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An active apatite drainage system has been developed at the Goro abandoned mine, comprising a grit cell, a
reaction cell, and a precipitation pond. Leachate from an abandoned adit and tailing ponds is collected in a pipeline
and is transported to the apatite drainage system under the influence of the hydraulic gradient. The results of a laboratory
experiment performed in 2004 indicate that the reaction cell requires 38.8 ton/year of apatite and that precipitate
will have to be removed from the precipitation pond every 3 months. The purpose of this study is to evaluate a lab-
oratory test on the efficiency of limestone and apatite in removing arsenic from ARD (acid rock drainage), and to
evaluate the suitability of materials for use as a precipitant for the leachate treatment disposal system. The labora-
tory tests show that the arsenic removal ratios of limestone and apatite are 67.4%798.3%, and the arsenic removal
ratio of apatite is inversely proportional to its grain size. The arsenic compounds are assumed to be Johnbaumnite
and Ca-arsenic hydrate. Therefore, apatite and phosphorous limestone can be used as a precipitant for the removal
of arsenic, although it is difficult to remove arsenic from ARD when it occurs in low concentrations.
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Fig. 1. Apatite drainage system at the Goro abandoned
mine. (a) Photograph of the apatite drain, and (b) diagram
of water-collection levels.
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Fig. 2. Arsenic concentration in inlet and outlet waters
throughout the apatite drainage system.
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Fig. 3. Photographs of the water collection system and precipitates, showing (a) the inlet water for the apatite drainage system,
(b) leachate from tailing deposits, (c) precipitates (P-1) in the apatite drainage system, and (d) precipitates (P-2) on the outlet
retaining wall.
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Fig. 4. Grain size distribution of the limestone and apatite
samples.

Table 1. Selected grain sizes of limestone and apatite samples.
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Fig. 5. Setting for laboratory experiments.

Sample 1.D. Range of grain size(seive No.) Remark
SA 20-200 Brownish gray powder(limestone)
SB 30-100 Pale gray powder(limestone)
SC 20-100 Pale gray powder(limestone)
AP-1 10-10 Pale gray Chinese apatite grain
AP-2 20-20 Pale gray Chinese apatite grain
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Fig. 6. Scanning electron microscope images of samples
(a) P-1 and (b) P-2.

Table 2. X-ray fluorescence data for samples P-1 and P-2.
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Table 4. X-ray fluorescence data for limestone and apatite.

Analyte P-1 (weight %) P-2 (weight %)
SiO, 8.41 43.48
CaO 50.82 17.47
AlyO5 2.23 12.05
Fe,03 1.53 4.49
P,05 32.90 2.76
MgO 2.78 2.04
K,O 0.36 1.61
SO, 0.61 1.59
MnO 0.21 0.65

Analyte  SA SB SC SD AP

SiO, 9.33 2221 24.64  64.48 15.53
CaO 4340  51.23 52.58 6.92 41.19
AlLO; 7.89 8.35 8.54 13.18 498
Fe,03 2.86 4.01 4.13 5.05 2.31
P,05 24.36 4.08 0.83 0.55 28.56
MgO 1.22 3.98 4.04 2.34 2.61
K,O 0.91 3.25 3.67 3.71 0.63
SO; 0.18 0.40 0.45 0.09 3.69
MnO 8.61 1.73 0.367 0.15 0.08

Table 3. X-ray diffraction data for limestone and apatite.

Sample 1.D. Main minerals
SA Fluorapatite(Cas(PO4);F), Dolomite(CaMg(COs5))
SB Dolomite(CaMg(CO3)), Philogopite(Ky(Mg,Fe*?)s[SisAl,0,0}(OH,F), : Muscovite group)
e Muscovite(CaMg(CO})), Philogopite(K,(Mg,Fe2)s[SigAl,0,0}(OH,F), : Muscovite group)
Orthoclase(K,Na[AlSi;Og])
SD Quarze(SiO,), Albite, Philogopite(K,(Mg,Fe*?)4[SigAl,0,0}(OH,F), : Muscovite group)
AP Carbonate-fluorapatite, Hydroxylapatite

Gypsum(CaS04-2H,0),
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Table 5. Results of the laboratory experiment (concentration
of arsenic in leachate: 0.175 mg/I).

mg/1 Arsenic
Sample 1.D reduction

As Cd /n rate(%)
SA 0.003 0.000 0.018 98.3
SB 0.011 0.000 0.064 93.7
SC 0.057 0.000 0.078 67.4
SD 0.118 0.002 0.184 32.6
AP-1 0.054 0.002 0.361 69.1
AP-2 0.031 0.001 0.229 82.3
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