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Abstract

In this study, the TOC in six estuarine reservoirs in the West Sea (Ganwol, Namyang, Daeho, Bunam,
Sapkyo, and Asan) was estimated using optically-active water quality factors by the water environment
monitoring network. First, specification data and land use maps of each estuarine reservoir were collected.
Subsequently, water quality data from 2013 to 2020 were collected. The data comprised of 11 parameters:
pH, dissolved oxygen, BOD, COD, suspended solids (SS), total nitrogen, total phosphorus, water temperature,
electrical conductivity, total coliforms, and chlorophyll-a (Chl-a). The TOC in the estuarine reservoirs was
4.9~7.0 mg/L, with the highest TOC of 7.0 mg/L observed at the Namyang reservoir, which has a low shape
coefficient and high drainage density. The correlation of TOC with water quality factors was also analyzed,
and the correlation coefficients of Chl-a and SS were 0.28 and 0.19, respectively, while the correlation
coefficients of these factors in the Namyang reservoir were 0.42 and 0.27, respectively. To improve the
estimation of TOC using Chl-a and SS, the TOC was averaged in 5 mg/L units, and Chl-a and SS were
averaged. Correlation analysis was then performed and the R? of Chl-a-TOC was 0.73. The R* of SS-TOC
was 0.73 with a non-linear relationship. TOC had a significant non-linear relationship with Chl-a and SS.
However, the relationship should be assessed in terms of the spatial and temporal variations to construct a
reliable remote sensing system.
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1. Introduction
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Fig. 1. Map of the study areas showing water quality monitoring stations and wastewater treatment plants.
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Table 1. Characteristics of the six estuarine reservoirs
Characteristic Ganwol Namyang Daeho Bunam Sapkyo Asan
Specifications of estuarine reservoirs
Watershed area (km®) 488 209 312 156 1,640 1,634
Irrigation area (ha) 6,446 3,449 7,419 3,745 18,000 13,675
Effective reservoir storage (103 m3) 50,720 20,407 46,460 21,140 62,787 82,892
Total river length (km) 201.2 358 71.5 40.4 603.4 639.8
Mainstream length 322 294 26.1 19.1 65.6 70.6
Shape factor 047 0.24 0.46 043 0.38 0.33
Watershed perimeter (km) 121.4 121.1 106.2 65.1 268.8 239.8
Drainage density 1.6 2.4 1.7 1.5 1.9 1.7
Main pollution source Household Household Household Livestock Household Household
Completion year 1995 1973 1985 1995 1979 1973
Land use ratio in watershed (%)
Urban 6.9 172 5.5 6.8 9.7 174
Paddy 333 28.3 30.6 323 209 18.6
Upland 122 122 9.3 20.9 13.3 12.3
Forest 269 18.7 32.0 133 36.4 282
Grass 9.7 14.1 8.5 10.0 11.8 13.7
Wetland 2.1 1.6 3.0 23 1.8 1.5
Bare field 24 43 4.0 4.0 33 49
Water 6.5 35 7.1 10.5 2.8 33
Point source
Numbers 4 2 1 2 9 26
Flow (m’/day) 40,429 35,835 1,413 8,015 214,351 552,206
Flow-effective reservoir storage rate (%) 7.8 17.6 0.3 3.8 34.1 66.6
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3. Results and Discussion
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Fig. 2. Box plot of monthly TOC concentration (GW: Ganwol, NY: Namyang, DH: Daeho, BN: Bunam, SK: Sapkyo, AS: Asan).

BAG 2 p-valueE Table 29 2o] FEsdth Z+ +2Ax} 712 AESY #7182 BODET " Eof 93] &35
59 A3 ABASFE COD(0.57), EC(0.38), BOD(0.36), oro. 7187 SI|E7A] 243 S 9= CODAAM Y ATA

Chl-a(0.28), $S(0.19), WT(0.17), TN(0.16), pH(0.15), TP(0.14), o] d ¥A Jelhd Aoz AL @ th(Park et al, 2013). ¥+
DO(-0.01) 2.2 ¥}tk COD, BODE TOCS HE] 7] pH, DO, Col.= 17} ©]49 @A FFgdo] s It
E 33 AR G0 521, A7HA, =X 9 HH e o Hax FZF Y= HolA &AL p>0.052 F9 54 Kot

Table 2. Results of the correlation analysis between TOC concentration and water quality factors in estuarine reservoirs

Ganwol Namyang Daeho Bunam Sapkyo Asan

pH 0.18 ok 0.37 ok -0.13 ok -0.12 0.20 ok 0.36 ok
DO -0.12 0.03 -0.09 * -0.01 -0.14 * 0.27 ok
BOD 0.43 ok 0.27 ok 0.28 ok 0.40 ok 0.44 ok 0.35 ok
COD 0.51 ok 0.49 ok 0.43 ok 0.64 ok 0.67 ok 0.65 ok
SS 0.24 ok 0.27 ok 0.11 ok 0.21 ok 0.29 ok 0.03

™N 0.05 -0.25 ok 0.31 ok 0.40 ok 0.13 * 0.32 ok
TP 0.34 ok -0.20 ok 0.17 ok 0.44 ok 0.13 * -0.04

WT 0.32 ok 0.24 ok 0.15 ok 0.16 * 0.22 ok -0.05

EC 0.24 ok 0.59 ok 0.07 0.41 ok 0.57 ok 0.51 ok
Col -0.15 * -0.33 ok -0.06 -0.34 ok -0.13 * -0.24 ok
Chl-a 0.22 ok 0.47 ok 0.14 ok 0.26 ok 0.27 ok 0.30 ok

*: p<0.05, **: p<0.01
pH: Power of hydrogen ions, DO: Dissolved oxygen, BOD: Biochemical oxygen demand, COD: Chemical oxygen demand, SS: Suspended
solids, TN: Total nitrogen, TP: Total phosphorus, WT: Water temperature, EC: Electrical conductivity, Col.: Coliforms, Chl-a: Chlorophyll-a
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Fig. 3. Trend analysis according to TOC groupings (a) Chl-a-TOC in reservoirs (b) Chl-a-TOC in small watershed reservoirs

(Ganwol (GW), Namyang (NY), Daeho (DH), and Bunam (BN)) (c¢) Chl-a-TOC in large reservoirs (Sapkyo (SK), Asan
(AS)), (d) SS-TOC in reservoirs (e) SS-TOC in small watershed reservoirs (GW, NY, DH, BN), (f) SS-TOC in large

watershed reservoirs (SK, AS).
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4& DOC 2 POCE TF&sto] ZAbste]of atm, o]of mhet
BAELE 7 FEAAR A5 9§ AE FE H &3t
o] o F3stodok gFrh(Thurman, 1985).

B Ad7dA HE&d A2AEE Chl-a 2 SS9 TOCTE H]
A8 B3B8 L FF 2F5HE ol &dte] TOCE A5 o
Random forest, Support vector machine 5% Decision tree<}
Artificial Neural Network (ANN)$] Machine-learning”]'§ ¢
Fed g BoE & Atk 9AEAE F3 Chl-a, SSE A=
3171 93 Keller et al. (2018)< 67FA1 9] Machine-learning
(Linear, Partial least squares, Random forest, Extremely
randomized trees, Adaptive boosting, Gradient boosting, K-
nearest neighbors, Support vector machine, Artificial neural
networks, Self-organizing maps)< ©]&3 v} 1.2™ Chl-al
A9 R?7} 0.67~0.88, SSOA 9] R*7H0.68~0.81% & H&

=5 A% v sl

4. Conclusion

E40] 2l Chla, TSSE &3 A5 7H5d& ZAst2A
st Th 2013~2020d 7449 A5 E vlE 22 TOCH el
A4S A 29 oen 2o

D A8l g5 ToC §42 dgsolA 7.0 mgLE 7+
& =L, g FEo] g YR 5.0~6.0 mg/LY EXE B
ok AIZEA] v go] ¥, U2 AT 2 WIEE UL
A FLs FY9dMe 29EZ] FH2 F e ARAT
o] o} B FART QAEH ] FAHHY AL TEE #d
e, old wet SANEREV|E VIAZ 7 =& AL
2 g

2) A3l EF59 TOC AR T 4B B8 AA
3+ A3} COD, EC, BOD, Chl-a, SS <22 ¥t} 38, &
FEHE 7 FEAA T 4B B4 AT Chla, SSOll
Ao FHATTE BHEHLE 47 0.28, 0.192 UERG O
E3] 2¥9EA 5T/ B2 G¥IoMY FRASFE 047,

:
02709 EF {9 A2 YEtEth

3) B TOCS Chl-a, SS9 HAEL EE SaeA
0.63 o] gellom, JuHoz fgamoe] 2 A A
Uebgth v 5 fo% FERAE AT F A2, A
A AFESS :
A& dgsica #
ATe] Ao F

]_
TOCY 5 7hsde Brtshe A= dastth 5, 4 22
of 2A &

=
592 M1 WrES $EH

Machine-learning 71l F&3thd, &= =2 TOC oA
g F Mo =go] 2 AL wodTh

B AFREL s EFTY Ader s84F71e719
F7Hd e sA7IEAN NS SN EAG o A DS Top A

T3 28(320049-5). °]ol ZAL=HE YT}
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