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Abstract : The quality of surface water is a very important issue to use various demands like as

drinking water, industrial, agricultural and recreational usages. There has been an increasing

demand for monitoring water quality of many rivers by regular measurements of various water

quality variables. However precise and effective monitoring is not enough, if the acquired dataset

is not analyzed thoroughly. Therefore, the aim of this study was to estimate differences of seasonal

and regional water quality using multivariate data analysis for each investing tributaries in Han

River. Statistical analysis was applied to the data concerning 11 mainly parameters (flow, water
temperature, pH, EC, DO, BOD, COD, SS, TN, TP and TOC) for the time period 2012~2016 from 12
sampling sites. The seasonal water quality variations showed that each of BOD, TN, TP and TOC

average concentration in spring and winter was higher than that of summer and fall, respectively.

In summer each flow rate and average concentration of SS was higher than any other seasons,

respectively. The correlation analysis were explained that EC had a strong relationship with BOD
(r=0.857), COD (r=0.854), TN (r=0.899) and TOC (r=0.910). According to principal component
analysis, five principal components (Eigenvalue > 1) are controlled 98.0% of variations in water
quality. The first component included TP, DO, pH. The second component included EC, TN. The
third component included SS. The fourth component included flow. The last component included

Temp. Cluster analysis classified that spring is similar to fall and winter with water quality

parameters. AnyA, WangsA, JungrA and TancA were identified as affected by organic pollution.

Cluster analysis derived seasonal differences with investigating sites and better explained the

principal component analysis results.

Keywords : Correlation analysis, Cluster analysis, Principal component analysis, Han River tributaries
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Table 1. Sampling sites for this study

Stream Sampling site Mark
Gapyeong Eupnae-ri, Gapyeong-eup, Gyeonggi-do (Gapyeong bridge) GapyA
Soyang Gosa-ri, Inje-eup, Gangwon-do (Mumyeong bridge) SoyA
Inbuk Deuksan-ri, Inje-eup, Gangwon-do (Livingstone bridge) InbA
Gulpo Sangya-dong, Gaeyang-gu, Incheon (Gulpo?2 bridge) GulpA
Hongcheon Magok-ri, Hongcheon-eup, Gangwon-do (Chungui bridge) HongcA
Jojong Cheongpyeong-ri, Gyeonggi-do (Cheongpyeong bridge) JojA
Kyeongan Seoha-ri, Chowol-eup, Gyeonggi-do (Seoha bridge) KyeongaB
Wangsuk Topyeong-dong, Guri-si, Gyeonggi-do (down Guri STP) WangsA
Tancheon Bokjeong-dong, Seongnam-si, Gyeonggi-do (Daewang bridge) TancA
Jungrang Dobong-dong, Dobong-gu, Seoul (Sangdo bridge) JungrA
Anyang Guro-dong, Guro-gu, Seoul (Ogeum bridge) AnyA
Gongreung Hajiseok-ri, Paju-si, Gyeonggi-do (Gongreung cheon bridge) GongrA
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Table 2. Water quality parameters and analytical methods

Parameters Analytical method Unit
Flow Current meter m’sec’!
Temp. Temperature probe °C
pH pH probe
EC Conductometry uscm’!
DO DO probe mgL!
BOD Winkler azide method mgL!
COD Potassium permanganate method | mgL"!
SS Gravimetric mgL!
N Spectrophotometry mgL!
TP Spectrophotometry mgL-!
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Table 3. Statistics of water quality parameters

Items Flow | Temp pH IEC DO BOD | COD SS TN TP TOC

Mean 8.025 | 153 7.8 350 10.5 42 7.1 9.7 6.891 | 0.255 47

Median | 5274 | 184 7.8 379 10.1 1.9 5.7 5.7 4.833 | 0.087 39

Spring | SD 16.4 6.0 0.5 230 23 28 2.8 114 39| 03 2.1
Min. 0.407 0.0 62 50 1.4 0.2 14 0.3 1.300 | 0.003 0.9

Max. 1170 | 276 9.6 1050 17.7 414 415 229 | 34470 | 4370 33.7

Mean 18270 | 25.6 8.0 316 9.1 35 6.6 154 4.823 | 0.194 43

Median | 5223 | 185 7.8 383 10.2 1.9 5.8 5.8 4.833 | 0.090 39

Summer | SD 10.4 5.8 0.6 227 23 44 4.7 12.4 531 05 35
Min. 0.075 | 158 6.3 42 13 0.1 1.6 0.9 0.399 | 0.007 1.0

Max. 1047.1 | 340 94 1508 19.7 349 26.5 520 18516 | 2330 219
Mean 8.661 16.7 79 354 10.3 20 5.0 6.2 5471 | 0179 34

Median | 5.139 | 184 7.8 388 10.2 2.0 5.8 5.8 4.953 | 0.090 4.0
Fall | SD 524 2.8 0.6 197 22 3.8 37 35.6 36 | 03 2.6
Min. 0.205 1.6 6.1 44 3.7 0.2 14 0.1 0.806 | 0.003 0.5

Max. 2199 | 29.1 9.2 1623 18.0 40.2 279 204 18.090 | 2.590 184
Mean 5.084 59 7.7 470 12.0 4.7 7.5 9.6 9.390 | 0.303 5.1

Median | 5.145 | 184 7.8 387 10.2 2.0 5.8 5.8 4.953 | 0.090 4.0
Winter | SD 42 3.7 0.5 252 2.7 5.8 4.6 20.3 571 05 2.6
Min. 0.320 0.0 6.5 69 2.7 0.2 14 0.1 1.495 | 0.003 0.7
Max. 379 | 142 9.1 1377 17.3 66.7 36.8 224 28.650 | 3.090 412

Table 4. Mean concentrations of water quality data for investigating tributaries

Site Flow | Temp. pH E@ DO BODS | COD SS TN TP TOC
@) | O (uSem) | (mg/L) | (mg/L) | (mgL) | (mgL) | (mgL) | (mg/L) | (mglL)

Soyang 22.556 15.1 82 93 10.9 0.6 29 4.4 2362 | 0.016 1.6
Inbuk 19.241 152 8.2 89 113 0.7 3.1 12.0 1.670 | 0.04 1.8
Gapyeong 8.395 16.9 8.3 163 10.3 0.9 32 38 2472 | 0.018 1.9
Hongcheon | 26.570 154 83 145 10.6 0.9 33 4.6 2568 | 0.021 1.7
Jojong 5.161 16.9 8.3 165 115 1.1 32 59 2456 | 0.025 1.9
Kyeongan 10.021 15.5 82 373 11.0 27 59 10.5 4510 | 0.064 38
Wangsuk 7.182 17.8 74 487 9.4 45 79 11.2 8933 | 0322 5.6
Tancheon 9.989 19.6 7.6 487 104 6.3 9.6 12.3 7.731 | 0.388 6.5
Jungrang 3.362 18.8 75 463 10.5 43 75 13.7 8290 | 0.209 52
Anyang 5.006 18.6 7.6 680 8.7 5.8 9.8 10.3 14.166 | 0.244 6.9
Gulpo 9.014 19.4 6.9 555 6.6 6.1 103 10.9 12.593 | 1.051 7.1
Gongreung 4716 172 79 535 113 6.3 9.8 22.1 5.988 | 0.203 6.4

(66.7 ~0.2, 4.7)% 2ArE ATt SS(mg/L)2 A- o] 2 (18.516~0,399, 4.823), 7}-2(18.090~0,806,
W FE(HY, B Wshk= £(229.0~0.3, 9.7), o 5.471), A-&(28.650~1.495, 9.390)0]91 o™, TP
£(520.0~0.9, 15.4), 7F%(204.0~0.1, 6.2), A& (mg/L) o A s=(d9], Ht) Hat W= =
(224.0~0.1, 9.6)2 ZAFE|QIL} TN(mg/L)9] A (4.370~0.003, 0.255), 1E(2.330~0.007, 0.194),
B FE(HS, Ht) Heh= 5(34.470~1.300, 6.891), 7H&(2.590~0.003, 0.179), A-2(3.090~0.003,
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Table 5. Correlation coefficient matrix of water quality data (Spearman correlation coefficients, r)
Flow Temp pH 1EC DO BOD COD SS N TP TOC
Flow 1.000
Temp | -0.599** | 1.000
pH 0.246 | -0.475%* | 1.000
EC -0.592%*% | (0.716%* | -0.684** | 1.000
DO 0.100 -0.580** | 0.689** | -0.641** | 1.000
BOD -0.473%*% | 0.555%* | -0.671*%* | 0.857** | -0.487** | 1.000
COD -0.340% | 0.494%* | -0.730*%* | 0.854** | -0.516%* | 0.947** | 1.000
SS -0.250 0.167 | -0.461** | 0.496** | -0.120 0.723** | 0.758** | 1.000
™N -0.417%% | 0.596%* | -0.815%* | 0.899%* | -0.736%* | 0.826%* | 0.839** | 0.452** | 1.000
TP -0.278% | 0.463** | -0.836** | 0.791%* | -0.582** | 0.899** | 0.938** | 0.744** | 0.847** | 1.000
TOC | -0.447*%* | 0.641%* | -0.708** | 0.910** | -0.608** | 0.939** | 0.939** | 0.680** | 0.862** | 0.884** | 1.000
*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed).
0.303)& Yetstth, E3H TOC(mg/L)o A & 3hobs Sl 3 2ARMES| tiste] AahiAls
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Table 6. Loadings of experimental variables on principal components

Component Total Y% of Variance Cumulative %
PCl1 3.53 0.32 0.32
PC2 2.82 0.26 0.58
PC3 2.03 0.18 0.76
PC4 1.37 0.12 0.88
PCS 1.08 0.10 0.98

Table 7. Principal component matrix

Flow Temp. pH EC DO

BOD COD SS TN TP TOC

PCl1 -0.08 0.48 -0.79 0.37 -0.89

0.39 0.44 0.04 0.58 0.92 0.47

PC2 -0.25 0.38 -0.34 0.75 -0.43

0.62 0.63 0.23 0.70 0.17 0.64

PC3 -0.27 0.09 -0.25 0.49 0.06

0.52 0.51 0.95 0.15 0.21 0.47

PC4 -0.91 0.29 -0.22 0.31 0.02

0.26 0.24 0.22 0.27 0.10 0.25

PC5 -0.17 0.73 -0.32 0.21 -0.10

0.34 0.28 0.03 0.21 0.22 0.29
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These two components explain 89.71 % of the point variability.

Figure. 5. Dendrogram (a) based on hierarchical clustering (ward’'s method), and cluster
plot (b) for sampling sites in spring.
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These two components explain 83.64 % of the point variability.

Figure. 6. Dendrogram (a) based on hierarchical clustering (ward’s method), and cluster plot (b)

for sampling sites in summer.
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