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Abstract

To understand the behavior of anionic species in natural system quantitatively,
the schwertmannite-arsenate interactions in the acid mine drainage condition were
investigated by field observation and laboratory experiments. At the abandoned arsenic
mine in Japan (Nishinomaki mine), discharged water from the mining and waste dump
area is acidic and rich in arsenic. However, the arsenic concentration in the drainage has
been decreased to below the maximum contaminant level (0.01 mg/l for drinking water,
Japan) without any artificial treatments before mixing with a tributary to populated areas.
Analysis of water quality and characterization of the precipitates from the stream floor
were performed indicated that the arsenate was effectively removed by the formed
schwertmannite and has been naturally attenuated. To model the natural attenuation
process of arsenic, the mechanism of arsenate sorption on schwertmannite was
investigated by a batch sorption experiment as a function of solution arsenate
concentration under acidic conditions (pH 3.3 + 0.1) at 25 °C. The reacted solution
chemistry and mineralogy showed that the mechanism of arsenates sorption was ligand
exchange with solid phase sulfates in schwertmannite. Sorption modeling by using the
estimated thermodynamics parameter successfully described the observed arsenate
sorption behavior. Solubility of schwertmannite containing arsenate was examined by
conducting the batch arsenate sorption experiment under acidic condition at 25°C. The
macroscopic observation revealed that schwertmannite containing arsenate would behave
as a solid solution between the arsenate free schwertmannite and schwertmannite
containing maximum level of arsenate. The solubility of schwertmannite containing
arsenate was estimated by means of solid-solution aqueous-solution equilibrium. The
estimation revealed that the solubility significantly decreased with arsenate sorption.
Geochemical modeling by using the solubility showed that transformation of




schwertmannite to goethite was inhibited by sorbing arsenate. These analyses indicated
that although schwermannite is the labile material that is characterized to low-crystalline
and metastable, arsenate sorption make the schwertmannite more stable and long-term
effective arsenate sink. In order to explain the evolution of solution chemistry in the area,
several processes are separately considered. The sorption model showed that 70-1000 pg/L
of As(V) was completely scavenged by 100-200 mg of schwertmannite under the condition.
Moreover, modeled accumulation of As in schwertmannite were consistent with the field
observation. The field observations, laboratory experiments and the geochemical modeling
indicated that schwertmannite play a key role for regulation of Fe and As in acid sulfate
water in spite of the metastability. It had been thought that the metastable phases were
simple precursor material which formed due to the kinetic reason and that the existence of _
these phases can not influence on the thermodynamically stable mineralogy and the
resultant solution chemistry However, the stabilization of metastable phase by the
adsorption process would change the vector of the chemical evolution for both mineralogy
and solution chemistry.
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Fig. 1 The relationship between the amount Fig. 2 Modeled As(V) concentration as a
of released sulfate per unit solid mass and . function of amount of added
solid phase As(V) concentration. schwertmannite.
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