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1. Introduction

1.1. Background and rationale

Increasing demands for environmental management and the assurance of a healthy learning and research
environment at Can Tho University (CTU) has made continuous monitoring of environmental indicators at
selected locations within the campus essential. Variations in weather conditions, air quality and water quality can
directly affect public health and infrastructure operation, and provide important baseline data for research,
teaching and management activities.

An environmental monitoring system has been implemented to measure and monitor key parameters:

e Air quality —The system tracks parameters such as temperature, humidity, wind speed, PM,.; and PM,, to
reflect microclimatic conditions and temporal variations in fine particulate matter.

e Water environment — The system measures temperature, water depth, electrical conductivity (EC) and
turbidity to assess temporal trends and detect early abnormal conditions in monitored water bodies or
observation areas.

e Meteorological conditions — Rainfall data is recorded to analyse the relationships between precipitation and
environmental variations, as well as localised flooding or waterlogging events, and to serve as a basis for
integrated seasonal analyses.

Developing a monitoring system capable of periodic data collection, centralised data management and data
visualisation enhances the university’s capacity for real-time (or near real-time) environmental surveillance. The
system supports data-driven decision making and contributes to a long-term dataset for environmental
assessment, forecasting and the formulation of appropriate environmental management solutions for CTU.

This work was undertaken as part of the Resilient Urban Centres and Surrounds (RUCaS) Program, led by Water
Sensitive Cities Australia (WSCA) at Monash implemented in partnership with the International Centre for
Environmental Management (ICEM) and supported by the Australian Government. Working across Cambodia,
Lao PDR, Thailand and Vietham, RUCa$S aims to enhance the climate resilience and liveability of urban areas
fostering stakeholder collaboration to implement innovative, sustainable solutions through integration of
conventional large ‘grey’ infrastructure (e.g. levees, pipelines, treatment plants) with nature-based solutions (NbS)
(e.g. wetlands, mangroves, catchment protection, green walls, multifunctional parks).

1.2. Objectives of the monitoring program

e Deploy an environmental monitoring network at representative locations within the CTU campus to
continuously record environmental data over time.

e Measure air quality parameters including temperature, humidity, wind speed, PM,.; and PM, ,; water quality
parameters including temperature, water depth, EC and turbidity; as well as to record rainfall data.

e Conduct operational checks, periodic maintenance and data quality control procedures to ensure the
reliability and accuracy of the monitoring system.

e Compile, visualise and analyse the collected data to assess temporal and spatial variation trends and
provide baseline data for environmental research and management at CTU.
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1.3. Scope of the activity

This report presents the implementation scope and the initial results of deploying and operating environmental
monitoring stations at CTU, with the main contents summarised as follows:

Spatial scope: The monitoring system was deployed at several selected locations within the CTU campus.
Monitoring scope:

o Air quality: temperature, humidity, wind speed, PM,.; and PM,,

o Water environment: temperature, water depth, EC and turbidity

o Meteorological conditions: rainfall.
Temporal scope: Data were collected during the period from May to December 2025.
Content of the report: The report describes the monitoring system and equipment, installation, operation
and maintenance procedures, data collection and processing workflows, as well as a synthesis of
monitoring results and preliminary observations and assessments based on the collected data.
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2. Methodology

2.1. Establishment of the monitoring system

2.2.1. Number of environmental monitoring stations

e Two (02) air quality monitoring devices
e Two (02) water quality monitoring devices
e One (01) rainfall monitoring device (rain gauge)

2.2.2. Criteria for selecting installation locations

Representativeness and monitoring objectives

e Ensure that general rainfall characteristics across the campus are reasonably represented by placing a
single rain sensor at a strategically selected, open and unobstructed location.

e Arrange monitoring locations in a manner that allows for comparative analysis between different areas,
depending on analytical requirements.

Technical requirements for proper rainfall measurement

e Theinstallation site should be open and unobstructed, minimising interference from tree canopies, rooftops,
utility poles, walls or other structures that could affect rainfall measurements.

e Locations exposed to splash effects (water droplets rebounding from surrounding surfaces during rainfall),
irrigation spray or direct runoff from roofs or drainage pipes entering the collection funnel should be avoided.

e The device should be installed on a stable foundation to minimise vibration, and the rain gauge funnel must
be properly leveled.

Technical infrastructure and operation

e Adequate power supply must be ensured (for electrically powered devices) or sufficient solar exposure
provided for battery- or solar-powered systems, where applicable.

e Stable data transmission connectivity (e.g. 4G, Wi-Fi, LoRa, depending on system design) must be
available at the installation site.

e The location should allow convenient access for routine inspection and maintenance.

Safety and equipment protection

e The installation site should minimise risks of collision, vandalism or prolonged inundation, and allow the
device to be securely fixed in place.

¢ Installation must be coordinated with and approved by the relevant unit responsible for managing the
installation area.

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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2.2. Description of loT devices
2.2.1. Air station

Type: An air quality monitoring station provided by Queensland University of Technology (QUT) through Monash,
integrating a microclimate and fine particulate sensor suite, equipped with a data logger and a 4G-based data
transmission system to send data to a central server.

Main measured parameters:

e Air temperature (°C)

¢ Relative humidity (%RH)

e Wind speed (m/s)

e Fine particulate matter concentrations (PM,.; and PM,,, ug/m?)

Data recording mode: Data are recorded at fixed time intervals (interval-based logging) according to the system
configuration, with an average data transmission interval of approximately 8 minutes, depending on internet
connectivity. Data are periodically transmitted to the server and displayed via a web-based interface, where users
can download the complete dataset in CSV format. Each record includes a timestamp and corresponding
measured values. The system incorporates mechanisms to detect data loss and abnormal readings during
operation.

2.2.2. Water station

Type: A water quality monitoring station provided by Monash, utilising two multiparameter probes to measure
water quality parameters, combined with a data logger and 4G-based data transmission to the central server.

Main measured parameters:

e Water temperature (°C)

e Water depth (cm)

e Electrical conductivity (EC, mS/cm)
e Turbidity (NTU)

Data recording mode: Data are recorded at fixed time intervals (interval-based logging) according to the system
configuration, with an average transmission interval of approximately 8 minutes, subject to internet connectivity.
Recorded data are periodically transmitted to the server for online visualisation. Users can download the full
dataset in CSV format. Each record contains a timestamp and corresponding measured values, and the system
includes mechanisms for detecting data loss or anomalies during operation.

2.2.3. Rain station

Type: A rainfall monitoring station provided by Monash, consisting of a rain gauge integrated with a data logger
and a 4G-based data transmission system to the central server.

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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Main measured parameters:

o TipsInLastTimestep (tips): the number of tipping events recorded during the most recent logging interval.
e CumulativeTips (tips): the cumulative number of tips, used to assess data continuity and detect potential
resets or data transmission losses.

Data recording mode: Rainfall data are recorded using an event-based mechanism (for tipping-bucket or
equivalent sensors) or at fixed intervals, depending on system configuration. The data are aggregated over
defined time periods (e.g. minute or hourly intervals) and transmitted to the server for visualisation and statistical
summaries on hourly, daily or monthly bases, supporting rainfall event analysis.

2.3. Installation procedure

o Field survey: The implementation team conducted field surveys at proposed installation locations to
assess environmental conditions and technical infrastructure. The survey included evaluations of site
openness, potential obstructions, risks of flooding or waterlogging, safety conditions, accessibility for
maintenance and the quality of communication signals at each location (for stations with data transmission
capability).

o Site selection: Based on survey results and site selection criteria, suitable locations for station installation
were identified and agreed upon. For rainfall stations, priority was given to open areas with minimal
obstruction from trees, rooftops or tall structures, avoiding direct inflow from roofs or drainage pipes into
the collection funnel, while ensuring a stable and safe installation base.

o Device installation: Equipment was installed in accordance with the manufacturer’s technical guidelines.
Key steps included preparing mounting structures or poles, securely fixing devices, verifying stability and
resistance to vibration and, in particular, leveling the rain gauge to ensure measurement accuracy. After
installation, station information (station ID, coordinates/location, installation time) was recorded and site
photographs were taken for documentation purposes.

e Operation testing: Following installation, on-site operational tests were conducted to confirm proper
functioning of the equipment. These tests included checking power status (battery or mains supply),
verifying logger and sensor operation, confirming data recording capability, testing data transmission
connectivity (if applicable) and validating correct data display on the storage system or dashboard.

o Initial calibration: Initial calibration and verification were performed in accordance with the manufacturer’s
procedures or internal protocols. For rainfall stations, this step ensured stable operation of the tipping
mechanism and correct configuration (or verification) of the conversion factor (mm per tip). Calibration
details, including implementation date, results and notes, were documented to support subsequent data
quality assessment and long-term monitoring.
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Table 1. Original and revised mounting design of the equipment support structure

Original mounting design Revised mounting design

VIE_AIR_7: 15/05/2025 VIE_AIR_7: 8/11/2025

VIE_AIR_8: 15/05/2025

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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VIE_WATER_1: 07/06/2025

VIE_WATER_1: 8/11/2025

Resilient Urban Centres and Surrounds
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Rain_2: 18/11/2025 Rain_2: 26/11/2025

2.4. Monitoring and data collection process

Data collection at monitoring stations

o Air stations (02 stations): Periodic measurement and recording of air temperature, relative humidity, wind
speed, and fine particulate matter concentrations PM2.5/PM10.

« Water stations (02 stations): Periodic measurement and recording of water temperature, water depth, EC
and turbidity.

« Rain station (01 station): Rainfall data are recorded in discrete data messages, each including a
timestamp (SiteName) and the main fields TipsinLastTimestep and CumulativeTips. TipsinLastTimestep
represents the number of tipping events occurring during the most recent logging interval, while
CumulativeTips represents the accumulated total number of tips.

Data transmission to the server

« Data from all monitoring stations are transmitted to the central server via a 4G network connection.
o Each data message includes the timestamp, measured values and diagnostic information such as battery
voltage and signal quality indicators, which support monitoring of device health and operational status.

Centralised data storage and synchronisation

e The server receives incoming data and stores them centrally in a database system.
o Data are organised by station ID and time, enabling efficient data retrieval for hourly, daily and monthly
aggregation, as well as trend analysis.
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Operation monitoring and maintenance

Data are visualised through a dashboard to monitor temporal variations and enable early detection of
operational issues, including data gaps, abnormal values, weak signal strength (low CSQ), low power
supply (decreasing CBC) or sensor malfunctions.

Periodic maintenance is conducted according to the operation plan, including equipment cleaning,
connection checks and calibration verification.

2.5. Data processing and analysis methods

Data pre-processing

Standardisation of timestamp formats, time zones and chronological ordering of data for each station.
Removal of duplicate records, verification of missing data fields and standardisation of measurement units
(°C, %RH, m/s, pg/m?3, uS/cm, NTU, etc.).

For rainfall stations, tipping data are standardised into a consistent structure: SiteName -
TipsInLastTimestep — CumulativeTips — CBC — CSQ.

Data quality assurance and quality control (QA/QC)

Data completeness: Calculation of data completeness ratios for each station (number of valid records
divided by the total expected records for a given period).

Range check: Verification that measured values fall within reasonable and physically plausible ranges (e.g.
temperature, EC, turbidity, PM concentrations).

Outlier/spike check: Identification of abnormal spikes or abrupt changes (rapid increases or decreases),
with such records flagged for further review or exclusion from analysis.

Health check: Use of diagnostic fields (e.g. CSQ and CBC) to assess operational conditions, including:
Periods of weak signal strength or loss of connectivity (low or missing CSQ)

Low power conditions (significant decreases in CBC) that may lead to data loss.

Rainfall data: Additional checks on the continuity of CumulativeTips to detect resets, data gaps or
transmission errors.

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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3. Results

3.1. Operation and maintenance results
3.1.1. Operation

Operational status of the 5 devices

e Five sensor stations were installed, commissioned, and connected to the server for continuous monitoring.

e Ingeneral, the stations operated as expected, but overall availability (uptime) was mainly affected by power
(battery/charging) and cellular connectivity (4G signal).

e When abnormal behavior was detected (no data upload, unstable readings), on-site checks and remote
troubleshooting (reset/restart) were performed to restore normal operation.

3.1.2. Maintenance

Maintenance frequency: Every 2-3 weeks, conduct routine maintenance to ensure stable operation and data
quality.

Battery maintenance: Replace the battery (or swap with a fully charged unit) to prevent low-power shutdown
and maintain reliable 4G connectivity.

Sensor maintenance: Clean the sensor surfaces to remove biofouling/deposits (especially for water-parameter
sensors), helping keep measurements stable and accurate.

3.1.2. Technical issues

Battery charging problem (Resolved)

e Issue: Battery charging performance degraded over time.

e Signs: Initial charges took 15—-20 hours; later charging required up to ~1 week; finally, the battery could not
be charged.

e Corrective action: The issue was resolved by replacing the charger with a higher-power model.

e Resolution date: The new charger was received and installed on 08/10/2025, which has resulted in
improved charging performance and stable battery operation.

Sensor station offline (no data upload / device unreachable)
e Possible causes

o Weak/unstable 4G signal
o Low battery (device shuts down or modem cannot connect reliably)
o Other technical faults (firmware hang, modem issue, loose wiring)

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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e Solutions / troubleshooting steps

o Replace the battery (if battery health is poor or cannot hold charge)

o Reset/reboot the sensor station (power-cycle to recover from firmware/modem hang)

o Contact technical support if the issue persists (for deeper checks: modem, antenna, SIM/APN
configuration, firmware logs)

Sensor parameter error (abnormal/out-of-range/flatline readings)
e Possible cause

o Loose or faulty connection between the main board and the sensor (connector oxidation, cable
damage, unstable terminal contact)

e Solution

o Reconnect the sensor to the main board, ensure connectors are firmly seated and re-check readings
after reconnection (replace cable/connector if the issue repeats)

Moisture/condensation inside the sensor station (especially water-parameter stations)

e Issue: Some stations showed internal humidity/moisture, most notably the water-parameter monitoring

stations.

e Main cause: Condensation due to temperature/humidity fluctuations (moist air trapped inside the
enclosure).

e Impact: Increased risk of connector oxidation, unstable sensor signals and potential short circuits if
prolonged.

e Solution: Add silica gel desiccant packs inside the enclosure and replace them periodically during
maintenance visits. Since implementation, no similar issues have been observed at other stations. A similar
concern has been reported in Laos, and this mitigation measure may be shared with the Laos team for
consideration.

3.2. Environmental monitoring results

3.2.1. Air quality monitoring results

Air quality monitoring at CTU was conducted using two air quality sensors, VIE_AIR 7 and VIE_AIR_8, which
continuously recorded hourly concentrations of PM,.5 and PM;, during the period from 15 May to 11 December
2025. The dataset was first screened to remove invalid records and subsequently aggregated into hourly values.
Descriptive statistical indicators, including minimum (min), mean and maximum (max) concentrations, were then
calculated for each parameter.

The two monitoring sites represent different local environmental conditions within the CTU campus. The
VIE_AIR 7 sensor was installed in an open vacant area located behind the campus near a large canal, where
surrounding traffic density and construction activities are relatively limited. In contrast, the VIE_AIR_8 sensor was
placed near Gate C of CTU, adjacent to National Highway 3/2, an area characterised by higher traffic intensity
and proximity to ongoing construction activities.

Summary statistics of the monitoring results are presented in Table 2. At the VIE_AIR_7 site, the hourly PM2s

concentration had a mean value of 20.18 pg/m?, ranging from 0.125 pyg/m?3to 74 ug/m?3. For PM1o, the mean
concentration was 27.74 pg/m?3, with minimum and maximum values of 0.125 ug/m? and 195.11 pg/m?,

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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respectively. These results indicate relatively large variability in particulate matter concentrations, particularly for
PMho, suggesting the occurrence of episodic high-concentration events during the monitoring period.

Table 2. Summary statistics of hourly PM2.5 and PM10 concentrations at VIE_AIR_7 and VIE_AIR_8

| VIE_AIR_8 (higher traffic)

VIE_AIR _7 (open vacant area)

Mean 20.18119298 2773717 16.00711214 22.4539624
Min 0.125 0.125 0.125 0.125
Max 74 195.1111111 75 131.8571429

At VIE_AIR_8, the hourly PM2.5 concentration showed a mean value of 16.01 ug/m?, ranging from 0.125 pg/m? to
75 pg/m?2. The mean PM1o concentration at this site was 22.45 pg/m?, with a minimum of 0.125 pg/m® and a
maximum of 131.86 ug/m?®. Compared with VIE_AIR_7, both PM2.5s and PM1o concentrations at VIE_AIR_8 were
generally lower and exhibited a smaller range of variation.

To further examine temporal patterns, the diurnal variation of PM,.5; and PM;, concentrations was analysed
based on hourly averages for the two monitoring sites (Figure 1).

PM2.5 (ug/m?)

60 60

PM10 (ug/m?)

50 50
40 40
30 30

20 20

10 10

0 0
123456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 1234567 8 9101112131415161718 192021 2223 24

——VIE_AIR_7 == VIE_AIR_8 ——VIE_AIR_7 ——VIE_AIR_8

Figure 1. Diurnal variation of PM2.5 and PM10 concentrations at VIE_AIR_7 and VIE_AIR_8

The results reveal a consistent daily pattern at both locations. Particulate matter concentrations gradually
increase during the early morning hours and reach peak levels between approximately 06:00 and 08:00.
Concentrations then decrease significantly and remain relatively low during the late morning and early afternoon
(approximately 10:00-15:00). In the evening, particulate matter levels gradually increase again, with moderate
peaks observed between 19:00 and 22:00.

These diurnal patterns are likely influenced by daily human activities and traffic emissions, which typically
intensify during morning commuting hours and evening periods. Meteorological factors, including variations in
atmospheric mixing height and wind conditions throughout the day, may also contribute to the observed
fluctuations in particulate matter concentrations.

A comparison between the two monitoring locations indicates that VIE_AIR_7 generally recorded slightly higher
concentrations of both PM,.5 and PM;, than VIE_AIR_8 during most hours of the day. This finding contrasts with
the initial assumption that areas located closer to major roads and construction activities would exhibit higher
particulate matter levels. The difference may be explained by site-specific micro-environmental conditions. The

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas
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VIE_AIR_7 sensor is located in an open area with exposed soil surfaces, which may facilitate dust resuspension
under windy conditions and contribute to elevated PM4, concentrations.

Temporal variations of particulate matter concentrations at the two monitoring locations are illustrated in Figures 2
and 3.
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Figure 2. Temporal variation of PM2.5 at VIE_AIR_7 and VIE_AIR_8

PM10 (ug/m?3)

200
180
160
140
120
100
80
60
40
20

0
15/05/2025 0:00 15/06/2025 0:00 15/07/2025 0:00 15/08/2025 0:00 15/09/2025 0:00 15/10/2025 0:00 15/11/2025 0:00

e \/|[E_AIR_7  emmmVIE_AIR_8 === QCVN 05:2023/BTNMT

Figure 3. Temporal variation of PM10 at VIE_AIR_7 and VIE_AIR_8

According to the National Technical Regulation on Ambient Air Quality of Vietnam (QCVN 05:2023/BTNMT), the
24-hour average limit values are 50 ug/m? for PM,.5 and 100 pg/m? for PM,,. Based on the monitoring results, the
mean particulate matter concentrations at both sites remained below the national regulatory limits during most of
the monitoring period. However, short-term peak values, particularly for PM4, at VIE_AIR_7, occasionally
approached or exceeded the guideline levels, indicating episodic dust events rather than persistent air pollution.
These peaks were typically observed during daytime hours and may be associated with local activities such as
traffic movement, construction activities or dust resuspension under favourable meteorological conditions.
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Although the monitoring results did not clearly demonstrate lower particulate matter concentrations at the site
expected to benefit from NbS, this outcome should be interpreted in the context of the current site conditions. At
present, no specific NbS interventions have been formally implemented at the monitoring locations as part of the
project. The VIE_AIR_7 site represents an open green area characterised by grass cover, scattered vegetation
and proximity to a canal, which can be considered baseline landscape elements that may provide certain
ecosystem functions related to NbS.

Therefore, the current monitoring results should be interpreted primarily as baseline environmental information
rather than direct evidence of NbS effectiveness. One of the longer-term objectives of the monitoring program is
to evaluate how future NbS interventions-such as enhanced green infrastructure, vegetated areas or other nature-
based urban design measures-may influence air quality and micro-climatic conditions within the CTU campus.
Future assessments may also incorporate additional indicators, including the Air Quality Index (AQI) and the Heat
Index, to provide a more comprehensive evaluation of environmental conditions. Existing air quality monitoring
stations in Can Tho may serve as reference sources for AQI comparison.

3.2.2. Water quality monitoring results

Water quality monitoring was conducted at two monitoring sites within CTU using continuous sensors, including
VIE_WATER 1, installed in a small canal within the campus, and VIE_ WATER_2, deployed in a pond located in
an open vacant area behind the campus. The pond is hydraulically connected to the canal; however, it is
characterised by more stagnant conditions and visually clearer water.

In this study, EC (uS/cm) and turbidity (NTU) were selected as the primary indicators for water quality
assessment, because they are sensitive to anthropogenic activities, hydrological conditions and sediment
dynamics. Other measured variables (temperature and water depth) were used only for data screening and
interpretation purposes.

During data screening, abnormal values were detected at both monitoring sites due to sensor malfunction. At
VIE_WATER 1, from 10 December 2025 onwards, the recorded values of temperature, water depth and EC were
consistently negative (approximately —100 to —150), indicating sensor failure. Therefore, data from
VIE_WATER 1 were considered valid and analysed only up to 9 December 2025.

Similarly, at VIE_WATER_2, sensor malfunction was identified during the period from 12 September to 11
November 2025, and data from this period were excluded from further analysis. In addition, occasional
unrealistically low EC values were identified and removed during data quality control.

The results indicate clear differences between the two monitoring sites (Table 3). For VIE_WATER_1, the mean
EC value was approximately 72.3 uS/cm, with values ranging from 1.2 to 121.9 uS/cm, while turbidity showed a
mean value of about 81.0 NTU, reaching a maximum of 750.2 NTU. These relatively high turbidity levels are
consistent with field observations, as the canal is subject to sediment resuspension, organic matter accumulation
and frequent disturbances caused by surrounding human activities.

In comparison, VIE_ WATER_2 exhibited higher EC values, with a mean of approximately 130.7 uS/cm and a
maximum of 184.6 uS/cm, reflecting the accumulation of dissolved ions, consistent with the relatively stagnant
conditions of the pond. However, turbidity at this site was generally lower, with a mean value of 41.9 NTU and a
maximum of 369.7 NTU, indicating more stable water conditions and reduced sediment disturbance compared
with the canal.
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Table 3. Summary statistics of hourly EC and turbidity concentrations at the monitoring sites

VIE_WATER _1 (canal) VIE_WATER_2 (pond)

EC (uS/cm) Turbidity (NTU) ~ EC (uS/cm) Turbidity (NTU)
Mean 72.28464 81.04562 130.7035203 41.93764889
Min 1.206333 9.261 67.1 1.5103
Max 121.934 750.165 184.6222222 369.671275

To further examine diurnal patterns, hourly averages of EC and turbidity were analysed for both monitoring sites
(Figures 4 and 5).
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Figure 4. Diurnal variation of electrical conductivity (EC) at VIE_WATER_1 and VIE_WATER_2
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Turbidity
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Figure 5. Diurnal variation of turbidity at VIE_WATER_1 and VIE_WATER_2

For EC, both sites exhibited relatively stable diurnal patterns, with only minor fluctuations throughout the day. EC
values at VIE_WATER 2 remained consistently higher than those at VIE_ WATER 1 across all hours, reinforcing
the observation that the pond environment promotes the accumulation of dissolved ions due to limited water
exchange. In contrast, EC at VIE_WATER_1 showed slightly greater variability, likely reflecting more dynamic
flow conditions in the canal.

In terms of turbidity, a clear diurnal pattern was observed at VIE_WATER _1, with a pronounced peak occurring
during the late morning to early afternoon (approximately 8:00-12:00). This pattern suggests increased sediment
resuspension during this period, potentially associated with daytime human activities or changes in flow
conditions. After this peak, turbidity gradually decreased toward the evening and remained relatively low during
nighttime hours.

Meanwhile, turbidity at VIE_WATER_2 remained relatively low and stable throughout the day, with only a modest
increase during midday hours. This result further supports the role of the pond as a low-energy environment
where suspended solids can settle more effectively.

Overall, the diurnal analysis highlights the stronger temporal variability and external influence at the canal site
compared with the more stable conditions observed in the pond.

In terms of EC, values recorded at VIE_ WATER 2 (pond) were generally higher and more stable than those at
VIE_WATER 1 throughout most of the monitoring period (Figure 6). The EC time series at VIE_ WATER 2
showed relatively slow variations with limited fluctuation ranges, reflecting a low-flow or stagnant water body
consistent with the low-flow, stagnant conditions of the pond. In contrast, EC at VIE_ WATER _1 was lower but
more variable, with several abrupt decreases, likely associated with dilution effects from rainfall, increased flow or
changes in water sources within the canal.
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Figure 6. Temporal variation of EC at VIE_WATER_1 and VIE_WATER_2

For turbidity, the contrast between the two sites was even more pronounced. At VIE_ WATER_1, turbidity
exhibited strong temporal fluctuations with multiple short-term peaks, particularly during mid-June, mid-July and
mid-November 2025 (Figure 7). These peaks represent abrupt short-term increases in turbidity. In addition, hourly
analysis indicates that these peaks generally occur during the late morning to early afternoon (approximately
8:00-12:00). These turbidity spikes may be related to rainfall events, as indicated by comparison with rainfall data
recorded at the Rain_2 station (Figure 8). For example, turbidity at VIE_WATER_2 increased from approximately
58 NTU at 14:00 on 18 November 2025 to a peak of about 226 NTU at 12:00 on 19 November 2025, coinciding
with a high-intensity rainfall event of approximately 60—70 mm in mid-November 2025. In addition, anthropogenic
disturbances, such as pedestrian activities and campus operations, may also contribute to short-term increases in
turbidity. This difference suggests the potential effectiveness of the pond as a retention system, where reduced
flow velocity promotes the settling of suspended solids and leads to more stable water conditions.
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Figure 7. Temporal variation of Turbidity at VIE_WATER_1 and VIE_WATER_2
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According to QCVN 08:2023/BTNMT on National technical regulation on Surface water quality, EC and turbidity
are not regulated by specific limit values for surface water quality classification. These parameters are commonly
used as supporting indicators to reflect ionic content and suspended solids dynamics rather than as direct
compliance indicators.

The relatively high turbidity values observed at VIE_ WATER _1 are consistent with conditions of small urban
channels subjected to frequent disturbance and runoff inputs. While turbidity at VIE_ WATER_2 was generally
lower, both sites exhibited values exceeding typical background conditions for natural surface waters, suggesting
the influence of anthropogenic activity.

Overall, although EC values at VIE_WATER_2 were higher, this does not necessarily indicate poorer water
quality, but rather reflects the accumulation of dissolved ions in a water body with limited circulation. In contrast,
VIE_WATER_1 showed much greater turbidity variability, highlighting the stronger influence of external forcing
and human activities on canal water quality. These observations are consistent with field conditions at the two
monitoring locations and provide important insights for understanding water quality dynamics and supporting
environmental management within CTU.

3.2.3. Rainfall monitoring results

Rainfall monitoring at CTU was conducted using an automatic rain gauge, Rain_2, which recorded precipitation
data from 11 November 2025 to present. The rain gauge was installed within the CTU campus to capture
localised rainfall conditions relevant to environmental monitoring activities.

Rainfall measurements were recorded at irregular time intervals, with a temporal resolution ranging from
approximately 1-2 hours per measurement. This temporal resolution may not be sufficient to fully capture short-
duration rainfall events, particularly design storms commonly used in urban drainage analysis in Can Tho, which
often have durations of 40-90 minutes.

As a result, the current rainfall dataset is more suitable for identifying general rainfall patterns and event
occurrence rather than for detailed assessment of NbS effectiveness under short, high-intensity storm events.
Future monitoring should prioritise higher temporal resolution rainfall data to better support NbS performance
evaluation. In this study, references to NbS primarily relate to the existing pond system within the campus, which
functions as a retention feature influencing water flow and sediment settling.

Descriptive statistics, including minimum, mean, and maximum rainfall values, were calculated based on the
recorded rainfall data and are summarised in Table 4.

Table 4. Descriptive statistics of rainfall recorded at the Rain_2 monitoring site from 11/11/2025 to 12/12/2025

Mean 1.4773
Min 0
Max 67.4
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The minimum rainfall recorded during the monitoring period was 0 mm, indicating numerous intervals without
precipitation. The maximum recorded rainfall reached 67.4 mm per recording interval, reflecting short-duration
rainfall events with relatively high intensity. The mean rainfall value suggests that precipitation during the
monitoring period occurred intermittently rather than continuously. The temporal variation of rainfall recorded at
the Rain_2 monitoring site is illustrated in Figure 8.
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Figure 8. Temporal variation of rainfall recorded at Rain_2 from 11/11/2025 to 12/12/2025

The time-series analysis indicates that rainfall occurred as distinct events, characterised by short periods of
measurable precipitation separated by extended dry intervals. Several rainfall peaks can be identified throughout
the monitoring period, corresponding to localised storm events rather than prolonged rainfall. For example, a
major rainfall event was recorded on approximately 15—16 November 2025, with peak values occurring during the
early hours of the day (around 02:00-06:00). Additional smaller rainfall events were observed in late November
and early December, typically occurring within short time windows of a few hours. This event-based rainfall
pattern is typical of the late rainy season in the Mekong Delta region. Given the data acquisition interval of
approximately

1-2 hours, the analysis focuses on identifying rainfall events and general temporal patterns, rather than precise
hourly rainfall intensity.

Rainfall plays an important role in influencing environmental conditions within the CTU campus. Rainfall events
recorded by Rain_2 are expected to affect surface runoff, sediment mobilisation and water exchange processes,
which may partly explain short-term variations observed in water quality parameters, particularly turbidity, as
discussed in Section 3.2.2. For instance, the rainfall event recorded in mid-November 2025 (approximately 60—70
mm) was followed by a noticeable increase in turbidity at VIE_ WATER_1 within the subsequent monitoring
intervals. Similarly, a slight reduction in PM concentrations was observed following rainfall events, suggesting the
influence of wet deposition. However, due to the limited temporal resolution of the dataset, these observations
remain indicative rather than conclusive.

In summary, rainfall monitoring conducted at the CTU campus from 11 November to 12 December 2025 captured
multiple discrete rainfall events with varying magnitude and temporal distribution. Despite the limitation of a single
monitoring station and an update interval of 1-2 hours, the Rain_2 dataset provides valuable campus-scale
precipitation information that supports the interpretation of air quality and water quality monitoring results.
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3.2.4. Integrated observations and preliminary assessment

This section presents an integrated interpretation of the monitoring results obtained from air quality, water quality
and rainfall observations within the CTU campus. The objective is to provide a preliminary assessment of
environmental conditions and identify potential linkages among monitored parameters based on observed
temporal patterns.

Integration of air quality and meteorological influences

The air quality monitoring results indicated noticeable temporal variations in PM,.5 and PM,, concentrations, with
several peak values occurring during mid-June, mid-July and mid-November 2025. These fluctuations are likely
influenced by a combination of local emission sources, including traffic and campus activities, as well as
meteorological conditions.

Rainfall events recorded during the monitoring period appear to coincide with temporary reductions in particulate
matter concentrations, suggesting the effect of wet deposition in removing airborne particles. For example,
following the rainfall event in mid-November 2025 (approximately 60—70 mm), PM,.5 concentrations decreased
from peak values of approximately 30—40 ug/m? to below 20 pg/m? within subsequent monitoring intervals.
Although a direct quantitative correlation analysis was not conducted, the observed temporal consistency
between rainfall occurrences and subsequent decreases in PM concentrations provides a reasonable basis for
preliminary interpretation.

Integration of water quality and rainfall observations

Water quality monitoring at the two sites, VIE_ WATER 1 (channel environment) and VIE_WATER_2 (pond
environment), revealed substantial differences in EC and turbidity, reflecting contrasting hydrological and
environmental settings.

Rainfall events recorded by the Rain_2 station are expected to influence water quality through increased surface
runoff and sediment transport. Short-term increases in turbidity observed in both water bodies may be partially
associated with rainfall-induced runoff, particularly in the channel environment of VIE_WATER_1, which is more
directly exposed to anthropogenic activities and surface inflows. For instance, during the mid-November rainfall
event, turbidity at VIE_ WATER_1 increased sharply from baseline values of approximately 50—100 NTU to peak
values exceeding 300 NTU within a short time period. In contrast, turbidity variations at VIE_ WATER_2 were
smaller in magnitude, supporting the pond’s role in attenuating sediment transport through reduced flow velocity
and enhanced settling processes.

Spatial differences within the CTU campus

The integrated analysis highlights clear spatial heterogeneity in environmental conditions across the CTU
campus. The channel-based monitoring site (VIE_WATER_1), located near academic buildings and student
pathways, showed greater sensitivity to short-term disturbances. In contrast, the pond-based site
(VIE_WATER_2) reflected more stability in water quality measurements, indicating potential effectiveness of a
retention pond in reducing turbidity and improving water quality.

Similarly, air quality measurements reflected localised influences from campus activities, emphasising the
importance of site-specific monitoring for understanding environmental variability at the campus scale.

Preliminary assessment and limitations

The combined monitoring results suggest that environmental conditions within the CTU campus are influenced by
interacting factors, including human activities, hydrological connectivity and meteorological conditions. The
integrated dataset provides a valuable foundation for identifying general trends and potential linkages among air
quality, water quality and rainfall.
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However, this assessment remains preliminary due to several limitations, including the limited number of
monitoring sites, irregular data recording intervals and periods of missing or invalid data caused by sensor
malfunction. Future studies should consider longer monitoring durations, higher temporal resolution and
expanded spatial coverage to enable more robust statistical analyses and causal interpretations.

The integrated analysis of air quality, water quality and rainfall monitoring results reveals meaningful temporal and
spatial patterns within the CTU campus. While the findings provide important baseline information and support
initial environmental assessments, further investigation is required to fully quantify the interactions among
environmental components and support long-term management and planning efforts.

Overall, the integrated monitoring results provide a valuable baseline dataset for the CTU campus. While the
current observations do not allow for a definitive assessment of NbS effectiveness, they establish a critical
reference for future comparison and long-term environmental evaluation as NbS interventions are further
developed and implemented.
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4. Lessons learned

Lessons learned from the installation phase

e Because the stations currently require frequent battery replacement, the installation must ensure
mechanical stability while still allowing easy access for battery swapping.

e In practice, this means selecting a mounting position that is secure against vibration/weather, but also
convenient for technicians (reachable height, clear opening space and well-managed cables/connectors to
avoid looseness during repeated maintenance).

Lessons learned from the operation phase

e The two water-monitoring stations VIE_WATER_1 and VIE_WATER_2 experienced more incidents than
the other stations.
e The most common problems were:

o Connectivity loss / intermittent upload (stations going offline)
o Sensor reading errors (unstable or incorrect parameters, often linked to connection issues or harsh,
humid conditions around water sites).

Recommendations for improvement
e Upgrade and integrate solar power (panel + proper charge controller) to extend runtime and increase the
interval between battery replacements.

e Add an offline notification/alert feature (e.g. SMS/app/email/dashboard alerts when no data is received for
a defined time window) so the team can respond quickly and reduce downtime.
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Annexes

Annex 1. Raw and calibrated data

o Vie_AIR_T:
o Raw and Calibrated Data: Link
o Wind speed calibration formula: W(m/s)=0.1127 x W raw)
e Vie_AIR_S:
o Raw and Calibrated Data: Link
o Wind speed calibration formula: W(m/s)=0.1127 * Wraw
e Vie_ WATER_f1:
o Raw and Calibrated Data: Link
o Calibration formulas:
= EC (mS/cm) = 1.4xECraw-15.4
= Turw (NTU) = 0.9 Turwraw + 0.6
e Vie_ WATER_2:
o Raw and Calibrated Data: Link
o Calibration formulas:
= EC (mS/cm)=1.4"ECraw -12.7
= Turw (NTU)= 0.91*Turwraw + 0.3
e Rain_2:
o Raw and Calibrated Data: Link
o Calibration formulas:
= Tips =Dt - D(t-1)
= Rainfall (mm)= Tips x 0,2mm

Annex 2. Operation and maintenance logbhook

\[o} Work item Details (Izjzt;/month Jyear)
1 Replace battery VIE_AIR 7. 01-06-2025
> sReer?sl?)fe battery, clean \\;:E:X\{é'_l'gR_Z VIE_AIR 7, 10-06-2025
3 Replace battery VIE_AIR_8, VIE_WATER_1. 06-06-2025
4 6 Replace battery VIE_AIR_7, VIE_WATER_2. 11-06-2025
5 Replace battery VIE_AIR 7. 18-06-2025
6 Replace battery VIE_WATER 2. 24-06-2025
7 Replace battery VIE_AIR_8, VIE_WATER_1. 30-06-2025
8 Cleaning / washing VIE_WATER_1, VIE_WATER_2. | 30-06-2025
9 7 Replace battery x:E:X\{g_rE,R\ﬂ:E’_\QIIIE?__VgATER_Z 01-07-2025
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10 Replace battery VIE_WATER_1 11-07-2025
11 Replace battery VIE_WATER_2 20-07-2025
12 Replace battery VIE_AIR_8. 25-07-2025
13 rBerri)nag?rback to the lab for L/;)I(Ejalli\r/]g\'l;jlial’;_? is no longer 01-07-2025
14 Replace battery VIE_AIR_7 03-08-2025
15 Replace battery VIE_WATER_2 11-08-2025
16 ® Replace battery VIE_WATER_2 16-08-2025
17 Replace battery VIE_AIR_8 21-08-2025
18 Replace battery VIE_WATER_1 01-09-2025
19 Replace battery VIE_WATER_2 07-09-2025
20 9 Replace battery VIE_WATER_2 16-09-2025
21 Replace battery VIE_AIR_8 25-09-2025
22 E:r?sl,i(r:e patiery v clean VIE_WATER_1 30-09-2025
23 Replace battery VIE_AIR_7 09-10-2025
24 10 Replace battery VIE_WATER_1 15-10-2025
25 Replace battery VIE_WATER_2 24-10-2025
26 Replace battery VIE_AIR 7 01-11-2025
27 Replace battery VIE_WATER_1 07-11-2025
28 Replace battery VIE_AIR_8 15-11-2025
29 11 Replace battery VIE_WATER_2 24-11-2025
30 Replace battery bRrE:)tng Kte S lt)gilzvfc: ?\;I ISSe?:ror;?)r;?r. 08-11-2025
Brought it back to the lab:
31 Replace with a new VIE_WATER 2’s water module 25-11-2025
sensor had a blown capacitor.
32 Inspect and repair VIE_WATER_1 06-12-2025
33 Replace battery VIE_AIR_8 12-12-2025
34 12 Replace battery VIE_AIR 7 20-12-2025
35 Replace battery VIE_WATER_2 27-12-2025
36 Replace battery x:EZC\;E'_FER\TF RS 25-12-2025
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Annex 3. Images

Photos of the Installation of the New

Maintenance and Operation Photos of the Air

Monitoring Station Pulley System for the Water Monitoring

Station
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	• Range check: Verification that measured values fall within reasonable and physically plausible ranges (e.g. temperature, EC, turbidity, PM concentrations).
	• Outlier/spike check: Identification of abnormal spikes or abrupt changes (rapid increases or decreases), with such records flagged for further review or exclusion from analysis.
	• Health check: Use of diagnostic fields (e.g. CSQ and CBC) to assess operational conditions, including:
	• Periods of weak signal strength or loss of connectivity (low or missing CSQ)
	• Low power conditions (significant decreases in CBC) that may lead to data loss.
	• Rainfall data: Additional checks on the continuity of CumulativeTips to detect resets, data gaps or transmission errors.
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	• Five sensor stations were installed, commissioned, and connected to the server for continuous monitoring.
	• In general, the stations operated as expected, but overall availability (uptime) was mainly affected by power (battery/charging) and cellular connectivity (4G signal).
	• When abnormal behavior was detected (no data upload, unstable readings), on-site checks and remote troubleshooting (reset/restart) were performed to restore normal operation.
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	• Issue: Battery charging performance degraded over time.
	• Signs: Initial charges took 15–20 hours; later charging required up to ~1 week; finally, the battery could not be charged.
	• Corrective action: The issue was resolved by replacing the charger with a higher-power model.
	• Resolution date: The new charger was received and installed on 08/10/2025, which has resulted in improved charging performance and stable battery operation.
	Sensor station offline (no data upload / device unreachable)

	• Possible causes
	o Weak/unstable 4G signal
	o Low battery (device shuts down or modem cannot connect reliably)
	o Other technical faults (firmware hang, modem issue, loose wiring)
	• Solutions / troubleshooting steps
	o Replace the battery (if battery health is poor or cannot hold charge)
	o Reset/reboot the sensor station (power-cycle to recover from firmware/modem hang)
	o Contact technical support if the issue persists (for deeper checks: modem, antenna, SIM/APN configuration, firmware logs)
	Sensor parameter error (abnormal/out-of-range/flatline readings)

	• Possible cause
	o Loose or faulty connection between the main board and the sensor (connector oxidation, cable damage, unstable terminal contact)
	• Solution
	o Reconnect the sensor to the main board, ensure connectors are firmly seated and re-check readings after reconnection (replace cable/connector if the issue repeats)
	Moisture/condensation inside the sensor station (especially water-parameter stations)

	• Issue: Some stations showed internal humidity/moisture, most notably the water-parameter monitoring stations.
	• Main cause: Condensation due to temperature/humidity fluctuations (moist air trapped inside the enclosure).
	• Impact: Increased risk of connector oxidation, unstable sensor signals and potential short circuits if prolonged.
	• Solution: Add silica gel desiccant packs inside the enclosure and replace them periodically during maintenance visits. Since implementation, no similar issues have been observed at other stations. A similar concern has been reported in Laos, and thi...
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	4. Lessons learned
	• Because the stations currently require frequent battery replacement, the installation must ensure mechanical stability while still allowing easy access for battery swapping.
	• In practice, this means selecting a mounting position that is secure against vibration/weather, but also convenient for technicians (reachable height, clear opening space and well-managed cables/connectors to avoid looseness during repeated maintena...
	• The two water-monitoring stations VIE_WATER_1 and VIE_WATER_2 experienced more incidents than the other stations.
	• The most common problems were:
	o Connectivity loss / intermittent upload (stations going offline)
	o Sensor reading errors (unstable or incorrect parameters, often linked to connection issues or harsh, humid conditions around water sites).
	• Upgrade and integrate solar power (panel + proper charge controller) to extend runtime and increase the interval between battery replacements.
	• Add an offline notification/alert feature (e.g. SMS/app/email/dashboard alerts when no data is received for a defined time window) so the team can respond quickly and reduce downtime.
	Annexes
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	• Vie_AIR_7:
	o Raw and Calibrated Data: Link
	o Wind speed calibration formula: W(m/s)=0.1127 x W(raw)
	• Vie_AIR_8:
	o Raw and Calibrated Data: Link
	o Wind speed calibration formula: W(m/s)=0.1127 * Wraw
	• Vie_WATER_1:
	o Raw and Calibrated Data: Link
	o Calibration formulas:
	▪ EC (mS/cm) = 1.4xECraw -15.4
	▪ Turw (NTU) = 0.9 Turwraw + 0.6
	• Vie_WATER_2:
	o Raw and Calibrated Data: Link
	o Calibration formulas:
	▪ EC (mS/cm) = 1.4*ECraw -12.7
	▪ Turw (NTU)= 0.91*Turwraw + 0.3
	• Rain_2:
	o Raw and Calibrated Data: Link
	o Calibration formulas:
	▪ Tips = Dt - D(t-1)
	▪ Rainfall (mm)= Tips x 0,2mm
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