
CHEMOSPHERE 

ELSEVIER Chemosphere 55 (2004) 1259-1270 = = = = = = 
www.elsevier.com/locate/chemosphere 

Macroscopic and vibration spectroscopic evidence for 
specific bonding of arsenate on gibbsite 

R. Weerasooriya a,b'*, H.J. Tobschall a, H.K.D.K. Wijesekara b , A. Bandara c 

a Lehrstuhl fur Angewandte Geologie, Universitdl Erlangen-Nitrnberg, Schlossgarten 5, 91054 Erlangen, Germany 
b CM Labs. Institute of Fundamental Studies, Kandy, Sri Lanka 
* Department of Chemistry, University of Peradeniyu, Sri Lanka 

Received 19 November 2002; received in revised form 24 April 2003; accepted 24 December 2003 

Abstract 

The As(V) adsorption onto gibbsite under different experimental conditions was examined. Macroscopic data 
suggests strong As(V) bonding on gibbsite possibly via a bidendate binuclear complexation mechanism. The As(V) 
adsorption was quantified with the charge distribution multi-site ions complexation ( C D - M U S I C ) model distributing 
the anion charge over 0- and 1-planes according to the modified Pauling's bond valence theory. In the dual-adsorbates 
system of As(III) and As(V), the As(III) adsorption was predicted up to pH 8 utilizing the binding constants derived for 
single-adsorbate data. However, with pH > 8, the modeled As(III) adsorption data is overestimating the experimental 
values. 
© 2004 Elsevier Ltd. All rights reserved. 
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1. Introduction 

Metalloid arsenic (/is2np3(/t — l ) d 1 0 ) is highly toxic 
for animals and humans ( N R C , 1999). The toxic effects 
have become evident recently on a very large scale in 
Bangladesh and Viet Nam due to consumption of water 
having high concentrations of arsenic that sometimes 
exceed values of 1000 ugl~' , thus surpassing both the 
WHO and EPA maximum contaminant levels, M C L 
(MCL: 10 ugl~' in both cases) specified guidelines rec­
ommended for drinking water (Nickson et al., 1998; 
Berg et al., 2001). The heightened awareness of arsenic 
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toxicity has prompted environmental authorities to 
consider stringent regulatory guidelines to mitigate ar­
senic in drinking water ( N R C , 1999). 

In its inorganic form arsenic exists in four oxidation 
states: + 5 , +3, 0 and - 3 . However, only the + 5 and +3 
oxidation states are common in aquatic systems. The 
abiotic transformation of As(III) to As(V) or vice versa 
is kinetically hindered (Masscheleyn et al., 1991) so that 
both arsenate [As(V)0^ _ ] and arsenite [As(HI)0 | - ] 
species occur together in nature. However, the rate of 
As(V) to As(III) conversion is enhanced significantly in 
living systems, possibly through an enzymatic pathway 
(Stryer, 1981). Consequently, both As(III) and As(V) 
species are treated as equally toxic. 

The mobility of the dominant As(III) species, neutral 
H3ASO3 is at environmentally important p H conditions 
(pH 4-8.5) extremely high when compared to As(V) 
species, as HAsO 2 " or H2ASO4. The low natural 
abundance of As(V) in solution does not allow its pre­
cipitation as a pure mineral. Adsorption is the major 
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