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Abstract : This study aimed to determine the optimal installation method for total organic carbon (TOC) online
monitoring that facilitates easy maintenance and ensures stable water quality data collection, thereby enhancing the
operational efficiency of bioreactors in wastewater treatment plants. Two monitoring configurations were tested at
the bioreactor inlet: (1) a submerged type, with a sensor placed directly in the treatment process flow, and (2) a
side-stream circulation type, with a sensor placed in a tank receiving influent via an underwater pump. Sensors
continuously collected data at second-level intervals, which were processed into 5-minute averages for analysis.
Both configurations achieved a utilization rate exceeding 99%, and the average TOC concentrations were 34.34
mg/L for the circulation type and 33.77 mg/L for the submerged type, showing similar fluctuation trends. However,
the submerged type exhibited relatively greater variance in measurements. Optimal cleaning cycles were estimated
at five weeks for the side-stream type and one to two weeks for the submerged type. These findings suggest that
the side-stream circulation configuration offers better maintenance efficiency and reliable data acquisition, making
it a recommended option for stable TOC monitoring in sewage treatment processes.
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Fig. 1. Schematics of sensors installed at the wastewater
treatment plant under study.
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Table 1. Operating ratios of the installed sensors

16,119 99.98
16,419 99.97

Side-stream 16,123

Submerged 16,424
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Fig. 2. Comparison of TOC data by (A) a side-stream sensor and (B) a submerged sensor,
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Table 3. Mean and standard deviation of TOC values detected over time.

Side-stream 30.81+£1.54  32.37+1.81 30.94+1.79 34.53+199 35.64+2.04 37.27+2.74 34931247 38.22+3.02
(no cleaning) (£5.00%) (£5.59%) (5.79%) (£5.76%) (#5.72%) (+7.35%) (+7.07%) (£7.90)
Submerged
(cleaned once after 28.67x1.63 30.79£196 31.13+2.10 36.36+2.14 36.44+192 36511266 33.77+2.54 36.48+3.26
4 weeks) (£5.69%) (+6.67%) (+6.75%) (£5.89%) (£5.26%) (+7.29%) (+7.52%) (+8.93%)

696 1. Korean Soc. Environ. Eng. Vol.47, No.10 October, 2025



SERZIAIY BEHS A ZR7IEA RLEZS QIS EMIM HX|YY H|d

u, o5 B A4 AX W ATHe £ES9ch 12
T Theat o] el
1) TOC AlAe] Al get 27l e dlole]
SRS 99% o] A 71S ko] XA O] akiu] ot
el dlole| 43lo] Hssteict
2) WAY AAe] TOC ghe L AZke] Z7Hate] whet o)
ofEje] Hito] Ziaol ujs) Z7iohs AeS Holnz

3) AllA Eﬂ°l‘ﬂ

2% 13] ol é%fﬂ WAL 5% 29 18] OI*JS’J
A& 2 AAhe pRsch

SR 2 Al Aol AmbEALA M4 Z5aolut
w5 242l Hlol 43S 9 A
27k Wpaoln 27145 vlg W FAWe 94T
A0z pekstol AT AXAE AAsHE Ao] 3

Q3}t}.

S|
&

4

~

i

%

>

rlr

4N

N

2

-0,

do ¥
I A )

Acknowledgement

B o 27bRA S AE ) nlUZesey TadE
A1) ALE b SaE gl

References

1. Korea Ministry of Environment, Statistics of sewerage(2024)

2. Korea Ministry of Environment Web site [Internet]:
http://www.me.go.kr.

3. Ministry of Environment. Revision of the Government
Organization Act for Integrated Water Management and
Initiation of Unified Water Management [Press Release]. Korea
Ministry of Public Administration and Security Web site; c2018.
Available from: https://www.mois.go.kr.

4. Lee SH. Global competition. smart water services. Journal of
Water Policy and Economy. 2015;24:5-14.

5. Lee IK, Choi SH, Jang KE, Choi MS, Song HI, Jin SH, Kim
HW. Real-time sensors and model-based optimization for an
advanced wastewater treatment process. J. Korean Soc. Environ.
Eng. 2008;138-141.

6. Park SH, Lee CY, Kim KY, Kim HW, Lee WT. Comparison
of COD and TOC in influents and effluents of six industrial
wastewater treatment plants in Korea. Journal of Korean Soc.
Environ. Eng. 2022;44:143-149.
https://doi.org/10.4491/KSEE.2022.44.5.143.

7.  Ministry of Environment. Korean Green New Deal: Full-Scale
Implementation of Smart Sewer Systems [Press Release]. Korea
Ministry of Public Administration and Security Web site; c2021.
Available from: https://me.go.kr.

8. Lee YK, Lee SH. A case study of smart water management
technology in Korea-based on conceptualization of smart city

10.

14.

15.

16.

17.

18.

19.

20.

and smart technology. Journal of Regional Policies.
2018;29:149-182.

Lee GH, You KT, Choi SC, Kim JR. Development of ensemble
model for effluent T-N prediction of WWTP using smart sensor
data. Korean Soc. Civil Eng. 2020;761-762.

Kim YK, Shin GW. Smart system for small-scale sewage
treatment plant. Proceedings of Korean Geo-Environmental
Society. 2021;37-38.

. Lee JW, Kim YW, Gil KY. A study on operation control:

technology required for introduction of intelligent sewage
treatment plant. Journal of Wetlands Research. 2022;24:38-43.
http://doi.org/10.17663/JWR.2022.24.1.38.

. Kim ST, Lim BI, Oh HT, Park KH. An analysis on economic

effects of smart sewage pipe. Journal of Convergence for
Information Technology. 2019;9:78-87.
http://doi.org/10.22156/CS4SMB.2019.9.7.078.

. Kim YK, Seo IS, Kim HS, Kim JY. Assessment on

economies-environmental affect of smart operation system(sos)
in sewage treatment plant. Journal of Environmental Impact
Assessment. 2013;22:581-589.
http://doi.org/10.14249/eia.2013.22.6.581.

Reza Maleki, Ahmad Miri Jahromi, Ebrahim Ghasemy,
Mohammad Khedri. Smart sensing technologies for wastewater
treatment plants. Artificial Intelligence and Data Science in
Environmental Sensing. 2022;1-17.
https://doi.org/10.1016/B978-0-323-90508-4.00003-4.

Jeong SH, Kim KT, Jeon DS. Abnormal water quality monitoring
based on IoT for smart sewage construction. The magazine
of the Korean society of civil engineers. 2022;70:34-40.
Yoo M, Jang MS, Woo DS. Trends and future tasks of
measurement techniques for water quality monitoring of sewage
disposal plants: a review paper. The Society of Convergence
Knowledge Transactions. 2019;7:103-113.
http://doi.org/10.22716/sckt.2019.7.4.056.

Im DB, Lee JY. Study on improving the legislation for
installation and management of smart sewer system. Chung-Ang
Law Review. 2018;20:47-86.
https://doi.org/10.21759/caulaw.2018.20.2.47.

Bourgeois W, Burgess JE, Stuetz RM. On-line monitoring of
wastewater quality: a review. Journal of Chemical Technology
and Biotechnology. 2001;76:337-348.
http://doi.org/10.1002/jctb.393.

Hass J, Retter A, Wagner C, Griebler C. High-resolution
monitoring of groundwater quality in unconsolidated aquifers
using UV-Vis spectrometry. Grundwasser - Zeitschrift der
Fachsektion Hydrogeologie. 2023;28:53-66.
https://doi.org/10.1007/s00767-022-00540-3.

Hussain A, Bhattacharya A. "Characteristics of Wastewater."
Advanced Design of Wastewater Treatment Plants: Emerging
Research and Opportunities. I1GI Global. 2019;1-28.

Declaration of Competing Interest

The authors declare that they have no known competing

et 2sta|x| M473 & 105 20254 102 697



Seungeun Shin et al.

financial interests or personal relationships that could have

appeared to influence the work reported in this paper.

Authors and Contribution Statement

Seungeun Shin

Department of Environmental Engineering, Kumoh National
0000-0002-2693-5555:
Data curation, data analysis, methodology, visualization, writing

Institute of Technology, Master, ORC

- original draft.

Yeonhee Kwon

Department of Environmental Engineering, Kumoh National
0009-0002-9158-9748:
Data curation, data analysis, methodology, visualization, review

Institute of Technology, Master, ORC

and editing.

698 1. Korean Soc. Environ. Eng. Vol.47, No.10 October, 2025

Changyeon Woo

Department of Environmental Engineering, Kumoh National
Institute of Technology, Ph.D. Candidate, ORrRC 0000-0002-
2569-6740: Data curation, data analysis, review and editing.

Wontae Lee

Department of Environmental Engineering, Kumoh National
0000-0001-9660-
4455: Project administration, review and editing.

Institute of Technology, Professor, ORC



