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Abstract— All of Earth's living things depend on food and clean water to
survive. River water monitoring is essential for gathering the data required
to manage water quality in the present as well as the future. In this
research, the water quality of the Pamba River is monitored and analyzed
using the Internet of Things (IoT) during the monsoon and summer
seasons. The Pamba River is the third-longest river in the Indian state of
Kerala and one of the primary sources of drinking water in Kerala's
Pathanamthitta and Alappuzha districts. In conventional systems, the
monitoring procedure entails manually collecting water samples from
various places, followed by testing and analysis in a lab. This is costly and
time-consuming. With developments in sensors, communication, and the
Internet of Things (IoT), monitoring water contamination has become more
and more crucial in recent years and provides accurate data. The system
collects information from IoT sensors to evaluate the quality of the water,
including pH, dissolved oxygen, temperature changes, and other
parameters. The relevant officials are alerted in the case of any variation,
and all of this data is stored in the cloud. The system also ensures real-time
water quality monitoring.

Keywords— Pamba River, Water Quality, Water Quality Monitoring,
Internet of Things

1 Introduction

The water cycle is significantly influenced by rivers. India's rivers, lakes, and ponds are in
risk due to population increase, urbanization, and industrialization. Although the country
respects its rivers, they are unfortunately not always clean. Agricultural and industrial
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practices, the density of urban expansion, and the systems for collecting and treating
wastewater all affect how polluted the water is in different parts of the world. The Central
Pollution Control Board (CPCB) of India has identified several river segments with
pollution issues and potential sources of contamination. These polluted areas are
predominantly located in and around major urban areas.

The River Pamba, also known as the Southern Ganga, is the third-longest river in Kerala is
shown in the Fig 1. It rises at the Pulachimalai hill in the Peermedu plateau of the Western
Ghats in Idukki district, enters Pathanamthitta district, and then flows into Alappuzha
district for a distance of about 177.08 kilometres before emptying into the Vembanad Lake.
Pamba River provides its benefits to every area it flows and nourishes hundreds of
medicinal plants in the mountain ranges where it rises. This river's catchment area
is 1987.17 square kilometres. The river's main tributaries are the Pambayar, Kakki, Arudai,
Kakkad, and Kallar. In many Keralan religious and cultural celebrations, the Pamba River
is significant. They include the historic Parthasarathy temple, the Cherukolpuzha
Convention, the Maramon Convention—the largest Christian assembly in Asia—which was
founded in 1895, and others. With between 40 and 50 million devotees visiting each year,
the Sabarimala Temple, located on the upper catchment area of the Pamba River, is one of
the most popular pilgrimage sites. Pamba, which is located 8 kilometers from the temple,
plays a significant role in the Sabarimala pilgrimage [1].

Along the Pamba River's banks, numerous illegal construction projects have recently been
constructed. They comprise two-story structures with restrooms, lodging, and dining
establishments. These locations are the main cause for trouble during the monsoon season
because they impede the flow of floodwater, which ultimately results in the destruction of
the river banks. These structures are destroyed during floods, and the garbage they produce
(including food and bathroom wastes) flows with the water and contaminate the water
body. Due to the sewage flow from these unlawful projects into the river, the quantity of
bacteria in the river has increased to 500 times higher than usual. The Kerala government
was informed by the Supreme Court of India to set up facilities to preserve and protect the
Sabarimala ecosystem in November 2018. Eventually, the Kerala government put its
"Master Plan" into effect to make the activities at Pamba River ecologically sustainable [2].

Fig. 1 Pamba River

The current water quality monitoring system relies on manual procedures that are repetitive
and time-consuming. However, the Internet of Things (IoT) enables users to accurately
monitor river levels and receive real-time information about various water quality
parameters such as pH, Total Dissolved Solids (TDS), and Turbidity (TUR). One of its
primary uses is the river monitoring system, which uses advanced sensor technology to
provide improved control over readings of the river's level. One of the technologies in the
water sector that is developing the fastest is the Internet of Things, which is expected to



E3S Web of Conferences 477, 00093 (2024) https://doi.org/10.1051/e3sconf/202447700093
STAR'2023

have a market value of $53.8 billion by 2024. The technology's main focus is on removing
barriers from daily living so that we may all continue to develop in a healthy environment.
The development of an effective, affordable, real-time system for monitoring water quality
that incorporates a wireless sensor network and the internet of things was the primary aim
of all the initiatives. In this study, we use an loT-based sensor network to continuously
track the physical and chemical characteristics of Pamba River [3,4].
The following are the goals of an eco-friendly smart real-time water quality monitoring
system are discussed in this article.
e To precisely gauge Pamba River's dangerous quality indicators, including its
physical, chemical, and microbiological properties.
e To spot fluctuations in metrics that are measured and to issue a quick warning
when dangers or risks are found.
e To offer real-time analysis of the sensor data and make appropriate correctional
recommendations.

2 Literature Survey

Analyzing the Ghataprabha River's water quality is the primary objective of this study.
The WQM system is used to collect river water samples at predetermined sampling
locations, and the WQM system is then used to analyse the water samples using linear
regression to find the correlations between the parameters and their goodness of fit. The
WQM system controls the quality of water by considering various factors such as
temperature, pH, dissolved oxygen, electrical conductivity, biochemical oxygen demand,
nitrate, and total dissolved solids. Once the relationship between these parameters is
established, water samples undergo a one-way ANOVA analysis to determine water quality
based on ANOVA hypothesis. By utilizing the river dataset, the WQM system can also
undergo training [5].

In Malaysia, aquaculture is increasingly promoted as a key driver of economic development
and potentially the cornerstone of the country's economy. The emergence of the Internet of
Things (IoT) and sensor technologies has opened up new possibilities for Malaysian
aquaculture, positioning it as a significant catalyst for growth. These technological
advancements are now more accessible to the general population, particularly in the fields
of aquaculture and agriculture. There is a growing demand for an automated system that
utilizes IoT capabilities and sensors to continuously monitor fishponds, optimize resource
utilization, and ensure the ideal water conditions for fish. This study proposes the concept
of a real-time measurement and monitoring system based on [oT technology to assess and
control water parameters in fishponds. By enabling continuous monitoring of water quality,
this model aims to secure the successful development and survival of fish, allowing for
timely preventive measures to minimize losses and enhance production [6].

The need for high-quality water is rising as the world's population is expanding and the
environment is changing. This reality compels civilization to develop fresh approaches to
water management. Traditional business procedures are too stiff to accurately reflect how
water supply systems behave dynamically. Every instance route must be mentioned
explicitly. Conversely, declarative business procedures permit several execution routes.
These are not restricted by the regulations, giving water supply managers additional
latitude.

By integrating IoT (Internet of Things), CEP (Complex Event Processing), and declarative
processes, this essay proposes a robust, efficient, and adaptable architecture. An innovative
water management system called REFlex Water is suggested for controlling water supply
systems. Declarative business process languages provide the necessary structure and
adaptability to handle complex systems with unpredictable behavior. IoT devices offer a
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cost-effective solution for continuous real-time monitoring and regulation of various
aspects of water distribution. Additionally, CEP technology can effectively manage the
large streams of sensor data generated by IoT devices. Furthermore, CEP languages can
express rules defined in a declarative format for business processes, enabling efficient
management of IoT sensor data [7].

By closely monitoring pond conditions, management of aquaculture in catfish ponds helps
minimize abrupt changes in pond quality. Maintaining the pond and doing any necessary
repairs are essential to prevent additional fish deaths. Farmers also struggle to assess the
state of the ponds because they lack a reliable source of data that is measured consistently.
We combine monitoring and regulation systems into one application device that utilizes the
internet of things technology artificial intelligence systems. With the internet of things,
farmers can monitor their ponds in real-time whenever and wherever remotely Starting
from the monitoring system, notification system, and control system. The node successfully
measures the value of water quality parameters accurately, then passes it on to the Web
server and displays it on the frontend [8].

An integrated application device leveraging IoT technology and artificial intelligence
systems is developed to combine monitoring and regulation systems. This enables farmers
to remotely monitor their ponds in real-time, anytime and from anywhere. The application
encompasses a monitoring system, notification system, and control system. Utilizing water
detection sensors connected to a robust GSM network, the device can automatically assess
water quality parameters such as turbidity, pH, and temperature. It offers the advantages of
cost-effectiveness, autonomy, and ease of use, eliminating the need for constant human
presence. This approach significantly enhances the affordability, practicality, and efficiency
of water quality testing. Furthermore, the system is highly adaptable, capable of
incorporating additional sensors and software applications to monitor various other water
quality criteria. Expanding its scope, the system can also track hydrologic conditions, air
pollution, industrial and agricultural outputs, and other relevant variables. Such versatility
and extensibility make it a valuable tool in multiple domains. Deploying sensor devices in
the environment for monitoring purposes facilitates the creation of a "smart environment,"
where the ecosystem can proactively protect itself. Achieving this requires the strategic
placement of sensor devices for data collection and processing. This approach enhances the
realism of the environment, enabling seamless communication between the environment
and other network-connected entities. Through Wi-Fi connectivity, users gain access to the
collected data and analysis findings, further enriching their understanding [9].

Monitoring water quality involves visiting water sources physically and taking samples,
which are then sent to labs for analysis. This process is time-consuming and ineffective. To
automate this procedure, water sources are equipped with RF modules, Arduino IDE, and
water quality monitoring sensors. The sensors gather data on pH, temperature, and
turbidity, which are then transmitted to the Arduino IDE for conversion from binary to
digital. By eliminating the need to physically visit water bodies, ensuring real-time on-
demand data on contamination levels, and acting as a warning system for harmful levels of
toxins, this information is relayed to the lab via a radio frequency transmitter module [10].
This research suggests a low-cost method for real-time monitoring and management of
water quality using the Internet of Things. The physiochemical sensors of the system can
monitor a number of the physical and chemical characteristics of water, including
temperature, turbidity, conductivity, pH, and flow. These sensors can identify water
pollutants. The Raspberry Pi processes the sensor data before uploading it to the cloud.
Lastly, utilising cloud computing, the detected data is made accessible on the cloud, and the
water flow in the pipeline is managed via IoT [11].

In this study, the initial stages of the creation of a drinking water quality monitoring system
are detailed. With the use of a wireless sensor network, this system can detect and find any
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change in water quality in real-time, as well as quantify it, evaluate its significance,
calculate its repercussions, and choose the best course of action to take to lessen them. They
started by choosing the best spot for the drinking water quality control sites. After that, an
algorithm for detecting anomalies was developed to look for pollution and malicious
activity in the system that distributes drinking water. In order to decrease network traffic
while lowering source node energy consumption, they finally suggest a data aggregation
technique that takes into consideration the system's environmental factors [12].

The current water quality monitoring system relies on manual procedures that are repetitive
and time-consuming. However, the Internet of Things (IoT) enables users to accurately
monitor river levels and receive real-time information about various water quality
parameters such as pH, Total Dissolved Solids (TDS), and Turbidity (TUR).

In this paper, the challenges and economic feasibility of a system involving collaboration
between Mobile Network Operators and the Government are explored. The study also
emphasizes the use of embedded sensor technologies. Considering the gravity of water
quality concerns, this system promptly notifies the government for immediate intervention.
[13].

3 Pamba River Water Quality Mointoring
3.1 Water Quality Characteristics

According to the standards for its use, the four primary characteristics of water are
physical, chemical, microbiological and radiological [14].

= Physical Characteristics: The senses of touch, sight, smell, and taste are used to
assess the physical characteristics of river water, such as its temperature, colour,
flavour, and aroma, among other things. For instance, you can feel the warmth, see
the colour, the floating debris, the turbidity, and the suspended particles with your
eyes, and smell the flavour and odour.

»  Chemical Characteristics: The chemical composition of natural river water is
influenced by the rocks and soils it encounters. In addition to that, the quality of
water is affected by the discharge of treated wastewater from municipalities and
industries, as well as agricultural and urban runoff. Microbial and chemical
processes also contribute to the alteration of water's chemical properties.

»  Microbiological Characteristics: Protista, Plants, and animals make up the three
main categories of microorganisms found in natural river water. Some of the
biological and physical traits of organisms those are significant for questions of
water quality. A number of the most severe diseases that affect humans can be
contracted directly through contaminated water or indirectly through contaminated
food and are caused by numerous bacteria, viruses, and protozoa.

»  Radiological Characteristics: Unwanted radioactive chemicals that have found
into the water supply are known as radiological water pollutants. Alternatively,
these substances are known as radionuclides. Radon gas, which is naturally present
in water sources and has high volatility, poses a significant health hazard as it can
be inhaled while showering. Regulatory standards have been established to limit
the presence of uranium, radium-226 and -228, beta particles, photon emitters,
alpha and beta particles, as well as photon emitters in water intended for
consumption.



E3S Web of Conferences 477, 00093 (2024) https://doi.org/10.1051/e3sconf/202447700093
STAR'2023

3.2 Water Quality Monitoring Sensors

A scientific foundation for water treatment projects can be provided by the water
quality online monitoring system, which can accurately, promptly, and thoroughly reflect
the current water quality and development trend. The main objective is to develop a
wireless sensor network system that exhibits low power consumption, affordability, and
precise detection capabilities. This system will enable continuous monitoring of Pamba
river water quality in remote areas. The parameters under examination to assess water
quality improvement encompass pH, turbidity level, and other relevant factors [15].

= pH Sensor: As pH measures how acidic or basic a solution is, it is a crucial factor
in determining the quality of water. The pH scale runs from 0 to 14, with 7
denoting neutrality. Water with a pH of 7 or higher is alkaline, while water with a
pH of less than 7 is considered acidic.

= TDS Sensor: The TDS (Total Dissolved Solids) sensor counts the total amount of
dissolved solids in water, including salts, minerals, and metals. We may determine
the total dissolved solids in ppm (mg/L) by multiplying the conductivity of the
water by the quantity of dissolved solids in it.

»  Turbidity Sensor: Nephelometric Turbidity Units are frequently used to measure
turbidity (NTU). An analytical sensor that monitors turbidity is a turbidity sensor.
These are very practical and efficient tools for determining the purity and particle
content of a solution, such as water. In a variety of industries, turbidity sensors are
used to decrease waste, increase yields, and evaluate water quality.

»  Chloride Sensor: The concentration of chloride ions (Cl-) in aqueous samples can
be determined using the NeuLog chloride sensor. The salinity of water samples in
samples can be determined by this measurement. The sensor can be used to
analyses samples of drinking water that have been chlorinated to various degrees.

= Coliform Sensor: The coliform test can be utilised to locate organic pollution
sources in river networks and to remain vigilant on CSOs. A brand-new product
called the Proteus (coliform) offers consumers a reliable, repeatable, low-
maintenance sensor platform for monitoring coliforms in real-time.

= E-Coli Sensor: The most significant water quality indicators for recreational water
locations, such as rivers, lakes, water parks, or marine bathing waters, are likely E-
Coli or faecal coliforms. Monitoring E-Coli in wastewater treatment facilities,
drinking water systems, desalination plants, farms, irrigation systems, and other
potentially contaminated water areas for people, animals, and agriculture is also
important because it causes serious diseases. The E-Coli will only pick up "active"
coliforms, or those that are healthy and fluoresce actively. Also, the sensor is more
effective than conventional techniques at detecting "Viable But Non-Culturable
Bacteria" (VBNC).

4 Existing System

The process of inspecting water quality involves obtaining a water sample and sending
it to a laboratory for manual analysis. While this method allows for the examination of the
water's chemical, physical, and biological aspects, it has several drawbacks. Firstly, it
demands significant time and effort. Secondly, making timely decisions becomes
challenging, and the overall cost of this technique is high due to operational, labor, and
equipment expenses. The current system includes semi-automated or manually operated
mechanisms that must be handled by a person in charge of checking the water's quality. The
different readings of the water parameters require human intervention. The instruments or
tools are used either by directly inserting a portable device into water and viewing the
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output on the display, or by putting/inserting a water sensing part into water and viewing
the result on a small display device. The Central Water Commission (CWC) collects
samples from representative points throughout the processing and distribution system to
check the quality of the water. These samples are examined in the sophisticated labs. These
laboratories collect samples of untreated, filtered, and treated water for analyses that can
only be completed for a limited time by human intervention. This system's drawback is that
water is not continuously monitored; instead, human intervention is constantly required.
The manual method has the following difficulties and restrictions.
= [t is complicated to take water samples from every part of the river.
=  Analysis is highly expensive.
=  Due to the delay in assessment caused by lab testing and processing, the lab results
do not suit real-time water quality monitoring.
= The lengthy process is a result of laborious hand data collection from various
points across the river.
»  The process is vulnerable to numerous kinds of human error.

5 Proposed System

In recent years, there have been more recorded significant meteorological events, making
the weather more predictable. Our climate has become more unpredictable, causing more
localized and regional flooding, river bank failures, and storm waves that engulf urban
areas. Intelligent water quality monitors can deduct Chemicals can be found in waterways
or other watercourses. These chemicals may be present as a result of runoff, farming,
industry, landfills, and other sources of pollution.
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Fish populations can be quickly decimated by poor water quality, pH levels, dissolved
oxygen, and lower water levels. Fish populations can be quickly decimated by poor water
quality, pH levels, dissolved oxygen, and lower water levels. To guarantee that the fish and
wildlife prosper, commercial fisheries and ponds need to have ideal water conditions.
Similar to other Smart Water apps, it's critical to be able to keep an eye on critical
parameters like diluted oxygen, nitrates, pH levels, and phosphate levels. Fish growth is
restricted in waters with a pH lower than 6.5 and at pH values lower than 4, fish death is all
but guaranteed. The suggested system can track crucial metrics and parameters and send the
information back for analysis, follow-up, and alerting. IoT technology can analyse rivers to
make sure the water is safe for consumption by human and animals. Fig 2 illustrates
proposed system architecture that shows real time monitoring of Pamba River using
internet of things. Pampa river water quality is being tested in the two districts of Kerala
through which Pampa river passes, Edayaranmula in Pathanamthitta district and
Puthencavu area in Alappuzha district. Water quality is monitored and measured through
IoT sensors installed in these areas. The data received by the sensors is monitored by the
Base Station Controllers and stored in the cloud by the main controller. An authorised
authority can quickly determine if there is any fluctuation in the water, saving them time
and enabling real-time monitoring. The system keeps track of a number of variables that
can be used to gauge the purity of drinking water. Similar to river pollution, runoff or
contamination from chemicals, waste water, farming, animal dungs and E-coli can affect
drinking water sources, making it possibly unsafe to consume.

6 Results and Discussions

= The analysis has been done in the areas of Edayaranmula (Pathanamthitta District,
Kerala, India) and Puthencavu (Alappuzha District, Kerala, India)
= Tests were performed on water’s pH, TDS, TUR, Chloride, Coliform, E-Coli using IoT

Sensors.
Table 1. Desirable Limits of Water Quality Monitoring Parameters
Parameters Desirable Limits
pH 6.5-8
TDS 500 mg/L
Turbidity 1 NTU
Chloride 250 mg/L
Coliform Zero
E-Coli Zero
Table 2. Test Results in Monsoon Season
Site Date Ph TDS TUR Chloride Coliform E-Coli
Edayaranmula
(Pathanamthitta | 22/06/2022 | 5.95 34 1.2 8 1100 19
District, Kerala,
India)
Puthencavu
(Alappuzha 22/06/2022 | 5.58 30 1.3 6 460 15
District, Kerala,
India)
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Table 3. Test Results in Summer Season

Site Date pH TDS | TUR | Chloride | Coliform | E-Coli
Edayaranmula
(Pathanamthitta | 10/02/202 7.2 41.1 6 12 1504 42
District, Kerala, 3
India)
Puthencavu
(Alappuzha 10/02/202 6.9 40 10 15.1 1655 40
District, Kerala, 3
India)

TABLE 2 shows the test findings for water samples taken during the monsoon season from
the Edayaranmula area of the Pathanamthitta district and the puthencavu area of the
Alappuzha district.

Observations

= Both places have low pH. (Less than 6.5).

= In both places, turbidity is within acceptable ranges, yet it is unsafe to drink (should be
less than INTU).

= TDS and chloride levels are within acceptable bounds.

*  Coliforms and E-Coli are present.

TABLE 3 shows the test findings for water samples taken in the summer from the
Puthencavu area of the Alappuzha district and the Edayaranmula area of the Pathanamthitta
district.

Observations

= Chloride, pH, and TDS are within acceptable ranges.

= Turbidity levels are high when compared to those during the monsoon season.

=  Compared to the monsoon season, E-coli and coliform are more prevalent and have
greater value.
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Fig. 3 Graphical representation of Water Quality Parameters Across Sites and Seasons
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In the comprehensive visual analysis, we observe nuanced variations in water quality
parameters at two different sites, Edayaranmula and Puthencavu, during the Monsoon and
Summer seasons. The bar graph illustrates a comparative overview of six crucial water
quality parameters: pH, TDS (Total Dissolved Solids), Turbidity (TUR), Chloride,
Coliform, and E-Coli counts.

During the Monsoon season, it is evident that both sites experienced relatively low pH
levels, with Edayaranmula having a slightly higher pH compared to Puthencavu. Turbidity
and E-Coli counts were also moderately higher at Edayaranmula during this period.
Conversely, in the Summer season, there was a noticeable increase in pH levels at both
sites, aligning more closely with the neutral pH level of 7. Interestingly, all parameters,
excluding pH, escalated during the Summer, indicating a possible increase in contamination
levels or changes in water composition, likely due to seasonal variations and environmental
factors.

The graphs further elucidate these seasonal variations, providing a detailed trajectory of
each parameter’s fluctuation from Monsoon to Summer. A consistent observation across all
parameters is the marked increase in their values transitioning from the Monsoon to the
Summer season, with particularly notable spikes in Turbidity, Coliform, and E-Coli counts.
This trend signifies the dynamic nature of water quality in these regions, influenced by
seasonal transitions and potentially varying environmental and anthropogenic factors.

7 Conclusion

This research has pioneered the application of Internet of Things (IoT) technology for real-
time water quality monitoring in the Pamba River, a crucial freshwater source spanning
across two significant districts. The innovative approach employed various wireless
sensors, such as pH and turbidity sensors, strategically placed at different locations within
the river. These sensors facilitated the continuous and meticulous collection of data,
capturing the dynamic variations in water quality across diverse seasons and locations.

A salient feature of this system is its cloud storage capability, which not only ensures the
accessibility of data but also fosters ease in analysis and long-term record-keeping. This
feature marks a significant advancement over traditional methods, providing a robust
foundation for data-driven decision-making and responsive actions towards maintaining
water quality.

The findings from the loT-based monitoring system revealed critical insights into the water
quality of the Pamba River. Notably, there were discernible increases in specific
contaminants such as turbidity, total coliform, and e-coli, particularly during the monsoon
and summer seasons. This observation is indicative of a concerning level of contamination
that necessitates immediate and strategic intervention.

Compared to conventional laboratory-based methods, the IoT-based system proves to be
vastly superior in terms of speed, efficiency, and environmental impact. It negates the
reliance on hazardous chemicals and offers a more sustainable and efficient approach to
water quality monitoring. Furthermore, it ensures a higher level of real-time public health
security by facilitating immediate response to any adverse changes in water quality.

In conclusion, this research underscores the transformative potential of IoT in enhancing
water quality monitoring systems. The success of this implementation in the Pamba River
serves as a testament to the efficacy and practicality of loT-based solutions in safeguarding
crucial natural water sources and ensuring the well-being of the communities they sustain.
It also underscores the imperative for continued innovation and strategic action in
managing and preserving the integrity of essential freshwater resources like the Pamba
River.

10
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