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Abstract

In this study, we analyzed the water quality characteristics of major tributaries of Nakdong River through statistical analysis
such as correlation analysis, principal component and factor analysis, and cluster analysis. Organic matter and nutrients
are highly correlated, and are high in spring and autumn, and seasonal water quality management is required. Principal
component and factor analysis showed that 82% of total variance could be explained by 4 principal components such
as organic matter, nutrients, nature, and weather, BOD, COD, TOC, and TP items were analyzed as major influencing
factors. As a result of the cluster analysis, the four clusters were classified according to seasonal organic matter and nutrient
pollution. Kumho River watershed showed high pollution characteristics in all seasons. Therefore, effective management
of water quality in tributary streams requires measures in consideration of spatio—temporal characteristics and multivariate
statistical techniques may be useful in water quality management and policy formulation.
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2007; Kim and Lee, 2011; Jung et al., 2012; Lee et al,
2017). o= Az]et Y8 SaoA e 48 B4 At
25 Y 9F dARAS 9ol Fw BA 2 24 T
o g FAINE A8’ A77F ASUtH(Yeon et al.,
2011: Choi et.al, 2015). EgF, sp€2E7]E2] BOD, TP
o] 7k FEor pAL HrleHA] gal #AEA+E o8-St
of TFA g Hricty A de metstr] 915t 47t 3
Z ARE FoR ALt A7 JAATHKal et al., 2017;
Kim et al., 2018; Park et al, 2018). =]&& Al 2L
New Jersey Passic Riverol419] 48 A& o83t Al53t
H2RE A Gomti Rivero| A o] 44 HstE H7leh Asidt
7F A AtH(Bengraine et al., 2003; Singh et al., 2004). FEgF,
Liun et alQ003)& ot A|eje] 287) Aok B2 A0S
giom RIEAS Susk 21 Wl Zloes ael
stekel F7)o what 7300.75), $0.75~0.5 9 <K0.5~0.3)
o7 o] 8R1ESHe] 82lE siAlstelr.

B Aol Y57 oo Fne ) A% 4
Ao g opkes AW 40 542 Wl 9
e BAYINS BEakT, 47 Q1 Alole] Ak
Aoiglon, F4% D QRS olgslo] 2200] FTS

Qg BAFL, FHRAL sto] BT
SAMO] T T8 W AW 54 welelsrh
=t

o] 24 9

]

N

Mo 24w
dr Lo

=R

'
L o
of
X,
N
oE
offt flo
e
Jo op
o
N,
Ju g

2.1 itz

St dtaddd 2UHBPE +3skal s 19570
AR T LTt w2 ST W AR AdE des
8|7H2011~2018') =ARRE /5 9 2 AeE ol§51]
15704 2 E4& 245 2(Temp), $40l25%
(pH), A71AE==(EC), §E442D0) 9 F3Flow) A%
SAsten Aedieta it g7 B0D), SFetaitaaT
F(COD), F-HEH(SS), FHA(N), FAUTP), TH7E4
(TOQ), 22&Fa(Chl-a) 5 77} F5 SHAHAA A=
£ Aol Aol 2Ask H5 A 99 AF 24
S 6kl Sl A d%=2 Fig. 13 £

1o

N

2] (Eigenvalue)&= F9&0] AF & &=
Yehe] 1527t 180r 39 shte] ARl ’g 17
S AT 4= gtk oJu7t Stk wEka] 1527 1 o]l

- - _]?__

(Principal component)-& 2= thgF FAREA 7Rt 1L
=

=

o]

SREAIEE A213 AH3Z, 2019

© Non-priority area

® Priority area

Kilometers

0 15 30

Fig. 1. The study area and location of monitoring sites in Nakdong
river
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Table 1. Analysis of regional water quality characteristics

3.0 22 2420 Aoy U AHY S4
G5 49 U 347] Fa A2 2" 117] 520 Tigt 8
A Atele] Aol 44 WEEAL BAsigon
AThe Table 13} 2t} 718 2 Ee) BOD, COD, TOC
7% 1.9~5.6mg/L, 4.8~15.6mg/L, 2.8~11.7mg/LE @A
Bxol 7154 Al wat xelHel WEAe vehy
tt. #=A BOD 49mg/l, COD 11.7mg/L, TOC
8.8mg/L, €5Fd BOD 5.6mg/L, COD 11.8mg/L, TOC
9.2mg/L, H#id BOD 4.6mg/L, COD 9.5 mg/L, TOC

¥ e 1o U orw

Site Flow Timp EC DO pH BOD COD N TP SS TOC Chl-a
(m*/s) (0) (#S/em) | (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
Gajoa 0.84 17.7 396 10.1 7.8 39 6.8 3.942 0.240 12.8 4.7 14.9
Kyungho 1.10 17.6 599 10.1 7.5 2.0 8.4 5.609 0.156 10.9 5.7 12.8
Gyesung 0.55 18.7 348 8.0 7.5 2.1 7.7 2.126 0.156 8.6 5.1 14.2
Gwangok 0.01 19.4 420 9.3 7.8 4.9 11.7 3.334 0.179 15.9 8.8 47.1
Gumi 1.75 19.4 433 9.1 7.4 4.4 8.8 4.703 0.151 18.3 6.0 15.0
Kisegok 0.18 17.3 1011 7.8 7.6 4.2 8.2 5.723 0.415 10.3 5.8 9.3
Nam 2.67 19.0 628 9.4 7.5 38 8.1 8.855 0.100 7.9 5.3 7.9
Dalseo 3.62 21.7 1805 9.9 7.5 2.6 8.9 7.781 0.183 8.6 7.0 6.2
Daesa 0.96 17.7 303 8.9 7.4 2.8 8.2 1.965 0.130 24.9 55 22.3
Daesan?2 0.50 17.5 294 8.0 73 2.5 7.6 1.930 0.133 19.2 5.0 21.7
Dongjung 0.91 16.5 386 10.3 7.8 2.1 7.5 3.265 0.186 12.6 5.2 11.1
Migeon?2 0.14 18.7 289 8.4 7.5 2.6 7.2 1.133 0.079 17.0 4.4 17.5
Bonri 0.16 16.5 435 9.6 7.5 32 6.5 3.303 0.208 14.9 4.3 10.2
Bukan 1.22 18.2 475 11.7 8.2 1.9 7.6 2.673 0.097 8.7 5.1 8.9
Sangnam 1.11 19.9 546 9.5 7.7 3.1 8.2 2.169 0.142 18.3 5.2 29.1
Seokyol 1.69 18.5 366 9.2 7.6 2.1 6.5 2.204 0.133 25.2 4.3 11.2
Seokyo2 1.39 18.2 303 9.5 7.7 2.1 5.8 1.855 0.100 17.6 3.6 7.1
Youngsan 0.38 18.6 323 10.8 8.0 34 8.1 2.908 0.141 15.8 5.0 40.3
Omok 3.14 18.3 506 10.6 7.9 2.2 7.1 3.446 0.118 7.7 4.8 12.8
Oho 0.07 17.9 400 10.0 7.7 2.3 73 4.945 0.149 24.3 5.0 14.6
Yongdeok 0.18 17.2 458 9.6 7.5 2.9 6.5 4.365 0.176 17.1 4.4 14.2
Yongha 0.26 19.5 1063 7.9 7.5 5.6 11.8 6.951 0.312 9.1 9.2 7.5
Yongho 0.24 17.5 539 9.6 7.8 37 8.8 3.372 0.146 17.6 6.1 29.3
Euiryungl 2.33 17.9 416 9.8 7.5 2.1 6.7 3.052 0.100 16.2 4.4 11.6
Changyeongl 0.33 19.4 425 10.5 8.1 33 7.2 5.192 0.206 14.5 4.6 22.1
Chennae 0.19 16.0 450 9.0 7.4 2.3 5.3 2.901 0.128 13.7 3.6 16.3
Chodong 0.28 18.3 302 10.0 7.9 2.7 8.5 2.734 0.165 16.4 5.7 21.0
Chilwon 0.30 18.8 430 10.9 8.1 1.9 4.8 2.938 0.174 6.7 2.8 9.2
Topyeong 1.38 17.5 450 9.5 78 2.8 79 5.039 0.170 21.3 5.3 26.5
Toirae 0.10 17.6 444 7.6 7.4 4.6 9.5 3.088 0.178 28.7 6.5 28.0
Palgeo 1.43 17.7 409 12.0 8.4 2.7 6.7 2.286 0.093 12.2 4.5 12.9
Hyunji 0.18 19.0 399 11.2 8.3 2.8 7.4 7.533 0.217 19.2 4.9 15.2
Hogye 0.05 17.7 779 8.3 7.5 5.3 15.6 1.865 0.473 24.3 11.7 43.6
Hwapo 1.00 18.3 461 8.4 7.4 3.7 7.7 2.982 0.187 27.4 5.2 13.6
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Table 2. Analysis of seasonal water quality characteristics
Flow Tem EC DO BOD COD N TP SS TOC Chl-a
SEASON | TYPE (m*/s) (T )p (#S/em) | (mg/L) | P H (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/m®)
MEAN 0.66 16.4 511 10.4 7.8 39 8.3 4.291 0.171 18.3 5.6 20.5
MEDIAN 0.24 16.3 413 10.4 7.7 33 7.8 3505 | 0.124 13.0 5.1 14.0
SPRING SD 1.35 5.2 412 2.4 0.6 2.2 31 3.028 | 0.171 19.8 2.6 20.9
MAX 19.18 28.8 3777 16.9 10.1 | 15.6 304 | 22.334 | 1.629 | 201.0 | 25.2 202.6
MIN 0.00 43 73 39 6.9 0.8 0.7 0.385 | 0.022 0.2 1.6 1.0
MEAN 1.41 26.2 464 7.8 7.6 3.0 8.7 3.035 | 0.201 20.1 6.0 18.8
MEDIAN 0.26 26.0 383 7.6 7.5 2.4 8.0 2.364 | 0.161 12.5 5.6 11.2
SUMMER SD 4.92 3.1 333 2.0 0.5 1.9 32 2.089 | 0.144 28.8 2.6 23.5
MAX 62.78 35.3 2953 15.5 9.5 16.4 26.7 12.805 | 1.257 | 340.0 20.2 252.2
MIN 0.00 19.0 75 3.2 5.9 0.4 2.9 0.146 | 0.027 1.6 0.8 0.6
MEAN 0.89 18.7 519 9.0 7.6 2.3 7.0 3.583 | 0.163 12.8 4.7 13.5
MEDIAN 0.25 19.0 418 8.7 7.5 1.7 6.4 2911 0.120 7.8 4.0 6.5
FALL SD 2.57 4.8 523 2.4 0.4 1.9 3.1 2435 | 0.182 16.8 2.6 20.1
MAX 35.79 289 7090 17.6 9.3 19.9 44.2 13.879 | 2.022 | 174.0 29.4 193.9
MIN 0.00 6.2 79 39 6.1 0.3 2.9 0.280 | 0.017 0.4 0.9 0.3
MEAN 0.39 6.6 618 11.9 7.7 35 7.6 5.051 | 0.167 10.8 5.1 16.6
MEDIAN 0.14 6.2 511 12.1 7.6 2.8 6.9 3.858 | 0.112 7.9 4.4 9.5
WINTER SD 0.69 2.9 385 2.4 0.5 2.3 34 3.530 | 0.211 12.2 2.9 22.1
MAX 5.71 21.2 3453 18.7 119 | 14.2 26.3 25.322 | 2.649 | 127.5 22.1 255.9
MIN 0.00 -0.1 155 3.4 5.3 0.3 2.7 0.359 | 0.012 0.3 1.3 0.1
6.5mg/L, A BOD 53mg/l, COD 156mg/L, TOC — -SHmch B A8 2 LA, 57 B57} AH)
1L7mg/Le] 4] SHe e §71B5EE Yehln 9o Eele] 528 9Yas $4o] ZgE 4840 49 A
QUAF AW TN, TPO A L1338855mg/l,  ARE FAHe] A%Y] B B47] 40 G nlAE A
0.079~04T3mg/LE EFEHT G HEo] WE Aojd o= wAN cigAd A9 B9 AP 4F 12 S5
Q1 ASRS Uehln ok dhiel ATl TNS TPE o) B, Ad, Ha 5o Foh A ehdon) 2 oA
Y BEe vEiaL dew ZIAI=A TN 5.723mg/L, TP o] A% 872 W JoFdE eyl Gak| o5 thA 54
0.415mg/L, €35 TN 6.951mg/L, TP 0.312mg/L2] 27} &} Lt 7oz BAEQtt Chl-a v&E 24 20.5mg/m’, 9&
AL F2 JEEE L5 UL Stk EH} A A 18.8mg/m’, 7F&E 13.5mg/m’, A2E 16.6mg/m’E &

79 TN 8.855mg/L, 7.533mg/L& TPo] H]s]| & 7k, A
o] 9 TP 0.473mg/LE TNo|| B|5}] =& TP =5 et
WAz glek 7M1, DA, 85k 52 fAlREel A1 @
P w2 oPoR JUEE AHS St ST sPdes
Thilo] Qg Zlog FAEQIT Bobd, o5, §3, TA
A, GAH 5o 357 A9 tirasgHat
ol R, SAFA] ", AR 34 2199
YOor QPETt w2 Ao R AN Y 270 e

HE 215o] BODEE COD2| s&7t &9kom e
Aoz Bor|rt,

ofst HlE oAU G W
+1 WEEAS B4 Sls) 1) £ F5l

AdA +4
tisted BGE~5Y), o3569~8Y), 7=0E~119), A=
(12€~29)9 7|7tez st AdA HEsde 240t
Fom 1 A= Table 29 £t f7]1=2<! BOD, COD,
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Table 3. Correlation coefficient matrix of water quality data
Variable | FLOW | Temp EC DO pH BOD | COD TN TP SS TOC | Chl-a
FLOW | 1.000
Temp | 0.396 | 1.000
EC 0.376"" | 0.479° | 1.000
DO 0.237 | 0079 | -0.152 | 1.000
pH -0.063 | 0.108 | -0.215 | 0.850" | 1.000
BOD | -0.292 | 0.162 | 0.290 | —-0.461" | -0.221 | 1.000
COD | -0.159 | 0.233 | 0376 | -0.383" | -0.233 | 0.751" | 1.000
TN 0.284 | 0362 | 05817 | 0.092 | 0.023 | 0238 | 0.109 1.000
TP -0.362"" | -0.052 | 0.444™" | -0.359"" | -0.122 | 0.635" | 0.619" | 0.223 1.000
SS -0.290 | -0.189 | -0.334 |-0.352""| -0.289 | 0.204 | 0.205" | -0.331 | 0.050 | 1.000
TOC | -0.125 | 0245 | 0469 | -0.376 | -0.242 | 0.748" | 0.988" | 0.168 | 0.646* | 0.147"" | 1.000
Chl-a | -0.410" | 0.004 | -0.209 | -0.142 | 0.048 | 0.453"" | 0.581"" | -0.321 | 0.208 | 0.431 | 0.502" | 1.000
:Correlation is significant at the 0.05 level(2-tailed)
Correlation is siginificant at the 0.01 level(2-tailed)
FLow ﬂ = 888432 gzg e o8
TEMP oe L . ‘ ‘ ‘ 1
EC ‘ 08 BOD “ ‘ ”
- @ . = Q@ ® o
0.85 PH 02 Toc ‘ 04
BOD ‘ @ ‘ } Sscg‘ 02
0.75 COD ‘ . ‘ N o “ 0
0.58 ™ PH ‘ 02
0.63 | 0.62 TP ‘ -04 ec ‘ . 04
SS -08 TN ‘ 06
0.75  0.99 0.65 TOC s FLOW ‘ .
0.58 CHLA . TEMP ‘ .
(@) All (b) Significance level 0.1% over
Fig. 2. Correlation matrix plot using water quality correlogram
At 3 f9E Aoz A Chl-a: BOD(0.453). 8 HZ(Bartlett test)= A3P5ITE. KMO testi= Ab=e]l of
COD(0.581), TOC(0.502)¢} Athd o2 =2 AdS UEt g ¥40] BddE Uil HER 1o 7Pk S B
U QR frlER Qg 932 wrow AHoEz] ¢k FAo] &1 0.5 oJ5tY A-Lol= EldAo] B Aog Hrl
Steet Abd oyt 57 2] 9] FAldo] o] f9EE W] & St B A7= 0,612 AFPE|Qch Bartlett test= ¥ Alo)
4 A4S veiaL oot BUEE A3 A7l wet oha o] ArsiEo] olsiEoln] opd| S AZs) W2 Afolo]
2to|7h AR, 71E FE7E ARl tigh 4 Afelo] s AAo] =842 WAL So5HH 0] 7S PASsE o
3 AL AR WAL 3lEHNa e al, 2016). W5 ojyo] w2 Ao sjasie) RIS Azte S e 00
A5e] 7 Hlmel Fite s, AgesE Fl FAHE 771 2 A=)
=24 9 JLEF ol £48 nA= Gl E Aowm & FE A wE 11 4 3R] AfAer FEE 2
HER. 4 S gaton] 1 ATk Table 49k 2ok 147
33 2AMA ZMHE Ol Qolsy 7} 1 oliolal FHEANE 80% oS UEhE FHES
LT EAS Aot fIg i aQler AAskant Y
T2 =24 Afole] eFY el BWAE mfetsh] E7F 2579 A9 4719] £AHE @olo] 2&Egon @9l
off 347 AR 1174 #@ FEof thet AR A4S 5 L 35%, QQ12%= 22%, 28132 13%, Q%l4= 9%2] 7|o}&
ottt A2 B4 sh] Aol Amd B HE S UeR T Qlt} 47119 @9le AR £AHE EXO] §2%S
E 9ol BEAFE (Kaiser Meyer Olkin, KMO test)@} T¢] Amst 22 9l Ao g HALQIT}
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Table 4. Initial eigenvalue and variance for principal component
Component eigenvalue % of Variance Cumulative %
PC1 4.247 35.392 35.392
PC2 2.742 22.849 58.241
PC3 1.667 13.889 72.129
PC4 1.130 9.415 81.544
PC5 0.612 5.104 86.648
PC6 0.505 4.208 90.856
PC7 0.404 3.370 94.226
PC8 0.271 2.258 96.484
PC9 0.212 1.766 98.250
PC10 0.145 1.206 99.456
PC11 0.061 0.506 99.962
PC12 0.005 0.038 100.000
Table 5. Rotated factor matrix extracted from principal component analysis
Variable | FLOW | Temp EC DO pH BOD COD TN TP SS TOC Chl-a
PC1 -0.14 0.08 0.21 -0.30 -0.20 0.42 0.45 0.08 0.36 0.14 0.45 0.26
PC2 0.39 0.38 0.47 0.15 0.06 0.01 0.03 0.46 0.05 -0.38 0.08 -0.29
PC3 -0.19 0.13 -0.12 0.53 0.67 0.10 0.16 0.00 0.09 -0.12 0.14 0.36
PC4 0.44 0.51 -0.06 0.01 -0.10 -0.07 0.15 -0.23 -0.48 0.32 0.10 0.33
FTASEo] i aglo] BEo] FEEHEE 82l Aol 3.4 $AHE AYUEM
A AR &8s o]E=.0] oln] mer Tl slAdo] vl A
SURDIG Shecel ansal Sl A B ARl T g aan e aue) sae wete) 916 A
-/H—u: 31—1—17- 947\(_ K Tv_—/ﬂ'gl %1'7:”’.:3 thﬂ?_]' E‘—fﬂ] 3]'04 %TQ] 7H 01] tq-E Zﬂi;g :r";g‘dﬂ(Hierarchical cluster analysis)° A
= = = =7 =11 . = — o1 HT = T
T8 950 AeiHS EestAl she Varimax 23RS Fekedon] 1 AT Fig 33 2o, A 2EAe] Az
SAstgon] 1 AT Table 59 2tk 2 A7014 BOD, |, on cropma - el b 100
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