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Abstract: In The study, is to investigate the spatial characteristics of the Miho stream, which is the
main tributary of the Geum River system, and to identify the main factors influencing the water quality
using water quality analysis and multivariate analysis. The survey subjects were selected as 7 main
sites in the Miho stream water system, From 2012 to 2017, 16 items including weather temperature
and weather data were used for multivariate analysis.
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As a result of the water quality analysis, the average concentration of BOD and COD for 6 years was
3grade (normal) compared with the water quality environmental standard (river) of conditions.

The concentrations of nitrogen and phosphorus were highest at th upstream site, then decreased and
then increased again by the hydrogeological and geomorphological effect. Cluster analysis of spatial
and water quality characteristics, it was evaluated as three clusters and the pollution sources is the
greatest impact. As a result of principal component analysis and factor analysis on each cluster and
mainstream, three to four major components were extracted. Main stream and the Cluster 1, Cluster
3 first principal factor included nitrogen and seasonal factors, first factor of Cluster 2 included nitrogen
and water temperature. Nitrogen is the principal factor which affects water quality in Miho stream.

Keywords: Cluster Analysis, Factor Analysis, Miho Stream, Pollution Source, Nitrogen, Water
temperature
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Figure 1. Site in Miho stream.
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Table 1. Study sites

Site Locations
MHI1 Cheonpyeong-ri, Samseong-myeon, Eumseong-gun, Chungcheongbuk-do
MH2 Ogap-ri, Chopyeong-myeon, Jincheon-gun, Chungcheongbuk-do
MH3 Gogok-ri, Munbaek-myeon, jincheon-gun, Chungcheongbuk-do
MH4 Yeocheon-ri, Ochang-eup, Cheongwon-gu, Cheongju-si, Chungcheongbuk-do
MHS Shinchon-ri, Oksan-myeon, Cheongju-si, Chungcheongbuk-do
MH6 Gungpyeong-ri, Osong-eup, Cheongju-si, Chungcheongbuk-do
MH7 Sejong-ri, Yeongi-myeon, Sejong-si
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Variables (Units) Transformation
Temp. (°C) Temp
pH pH
DO (mg/L) In (DO)
EC (uS/cm) EC
BOD (mg/L) In (BODx10)
COD (mg/L) In (CODx*10)
SS (mg/L) In (SSx10)
TN (mg/L) In (TN>1000)
DTN (mg/L) DTN
NO;-N (mg/L) NOs-N
NH;-N (mg/L) In (NH;-N)
TP (mg/L) In (TPx1000)
DTP (mg/L) In (DTP*1000)
PO,-P (mg/L) In (PO,-P>1000)
Chl-g (mg/m?%) In (Chl-ax10)
TOC (mg/L) In (TOC)
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Table 3. Results of Shapiro-Wilk test for normality

Shapiro-Wilk p-values

Site | Temp | pH

DO

EC

BOD | COD | SS

N

DTN |NOs-N |NHs-N | TP | DTP |POs-P | Chl-a | TOC

MHI | 0.001 | 0.053

0.331

0.426

0.289 | 0.342 | 0.045

0.490

0.010 | 0.041 | 0.190 | 0.000 | 0.605 | 0.026 | 0.374 | 0.013

MH2 | 0.000 | 0.000

0.128

0.566

0.081 | 0.257 | 0.410

0.026

0.366 | 0.131 | 0.005 | 0.140 | 0.522 | 0.000 | 0.001 | 0.397

MH3 | 0.000 | 0.000

0.080

0.466

0.317 1 0.326 | 0.117

0.131

0.069 | 0.244 | 0.007 | 0.053 | 0.394 | 0.001 | 0.013 | 0.767

MH4 | 0.000 | 0.000

0.040

0.052

0.039 | 0.015 | 0.235

0.004

0.164 | 0.264 | 0.009 | 0.621 | 0.073 | 0.008 | 0.001 | 0.166

MHS5 | 0.001 | 0.102

0.294

0.266

0.022 | 0.240 | 0.078

0.746

0.000 | 0.349 | 0.006 | 0.045 | 0.660 | 0.450 | 0.280 | 0.222

MH6 | 0.002 | 0.000

0.211

0.945

0.841 1 0.764 | 0.016

0.179

0.043 | 0.132 | 0.250 | 0.217 [ 0.001 | 0.612 | 0.549 | 0.453

MH7 | 0.000 | 0.001

0.087

0.049

0.261 | 0.199 | 0.015

0.010

0.000 | 0.227 | 0.038 | 0.755 | 0.492 | 0.122 | 0.011 | 0.624
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Figure 3. Variation of water quality (95% confidence intervals).
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Table 4. Pearson correlation coefficient among the water quality parameters

Pearson Correlation

Temp | pH DO EC | BOD | COD SS TN | DIN | NOsN | NH:-N | TP DTP | PO+P | Chl-a | TOC
Temp 1
pH | 0.268** 1
DO | -0.781%*|-0.030 1
EC | -0.375%|-0.141%* | 0371** 1
BOD | 0.253**| 0.013  |-0.143%*|-0.005 1
COD | 0472%*| 0.107% |-0.352%%| 0.035 | 0.766** 1
SS | 0.558%* | 0.084 |-0.527** | -0.556%* | 0.525%* | 0.541%* 1
TN [-0.704%* | -0.343%* | 0432%* | 0.463**|-0.078 [-0277%*|-0.391** 1
DTN | -0.690%* [-0.302%* | 0.460** | 0.492%*|-0.056 |-0.236™* | -0.396** | 0.941** 1
NOs-N | 0.729%*% | -0.226** | 0.497** | 0.468** | -0.295%* | -0.458** | -0.513** | 0.841%* | 0.819** 1
NH3-N | -0.551%*% | -0.354%* | 0.278%* | 0.266** | 0.109% |-0.081 |-0.190%* | 0.747** | (.747**| 0.532** 1
TP | 0262%%] 0.034 [-0.324%* | -0.443%* | 0.394%* | 0.351%*| 0.644** [-0.099% |-0.123** | -0.253** | 0.009 1
DTP |-0.036 |-0.101% |-0.180%*{-0.390** | 0.000 {-0.060 | 0.321**| 0.076 | 0.050 | 0.050 | 0.134%* | 0.744** 1
PO4P 0074 | -0.119%* | -0.176** [ -0.373%* | -0.189%* | -0.202%* | 0.190** | 0.062 | 0.024 | 0.105% | 0.081 | 0.512%* | 0.794** 1
Chl-a | 0.646%* | 0.251%* |-0334** |-0.051 | 0.596** | 0.641%* | 0A17** | -0.542%* | -0.508** | -0.578%* | -0.434%* | 0.152%* | 0.259%* | -0.386**| 1
TOC | 0.273**| 0026 | -0.172%* | 0.205** | 0.631%* | 0.758** | 0.264** | 0.111* |-0.078 | -0.289%* |-0.004 | 0.177%* |-0.128** | -0.234** | 0.489** | 1
**:p<0.01,*:p<0.05
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Table 5. The factor analysis results
[ Cluster Total | [ Cluster 1]
Rotation Sums of Squared Loadings Rotation Sums of Squared Loadings
NO. Total % of Variance | Cumulative % NO. Total % of Variance | Cumulative %
1 4.857 30.355 30.355 1 5.138 32.112 32.112
2 3.642 22.762 53.117 2 3.250 20.312 52424
3 3.222 20.135 73.253 3 3.236 20.226 72.649
Rotated Component Matrix Rotated Component Matrix
Component Component
1 2 3 1 2 3
TN 0.939 -0.090 -0.049 N 0.934 0.053 -0.188
DTN 0.934 -0.059 -0.086 DTN 0.924 0.007 -0.137
NH:-N 0.822 0.098 0.086 Temp -0.881 0.182 0.161
NOs-N 0.808 -0.343 -0.129 NH:-N 0.806 0.223 0.089
Temp -0.786 0.367 0.182 NO>-N 0.805 -0.080 -0.421
DO 0.511 -0.255 -0.417 DO 0.669 -0.464 -0.072
pH -0.419 -0.013 -0.108 Chl-a -0.565 -0.216 0.542
COD -0.172 0.915 0.050 pH -0.307 0.106 -0.095
BOD 0.039 0.901 0.086 DTP 0.144 0.891 0.086
TOC -0.001 0.831 -0.111 PO4-P 0.078 0.881 -0.073
Chl-a -0.528 0.675 -0.180 TP -0.085 0.747 0.500
DTP 0.156 -0.084 0.899 EC 0.470 -0.632 -0.008
TP -0.019 0.360 0.829 SS -0.369 0.512 0.438
POs-P 0.120 -0.289 0.817 BOD 0.106 0.062 0.927
EC 0.483 0.138 -0.640 COD -0.273 0.300 0.847
SS -0.372 0.518 0.586 TOC -0.047 0.023 0.795
[ Cluster 2 | [ Cluster 3 |
Rotation Sums of Squared Loadings Rotation Sums of Squared Loadings
NO. Total % of Variance | Cumulative % NO. Total % of Variance | Cumulative %
1 5.010 31.312 31.312 1 4915 30.717 30.717
2 4.021 25.130 56.442 2 3.463 21.642 52.359
3 3.081 19.258 75.700 3 3.423 21.391 73.750
4 1.215 7.596 81.346
Rotated Component Matrix Rotated Component Matrix
Component Component
1 2 3 1 2 3 4
DTN 0.908 -0.144 0.038 TN 0.965 -0.009 -0.122 -0.051
N 0.907 -0.195 0.107 DTN 0.957 -0.039 -0.126 -0.090
Temp -0.823 0.347 0.177 Temp -0.824 0.324 0.210 0.148
NOs-N 0.813 -0.435 -0.026 NH:-N 0.806 0.043 0.055 -0.378
NH:-N 0.782 0.051 0213 NOs-N 0.766 -0.358 -0.178 0.220
BOD -0.081 0.938 0.043 DO 0.751 -0.180 -0.320 0.065
COD -0.266 0.907 0.051 COD -0.272 0.863 -0.119 -0.049
TOC -0.088 0.838 -0.109 BOD 0.135 0.849 0.243 0.035
Chl-a -0.543 0.696 -0.231 Chl-a -0.416 0.759 -0.048 0.238
SS -0.444 0.583 0.541 TOC -0.133 0.746 -0.272 -0.145
DTP 0.225 0.001 0.825 DTP -0.066 -0.116 0.898 -0.093
PO4-P 0.174 -0.288 0.774 TP -0.061 0.365 0.860 0.006
TP -0.024 0.539 0.698 EC 0315 0.217 -0.782 -0.168
EC 0.545 -0.011 -0.608 PO4-P -0.155 -0.407 0.698 -0.080
DO 0.525 -0.143 -0.553 SS -0.397 0.486 0.645 0.069
pH -0.427 0.160 -0.433 pH -0.133 0.014 0.002 0.926
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