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Abstract

Design efficient an interactive system for water pollution monitoring and quality control is
proposed in this paper utilizing different sensors and employing Information Communication
Technology (ICT). The presented system is built based on the pH and temperature water
parameters. The system consists of sensors, Arduino controller and designed Graphical User
Interface (GUI). GUI is designed to display the parameters values and control option. The operator
can control the parameters values through operating control systems by a set of control switches
in GUI. For example, the result of pH parameter during the monitoring = 7.06, while after
operating the control system the pH parameter = 10.16. This result shows the ability of the system
to monitor and control of water parameters. Different water parameters and properties are
discussed in this paper also.
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1. Introduction

Water is the most important source of life on Earth and therefore we must keep it cleans. It is
known that water consists of two hydrogen atoms and an oxygen atom. Water also exists in three
forms, liquid, solid and gaseous. Natural water does not exist purely due to the factors it is exposed
to it, as it is affected by air, sand and rocks. As a result of all these factors, water is contaminated
with chemical, physical and biological composites. Each of these properties contains many
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parameters that must be monitored, as each of them must be between specific values, according to
international water quality organizations. Each parameter has specific acceptable values according
to the application in which water will be used for, whether for drinking, agriculture and industry.
Therefore, we must pay attention to monitoring the quality of water parameters and keep them
within their standard values. [1, 2]

The use of Information Communication Technology (ICT) covers sending and receiving all types
of information. ICT is the basic boost for the economy and the moving force for social shift in
these days. With the use of ICT, distance is not an obstacle when it relates to information, and
access to information became as easy as possible. ICT has become commonly used in our daily
lives as it provides all the technical means used in information processing and communication
facilities utilizing computers, communications lines and programs. Various applications of ICT
include Internet services, e-learning, e-banking. Each of these applications is used for information
exchange and processing. The information exchange may be wired or wireless system according
to the system needs [3]. There are many researchers working on ICT applications in monitoring
systems through their research. Different applications of ICT have been presented in this research
work [4-7].

In H. Kobayashi et al. [4], a system based on ICT is used to monitor the conditions of elder persons
in a health care center through the construction of a system that monitors their health status by
using group of sensors that collect data such as blood pressure, breathing and pulse rate. These
sensors collect the data and send to the monitoring station. In the event of an emergency, an alert
is sent to the person responsible for monitoring so necessary procedures are taken. This paper also
indicates some of the problems that may challenge the system during its operation and how to
overcome them. In Y. Liu et al. [5], a system based on ICT is used in monitoring the behavior of
drivers while driving through a group of sensors that work on collecting data and sending it to a
wireless monitoring center through the 3G wireless network. The monitoring center analyzes the
data and determines the behavior of the driver and then sends information to the authority
responsible for improving the safety of drivers. In Y. Jen et al. [6], a system based on ICT is used
to development emergency management in railway stations. ICT helps to provide real-time critical
information and thus facilitates rapid response and decision-making processes. ICT is used to
improve the efficiency of services within railway stations, leading to customer satisfaction about
the services provided. The railway stations are dealing with big data such as train time tables,
Ticket booking data, Road status data, etc. ICT provide all these data high speed, accuracy and
without errors, thus leading to increasing the efficiency of railway stations. In Y. Lin et al. [7],
ICT is used in environmental monitoring. This paper presents the possibility of using ICT to
monitor the agricultural environment in order to increase agricultural crops through monitoring
the risks of pollution in the surrounding area as well as monitoring the state of soil and water used
in irrigation. This system works on exchanging information gathered from sensors that monitor
the state of the agricultural environment in real-time and according to this information. The user
takes the correct decision.

In the presented research paper, the proposed system based on ICT is presented to be used in
environmental monitoring, to monitor the quality of water. A system will build to monitor water
parameters such as pH and water temperature as well as controlling these parameters through the
system. ICT helps reduce human errors in measurements, reduce manpower and obtain accurate
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results that reflect the state of water in real time without any time gaps. A group of sensors that
monitor the state of water and send information that is measured to the main monitoring center.
The main monitoring center analyzes the information and accordingly makes suitable decisions to
regulate the status of water through the operation of control systems to control its parameters.

Figure 1 shows the way which used ICT in the monitoring. The monitoring center connect to the
parameters which will monitor through interface transmit the information which reflect about the

parameters which monitored.
l

The rest of this paper is organized as follows; in section 2, water monitoring principle is presented.
The previous related work is presented in section 3. The proposed system is described in section
4. In section 5, experimental results and analysis are discusses. Finally, the paper conclusion is
presented in section 6.
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Figure 1: Water monitoring system

2. Water Monitoring

Before talking about the traditional methods used in Water treatment station, we will talk about
some water properties and parameters. Water properties are divided into three categories: - [2]

Chemical Properties

Chemical properties tend to be more specific in nature than physical variables. It is also better in
assessing the characteristics of the sample taken from the water. Chemical parameters are related
to a group of chemicals whose values significantly affect the water sample and to a large extent to
determine which of the applications Water can be used in it. These chemical parameters include
Hardness, Dissolved oxygen, Oxygen demand, Nitrogen etc.

Physical Properties
Physical properties are a group of simple characteristics that can be discovered by non-specialist
as temperature, taste, odor, turbidity and other elements.

Biological Properties

The biological properties are among the most important characteristics that must be taken into
account, especially in the wastewater, which must be processed for use again, because it contains
many microorganisms that may carry many diseases that affect human health.
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All these properties are very important in water monitoring. Details about these properties are
classified based on its parameters as displayed in Figure 2.
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Figure 2: Different water parameters classifications

All these parameters have specific values that are different from one application to another. So we
must know these values when performing water monitoring in a specific application. Among these
applications is the monitoring of drinking water.

Through a field visit to one of the water treatment stations in Egypt, we found that certain
parameters need to be monitored every hour. Other parameters need to be monitored weekly and
other monthly. Monitoring in this station implemented traditional method where samples from
water are taken then analyzed in the laboratory. The disadvantage of this method is that the result
does not indicate the real time state of the water because the gap time between taking samples and
analyses in the laboratory. In this gap time, changes may occur in the water parameters that lead
to inaccurate results. So we will design our system is able to monitor and control water parameters
in real time. In the proposal design will monitor and control values both pH and temperature
parameters.

The pH Parameter

pH is defined as the negative logarithm of the hydrogen ion concentration, where pH is the power
of hydrogen. The pH value is expressed as the ratio of hydroxide ion concentration, [H+] to [OH-
]. Therefore, if the [H+] is greater than [OH-], the solution is acidic. Oppositely, if the [OH-] is
greater than the [H+], the solution is basic. At a pH of 7, the ratio of [H+] to [OH-] is equal and,
therefore, the solution is neutral.
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There are many ways to measure pH, such as using indicators or pH electrode sensor. Indicators
are specific materials used to measure pH through colors where the color of the material changes
when pH value changes. Each pH value corresponds to a different color. pH values range from 0
to 14 [9]. pH electrode sensor will be used in our methodology.

The Temperature Parameter

Water temperature is an important parameter that must be monitored because it affects other
parameters such as pH and may lead to incorrect results. High temperatures accelerate the
corrosion of the pH electrode and may change the millivolt output of the pH electrode. If the
temperature is very high, it may boil the fill solution while very low temperature may freeze it,
causing the electrode tip to break or crack.

Very high temperatures may also induce different temperature for at the interior and exterior of
the pH electrode [10]. Variations in temperature may degrade the accuracy and speed of response
of the Electrode. A Temperature Coefficient needs to be considered to compensate for the effects
on the material being measured by the sensor, and must be included in the calibration or samples
taken [11].

3. Previous Related Work

A large number of researchers are interested in monitoring water parameters in many fields where
it critical to monitor and control those parameters. In an attempt to overcome the inaccurate results
that occur from use traditional methods in water monitoring. In this section, we will present a
number of ideas presented by a number of researchers interested in this field. In S. Priya et al. [12],
they did not talk about monitoring water but talked about monitoring industrial parameters such
as temperature, water level and pressure. This paper designed a system that operates on monitoring
and controlling industrial parameters to reduce manpower and also to reduce the mistakes which
may occur through manual monitoring. In O. Cetinkaya et al. [13], they measured water level and
water temperature in a tank. This paper used potentiometer to measure the water level and the
sensor Im35to measure temperature where the controller was PIC16f877 and the results were
displayed on the LCD screen. In D. Jain et al. [14], this study addressed the issue of monitoring
water through an electronic system to achieve accurate results. This system is Adjustable for use
in other liquids monitoring. The proposed monitoring system is given in Figure 3.

Electronic si | i :
gna Micro- Display
:yesr:;on: —> Conditioner |—=> Controller |—— Device

Figure 3: Block Diagram of system

In M. Pradeepkumar et al. [15], the system operates on water monitoring in real time. Figure 4
shows the proposed system block diagram. This system monitors several parameters such as pH,
temperature and turbidity through using a sensor for each parameter. Sensors send data to Arduino
then to the monitoring center. The system monitors the parameters values; it sends a message to
the manager of the mobile terminal if the parameters value increases more than the threshold. The
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suitable action according to these reading is taken by the administration of the fixed monitoring
station. In A. Srivatsava et al. [16], a system is used to monitor the water through several sensors
and a raspberry pi and the data are uploaded to internet for cloud storage or display on the display
unit. Motor connected to the processor for pumping purpose. The presented system contents in this
paper are given in Figure 5.

pH sensor 3 Led level
Temp sensor Arduino Ethernet UART PC Server
controller
L Receiver section
Turbidity UART
SensNr

Transmitter section

Figure 4: Block Diagram of system
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Figure 5: Block diagram of system
4. The Proposed Water Monitoring Technique

In this section, we will present the components of the system that mainly consists of two parts,
hardware and software.

4.1. Hardware Design
The hardware system consists of two parts the sensing unit and the control unit.
4.1.1. The Sensing Unit

The sensing unit is responsible for reading parameters within water through sensors. There are two
sensors, pH sensor and temperature sensor.
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Ph Sensor
pH electrode sensor consists of two parts, the measuring electrode and the reference electrode.

Figure 6 shows the principle of pH measurement. The pH measurement is the difference between
the two electrodes. The mathematical expression is given as follows:

E=Em-Er
Where:

Em = the electrode potential of the measuring electrode
Er = the electrode potential of the reference electrode [9]

Em | E———
Measuring Reference
Electrode Electrode
- =i

Figure 6: Mechanism work of pH electrode

Figure 7 shows pH sensor and the specifications of the pH sensor are discussed in [17].

Figure 7: the used pH sensor

Temperature Sensor

This sensor is used to measure water temperature and is put inside water. It is able convert the
temperature to voltage. This voltage indicates water temperature. It is shown in Figure 8 and the
specifications of the sensor are discussed in [18].

s e

Figure 8: Used sensor of water temperature
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4.1.2. The Control Unit

This unit is responsible for processing the data which passes through cable from the sensing unit.
This received data is processed by the designed the algorithm stored in the control unit. In this
system, the control unit is Arduino Uno. The Arduino is a cheap controller used to build interactive
projects, such as GPS tracking systems, remote-controlled robots, and electronic game [19].
Arduino hardware and software is easy to use. There are different types of Arduino boards. The
common board is the Uno board Figure 9 gives the Uno board, which is utilized in the proposed
system in this research work and the Specifications of Uno board are discussed in [20].

LI

Figure 9: used Arduino Uno board

The proposed water monitoring and quality control system block diagram is given in Figure 10.
This presented system can monitor the water parameters in real-time. Also, it is an interactive
system, the water parameters can be changed by specific algorithm through the feedback path from
the controller to the monitored water. The details of the proposed system contents and its
mechanism work are cleared in Figure 11and Figure 12 displays the practical system.

Action

Sensing Unit Control unit

Figure 10: Block diagram of the proposed water pollution monitoring
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Temperature Temperature pH alarm pII
control alarm cantrol

i

GUTT
e

sens Temperature
vi | pH sensor T wi
Sensor

Figure 11: Proposed system contents and connection diagram description
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Figure 12: the practical system

4.2. Software Design

The software is a graphic user interface (GUI) on a Matlab program. The GUI screen will use by
the user to know the information about water parameters (pH, temperature). The user will be able
to control water parameters through switch group used to turn the control system on/off to adjust
water parameters. These GUI will display in the Experimental Results section.

4.3. Operation Mechanism

In this section, the mechanism of the proposed system operation is described. When we press on
the read sensors switch using the GUI. The sensors start to read. The sensors pass the electrical
signals to the control unit. The control unit starts to process the signals according to the algorithm
then passes the data to the GUI through the interface cable. The GUI presents the data which
indicates the parameters value on screen in the form of curves and in numeric values. The user
monitors the data through curves and numeric values as long as reading is within normal values.
When values became outside normal values, the user is able to control parameters values through
the control switch group which operates the control system to increase or decrease parameters
values according to status of parameters. The control system is also capable of working
automatically when values reach a risky value through the algorithm stored on the control unit.
Figure 16 shows flowchart of the proposed work operation.
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Figure 16: Proposed technique operation flow-chart
5. Experimental Results and Analysis

In this section, we show results obtained through practical implementation of our system.

& TemperatureMonitoring - B8 X

Figure 17: GUI Monitoring Temperature
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Figure 18: GUI Monitoring pH

The previous two Figures 17, 18 show the results of monitoring the same water sample inside a
tank where the temperature was monitored and the results were as displayed in the figure 17 where
temperature = 19.55°C. Then the pH was monitored and the results were as displayed in the figure
18 where pH = 7.42. The change of these values can also be controlled by the control switches
which are shown in the GUI to turn the switch ON and OFF to control the system.

The following figure 19 show the result of control in pH:

4 ph1 o *

Figure 19: GUI Monitoring & control of pH
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Figures 19-A, 19-B show the results of monitoring and controlling in pH parameter. Figure 19-A
shows the reading example of pH parameter in a sample of water and the pH reading was = 7.06.
Through press on switch pH control ON the control system operates and add material in water
through it the pH value increased and the pH reading became = 10.16 as in figure19- B. This result
confirms that the system is able to monitor and control the pH parameter.

The following figures show the results of pH and temperature together.
These results for three water samples taken from the water tap at different times.

Monitoring & Control of water quality parameters

C Monitoring & Control of water quality parameters
li
.
li
e
D Monitoring & C nnn:ul of water quality parameters
ﬁ
-
[7
e |
E

Figure 20: GUI Monitoring & control of pH and temperature (sample 1)
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Figure 20 gives the results of the first water sample at different temperatures. This sample was
divided into three small samples: the first sample at low temperature, the second sample at normal
temperature and the third sample at high temperature. Where the pH and temperature were
measured in the three samples and through these measurements, it was found that the change in
the temperature leads to a change in the value of pH in water.

F) monitoringANDcontrolpkandiemp

Monitoring & Control of water quality parameters

o curn
7.2866
17.1065
a
& monitoringANDCantralpHandtemp a X
Monitoring & Control of warer quality parameters
Meonitoring & Conrtrol of water quality parameters
e |

Figure 21: GUI Monitoring & control of pH and temperature (sample 2)
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In Figure 21, the results of second water sample at different temperatures are shown. This sample
was divided into three small samples: the first sample at low temperature, the second sample at
normal temperature and the third sample at high temperature. Where the pH and temperature were
measured in the three samples and through these measurements, it was found that the change in
the temperature leads to a change in the value of pH in water.
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Figure 22: GUI Monitoring & control of pH and temperature (sample 3)
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The results of the third water sample at different temperatures are shown in Figure 22. This sample
was divided into three small samples: the first sample at low temperature, the second sample at
normal temperature and the third sample at high temperature. Where the pH and temperature were
measured in the three samples and through these measurements, it was found that the change in
the temperature leads to a change in the value of pH in water.

Table | present the results of three samples. Through looking at the table, find that the changes in
the temperature value lead to changes in the pH value. The results show that when the temperature
value increasing also the pH value increasing.

Table I: displays the results values for three samples of water

parameters
Water Samples | Temperature | pH
°C
18.08 7.52
Sample 1 23.46 7.66
44,96 7.91
17.10 7.28
Sample 2 23.46 7.37
53.76 7.82
17.10 7.28
Sample 3 21.99 7.35
49.85 7.61

From the experimental results of these samples, it is found that the ratio of pH is increased when
the temperature is changed, whether to a higher or lower temperature. We here indicate the
importance of temperature monitoring when measuring the pH ratio and keeping it at a constant
value so as not to affect the results of the pH. Because many applications are need stability in the
value of pH.

6. Conclusion

Efficient real-time water monitoring has been presented in this research work using different
parameters sensors and microcontroller. Also, Matlab program is utilized to design the GUI screen
for easy monitoring and observing. Many experiments are carried out to check the presented
technique efficiency. In the experimental results, the relation between the water temperature and
pH value is studied. The experiments revealed that the proposed system is able to monitor and
control quality of water parameters. Also the proposed system has many advantages such as low
cost, the flexibility to measure other parameters through the addition of other sensors, and it can
be used in water monitoring in different applications, whether drinking, agriculture or industry. In
the near future work, this technique will be developed to interactive real-time water quality control
through wireless sensor networks.
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