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ABSTRACT : In Gosung, the symptoms similar to itai-itai disease from neighboring residents of the
Samsanjeil mine have been social issues. Therefore, various researches on the behavior of heavy metals
of the tailings impoundment of 280,000 ton in the Samsanjeil mine are required. In this paper,
mineralogical and geochemical studies on the tailings at different depths in the Samsanjeil mine were
investigated and the factors on the behavior of heavy metals were also studied. At two sampling sites
(NN and SN), samples were collected at different depths down to 1 m. At NN sites, pH values
decreased with depth, while those at SN sites did not show significant changes. XRD analysis showed
that the main minerals in the tailings were quartz, microcline, muscovite, and chlorite with minor
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amount of gypsum. There were no noticeable changes in the mineral composition with depth. At NN
sites, the amount of calcite was negligible, and jarosite, which usually occurs at acid soil or acid mine
drainage at pH lower than 4, was identified. However, the samples at SN site contained relatively high
contents of calcite with pyrite. Therefore, calcite seemed to buffer the acid and control pH at SN site.
The contents of heavy metals in tailings were in the order of Cu > As > Zn > Pb > Co > Cr > Ni >
Cd. The heavy metal concentrations in the tailings were closely related with pH changes. The
concentrations of Cd and Co were much lower at NN site at which pH values are low than those at
SN sites. Contrary to that, Cr and As which exist as oxyanions showed higher concentrations at SN
sites. This result showed that the behaviors of heavy metals in our study area were controlled by pH

which is influenced by the contents of calcite.

Key words : Samsanjeil mine, tailings, calcite, heavy metal, pH
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Table 1. Description of each samples collected at Samsanjeil mine and their pH values

Sample No. Depth (cm) Color pH
NN1 0~10 reddish brown 7.18
NN2 10~20 reddish brown 7.16
NN3 20~30 reddish brown 6.93
NN4 30~40 reddish brown 4.36
NNS 40~50 washy yellow and reddish brown 4.22
NN6 55~67 yellow 3.11
NN7 67~ 88 washy yellow and reddish brown 2.80
NN8 below 88 reddish brown 3.57
SN1 0~10 washy red and grayish green 8.64
SN2 10~20 grayish green 8.80
SN3 20~30 grayish green 8.71
SN4 30~40 grayish green 8.57
SN5 40~50 dark grayish green 8.84
SN6 50~69 grayish green 8.81
SN7 69~90 grayish green 8.14
SN8 90~102 grayish green 8.48
SN9 below 102 grayish green 8.32
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Fg. 1. XRD patterns of tailing samples, NN1, NN7,
SN1, and SN8. Cal: calcite, Chl: chlorite, Gy: gyp-
sum, J: jarosite, Mu: muscovite, Q: quartz, Py: pyrite.
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Table 2. Chemical composition of each samples by XRF analysis
NN1 NN2 NN3 NN4 NNS5 NN6 NN7 NN8
ALO;3 8.99 8.30 8.27 9.39 8.61 7.66 7.40 8.52
CaO 0.37 0.14 0.18 0.15 0.09 0.49 0.08 0.09
Fe,05 11.4 10.9 10.9 11.7 10.9 9.52 11.2 10.7
K>0 1.31 1.23 1.18 1.72 1.53 1.29 0.97 1.25
MgO 2.00 1.66 1.17 1.84 1.63 1.40 1.48 1.63
MnO 0.37 0.30 0.30 0.30 0.28 0.25 0.27 0.29
Na,O 0.24 0.14 0.17 0.15 0.16 0.13 0.10 0.14
P>0s 0.06 0.05 0.06 0.07 0.06 0.04 0.05 0.05
Si0, 71.8 73.4 72.7 70.7 72.9 74.5 70.9 71.8
TiO, 0.34 0.31 0.33 0.38 0.33 0.29 0.26 0.28
LOI 3.89 3.62 3.99 4.18 3.93 4.74 6.96 5.15
SUM 100.7 100.0 99.2 100.5 100.4 100.3 100.7 99.9
SN1 SN2 SN3 SN4 SN5 SN6 SN7 SN8 SN9
AL O3 8.92 8.12 8.25 8.04 7.89 9.12 9.74 8.78 9.62
Ca0O 0.82 1.42 1.28 1.78 2.08 1.90 2.55 1.53 2.06
Fe04 10.7 9.48 9.57 10.4 10.5 12.2 115 10.6 11.4
K0 1.57 1.33 1.41 1.26 1.17 1.41 1.68 1.59 1.74
MgO 1.77 1.54 1.56 1.56 1.59 1.87 1.95 1.68 1.88
MnO 0.37 0.34 0.34 0.39 0.37 0.42 0.45 0.34 0.39
Na;O 0.16 0.19 0.12 0.11 0.15 0.18 0.20 0.20 0.19
P20s 0.06 0.06 0.06 0.06 0.05 0.07 0.07 0.06 0.07
SiO, 71.4 73.1 73.6 70.6 71.9 68.1 66.0 71.5 67.0
TiO, 0.34 0.31 0.31 0.32 0.30 0.36 0.37 0.34 0.37
LOI 3.60 3.89 3.95 4.50 4.44 4.48 5.64 4.01 4.72
SUM 99.7 99.8 100.4 99.1 100.5 100.1 100.1 100.7 99.4
WS Utk 28 25 §UA g ARAGE  Cudh As Z00E FE U9 F BP0l o)
& HelZT Stk oo sl EDSE EAAT  oF 80% ol 42 AX AT 53 cwl AV BE @
Fe, K, S, 07} & HESHER AZAPIEYS  F& Holed], o) # #it9 28 38 F5F
¢ A Ao Aot #H e AoE AZEn dA e
E NN A3 SN AR e 3¢ Zolol met ol
TE2 gt 25 e HolA: gt oz e o}
© Azka 27ke] Aolo] mE AR A o]}
MY ol mE FE4 F wske FReA A ddolE BdHh SN Ag9 A¢ 2
AAEA gon) ol YA Aol L HAY F o7l Aol wek AAH Aol o= i
o) ARG} AR Zpolo) o AR AtmHTh A WIRghE Holu k. F Zor}h Ao UA FF
wHoR o Fulo] TFE Tasel T YFL £ s ML 04 AT F FHE
Cu>As>7Zn>Pb>Co>Cr>Ni>Cd¥ 0] FEH AL HAt} Yolo] & FF& §59
W, F ARA 7 ol TRE FEE 9t Zoje WY ANER g2 AR 37} oy
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Element | Weight%  Atomic%
CK 6.23 12.05
OK 39.64 57.55
SiK 12.44 10.29
SK 7.62 5.52
KK 2.36 140

Fe K 31.71 13.19

Ful Seale 556 cts Cursor: 0.000 v _lotals 110000

Fig. 2. SEM image and EDS of jarosite at NN7 showing high concentrations of S and Fe.
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St71% 3bm SN AlBohE oFF ThE oR3E B 1990). whehAl ool HeiR 2AEtE BEEY
Tk NN A9 A9 394 F7 SN ARt A & s%:t,ﬂol Oﬂﬂ@ﬂ(l)zc point of zero
oS A8 At 4 S558 B4 wekA & charge) olAH pH @& 7bd A4S BERES &
s, &, Ad 59 Aol dEA dojut 24 £F AHEE gA 301 %T}éfﬂ FEEH 57 5‘% 3
HHE BAo] t2A Role A0E 48 4 3l o] @dsiA dojuiy pH} W %EMH% 5
o Fed 5 ¥ MAE oY 84 Fo  FE o] LE0 FiHA ‘”O} 44§29 4 4
Aol AFatg%e] pH #E7L 7H 288 04 o PR AsO W GO g 2ol &i}%ct%gi
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Table 3. The total contents of heavy metals in mine tailings (ppm)
Cr Co Ni Cu Zn As Cd Pb
NN1 10.03 29.50 435 540.3 117.2 163.3 0.33 29.60
NN2 9.75 10.34 3.30 90.73 68.43 284.8 0 43.55
NN3 17.12 14.29 5.48 93.28 101.0 523.8 0 49.23
NN4 13.86 10.34 4.84 125.1 249.3 303.0 0 41.25
NN35 16.10 13.46 5.55 164.5 98.65 319.5 0 69.18
NN6 5.93 7.45 1.99 1017 52.60 140.1 0 132.6
NN7 6.61 35.80 3.09 886.8 1353 646.0 0.14 42.45
NNS8 9.18 53.60 4.86 2808 1344 3533 0.20 36.10
mean 11.34 17.31 4.09 416.8 1175 340.1 0.07 58.27
SN1 4.34 15.70 2.44 239.7 50.28 67.00 0.24 19.40
SN2 6.09 25.58 3.12 223.3 64.08 1224 0.19 22.37
SN3 12.76 77.23 6.67 612.5 147.1 267.3 0.44 43.15
SN4 10.78 95.58 6.53 683.0 174.1 284.8 0.84 53.55
SN5 9.96 86.78 7.45 432.8 136.3 321.8 0.50 54.35
SN6 9.27 82.73 6.30 298.8 111.7 326.5 0.39 37.35
SN7 428 22.00 2.79 357.5 84.30 90.12 0.45 51.60
SN8 5.99 39.70 3.48 203.0 148.2 189.9 0.66 43.50
SN9 16.39 87.10 9.56 391.3 236.0 270.8 0.94 83.03
mean 8.37 51.40 4.76 385.3 114.8 2233 0.42 42.62
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Fig. 3. The concentrations of heavy metals at different depths at tailing landfill sites of the Samsanjeil mine.
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