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Abstract 

Arsenic retention on natural red earth (hereafter NRE) was examined as a function of pH, ionic strength, and initial arsenic loading using both 
macroscopic and spectroscopic methods. Proton binding sites on NRE were characterized by potentiometric titrations yielding an average pHzpC 

around 8.5. Both As(III)- and As(V)-NRE surface configurations were postulated by vibration spectroscopy. Spectroscopically, it is shown that 
arsenite forms monodentate complexes whereas arsenate forms bidendate complexes with NRE. When 4 < pH < 8 and [total arsenic as As(m) 
or As(V)] = 0.385 umol/L both arsenite and arsenate exhibit near 100% adsorption for a 10-fold variation of ionic strength that is ascribed to 
inner-sphere complexation of surface bonding. Arsenite exhibits an apparent bond-switching mechanism from inner-sphere to outer-sphere at 
excess As(III) loading (total arsenic as As(III) or As(V)] = 38.5 umol/L. Competitive effect of arsenate for arsenite adsorption sites was observed 
when [initial As] = 0.385 umol/L. In dual adsorbate systems the rAs(Hl) w a s reduced over 20%, showing a competition of arsenite for arsenate 
binding sites (or vice versa). AH experimental data were quantified with a 2pK generalized diffused layer model considering two site types for 
both protons and anions binding using reaction stoichiometrics, as follows: 

FeOH + H + FeOrt}", 4.744, 
FeOH o FeCT + H + , -9.03, 
AlOH + H+ o AlOHJ, 7.229, 
AIOH^AICT + H + , -9.316, 
FeOH(s) + H 3 A s 0 3 ( a q ) FeHAsO 2,^ + H 2 0 , 6.798, 
A10H(S) + H 3 A s 0 3 ( a q ) & AlHAsO?^ + H 2 0 , 5.319, 
FeOH(s) + H 2 AsO^ ( a q ) •» FeHAsO 2 ^ + H 2 0 , 11.88, 
A10H(S) + H 2 As04 ( a q ) & AlHAsO^ + H 2 0 , 9.061. 
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1. Introduction 

Arsenic is a toxic, carcinogenic element and has a complex 
chemistry in the environment due to its contrasting oxidation 
states. Although it exists in four major oxidation states, As(V) 
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and As(III) species are predominant in natural aquatic environ­
ments [ 1 ] . Arsenic is found in both surface and subsurface water 
as a result of rock weathering, industrial waste discharge, vol­
canic emissions, fertilizer applications, mining, and smelting; 
however, it is more abundant in groundwater than in surface 
water. In oxic environments, arsenate [As(V)] is prevalent and 
exists as a monovalent (H 2 AsOJ) or divalent (HAsO 2 , - ) anion. 
Arsenite [As(III)] exists as an uncharged molecule ( H 3 A S O 3 ) 
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