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A Study on Grade Classification for Improvement of Water Quality
and Water Quality Characteristics in the Han River Watershed Tributaries

Yong-Chul Cho - Minji Park - Kyungyong Shin -
Hyeon-Mi Choi - Sanghun Kim - Soonju Yu

Han River Environment Research Center, National Institute of Environmental Research
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Abstract: The objective of this research is to evaluate the water quality characteristics using the
statistical analysis of major tributaries in the Han River and to provide water quality improvement
plan by selecting tributaries that should be preferentially managed by river grade classification method.
The major 15 tributaries in Han River watershed were monitored for discharge and water quality
during January-December 2017. As a result of the correlation analysis, the river discharge has been

First Author: Yong-Chul Cho, Tel: + 82-31-770-7238, E-mail: yc800222@korea.kr, ORCID: 0000-0002-4145-8929
Corresponding Author: Kyungyong Shin, Tel: + 82-31-770-7222, E-mail: love4sky@korea.kr, ORCID: 0000-0002-7361-4025
Co-Authors: Minji Park, Tel: + 82-31-770-7240, E-mail: iamg79@korea.kr, ORCID: 0000-0002-2003-8511

Hyeon-Mi Choi, Tel: + 82-31-770-7228, E-mail: choihmi79@korea.kr, ORCID: 0000-0002-6058-9940

Sanghun Kim, Tel: +82-31-770-7220, E-mail: haemy@korea.kr, ORCID: 0000-0002-2734-0473

Soonju Yu, Tel: +82-31-770-7201, E-mail: ysul221@korea.kr, ORCID: 0000-0002-1860-131X
Received: 11 February, 2019. Revised: 5 April, 2019. Accepted: 22 April, 2019.



216 HBIYYI H28H HM3S

03x=8&(215~230)ok.gqxp_&Z28-3 2019 2019. 7. 2. 2# 10:%; Ho|X| 216

not correlation with other water quality constituents (p>0.05) but COD and TOC were significantly

correlated (r=0.957, p<0.01). The main cause of water quality fluctuation was organic pollutants and
nutrients in the principal component analysis (PCA) method. The BOD, COD, TOC, TN, and TP were
found to be significantly different (p<0.05) by seasonal in result of one-way ANOVA analysis. Result

of river grade classification by quantitative indicators the tributaries requiring improvement of water

quality were Gulpocheon, Anyangcheon, Wangsukcheon, and Tancheon which affected by

wastewater treatment plant. In this research, we determined tributaries that need to improve the water

quality of Han River watershed and it can be used as an important data for efficient water quality

management.

Keywords: Han River, Tributaries, Statistical Analysis, Grade Classification
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TE T8 AHMY I 9 A" 4 2AeR o] Zo| Y= S SE(EEholA Tt &
S EAHER ER6hL o9 wiE 5L B4 I A7 ERIA] EEollA ek HekHol
A 50] AHKim & Lee 2011; Choi et al. 2015; TFooA Tt TS A A 5EAIY] S4
Lee et al, 2017), @A7HA] B A A7+ L AL 5 WFspo] shtof] =), o] foHAe
o] 427 0] 22AEAL whotsly]| oJate] 9k 26,219 km?, F2 AL 469.7 kmo|H A& F
A HUEPE AL AR 3 A 2|5 o Hog pEU AR FUET R 58T 5
Mo BA4E Aes| #A sk 44 JiAlo] B ast st o] FHYeR a7 4L sk Uth(Jung et al,
HE AAs7] 913 At nlgek Aol 2018). Yu et al, (2018)2 37 U EA|o]§ A%}
wHepA] 2 Aol 3 A AR sH o) $5% A @ 92 A (78.3%), =3 (15.5%),
AelM fF 2 2 LU AR E o]§5to] A AZHA(1.5%), E5H7 Fo& A (87.0%), =2 &
T P EEAS ksl e 4 Aw 4] (9.4%), M7FA1(0.8%), 717 SHF 792 A (41.3%),
of gt L7E £ol7] 9felf thiF A &4e 4 AZFA(27.1%), =2t W(17.6%) .2 LR AH <]
otgiet, w3 s Sa3H S ol I 4 Hl&- 537)o] #3ton AZHA = Aoz o

o] 4o gejslojol & 2|7 S AAstel &F A SR A e AL RSkl
T 517k A9 hek o)1 gel el 4+ T 2 A7 B A 250 Ad fdHE 2
THE SRt 712ARE Alstaat skl 157 A5 shdof thsto] AFeiAy A o= A8t
o Figure 10 Yepf o & SAHSAL 294 &
L A= 9 4y (ME 2017)°f EPE} H o TEAFAA 7
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Tributaries

T1 : Jecheoncheon

T2 : Seomgang

T3 : Cheongmicheon
T4 : Yanghwacheon

TS5 : Bokhacheon

T6 : Heukcheon

T7 : Gyeongancheon
T8 : Jojongcheon

T9 : Wangsukcheon
T10 : Tancheon

T11 : Jungnangcheon
T12 : Anyangcheon
T13 : Gulpocheon

T14 : Gongneungcheon
T15 : Imjingang

i\( : Wastewater treatment plant

L L IKiometers
0 125 25 50 75 100

Figure 1. Monitoring sites of discharge and water quality in the Han River watershed tributaries.
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Table 1. Characteristics of 15 tributaries in Han River watershed

Ngme of Name of Tributary Mark River Length Basin area Latitude Longitude
Mainstream (River) (km) (km?) N) (E)

Jecheon JC 65.00 475.14 37°05'10.0" 128°03'30.4"

Seomgang SM 100.56 1,490.06 37°1421.2" 127°45'00.1"

Cheongmicheon CM 60.69 595.13 37°11'57.6" 127°43'15.4"

N;J“ig’;‘“ Yanghwacheon YH 32.00 181.66 37°20423" | 127°34'18.6"

Bokhacheon BH 39.84 309.50 37°21'39.4" 127°32'40.0"

Heukcheon HK 39.22 314.02 37°27'47.7" 127°31'47.6"

Gyeongancheon GA 48.27 567.04 37°26'13.0" 127°18'48.5"

Bukhan river Jojongcheon 1 39.30 260.59 37°43'32.5" 127°24'36.9"

Wangsukcheon WS 37.76 27529 37°34'59.5" 127°09'46.6"

Tancheon TN 32.55 303.07 37°27'51.5" 127°0729.5"

) Jungnangcheon IN 36.44 296.87 37°41'00.9" 127°03'12.0"

dgviﬁljézz; Anyangcheon AY 3221 286,00 37302177 | 126°5232.3"

Gulpocheon GP 20.73 131.75 37°3420.3" 126°46"29.7"

Gongneungcheon GN 45.70 259.80 37°45'15.2" 126°44'11.2"

Imjingang U 273.50 3,185.60 37°54'10.6" 126°49'26.7"
2. RE AL E M Analysis, CA)& F3sto] 37k 24| A& a4 9
S8 A} Q227 BAS olak A|7 A4 2017 T4 S4e Bk, 4 24= s A
¥ 18R 129707 97 8% 4 oz oy o B O S S HEY X*i" AxEsr a9l
Aol utth 2 Ao|A] sty ahA gape gy A 2B wAFY] flote] 75 W A 2wl of
ABHIE 24l W 0k =0 Dasle] ADV (Acoustic  OrOl Buf 00|l EEHX }(Standard Deviation)
Doppler Velocimeter)2] Flow Tracker (SonTek, = 191 Tkl Hlo[H 2 HAs] ek EEs)

USA)2} ADCP (Acoustic Doppler Current Profiler) (Standardization)S 7% = H4*(Z~Score)& 1
9 Stream Pro (TRDI, USA) 5] 2% Z|Z o] AsltHRavichandran et al. 1996; Simeonov et
8sto] a4 % 247 W(SWRRC 2004)7 -2 al. 2009)

B2 AMLIT 20040 £§3te] bt et B EAS 2 olyel
&1 24359 THCho et al, 2018), 424 A2 o} A 9] D A s Zgsks 24 YHOR 1

.

I 227 24 7)(YST 660 XML, SonTek, USA)E o] A4 (Pearson Correlation Coefficient, r)

o] gato] @A 89l 29 (Water Temperature, £ ol&sto] AAT 2 FYrEs AAS
WT). pH, EC, DOE =%35}%.0.0] BOD, CoD, (Noh 2005). th#=F &4 Bl 47 242 |
TOC, SS, TN, TP 5 67} 52 4R £ 8744 A4S A=s 2Asle PHes 35 8
HAARI(ME 2018)9] A& E o] 85}t 2l(Common Factor)& &3l AFYS Fas}o]
ERg AR o] Wt TAY AL 4SS o
3. 84 24 23t ARE AT 4= QtHJung et al, 2012;
Az2] FA B2 13f SPSS (Statistical Package Kim et al. 2016a). =29 Q909 tj3t 143
the Social Science, ver, 22)Z ©|-8-5}1] Ak 24 (Eigenvalue)= 8915 A & Sl Mo 24t
(Correlation Analysis)¥} 34 % 4 (Principal 3715 HehHtk(Singh et al. 2004), & A7 M=
Component Analysis, PCA), &3 &4 (Cluster Eigenvalue 1 oJ4t0 & Q019 5 AA59 o
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£419 4 A 42 FAUYE Tl

A2 ZE A O AV = éﬁ tod
oS BobaL, 22 el &3
AT M2 T2 ol &35 7HA| 1He

= BA7HoltkLee & Seo 2015).
=3 Cluster)% %2 1Al (Hierarchical methods)
= olgstn 4] e Y] A AEE 2= A
2](Euclidean distance)® 4 d= Ward's method
= #8519 thForina et al, 2002).

HUE Y g A7 AEE SEEE Jfo
ot® 7] 93 =(B3~54), dE5(6~84), 7+~
119), AL(12~29)9) =4 Auof tfsto] U &
AMELA (one—way Analysis of Variance, one—way
ANOVA)Z £353ieh, g RAREAE 274 o)
] Pt vlusty] 913 A4 H4A o
2 A7 sk 9] AdE BOD= FAHSE f
Ofgt 2F(p—value)oll Al TFEA] ¢t "2k AR}
A4 T A BAREAE oto] AR A%
F9HSon et al, 2017a).
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2010), E3F 4 & BOD, TP 55 X &£0& 2 3 yehton A 1I)S AP 122.275
T ARE Y S28 wAste] s 2536k m?/s& A VLT, 3 G4d(WS), B (TN),
HhHo] B g1 QrhLim et al. 2010; Jung et al, QFH(AY) & i EAIZF FAE A B A
2013a; Jung et al, 2013b; Na et al, 2015). oo g okoF sl A B4 oF 355 m?/day, AW 3k
A2 oF 347 m¥/day, -] A2 oF 169
M A3 9 72 m?/day®| W47} SA02 flEol ) o
o] oF 50% ol AA|SHE AR epgeh
ogf ol AX|I XAl zdn .
1. 72 2 2 AL Aot (Kim & Lee 2011). SI2TiAF 157] A2 a0 4] &
QAT 717k B9re] 7 A R AT okl AW /1B ZPHAE 9] BOD TOCY] 4 B471%
ot 5P 75 9 & Table 20 YERHTE $£8 7] ot 221 55 olete] +E S WSk sk e 2
7 ol FFAON)O| QBT % 2509 mYs  FHW), SAHK), ARIC), H7HEM), F3h
Table 2. Average concentration of discharge and water quality data in Han River watershed tributaries
Study Discharge WT oE EC DO BOD | COD SS TN TP TOC
site (m/s) °0) (uS/em) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) | (mg/L)
IC 8.981+13.359 | 14.3£7.6 | 8.3+0.3 | 351498 | 11.842.1 [ 0.9+0.3 | 4.140.6 | 6.6+5.4 | 4.091£1.058 | 0.044+0.039 | 4.1£0.6
SM | 17.409+£16.304 | 14.748.6 | 8.040.4 | 352499 | 11.9£2.1 | 1.6+0.9 | 5.2£1.2 | 4.743.3 | 3.697+1.472 | 0.048+0.022 | 3.120.8
CM 8.486+11.081 | 14.0£9.5 | 8.1£0.4 | 371£79 | 11.8£2.6 | 2.1£1.3 | 6.3£2.5 | 14.1£13.7 | 4.109£1.211 | 0.115+0.086 | 3.4+1.3
YH 295143.998 | 15.6£9.0 | 8.0£0.4 | 373£91 | 12.0£2.7 | 1.740.7 | 5.7£1.7 | 27.9£38.8 | 4.149£1.394 | 0.185+0.157 | 3.3£1.0
BH 5.790+5.368 | 17.948.2 | 7.9£0.3 | 9164261 | 11.2£2.3 | 4.2+1.3 | 6.71.4 | 143493 | 9.603+2.492 | 0.161x0.040 | 3.6+0.8
HK 4.070£7.311 15.049.3 | 8.5+0.4 | 17931 | 124426 | 1.1x1.0 | 3.7+1.5 | 4.7+3.7 | 2.577+0.802 | 0.029+0.018 | 1.9+£0.7
GA 4.077£6.134 | 15.1£8.7 | 8.140.3 | 463£91 | 11.7£2.6 | 3.4£1.7 | 6.7£1.2 | 11.549.0 | 7.408+2.442 | 0.085+0.028 | 3.9+0.8
1 4.659+7.883 16.9+8.1 | 8.5£0.3 | 198+34 | 12.1£2.0| 0.9£0.4 | 3.2+0.6 | 5.1£3.7 | 2.654+0.842 | 0.027+0.015 | 1.6:0.4
WS 5.87044.964 | 16.9+6.8 | 7.4+0.3 | 548+107 | 9.2+1.4 | 4.5£1.8 | 7.2+1.3 | 6.3£3.7 | 9.925+£2.280 | 0.186+0.053 | 4.4+1.0
TN 8.319+6.855 | 19.1£5.9 | 7.6£0.2 | 512486 | 10.841.5| 3.1£1.8 | 7.6x1.6 | 8.7+4.3 | 8.031%2.479 | 0.128+0.029 | 4.6+1.1
IN 2.509+1.144 | 17.446.8 | 7.540.3 | 5224105 | 10.6+1.3 | 3.0+1.4 | 7.0£1.0 | 7.0£3.7 | 10.15142.266 | 0.167+0.042 | 4.1+0.8
AY 6.297£6.777 | 16.8£7.9 | 7.840.3 | 639+129 | 9.2+1.8 | 3.542.3 | 8.8+1.8 | 11.748.3 | 10.924+3.512 | 0.153+0.058 | 5.7+1.4
GP 7.538+1.132 | 18.846.5| 7.040.3 | 546+63 | 8.6£1.3 | 2.4+1.8 | 7.6£1.0 | 824+2.3 |13.009+1.753 | 0.268+0.075 | 4.5+0.5
GN 294142204 | 17.248.6 | 8.040.3 | 650£196 | 10.742.2 | 5.142.0 | 9.1£2.4 | 19.4+5.4 | 7.368+2.350 | 0.202+0.044 | 5.0<1.3
1| 122.2754124.970 | 17.1£7.9 | 8.340.3 | 5064216 | 11.0£1.7 | 2.1+1.5 | 5.6+1.9 | 24.8+31.7 | 3.121+1.042 | 0.084+0.063 | 2.9£1.0
10.0 0.4
TOC=0.719xBOD+1.720 TP=0.032xCOD-0.0759
R*=0.648 R?=0.599
8.0 YH, CM, BH, IN
GP JN, TN, AY, WS, GN 0.3 WS, TN, GP, AY, GN
S 60 =
g ¢ 2
1 L . E o2 . . .
4.0 e ° & [ ®
e s p = .
Water Qual.ity Standard (II) 0.1 :
2.0 :. Water Quality Standard (II)  ® ®
JI, HK, IC, SM GA, BH o« |o
YH, I, CM 1, HK, JC . SM, 17, GA
0.0 0.0
0.0 2.0 4.0 6.0 8.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
BOD (mg/L) COD (mg/L)

Figure 2. The relationship between BOD-TOC and COD-TP concentration in the Han River watershed tributaries.
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(YH), 427(1), Hujd(CM)ols F2a)4 2 & o
CODe} PFHF A3E =<l TP 44 274
R 5 () 5a olske] $EE whESH=
2FH(J9), SHHK), AHJC) To= ekt
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Table 3. Pearson correlation coefficients of discharge-water quality parameters in the Han River watershed tributaries

Discharge | WT pH 1BC DO BOD COD SS TN TP TOC
Discharge 1 0.178* | 0.006 | -0.171**|-0.174* |-0.129 |-0.105 |0.168* |-0.210**|-0.056 |-0.133
WT 1 -0.237*%* | -0.160* | -0.778**| 0.071 0.217%% | 0.315%* | -0.248** | 0.330** | 0.137
pH 1 -0.194* | 0.586** | -0.231* | -0.385%* | -0.051 | -0.572%* | -0.608** | -0.450**
EC 1 0.024 0.550** | 0.546** | 0.053 0.646** | 0.328%** | (.526**
DO 1 -0.130 | -0.306%* | -0.246%*| -0.101 | -0.507** | -0.297**
BOD 1 0.800%* | 0.224%* | 0.484** | 0.488%* | 0.753**
COD 1 0.340%* | 0.553%* | 0.658%* | 0.957**
SS 1 -0.115 | 0.581%* | 0.261**
N 1 0.484%* | 0.632%*
TP 1 0.629%*
TOC 1
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
Table 30] Ul Awh 24 A} 6bA 952 5 Bartlett's testi= W4 7F A o] vhol el (thzt
A2 b0 FAHOR ol 2ol 4ol 9l Ao] 19T Yolalk 091 B WA AR
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( o] ArtAlo] A THr=-0.778, p<0.01). °]¥ 2 §9Alo] =t} (Bernard et al. 2004), & ALo

T olfiz 2=7F s Ak a7t WolA]
+ AEA 93 deleg AdEH(Cho et al,
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Table 4. Results of principal component analysis of normalized data
Initial Eigenvalues Rotation Sums of Squared Loadings
Component - - - -
Total % of Variance Cumulative % Total % of Variance Cumulative %
PCl1 4.663 42.387 42.387 4.015 36.501 36.501
PC2 2293 20.845 63.233 2357 21.426 57.927
PC3 1232 11.200 74432 1.816 16.505 74432
Table 5. Rotated component matrix by principal component analysis
. Component
Variable
PCl1 PC2 PC3
COD 0.915 0.222 0.068
TOC 0.886 0.259 -0.052
BOD 0.863 0.012 0.007
EC 0.713 -0.061 -0.337
TP 0.668 0.518 0.201
N 0.630 0.285 -0.620
DO -0.091 -0.885 -0.304
pH -0.278 -0.828 0.275
WT -0.011 0.635 0.592
SS 0.422 0.032 0.749
Discharge -0.182 0.117 0.436
og 4 geh, PCLe] £7E ECE 4 2/@ BOD, i A9 A% ehale] s AT GAbY
COD, TN, TP, TOCS] aHof tfsto] AHE R & wtotsly] 9jste] E&3K(Standardization)S 7
Aolg otuy] 913 A BARNG 2qste] 7| B2 HRZ-Score)E A BAS U A
Table 60 Uretsitt, A9 #4234 23 BOD, COD, £ Figure 50| I=Z T (Dendrogram) 2. & LA
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Table 6. Results of one-way ANOVA analysis

Parameter Season No. of data Mean Std. Deviation F Sig.
Spring 44 3.7 2.1
Summer 45 23 1.6
BOD 12.252 0.000
Fall 45 1.5 1.0
Winter 40 25 2.1
Spring 44 7.1 23
Summer 45 6.6 2.3
COD 7462 0.000
Fall 45 5.0 1.7
Winter 40 5.8 2.6
Spring 44 6.801 4.525
Summer 45 4.721 2.899
™ 7.079 0.000
Fall 45 6.165 3.448
Winter 40 8471 4.182
Spring 44 0.127 0.089
Summer 45 0.161 0.111
TP 4.177 0.007
Fall 45 0.103 0.089
Winter 40 0.097 0.082
Spring 44 4.1 1.5
Summer 45 3.6 1.3
TOC 6.393 0.000
Fall 45 2.8 1.1
Winter 40 35 1.9
7 BAo] 37 s 2ol Bt ARG 7 A &HA (Coefficients of this step)ollAl o] A
F7F tivkee] A Aol A eRdth & ftol  (Agglomeration of last step)©] ZFo]& UEHUl=
A BN SUS] H AIEAS Botlel & Change'd] gte] WatEol 29 A4 39 o 1%
3o 148 QORI TGS T B A et 208 2 AU 9 4 s
H A 249 27 24 744 (Optimum number  Cluster 1& F3(HK), £F 4(JJ), AFAJC), %

O

of clusters)E 2}el3k 4= 9)t}(Cho et al, 2018). & ZFHSM)L.2 123} Ho] Abgo] Wil o]ty ‘E7} Lk

0 1 2I :I’ ? 1]0 1|5 2|0 215

1 Cluster 1

YH Cluster 2

Cluster 3

Figure 5. Dendrogram using Ward's linkage of cluster analysis.
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Table 7. Index score for tributaries grade classification

Score range
Index
1 2 3 4 5 6 7
BOD load (kg/day/km?) below 0.5 below 1 below 2 below 5 below 7 below 12 above 12
COD load (kg/day/km?) below 1.5 below 2 below 5 below 10 below 20 below 40 above 40
TN load (kg/day/km?) below 1 below 5 below 10 below 15 below 20 below 55 above 55
TP load (kg/day/km?) below 0.01 | below 0.05 | below 0.1 below 0.3 below 0.5 below 1.5 above 1.5
TOC load (kg/day/km?) below 0.9 below 2 below 5 below 8 below 10 below 25 above 25
Discharge (m/s) below 1 below 2 below 3 below 5 below 10 below 35 above 35
BOD (mg/L) below 1 below 2 below 3 below 5 below 8 below 10 above 10
COD (mg/L) below 2 below 4 below 5 below 5 below 9 below 11 above 11
SS (mg/L) below 5 below 10 below 15 below 20 below 25 below 30 above 30
TN (mg/L) below 1 below 2 below 3 below 4 below 5 below 6 above 6
TP (mg/L) below 0.02 | below 0.04 | below 0.1 below 0.2 below 0.3 below 0.5 above 0.5
TOC (mg/L) below 2 below 3 below 4 below 5 below 6 below 8 above 8
o AAGH o EAL YeRT) Cluster 2+= A 1] Table 8. Water quality improvement priorities selected

(M), ZASHH(GA ’ oFsl A (YH), AA7H1) 02 results in the Han River watershed tributaries
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