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ABSTRACT

FE

This study is objected to identify the relations between surface- and shallow ground-water and

the seasonal variation of their qualities in watersheds near Muju area. The water type shows

mainly Ca-HCO, type. Heavy-metal contamination of surface water is locally detected, due to

the mixing with mine drainage. In October. nitrate concentration is especially high in densely

populated area. Cluster Analysis and Principal Component Analysis are implemented to interpret

the complexity of the chemical variation of surface- and ground-water with large amount of

chemical data. Based on the cluster analysis, surface-water was divided into five groups and

ground-water into three groups. Principal Component Analysis efficiently supports the result of

cluster analysis, allowing the identification of three main factors controlling the water quality.

There are (1) hydrogeochemical factor, (2) anthropogenic factor and (3) heavy metal

contaminated by mine drainage.
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Fig. 1. Geologic map of the study area (Park and Lee, 1997).
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Fig.2. Sampling locations of the study area: GW
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respectively.
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Fig.3. Variations of pH, EC and temperature of
surface- and ground-water samples in
August and October: watersheds (A) and
(B) are divided by the vertical line.
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Fig.6. Groups of surface- and ground-water based on the cluster analysis
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Table. 1. Rotated Component Matrix of Water-Quality Parameters

Surface-Water Surface-Water
2 3 4 October 1 2 3 4
K 818 [S5491E03| 237 K 822 387 163 -.151

Na 304 161 170 713 Na 958 105 140 | 2.762E-02
Ca 904 -8.10E-02 | 2.275E-02| 359 Ca 418 788 228 1.828E-02
Mg 958 -153 | -6.08E-02 133 Mg 256 868 158 -5.46E-02
Si 520 185 -417 =271 i 2282E-02| .190 -109 | 4.687E-03
Zn -.138 892  |3819E-03| -235 Zn -.169 -147 | -8.07E-02 952

Cd -8.27E-02 .896 -1.76E-02 240 Cd -174 -134 | -8.20E-02 949

Pb -457 370 523 -8.34E-02 Fe 4247E-02 | -5.11E-02 948 -7.29E-(02
Fe 6.410E-02 | -1.79E-02 | 5.294E-03 130 Mn 363 140 746 -1.62E-02
Mn 6.562E-02| 212 -.149 802 Al -6.70E-02 157 880 | 1.565E-02
Cl

Al 3.281E-02 | -7.33E-02 | 2.736E-02 | -3.53E-02 904 294 128 | -5.94E-02

Cl 1462E-02| -.141 814 367 SO, 432 |3595E-02| .155 751

SO, .196 -110 228 805 HCO, 204 880 .196 -252
HCO, 930 -202 | -6.00E-02 | .182 F -1.33E02| 772 -179 | -7.42E-02
F -599E-03| -248 -564 | 9.866E-02|| NO,-N J47 | -148E02 | -190 | -4.44E-02
NO,-N -108 -162 931 | 1.955E-02
Initial eigenvalue|  4.193 2.895 2.609 2016 ||Initial eigenvalue| 5.447 2.526 2248 1.767

Cumuative % of |  26.207 44,303 60.609 73209 || Cumuative % of | 36.317 53.155 68.139 79917
variance variance
Ground-Water October Ground-Water
1 2 3 4 1 2 3 4

K 1.270E-02 | .821 173 -174 K -159 746 -3.30E-02 | -333

Na 417 | 5591E-02| .243 -574 Na 373 499 258 A87
Ca 948 135 1.849E-02 | -.121 Ca 979 | 9.762E-02 | 3.150E-03 | 3.820E-02
Mg 957 | 4220E-02}{5001E-02| -.100 Mg 958 | 4.014E-02 | 1.511E-04 | -1.21E-02

Si -.147 275 942E-03 | -208 Si -8.64E-02 234 151 -152

Zn 112 -7.04E-02 935 | 8.969E-02 Zn -246E-02 | 3.798E-02 | .832 202

Cd -.146 -.169 473 686 Fe 242 -182 .807 -.367
Pb -.678 -139 | 7.897E-02| -.145 Mn 4281E02| -101 923 | 2.336E-03

Fe -3.02E-02 | -9.20E-02 248 683 Al -4.82E-02 | 8.086E-02 | 2.857E-02| -.199

Mn 9.417E-02 | -1.37E-02 957 120 Cl 143 .855 -1.08E-02 251

Cl 307 .861 -6.84E-02 | -5.98E-02 SO, 453 421 2941E-02| -.600

SO, 541 329 4.39E-02 499 HCO, 869 -278 208 304
HCO, 882 -.249 258 -202 F 307 -8.57E-02 | -1.21E-02

F 439 -566 | 8.657E-02| -132 NO,-N 241E-02 838 -273
NO,-N -3.13E-02 860 -306 | -2.02E-03
Initial eigenvalue|  4.195 3378 2.124 1.358 ||Initial eigenvalve|  3.798 2932 2.150
Cumuative % of |  27.966 50.488 64.650 73.704 || Cumuative % of | 27.128 48.072 63.431
variance variance

August
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Appendix [. Chemical data of water in this area
(91 :mg/l)
August | K Na Ca | Mg Si Zn Cd Pb Fe | Mn Al Cu Cl | SO, |HCO,| F |NO,-N
SW1 1.04 | 296 | 3.57 | 1.22 | 5.57 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 2.29 | 18.87 | 0.18 | BDL
SW3 | 302 | 334 | 1084 | 357 | 582 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 2.55 | 4.73 | 50.31 | 0.31 | 0.07
Sw4 | 1.05 | 296 | 1494 | 563 | 6.13 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 0.62 | 4.65 | 74.45| BDL | BDL
SW6 1.10 | 346 | 1664 | 553 | 6.09 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 2.37 | 7.90 | 73.05| 1.28 | 0.05
SW8 | 206 | 5.16 | 1894 | 5115 | 6.23 | BDL | BDL | BDL | 0.054 | BDL | 0.044 | BDL | 3.99 | 8.74 | 76.20 | 0.03 | 0.18
SWI11 | 2,10 | 664 | 1854 | 5.14 | 7.00 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 3.83 | 833 | 67.37| 0.03 | 0.26
SWI15 | 209 | 562 | 1864 | 531 | 593 | BDL | BDL | 0.041 | BDL | BDL | BDL | BDL | 3.96 | 4.77 | 70.15 | BDL | 0.69
SW16 | 7.01 | 440 | 461 | 1.02 | 559 | BDL | BDL | 0.030 | BDL | BDL | BDL | BDL | 096 | 3.39 | 22.11| 0.36 | BDL
SW18 | 200 | 3.75 | 1094 | 271 | 1.13 | BDL | BDL | 0.024 | BDL | BDL | BDL | BDL | 2.14 | 7.24 | 40.49 | BDL | 0.62
SW20 | 800 | 380 | 7.36 | 1.67 | 5.65 | 2.360| 0.012 | 0.027 | BDL | BDL | BDL | BDL | 0.39 | 134 | 1831 | 0.07 | BDL
SWI121 | 205 | 438 | 1244 | 296 | 2.64 | BDL | BDL | 0.024 | BDL | BDL | BDL | BDL | 20.66 | 18.16 | 46.74 | BDL | 2.02
SW122 | 2.04 | 440 | 1144 | 2.16 | 3.55 | BDL | BDL | 0.016 | BDL | BDL | BDL | BDL | 0.82 | 0.97 | 41.10| 0.27 | BDL
SW123 | 201 | 384 | 1064 | 262 | 146 | BDL | BDL | 0.020 | BDL | BDL | BDL | BDL | 2.79 | 13.15| 40.66 | 0.27 | 0.03
SW21 | 1.08 | 295 | 26.04| 845 | 575 | BDL | BDL | BDL | BDL | BDL | BDL | 0.037 | 0.20 | 3.15 |113.18] 0.27 | BDL
Sw22 | 202 | 3.13 | 2164} 696 | 644 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 1.06 | 5.38 {94.80| 0.28 | BDL
Sw23 | 107 | 424 | 1984 | 7.07 | 535 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 1.37 | 3.77 | 9820 | 0.28 | BDL
SW26 | 405 ) 620 | 21.74| 6.14 | 536 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 5.03 | 7.87 | 92.34| 0.26 | 0.21
SW27 | 403 | 651 | 2534} 7.72 | 541 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 4.32 | 31.67 | 87.11 | 0.21 | 0.08
SW28 | 408 | 6.37 | 24.14| 647 | 538 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 3.77 | 18.32| 88.72| 022 | 0.03
SW29 | 1.09 | 478 | 7.15 | 143 | 543 | BDL | BDL | BDL | BDL | BDL | 0.003 | BDL | 1.40 | 1342|2695 | 025 | BDL
SW33 | 404 | 6.54 | 2294 581 | 4.63 | 0.002| 0.006 | 0.006 | 0.011 { 0.010 | BDL | BDL | 5.17 | 19.88 | 86.94 | 0.25 | BDL
SW34 | 404 | 6.68 | 23.74 | 553 | 458 | BDL | 0.005| 0.008 | 0.005 | 0.007 | BDL | 0.008 | 5.51 | 19.33 | 82.50 | 0.25 | 0.06
GW2 | 1.06 | 569 | 17.34| 470 | 8.55 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 3.06 | 596 | 7147 | 041 | 0.30
GW5 | 1.02 |42.30|19.14| 494 | 8.89 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 2.37 | 7.90 |116.82] 0.22 | 0.05
GW7 | 6.07 | 15902064 | 5.64 | 1190 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 17.11 | 13.69 | 46.40 | BDL | 2.37
GW9 | 8.03 | 1840 | 30.14 | 7.08 | 10.80 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 24.60 | 20.02 | 53.71 | BDL | 3.92
GWI10 | 1.06 | 17.60 | 4294 | 1200 | 631 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 9.35 | 12.62 |189.60| 0.58 | 0.60
GWI12 | 1.04 | 7.76 | 1204 | 471 | 1140 BDL | BDL | BDL | BDL | BDL | BDL | BDL | 9.34 | 12.60 | 53.43 | 0.76 | 0.61
GWI13 | 3.07 | 7.64 | 940 | 352 | 7.69 | BDL { BDL | 0.020 | BDL | BDL | BDL | BDL | 245 | 1.18 | 1401 | BDL | 041
GW14 | 409 | 7.57 | 11.54| 328 | 798 | BDL | BDL | 0.023 | BDL | BDL | BDL | BDL | 8.07 | 8.75 | 28.36| 0.20 | 1.18
GW17 | 1.09 | 7.14 | 8.80 | 1.97 | 6.58 { BDL | BDL | 0.023 | BDL | BDL | BDL | BDL | 3.96 | 4.77 | 28.12| 0.15 | 0.69
GWI19 | 023 (1370 | 1474 | 5.12 | 822 | BDL | BDL | 0.016 | BDL | BDL | BDL | BDL | 3.38 | 3.76 | 49.35| 0.24 | 046
GW23 | 608 | 673 | 12.54| 429 | 7.53 | 0.055| 0.008 | 0.007 | 0.015 | 0.089 | BDL | 0.112 | 6.93 | 8.88 | 46.47| 0.21 | 0.70
GW24 | 101 {1210 | 744 | 2.44 | 1450 | 0.020 | 0.007 | 0.010 | BDL | 0.003 | BDL | BDL | 7.14 | 1.88 | 30.66| 0.22 | 1.15
GW25 | 0.18 | 944 | 1494 | 403 | 8.04 | BDL | BDL | BDL | BDL | BDL | BDL | 0.026 | 12.89 | 14.36 | 25.43 | BDL | 2.72
GW28 | 0.11 | 890 | 14.84| 525 | 6.81 | 0.035| 0.006 | 0.011 | BDL | 0.007 | BDL | BDL | 526 | 1639 | 46.18 | 043 | 1.57
GW29 | 1.08 | 570 | 7.17 | 291 | 7.31 | 0.014 | 0.007 | 0.160 | BDL | 0.003 | BDL | BDL | 2.81 | 6.15 | 26.04 | BDL | 0.60
GW30 | 1.06 | 5.28 | 1524 | 473 | 7.96 | 0.100 | 0.007 | BDL | 0.035 | 0.048 | BDL | 0.031 | 4.41 | 28.14 | 47.04| 0.29 | BDL
GW31 | 012 | 8.02 | 845 | 2.82 | 7.38 | 0.009 | 0.006 | 0.011| 0.047 | 0.004 | BDL | BDL. | 7.19 | 894 | 2890 | BDL | 1.27
GW32 | 1.01 [ 1370 | 43.64| 9.77 | 8.72 | 0.023 | 0.006 | BDL | 0.034 | 0.015 | BDL | BDL | 7.12 | 14.19 |170.83| 0.25 | BDL
GW35 | 202 [21.60 | 22.14| 649 | 7.82 | 0362 | 0.006 | 0.011 | 0.036 | 0.170 | BDL | 0.009 | 7.41 | 847 !133.88] 0.37 | BDL
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{Appendix [. continued)
(&9]:mg/h)
October | K Na Ca | Mg Si Zn Cd Pb Fe Mn Al Cu Cl | SO, |HCO,, F |NO,-N
SW1 247 | 1.63 | 592 | 204 | 6.06 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 342 | 5.51 |25.19| BDL | 041
SW3 | 285 | 202 |13.00| 3.67 | 577 | BDL | BDL | BDL | 0.008 | BDL | BDL | BDL | 4.13 | 6.57 | 51.04 | BDL | 1.21
Sw4 1.73 | 1.67 | 17.00| 584 | 6.12 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 3.09 | 7.19 | 72.23 | BDL | 0.67
SW6 | 456 | 2.89 |38.00, 1040 8.09 | BDL | BDL { BDL | BDL | BDL | BDL | BDL | 7.92 | 9.70 |141.81| BDL | 1.65
SW8 | 740 | 579 | 27.80| 6.27 | 6.16 | BDL | BDL | BDL | 0.007 | 0.005 | BDL | BDL | 13.03 | 21.98 | 80.99 | BDL | 2.63
SWI11 | 6.03 | 465 [ 20.80| 540 | 693 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 10.20 | 10.62 | 65.32 | BDL | 5.74
SW15 | 321 | 427 {2450 533 | 588 | BDL | BDL | BDL | 0.004 | BDL | BDL | BDL | 9.75 | 15.05| 73.78 | BDL | 2.35
SW16 | 058 | 254 | 575 | 120 | 538 | BDL | BDL | BDL | 0.005 | BDL | BDL | BDL | 404 | 429 | 2695 | BDL | 0.19
SWI8 | 243 | 229 | 13.80| 292 | 0.10 | BDL | BDL | BDL | 0.007 | BDL | BDL | BDL | 4.57 | 898 | 49.26 | BDL | 0.87
SW20 | 0.79 | 2.12 | 1390| 291 | 5.03 | 4370 0.051 | BDL | BDL | BDL | BDL | BDL | 247 | 46.78 | 14.23 | BDL | 0.97
SWI121 | 407 | 429 | 2420| 506 | 2.69 | 0.057 | BDL | BDL | 0.014 | 0.009 | BDL | BDL | 7.04 | 37.96 | 56.63 | BDL | 0.57
SWI122 | 3.05 | 2.41 | 1440| 248 | 239 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 4.55 | 10.37 | 48.31 | BDL | 0.97
SWI123 | 254 | 229 | 16.70| 3.17 | 090 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 441 | 9.15 | 5731 | 0.33 | 0.97
SW21 | 3.73 | 1.82 {28.40| 7.86 | 5.77 | BDL | BDL | BDL | 0.014 | 0.007 | 0.006 | BDL | 3.77 | 7.60 [117.50| 0.46 | 0.65
SW22 | 252 | 1.74 | 22.60| 647 | 628 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 394 | 7.07 | 97.20| 0.52 | 0.38
SW23 | 3.04 | 248 | 23.60| 7.26 | 5.82 | BDL | BDL | BDL | 0.004 | BDL | BDL | BDL | 6.79 | 7.38 |103.44| 0.56 | 0.45
SW26 |10.55| 5.10 | 25.20| 6.52 | 5.03 | BDL | BDL | BDL | 0.006 | 0.018 | BDL | BDL | 14.42 | 12.98 [108.40| 042 | 2.49
SW27 | 574 | 470 | 29.00| 7.83 | 467 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 12.31 | 32.53 {100.10] 0.59 | 2.15
SW28 | 7.39 | 498 | 2720 7.05 | 437 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 14.09 | 28.28 | 97.59| 0.71 | 2.15
SW29 | 295 | 407 | 12.10| 237 | 535 | 0.167 | BDL | BDL | 0.004 | BDL | BDL | BDL | 9.60 | 29.36 | 23.53 | BDL | 0.85
SW33 | 557 | 475 | 28.101 6.62 | 3.65 | BDL | BDL | BDL | 0.022 | 0.013 | 0.001 | BDL | 13.00 | 30.55| 95.85| BDL | 1.14
SW34 | 499 | 4.71 | 28.50| 6.64 | 3.53 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 13.12 | 31.01 | 94.00 | BDL | 1.11
GW2 1.88 | 417 |2060| 478 | 9.11 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 5.09 | 7.92 | 76.06 | 044 | 2.56
GW5 1.25 | 2047|2060 | 397 | 8.73 | 0.015| BDL | BDL | BDL | 0.009 | BDL | BDL | 28.67 | 11.73 |113.13| 1.03 | 1.05
GW7 | 759 | 9.66 | 19.80| 5.15 | 12.00| 0.053 | BDL | BDL | 0.044 | BDL | BDL | BDL | 18.01 | 15.51 | 47.33 | BDL | 9.94
GW9 | 493 |11.77|3250| 6.59 | 10.80| BDL | BDL | BDL | BDL | BDL | BDL | BDL | 24.56 | 20.97 | 49.26 | BDL | 16.26
GWI10 | 146 | 1297 | 49.30| 12.10 | 5.61 | 0.022 | BDL | BDL | BDL | BDL | BDL | BDL | 10.09 | 14.04 {213.67| 0.79 | 1.52
GWI12 | 132 | 428 | 1240| 430 | 10501 0.173 | BDL | BDL | BDL | BDL | BDL | BDL | 6.84 | 4.51 | 5040 0.76 | 4.31
GWI13 | 585 | 632 [ 14.10| 473 | 7.81 | 0.022 | BDL | BDL | BDL | BDL | BDL | BDL | 27.25| 11.51 | 1428 | BDL | 8.29
GW14 | 742 |12.17 1 1930| 492 | 7.68 | 0.059 | BDL | BDL | 0.006 | BDL | BDL | BDL | 34.36 | 13.54 | 48.28 | BDL | 7.10
GW17 | 095 | 3.19 | 634 | 151 | 8.86 | 0.016| BDL | BDL | BDL | BDL | BDL | BDL | 3.55 | 4.52 | 30.85 | BDL | 1.35
GW19 | 079 | 250 | 3.04 | 224 | 479 | BDL | BDL | BDL | BDL | BDL | BDL | BDL | 3.57 | 946 | 39.74 | BDL | BDL
GW23 | 1445 446 | 6.11 | 1.84 | 939 | 0.017 | BDL | BDL | 0.044 | 0.035 | BDL | BDL | 12.63 | 11.76 | 24.09 | BDL | 4.97
GW24 | 159 | 6.39 | 14.00| 4.10 | 1220 | BDL | BDL | BDL | 0.024 | 0.062 | BDL | BDL | 941 | 1220 | 52.14 | BDL | 2.84
GW25 | 2495|1027 | 2230| 5.76 | 8.740| 0.053 | BDL | BDL | BDL | BDL | BDL | BDL | 25.05| 19.59 | 26.34 | BDL | 16.83
GW28 | 10.10 | 5.80 | 1430| 5.06 | 6.44 | 0.047 | BDL | BDL | 0.008 | 0.010 | 0.011 | BDL | 7.20 | 20.55 | 51.62 | BDL | 3.69
GW29 | 1.84 | 352 | 9.17 | 3.36 | 815 | 0.012| BDL | BDL | BDL | BDL | BDL | BDL | 5.05 | 7.96 | 30.98 | BDL | 3.90
GW30 | 146 | 278 | 1450| 441 | 836 | 0.110| BDL | BDL | 0.051 { 0.037 | BDL | BDL | 5.00 | 23.11 | 44.33 | BDL | 0.21
GW31 | 674 | 4.10 | 1290| 3.73 | 6.82 | 0.014 | BDL | BDL | 0.032 | BDL | BDL | BDL | 8.08 | 14.31 | 39.20 | BDL | 2.72
GW32 | 094 | 971 | 44.10| 10.10 | 898 | 0.024 | BDL | BDL | 0.070 | 0.015 | BDL | BDL | 8.52 | 17.97 [175.03| BDL | 0.37
GW35 | 2.15 | 15.07 | 2490| 6.00 | 827 | 0.245| BDL | BDL | 0.092 | 0.154 | BDL | BDL | 14.43| 9.90 [138.03| 0.26 | BDL
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