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Evaluation of Water Quality in the Keum River using
Statistics Analysis

Jong-Gu Kim
School of Civil & Environmental Engineering, Kunsan National Universily, Kunsan 573-701, Korea
(Manuscript received 30 September, 2002; accepted 10 December, 2002)

This study was conducted to evaluate water quality in the Keum River wusing multivariate analysis. The
analysis data in Keum river made use of surveyed data by the ministry of environment from January 1994 to
December 2001. Thirteen water quality parameter were determined on each sample.

The results was summarized as follow; Water quality in the Keum River could be explained up to
71.39% by four factors which were included in loading of organic matter and nutrients by the tributaries
(32.88%), seasonal variation (16.09%), loading of pathogenic bacteria by domestic sewage of Gapcheon
(13.39%) and internal metabolism in estuary as lakes(9.03%).

For spatial variation of factor score, four group was classified by each factor characterization. Station 1 and
2 was influenced by Daechung dam, station 3 was affected by domestic sewage of Gapcheon, station 10~12
was affected by estuary dyke and the rest station.

The result of cluster analysis by station was classified into four group that has different water quality
characteristics. In monthly cluster analysis, three group was classified according to seasonal characteristic. Also,
in yearly cluster analysis, three group was classified.

It is necessary to control the pollutant loadings by Gapcheon inflow domestic sewage in Daejeon city for
the sake of water quality management of Keum river.

Key words : Keum river, Multivariate analysis, Cluster analysis, Factor loading, Factor score
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Table 1. Mean values of water quality constituents during 1994~2001 in the Keum river

19949 %8 20019 7HA] 8IZH
4oz 2AE A2 085

4 A% dehg 137 2919

A7)

IR, =

off

5
-

St. | Temp. | pH | DO | BOD | COD | SS Coli. F-Coli. | TN TP | Cond. | NOs | NH;
1 16 |77 194( 12| 31| 48 {66E+01|{9.5E+00( 1.604 | 0.029 | 119 | 1.289 | 0.075
2 15 | 74194 12| 29| 55 |69E+01|1.7E+01| 1.862 | 0.049 | 122 | 1.429 | 0.144
3 15 | 74 | 88| 32| 52 |12.4|8.1E+03|2.9E+03| 4.202 | 0.159 | 254 | 2.812 | 1.532
4 15 | 74 | 87| 36| 59 |16.4|3.7E+03]9.2E+02| 4.363 | 0.143 | 289 | 2.588 | 1.313
5 15 | 75 91| 34 | 58 ]14.3|1.9E+03|5.2E+02| 4.091 | 0.148 | 266 | 2.8377 | 1.280
6 16 | 76 | 93| 36 | 56 |16.1|1.5E+03|3.8E+02| 3.967 | 0.127 | 263 | 2.541 | 0.957
7 16 | 75191 33 561|152 14E+03[4.2E+02]| 3.927 | 0.130 | 259 | 2.424 | 1.059
8 16 | 76 93| 35| 57 |17.7|1.1E+03|3.7E+02]| 3.899 | 0.112 | 259 | 2.519 | 0.905
9 16 | 7.8 | 92| 40 | 6.6 | 155 |4.2E+03|8.8E+02| 3.770 | 0.121 | 266 | 2.318 | 1.011
10 16 | 80 |94 | 33| 6.7 |17.3|3.1E+02|3.8E+01| 3.246 | 0.082 | 381 | 2.113 | 0.595
11 16 | 81 |94 331 6.5 |159|49E+02|3.0E+011]3.292 | 0.077 | 365 | 2.114 | 0.599
12 16 | 81 |94| 34| 66 |18.7|34E+02|{44E+01| 3.221 | 0.077 | 370 | 2.164 | 0.618
Table 2. Correlation matrix among 13 variables

Temp. | pH DO | BOD | COD | SS | Coli. |F-Coli.|] TN | TP |Cond.| NOy NH;
TEMP | 1.000
PH 1.000
DO 1| 174 | 1000
BOD | -042 | 28 | -.015 | 1000
coD | -4 | 311 | -018 | 78 | 1000
ss | 219 | 08 | -a62 | 91 | 192 | 1000
COLI | 114 | -143 | -159 | 038 | 02 | 213 | 1000
FCOLI| 035 | -106 | =119 | 060 | 026 | 070 1.000
TN | 37| -0 | 18 |5 | o o002 | 087 | 0 | Looo
TP | -1 | -1713 | -2 | 30 | 36 | 06 | 157 | 1% 1.000
COND| -314 | 230 | 211 | 9% | 6] | 020 | -0 | 014 377 | 100
NOs | -243 | 008 | 200 | 416 | 32 | o041 | -0i8 | -016 283 | 430 | 1000
NH; | -463 | =107 | 1 | 399 | 413 | -03 | 113 | 166 EY 1.000

*) COLI : Coliform, FCOLI : Fecal coliform, COND : Conductivity
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Table 3. Eigen value and cumulative percentage of

factor
Component |Eigenvalues| % of Variance | Cumulative %
1 4274 32.880 32.880
2 2.092 16.093 48973
3 1.740 13.388 62.361
4 1.174 9.033 71.394
5 0.884 6.804 78197
6 0.716 5507 83.704
7 0.468 3601 87.305
8 0.39% 3.043 90.349
9 0.389 2.994 93.343
10 0.339 2.610 95.953
11 0.243 1.867 97.820
12 0.199 1.532 99.352
13 0.084 0.648 100.000

Extraction Method: Principal Component Analysis.

5
4
3 3
2
)]
w2
1
0 —r— ——
1 2 3 4 5 6 7 8 9 10 k] 12 13
Component Number
Fig. 2. Plotting of Eigenvalue extracted by Principal

Component Analysis.
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9l 32 13.39%, 2.9 4% 9.03%2A 221 1& A<
SiE 10%~15%°] 7]9&S ‘%E}LH ATk olE 2
A %’—Ei a7 e FH719 8 71.39%2M WA
FAREY T14%E ABE ? A AL yE
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PA

a8 Fx AAREFE FA AA2REH Q&
olfzfgo] ojr Q9o =A HAH UEAY

22 Aty 98] VarimaxB ez 3 AA A
893 FAMSd AAE B AHEsiA AT
4 9= AHE Table 49 Fig. 3o Jelhgich
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Table 4. Rotated factor matrix extracted from prin—
cipal component analysis

Variable | Factor 1 | Factor 2 | Factor 3 | Factor 4
TEMP - 267 -89 0015 0071
PH -008 0125 -121 0828
DO 0.046 088 -072 0.168
BOD | 0721 | -162 0.017 0.456
coD | b7 -155 - 002 0.480
SS 0.065 -372 0278 0.373
COLI 0029 -111 0881 -035
0868 -049
0.072 -077
0.146 -342
-014 0.309
- 080 0.057
0.159 -237

Rotation Method: Varimax with Kaiser Normaliza-
tion(n=864).

i ”
condH -
4 -
3 = ‘F"J‘\u wi g ol 2 o~
¥ 3
w TEMP w L o
Factor 2 Factor 3
— F
- -
.6#': B )
3 ” reoul B " oe o
] T wo| § w
§ M
-
o m
Factor 3 Factor 4.

Fig. 3. Factor loading after varimax rotation for vari-
ables.
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Fig. 4. Seasonal variation of factor score for Factor 1.
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