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abStract

Arsenic (As), barium (Ba), and sulfate (SO4
2–), coexisting in natural and mining impacted environ-

ments, possibly lead to As-barite coprecipitation. This work investigated the coprecipitation of Ba2+, 
SO4

2–, and AsO4
3– [As(V)] and the incorporation of As(V) into the barite structure. The As(V) content 

in the coprecipitates increased with pH and the initial aqueous As(V) concentration. At pH ≤ 5, As(V) 
was dominantly fixed through isomorphic substitution for SO4

2– in the barite structure (<0.32 wt%). 
At pH > 5, barium (hydrogen) arsenate constituted an appreciable fraction of As(V)-bearing species 
in addition to the incorporated As(V). FTIR spectroscopy indicated that As(V) in the coprecipitate 
occurred as mixed phases and the As(V) species incorporated into the barite structure was dominated by 
HAsO4

2– species. EXAFS analysis gave As-O and As-OH bond lengths of 1.67 and 1.75 Å for HAsO4
2– in 

barite structure, respectively. The FPMS structural refinement reproduced well the As K-edge XANES 
spectrum and gave bond lengths of As-O at 1.63, 1.64, 1.68, and 1.75 Å with an average bond length 
of 1.68 ± 0.05 Å in HAsO4

2– doped barite structure. The findings are of significance for understanding 
the geochemical cycle of As in As(V), Ba2+, and SO4

2– coexisting systems.
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introduction

Given the toxicity of arsenic (As), a wide range of studies 
have been undertaken on its transformation, mobilization, and 
fixation in various environments. Besides As sorption/desorption 
on the surface of metal oxide/clay minerals and precipitation/
dissolution of As-containing minerals (Das et al. 1996; Nickson 
et al. 1998; Acharyya et al. 1999; Sherman and Randall 2003), 
incorporation of As into minerals is also one of the most important 
processes/mechanisms influencing As mobility in natural and 
mining environments (Savage et al. 2005; Dutrizac and Jambor 
2007; Fernández-Martínez et al. 2008; Lee et al. 2009; Gomez et 
al. 2010, 2011, 2013a, 2013b; Kendall et al. 2013; Lin et al. 2013a, 
2013b; Sunyer et al. 2013; Zhang et al. 2015; Wang et al. 2016). 
It has been found that isomorphic substitution of arsenate [As(V)] 
for sulfate, phosphate, and vanadate positions in mineral structures 
is widely occurring in hydrometallurgical tailings, As-rich mine 
waters, and natural sediments, which can potentially influence the 
mobility, bioavailability, and transformation of As(V) (Sunyer et 
al. 2013; Zhang et al. 2015; Muehe et al. 2016).

Barite could form in some geological environments (e.g., 
deep-sea, groundwater, river, hot spring water, and crust deposits) 
and mining related areas that contain considerable amounts of As 

(Goodarzi 2002; McBeth et al. 2003; Pone et al. 2007; Arik 2008; 
Romero et al. 2010; Liu and Hendry 2011; Gomez et al. 2013a). 
For instance, barite precipitated from hot spring water and min-
ing areas where As(III) was oxidized as As(V) in the thermal and 
aerobic environment (Villanueva-Estrada et al. 2013; Tokunaga et 
al. 2016). Barite is used as a solubility control of 226Ra in the neu-
tralization of acidic As containing sulfate rich hydrometallurgical 
raffinate solutions in Canada’s uranium industry (Liu and Hendry 
2011). These processes may lead to the formation of an As(V)-
barite coprecipitate and incorporation of As(V) into the crystal 
lattice of barite. Tokunaga et al. reported that the concentration of 
As incorporated into natural barite could reach up to 24.3 mg/kg in 
an Okinawa hydrothermal vent and was in the range of 5.25–438 
mg/kg in the laboratory coprecipitates (Tokunaga et al. 2016). In 
their work, they focused on the influence of As oxidation state in 
natural barite on its immobilization and the ratio of As(III)/As(V) 
as an indicator for sub-oxic/anoxic redox conditions. However, the 
dominant As(V) species (e.g., protonated or not), which strongly 
influence the amount of As fixed by barite, the local atomic struc-
ture of As(V) in the barite crystal lattice, and the possible barium 
arsenate phases formed are still unclear.

The objectives of the present work were to qualitatively and 
quantitatively study the amount and species of the As(V) in solid 
phase and its structure in barite during the coprecipitation of As(V), 
Ba, and SO4

2– at various pH values and initial As(V) concentrations.
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