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Abstract

This study investigated the pollution characteristics of the main pollution zone in the Hwangguji watershed
and the influence of the tributary on the main stream. The characteristics of the main pollution zone,
including, the water quality index (WQI), stream rating, load duration curve (LDC), delivery load density
(DLD), and contribution of the tributary to the mainstream, were evaluated by time-series visual heatmap.
The WQI of the mainstream of Hwangguji was lowered to the poor (IV) level from the inflow point of
Suwon stream (SW) and the LDC excess rate in the T-P was higher than that of BODs, especially for the
wet season, suggesting that management of non-point source with T-P is preferred. The contribution (%) of
the tributaries in the upstream section of Hwangguji watershed were BODs 14.54%, TOC 15.67%, T-N
5.43%, and T-P 6.97%. In particular, the Suwon sewage treatment plant located in the mainstream showed a
high contribution of BODs (64.40%) and T-P (53.54%), respectively, due to the high discharge rate (6.019
m’/sec). Meanwhile, Sammi and Gal stream have a large impact on the mainstream with high DLD and poor
WQI. Thus, both streams were considered as pollution hot spots. These results provide useful basic data for
preparing more effective water quality improvement and management plans in the watershed.
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1. Introduction
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2. Materials and Methods
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Table 1. Monitoring site for the water quality and flow rate of tributaries and mainstream in Hwangguji stream

Site name Address Longitude Latitude

Hwanggujicheon-1 (HG-1) Geumcheon Bridge 1 E126°56'43” N37°19'15”
Seoho stream (SH) Jungbo Bridge E126°59°37" N37°15'18"
Suwon stream (SW) Saeteo Bridge E127°00°34" N37°15'12"
Banjeong stream (BJ) Tongsan Bridge E127°01°26" N37°13°01”
Sammi stream (SM) Yangsan Bridge E127°01°26" N37°12°04"
Hwanggujicheon2 (HG2) Sema Bridge E127°00°34” N37°11°01”
Gal stream (GL) Jeongnam Bridge 2 E126°59'34” N37°10'15”
Hwanggujicheon3 (HG3) 200 m Downstream of the Sugjik Bridge E127°00°05” N37°07°08"
Jinwicheon3 (JW3) Gungan Bridge E127°01°09” N37°00'53"

Legends

- National Streams

Local Streams

0 5 10km

4 Mainstream

O Tributaries
Fig. 1. River map and sampling sites.
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3. Results and Discussion
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Table 2. Flow rate and water quality of the monitoring sites studied in Hwangguji stream watershed

Sites Flov;/ Rate Teorr}p. DO pH EC BOD COD TOC T-N T-P SS Tlotal
(m’/sec) () (mg/L) (uS/em) (mg/L) (mg/lL) (mg/l) (mgL) (mgLl) (mg/L) Coliforms
Max. 0.127 26.6 13.0 8.1 632 37 8.3 43 8.705 0.390 8.3 360000
HG-1 Min. 0.041 8.1 6.3 74 341 0.7 42 22 3.195 0.095 3.0 3200
Ave. 0.091 16.3 10.5 7.8 471 1.6 53 3.1 6.570 0.167 4.7 66022
Max. 0.805 28.8 20.1 8.9 767 82 152 134 6.910 0.145 70.0 250
SH Min. 0.022 4.1 4.8 7.0 359 1.9 7.0 5.1 2.620 0.037 8.0 5
Ave. 0.378 15.8 10.7 82 575 43 10.3 89 5.046 0.104 25.0 53
Max. 0.057 259 21.0 8.4 723 32 129 83 7.300 0.270 325 81
SwW Min. 0.001 3.1 43 7.0 424 0.2 2.8 2.5 3.164 0.012 2.0 11
Ave. 0.035 14.5 9.5 79 570 1.3 54 4.5 5.232 0.072 94 30
Max. 0.329 299 219 8.5 1361 13.2 10.5 7.5 5.653 0.427 13.3 600
BJ Min. 0.004 3.8 4.6 7.0 302 0.9 5.7 4.1 2.020 0.106 1.0 0
Ave. 0.182 169 9.8 79 785 3.1 7.5 59 3.185 0.190 6.0 97
Max. 0.323 29.8 172 82 1134 19.6 20.8 21.8 15570  0.880 60.0 5600
SM Min. 0.002 34 2.8 6.3 464 5.0 8.4 8.0 5.210 0.318 4.0 320
Ave. 0.102 16.3 82 7.5 742 10.6 13.3 144 10430  0.628 23.0 2377
Max. 13.286 29.0 13.8 7.7 1547 44 9.5 54 9.665 0.565 16.0 260000
HG2  Min. 7.112 9.2 7.3 7.1 821 1.6 7.1 4.0 4.785 0.120 3.1 2900
Ave. 8.397 194 10.2 74 1240 2.7 8.1 4.6 8.178 0.240 7.5 48222
Max. 0.720 284 213 8.6 760 7.0 122 11.1 6.835 0.654 36.0 820
GL Min. 0.002 3.0 3.8 6.4 385 0.9 5.7 52 1.649 0.150 6.0 8
Ave. 0.184 16.1 9.1 74 566 33 9.4 7.8 3.353 0.398 17.1 168
Max. 16.199 29.0 13.3 82 1413 6.1 13.8 6.3 11.700  0.680 21.6 2900000
HG3  Min. 6.029 8.0 54 72 579 23 7.4 43 6.528 0.140 44 1300
Ave. 7.888 18.6 10.6 7.7 1087 4.0 9.7 5.1 8.827 0.320 10.1 359289
Max. 24318 285 13.1 8.0 1583 8.3 11.6 6.3 12215 0.775 24.2 270000
JW3 Min. 10.081 4.5 7.3 7.6 684 2.7 6.2 39 5.748 0.165 8.6 2600
Ave. 16.079 16.8 9.5 7.8 1099 53 9.2 52 8.863 0.348 13.1 63422

A, FFAA AF kA2 FFmsec)S B 0.035~0.378
24 SW A Ao 7bg 2 %S SH AA 01 g ReE R
Fe Btk A AR ARY T Bd FHE
0.88 m’/sec)> FTAA FHTIHHG)Y H% FrEel v
3 A ”0}(~10Hﬂ) FEAAZE R g 719&0
2] &L & & Qth HG2 X Aol QAT AFE x@doz
A AF = 1-1;]]2-1 07 FAQATI} =& SM XAHY HA S
ZL 0.102 m¥/secE UERY SM ak19] 29 23 E Y6l
Me % GRAE FF 7|gool & ZAoE wgHrh
FAL FTAA EFY HG-1 AH Y 5=(mg/L)E BODs
0.7~3.7(B¢€ 1.6 mgL), T-P 0.095~0.390(FH 0.167
mg/L)E HlnA Fssdod, FF T HG2HH A3}
o 72" Tl HG3 A2 BODs 2.3~6.1(8 ¢ 4.0
mg/L), T-P 0.140~0.680(B  0.320 mg/L)E FolA B3k
V2o 747 st AgFAVE U(ES) S5 V(i
B 3] sigatach 53], A9d 2Ed W3 AR &
S(mg/L)¥ BODs 2.7~83(B7 53 mgL), T-P 0.165~
0.775CB 7 0.348 mg/L)E HG3AY Bt} £4do0] 5L o35

HAh ole 71E9 AF AT (Park et al. (2017), Cho et al.
(2018)%t= LA|s 22X F7AA FFE WerrEA
AR 9 2F 739 i%‘% FLz Qe FALHET B
7hste, ol 2 I8 XA Tk Aol FFA Y FA
AHAA 4TS TS & F Uk oy AFH= FTA
zd ERAAE FE 255 ZE FATENAY AAE
=9 ®¥g Fo] 2 Bt AL 2REE &1 F 9

(Flg. 2).

A F A%, BODsE= SW AHoA Hd 1.3 mg/LZ 7}

Z 93kl SH, BJ, GLAlA B 3.1~43 mg/l = B
E £52 Bgoy SM AFdME £A7IZF 5.0~19.6(F

7 10.6 mg/L)Z VI(H-+UHE) 53 igstainh wd7tA
2 T-PE SWE H 0072 mgLE koy, SMI GLoJ
ANe 47 B 0.628 mg/LF 0.398 mg/LE sHH<Q A
A7) VI $UE) 553 V(UHE) S5 awa}%lt}. 5
3], SM A A9 A% Fig. 2014 & 4 l%0] ZE BODs%}
T-PE X3 BE FEFFNA 2 uﬂ&oJA o= &
Awste] o] 7 A dehgow, 9¥ ZAPE I (data
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LDC analysis results of (1) BOD and (2) T-P in the Hwangguji mainstream at (a) HG-1, (b) HG2, and (c) HG3.

Table 3. Excess rate of LDC values calculated for the Hwangguji stream watershed (average values from 2015 to 2020)

Excess rate (%) in BOD load

Excess rate (%) in T-P load

Sites High Moist  Mid-range  Dry Low High Moist  Mid-range  Dry Low
Whole .. .. L Whole .. .. L

flows  conditions conditions conditions  flows flows  conditions conditions conditions  flows

HG-1 11.79 50.00 11.11 4.26 7.58 4.55 21.40 59.09 20.83 17.02 15.15 13.64

HG2 25.99 72.73 25.00 17.39 20.59 17.39 81.94 95.45 73.53 84.78 83.82 82.61

HG3 45.18 77.27 46.38 35.56 33.33 65.22 92.98 100.00 82.61 95.56 97.10 100.00
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2 AF 2999 vas dARTEs s8R 9 vy e FETAYY Y SFRS 20189 FAFEFAAZE o &
H9 79 7heg0) B2 53 & Bt ol ATz HE 39 THME, 2020a). Table 5= BODs 2 T-P ZF3E ol &
sHgAleh LA 7E ) Sle HG2 73t 2 39 HE st HG2 A ¥l Ud sdasEeAdd 475 £2
A7F A3 A= HG3 73t 8o Zaglol T-P &5 7l & BAG 235 Uebd Zolth I A AN A
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Table 4. Contribution values and delivery load density in the Hwangguji stream watershed

Sites Area Flow Rate  Pollutant Delivery Load (kg/day) Contribution Values (%) Delivery Load Density (kg/day/km?)
(km’)  (m’sec) BOD TOC TN TP BOD TOC TN TP  BOD TOC TN T-P
HG-1 423 0.09 12.69 24.46 51.84 1.32 0.64% 0.73% 0.87%  0.76% 3.00 5.78 12.26 0.31
SH 30.85 0.38 141.53  289.95 164.84 3.40 7.14%  8.69% 2.78%  1.95% 4.59 9.40 5.34 0.11
SW 2543 0.03 393 13.49 15.63 0.21 0.20% 0.40% 0.26% 0.12% 0.15 0.53 0.61 0.01
BJ 14.15 0.18 48.89 92.37 50.03 2.99 247%  2.77% 084% 1.72% 3.46 6.53 3.54 0.21
SM 9.43 0.10 9387 127.12  92.06 5.55 473% 381% 1.55% 3.18% 9.95 13.48 9.76 0.59
HG2 191.57 8.40 1983.09 3337.40 5933.62 17431 - - - - 10.35 17.42 30.97 0.91
GL 19.51 0.18 53.16 12474 5341 6.35 7.34% 80.19% 64.93% 14.53%  2.72 6.39 2.74 0.33
HG3  244.03 7.89 2709.17 349295 6015.89 217.98 - - - - 11.10 14.31 24.65 0.89

*Contribution values (%) from upstream tributaries to HG2, but in the case of GL, it is the contribution values(%) to HG3 after HG2

Table 5. The contribution values of BOD and T-P from upstream pollution sources to HG2 site

Pollutant Delivery Load

Contribution Values (%
Sampling” Sites F1°V3V Rate (kg/day) )
(m’/sec)
BOD T-P BOD T-P
Hwangguji stream (before BJ) Hwasan Bridge 2.784 697.56 15.63 39.27% 15.80%
Banjeong stream (BJ) Tongsan Bridge 0.099 12.83 1.09 0.72% 1.10%
-1 -
Suwon sewage treatment plant 5-1 Songsan-dong, 6.019 1144.00 52.99 64.40% 53.54%
Hwaseong-si, Gyeonggi-do
Sammi stream (SM) YangsanBridge 0.086 81.73 6.05 4.60% 6.11%
Hwanggujicheon2 (HG2) Sema Bridge 9.790 1776.30 98.97

*Sampling and monitoring took place on the same day (2020.10.15.).
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for the Hwangguji stream watershed

wQI Clasfgf:ﬁon LDC Pollutant Delivery Load DGHVZZ /(;;jlin?)emity
Sites BOD T-P
Result I]I{l:;t BOD T-P BOD E(f/:)e ss rate T-P E?;:)SS rate Contr(i)bution Contribution BOD T-P
Values (%) Values (%)

HG-1 47 Fair C C 11.79 21.40 0.64 0.76 3.00 031
SH 33 Poor B B - - 7.14 1.95 4.59 0.11
SwW 39 Poor C C - - 0.20 0.12 0.15 0.01
BJ 42 Fair B B - - 2.47 1.72 3.46 0.21
SM 17 Very Poor A A - - 4.73 3.18 9.95 0.59

HG2 38 Poor B A 25.99 81.94 - - 10.35 0.91
GL 26 Poor B A - - 7.34 14.53 2.72 0.33

HG3 35 Poor B A 45.18 92.98 - - 11.10 0.89
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