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ABSTRACT

The interaction of arsenate-bearing aqueous solutions with gypsum at a starting pH of 9 
and 25 °C results in surface precipitation of guerinite, Ca5(HAsO4)2(AsO4)2·9H2O, sainfeldite, 
Ca5(HAsO4)2(AsO4)2·4H2O, and occasionally Ca2Na(HAsO4)(AsO4)·6H2O, a new arsenate. These 
three solid phases are characterized by the simultaneous presence of HAsO4

2– and AsO4
3– groups in 

their structure, which is explainable since crystallization occurs within a pH range in which both 
HAsO4

2– and AsO4
3– are available in the aqueous solution. The interaction leads to a decrease in the As(V) 

concentration in the aqueous phase to reach values controlled by the solubility of these solid phases. 
The study combines several macroscopic experiments, in which changes in the solution chemistry 
are monitored as a function of time, with the characterization of solid phases by SEM-EDS and XRD. 
The crystal morphologies of the precipitating phases are interpreted on the basis of their respective 
structures. The thermodynamic solubility products of both guerinite and the new arsenate have been 
determined, being 10–31.17 0.05 and 10–13.83 0.03, respectively. The reaction paths followed by the system 
and the equilibrium endpoints have been modeled using the geochemical code PHREEQC. 
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INTRODUCTION

Although the mobility and toxicity of As in the environment 
have been studied extensively (Smedley and Kinniburgh 2002; 
Vaughan 2006), numerous issues remain unresolved. On the 
one hand, it is well established that under oxidizing conditions, 
As(V) is the most common form of As in natural waters, with 
AsO4

3–, HAsO4
2–, H2AsO4

1–, and H3AsO4
0 being the prevailing 

aqueous species in different pH ranges. On the other hand, the 
crystal chemistry and thermodynamic properties of arsenates 
remain largely unknown. Moreover, with some significant ex-
ceptions (Bothe and Brown 1999a; Lee and Nriagu 2007), the 
determination of thermodynamic solubility products of arsen-
ates has received little attention, perhaps as a consequence of 
the complicated crystallization behavior of these compounds in 
aqueous environments, which involves formation of an enormous 
diversity of hydrates, double salts, the presence of arsenate 
groups with different protonation degrees, etc. This lack of data 
is an important handicap because an in-depth study of arsenate 
mobility in natural systems requires a precise knowledge of 
the solid phases that may or may not precipitate their crystal 
chemistry and their solubility. 

Immobilization of arsenate in the environment can occur by 
precipitation of low-solubility salts or by sorption on mineral 
surfaces in soils, sediments, and aquifers. Artificial remedia-

tion methods are based on the same mechanisms, and the most 
common techniques are precipitation by reaction with suitable 
chemicals and sorption (e.g., Nishimura et al. 2000 and references 
therein). This last term describes various mechanisms (Sposito 
1986), including true adsorption, absorption, or diffusion into 
the solid, and surface precipitation to form a crystalline, adherent 
phase that may consist of chemical species derived from both 
the aqueous solution and the dissolution of the solid. Regarding 
arsenate sorption, most of the research has focused on adsorption 
onto clays (e.g., Frost and Griffin 1977; Manning and Goldberg 
1996), sulfides (Farquhar et al. 2002), and hydrous metal oxides 
of Al, Mn, and Fe (e.g., Pierce and Moore 1982; Driehaus et al. 
1995; Foster et al. 1998). However, even though these adsorption 
phenomena can be an efficient As sink, desorption is a relatively 
rapid process that must also be considered, and the selection of 
sorptive remediation materials has to be done bearing in mind 
the possibility of remobilization (O’Reilly et al. 2001).

Sorption by surface precipitation of arsenates on carbonate 
minerals is also a possibility, and the interaction of As(V) with 
limestone has been widely studied in the literature (e.g., Brannon 
and Patrick 1987; Bothe and Brown 1999b; Twidwell et al. 1999 
and references therein). This interaction leads to the formation of 
a series of Ca-arsenate compounds, many of them with unknown 
XRD patterns, whose compositions have not been completely 
established (Swash and Monhemius 1995). At present there are 
over 20 different Ca-arsenate compounds in the Powder Dif-
fraction File, but the crystal structure has only been determined * E-mail: amalia.jimenez@geol.uniovi.es


