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Abstract: Mobile water quality sensors in monitoring hotspots of river surface water pollution allow for an efficient and flexible
inspection. Traditional fixed monitoring stations often fail to capture the dynamic changes in water pollution, whereas mobile
sensors are used to monitor large water bodies and detect abnormalities in pollution hotspots in real-time. Utilizing the advantages
of mobile sensors and data processing methods, river pollution inspection can be carried out effectively. Experiment results show
that the sensitivity and accuracy of pollution monitoring are enhanced, enabling timely remediation actions.
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1. Introduction

Surface water pollution of the river is a global environmental concern and is common and severe in industrial regions, urban
areas, and zones of intensive agriculture [1,2]. Traditional water quality monitoring requires fixed monitoring stations for point
sampling and analysis [3,4]. However, these methods have limited coverage and delayed data updates, making it difficult to fully
capture dynamic changes in pollution [5]. To address these challenges, using mobile sensors to monitor water quality has attracted
research interest [6,7]. Mobile sensors can be used for real-time monitoring of pollution in vast stretches of rivers, making them
appropriate for inspecting and managing pollution hotspots [8,9]. Many statistical methods have been developed to monitor and
assess water quality based on measured data using the multivariate statistical method [10], fuzzy inference [11], and the water
quality index (WQI) [12]. In this study, we explore how to apply mobile sensors in monitoring the water quality of river surface
water to illustrate advantages and challenges. Table 1 shows various pollution measures and their applications considered in this
study.

Table 1. Water quality measures used for various applications.

Dissolved  Chemical
Conductivity  Oxygen Oxygen

Application Industry pH (EC) (uS/cm) (DO) Demand Usage
(mg/L) (COD) (mg/L)
Agricultural Using pH to determine
Channels — 6.5-8.5 500-1,000 2-4 — over—standard wastewater; EC and

DO in drainage time
Using pH to determine
River Water Bodies — 6.5-8.5 300-2,000 4-9 20-100  over—standard wastewater; EC and
DO in drainage time
Using COD to determine
Livestock Industry — 6.5-8.5 1,500 — 5,000 <2 100-600  over—standard wastewater; EC in
drainage time
PCB Manufacturing
Inspection and Law / Metal Surface
Enforcement Treatment /
Electroplating

Using pH and COD to determine
6.5-9 500-5,000 — 20-80 over—standard wastewater; EC in
drainage time

Using COD to determine
6.5-8.5 300-1,000 — 50-150 over—standard wastewater; EC in
drainage time

Inspection and Law Textile Dyeing and
Enforcement Finishing
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Using pH and COD to determine
6.5-8.5 1,000 — 10,000 — 20-80 over—standard wastewater; EC in
drainage time
Using pH and COD to determine
— 6.5-8.5 300-5,000 1.5-4 20-80 over—standard wastewater; EC and
DO in drainage time

Inspection and Law Food
Enforcement Manufacturing

Industrial District
Drainage

2. Materials and Methods

GPS equipment was used to determine the coordinates of the sampling point. We used water sampling devices with a long
handle such as telescopic water containers or cylinders, or other equipment with similar functionality to collect surface water. Water
samplers were suspended by a rope for sampling. For sampling water samples under the surface, the Kemmerer water sampler and
the Dorn water sampler were used. Collected water samples were filtered using an on-site filtration device which included plastic
or Teflon holders and filter membranes. The membrane filter made of polycarbonate or cellulose acetate with a pore size of 0. um
to 0.45 pum, or equivalent was used to filter water samples for dissolved iron, manganese, and other analyses.

A thermometer with a measuring precision of 0.1<C was used. The pH meter with a precision of 0.01 and a temperature
compensation function was used. In sampling water, plastic or glass bottles were used. For water quality monitoring, MWQZ100 and
MWQ200 were employed as mobile water quality sensors.

3. Results

We deployed 10 mobile water quality sensors. To enhance the efficiency, the measuring points were continuously adjusted.
Communication and transmission of the 10 sensors were maintained to ensure continuous monitoring. The installation locations and
applications of the mobile water quality sensors are presented in Tables 2—4, and the deployment records of the sensors are shown
in Figs. 1 and 2. The mobile water quality sensors in Tainan City were deployed in the following areas.

Chiangjun River: Bridgeheadzi Port Unknown Bridge
Zengwen River: Chianan Irrigation System Shanhua Branch
Sanye River: Unknown Bridge

Erhjen River: Downstream of Bao’an Industrial Zone

Yanshui River: Mugaliaowan Drainage Line Unknown Bridge
Qigu River: Liu Cuo Drain Unknown Bridge

Sanye River: Wangliao Bridge
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Yanshui River: Yongkang Drain Unknown Bridge
9. Chianan Irrigation System: Annan Bridge

The sensors were installed near factory drainage outlets or pollution/emission hotspots to monitor potential pollution. The
sensors were also placed to monitor pollutants upstream, midstream, and downstream. Locations in river sections or water bodies
frequently have experienced fish die-offs or sporadic increases in pollution during specific seasons. Using the Water Science Internet
of Things Platform, water quality changes were monitored in real-time to trace pollution sources and respond to emergencies.
MWQ100 frequently experienced malfunctions and water ingress issues in the initial deployment. For successful monitoring, the
main unit was upgraded to an offshore fixed installation to reduce failures. The electrode was protected using a bucket shield to
minimize abrasion from sand and gravel. After the upgrade, the maintenance frequency due to malfunctions was significantly
reduced.

Table 2. Sensor deployment locations.

Number of Installation Installation Point
Application Type  Applicatio Application Area Application Method and Purpose
ns Date Name (Code)
Chiangjun River — Mobile installation in the tributary
Environmental 5 Units Bridgeheadzi Port September 28, so1 drainage of Guantian Industrial Park.

Inspection Application 2022 Potential pollution factories: Yi Hua, An

Unknown Bridge Dian, Taiwan Cogeneration.
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Zengwen River — Chianan Mobile installation in the upper reaches

Environmental . L2 September 28, of Zengwen River. Key targets:
Inspection Application 5 units Imigation Si’asrt]i? Shanhua 2022 S02 Daliangcheng, Zhengsheng, Jiayi,
Yangming.
. o . . . Mobile installation at Liu Cuo Drain.
Pollution En_u_ssm_n 3 units ngu River — Liu C_:uo September 27, S06 Key targets include Nanbao Resin,
Hotspot Identification Drain Unknown Bridge 2022 -
Nanhui Plant.
. . N Mobile installation at Anshun Drain
Low Dissolved Oxygen . Chianan Irrigation System September 27, NN -
Fish Die—off Rivers 2 units ~ Annan Bridge 2022 S09 downstream. Fish die—offs reported in
June 2022.
Environmental 2 units DaWan District Tributary July 14, 2023 Sanye River so01

Inspection Application Drain — Yongren Bridge

Guantian Industrial Park —

2 units Bridgeheadzi Port July 14, 2023 Chiangjun River S09
Unknown Bridge

Mugaliaowan Drainage

Environmental
Inspection Application

Pollution Emission

Hotspot Identification 1 unit Line — Unknown Bridge July 14, 2023 Yanshui River S10
Low Dissolved Oxygen . Liu Cuo Drain — Liu Cuo - -
Fish Die—off Rivers 2 units Bridge July 14, 2023 Qigu River S04
Reqular Violatin Rende Industrial Zone
gE - g 2 units Downstream — Rende Gate July 14, 2023 Sanye River S02
nterprises No. 2

Table 3. Environmental monitoring results (1).

Installation Date September 28, 2022
Installation Location Qiaotouzi Port Reservoir — Unknown Bridge (S01)
River Basin Jiangjun River
Machine Number TWO010100EW100105

Mobile Sensor Installation Completed Solar panel installa ion status

Table 4. Environmental monitoring results (2).

Installation Date July 14, 2023
Installation Location Tributary Drain in DaWan District — Yongren Bridge (S01)
River Basin Sanye River
Machine Number TW010200EW300599
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4. Discussion
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Fig. 1. Water quality sensor locations in 2022.
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Fig. 2. Water quality sensor locations in 2023.
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The application of mobile water quality sensors in monitoring hotspots of river surface water pollution is practical and efficient.
Compared to traditional fixed monitoring systems, mobile sensors provide rapid response and flexible coverage of large water
bodies, enabling real-time monitoring and early warning. The case studies demonstrate the advantages of mobile water quality
sensor deployment in improving the accuracy of pollution monitoring and addressing timely. With advancements in loT
technologies and data processing, mobile water quality sensing technology plays a crucial role in water quality monitoring and
environmental management.
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