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ABSTRACT

Nitrate contamination by human activities is a serious problem to water-supply in agricultural area. Shallow groundwater
is the main source of water-supply, but it is very sensitive to contamination. Study area for nitrate contamination is a region
of Iljuk, Kyunggi where is an agricultural area having many livestock facilities in various scales. As a result, the points
having availability of incoming of external contaminant are 77%, and the ones over the Drinking Water Limit (DWL) are
32~42%. For a nitrogen isotope analysis, all the points having availability of incoming of external contaminant have §'°N-
NO; values over 5%e, and the points of 59% are strongly affected by nitrogen originated from animal wastes. The major
source of nitrate in this area is intensive livestock facilities. Even though a livestock facility had enclosed, it affects
groundwater quality for a long time. The chemical property of contaminant source is various according to animal species
in surface water, but not in groundwater since some solutes are removed by reactions during an inflow to subsurface.
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Fig. 1. Land-use of study area.
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Fig. 2. Locations of water-sampling positions and livestock facilities.
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Table 1. Field Parameters, Concentrations of Chemical Compounds and 8'°N-NO; in Water Samples

Sample pH Temp. (°C) | EC (uS/cm) Eh (mV) NH; (mg/l) | NO, (mg/) |NO;N (mgl) |5 N-NO,
No. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. )
GWL| 63 | 61 | 139 | 139 | 254 | 214 | 446 | 406 | <01 | <01 | <01 | <0.1 | 86 | 83 16.0
GW2 | 67 | 60 | 98 | 112 | 177 | 144 | 359 | 416 | <01 | <0.1 | <0.1 | <0.1 | 53 | 54 5.8
GW3 | 68 | 63 | 129 [ 134 | 219 | 186 | 389 | 388 | <0.1 | <0.1 | <0.1 | <0.1 | 22 | 23 -7.1
GW5| 72 | 58 | 135 | 138 | 315 | 275 | 403 | 415 | <01 | <0.1 | <0.1 | <0.1 | 146 | 143 8.1
GW6 | 60 | 54 | 145 | 135 | 305 | 261 | 441 | 418 | <01 | <0.1 | <01 | <0.1 | 10.7 | 107 97
cw8 | 55 | 57 | 127 | 134 | 680 | 412 | 473 | 573 | <0.1 | <0.1 | <0.1 | <0.1 | 347 | 326 | 120
GW9 | 57 | 61 | 123 | 142 | 203 | 163 | 446 | 401 | <0.1 | <01 | <0.1 | <0.1 | 104 | 80 56
GWIO| 57 | 58 | 126 | 134 [ 256 | 224 | 485 | 423 | <0.1 | <0.1 | <0.1 | <0.1 | 9.1 35 21.3
GWI1| 48 | 58 | 132 | 141 | 216 | 191 | 455 | 401 | <0.1 | <01 | <0.1 | <0.1 | 67 | 7.0 9.4
GWI12| 57 | 60 | 127 | 132 | 250 | 217 | 438 | 434 | <0.1 | <01 | <0.1 | <0.1 | 9.1 93 8.5
GWI13| 58 | 62 | 125 | 141 | 409 | 346 | 406 | 360 | <0.1 | <0.1 | <0.1 | <0.1 | 243 | 226 | 13.1
Gwl4| 6.1 58 | 127 | 139 | 211 | 174 | 74 | 433 | <01 | <0.1 | <0.1 | <0.1 | 18 18 144
GW15| 6.1 63 | 142 1 145 | 237 | 201 | 433 | 412 | <01 | <01 | <0.1 | <01 | 24 | 22 6.7
GWI6| 56 | 6.0 | 116 | 13.1 | 148 | 120 | 404 | 402 | <01 | <01 | <0.1 | <01 | 1.7 1.7 48
GWI17| 56 | 59 | 128 | 138 | 275 | 241 | 332 | 410 | <01 | <01 | <01 | <0.1 | 83 | 83 55
GW19] 68 | 61 | 126 | 135 | 290 | 249 | 395 | 425 | <0.1 | <01 | <0.1 | <0.1 | 153 | 153 7.7
GW20) 63 | 57 | 128 | 142 | 354 | 311 | 369 | 422 | <0.1 | <0.1 | <0.1 | <0.1 | 11.0 | 74 10.6
Gw23 6.4 109 247 406 <0.1 <0.1 6.9 98
GW26 6.3 107 102 399 <0.1 <0.1 0.7 -05
GW27 59 14.0 200 430 <0.1 <0.1 10.2 5.7
GW28 5.5 132 263 418 <0.1 <0.1 15.0 9.2
GW29 6.2 139 250 412 <0.1 <0.1 8.6 10.5
swi| 78 | 77 | 50 | 178 | 198 | 163 | 338 | 405 | <0.1 | <0.1 | <0.1 | <0.1 | 1.78 | 047 8.0
SW2 6.9 17.0 204 367 <0.1 <0.1 005 | -50
SW3 | 7.1 65 | 88 | 87 | 215 | 182 | 415 | 342 | <01 | <0.1 | <0.1 | <0.1 | 1.16 | 0.26 3.1
SW4 6.6 10.7 206 377 <0.1 <0.1 033 | 109
sws{ 70 | 70 | 53 | 105 | 313 | 268 | 290 | 379 | 64 | 37 | <0.1 | 0.12 | 201 | 1.03 196 -
Rain 62 135 15 374 0.9 <0.1 067 | -19
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Table 1. continued (unit : mg/l)

Sample K Na Ca Mg Cl PO, SO, HCO;,
No. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr. | Feb. | Apr

GW1| 15 1.7 | 128 | 133 | 225 | 231 | 47 48 | 184 | 179 | <0.1 | <0.1 | 159 | 164 | 48.0 | 447
Gw2 | 11 1.0 93 | 103 | 13.8 | 142 | 3.1 35 | 109 | 108 | <0.1 | <0.1 | 124 | 119 | 325 | 345
GW3 | 13 1.5 | 104 | 108 | 20.7 | 21.2 | 46 47 | 110 | 11.1 | <0.1 | <0.1 | 72 75 | 832 | 798
GW5 | 16 1.8 | 123 | 131 | 285 1 29.1 | 64 67 [ 204 | 209 | <0.1 | <0.1 | 10.7 | 105 | 528 | 51.8
Gwe | 1.0 12 | 143 | 150 { 289 | 299 | 4.1 43 1196 | 205 | <0.1 | <0.1 | 195 | 20.1 | 450 | 45.1
GW8 | 1.6 22 | 395 | 374 | 623 | 570 | 9.0 84 | 502 | 463 | <0.1 | <0.1 | 589 | 549 [ 50.8 | 47.7
GW9 | 10 13 | 134 | 135 1 147 | 137 | 29 28 | 108 | 78 | <0.1 | <0.1 | 88 62 | 272 | 274
GWI10| 1.1 12 | 121 | 1266 | 227 |} 229 | 50 52 9.7 33 | <01 | <0.1 | 326 | 249 | 362 | 35.1
GWI1| 11 13 | 153 { 161 | 161 | 17.7 | 24 27 | 166 | 173 | <01 | <0.1 | 13.1 | 125 | 394 | 372
GW12| 06 08 | 150 | 153 | 21.7 | 227 | 37 40 | 196 | 192 | <0.1 | <01 | 35 37 | 569 | 555
GW13| 1.0 13 | 189 | 18.0 [ 353 | 325 | 68 6.7 | 253 | 237 | <0.1 | <0.1 | 4.9 51 | 563 | 55.1
Gwl14| 1.0 1.0 | 103 | 107 | 194 | 203 | 3.7 4.1 11.8 | 114 | <0.1 | <0.1 | 8.6 82 | 748 | 73.6
GW15| 1.0 1.0 87 9.0 | 248 | 254 | 55 57 | 11.1 | 108 | <0.1 | <0.1 | 8.6 81 | 947 | 91.0
GW16| 0.7 07 | 103 | 103 | 109 | 105 | 24 25 | 129 [ 123 | <01 | <0.1 | 02 02 | 499 | 496
GwW17| 14 15 | 107 | 114 | 255 | 258 | 76 78 | 175 | 173 | <0.1 | <0.1 | 80 79 | 759 | 740
GWI19( 2.0 20 [ 130 | 139 | 21.7 | 228 | 7.0 74 | 172 | 176 | <01 | <0.1 | 43 46 | 499 | 510
GW20 1.8 1.7 | 141 | 150 | 319 | 328 | 81 85 | 279 | 209 | <01 | <0.1 | 166 | 113 | 613 | 613

GwW23 34 14.0 245 6.2 24.8 <0.1 13.1 60.2
GW26 0.8 6.8 129 22 29 <0.1 44 56.5
GW27 1.9 13.7 18.8 38 15.1 <0.1 10.5 34.1
GWwW28 1.8 14.5 24.6 7.0 20.6 <0.1 72 469
GW29 13 132 268 6.9 20.9 <0.1 7.1 74.2
SW1 | 25 28 94 | 105 | 169 | 181 | 29 30 | 173 | 11.1 | <01 | <0.1 | 92 59 | 534 | 584
SwW2 26 12.5 23.6 43 20.3 <0.1 8.9 83.7
SW3 | 22 2.1 104 | 107 | 207 | 22.1 | 4.0 42 | 183 [ 172 | <0.1 | <0.1 | 100 | 83 | 69.0 [ 79.7
Sw4 23 12.4 24.8 45 18.8 <0.1 10.0 90.2
SW5 | 54 44 | 125 | 147 | 248 | 280 | 47 52 |1 1951 215 | <0.1 | <0.1 | 147 | 10.8 | 1004 | 109.5
Rain 0.4 0.8 0.5 0.1 0.8 <0.1 0.8 3.1

Table 2. Correlation Matrix of Solutes in Groundwater Samples : a) in Feb., b) in Apr. Shaded Value is Significant in The Significance
Level of 99%

a) Cl NO;-N SO, HCO; Na K Mg Ca Si
Cl 1.000
NO;-N .869 1.000
SO, 687 628 1.000
HCO; -.042 -253 -231 1.000
Na 922 .881 788 —-.186 1.000
K .399 399 289 042 233 1.000
Mg 689 674 439 321 .506 713 1.000
Ca 916 .857 55 139 .864 400 798 1.000
Si -.237 -.279 —-.195 191 —-142 -462 -353 -231 1.000
b) Cl NO;-N SO, HCO; Na K Mg Ca Si
Cl 1.000
NO;-N .846 1.000
SO, 619 580 1.000
HCO; 020 —-.233 -.231 1.000
Na 873 .867 .820 -225 1.000
K 027 -.163 ~.141 .000 -214 1.000
Mg .006 —-.148 —-206 386 —-.269 635 1.000
Ca .858 197 759 163 .846 -127 082 1.000
Si 039 —.056 -252 322 —-.025 -.160 .068 009 1.000
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Table 3. Total Variances Explained and Component Matrixes by

Chemical Data of Groundwater Extraction Method : Principal
Component Analysis

Component
February April
1 2 1 2

Cl 938 -.034 .896 .233
NO;-N 914 -.157 .895 -.039
SO, 790 —-.261 835 -.107
HCO; —.085 592 -179 .561

Zn —-.154 244 -.056 -.015

Na .899 -.301 981 -.071

K 536 560 -204 551

Mg .790 542 -.187 .897

Ca 949 048 907 294

Si —-.368 -226 -.035 244

Mn 190 685 056 674
Total 5.313 2229 4372 2.123

% of Variance | 44.278 18.575 36.437 17.688
Cumulative % | 44.278 62.853 36.437 54.125
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Fig. 7. Frequence of groundwater and surface water samples

(n=27) by 8'°N-NO; ranges.
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Table 4. Component and Concentration of Livestock Effluent (Unit : mg/l)

pH Eh (mV) | T (°C) Na NH, K Mg Ca Mn Si
Poultry House 8.988 231 15 724 7160 5570 <3 170 <3 14
Pigpen 9512 136 18 174 2390 844 34 17 <3 13

Fe Cd Pb Zn F Cl NO, NO;-N PO, SO4
Poultry House 1.167 <0.02 0.07 0.50 <1 1670 22 <1 288 726
Pigpen 0.216 <0.02 0.10 0.10 <1 507 <1 8 26 477
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