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I . Background and Purpose

Located on an island-arc, a great number of volcanic hot springs are found in Japan. The Kusatsu
hot-spring area, a typical volcanic hydrothermal area in Japan, has long been discharging strong
acidic water. In the downstream basin of this geothermal area, hydrochemical environmental issues
had been raised regarding inhibition of the effective use of water resources or deterioration of the
seawall materials. This kind of acidic water issues are found in the volcanic areas throughout
Japanese archipelago. For the improvement of water quality, the neutralizing processing facilities
have been constructed since 1960’s. The natural acidic water, however, generally contains plenty of
chemicals, and the dissolved chemicals may cause new environmental issues in the neutralization
process. Thus, the precise knowledge of the dissolved chemical behaviors during the neutralization
process is essential in order to control the acidic water chemistry properly.

In this study, field survey and chemical analyses were conducted on the acidic river where the
neutralized processing facilities are operating. The purpose of this study is to clarify the effect of
dissolved chemical components to the neutralization process. Specifically, the behavior of the
dissolved heavy metals such as iron and manganese has been thoroughly discussed in the light of
thermodynamics. This study also compared the acidic rivers between with and without neutralization
processing facilities.

II. Study Area and Methods

The field investigation was performed in the catchment of Kuastu Shirane volcano, northwestern
area of Gunma Prefecture, central Japan. The major river in this region is Agatsuma River. Agatsuma
River, which belongs to Tone River reservoirs, flows along the south side of Kusatsu Shirane
volcano. Affected by Kusatsu Shirane volcanic activity, many of the tributaries of Agatsuma River
are strongly acidic. In the 1960’s, a neutralization process using lime milk started at the major acidic
streams, i.e., Yukawa River, Yasawa River and Osawa River.

The field investigation was performed three times between August 2010 and October 2011. Water
and soil samples were mainly taken from the following rivers: Yukawa River, Manza River, Ososawa
River, Akagawa River, Shirasuna River, and Agatsuma River. Water samples were filtered and
placed in polyethylene bottles and transported to the laboratory, then subjected to chemical analysis.

Chemical analyses for major anions were performed by lon Chromatography at the laboratory.
The determination of Na and K were performed by flame spectrophotometry, and Ca and Mg were
determined by atomic absorption spectrophotometry coexistence with Lanthanum (10 g/L). Likewise,

the determination of Fe, Zn and Mn was performed by atomic absorption spectrophotometry. Silicon



determination was performed by molybdenum ammonium colorimetric method at a wavelength of
410 nm on a spectrophotometer.
Il. Results and discussion

The calcium concentration of Yukawa river is clearly increased for the addition of lime milk. For
the other major cations, i.e., Na+, K+, and Mg2+, or major anions, i.e., F-, Cl- and SO42- are almost
stable before or after the neutralization process. The dissolved iron shows the decreasing in the
concentration after the neutralization process (Fig.1).

The pH- ORP diagram of iron shows that the dissolved iron takes Fe?* form in the overflowing
water of Yubatake hot spring, which is the source of the Yukawa river (Fig.2). The Yukawa river
water is oxidized to make iron from Fe®* to the boundary of Fe?*/Fe**. In the neutralization process,
according to the rapid increase of pH, ORP is
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In the neutralization process of acidic water, Fig.1 Concentration of Heavy Metals
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