.01 6.11 0.89 0.21 8.07

S8 LR T 5.61 29.48 JKAE A+ 4.69 3.95 0.87 0.02 11.28

S9 T P 6.07 14.37 213 0.76 1.78 1.33 0.55 79.08
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Table 2 Parameters of CCM model
+ g EEJIE A e Ee BT 7 1555

2
No.  Surface area/(m*-g™) pKa pK. Surface site density/(site+nm™) leKi le Ko le ks R
s1 20.17 6.61 8.96 0.27 28.80 22.40 16.41 0.71
) 53.36 7.76 9.25 0.40 30.24 20.35 16.14 0.95
S3 17.19 8.47 10.12 0.14 31.39 24.81 16.28 0.77
S4 29.78 7.58 9.20 0.12 32.02 2455 16.88 0.93
S5 29.51 8.30 9.69 0.06 32.32 25.17 16.96 0.87
S6 30.26 4.94 7.48 0.15 22.81 27.01 29.26 0.96
S7 28.22 7.97 9.40 0.03 3291 26.08 17.97 0.89
S8 17.15 4.68 7.78 0.09 30.89 18.73 18.43 0.83
S9 37.49 428 5.36 0.12 30.97 20.06 19.53 0.93
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O SEIG{E Measure — A TE Fit
SR B THEE 4 0.01 mol - L7 NaCl, 3R 25 CA& T AT,

The experiment is carried out under the condition that the ionic strength is 0.01 mol- L™ NaCl, and the temperature is 25 °C.
B 1 AEpH TLEREBH As(V) IR HTA
Figure 1 Adsorption edge of As( V') in the soil solution at different pH
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Figure 2 Distribution of the As( V) adsorbed species in soils
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R3 BMAs(V)REESEBREBRSHMNE RS E
Table 3 Regression equation for predicting As( V) surface

complexation constant and model parameters

[F1J9 75 % Regression equation R P
lg Ki=29.33+0.519F e 0.86 <0.05
lg K»=1.756+3.422pH 0.72 <0.01
lg K5=16.128-1.3961g Mn., 0.67 <0.05
pK.1=1.984pH-5.177 0.82 <0.01
pK.=1.655pH-1.353 0.73 <0.01
7 15 5% =0.512]g Fe—0.663 0.84 <0.01
E’JAE : Feo 1 Mo 73 3 FRFR LR —RE IR B2 $2 1) T 28 B AN 0 € T
U HL

Note: Fe.is Fe extracted with ammonium oxalate—oxalic acid, Mn,qis

Mn extracted with ammonium oxalate—oxalic acid.
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