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In this study, multivariate statistical analysis was applied to analyze the trend of water quality and water
quality in the Fourth reservoir over the last 10 years. Correlation analysis between water quality variables
showed that, the correlation coefficient between COD and TOC, which is an indirect indicator of organic mat-
ter, showed a high correlation of 0.608, while water temperature showed a positive correlation with pH of 0.515
and a negative correlation with DO of -0.716. Principal component and factor analyses showed that the four
major components were extracted from the total water quality and contributed 72.9% of the total variance.
When analyzed for cyanobacteria occurrence, three major components were extracted and contributed 67.2%
of the total variance. Factor loadings analysis of water quality variables on the factors identified the first factors
as COD and TOC. Water quality of the Fourth reservoir was found to be influenced by seasonal effects such
as rainfall and organic matter, in addition to the effects of phytoplankton proliferation and nutrient influx.
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Fig. 1. Location of the study and monitoring site.
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Fig. 2. Intensive precipitation ratio in the Fourth Reservoir.
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Table 1. Fourth Reservoir water quality during 2008-2017

Mean Max. Min. SD* CV**
WT 16.5 31.3 1.8 8.8 53.4
pH 7.8 9.5 6.7 0.6 7.9
EC 83 136 39 11 13.3
DO 10.6 14.5 6.2 1.8 17.6
TOC 2.476 6.839 1.148 0.763 30.8
COD 3.9 6.9 2.3 0.8 22.3
TN 0.857 1.990 0.101 0.328 38.3
T-P 0.018 0.094 0.001 0.011 64.7
SS 32 12.3 0.7 1.5 474
Chl-a 11.8 37.4 1.1 6.2 52.8

*SD : standard deviation

**CV : coefficient of variation, CV = SD / Mean x 100
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Table 2. Fourth Reservoir seasonal water quality during 2008-2017
WT pH EC DO TOC COD T-N T-P SS Chl-a
Mean 12.7 7.7 87.6 11.6 2.0 3.6 1.072 0.018 32 10.2
Spring SD 54 0.5 7.9 1.0 0.6 0.5 0.327 0.010 0.8 5.5
CvV 42.5 6.5 9.0 8.6 30.0 13.9 30.5 55.6 25.0 53.9
Mean 26.3 8.4 82.9 9.7 2.8 4.4 0.832 0.022 3.3 11.0
Summer SD 3.2 0.6 11.4 1.2 0.6 0.9 0.284 0.010 1.6 6.6
CvV 12.2 7.1 13.8 12.4 21.4 20.5 34.1 45.5 48.5 60.0
Mean 214 7.8 75.8 8.9 2.9 4.4 0.748 0.019 34 14.7
Fall SD 4.1 0.6 6.2 1.2 0.5 0.9 0.330 0.016 1.2 6.7
(A 19.2 7.7 8.2 13.5 17.2 20.5 44.1 84.2 353 45.6
Mean 5.9 7.5 86.7 12.4 2.2 3.5 0.779 0.013 3.0 11.3
Winter SD 3.0 0.4 13.5 1.5 0.9 0.8 0.281 0.006 2.2 5.4
CvV 50.8 5.3 15.6 12.1 40.9 22.9 36.1 46.2 73.3 47.8
Box plot& o] &3le] ddwd FAAANE Fig 39 Y} et 83 pSlemS YERITE 8540 HS 62~14.5 mg/L
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Fig. 3. Box plot showing the major water quality parameters of the Fourth Reservoir.
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Table 3. Pearson correlation coefficient of the water quality parameters

WT pH EC DO TOC COD T-N T-P SS Chl-a

WT 1

pH 0.515%* 1

EC -0.291*%*  0.118 1

DO -0.716**  —-0.170  0.335%* 1
TOC 0.500%*  0.443**  —0.068 —0.398**
COD 0.496**  0.412**  —0.080 —0.308** 0.608** 1

T-N -0.035 -0.154 -0.078 0.102 -0.216* -0.076 1

T-P 0.298** 0.137 —-0.001 -0.129 0.176 0.202* 0.269%* 1

SS 0.107 0.062 0.097 —0.152  0.485**  (.224* —-0.112 0.014 1
Chl-a 0.020 0.034 —-0.016 —0.063  0.309**  0.228* —0.438** —0.060  0.439** 1

*p<0.05, **p<0.01
Table 4. Pearson correlation coefficient between the water quality parameters and algae
N/P ratio T-N T-P Chl-a Cyano Diatoms Green

N/P ratio 1

T-N 0.435%* 1

T-P —0.541%** 0.269%* 1

Chl-a —0.288%** —0.438** —-0.060 1

Cyano —-0.076 0.090 0.078 0.131 1

Diatoms -0.014 0.035 -0.028 0.110 -0.074 1

Green —-0.166 -0.207" -0.019 0.052 —-0.011 -0.137 1

*p<0.05, **p<0.01
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Table 6. Rotated component matrix using factor analysis

Component
1 2 3 4
pH 0.868 -0.104 0.157 —0.087
WT 0.731 0.003 —0.548 0.128
COD 0.672 0.318 —0.143 0.115
TOC 0.654 0.398 —-0.164 0.030
SS 0.087 0.857 0.033 0.084
Chl-a 0.031 0.758 —-0.025 -0.356
EC 0.137 0.041 0.854 —-0.009
DO -0.416 -0.099 0.732 0.000
T-N -0.217 —0.233 —-0.029 0.811
T-P 0.279 0.081 —-0.011 0.738

Rotation Method : Varimax with Kaiser Normalization
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Table 5. Eigen values and the cumulative percentage of factors.

Initial eigenvalues

Rotation sums of squared loadings

Component - - - -
Total Variance(%)  Cumulative(%) Total Variance(%)  Cumulative(%)
1 3.192 31.925 31.925 2.491 24914 24914
2 1.778 17.781 49.705 1.785 17.848 42.761
3 1.261 12.605 62.311 1.640 16.402 59.163
4 1.060 10.600 72.911 1.375 13.748 72911
5 0.714 7.138 80.049
6 0.668 6.678 86.727
7 0.490 4.898 91.624
8 0.407 4.065 95.690
9 0.265 2.647 98.337
10 0.166 1.663 100.000
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Table 7. Rotated component matrix using factor analysis

Component WT pH EC DO COD TOC Chl-a SS T-N T-P

1 —-0.596 0.021 0.708 0.771 0.405 -0.204 0.729 0.087 -0.227 0.123

Spring 2 0.385 0.060 0.059 -0.075 0.696 0.775 0.206 0.830 0.176  —-0.256

3 0.527 0.808 0.189 0316 0.303 0.283 0.086 -0.337 —0.261 0.398

4 -0.072 0.002 0.134 -0.117 -0.017 -0.097 -0.325 0.072 0.820 0.715

1 —0.848 0.037 -0.095 0.779 0.059 -0.048 0.781 0.117 -0.239 -0.025

2 0314 0.852 0.070 0.180 0.383 0.788 0.179 0.197 -0.500 0.130

Summer 4 0007 0041 0131 0.5 0766 0379 -0223 -0.152 0723  0.541

4 -0.010 0.137 0.826 —0.244 0.135 0.149 0.315 0.855 —-0.104 —0.045

1 0.815 0.746 0.197 0.430 0.346 0.855 -0.101 -0.079 -0.078 0.135

Fall 2 -0.001 -0.084 0.118 0396 -0.286 —0.087 0.822 0.645 —0.594 0.017

3 0.189 0.238 -0.752 0.578 0.655 -0.238 0.062 -0.367 0.206 0.078

4 0273 -0.258 —0.299 0256 -0.140 0.099 -0.193 0.183 0.656 0.873

1 0.444 0.275 0.199 -0.381 0.836 0.936 0.887 0.875 -0.333 0.258

Winter 2 —0.748 0.697 0.753 0.694 0.134 0.074 -0.065 -0.161 —-0.238 0.251

3 -0.176  -0.291 —-0.041 0259 -0.189 -0.014 -0.132 0.276 0.717 0.779

Rotation Method : Varimax with Kaiser Normalization

Table 8. Eigen values and cumulative percentage of factors(Cyanobacteria>100 cells/mL)

Initial eigen values

Rotation sums of squared loadings

Component - - - -
Total Variance(%)  Cumulative(%) Total Variance(%)  Cumulative(%)

1 2.925 29.249 29.249 2.692 26.917 26.917
2 2.418 24.178 53.427 2372 23.725 50.642
3 1.377 13.770 67.197 1.656 16.556 67.197
4 0.980 9.803 77.000

5 0.689 6.891 83.891

6 0.613 6.129 90.020

7 0.472 4.718 94.737

8 0.233 2.331 97.069

9 0.162 1.621 98.689

10 0.166 1.663 100.000
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Table 9. Rotated component matrix using factor analysis
(Cyanobacteria > 100 cells/ml)

Component
1 2 3
SS 0.881 -0.123 -0.176
TOC 0.856 0.252 —-0.049
Chl-a 0.718 —-0.255 -0.319
COD 0.674 0.396 0314
WT 0.024 0.890 0.290
DO 0.102 —0.681 0.225
EC 0.032 —-0.661 0.076
pH 0.283 0.609 0.064
T-N —-0.346 -0.020 0.811
T-P 0.030 —-0.034 0.788

*Rotation Method : Varimax with Kaiser Normalization
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