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The Evaluation of Water Quality in the Mankyung River
using Multivariate Analysis
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‘School of Civil & Environmental Engineering, Kunsan National University, Gunsan 573-701, Korea

(Manuscript received 30 July, 2003; accepted 8 March, 2004)

This study was conducted to evaluate water quality in the Mankyung River using multivariate analysis. The anal-
ysis data which was surveyed from January 1996 to December 2002 in Mankyung river was aquired by the
ministry of environment. Twelve water quality parameters were determined on each survey. The results were
summarized as follow ; Water quality in the Mankyung River could be explained up to 74.90% by four factors

which were included in loading of organic matter and nutrients by the tributaries(43.28%),

seasonal
variation(10.40%), loading of pathogenic bacteria by domestic sewage of Gapcheon (12.41%) and internal
metabolism in river(8.81%). The result of cluster analysis by station was classified into three group that has

different water quality characteristics. Especially, lksan river was appeared to considerable water quality
characteristics against other station. In monthly cluster analysis, three group was classified by seasonal
characteristics. Also, in yearly cluster analysis, three group was classified. It is necessary to control the pollutant
loadings by domestic sewage and livestock waste for water quality management of Mankyung river.

Key Words : Mankyung River, Multivariate Analysis, Cluster Analysis, Factor Loading, Factor Score
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R FHAe ditdor ATUBLERH 4 =S39m, o)E AF FA dxd, AFd =4
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A (Factor Analysis), 37 ¥4} (Regression Anay- 240 PEAHE £ (AP oT DAY BF
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Table 1. Range and mean values of water quality constituents during 1996~2002 for Mankyung river

Station Temp| PH | DO | BOD | COD | SS TN TP Coli Cond. NH; F. coli
T mg/f \mg/¢ |mg/f | mg/? | mg/¢ | mg/4 | MPN |mhos/cm| mg/# | MPN

MIN | 20| 62 70| 04| L1 04| ND.| ND. 2 2| ND. 0

Kosan | MAX | 280 | 89| 139 | 22 57| 225} 5733 | 0.3%% 1,600 236 | 6.008 4
MEAN| 11| 76| 104 | 10| 22 281 2210 | 0035 163 56 1492 0

MIN 20| 68| 52| 05| 11 03| 0743 ND. 4 6| 0033 0

Junju | MAX | 310| 971 174 43| 62| 369 | 8606 | 0628 | 11,000 | 6120 7.225 2

M MEAN{ 169 | 78| 104 | 16| 32 50 3122 | 0073 522 31| 1947 0
1? MIN | 40| 67| 31| 12| 38 12 1475} 0066 20 11| ND. 1
N | Samrye | MAX | 310} 86| 123 | 167 | 261 | 316 | 29551 | 2207 | 16,000 1432 | 19654 | 16,000
MEAN| 1771 76| 84| 61} 119| 118 |12006 | 0664 1,749 475 | 2581 1,172

MIN 30 6.2 1.1 2.7 45 241 097 | 0135 20 16 N.D. 2

Kimje | MAX | 310} 96 122 157 | 273 | 687 |32753 | 2061 | 24,000 1,342 | 30624 | 16,000
MEAN| 169 | 77| 78| 73| 128 | 1861219 | 0636 2,444 41 | 3158 1,060

MIN | 23| 68| 62| 04 08 021 0720 | ND. 2 16| ND. 0

Soyangl | MAX | 300} 91| 137| 25| 38| 126 | 8328} 0132} 80,000 620 | 2067 | 30,000
MEAN| 141 | 75} 97| 14| 21 23| 2845 | 0.036 3,057 172 | 0330 751

MIN | 40| 60| 10| 07| 14 08| 1272 | ND. 8 12| ND. 2

Soyang2| MAX | 300} 97| 142 | 185 | 143 | 260 | 8556 | 1564 | 240,000 571 | 5300 | 80,000

T MEAN| 154 | 76| 84| 46| 49 55| 4322 | 0259 | 12219 223 | 0809 3,962
R MIN 10| 60| 07| 30 48 12| 1584} 0115 50 20 ND. 17
I | Junjul | MAX | 310 | 83| 129} 171 | 334 | 39039733 | 2183 | 160,000 1634 | 27180 | 46,000
B MEAN| 181 | 74| 64| 77} 164 | 117 |14840| 0820 | 20483 5718 1 3797 4,661
Ijj‘ MIN 18| 64| 67} 04| 05 03| 0516 | ND. 0 10| ND. 0
R ! Junju6 | MAX | 204 | 86| 136| 18| 24| 144 | 5352 0006} 170,000 451 | 6467 | 21,000
1 MEAN| 148 | 75| 100| 10| 14 16| 2367 0020 4797 116 | 0326 448
E MIN | 20| 61| 56| 06| 10 11} 0084 | ND. 8 14| ND. 0
S Samchun| MAX | 300 | 84| 139 45| 58| 188 | 5340 | 1.000 | 350,000 342 | 1567 30,000
MEAN| 150 | 73| 92| 21 32 42| 2108 | 0103} 10,008 139 | 0.288 1,908

MIN 10 67} 06 64| 67 51| 248 | 0.006 22 7| ND. 4

Iksan | MAX | 310 | 85| 104 | 1842 | 957 | 1376 | 62954 | 5892 | 160000 | 6,750 | 60.236 | 110,000
MEAN| 1751 176 52| 343 | 2571 28323512 | 1879 | 23144 428 | 10526 10,118
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Table 2. Correlation matrix among 12 variables
TEMP| pH | DO | BOD | COD | SS | TN | TP |COLI| COND | NH3 | FCOLI
TEMP | 1.000
pH -336 | 1.000
DO -345 | 296 | 1.000
BOD -017 | -034 | -463 | 1.000
COD -091 | -001 | -431 | 893 | 1.000
SS 057 | 011 | -382 | 618 | 602 | 1.000
TN -188 | 000 | -394 | 754 | 828 | 471 | 1.000
TP -105 | -023 | -420 | 822 181 | 513 | 81 1.000
COLI 014 | -059 | -168 | 239 | 222 | 161 | 280 | .238 | 1.000
COND | -159 | 194 | -09% | 318 | 38 | 264 | 369 | 307 | 008 | 1.000
NH3 -270 | 048 | -84 | 380 | 429 | 202 | 454 | 445 | 069 | 298 | 1.000
FCOLI | -046 | -076 | -.163 | 228 | 262 | 148 | 299 | 279 | 715 | 076 | .157 | 1.000

Table 3. Eigen value and cumulative percentage of

factor
Component | Eigenvalues V:L/I(zia(fce Cumg/iatlve
1 5194 . 43.280 43,280
2 1.489 12411 55.601
3 1.248 10.398 66.000
4 1.057 - 8810 74.900
5 0.810 6.750 81.650
6 0.522 4.347 85.998
7 0.451 3762 89.760
8 0.333 2.773 92.533
9 0.306 2.548 92.081
10 0.297 2472 97.553
11 0.179 1.491 99.043
12 0115 0.957 100.000

*Extraction Method : Principal Component Analysis

T 19 BAbeE A
7FA 7t glof A €3t
F&3t9

291 19 IFAE 51HUZA 7)od§ 4328%, &
A 28 /A 140X 719E 1241%, 22 3
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AZ AErdE 29 1& #7248 gnses
BOD, COD& A9 484, 9¥dFad TN, TP,
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Table 4. Rotated factor matrix extracted from Prin-
cipal Component Analysis

Variable | Factorl | Factor2 | Factor3 | Factord
TEMP | -0074 | 0011 0.941 0.037
pH 0023 | 0021 | 0061 0910
DO -0641 | -0140 | -0527 | 0228
BOD 0.830 0201 | -0035 | 0023
CoD 0931 | 0113 0.006 0.109
SS 0.730 0.131 0.119 0.129
TN 0.892 0116 | -0041 | 0120
TP 0.846 0.129 0.111 0.028
COLI 0.111 0.914 0.053 0.013
COND | 0364 0018 | -0105 | 0493
NH; 0.764 0089 | -0244 | 0099
FCOLI | 0254 0874 | -0006 | -0.024

*Rotation Method : Varimax with Kaiser Normalization
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Fig. 2. Factor loading after varimax rotation for variables.
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Fig. 4. Factor score for yearly variation in the Mankyung river.
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Table 5. The principal component for each station
Component Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
KS Temp., DO TN, NH3 pH, Cond. BOD, TP Coli. FColi.
J] DO TN, NH; COD pH, Cond. FColi.
Temp., BOD,
SR COD, TN, Coli., FColi. pH, DO SS
TP, Cond NHs
BOD, COD,
K] TN, TP, Coli., FColi. pH, DO S5
Cond., NH3
Each SY1 Coli., FColi. Temp., DO | BOD, COD, SS| pH, TP, NH3 TN Cond.
Station
Temp, pH, SS, TN, . .
SY2 DO, BOD, Cond Coli., FColi.
COD, TP, NH;3 '
COD, TN, BOD, SS, . .
m TP, Cond. NH; Coli., FColi.
JI6 BOD, COD, SS | Tenp, DO, TP | Coli.,, FColi. pH, Cond. TN, NH3
SC1 | BOD, COD, SS| Temp.,, DO | pH, Cond, NHs | Coli.,, FColi. TP
Temp., BOD . .
I ) ,
S COD, TN, NHs DO, TP Coli., FColi. pH
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Table 6. The principal component for each year

Component Factor 1 Factor 2 Factor 3 Factor 4
1996 | DO, BOD, COD, SS, TN, TP, Coli., NHs, FColi. pH Temp.
1997 BOD, COD, SS, TN, TP, NH; Coli., FColi. Temp., DO | pH, Cond.
1998 BOD, COD, SS, TN, TP, Cond.,, NH; Coli., FColi. | Temp., pH, DO
523‘ 1999 BOD, COD, SS, TN, TP, NH; Coli, FColi | Temp, DO oH
2000 BOD, COD, SS, TN, TP Coli., FColi. Temp., Cond. pH
2001 BOD, COD, SS, TN, TP, NH; Coli, NHs, FColi.| SS, Cond. | Temp., pH
2002 BOD, COD, TN, TP Coli., FColi. | Temp., Cond.
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on factor score.
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