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Evaluation of Discharge-Water Quality Characteristics
and River Grade Classification of Jinwi River Unit Basin
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Han River Environment Research Center, National Institute of Environmental Research
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Abstract: The aim of this study is to examine the characteristics analysis of the discharge and water
quality based on TPLMS (Total Pollution Load Management System) in the Jinwi River unit basin,
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and to propose a management plan by selecting the point that needs improvement of water quality
in order to achieve the target water quality. We evaluated the discharge and water quality
characteristics, statistical analysis, daily delivery load and daily delivery density, grade classification,
for 14 total pollution load site’s from 2014 to 2016 year in Jinwi river unit basin. The average
discharge of Jinwi river unit basin is 22.411 m?/s and discharge of Hwangguiji River is 32.8% and
the water quality characteristics along the tributary river were clarified spatially. As the result, it
was analyzed that Seongeun River is an indirect indicator of organic pollutants, Gwanri River is a
seasonal factor, Osan River and Hwangguji River both affect water quality. Estimation of delivered
pollutant loads at the HG-3 site was 6,470.4 BOD kg/ day, 6,846.7 TN kg / day and delivered pollutant
loads density increased to 220.9 BOD kg/day/km? 22.4 TP kg /day / km? at the HG-4 site. This result
demonstrates that the total pollution load site needed to improve water quality of the Jinwi River
unit basin was HG-3 site.

Keywords: Jinwi River, Water Quality Improvement, Tributary, Daily Delivery Load, Grade
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Table 1. Area of 8 city in the Jinwi River basin

City Gunpo Uiwang Suwon Yongin Hwaseong Osan Pyeongtaek
Area (Km?) 4.17 10.78 121.05 200.71 177.55 42.77 142.55
Ratio (%) 11.4 20.0 100 339 25.8 100 315

Kilometers
10

01.252.5 5 75

JW-A

Figure 1. Sampling locations for discharge and water
quality monitoring in the Jinwi River unit basin.
Jinwi River (JW-1, JW-2, JW-3, JW-A),
Seongeun River (SE-1), Osan River (OS-1, OS-
2, 0S-2), Hwangguiji River (H-1, HG-2, HG-3,
HG-4, HG-5), Gwanri River (GR-1).

H A S99 ARE2 =UAIe QA7)
100%E YEFItH(Table 1).

2. Y Y SEEN

B TS et 2AF 7|7HE 20149 195E 2016
W 1297001 34 5ot Bat 8Y 7HAo R Azt
363] o] fr#(Discharge) 4485 BUEF 519
o FEFEAS dF AR A 9 R4 5 1Y
ato] 427} QekaL FEsHA Zgske (e
A, wEky, ISAH)E Agalon EA717)e

S38F =Z8 57 (Acoustic Doppler Velocimeter,
ADV)&} &3} 9453 274 7](Acoustic Doppler
Current Profiler, ADCP)E ARE-3}9ith ADV &

=42 0.2 m/sec 0|5} Z9-120% oA =4, 0.2

m/sec 2301 AL 40% o)A} 245k tH(Minister
of Land, Infrastructure and Transport 2004).
ADCP 574> Ba2lolAl 43] S4st5loH
T WAL 5% ol A f-oll= 83 AT
FALE @A tgtE 48 547171 (YSI 660
XML, USA)Z =& (Water Temperature, WT), 4=
4201231 (pH), 7] 4 =% (Electrical Conductivity,
EC), =44 (Dissolves Oxygen, DO) & =4
stolom AE ol A AEDFSHA Aka @ A (Bio—
chemical Oxygen Demand, BOD), 3} AbaQ
FF(Chemical Oxygen Demand, COD), F-8-E2
(Suspended Solid, SS), &2 4 (Total Nitrogen,
TN), %21(Total Phosphate, TP), &8-7]&4(Total
Organic Carbon, TOC) 52 #4H 2y 24
A @71zl wheh ZA48HItHMinistry of Environment
2016).

3. HlO|E{S] SAHEA

shd 9] AfAS AT o7 FHrtsty] Yl 4l
ZAJo] =& SPSS (Statistical Package for the
Social Science win 22.0 ver)2}il 3}= E4 AX
ESJo]& o]-g-sto] TAEA (Statistics Analysis)<
73 & =EH ANE skl SARAS 3
5171 A A+t 7 AR 2 e s 107) AbRo
thste] et 00]aL EFHAP7E 1] T4 g o]
B2 #As7] 913 A5t sHNormalization)& # 3
F244(Z—Score) & At FAEA ol 285t
Aok, AePHol foot= AR obde] 25 2

20 0912 sjola] Slstel FAE &
_g‘ =]

w4 k0] AR} Sl THAI9) Blo]el Xl
& Zasto] B U A4R0) W urk AL AL
WSS ol afe] A S48 4 SlrHYoo etal
2010; Kim et al, 2016), PCA%] A-8-44-& dolH 7|
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Selection of Variables and
Input of Data

v

Standardization of Data

v

Calculation of Correlation between
Variables

v

Selection of Factor Extraction Model
(Principal Component Analysis, PCA)

v

Extraction of Factor
(Determination No. of Factors)

v

Factor Loading Calculation
v

Rotation of Factor

v

Interpretation of Factor
v
Calculation of Factor Scores

v

Used for Additional Analysis of
Factor Scores

Figure 2. Process of principal component analysis (PCA).
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ne

Delivery load (kg/day) = Discharge (m’/sec) x
Water Quality (mg/L) % 86.4 (1)

EEREEEEE RN EEE RN
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Table 2. Analysis of water flow measurement result data by year (2014-2016)
Iii;e];i Ratio of water surface (m) Number of Verticals (N) g?:;i;?;?r::t(ioz; Uncertainty (%)
2014 2015 2016 2014 2015 2016 2014 2015 2016 2014 2015 2016
JW-1 53 43 42 16 20 22 134 10.1 9.1 9.1 7.7 7.5
SE-1 2.9 3.0 3.6 10 17 19 19.7 14.5 11.8 12.7 10.0 94
JW-2 10.6 9.6 8.1 22 27 24 10.2 7.1 7.8 6.6 54 59
0OS-1 11.8 14.7 144 23 33 33 10.9 6.4 6.9 6.6 45 4.6
0S-2 27.6 28.0 - 31 33 - 53 52 - 52 4.8 -
0S-3 20.6 45.1 48.6 35 38 38 6.4 5.9 55 4.0 4.0 3.8
HG-1 7.2 7.9 8.0 18 24 25 10.7 8.3 7.5 8.1 7.5 7.1
HG-2 4.7 8.2 8.5 13 20 23 13.6 11.4 10.1 93 7.8 79
HG-5 473 48.9 50.6 32 33 33 5.6 5.5 54 42 4.1 4.1
GR-1 7.2 9.3 8.3 17 23 24 15.2 9.9 7.8 9.1 6.4 6.1
75 BrEst7] fIRk sk A A £ 0.1 WAdstar f5 #4232 (Quality Control)ol 2§
w'/s oJ5HE et £ Shav Bad £ AW Ao ol 4337 AR NS FIe
o2 wia, LAY AQl oful girkT stk g5 sk
RS AT AR AHA ATES Y] FU B w2 S P A L 9S4 v1Zo] o}
%Oﬂ o2 SA o, e, 28 5= HECHH shdo] a8 S5 4 58 =2 &
A % & 3} 7] T+ (Internation Organization for o AR E A = QS Ao R o)
Standardization, ISO 748)2} u] =t & 2 & A}
(United States Geological Survey, USGS 1992) 5 2- Z#H HIRR2 2 7t
KYZA7 R A BA4oko] Table 20 Lieh W91 SR 147) 3 AWL o 4
e A 544 =AW £4 0l =71kl ADCP A o] tigh Akt AR E Table 391 Uetw
£ AMgo= HG-3, HG—4, JW-3, JW-A 5 47} S0 BOD, COD, SS, TN, TP, TOC 5 67§ &=
Aol thafj A= AA7HA] ol Al ADCP #3574 et Lt k= 9] £ Box PlotS & Figure 3
43 7)Z0) ohElo] A o) uhell Buk ool of vhebich A9 ARl S JW-1 AW B
H Al lakeitt, ISO 7480]+= Hat 10 m v|ehe] 4= BOD 0.8 mg/L2 44 &47|& Ta(mj$ £
= 7P SA 5 718 2070 wnte] S-S 93 W, JW-2 AFZ H+t BOD 1.5 mg/LZ 3 ﬂﬁ
BoE A0 AT ot B ATAAE A 1 [HES) SFO Uehort st 37
Sk nEAS] §F ARE ABeL] Sfoo] W 2 AW PR F91 JW-3 AHE FF BOD 5.7 mg/L
of B ZH 58 Z/Bl] RYSHL St T 2 S8 IWIE DER U SFoR tehge
A3} 20149 Bt 22709 A pollA 2016W Het o] ek A Q1 JW-A A2 B SS 20,9 mg/L,
21709 S 2 A5l 129 ol Z74Si9ek. W BOD 6.8 mg/LE £ 87712 W(eHE L)
S 5 7R AR 28 vd @ H o2 UEth Park et al (2017)& 42764
P Ao e} 9 fhe AR el A% o182 091l YE 249 4 23107
She A0R et Teiu E Bo) B 45k osh AHE BT 23 YA, A, K9]
MO A9 ZH 50 Aeh WA FAZ Qo A H AT FREE WA AFAA £22] 41% A
TG et BB 7|2 Agk ok, mrh BE 22 29k gon] FTAA ARt
USGSollA E8tee= R334 409 24 5855 QAR F-sho] tigt AlF7E 9 g A9
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Table 3. Average concentration of water quality data in the monitoring sites (2014-2016)
Site’s | Analysis | Discharge | WT T EC DO BOD | COD SS TN TP TOC
Name | N @) | () (uS/em) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
JW-1 114 0.115 143 7.9 244 11.1 0.8 34 2.6 1.862 | 0.025 2.1
SE-1 116 0.090 15.1 7.6 377 10.7 22 5.2 5.8 2.264 | 0.063 35
JW-2 116 0915 17.0 7.9 315 12.1 1.5 4.7 6.6 2.245 | 0.055 3.1
0S-1 116 1.115 20.1 7.6 2057 9.8 2.0 7.1 8.4 8.982 | 0.177 5.0
0S-2 116 1.966 18.0 7.8 1362 10.9 2.6 6.4 16.1 6.203 | 0.239 45
0S-3 116 3.626 19.6 7.5 1089 9.8 6.5 9.6 12.1 | 10.264 | 0.604 6.7
HG-1 116 0.108 18.0 7.6 558 10.3 34 7.1 9.5 9.779 | 0211 52
HG-2 45 0.357 14.7 84 424 10.7 7.5 14.6 24.6 3.795 | 0.138 6.8
HG-3 116 8.973 20.3 74 1220 83 74 104 15.0 9.062 | 0.604 6.9
HG-4 115 8.825 19.5 74 1451 8.1 59 9.7 11.6 8.448 | 0.617 6.8
HG-5 115 7.361 19.1 7.7 1219 10.0 5.7 9.9 14.0 8.639 | 0.569 6.9
JW-3 115 15.187 17.6 7.7 1122 10.1 5.7 10.0 16.8 8.198 | 0.497 6.9
GR-1 116 0.575 174 7.8 613 10.2 54 9.6 19.3 5.769 | 0.266 6.6
JW-A 112 22411 163 7.8 1057 9.4 6.8 11.4 20.9 8.117 | 0.489 7.8
BOD %3 44 2o 4gd 7|08 31 9 2 #A71E VERE ) 53, H# TP 0,604 mg/L
o2 BURCHT Bustgnt AR ARel Gl 25U BHYIE VIO L) SEo2 Yeht
0S-1, 05-2 AHE 71545 BRast 34e 7183 JYAF AR FBAN £ 559 $2L
Al HiEo] Y ot vl 2 FEE e Uttt 12139 HG-2 A1+t SS 24.6
AL skl Qs 0S—3 A2 AI7HAI9} Hit i 3% mg/L, Bt COD 14,6 mg/LE 43 £747]% VI
sheAlAl 4ol 9lo] Bt BOD 6.5 mg/LE 4 ¢ U) PO et £ £48 ey
300 18.000
(a) . 3
-é 200 ) % 12000 - % % %
S 5 g
§ 100 é % é é . . % g 6.000 % ) % é
Jebszzlfe=basess jsoe ~ ¢ |
JW-1 SE-1 JW-2 OS-1 0S-2 0S-3 HG-1 HG-2 HG-3 HG4 HG-5 JW-3 GR-1 JW-A JW-1 SE-1 JW-2 0OS-1 0S-2 0S-3 HG-1 HG-2 HG-3 HG-4 HG-5 JW-3 GR-1 JW-A
30.0 3.000
(b) (e)
-?1 200 é % § 2,000 o
lszs=ste %%%? . _BBLL 8
00 T T 0.000 ’*_;F_Lér % = T T - T
1200 4.000
(©) ®
5 800 - 2 16000
; 400 - . . . I g 8000 | : ' é
00 "*j_%—% T % % T T % T T T T 0.000

JW-1 SE-1 JW-2 0S-1 0S-2 0S-3 HG-1 HG-2 HG-3 HG4 HG-5 JW-3 GR-1 JW-A

Monitoring site

JW-1 SE-1 JW-2

Monitoring site

T

0S-1 082 0S8-3 HG-1 HG-2 HG-3 HG-4 HG-5 JW-3 GR-1 JW-A

Figure 3. Statistical analysis of water quality of monitoring site’s in Jinwi River using the box Plot (a) BOD, (b) COD, (c) SS,

(d) TN, (e) TP, (f) TOC.
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A YTAR, LA, BUH 5 AR RS e )elshe acles a|4E 4 ok PO3E DO, 4
Z 78 80ls vosly] s PCAS 38ttt &, pH, SSZ 75| A f0lo] o &
AR EA0] AL dobiy] gstel BE Y ol AL UEheh, SABHE a7le) 2R
Table 4. Comparison of loading values rotated component matrix
Variabl Seongeun River Osan River Hwangguji River Gwanri River
aria
g PCl1 PC2 PC3 PCl PC2 PC3 PC4 PCl1 PC2 PC3 PC1 PC2 PC3
Discharge | -0.129 | 0.845| -0.229| 0.261| 0.122| 0.898 | -0.058 | 0.206| 0.643| 0.434| 0.385| -0.021| 0.856
WT -0.351| 0.193| -0.718 | -0.094| 0919 | -0.123 | 0.090 | -0.105| -0.051| 0.903| 0.940| 0.185| 0.089
pH -0.294 | 0.052| 0.660| 0.009| -0496| -0.171| -0.711| 0.095| -0.832| -0.002| 0.365| 0.370| -0.317
EC 0.053| -0.707| 0.312| -0.118| 0.528 | -0.743 | 0202 | -0.057| 0.783| 0.053| 0.306| 0.705| -0.470
DO 0.155] -0.239| 0.902 | 0.083| -0.947 | -0.037| -0.143 | -0.114| -0.351 | -0.825| -0.918 | -0.095| -0.190
BOD 0.889| -0.080| 0.120| 0.609| -0.330| 0.515| 0.345] 0913 | 0.191| -0.099 | -0.365| 0.810| 0.241
COD 0.945| 0.041| -0.083| 0.940| -0.110| 0.182| 0.110| 0.890| -0.220| 0.141| 0.306| 0.838| 0.299
SS 0291 | 0.354| 0.604| 0.620| 0262| 0276| -0.583| 0.784| -0.256| 0.182| 0.290| 0.236| 0.863
N 0.019| 0.759| 0.351| 0.179| 0.155] -0.042| 0922 | -0291| 0.641| -0.500| -0.967 | 0.015| -0.050
TP 0.196| 0911| 0.069| 0245| 0.033| 0.709| 0.529| 0416| 0.666| 0.240| -0.256| 0.348| 0.807
TOC 0908 | 0.103| 0.244| 0.941| -0.108 | 0.164| 0.060| 0.833| 0263| -0.082| 0.114| 0.825| 0.224
V:ﬁa(fce 26.219 | 26.009 | 22.626 | 24.664 | 22.801 | 20.993 | 19.834 | 29.743 | 26.525| 18.768 | 31.159 | 26.312 | 24.492
KMO test 0.566 0.678 0.678 0.663

Extraction method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization
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Table 5. Daily delivery load in the tributaries Jinwi River

Tributary Site’s BOD Ratio COD Ratio TN Ratio TP Ratio
(River) Name | (kg/day) (7o) (kg/day) (%) (kg/day) (o) (kg/day) (o)
Seongeun SE-1 172 0.1 447 0.2 26.7 0.1 1.0 0.1
0S-1 237.0 13 847.0 3.0 780.8 33 16.5 1.0

Osan 0S-2 476.3 2.6 1,080.4 3.8 952.6 4.0 41.7 2.6
0S-3 2,185.6 11.8 3,008.0 10.6 2,940.1 12.5 1822 11.3

HG-1 359 0.2 74.8 0.3 70.2 0.3 27 0.2

HG-2 236.5 1.3 471.0 1.7 104.2 0.4 42 0.3

Hwangguji HG-3 6,470.4 34.8 8,422.1 29.6 6,846.7 29.0 43884 30.3
HG-4 4,847.3 26.1 7,530.4 26.4 6,398.9 27.1 491.8 30.5

HG-5 3,708.6 20.0 6,316.7 222 5,236.4 222 3533 21.9

Gwanri GR-1 359.2 1.9 691.6 24 221.1 0.9 29.3 1.8

A =40 88.292%5 AW 4 Uk PCLE o] £o] Bio] 9lES UEhilt

TOC, COD, SS, BODZ mrEM ol T A|GL7te)
Ao foloz 9t f7] e THHA RS &
Qo2 3|43 4= 9lrk, PC2+= DO9}E =2 g ol|A]

[e] QM
291 kel 70 ekt A4 BRl0 8 Bl Sove 710 dBAT N, ol §0
¥ 4 9lom PO3E FHTA Aol fat ol 2 5ol TS WS 4 9lrk. Table 5= WA £
A SR0% faym B0 S el A Sl U AR S Gusele) 7loig s

UERgTh PC42 TN, pHollAl 891 Fatako] &7
et 2rleq 24 9 shd of S tAR 8910
Ao #lo] 52 ekt FAHE 3719
FAEo R AA 89 75.036%5 AEE 4= Ak,
PC1:2 BOD, COD, TOC, SS& &7 5o} 2] A
el YA FEAA 9 Rt 385k
Ao ol ¥R 719 AR 8210

of
o
of
_|_,

>,
24
O
)

e
1o

A

FoR u&%%t} PC3& Ti
DOE EM A-ARI aglo] =Hof o] 9l
52 et T 3 R0 R Z*zﬂ
9] 81.963%5 AT 4= ok, PCI TN, 4
DOE EiEo] daAd 24 9 A ROJ,
PC2% COD, TOC, BOD, EC, pHE £-5E|0] 7]
o 74 A & 9 sk W E-ALF 891, PC32 S8,
+, TPE E£7E0] JAE 54 9 A-Al agl

ATy

4>
32

Halego] WA eRd 232 SE-1 4]
& 17,2 BOD kg/day, 44.7 COD kg/day, 26.7
TN kg/day, 1.0 TP kg/day 2 UEFton] Gohis)
ol =7 yehd A3 HG-3 A L2 6,470.4
BOD kg/day, 8,422.1 COD kg/day, 6,846.7 TN
kg/day® & FEHolES Uehillth HG-3 A4

o FFHFAUA AN B Yol S
FS AL Glo] HOGU FF VRS A
©2 FohET) Park et al, (2017) BOD % TP Hj

T
S50l 79 FEskA g Al do] ek £
fEekero] 7 w7 Urebdthal B asielct
A *J% OS—1 A3 5 ¥ o157 0S-3 A[H o=
BOD, COD, TN, TP9] G550
57kt ATk, SHAINE A ML A HG—1 A7
B 35 HG-3 A@ 22 7hdA BOD, COD, TN,
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okl fadls EAZ UEict, 21913 %%‘
&2 A %(82.4%), QA
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Table 6. Daily delivery density in the tributaries Jinwi River
Tributary Site’s | Area BOD Ratio COD Ratio N Ratio TP Ratio
(River) | Name | (km?) | (kg/day/km?) | (%) | (kg/daykm?) | (%) | (kg/day/km?) | (%) | (kg/day/km?) | (%)
Seongeun | SE-1 | 15.57 1.1 0.2 2.9 0.4 1.7 0.3 0.1 0.2
OS-1 57.16 4.1 0.9 14.8 1.9 13.7 22 0.3 0.7
Osan 0S-2 52.89 9.0 1.9 204 2.7 18.0 29 0.8 1.9
0S-3 | 2723 80.3 16.9 110.5 145 108.0 17.6 6.7 15.7
HG-1 423 8.5 1.8 17.7 23 16.6 2.7 0.6 1.5
HG-2 | 1093 21.6 45 43.1 5.7 9.5 1.6 0.4 0.9
Hwangguji | HG-3 | 154.47 419 8.8 54.5 72 443 72 32 74
HG-4 | 2194 220.9 46.4 343.2 451 291.7 475 22.4 52.6
HG-5 | 5246 70.7 14.9 1204 15.8 99.8 163 6.7 15.8
Gwanri GR-1 20.50 17.5 3.7 33.7 44 10.8 1.8 1.4 34
Z(15.6%), WA (1.9%), A2H(0.1%) <2 UE} 1000.000
o ) Group B Group A
gk 53] 741 HG-3 A0 $2851 7]o% _
o] BOD(34.8%), COD(29.6%), TN(29.0%), TP z w3
E .
(30.3%)2 ¥/ Uehdth. Chungetal, 2013} %1 g "™ nGs 24| nés
A AR SRR ol 5T ek f AFA O 2 e | e
2 JW-2 & .
A 0wt 7k R gansigel Skl ¢ A
0.100 . o«
% 2ol gt Alol7h Bashrha i), T ser O
R ] R p— Group C Group D
ES © o) .
A 9 S A Ao A o 0.0 2.0 4.0 6.0 8.0 10.0
BOD (mg/L)

ot 7| 9J5te] FEREl WL 7|0 8-S APy o]
Table 6f WeRRITt f24-al W= AP A3t HG—4
270l A 220.9 BOD kg/day/km? 22,4 TP kg/day/
km?= ¢~ =2 et e S YERTH Yoon et
al.(2002)& T AT faRsgo] AXH 4 @
A=7}t F718Hta B3k 00 Na et al, (2015) =

N
R AT 0 EA Halr} kolx|w 224 0 ]

=l

= oA Z71He ojulaivha wasier,

T O D )

Figure 4. Grade classification results according to water
quality and discharge.
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