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ABSTRACT

This study was carried out to provide proper management plans for small portable water supply system in the Nonsan area
through water quality monitoring, hydrogeochemical investigation and multivariate statistical analyses. Nonsan area is a
typical rural area heavily depending on small water supply system for portable usage. Geology of the area is composed of
granite dominantly along with metasedimentary rocks, gneiss and volcanic rocks. The monitoring results of small portable
water supply system showed that 13-21% of groundwaters have exceeded the groundwater standard for drinking water,
which is 5 to 8 times higher than the results from the whole country survey (2.5% in average). The major components
exceeding the standard limits are nitrate-nitrogen, turbidity, total coliform, bacteria, fluoride and arsenic. High nitrate
contamination observed at southern and northern parts of the study area seems to be caused by cultivation practices such
as greenhouses. Although Ca and HCO; are dominant species in groundwater, concentrations of Na, Cl and NO; have
increased at the granitic area indicating anthropogenic contamination. The groundwaters are divided into 2 groups, granite
and metasedimentary rock/gneiss areas, with the second principal component presenting anthropogenic pollution by
cultivation and residence from the principal components analysis. The discriminant analysis, with an error of 5.56%
between initial classification and prediction on geology, can explain more clearly the geochemical characteristics of
groundwaters by geology than the principal components analysis. Based on the obtained results, it is considered that the
multivariate statistical analysis can be used as an effective method to analyze the integrated hydrogeochemical
characteristics and to clearly discriminate variations of the groundwater quality. The research results of small potable water
supply system in the study area showed that the groundwater chemistry is determined by the mixed influence of land use,
soil properties, and topography which are controlled by geology. To properly control and manage small water supply
systems for central and local governments, it is recommended to construct a total database system for groundwater
environment including geology, land use, and topography.
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Fig. 1. (a) Geologic and (b) Land use maps of the study area.
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Fig. 2. (a) Groundwater flow and (b) sampling location maps of the study area.
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Table 1. The monitoring results of water quality for a small water supply system in the study area.
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Fig. 3. The monitoring results of water quality for small water supply system in the study area.
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Fig. 5. Box-Whisker plots indicating groundwater chemical variations which are classified by geology.
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Table 2. The eigenvector components, eigenvalues, and explained variance of principal components from principal components analysis

Variables PC1 PC2 PC3 PC4 PC5
EC 0.422 —-0.025 -0.017 0.054 0.077
Cl 0.355 0.274 —-0.001 0.184 0.264
NO; 0.280 0416 0.233 0.058 —-0.386
SO, 0.259 -0.219 —-0.502 0.321 —0.267
HCO; 0.256 —-0.459 0.046 —-0.363 0.497
Ca 0.354 —-0.268 0.256 -0.204 —0.085
K 0.191 —-0.069 0.533 0.582 0.106
Mg 0.343 —-0.030 0.263 -0.234 —0.157
Na 0.317 0.116 —0.469 0.247 0.325
Si 0.100 0.633 —-0.041 -0.365 0.293
Sr 0.307 —-0.035 -0.225 -0.311 -0.472
Eigenvalue 5.432 1.633 1.205 0.905 0.557
% variance 494 14.9 11.0 8.2 5.1
Cumulative % 494 64.2 752 83.4 88.5
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Fig. 7. The results of (a) principal components analysis (PCA) and (b) discriminant analysis (DA).
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Table 3. Classification and standardized discriminant function coefficients from discriminant analysis

Coefficient Granite Metasediment Gneiss DF1 DF2
Intercept -226.71 —240.86 -217.41
pH 61.83 65.81 61.89 0.366 0.512
EC 0.12 0.05 0.15 -1.383 -3.932
DO -0.59 -0.32 —0.87 0.092 0.436
Cl 0.25 0.28 0.18 0.048 0.662
NO; 0.45 0.43 0.42 —0.086 0.197
SO, -0.12 -0.10 —-0.10 0.059 —-0.032
HCO;3 -0.05 -0.10 —-0.02 -0.299 —0.998
Ca -1.36 -1.01 —-1.68 0.763 3.218
K 3.63 3.84 3.70 0.048 0.027
Mg 3.20 475 4.17 0.650 —0.054
Na -0.78 —-0.65 -1.03 0.210 1.900
Si 1.80 0.39 0.89 —-0.900 0.118
Sr —-0.01 —-0.02 —-0.02 -0.195 —-0.019
Ba -0.03 —-0.02 -0.01 0.045 -0.238
As -0.17 0.00 —-0.10 0.280 0.122
Table 4. Confusion matrix for discriminant analysis (error = 5.56%)
to Granite to Metasediment to Gneiss Sum
From Granite 70 1 3 74
55.56% 0.79% 2.38% 58.73%
From Ogchen 0 36 1 37
0.00% 28.57% 0.79% 29.37%
From Pre-C 1 1 13 15
0.79% 0.79% 10.32% 11.90%
Sum 71 38 17 126
56.35% 30.16% 13.49% 100.00%
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