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Abstract

Heavy metals in sediments after treatment of mine wastewater from Ogoya Mine, Ishikawa Prefecture,
Japan, was mineralogically investigated. Acidic wastewater (pH 3.5) which flows out from pithead,
contains high concentration of heavy metals. In this mine, neutralizing coagulation treatment is going on
using slaked lime (calcium hydroxides: Ca(OH);). Core samples were collected at disposal pond to which
treated wastewater flows. Mineral assemblages and chemical compositions of core samples were
analyzed. X-ray powder diffraction (XRD) analyses indicate that upper parts of cores are rich in calcite,
whereas deeper parts of cores are rich in gypsum and ettringite. Smectite with heavy metals are found in 87-
90 cm of core samples. Scanning Electron Microscopy (SEM)-Energy Dispersive X-ray analyses (EDX) and
Electron Probe Micro Analyzer (EPMA) show that heavy metals, such as, Fe, Mn, Cu and Zn are
concentrated in calcite, gypsum, ettringite, and clay minerals. The results indicate that heavy metals in
wastewater are mineralogically fixed in solid phases of calcite, gypsum, ettringite and smectite.
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Fig.1 Location of Ogoya Mine, Ishikawa Prefecture
(A). An arrow shows sampling point. Photo-
graph of disposal pond and the general view (B).
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(1): EPMA analysis of calcite,
gypsum and ettringite.
@: SEM analysis of calcite

and gypsum.
@): SEM and EPMA analysis of
ettringite.

Fig.2 Core sample collected from disposal pond in
Ogoya Mine, showing layered structure.
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D: EPMA analysis of calcite,
gypsum and ettringite.

®@: SEM analysis of calcite
and gypsum.

®: SEM and EPMA analysis of
ettringite.

Fig.3 Change in the pH values of pore water in the
core sample.
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Fig.4 XRD patterns of the core sample indicating
formation processes of calcite, gypsum and
ettringite with depth.
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Fig.5 XRD patterns of the core sample of <2 um
clay fraction (87-90 cm).
N. T.: Non treatment, E. G.: Ethylene Glycol
treatment.
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Fig.6. SEM micrograph and the EDX analysis of calcite. The content maps show Ca, S, Fe, Cu and Zn

distributions.
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Fig.7 SEM micrograph and the EDX analysis of gypsum. The content maps show Ca, S, Fe, Cu and Zn

distributions.
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Fig.8 SEM micrograph and the EDX analysis of ettringite. The content maps show Ca, Al, Fe, Cu and Zn

distributions.
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Fig.9 SEM micrograph and the EDX spectrum of <2
mm fraction of sample 87-90 cm. Flaky par-
ticles of smectite concentrate Fe, Cu and Zn.

Table 1 Electron probe micro analysis of the core
sample from Ogoya Mine, showing heavy
metals in calcite, gypsum and ettringite.
Total Fe is expressed as FeO.

Depth (cm) 81-84 81-84 81-84 87-90
Mineral Calcite Gypsum Ettringite
Al203 12.56 9.89
SO3 3.09 47.16 30.00 28.65
CaO 35.49 3759 4546 42.60
MnO 0.13 0.03 0.00 0.03
FeO 1.59 0.69 0.16 0.16
CuO 0.84 0.31 0.17 0.02
ZnO 1.60 1.19 0.15 0.00
Total 40.3 8547 88.18 81.33

Total Heavy Metals
(MnO+FeO+ 416 2.22 0.48 0.21
CuO'@nO)

wt.%
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