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INTRODUCTION

The fact that the abundance of dissolved trace elements such 
as arsenic in natural waters is usually lower than what might be 
expected based on the solubility of associated minerals is primar-
ily attributed to sorption of the trace elements onto mineral sur-
faces (Davis and Kent 1990; Stumm 1992). Composite materials 
(i.e., mixtures of various minerals and organic debris) comprise 
the solid phases that participate in the sorption processes (Sposito 
1984; Davis and Kent 1990). Predicting trace-element behavior 
in complex systems requires a quantitative and mechanistic 
understanding of elementary processes such as sorption at the 
molecular level (Sposito 1984). 

Surface environments degraded by acid mine drainage 
(AMD) are marked by the formation of schwertmannite, a poorly 
crystalline iron oxyhydroxysulfate that is stable under highly 
acidic conditions and at high SO4 concentrations (Bigham et al. 
1990, 1996; Bigham and Nordstrom 2000). Fukushi et al. (2003a) 
demonstrated that schwertmannite sorbs As(V) and that arsenic 
concentrations decrease with distance in drainage originating 
from an abandoned arsenic mine in Japan. Because schwertman-

nite is an important sink for As(V) under acid mine drainage 
conditions (Hudson-Edwards et al. 1999; Carlson et al. 2002; 
Fukushi et al. 2003a), further investigation of schwertmanniteʼs 
mineralogical properties and As-sorption mechanisms is desired 
(Bigham and Nordstrom 2000). 

Murad et al. (1994) showed that As(V) easily displaces SO4 

in schwertmannite exposed to an As(V)-rich solution. Carlson et 
al. (2002) synthesized schwertmannite containing various con-
centrations of As(V) by co-precipitating it from an Fe-As-SO4 
solution under acidic conditions. They analyzed the mineralogy 
and structure of the precipitates. Fukushi et al. (2003b) examined 
the sorption of As(V) onto schwertmannite under acidic condi-
tions as a function of As(V) concentration and interpreted the 
results in terms of solid-solution reactions involving SO4-As(V) 
exchange within schwertmannite. Previous investigations have 
focused mainly on the macroscopic aspects of As(V) sorption 
onto schwertmannite and have provided little information about 
the mechanistic processes. Waychunas et al. (1995) performed 
extended X-ray absorption Þ ne-structure (EXAFS) studies on the 
sorption of As(V) onto schwertmannite. However, their inves-
tigation did not take into account the aqueous-phase properties. 
To quantitatively predict the trace-element sorption behavior of 
schwertmannite under acid mine drainage conditions, one needs 
to know the surface reaction mechanism at the microscopic level 

* E-mail: tomsato@earth.s.kanazawa-u.ac.jp
� Present address: Department of Earth and Planetary Sciences, 
The Johns Hopkins University, Baltimore, MD 21218.

Arsenate sorption on schwertmannite

KEISUKE FUKUSHI,1,� TSUTOMU SATO,2,* NOBUYUKI YANASE,3 JUNICHI MINATO,4 AND                        
   HIROHISA YAMADA4

1Research Center for Deep Geological Environments, National Institute of Advanced Industrial Science and Technology, Tsukuba,                   
Ibaraki 305-8567, Japan 

2Institute of Nature and Environmental Technology, Kanazawa University, Kanazawa, Ishikawa 920-1192, Japan 
3Department of Environmental Sciences, Japan Atomic Energy Research Institute, Tokai, Ibaraki 319-1195, Japan

4Ecomaterials Center, National Institute for Materials Science, Tsukuba, Ibaraki 305-0049, Japan

ABSTRACT

The sorption mechanism of arsenate [As(V)] on schwertmannite was investigated by means of 
batch sorption experiments as a function of As(V) concentration in acidic solution at 25 °C. Structural 
simulation indicated that the surface sites of schwertmannite comprised various O atom (or hydroxyl) 
and SO4 groups. Sorption experiments showed that the reactive sites for As(V) sorption are surface-
coordinated SO4 groups rather than surface hydroxyl groups, as reported in earlier studies. The As(V) 
sorption mechanism involves ligand exchange with surface-adsorbed and structural SO4. The results 
of the sorption experiments also suggested monodentate As(V) coordination at the surface-adsorbed 
SO4 sites [(Fe1)2SO4] and bidentate As(V) coordination at the structural SO4 sites [(Fe3)2SO4]. The 
overall ligand-exchange reaction was 

0.61 (Fe1)2SO4 + 0.39 (Fe3)2SO4 + 1.61 H2AsO4
� → 1.22 Fe1H2AsO4 + 0.39 (Fe3)2HAsO4 + 0.39 H+ + SO4

2�

where the 1 and 3 in Fe1 and Fe3 are coordination numbers. The equilibrium constant derived for the 
exchange reaction, log KEX = 4.96, describes the observed As(V) sorption behavior. Nanocrystalline 
materials like schwertmannite are widespread in nature and typically contain signiÞ cant amounts of 
anionic impurities, such as sulfate and silicate. Our results indicate that the effects of impurities can 
be signiÞ cant and should be considered in order to gain a realistic understanding of sorption processes 
in natural systems. 




