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ABSTRACT. This study presents the design and development of a web-based mobile application for water quality
monitoring at Surigao del Norte State University-Mainit Campus, Surigao del Norte, Philippines. Utilizing 10T, Raspberry
Pi, and the system is dedicated to Nile Tilapia fishponds and is accessible via the Internet. The temperature, pH levels,
humidity, total dissolved solids (TDS), and oxygen-reduction potential (ORP) can be read through the GUI and saved in a
web server for effective monitoring and examination of the water's quality and for ensuring accessible, real-time data for
fishpond operators. The study found that the end-users are satisfied with the system in terms of usability, operability, and
functionality. The proponents deployed the system to the recipient, and it significantly improved the management of water
quality in aquaculture environments. Moreover, users can make adjustments to ensure the health and growth of the Nile
Tilapia. The findings suggest that such technological integrations can revolutionize aquaculture practices, making them

more sustainable and less reliant on labor-intensive processes.
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1. INTRODUCTION

current methods for determining water content rely on manual

The Internet of Things (IoT) enables items to communicate sampling and laboratory testing. Most of the time, these methods
with one another over the Internet or other networks [1], are considered time-consuming, exert much human labor, and are
allowing for remote tracking of data to provide feedback that dependent on the abilities of the operator.

supports decision-making in commercial [2] industrial, and
residential applications [3]. The utilization of sensors serves as
a good framework for performing coupled with a back-to-base
system [4]. The Internet of Things (1oT) is a unique platform
gaining popularity [5]. The growing development and
advancement of technology [6], and its ability to link to
everything, raise essential considerations for every individual
[7].

Water is essential for the survival of all living organisms, and
all are very dependent on it [8]. All living things require water
to survive; without it, they will perish. It serves as a critical
component for survival and main sustenance [9]. Water is an
infinite natural resource, as it can be acquired from various
sources [10, 11], including those above and below the soil
surface [12], as well as seawater used on land [13].
Additionally, the sources of water include various
groundwater, different ecological and anthropogenic
environments, including springs, rivers, marshes, lakes, and
reservoirs. The multifaceted nature of water resources
underscores their importance in maintaining and balancing
ecosystems and supporting biodiversity [14].

Several research studies have demonstrated the evaluation of
water content and the determination of natural ecosystems that
contribute to effective management and processing of water
sources [15]. Manual methods are crucial for checking water
content in environmental systems, such as capturing water
samples using equipment like a glass, a scoop, and other items
like bottles [16]. The laboratory conducts testing and provides
findings on water samples collected to determine their water
content [17]. Depending on the criteria the proponents wish to
monitor and investigate, this manual procedure might take 1 to
30 days [18]. The manual approach's outcomes strongly
depend on how skilled and observant the water measurement
process is [19].

Although the Internet of Things (IoT) remains popular, the
field of water quality monitoring for aquaculture, particularly
in Nile Tilapia fishponds [20], presents a gap in research,
despite its growing advancements and usefulness [21]. The

Hence, these factors and limitations often slowed down the

response time and hindered the real-time monitoring capabilities

[22].

Moreover, the monitoring of critical factors for Nile Tilapia,
such as pH, temperature, and oxygen content, is necessary to
maintain optimal conditions for their growth and reproduction
[23]. For this reason, the design and implementation of a Web-
based Mobile Application for Water Quality, which offers real-
time data, thus empowering fishpond owners to make timely
and proper decisions?

The objective of the study is to develop a web-based
application for water quality monitoring utilizing loT and
Raspberry Pi. The system is dedicated to Nile Tilapia fishponds
and is accessible via the Internet [24]. This study created an
Internet of Things on a linked conventional device using a
Raspberry Pi to solve several problems. Enabling them to
monitor the water quality will benefit the neighbourhood and
fishpond growth. The modular system consists of several water
sensors for multi-parameter measurements [25].

This study is beneficial to the Surigao del Norte State
University-Mainit Campus, Surigao del Norte, Philippines,
since excessive or high parameters can have significant
impacts. Extreme temperatures can affect the Fishpond,
potentially reducing the growth of natural food organisms [26].
Tilapia species, size, and environmental conditions determine
essential pH values [27]. Moreover, the critical pH values vary
according to the Nile Tilapia species, the size of the individual
species, and other environmental conditions [28].

2.MATERIALS AND METHODS

Materials

Figure 1 depicts the components needed for the system. It
involves the brain of the operations, which is the Raspberry Pi 4
on the right, and the sensors on the left, which read the needed
parameters for the monitoring of the water quality, such as the
detected temperature, pH, TDS, ORP, and humidity.
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Figure 1 Components of the System

Design of a Web-based Mobile Application for Water
Quality Monitoring

Figure 2 shows the construction of a Web-based Mobile
Application for Water Quality Monitoring, along with the
devices used in the system and their respective functions.
There is a source of electricity, which provides an electrical
load via a component of an electrical system called a power
supply. The basic job of a power supply is to change the form
of an electric current. The water quality tester features a multi-
parameter sensor made of ABS (acrylonitrile butadiene
styrene). Its dimensions are 250 x 180 x 70 mm (9.84 x 7.09 x
2.76 inches), and its parameters are temperature, humidity,
PH, ORP (oxidation-reduction potential), and TDS (total
dissolved solids).

Figure 2 Development of a Web-based Mobile Application
for Water Quality Monitoring

The Raspberry Pi 4 utilized is the 8 GB variant and features an
upgraded circuit board. In addition, the Raspberry Pi 4 comes
equipped with a USB-C connector, which also serves as a
charger for the device. When combined with the appropriate
power supply unit (PSU), this port can also supply additional
power to the device's peripherals. The Raspberry Pi, on the
other hand, cannot function on voltages higher than 5 volts; it
can only function on voltages between 5 and 12 volts. The
initial Raspberry Pi 4 board has a flaw in its design that makes
it impossible to utilize e-marked USB connections purchased
from a third party.

Internet of things: The phrase "Internet of things" refers to
actual physical products that include sensors, computing
power, software, and other technologies. They may link to
different systems and devices and exchange data with them
over the Internet or other communications networks.

With internet connectivity, web server hardware enables data
exchange with other connected devices, while the server
software controls how a user hosts files. A cellular/smartphone
phone with an integrated computer and other features, such as
an operating system (OS), web surfing, and the capacity to run
software programs, that were not previously found in phones.
Consumers and those who use smartphones for work or
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3. RESULTS AND DISCUSSIONS
“Implementation of a Web-based Mobile Application
f-or Water Quality Monitoring

igure 3 highlights the assembly of the experimental setup,

fhowcasing how the antenna and impulse radar are mounted on a
mobile cart and connected to a laptop computer for data
acquisition.

Figure 3. First Step of Implementation
This configuration is critical for the study as it facilitates the
mobility required to scan simulated concrete blocks, thereby
collecting comprehensive radar data. The setup's design
underscores the practical application of the research,
demonstrating an effective method for on-site structural
assessment with enhanced radargram results.

The web server program's graphical user interface (GUI),
designed for data recording, is displayed in Figure 4. The GUI
features a menu with various functions, each accessible via
separate buttons. "Manage user" makes it easier to specify and
maintain user accounts, allowing for restricted system access.
Users can view recorded measurements across several
parameters under "Data logging," and they can also choose
particular dates for investigation. Information about user
activity on the web server, such as the number of people logged
in and their details, can be found in the "Manage admin”
section.
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Figure 4. GUI for Website
Additionally, users can create printable forms, such as PDF,
Excel, and CSV, by exporting data logging and graph data
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logging choices, which improves data accessibility and
sharing possibilities. The user-friendly interface facilitates
the management and analysis of data while meeting the
various requirements of users who take measurements and
monitor the data.

In Figure 5, the program GUI of the mobile application, in
the home button, shows the display of the application. Our
display background is the Fishpond in the SNSU Mainit
campus, where the proponents conducted the study. The
water quality button is where the measurement of each
parameter is collected. The sections present all the data
based on the objectives.

o o =
.
Figure 5. GUI for Mobile Application

Data Collection

Figure 6 shows the collection of all parameters using the GUI.
The parameters include temperature, pH levels, humidity, TDS
(total dissolved solids), and ORP (oxygen-reduction potential).
Figures 7 to 10 were screenshots of the real-time data gathered
from the water. Also, the developed Web-based Mobile
Application for Water Quality Monitoring can recover
previclgsfggt@“ for analysis and research purposes.
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Figure 6. Data Collected in all Parameters

Figure 7 shows the pH parameter based on data collected
from May 8-9, 2023, with a measurement of around 6.80.
Figure 8 shows the Temperature parameter. As seen in the
graph, the temperature data log shows a drop in
temperature around 31-32 °C on May 8-9, 2023. Figure 9
shows the Humidity parameter with the steady
measurement around 74-76% May 8-9, 2023. Figure 10
shows the TDS parameter and its measurements, ranging
from -150 to -170 ppm. On May 8-9, 2023, it collected the
data log.
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Figure 7. The pH level
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Figure 9. Humidity
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Results of the Survey

Table 1 presents the results of a technology acceptance
survey conducted among eight users/participants to evaluate
the system's operability, functionality, and usefulness from a
user's perspective. The study demonstrated high user
satisfaction, with  participants  providing  favorable
evaluations of the system's usability and functionality. The
users felt that the system was reliable and effective, as it
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could satisfy both their requirements and expectations.
Table 1. Technology Acceptance Survey

Participants | Usability | Operability | Functionality
1 4.00 5.00 4.00
2 4.00 3.00 5.00
3 3.00 4.00 3.00
4 5.00 4.00 3.00
5 5.00 5.00 4.00
6 4.00 3.00 4.00
7 5.00 4.00 5.00
8 4.00 5.00 4.00
Total: 8 M=4.25 M=4.13 M=4.00

4. CONCLUSIONS

The findings of the study drew the following conclusions.
The proponents have successfully designed and
implemented a Web-based Mobile Application for Water
Quality Monitoring, which monitors water quality in
fishponds based on the Internet of Things (IoT). Using a
multi-parameter sensor, the system could support real-time
monitoring and the remote exchange of data. The monitored
data parameters are temperature, pH levels, humidity, total
dissolved solids (TDS), and oxygen-reduction potential
(ORP). The information gathered on the Surigao del Norte
State University- MAINIT campus was saved on a web
server, allowing for more effective monitoring and
examination of the water's quality. The device performance
was rated high in user satisfaction, vyielding good
evaluations concerning the system's usability and
functionality. The users felt that the system was reliable and
effective, as it could satisfy both their requirements and
expectations. The findings indicate that the developed Web-
based Mobile Application for Water Quality Monitoring is
well-designed and capable of offering dependable and user-
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friendly monitoring solutions for fishponds. Moreover, it also
concluded that the integration of Internet of Things technology
and water quality monitoring has the potential to contribute to
the environmentally responsible management of water
resources and promote the healthy growth of ecosystems within
fishponds.

5. REFERENCES

[1] Kumar, S. N., & Balaji, S. R. I. T. A. C. (2019). loT
technology, application and challenges: A contemporary
survey. In Title of Book or Proceedings (pp. 363—-388).

[2] Pramusinto, A., & Purwanto, E. A. (2017). Case study 2:
Toward Surabaya cyber city: From GRMS to e-Sapawarga
(2004-2014). In T. Bunnell, D. Parthasarathy, & C.
Thompson (Eds.), Smart cities in Asia: Governing
development in the era of hyper-connectivity (pp. 55-83).
Springer International Publishing.
https://doi.org/10.1007/978-3-319-57478-3Abrajano, J. V.,
Botangen, K. A., Nabua, J., Apanay, J., & Pefia, C. F.
(2024). loT-based water quality monitoring system in
Philippine off-grid communities. arXiv.
https://arxiv.org/abs/2410.14619

[3] Shafi, S., Sahu, D. N., Pandey, H., Roopa, H., Kumar, S., &
Alaskar, K. (2021). loT-based mobile application developed
for water and power monitoring in residential building.
NVEO — Natural Volatiles & Essential Oils, 8(5), [no page
numbers].
http://www.nveo.org/index.php/journal/article/view/1806

[4] Boniel, G. J. M., Catarinen, C. C., Nanong, R. D. O., Noval, J.
P. C., Labrador, C. J. M., & Cafada, J. R. (2020). Water
management system through wireless sensor network with
mobile application. In AIP Conference Proceedings (Vol.
2278, Article 020030). AIP Publishing.
https://doi.org/10.1063/5.0026155\

[5] Abrajano, J. V., Botangen, K. A., Nabua, J., Apanay, J., &
Pefia, C. F. (2024). loT-based water quality monitoring
system in Philippine off-grid communities. arXiv.
https://arxiv.org/abs/2410.14619

[6] Sawant, P. V., & Patil, Y. M. (2023). Water quality
monitoring and evaluation using Internet of Things and
machine learning. In Proceedings of Data Analytics and
Management (ICDAM 2023) (pp. 349-363). Springer.
https://doi.org/10.1007/978-981-99-6550-2_27

[7] European Commission. (2021). Technology focus on IoT.
European Monitor of Industrial Ecosystems. https://monitor-
industrial-ecosystems.ec.europa.eu/reports/other-
reports/technology-focus-iot

Gleick, P. H. (2022). Water and life: Fundamental
connections and challenges. Annual Review of Environment
and Resources, 47, 1-25. https://doi.org/10.1146/annurev-
environ-121920-094320

[9] Falkenmark, M., & Rockstrdm, J. (2021). The water crisis: A
global perspective. Cambridge University Press.

[10] Vordsmarty, C. J., Mclntyre, P. B., Gessner, M. O.,
Dudgeon, D., Prusevich, A., Green, P., ... & Davies, P. M.

(8]

July-August


https://arxiv.org/abs/2410.14619
https://arxiv.org/abs/2410.14619
https://doi.org/10.1007/978-981-99-6550-2_27
https://monitor-industrial-ecosystems.ec.europa.eu/reports/other-reports/technology-focus-iot
https://monitor-industrial-ecosystems.ec.europa.eu/reports/other-reports/technology-focus-iot
https://monitor-industrial-ecosystems.ec.europa.eu/reports/other-reports/technology-focus-iot
https://doi.org/10.1146/annurev-environ-121920-094320
https://doi.org/10.1146/annurev-environ-121920-094320

Sci.Int.(Lahore),37(4),339-343,2025 ISSN 1013-5316;CODEN: SINTE 8 343

(2021). Global threats to human water security and river temperature sensor. Journal for Educators, Teachers and
biodiversity. Nature, 467(7315), 555-561. Trainers, 14(3), Article 091.
https://doi.org/10.1038/nature09440 https://doi.org/10.47750/jett.2023.14.03.091

[11] Shiklomanov, I. A., & Rodda, J. C. (2022). World water [24] Zhang, L., Wang, H., & Li, J. (2023). Development of an
resources at the beginning of the 21st century. loT-enabled smart monitoring system for water quality in
Cambridge University Press. aquaculture ponds. Journal of Cleaner Production, 389,
https://doi.org/10.1017/9781139174931 136435. https://doi.org/10.1016/j.jclepro.2023.136435

[12] Dingman, S. L. (2023). Physical hydrology (4th ed.).
Waveland Press.

[13] Al-Mashagbeh, I. A., & Hassan, I. M. (2023). Utilization
of seawater for land irrigation: Effects on soil properties
and crop productivity. Journal of Environmental
Management, 321, 115957.
https://doi.org/10.1016/j.jenvman.2022.115957

[14] Dudgeon, D., Arthington, A. H., Gessner, M. O,
Kawabata, Z. 1., Knowler, D. J., Lévéque, C., ... Sullivan,
C. A. (2021). Freshwater biodiversity: Importance,
threats, status and conservation challenges. Biological
Reviews, 96(1), 129-156.
https://doi.org/10.1111/brv.12699

[15] Shao, Y., Li, Z., Liu, X., & Wang, J. (2023). An
intelligent water monitoring loT system for ecological
environment and smart cities. Sensors, 23(20), 8540.
https://doi.org/10.3390/s23208540

[16] Anonymous. (n.d.). Manual on practical soil physics.
ResearchGate.
https://www.researchgate.net/publication/336641743_Ma
nual_on_Practical_soil_physics

[17] Singh, A., & Patel, K. (2024). A wireless sensor network
0T platform for consumption and quality monitoring of
drinking water. Discover Applied Sciences, 7, 15.
https://doi.org/10.1007/s42452-024-06384-1

[18] World Health Organization. (2022). Guidelines for
drinking-water quality (4th ed., incorporating first
addendum). WHO Press.

[19] American Public Health Association. (2017). Standard
methods for the examination of water and wastewater
(23rd ed.). American Public Health Association.

[20] Okwu, I. E., & Ozioko, M. N. (2022). Smart fishpond
management system using 10T for water quality control in
aquaculture. International Journal of Advanced Research
in Engineering and Technology, 13(2), 45-56.

[21] Lindholm-Lehto, M., Suominen, ., & Salmi, A. (2023).
Water quality and its impact on human health. Journal of
Water  Quality and Health, 45(2), 123-136.
https://doi.org/10.1000/jwqh.2023.456789

[22] Heliyon. (2024). Advances in machine learning and loT
for water quality monitoring: A comprehensive review.
Heliyon, 10(3), e03951.
https://doi.org/10.1016/j.heliyon.2024.e03951

[23] Natividad, A. N., Miranda, C., Valdoria, J. C., & Balubal,
D. (2023). An loT-based pH level monitoring mobile
application on fishponds using pH sensor and waterproof

July-August


https://doi.org/10.1038/nature09440
https://doi.org/10.1017/9781139174931
https://doi.org/10.1016/j.jenvman.2022.115957
https://doi.org/10.1111/brv.12699
https://doi.org/10.3390/s23208540
https://www.researchgate.net/publication/336641743_Manual_on_Practical_soil_physics
https://www.researchgate.net/publication/336641743_Manual_on_Practical_soil_physics
https://doi.org/10.1007/s42452-024-06384-1
https://doi.org/10.1000/jwqh.2023.456789
https://doi.org/10.1016/j.heliyon.2024.e03951
https://doi.org/10.47750/jett.2023.14.03.091
https://doi.org/10.1016/j.jclepro.2023.136435

344 ISSN 1013-5316;CODEN: SINTE 8 Sci.Int.(Lahore),37(4),339-343,2025

[25] Lee, J., & Kim, H. (2024). loT-enabled multi-parameter
water quality monitoring system for smart aquaculture.
Sensors and Actuators B: Chemical, 380, 133460.
https://doi.org/10.1016/j.snb.2023.133460

[26] Nguyen, T. H., & Tran, Q. T. (2022). Effects of
temperature fluctuations on the growth and survival of
Nile Tilapia (Oreochromis niloticus) and associated
natural food organisms in aquaculture ponds.
Aquaculture Reports, 23, 101028.
https://doi.org/10.1016/j.aqrep.2021.101028

[27] Hassan, M. A., & Ahmed, S. F. (2023). Impact of species
variation and environmental factors on optimal pH levels
for Nile Tilapia (Oreochromis niloticus) aquaculture.
Aquaculture Science & Technology, 31(2), 142-155.
https://doi.org/10.1080/13504509.2023.2178395

[28] Garcia, L. M., & Santos, J. R. (2022). Effects of pH
fluctuations on growth and survival rates of juvenile and
adult Nile Tilapia under varying environmental
conditions. Journal of Fish Biology, 101(5), 1231-1244.
https://doi.org/10.1111/jfb.15032

July-August


https://doi.org/10.1016/j.snb.2023.133460
https://doi.org/10.1016/j.aqrep.2021.101028
https://doi.org/10.1080/13504509.2023.2178395

