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£ A7Aelx 2009 3LFE 99 Aleld]l 7 A AT BW), 2H3EAHI(AMDO, AMDI, AMD2, AMD3))el
A 4, pH, Eh, EC, DO 4% %°] dAlA 63 #AZHUoH, Hgt Al E75(AMD0) A-AAM = F3Fo] F4
HArk dF d@AtelA FEEHE AEAI= pH 3 olsky AFiHdSoln, Eh A2 400~600 mVe o]t
Asgablgee] EC ke 39 ujAgeol vls) 10w o EoH, DO AEL FEAH FREE 45E urigkel A
S 53 2 gol S7HEA AMdRHlG W 384 0]29] T Fe>Cu>Zn>Mn>As>Cd 019101, Fe A2
S%7t 81.870~47430 mg/L 24 7HE BT F84% AEE ek #3A7]= 59(As, Cd), 69 (Fe), 72(Cu, Zn,
Mn) o]9loH, HAFLE 49(Cd, Mn)# 99 (Fe, Cu, Zn, Aspll FZHATt s Zahlaol] £25 S350 fEd%L
Fe A% 5344kg, Cu A 625kg, Zn A¥ 526kg, Mn A% 2.13kg, As A% 0.14kg, Cd AE 0.04kg Aol
o} gl AdlelM 1Y Bt fEHe ol SE5Y WAl ZFL 67.26kg ©100H, Fe Aol Al FEFF]
79% A= AASkAL AT

Fgo0] S, AR

i

, euE, FEEw

Field water qualities (temperature, pH, Eh, EC, DO) was monitored by 6 times March to September 2009 on
background water (BW) and acid mine drainage (AMDO0, AMD1, AMD2 and AMD3 points), and flow rate was
measured on AMDO point. Acid mine drainage flowed out from abandoned Ilgwang mine were high acid waters
that lower than pH 3, and Eh component was ranged 400 to 600 mV. EC measured on acid mine drainage were
higher over 10 times than background water, DO component was increased by reaction on the air during the water
flow from AMDO point to AMD4 point. Heavy metal concentrations in acid mine drainage were ordered Fe > Cu >
Zn>Mn > As > Cd, and Fe concentration was highest for 81.870~474.30 mg/L. Monitoring periods measured max-
imum concentrations of heavy metals were May for As and Cd, June for Fe, July for Cu, Zn and Mn. The periods
measured minimum concentrations were monitored April for Cd and Mn, September for Fe, Cu, Zn and As. Dis-
charge mass of heavy metal components were calculated 53.44 kg for Fe, 6.25 kg for Cu, 5.26 kg for Zn, 2.13 kg for
Mn, 0.14 kg for As and 0.04 kg for Cd, respectively. Total discharge mass of heavy metal components were calculated
67.26 kg for 1 day, and Fe component was taken 79% of total mass.
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Table 1. Field water qualities at the monitoring points in
study site.

Components Date  BWI1 AMDOAMDI1 AMD2 AMD3

2009/03/07 5.60 239 228 246 2.50
2009/04/11 593 2.60 251 255 2.56
2009/05/30 6.10 2.56 2.57 2.61 2.62
2009/06/20 6.46 247 253 2.65 2.65
2009/07/31 5.02 236 253 2.68 2.53
2009/09/26 6.06 2.75 2.69 2.86 2.79

pH

2009/03/07 225.4 505.1 508.5 519.6 551.4
2009/04/11 191.3 471.7 557.0 568.6 588.5
Eh 2009/05/30 171.4 457.6 465.7 479.2 4823
(mV) 2009/06/20 108.8 448.7 447.4 451.1 455.8
2009/07/31 278.3 471.1 481.3 493.0 508.7
2009/09/26 188.8 476.6 503.0 527.8 558.7

2009/03/07 136.0 2570.0 2460.0 2080.0 2070.0

2009/04/11 90.6 2610.02650.02170.02380.0

EC 2009/05/30 170.5 2930.0 2860.0 2500.0 2410.0
(uS/ecm)  2009/06/20 149.52760.02690.0 2520.0 2490.0
2009/07/31 222.12510.02300.0 1996.0 2020.0

2009/09/26 165.82500.02280.02120.0 1993.0

2009/03/07 8.20 3.10 7.88 7.74 7.68
2009/04/11 7.86 430 7.48 740 7.16
DO 2009/05/30 7.81 4.80 6.74 727 6.82
(mg/L)  2009/06/20 825 133 7.08 7.53 7.41
2009/07/31 9.60 327 843 920 9.46
2009/09/26 9.45 2.86 7.62 870 9.10

2009/03/07 12.0 16.7 124 10.8 10.8

2009/04/11 17.0 182 208 194 194

Water temp. 2009/05/30 17.6 17.9 189 189 19.7
(°C) 2009/06/20 22.4 184 21.0 21.6 227
2009/07/31 17.6 16.7 184 192 194

2009/09/26 20.2 179 198 204 212
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Fig. 2. Relationship of pH versus Eh for surface waters in
study site.
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Garrels and Christ (1965) 5l <J3 AAIE 22 (mine
water)2] ol E3tEQom, wiAS<E E 300mV ©)
Slo]aL pH 5 odo2A] Akt AFFo Mol
(transition zone)ol| F3H= Ao =2 UERITtHFig. 2).
A7A ] w7l EC 342 250 uS/em ©]3F=A]
okt AW hilaolA = 2,000~3,000 uS/eme] 9]
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Zlolt}, LAkl A7 EC 3] e 594
6¥o] =gkom, 793 9doll= 7R Qlel W s B
Ak, HZ Sl olAAE e e EC 3] e
49 ISAEE Al9Jslale BT Ao, o= AW
AN el 8E510] IR T3 olEo] Higr=
A= S| Witz AAErhEEs] €, 1999).
2Pk Wl DO 382 H334 7oA Hold
TF TIeke AES HIOH, ol AMDO ARdM =
W57t golZE B3 AR U o o
S ARSI AVl ti719k A HEshA
o Akt 8EEo] Itk AMDO A HoIAE= DO §=
7} Smg/L olstel o, 1 stFF-e] I AHEA=
6 mg/L o1de] ke BTk AMddATt 79k HE
3= AMDI~3 A E0IA #AFA7]4] W DO T
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Fig. 3. Flow rate variation with monitoring periods at the
AMDO point.

23R BT t7] S AkAke) whgsie]
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74kt dAgk IAE 7KIThFig. 3). 20099 % F4k
A Q9] 7l 7ol 886 mmBA HTHAoH, 74S
A3l 9 ZrEe] 7 =399 690E 188 mm A=
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79 319 I 4] A=A et 9 el
= 699 ARG fEEe] W A A
o] +PE 64 20¥ °ld 9¥ Bt ATt

B2 Ad7E WiE7) wiielet,

$29 olFof

33
AN AN BAE T e s B35
Al7EE Table 20 AE]=lo] k. F@A4F T2 w7
F U F55 A Huvss Cu 4% 0593 mg/L,
Fe A% 0471mg/lL, Zn 3% 1306 mg/L, As 3%
0.005mg/L, Cd A% 0.008mg/L, Mn A% 1497 mg/L
o], T A)71E Fe, As © Cd RS A9)sle
BT 7ol r). AWkl 5% $E= Cd, Mn
‘deollxs wizdare] 4 wela, WA RS
v o) de] e VeIt 2 A7 GelA] 2HdgAt
el ofst S Rl o] A7EE &+ A
Ao, olH g BT FRE ulE SRR A
EHo" {EEI Ut
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Mn>As>Cd o)™, 7MY 2 =5 HQl Fe 4
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STH(Table 2). Cu A3%-2] &% W= 7.532~59.830 mg/L,
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Table 2. Heavy metal concentrations of sampled waters with monitoring periods (unit : ppm).

Component Sampling date BW AMDO AMDI1 AMD2 AMD3
7 March 0.011 26.782 24.017 20.205 20.112
11 April 0.011 32.610 40.530 23.680 33.400
Cu 30 May 0.105 41.730 39.990 35.480 35.390
20 June N.D. 24.610 22.760 19.610 19.670
31 July 0.593 59.830 52.270 43.150 44.090
26 September N.D. 15.850 14.010 9.257 7.532
7 March N.D. 225.797 202.539 140.828 160.749
11 April N.D. 359.100 346.600 196.300 291.300
Fe 30 May 0.025 420.900 360.600 309.200 300.000
20 June 0.471 474.300 438.700 357.400 332.700
31 July 0.121 417.300 314.500 235.600 242.100
26 September 0.039 178.800 108.100 108.500 81.870
7 March N.D. 23.570 20.321 17.8300 17.391
11 April N.D. 27.050 33.860 19.560 27.830
7n 30 May 0.363 36.210 34.820 30.990 30.860
20 June N.D. 23.210 21.910 18.620 18.720
31 July 1.306 48.090 43.940 37.970 38.260
26 September 0.106 19.520 17.390 14.230 12.870
7 March N.D. N.D. N.D. N.D. N.D.
11 April N.D. 0.671 0.577 0.404 0.157
As 30 May 0.005 3.211 2771 2223 1.870
20 June N.D. 1.039 0.647 0.355 0.264
31 July N.D. 0.450 0.252 0.151 0.161
26 September N.D. 0.122 N.D. N.D. N.D.
7 March N.D. N.D. N.D. N.D. N.D.
11 April N.D. 0.288 0.360 0.273 0.148
cd 30 May N.D. 0.368 0.349 0314 0.310
20 June N.D. 0.265 0.243 0.213 0.211
31 July 0.008 0.225 0.198 0.173 0.174
26 September 0.007 0.234 0.203 0.174 0.157
7 March 0.352 11.950 10.764 9.419 9.252
11 April N.D. 11.730 16.440 12.260 6.701
Mn 30 May 0.790 13.840 13.770 12.460 12.390
20 June 0.350 14.050 13.310 11.84 11.960
31 July 1.497 17.290 15.410 12.870 13.210
26 September 0.368 11.320 9.876 8.764 8.279
N.D. : Not detected.
Zn AEL 12.870~48.090 mg/L, Mn AEL 6.701~ o, HAFEe Cdat Mn Aol 4¥0]3 L] A
17290mg/L °2 2™, As9} Cd A2 A8 ol3i’l EE2 9ot FHE ] Harses BF AMDO
e Aol HSEALH, FATHA] olkj] AE 23

0.148~0.368 mg/Le] HHE YERSITE B=77¢
HAEEe} HEEe] Hl= Aset Cd RS A9
of 3-8l A== Jehith ASAI7E Hulses
Cd o] 59, Fe Aol 64, YA ARES 790

e AL As AE-2 0.122~3211 mg/L, Cd 73
|

ES‘JO}H
o, 1A

HAaFEe

AMD3 A Fdelx] &=
gl W 5 o0 AMDO A3elA

TEE

ueh AMD3 A olbEEr Auteleiolst whglol

FFEapel] HHE%17] wliZe]thSoutham and Beveridge,
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Fig. 4. Heavy metal concentrations of AMD at the monitoring points.
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