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Evaluation of Pollutant Characteristics in Yeongsan River Using Multivariate Analysis. Jung,
Soojung, Dongjin Lee, Kyungsup Hwang, Kyounghee Lee, Kyoungchuk Choi, Sangsun Im,
Yunhee Lee, Jaeyoung Lee and Byoungjin Lim* (Yeongsan River Environment Research
Center, National Institute of Environmtental Research, Gwangju 500-480, Korea)

This study evaluated the water quality of Yeongsan River by multivariate analysis
using the data collected during 2001~ 2010. Water quality in Yeongsan River could
be explained up to 75.2% by four factors, which were included in loading of nutrients
(32.021%) and organic matters (17.453%), seasonal variation (14.775%) and microbes
(10.951%). The results of cluster analysis were classified into three groups by factor 1
and 2, which has different water quality characteristics. Group 1 included sampling
stations located in the upper stream and estuary dyke of Yeongsan River, group 2
included Gwangju 1 and Gwangsan affected by domestic sewage of Gwangju-cheon,
and group 3 included sampling stations located in the midstream around the livestock

farm and farmland..

Key words : multivariate analysis, principal component analysis, factor analysis,

cluster analysis
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Fig. 1. Location of sampling points in the Yeongsan River.
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Fig. 3. Total annual precipitation during the study period.
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Table 1. Pearson correlation coefficient among the water quality parameters.
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**Correlation is significant at the 0.01 level (2-tailed), * Correlation is significant at the 0.05 level (2-tailed)
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Table 2. Initial eigenvalues and selected factor loading after Varimax rotation.

Initial eigenvalues Rotation sums of squared loadings
Component - - - -
Total % of variance Cumulative % Total % of variance Cumulative %
1 7.088 39.376 39.376 5.764 32.021 32.021
2 3.172 17.623 56.999 3.142 17.453 49.474
3 1.967 10.931 67.929 2.660 14.775 64.249
4 1.309 7.270 75.200 1.971 10.951 75.200
5 957 5.316 80.515
6 .710 3.947 84.462
7 .596 3.312 87.774
8 .559 3.103 90.877
9 413 2.295 93.172
10 .354 1.967 95.139
11 .283 1.574 96.713
12 192 1.068 97.781
13 153 .850 98.631
14 .103 574 99.205
15 .057 319 99.524
16 .042 .234 99.758
17 .028 154 99.912
18 .016 .088 100.000
e 9len, 357} 44| BODS} Chl-a®] AM3HA| 4 Table 3. Rotated component matrix by factor analysis.
T 0860202 =2 A4S B ovt TN, TPel: - _ Component
e gRYE Bel= slow mudchKimetal, 2007). 0T 2 3 4
DTN 915 .150 114 —.025
2 ZAR BA W g¢ BA TN 902 094 066 ~.087
PO,-P .884 .210 -.170 128
187) $AgEe harow xalz =xalas o8} TP 881 301 ~.208 112
- - < DTP .832 .200 -.193 174
ZXAH BAS XAl 7 AR A= Ax]Ely] ¢
of FAE BAL AT ‘7“ JE 5 AA3] 919 NH-N 762 330 165 173
A 2 AFdME 89S AYshs #Ake] 2715 JE NO,-N 761 158 355 —.017
W= 78X (eigenvalue)7} 1.0 o]AFQl ZHe 2t FAR CcoD .295 .848 —-.152 .045
S - TOC .148 .810 -.097 .235
Zunle 77 o) 3 Qol& AHAHdl= Bale =
e skl e & ARshs e Chl-a 243 757 050 - .305
715 e 35271 1.0 o3kl A= 1He] 8.4lo] BOD 534 748 —.049 178
W2 1] BAS AwE 4 gloma geloza] on) DO 215 058 864 - .257
v Temp -.332 .036 —.839 .042
7} 47 of] A £]F 1.0 ¢ = 4709 24l
F ‘*}_]_UH"F I Alsi5s 2 1ol = Hf] EC ~.206 ~.050 664 —-.087
& =239k =43 1A Ag} 187) 29le] Wk 19 ss 173 301 - 511 -.035
) 9} —’F o] M| 7]ed &< Table 20 yehhgich F Feoli 090 209 -.082 817
A 18] o] 3 75.2%2 Awsly glom, Coli .065 .015 —.055 .768
¥ A $4 URshiag 0§ Ak e pH -.105 .390 423 —.598
o] & X‘ﬂ 18918 32.021%, A 22.9l0] 17.453%, A| 32.¢1
o] 14.775%, A 42.¢l0] 10.951%= 7)edalx 9jch A4
A S B3l 2<ls FE3 F 2 HeE A A dREE FFAY] fAEs A5 A R
S 22l¥Ae AN A4S Table 35} Fig. 40] &b Hi SpAse) d3ke =) B Hew melAdh
ylelt}. Al 1291 DTN, T-N, PO,-P, T-P, DTP, NH,-N, A 2£.91-e COD, TOC, Chl-a, BOD7} =2 ¢ QB alefe
NOANZ} F(H)9) & 2unsjde ne AadsAe]  hehle) §71% 9 =7 FA6 Be 20 29l
S dUF BAR oQdudede) dFe 2 Qe AT YST ANT S Ak o) E 0dwA
e PR AWT 4 gl o] JAbte] FF I 2F ok (+)9 ARAAE Yehle] 2R edd #
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Table 4. Initial eigenvalues and selected factor loading after Varimax rotation by season.

Initial eigenvalues

Rotation sums of squared loadings

Component
Total % of variance Cumulative % Total % of variance Cumulative %
1 7.815 43.416 43.416 5.433 30.183 30.183
2 3.350 18.610 62.026 3.322 18.455 48.638
(a) 3 2.048 11.378 73.404 2.563 14.237 62.875
4 1.210 6.725 80.129 2.136 11.869 74.744
5 1.091 6.060 86.189 2.060 11.446 86.189
1 5.698 31.656 31.656 4,555 25.306 25.306
2 3.580 19.890 51.547 3.219 17.881 43.187
(b) 3 2.248 12.491 64.038 2.467 13.704 56.891
4 1.558 8.656 72.694 1.913 10.627 67.517
5 1.244 6.913 79.607 1.626 9.032 76.549
6 1.057 5.875 85.482 1.608 8.932 85.482
1 7.695 42.750 42.750 6.800 37.775 37.775
2 2.624 14.575 57.325 2.394 13.302 51.077
() 3 1.790 9.945 67.270 2.115 11.749 62.826
4 1.622 9.010 76.280 2.027 11.258 74.084
5 1.030 5.725 82.005 1.426 7.921 82.005
1 8.555 47.529 47.529 6.385 35.470 35.470
) 2 2.737 15.205 62.735 3.635 20.195 55.665
3 1.835 10.194 72.928 2.923 16.239 71.903
4 1.105 6.140 79.069 1.290 7.165 79.069

(a) spring, (b) summer, (c) fall, (d) winter
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Table 5. The principal component extracted from factor analysis.

Component
1 2 3 4 5 6
DTN, T-N, NOs-N, COD, Chl-a, . .
(a) NH,-N, T-P, PO,-P, DTP TOC, BOD Temp, DO Fcoli, Coli EC, SS, pH
PO,-P, T-P, DTP, T-N, TOC, COD, . .
(b) NO,-N, DTN, NH,-N Chl-a, BOD EC, DO, pH Temp Coli Fcoli, SS
T-P, PO,-P, DTP, DTN, pH, Chl-a, EC, TOC, _
© TN, NH;-N, NO;N, COD  Cal, Feoli Temp, DO BOD ss
d) PO,-P, DTN, T-N, DTP, SS, Chl-a, TOC, Coli, H EC _ _
T-P, NH3-N, NOs-N BOD, COD, Temp Fcoli, DO pH.
(a) spring, (b) summer, (c) fall, (d) winter
elzl 4 _'A = 931, A 38912 mAyE 8lx} Relative distance between clusters
DOZ ==t} 47:]];9 = ojoFd s golo] #1809 (@) 0 5 10 15 20 25
o= $ARQT Ade] ARsle] Aol £5% i
¥ sk 49 TP 2 AFE oI e & —
_/r\_ algi;]__ Damyang
Muan2
3 E}:}‘E‘ﬁ Gwangju24]
=AY Aol HE 2PN A9He Fig. 5o et Gwangsan
Qe 2Q¥A AvyE 32E A1 (3% & Yeongsanpo
D A2 (F71E 2 E-AAL 22l skl A Hampyoung
HAE AAF Y Fig. 3(a)e] tl==Tax2 #1829l Yeongsanpo-1
(DTN, T-N, PO,-P, T-P, DTP, NH3-N, NO5-N)ol| ©j3t 2} _J

Naju

A7k BA=2 Al 438 Hlow A A A 5

Relative distance between clusters
ol3lell A 37he] TF oz EFE 4 AU FAVE AF

(b) 0 5 10 15 20 25
(SHek 35, 53 1) % shel (et 2ol AHshe A - oo
3 o] 2dEsl W Aol 1 aFoz FFEY N—
QA FFel AT 9w A v BF 29}

Gwangjul

A Agel 2 2802 AFALTA SALA] §
A= =AY FRAe) i 2 SeAD BT R
7b A mAE dmrt 2 fde FRE S alv} SR
GAF F - 3 wel s A (5, Ak, o Uehi T
AL, ) AvE AR 2R R A AR % Muan2
Zl‘ 1 Z]X °] 3 —j—%—gi ‘v‘i‘%ﬂ 911 ‘1'3‘75];(] X '—7‘?‘}\\1' ‘L'<'>_‘7]' Damyang
So] 9 Qo] $IXaks S molT ek 3y N—
Ll g AN A A R A E

Hampyoung
AA= ARsh 3 5 2RSSR 54
s RIS O 4 gl A7) 9l oy Fig. 5. Dendrogram f_or the sampling sites resulted from
2w QsE SO ealsle] ulgo] AbAo o cluster analysis by factor 1 (a) and factor 2 (b).
o2 SAlel Bls) kel ARkl w7 vhehdar (Song
et al., 2012), =74 R A 2] ) Hx= T A A|dR} ., 2012). A 28.¢]1 (BOD, COD, Chl-a)e] #3t 3%
9 &7 fE2EcE 97 Asx B uH 3 gl (Jung et 73J+~ Fig. 3(b)ell Yehgleh A} 25 e 914
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