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ABSTRACT 

 

The Hydro Quality System (HydroQS) is a new system designed to monitor and evaluate 

river water quality. It measures pH level, Total Dissolved Solids (TDS), Dissolved Oxygen 

(DO), turbidity, and ambient temperature. The five sensors used in the system are Arduino-

based and can be connected and monitored through an application or online.However, there 

have been some problems with the HydroQS, such as inaccurate water quality data due to 

not calibrating the sensors, improper placement of sensors, and poor sensor functionality. 

These issues can lead to inaccurate water quality data, which can have serious consequences 

for poor decision-making about water management and public health.Water quality sensors 

are essential for environmental monitoring and ensuring that water resources meet safety and 

regulatory standards. In May 2019, the Melaka River experienced pollution, leading to black 

water and fish deaths. The Department of Environment (DOE) was directed to take water 

samples and fish carcasses to identify the cause. The results showed neutral pH levels at 

seven locations along the Melaka River, except for one location directly in front of the 

Melaka River barrier, which recorded 4.7 mg/l of dissolved oxygen.The HydroQS is a low-

cost device that uses five sensors: pH value, temperature, turbidity, dissolved oxygen, and 

total dissolved solids. Solar panels will absorb sunlight to generate electricity, which will 

power the power bank. The device also incorporates IoT technology, allowing data to be 

delivered to the cloud using WiFi-linked sensors connected to the internet.The National 

Water Quality Standards (NWQS) classify water quality into five classes, with surface water 

quality being classified into six water use classes. The criteria help determine the sources of 

water quality problems, such as improperly treated water. The HydroQS device monitors 

freshwater quality by checking sensors' function and calibration. Data collected is compared 

with Department of Environment parameters. The device's pH, turbidity, temperature, DO, 

and TDS sensors are displayed on the Home Assistant Application. Calibration is performed 

to ensure accurate readings. After calibration, the experiment continues with field tests to 

verify the reliability of HydroQS water quality sensors.
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ABSTRAK 

Sistem Kualiti Hidro (HydroQS) ialah sistem baharu yang direka bentuk untuk memantau 

dan menilai kualiti air sungai. Ia mengukur tahap pH, Jumlah Pepejal Terlarut (TDS), 

Oksigen Terlarut (DO), kekeruhan, dan suhu ambien. Lima sensor yang digunakan dalam 

sistem adalah berasaskan Arduino dan boleh disambungkan serta dipantau melalui aplikasi 

atau dalam talian. Walau bagaimanapun, terdapat beberapa masalah dengan HydroQS, 

seperti data kualiti air yang tidak tepat kerana tidak menentukur sensor, penempatan yang 

tidak betul penderia, dan kefungsian penderia yang lemah. Isu-isu ini boleh membawa 

kepada data kualiti air yang tidak tepat, yang boleh membawa akibat yang serius untuk 

membuat keputusan yang lemah tentang pengurusan air dan kesihatan awam. Penderia 

kualiti air adalah penting untuk pemantauan alam sekitar dan memastikan sumber air 

memenuhi piawaian keselamatan dan kawal selia. Pada Mei 2019, Sungai Melaka 

mengalami pencemaran, menyebabkan air hitam dan kematian ikan. Jabatan Alam Sekitar 

(JAS) diarah mengambil sampel air dan bangkai ikan bagi mengenal pasti punca. Keputusan 

menunjukkan paras pH neutral di tujuh lokasi di sepanjang Sungai Melaka, kecuali satu 

lokasi betul-betul di hadapan penghalang Sungai Melaka, yang merekodkan 4.7 mg/l 

oksigen terlarut. HydroQS ialah peranti kos rendah yang menggunakan lima sensor: nilai 

pH, suhu, kekeruhan, oksigen terlarut, dan jumlah pepejal terlarut. Panel solar akan 

menyerap cahaya matahari untuk menjana elektrik, yang akan menjana kuasa bank kuasa. 

Peranti ini juga menggabungkan teknologi IoT, membolehkan data dihantar ke awan 

menggunakan penderia berkaitan WiFi yang disambungkan ke internet. Piawaian Kualiti 

Air Kebangsaan (NWQS) mengklasifikasikan kualiti air kepada lima kelas, dengan kualiti 

air permukaan dikelaskan kepada enam penggunaan air kelas. Kriteria membantu 

menentukan punca masalah kualiti air, seperti air yang tidak dirawat dengan betul. Peranti 

HydroQS memantau kualiti air tawar dengan memeriksa fungsi dan penentukuran sensor. 

Data yang dikumpul dibandingkan dengan parameter Jabatan Alam Sekitar. Penderia pH, 

kekeruhan, suhu, DO dan TDS peranti dipaparkan pada Aplikasi Pembantu Rumah. 

Penentukuran dilakukan untuk memastikan bacaan yang tepat. Selepas penentukuran, 

percubaan diteruskan dengan ujian lapangan untuk mengesahkan kebolehpercayaan 

penderia kualiti air HydroQS. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background 

In the past, a new Hydro Quality System (HydroQS) system has been designed and 

developed to monitor and evaluate river water quality to implement the development of a 

new river monitoring system. This system measures river water quality in terms of pH level, 

Total Dissolved Solids (TDS), Dissolved Oxygen (DO), turbidity, ambient temperature. At 

the same time, the use of the best type of sensor is also important to get good data. As part 

of that, there are several types of sensors that have been analyzed for use as Hydro Quality 

System devices.  

The five sensors that will be used are based on Arduino and can be connected and 

monitored through an application or online using the device. There are many studies that 

have been carried out before on the water quality of Sungai Melaka by various parties. 

However, all the studies conducted were only monitored for a short period of time. This 

time, the results of this study will continue to make improvements to this Hydro Quality 

System.  

1.2 Problem Statement 

   While this project was being caried out, there were some problems that arose. One of these 

problems is some of the water quality data that collected was not accurate due to not 

calibrate.This means that the sensors used to collect the water quality data were not 

calibrated correctly. Calibration is the process of adjusting a sensor so that it gives accurate 
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readings. If a sensor is not calibrated correctly, its readings will be inaccurate, and the water 

quality data collected will be inaccurate as well.  

   Other than that, the placement of sensor was not suitable that can affect the reading of the 

water quality data. The placement of the sensor can also affect the accuracy of the water 

quality data. For example, if a sensor is placed in an area of the water body that is stagnant 

or polluted, the readings will not be representative of the water quality of the entire water 

body. Apart from that, the other problem is the sensor was not robust. Robustness refers to 

the ability of a sensor to withstand harsh environmental conditions. If a sensor is not robust, 

it may be damaged by factors such as temperature, pH, or salinity. This can damage the 

sensor and affect the accuracy of its readings. One of the sensors was not functioning well 

that cause the water quality data was not recorded. If a sensor is not functioning well, it will 

not be able to collect accurate water quality data. This can be due to a number of factors, 

such as a faulty sensor, a problem with the wiring, or a power outage. 

All of these problems can lead to inaccurate water quality data. This can have serious 

consequences, as inaccurate water quality data can lead to poor decision-making about water 

management and public health. It is therefore important to ensure that water quality data is 

accurate. This can be done by using calibrated sensors, placing sensors in suitable locations, 

using robust sensors, and maintaining sensors properly. Figure 1.1 shows that the errors 

occured on data recorded which is turbidity sensor and pH sensor. The needle at turbidity 

meter points at red area as well as pH meter which means the river water was acidic whereas 

at that time, there is no pollution occur at the river. 



12 

 

Figure 1.1 Errors occured during real-time reading data of water quality sensors 

 

 

 

Table 1.1 Comparison of previous data analysis with NWQS 

 
 

Table 1.1 shows that the data analysis of water quality sensors for previous project 

compared with National Water Quality Standards were not precise. At pH sensor, the value 

is only 8.7 and it should be have minimum and maximum value to ensure that the reading is 

reliable. 

 

 

 

Parameter Range data n 24 

hours 

Range data from 

NWQS for clean 

water 

Class of water 

pH  8.7 6-9 IIA 

Temperature(ᵒC) 28.61-31.39 Normal + 2ᵒC IIA 

Turbidity (NTU) 3.23-4.82 5-50 NTU I 

Dissolved 

Oxygen(mg/L) 

4.26 – 10.79 >7 mg/L IIA , I 

Total Dissolved 

Solid(ppm) 

513.79 – 622.41 <500 ppm IIA 
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1.3 Research Objective  

The main aim of this research is to monitor the water quality in the Melaka River,the 

following more particular objectives have been emphasized throughout the thesis: 

a) To enhance the precision and reliability of water quality sensors in the Hydro 

Quality System.  

b) To test the functionality of water quality sensors on Hydro Quality System at 

Sungai Melaka. 

c) To interpret the data analysis of water quality sensors based on the guidance 

of National Water Quality Standards. 

 

1.4 Scope of Research 

The scope of this research are as follows: 

• This project is to focus on the types of water quality sensors based on each 

parameters that will be used for the Hydro Quality System device. 

• The water quality sensors are used to facilitate the Hydro Quality System to 

implement the data of water quality. 

• This project is to focus on monitoring the water quality of the Melaka river 

in terms of parameters such as pH, turbidity, temperature , total dissolved 

solids and dissolved oxygen. 
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CHAPTER 2  

 

 

LITERATURE REVIEW 

2.1 Introduction 

This project addresses the challenges associated with existing water quality monitoring 

technologies. Sungai Melaka, a vital waterway in the region, faces persistent threats from 

pollution sources, industrial discharges, and urban runoff. The project aims to enhance the 

capabilities of water quality sensors used in the Hydro Quality Monitoring device to tackle 

these challenges. The Hydro Quality System is a comprehensive water quality monitoring 

solution designed to assess the five types of parameters that influence the overall health of 

Sungai Melaka. This project seeks to improve the accuracy, sensitivity, and real-time 

capabilities of the sensors integrated into the monitoring device. 

2.2 What are water quality sensors? 

Water quality sensors are devices that designed to measure and monitor various parameters 

and characteristics of water to assess its quality. These sensors play an important role in 

environmental monitoring , ensuring that water resources meet safety and regulatory 

standards. Water quality sensors are used in various settings including rivers, lakes, ocean, 

drinking water supplies, industrial process, and wastewater treatment plants. In this project, 

there are five types of water quality sensors that will be used which are pH sensor, turbidity 

sensor, temperature sensor, total dissolved solids sensor and dissolved ovygen sensor. 
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2.3 River pollution in Melaka River 

In the past middle of May 2019, there was an issue about Melaka River. It was polluted for 

about three kilometers(km) so that the water turned black, and the fish died (Zakinan, 2019). 

The country’s Health and Anti-Disease EXCO, Low Chee Leong has directed to Department 

of Environment (DOE) to take water samples and fish carcasses to carry out a strategy to 

identify the cause, but this way will take a few days or more to get the result.  

After getting the results, according to the DOE examination, the pH in the Malim region 

was neutral and slightly elevated to alkaline levels at seven places along the Melaka River, 

except for the location directly in front of the Melaka River barrier, which recorded 4.7 mg/l 

of dissolved oxygen. Meleka housing, Local Government, Environment and Green 

Technology Exco, Datuk Tey Kok Kiew said the changes in the color of the water that turns 

black and dirty can be caused by several factors including ‘flushing’ which when the action 

is carried out at the mouth of the Melaka River, there is a lot of mud or sediment in the 

riverbed rising to the surface and causing the change.  

 

Figure 2.1 Melaka River turned to blackish colour and fish died 
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2.4 Past research method 

Various methods have been taken to ensure the purity of river water. To monitor water 

quality in Melaka River prior to devices that utilize internet of things (IoT) technology, air 

samples were collected and sent to a laboratory for testing. Grab sampling was employed in 

research to collect river water samples. Polyethylene bottles are used to collect water samples 

to capture air bubbles.  

2.4.1 Traditional method 

The traditional technique of evaluating water quality is to collect samples of water 

manually and submit them to the laboratory for testing and analysis. It is based on physical, 

chemical, and biological factors that are combined into a single value that ranges from 0 to 

100 and involves 4 processes: (1) parameter selection, (2) transformation of the raw data into 

common scale, (3) providing weights and (4) aggregation of sub-index values. This 

procedure is time intensive, wastes manpower and it is not cost effective (Satya Sai et al., 

2021).  

2.5 Hydro Quality System (HydroQS) 

HydroQS is a low-cost device that monitors river water quality. This device comprises five 

sensors: pH value, temperature, turbidity, dissolved oxygen, and total dissolved solids. These 

sensors are used to collect data on how each parameter changes over time. Solar panels will 

absorb sunlight as an energy source to generate electricity, which will be used to power the 

power bank. The device also incorporates IoT, the most modern technology capable of 

sending data across a network while allowing for simple interaction. Data will be delivered 

to the cloud using sensors that are WiFi-linked to the cloud and directly connected to the 

Internet. Figure 2.2 show the overall body of HydroQS for previous project. 
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Figure 2.2 Overall design of HydroQS 

 

2.6 Water Quality Index 

WQI is a grading system that uses a single term to assess the overall quality of water 

(Pujar et al., 2020). It contributes to the selection of the best treatment strategy for the 

condition at hand (Pujar et al., 2020). The quality of a river has a significant impact on 

people's lives. River water pollution has become a major concern in Malaysia because of 

urbanization and modernization, affecting the quality of water sources.  

According to the National Water Quality Standards (NWQS), the Department of the 

Environment (DOE) has classified the water quality index into five classes (Class I, II, III, 

IV, and V), as shown in Table 2.3. Surface water quality could be gradually improved and 

upgraded to a better water class based on the standard values of 72 parameters in six water 

use classes. The Malaysia NWQS is a water quality standard premised on useful 

applications. Water can be considered suitable for a specific use if it falls within the range 

defined for the designated classes, as defined in Table 2.2. Water for domestic use, fisheries 

and aquatic propagation, cattle drinking, recreation, and agriculture were all included. The 
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Notes: 

N : No visible floatable materials or debris, no objectional odour or no objectional taste 

*  : Related parameters, only one recommended for use 

** : Geometric mean 

a  : Maximum not to be exceeded 

criteria also help in determining the sources of water quality problems, such as improperly 

treated water (Zaideen et al., 2017). 

Table 2.1 Excerpt of the National Water Quality Standards for Malaysia 

 

 

 

Table 2.2 National Water Quality Standards clasification 

 

PARAMETER UNIT CLASS 

 I II A II B III IV V 

Ammoniacal Nitrogen mg/l 0.1 0.3 0.3 0.9 2.7 >2.7 

Biochemical Oxygen mg/l 1 3 3 6 12 >12 

Demand mg/l 10 25 25 50 100 >100 

Dissolved Oxygen mg/l 7 5-7 5-7 3-5 <3 <1 

pH - 6.5-8.5 6-9 6-9 5-9 5-9 - 

Color TCU 15 150 150 - - - 

Electrical 

conductivity* 

μS/cm 1000 1000 - - 6000 - 

Floatable - N N N - - - 

Odour - N N N - - - 

Salinity ppt 0.5 1 - - 2 - 

Taste - N N N - -  

Total Dissolved Solid mg/l 500 1000 - - 4000 - 

Total Suspended Solid mg/l 25 50 50 150 300 300 

Temperature ᵒC - Normal+2ᵒC - Normal+ 2ᵒC - - 

Turbidity NTU 5 50 50 - - - 

Faecal Coliform** count/100ml 10 100 400 5000(20000)ᵒ 5000(20000)ᵒ - 

Total Coliform count/100ml 100 5000 5000 50000 50000 >50000 

 

Class Uses 

 

Class I 

Conversation of natural environment 

Water supply I – Practically no treatment necessary. 

Fishery I – very sensitive aquatic species. 

Class II A 

Class II B 

Water supply II – Conventional treatment. 

Fishery II – Sensitive aquatic species. 

Recreational use body contact. 

 

Class III 

Water supply III – Extensive treatment required. 

Fishery III – Common of economic value and tolerant 

species, livestock drinking 

Class IV Irrigation  

Class V None of the above 
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2.7 Type of Water Quality Parameters 

In industrial facilities, there are occasions when water needs to be treated to guarantee that 

the quality is at an appropriate level for a variety of essential operations. This study will 

focus on monitoring river water quality based on physical and chemical parameters in the 

saltwater area in Melaka River. There are five(5) parameters that will be focused to monitor 

periodically which are pH value, temperature, turbidity, dissolved oxygen(DO) and Total 

Dissolved Solid(TDS). 

2.7.1 Physical Parameters 

2.7.1.1 Turbidity 

 Turbidity is the cloudiness of water. It measures the rate at which light will pass through 

water. It is brought on by particulate matter suspended in water, such as clay, silt, organic 

matter, plankton, and other particles. Drinking water turbidity is unattractive aesthetically 

because it makes the water appear unappetizing.  

 

The following statements sum up the effects of turbidity: 

• It might raise the price of treating water for different purposes. 

• The hazardous germs may find shelter in the particles, protecting them from cleaning 

operation. 

• Materials in suspension can clog or harm fish gills, reducing the fish's growth rates, 

diminishing its resistance to illnesses, interfering with egg and larval maturation, and 

interfering with the effectiveness of fish capture techniques. 

• Heavy metals like mercury, chromium, lead, and cadmium as well as many toxic 

organic pollutants like polychlorinated biphenyls (PCBs), polycyclic aromatic 
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hydrocarbons (PAHs), and numerous pesticides can all be adsorbed to suspended 

particles. 

• Higher turbidity boosts water temperatures due to the fact that suspended particles 

absorb more solar heat, which reduces the amount of food that is readily available. 

 
Figure 2.3 A set of water samples showing increasing turbidity(left to right), as well as 

changes color 

 

2.7.1.2 Temperature  

Temperature affects chemical reactions, odors, solubility, viscosity, and palatability (Rice 

et al.,2012). As a result, temperature affects the processes of sedimentation, chlorination, 

and biological oxygen demand (BOD) (Davis ML,2010). It also has an impact on how the 

dissolved heavy metals in water are bios orbed (Abbas et al.,2014). Most people believe that 

water tastes best when it is between 10-15°C in temperature (Omer et al.,2019). 

Water temperature plays a significant role in affecting physical, chemical and biological 

processes in water bodies (including the flowing waters like rivers), and thus the 10 

concentration of many variables (ANZECC 1992). High water temperature activates the rate 

of chemical reactions with effect to evaporation and volatilisation of substances from water. 

As water temperature increases, the solubility rate of gases in water such as Oxygen (O2) 
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decreases. Moreover, the respiration rates of aquatic organisms increase in warm water 

which lead to greater consumption of O2 and increase the rate of decomposition (Chapman 

and Kimstach 1992). An abrupt change in water temperature can lead to greater destruction 

of aquatic life. On the other hand, excessively high water temperature may lead to the 

problem of unwanted growth of water plants and wastewater fungus (Metcalf and Eddy 

1991). Surface water temperature can be influenced by factors such as geographical position, 

seasonality, diurnal period, circulation of air, quantity of cloud cover, depth of water and its 

flow rate. In general, the temperature of surface water varies within the range of 0ᵒC to 30ᵒ 

C; however, abnormally high temperatures can arise from discharges of industrial effluent 

and sewage treatment plants (Chapman and Kimstach 1992). 

2.7.1.3 Total Dissolved Solid (TDS) 

In water, solids might be in suspension or in solution (Burton et al., 2003). By passing the 

water sample through a glass fiber filter, it is possible to distinguish between these two forms 

of solids . By definition, the dissolved solids flow through the filter with the water while the 

suspended solids are kept on top of the filter . The solids will remain as a residue if the 

filtered portion of the water sample is put in a tiny dish and allowed to evaporate. Total 

dissolved solids, or TDS, is the term most commonly used to describe this substance. 23 

Water can be classified by the amount of TDS per liter as follows;  

• Freshwater: 5000 mg/L TDS 

• Brackish water: 1500-5000 mg/L TDS  

• Saline water: >5000 mg/L TDS 
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2.7.2 Chemical Parameters 

2.7.2.1 pH 

  One of the most crucial aspects of water quality is pH. It is described as the negative 

logarithm of the hydrogen ion concentration. The strength of an acidic or basic solution is 

represented by this dimensionless number. The pH level of water is a gauge of how acidic 

or basic it is. Both basic and acidic water contain greater quantities of hydrogen (H+) and 

hydroxyl (OH) ions than usual. According to Figure 2.5, a pH value of less than 5 denotes a 

very acidic substance, a pH value of 5 to 6 indicates a neutral substance, a pH value of 6 to 

7 denotes a somewhat alkaline substance, and a pH value of 7 to 8 denotes an extremely 

basic or strongly alkaline substance (Vibhute, 2020). Clean water should have a pH between 

7.0 and 8.0 (Praditya Nafis Muhammad et al., 2021). 

 

Figure 2.4 The pH scale 

 

Impact of pH Level on Aquaculture 

Rapid changes in water pH can have a significant impact on numerous different creatures. 

Fish, eggs, and fry have all evolved in water; they need a particular pH and perish if the pH 

shifts dramatically. In addition to dissolved carbon dioxide, other variables that affect pH 

include hardness and alkalinity. The possibility that additional elements like ammonia, heavy 

metals, cyanides, and hydrogen sulfide might be affected led to the hazardous effects. As 

indicated in Table 2.1, all these occurrences alter the pH level in aquaculture and influence 
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fish health. Most freshwater fish can survive in a pH range of 7.5 to 8.5. However, marine 

fishes require a pH range of 7.5 to 8.5 to survive (Akhter et al., 2021). 

 

Table 2.3 Impact of pH level in aquaculture 

Value of pH Impact on Warm-Water Fish 

Less than 4.0 Reach to the point of acid death 

4.0 to 5.0 Not productive 

6.5 to 9.0 Fish production desirable range 

9.0 to 11.0 Slow growth 

Greater than 11.0 Reach to an alkaline death 

2.7.2.2 Dissolved Oxygen (DO) 

One of the most crucial indicators of the water quality in streams, rivers, and lakes is 

dissolved oxygen, or DO. It is an important indicator of water pollution. The water quality 

improves as the dissolved oxygen concentration increases. Water quality regulations set by 

the Department of the Environment (DOE) state that a river's water quality should be more 

than 7 mg/L. Oxygen is particularly sensitive to temperature and just slightly soluble in 25 

water. For instance, the saturation concentration is 14.6 mg/L at 0°C and around 9 mg/L at 

20°C. According to Che Osmi et al. (2018), less than 3 mg/L of DO is detrimental to aquatic 

life, while 5 mg/L is the optimum level. According to Krishnakumar et al. (2017), this 

parameter needs to be kept in water at a minimum concentration of 4 mg/l in order to support 

the growth of aquatic life and other planktonic populations. Wind and aeration cause 

amounts of dissolved oxygen. The DO level must be maintained within a specific range in 

order to maintain the stability of aquatic creatures and fish life. 
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2.8 Types of Water Quality Sensors 

A sensor is a device that detects input of any kind from the physical world and reacts to it. 

Light, heat, motion, moisture, pressure, and a variety of other environmental phenomena can 

all be inputs. The most important characteristics of a sensor are precision, resolution, 

linearity, and speed (Satya Sai et al., 2021). The performance of sensors is optimized via 

calibration. The performance may be enhanced by minimizing structural flaws in the sensor 

outputs (Das & Jain, 2017). In monitoring water quality, the use of good sensors is one of 

the important factors for obtaining good data. The installation of sensors as devices used on 

HydroQS is done based on the appropriate type of water quality sensor. The following are 

the list of types of sensors based on the parameters focused: 

2.8.1 pH Sensor 

It is described as the negative log of the hydrogen ion concentration. The pH scale is 

logarithmic and ranges from 0 to 14. Measurements of hydrogen ion concentration are 

referred to as pH. With the help of a pH sensor, a bleach's tartness or alkalinity can be 

determined by measuring the density of hydrogen ions in the chemical. (Chowdury et al., 

2019) As pH decreases, water becomes more acidic, and as H+ ion concentration increases, 

26 water becomes more alkaline (Pujar et al., 2020). There are several types of pH sensors 

that are suitable for monitoring the quality of water. The choice of pH sensor depends on 

various factors such as the application, measurement requirements, budget, and 

environmental conditions. 
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2.8.2 Temperature sensor 

Temperature is an important environmental and water quality parameter because it controls 

the types and amounts of aquatic life, limits the maximum dissolved oxygen concentration 

of the water, and affects the speed of chemical and biological reactions. Temperature sensors 

find widespread use in various applications, ranging from industrial processes and 

environmental monitoring to consumer electronics and healthcare. 



26 

2.8.3 Turbidity Sensors 

A turbidity sensor is a device used to measure the cloudiness or haziness of a fluid caused 

by large particles or suspended solids. Turbidity is an important parameter in water quality 

monitoring, as it can indicate the presence of impurities, sediments, or other contaminants 

in water. The level of turbidity in water can affect its clarity and overall quality. 

Turbidity sensors work by emitting light into a water sample and then measuring the 

amount of light that is scattered or absorbed by particles in the water. The presence of 

suspended solids or particles in the water causes the light to scatter, and the turbidity sensor 

detects this scattering of light to quantify the turbidity. 

2.8.4 Dissolved Oxygen Sensor 

A dissolved oxygen (DO) sensor is a device used to measure the concentration of oxygen 

dissolved in a liquid, typically water. Monitoring dissolved oxygen levels is crucial in 

various environmental, industrial, and biological applications, especially in aquatic 

ecosystems. The amount of dissolved oxygen in water is an important indicator of water 

quality and is essential for the survival of aquatic organisms. 

2.8.5 Total Dissolved Solid (TDS) Sensor 

The function of Analog TDS Sensor used in this study is to measure the value of Total 

Dissolved Solids (TDS) in water. The use of the TDS sensor is a professional instrument 

because this sensor has high accuracy in the process of measuring and sending data directly 

to the controller system. The TDS sensor probe has the advantage of being waterproof and  

can be used in water for a long time.  
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CHAPTER 3  

 

 

METHODOLOGY 

3.1 Introduction 

The methodology refers to the procedure for conducting an analysis. It is a strategy for 

achieving objectives through planning, data collection, research, and analysis to demonstrate 

the validity of the study. The methodical nature of the research will increase as a result of 

the methodology, and the goals-oriented nature of the scientific approach will increase. This 

study will provide an overview of the entire procedure, including sample collection, field 

research, and data analysis. 

In general, precision and reliability are considered the two conflicting requirements of any 

water quality sensors model for monitoring water quality at any environment. Here, 

precision refers to how consistent results are, when measurements are repeated. Precise 

values differ from each other because of random error, which is a form of observational 

error(Helmenstine, 2020). Reliability is the degree which a measurement instrument gives 

the same results each time that it is used, assuming that the underlying thing being measured 

does not change. (Crossman, 2019). 
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3.2 Project Planning 
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3.3 Project method 

When a project title is given, problem areas are discovered. Objectives, scopes, and plans 

include a clear description of how to solve problems with research. The internet, journals, 

and papers served as the sole sources of data for this study. The process of data analysis is 

based on recommendations issued by the Department of Environment Malaysia. It is an 

answer to this investigation or undertaking. 

3.3.1 Specification of water quality sensors including model, manufacturer brand 

and cost. 

i. pH sensor 

 

 It is described as the negative log of the hydrogen ion concentration. The pH scale 

is logarithmic and ranges from 0 to 14. Measurements of hydrogen ion 

concentration are referred to as pH. With the help of a pH sensor, a bleach's tartness 

or alkalinity can be determined by measuring the density of hydrogen ions in the 

chemical. (Chowdury et al., 2019). As pH decreases, water becomes more acidic, 

and as H+ ion concentration increases, water becomes more alkaline (Pujar et al., 

2020). There are several types of pH sensors that are suitable for monitoring the 

quality of water. The choice of pH sensor depends on various factors such as the 

application, measurement requirements, budget, and environmental conditions. The 

model of pH sensor used on the HydroQS device is the industrial type of pH sensor, 

H-101 model manufactured by DfRobot Company, as shown in Figure. 
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Figure 3.1 H-101 pH DfRobot sensor 

 

Table 3.1 The specifications of the pH sensor 

Model H-101 

Manufacturer brand DfRobot 

Cost (MYR) 268.42 

Probe Type Industrial Grade 

Detection Range  0~14 

Temperature Range : 0~60°C 

Accuracy ± 0.1pH (25 ℃)  

Response Time <1min 

Probe Life 7*24hours >0.5 years (depend on the water quality) 

Supply Voltage 3.3~5.5V 

Output Voltage  0~3.0V 

Probe Connector BNC 

Signal Connector PH2.0-3P 

Measurement Accuracy ±0.1@25℃ 

Dimension 42mm*32mm/1.66*1.26in 
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ii. Temperature sensor 

 Temperature sensors provide more accurate readings when compared to the use 

of mercury thermistors to take current temperature readings. The temperature 

sensor used on the HydroQS device measures river water temperature. The 

temperature sensor can measure the temperature value with an accuracy of 0.1. The 

model for this temperature sensor is DS18B20, as shown in Figure 3.7 and the 

specification of the temperature sensors shown in Table 3.2. 

 

 

Figure 3.2 Temperature sensor for Arduino 

 

Table 3.2 Specification of DfRobot temperature sensor 

Model DS18B20 

Manufacturer brannd DfRobot 

Cost(MYR) 86.57 

Temperature sensor supply voltage 3.0V ~ 5.5V 

Temperature sensor resolution 9 to 12 adjustable resolution 

Temperature range -55°C ~ +125°C 

Temperature Sensor Output Lead Yellow(DATA) Red(VCC) and Black(GND) 

Adapter Cables DATA, VCC, BLK, 

Suitable platform for Arduino and Raspberry Pi 

Cable Diameter  4𝑚𝑚 (0.16)  

Length  95𝑐𝑚   
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iii. Turbidity sensor 

     The turbidity sensor used on this HydroQS device measures the turbidity value 

to monitor water quality. The ability of this sensor is that it can detect particles 

suspended in water by measuring the transmittance of light and the rate of scattering 

that varies with the number of total suspended solids (TSS) in the water. The 

turbidity rate will increase as the TSS increases. The sensor used in this study is a 

type of Arduino turbidity sensor F2A09 produced by DfRobot Company which has 

two analog and digital signal outputs, as shown in Figure 3.8 below. 

 

Figure 3.3 Arduino turbidity sensor 

 

The specifications of DfRobot turbidity sensor are shown in Table 3.3 below which consists 

of model, cost, response time and other details. 
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Table 3.3 Specification detail for Turbidity sensor 

Model Arduino turbidity sensor F2A09 

Manufacturer brand DfRobot 

Cost(MYR) 46.70 

Operating Voltage 5V DC 

Operating Current 40mA (MAX) 

Response Time <500ms 

Insulation Resistance 100M (Min) 

Output Method Analog 

Analog output 0-4.5V 

Digital Output High/Low level signal (can adjust the threshold 

value by adjusting the potentiometer) 

Operating Temperature 5℃~90 ℃ 

Storage Temperature -10℃~90℃ 

Weight 30g 

Adapter Dimensions 38mm*28mm*10mm/1.5inches 

*1.1inches*0.4inches 

 

iv. Dissolved oxygen sensor 

     DfRobot's Analog Dissolved Oxygen sensor kit can easily connect with other 

microcontrollers. The sensor used on the HydroQS device to measure the amount of 

oxygen dissolved in the water is shown in Figure 3.9 below. The specifications for 

the dissolved oxygen sensor shown in Table 3.3 below are very suitable for use in 

this study's water quality monitoring system. 
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Figure 3.4 Dissolved oxygen sensor by DfRobot 

 

Table 3.4 Dissolved oxygen sensor by DfRobot specification details 

Model SEN0237-A 

Manufacturer brand DfRobot 

Cost (MYR) 797.20 

Probe type Galvanic Probe 

Detection Range 0~20 mg/L 

Temperature Range 0~40 ℃ 

Response Time Up to 98% full response, within 90 

seconds (25℃) 

Pressure Range 0~50 PSI 

Electrode Service Life 1 year (normal use) 

Maintenance Period • Membrane Cap Replacement 

Period: 

o 1~2 months (in muddy 

water); 

o 4~5 months (in clean water) 

• Filling Solution Replacement 

Period: Once every month 

Cable Length 2 meters 

Probe Connector BNC 

Supply Voltage 3.3~5.5V 

Output Signal 0~3.0V 

Cable Connector BNC 

Signal Connector Gravity Analog Interface (PH2.0-3P) 

Dimension 42mm * 32mm/1.65 * 1.26 inches 
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v. Total dissolved solid sensor 

 The function of Analog TDS Sensor used in this study is to measure the value 

of Total Dissolved Solids (TDS) in water. The use of the TDS sensor, as shown 

in Figure 3.10, is a professional instrument because this sensor has high accuracy 

in the process of measuring and sending data directly to the controller system. 

The TDS sensor probe has the advantage of being waterproof and can be used in 

water for a long time. The specifications for the Analog TDS sensor used in the 

water quality monitoring study are shown in Table 3.4.  

 

Figure 3.5 Analog TDS Sensor for Arduino 

 

Table 3.5 Analog TDS Sensor specification 

Model TDS sensor for Arduino 

Manufacturer brand DfRobot 

Cost(MYR) 90.00 

Input Voltage 3.3V to 5.5V DC                                            

Output Voltage 0V to 2.3V DC 

Current Consumption  3mA to 6mA 

TDS Measuring Range  0 to 1000ppm 

TDS Measuring Accuracy  ±10% F.S (25°C) 

Module: MCU Interfacing Port  PH2.0-3P 

Module: Probe Interfacing Port  XH2.54-2P 

Probe: No. of Needles  2 

Probe: Length  830mm 

Probe: Connection Interface  XH2.54-2P 

Probe: Colour  Black 

Probe: Waterproof Rating  IP67 
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3.3.2 HydroQS structure design and placement 

This section will describe the position of water quality sensors and other electronic 

components in a HydroQS body. Figure 3.6 illustrates the location where the water quality 

sensors and other electronic items such as, Arduino boards and battery are placed in the 

HydroQS body. All sensors will be on the lower part of the HydroQS body to ensure the 

sensors are in contact with the water surface and data can be intepret.  

 
Figure 3.6 HydroQS sensors and electronic components placement 

 

Figure 3.7 shows the buoy design structure used on the HydroQS device. There are 

standard parts and also custom parts that are used in the creation of the buoy.  
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Figure 3.7 HydroQS Buoy structure design 

  

Figure 3.8 shows the part of water quality sensors placed at the bottom of the main body 

with labels.  

 

 

 

Figure 3.8 Placement of water quality sensors

Total dissolved 

solid sensor 

Temperature 

sensor 

pH sensor 

Turbidity 

sensor 

Dissolved 

oxygen sensor 
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The purpose of morphological chart is to determine and decide the best and low cost sensors. The factors that has been considered are costing, 

durability and accuracy. Table 3.6 shows the types of watwr quality sensors that has been choose with different type of manufacturer brand. 

Table 3.6 Morphological chart for water quality sensors 

Function/sensors Option 1 Option 2 Option 3 Option 4 

pH sensor GAOHOU 

 

Cost(MYR): 148.61 

Lifespan: 3 years 

Accuracy: ± 0.25 

McMaster-Carr 

 

Cost(MYR): 341.67 

Lifespan : 3 years + 

Accuracy:  ± 0.1 

Vernier 

 

Cost(MYR): 636.43 

Lifespan : 3 years 

Accuracy: ± 0.2 

AtlastScientific 

 

Cost(MYR): 1,486.51 

Lifespan : 4 Years+ 

Accuracy: +/- 0.002 

Temperature sensor Vernier 

 

Cost(MYR): 278.73 

Lifespan: 4 years+ 

Accuracy:  ±0.01 

AtlasScientific 

 

Cost(MYR): 139.32 

Lifespan: 3 years 

Accuracy:  ± 0.5 

Twidec 

 

Cost(MYR): 60.35 

Lifespan: 15 years 

Accuracy:  ± 0.05 

The Connected Shop 

 

Cost(MYR): 448.00 

Lifespan: 3 years+ 

Accuracy:  ± 0.1 
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Turbidity sensor KEYES 

 
Cost(MYR): 58.25 

Lifespan: 3 years + 

Accuracy:  ±0.05 

Homemaxs 

 
Cost(MYR): 60.30 

Lifespan: 3 years 

Accuracy:  ±0.1 

Seeed 

 
Cost(MYR): 111.872 

Lifespan: 3 years 

Accuracy:  ±0.1 

Zwinsoft 

 
Cost(MYR): 10,298.78 

Lifespan: 10years+(infrared 

light) 

Accuracy:  ±0.02 

Dissolved oxygen 

sensor 

AtlasScientific 

 
Cost(MYR): 1,133.46 

Lifespan: 4 years + 

Accuracy:  ±0.02 

HFDR 

 
Cost(MYR): 1,096.26 

Lifespan: 4 years 

Accuracy:  ±0.5 

AtlasScientific 

 
Cost(MYR): 696.25 

Lifespan: 4 years + 

Accuracy:  ±0.02 

DfRobot 

 

 
Cost(MYR): 784.50 

Lifespan: 1 

year(electrode)(normal use) 

Accuracy:  ±0.1 
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Total dissolved solid 

sensor 

Qinlorgo 

 
Cost(MYR): 68.10 

Lifespan: 4 years after 

calibration 

Accuracy:  ±0.1 

Seeed 

 
 

Cost(MYR): 66.38 

Lifespan: 4 years  

Accuracy: ±0.3 

CQRobot 

 
Cost(MYR): 37.09 

Lifespan: 3 years 

Accuracy:  ±0.2 

Winyuyby 

 
Cost(MYR): 47.12 

Lifespan: 4years after 

calibration 

Accuracy:  ±0.1 

 

  

Based on observation, the water quality sensors were chosen and decided using morphological chart based on factors such as cost, lifespan, and 

accuracy. The longer the lifespan, the higher reliability of the sensors while the lower value of accuracy measurement, the higher accuracy of 

sensors reading. 
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CHAPTER 4  

 

 

RESULTS AND DISCUSSION 

4.1 Introduction 

This section will show how the HydroQS device works in monitoring freshwater quality. 

In addition, all data recorded by the HydroQS device will be stated in this title based on the 

analysis made. There is main processes before obtaining data using this device, which is 

checking sensors’ function ability with calibration process. The data parameters collected 

using this device will be used as analysis to be compared with the parameters issued by the 

Department of Environment (DOE).  

 

Figure 4.1 Home Assistant Applicaion result display 
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Based on the screen display on Home Assistant Application in Figure 4.1 above and Table 

4.1 below, the sensor’s pH reading shows a value of 8.70. The turbidity sensor reading is 

2.86 NTU. In contrast, the reading for temperature sensor is 29.2 Celsius. The Dissolved 

Oxygen (DO) sensor reading is 15.15 mg/l while the reading value for Total Dissolved Solid 

(TDS) sensor is 144.38 ppm. Before conducting a test, to ensure that the water quality 

sensors are working effectively, the sensor calibration process should be performed to ensure 

the readings taken are accurate. Table 4.1 and Table 4.2 show the difference between 

calibration reading data and testing reading data. 

After calibration and confirming all the sensors is functioning, the experiment continued 

with field test to check the reliability of HydroQS water quality sensors. Figure 4.2 shows 

the field test was held at Sungai Melaka. 

 

Figure 4.2 Field test at Sungai Melaka 
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Table 4.1 Sensors function ability check result display(calibration result) 

 

 

Types of 

sensors  

Display results from 

the application  
( Calibration result)  

Full display on Home Assistant application  

  

pH sensor  

  

 

 

Turbidity 

Sensor  
  

 

Temperature 

Sensor 

  
  

Dissolved 

Oxygen Sensor  

  
   

Total Dissolved 

Solid Sensor  
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Table 4.2 Reading data for water quality sensors during field test. 

 

Types of 

sensors  

Display results from 

the application  
( Field test result)  

Full display on Home Assistant application  

  

pH sensor  

  

 

 

Turbidity 

Sensor  

  
 

Temperature 

Sensor 

  
  

Dissolved 

Oxygen Sensor  

  
   

Total Dissolved 

Solid Sensor  
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Table 4.3 shows the difference and error between field test reading data taken and calibration 

reading data.  

Table 4.3 Water quality sensors’ percentage error during calibration and field test 

Parameter  Calibration reading 

data (using special tools 

& solution)  

 

Field reading data 

pH  8.40 8.70 

Percentage Error  |
8.28−8.70

8.70
|× 100% = 4.83% 

Turbidity  0.36 NTU 2.86 NTU 

Percentage Error  
|

0.36−2.85

2.86
|× 100% = 87.41%  

Temperature  26.8℃ 29.2℃ 

Percentage Error  |
26.8−29.2

29.2
| × 100% = 8.23%  

Dissolved Oxygen  7.62 mg/L 15.15 mg/L 

Percentage Error  
|

7.62−15.15

15.15
|× 100% = 49.70%  

Total Dissolved Solid  78.81 ppm 144.38 ppm 

Percentage Error  |
78.81−144.38

144.38
| × 100% = 45.41%  
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4.2 Comparison of sensors costing 

After analyzing the specification details and choosing the suitable sensors in methodology, 

there are comparisons that have been made between the previous project total cost for sensors 

and the current project, which are shown in Table 4.4. 

 

Table 4.4 Comparison of sensors costing 

Sensors Total Cost for previous 

project (MYR) 

Total cost for current project 

(MYR) 

pH 286.42 341.67 

Temperature 86.57 60.35 

Turbidity 46.70 58.25 

Dissolved Oxygen 797.20 696.25 

Total Dissolved Solid 90.00 47.12 

Total Cost (MYR) 1306.89 1203.64 

 

4.2.1 Percentage difference of total cost 

1306.89 − 1203.64

[
1306.89 + 1203.64

2
]

𝑥 100% = 8.23% 

Based on the table above, the total cost of water quality sensors for the current project 

is 8.23% lesser than previous project. 
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4.3 Field test 

4.3.1 Data analysis of water quality sensors in 24 hours 

Figure 4.3 Real-time reading data pH value for 24 hours 

   

Based on the graph, the range value of pH recorded is at 8.4 to 8.7 in 24 hours. According 

to NWQS , the value in range >7 pH which in Class I stated that the water supply is 

conservation of natural environment. This could imply that the water source is relatively 

clean and doesn't require extensive treatment. It's essential to ensure that such sources remain 

unpolluted to maintain water quality. Monitoring and preventing pollution, as well as 

protecting watersheds, are crucial steps in conserving clean water sources.While not as 

delicate as species in Fishery I, the sensitivity of aquatic species suggests that the ecosystem 

is delicate and easily disrupted. Conservation efforts should focus on protecting the habitat, 

maintaining water quality. 
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Figure 4.4 Real-time reading data temperature value for 24 hours 

 

 

 

This graph shows that the maximum value of temperature sensor reach at 32.10 Celsius 

then it drops drastically to 29.10 but then, its continue maintain at range 29 Celcius. 
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Figure 4.5 Real-time reading data turbidity value for 24 hours 

 

Based on the graph, the reading of turbidity sensor was not stable but the value still in good 

condition which is below range 5mg/L according to NWQS. It is in Class I which indicates 

that the water quality is considered excellent and suitable for supporting sensitive 

ecosystems. It should meet strict environmental standards and be free from major pollution 

or disturbances. 
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Figure 4.6 Real-time reading data dissolved oxygen value for 24 hours 

 

Based on the reading of the Dissolved Oxygen value graph recorded in 24 hours, the 

maximum value is 11.67 mg/L at 11.00 p.m which is >7 mg/L. According to National Water 

Quality Standards(NWQS) which is in Class I stated that the the water source is relatively 

clean and doesn't require extensive treatment. It's essential to ensure that such sources remain 

unpolluted to maintain water quality. Monitoring and preventing pollution, as well as 

protecting watersheds, are crucial steps in conserving clean water sources.  
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Figure 4.7 Real-time reading data total dissolved solid value for 24 hours 

 

Based on the reading graph for the value of Total Dissolved solid for 24 hours, the 

maximum reading  recorded was 486.27 ppm which is <500, where this reading is  in Class 

I acording to National Water Quality Standards(NWQS) which state that the water supply 

does not require the conventional treatment. 
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4.4 Result Comparison with NWQS 

Table 4.5 Comparion of water quality data with NWQS 

 
 

Table 4.5 shows the comparison of water quality data taken during field test with 

NWQS data. According to NWQS, all of the data except for temperature fall to Class 

I which is water supply I – Conservation of natural environment, Fishery I which is 

very sensitive aquatic species. The sensitivity of aquatic species suggests that the 

ecosystem is delicate and easily disrupted. Conservation efforts should focus on 

protecting the habitat, maintaining water quality, and implementing sustainable 

fishing practices. While temperature is in Class IIA which means it requires 

conventional treatment. However, the temperature of the river water is something 

that cannot be controlled because it is dependent on the provisions of the weather. 

 



53 

4.4.1 Data analysis of water quality sensors in one week 

The data analysis of water quality sensors was generated from the Home Assistant Application as shown in Table 4.4. 

 

Table 4.6 Data analysis of water quality sensors in one week 

 Data analysis of sensors reading  in one week 

pH Temperature Turbidity Dissolved oxygen Total dissolved solid 

Day 

1 

     

Day 

2 
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Day 

3 

   
  

Day 

4 

     

Day 

5 

     
Day 

6 
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Based on the data analysis of one-week sensors’ reading in the Table 4.6, the average data was calculated and were compared with NWQS data 

as shown in Table 4.7. Overall data were in Class I same as comparison of data for 24 hours in Table 4.5. 

Day 

7 
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Table 4.7 Comparison of average data of water quality sensors in one week with NWQS 

Parameters Average data in 

one week 

Range data in NWQS for 

clean water 

Class 

pH 
8.5 

>7 mg/L I 

Temperature 
29.72 

Normal+ 2ᵒC IIA 

Turbidity 
3.65 

5-50 NTU I 

Dissolved oxygen 
9.20 

>7 mg/L I 

Total dissolved solid 
438.15 

<500 ppm I 
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CHAPTER 5  

 

 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The improvement of water quality sensors for the development of Hydro Quality System 

Monitoring Device at Sungai Melaka is a crucial initiative in ensuring the sustainablility and 

health of the river ecosystem. Sungai Melaka plays a pivotial role in the environment, social, 

and economic fabric of th eregion. The successful implementation of advanced water quality 

sensors will enable the real-time monitoring, early detection of pollutants, and informed 

decision-making for effective water management. 

Through the study of this project, the objectives of enhancing precision and reliability, 

testing the functionality of water quality sensors within the Hydro Quality System and 

interpret data analysis of water quality sensors based on guidance of NWQS have been 

addressed with dedication and technical expertise. The efforts to enhance the precision and 

reliability of water quality sensors represent a commitment to data accuracy and the 

production of reliable information for hydro quality monitoring. This improvement is vital 

for making informed decisions related to water management and environmental 

conservation. 
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5.2 Recommendations 

HydroQS features can still be upgraded to provide optimal and maximum water 

quality monitoring. One of the enhancements that can be made is automatic 

calibration, which eliminates the need for periodic monitoring. This helps to save 

time and money during the study term. Furthermore, one possible enhancement that 

can be done is to extend the main body of the HydroQS to provide a more orderly 

arrangement of electronic components without interfering with electronic 

functionality. This is because the small space of the electrical enclosure makes it 

difficult to keep electronic components. 
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APPENDIX E 

 

    
 

  

       

     

       

       

       

       

       

       

       

 

 

 

APPENDIX F Reading data of each parameter within time in one week 

 

Date Time pH Temperature Turbidity DO TDS 
2/12/2023 12:00:00 AM 8.7 28.96 - 5.7 622.41 

1:00:00 AM 8.7 28.84 - 5.1 622.41 
2:00:00 AM 8.7 28.88 - 5.7 622.41 
3:00:00 AM 8.7 28.80 - 6.7 622.41 
4:00:00 AM 8.7 28.66 - 5.7 622.41 
5:00:00 AM 8.7 28.59 - 5.1 622.41 
6:00:00 AM 8.7 28.54 - 5.7 622.41 
7:00:00 AM 8.7 28.45 1.91 6.7 622.41 
8:00:00 AM 8.7 28.43 3.58 8.8 622.41 
9:00:00 AM 7.9 28.56 3.31 6.8 622.41 

10:00:00 AM 7.9 28.75 3.43 5.7 622.41 
11:00:00 AM 8.0 29.03 3.43 5.7 622.41 
12:00:00 PM 8.2 29.44 3.37 4.5 622.41 
1:00:00 PM 8.0 29.64 3.37 4.5 622.41 
2:00:00 PM 8.1 29.98 4.08 4.4 622.41 
3:00:00 PM 6.8 30.04 3.52 4.3 622.41 
4:00:00 PM 7.7 29.98 3.10 4.3 622.41 
5:00:00 PM 6.9 29.96 3.76 4.4 622.41 
6:00:00 PM 8.0 29.81 4.05 4.4 622.41 
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7:00:00 PM 8.2 29.66 4.46 4.4 622.41 
8:00:00 PM 8.0 29.55 4.46 5.1 622.41 
9:00:00 PM 8.0 29.45 2.92 10.6 622.41 

10:00:00 PM 8.0 29.39 3.57 8.8 622.41 
11:00:00 PM 8.7 29.29 3.59 10.8 622.41 

3/12/2023 12:00:00 AM 8.7 29.20 4.18 15.15 622.41 
1:00:00 AM 8.7 29.14 4.18 15.15 622.41 
2:00:00 AM 8.7 29.06 4.54 15.15 622.41 
3:00:00 AM 8.7 28.94 4.54 15.15 622.41 
4:00:00 AM 8.7 28.90 4.54 15.15 622.41 
5:00:00 AM 8.7 28.84 4.54 15.15 622.41 
6:00:00 AM 8.7 28.79 3.94 10.55 622.41 
7:00:00 AM 8.7 28.62 3.94 8.78 622.41 
8:00:00 AM 8.7 28.61 3.94 8.78 621.68 
9:00:00 AM 8.7 28.89 3.41 6.77 622.41 

10:00:00 AM 8.7 28.97 3.84 5.70 622.41 
11:00:00 AM 8.7 29.31 3.36 5.70 622.41 
12:00:00 PM 8.7 29.90 3.89 4.79 622.41 
1:00:00 PM 8.7 30.63 3.58 4.36 622.41 
2:00:00 PM 8.7 31.34 3.23 4.36 622.15 
3:00:00 PM 8.7 31.33 3.51 4.36 622.36 
4:00:00 PM 8.7 31.39 3.84 4.36 622.41 
5:00:00 PM 8.7 31.19 3.84 4.36 568.84 
6:00:00 PM 8.7 30.91 4.60 4.36 485.77 
7:00:00 PM 8.7 30.73 4.82 4.36 471.22 
8:00:00 PM 8.7 30.56 3.94 5.10 477.11 
9:00:00 PM 8.7 30.33 3.78 5.70 466.31 

10:00:00 PM 8.7 30.13 3.87 6.70 456.90 
11:00:00 PM 8.7 29.99 3.87 6.70 512.30 

4/12/2023 12:00:00 AM 8.7 29.63 4.60 5.70 588.87 
1:00:00 AM 8.7 29.44 4.01 5.70 622.41 
2:00:00 AM 8.7 29.37 3.09 4.79 622.41 
3:00:00 AM 8.7 29.29 3.71 4.36 622.41 
4:00:00 AM 8.7 29.19 3.49 4.36 622.41 
5:00:00 AM 8.7 29.10 3.49 10.55 622.41 
6:00:00 AM 8.7 29.03 4.08 8.78 622.41 
7:00:00 AM 8.7 28.99 4.08 6.77 622.41 
8:00:00 AM 8.7 28.95 3.53 5.70 622.41 
9:00:00 AM 8.7 28.89 3.53 5.20 593.42 

10:00:00 AM 8.7 28.95 2.63 5.20 585.99 
11:00:00 AM 8.7 29.40 2.52 4.79 616.46 
12:00:00 PM 8.7 30.34 2.26 4.36 622.38 
1:00:00 PM 8.7 31.44 2.26 4.36 622.41 
2:00:00 PM 8.7 32.04 2.26 4.36 622.41 
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3:00:00 PM 8.7 32.10 2.26 4.36 622.40 
4:00:00 PM 8.7 32.12 2.26 4.36 620.50 
5:00:00 PM 8.7 31.83 2.26 4.36 614.57 
6:00:00 PM 8.7 31.24 2.96 4.36 617.28 
7:00:00 PM 8.7 30.49 2.93 5.10 618.22 
8:00:00 PM 8.7 30.08 3.55 5.70 622.00 
9:00:00 PM 8.7 30.12 3.80 6.70 579.93 

10:00:00 PM 8.7 30.24 3.73 6.70 527.33 
11:00:00 PM 8.7 30.29 4.05 6.70 513.79 

5/12/2023 12:00:00 AM 8.7 30.21 4.35 8.78 486.27 
1:00:00 AM 8.7 30.03 4.65 10.55 468.12 
2:00:00 AM 8.7 29.90 4.56 10.34 452.18 
3:00:00 AM 8.7 29.49 4.56 10.34 373.15 
4:00:00 AM 8.7 29.60 3.64 10.34 381.95 
5:00:00 AM 8.7 29.60 3.64 10.34 376.66 
6:00:00 AM 8.7 29.60 3.64 9.96 362.17 
7:00:00 AM 8.7 29.60 3.34 9.82 362.17 
8:00:00 AM 8.7 29.71 4.42 9.82 351.82 
9:00:00 AM 8.7 29.79 3.17 9.82 349.75 

10:00:00 AM 8.7 29.80 2.81 9.82 349.66 
11:00:00 AM 8.7 30.10 2.81 8.74 349.69 
12:00:00 PM 8.7 30.23 2.81 8.58 334.09 
1:00:00 PM 8.7 30.10 2.81 8.58 362.17 
2:00:00 PM 8.7 30.23 2.81 8.58 351.82 
3:00:00 PM 8.7 32.10 3.37 7.90 349.75 
4:00:00 PM 8.4 31.24 3.02 8.05 330.95 
5:00:00 PM 8.4 29.10 2.84 10.55 340.66 
6:00:00 PM 8.4 29.23 2.90 10.34 344.17 
7:00:00 PM 8.7 29.90 2.25 11.45 393.33 
8:00:00 PM 8.7 29.90 4.75 11.67 382.11 
9:00:00 PM 8.7 29.85 4.44 11.67 322.93 

10:00:00 PM 8.7 29.81 4.56 11.67 303.77 
11:00:00 PM 8.7 29.80 4.65 11.67 271.06 

6/12/2023 12:00:00 AM 8.7 29.20 4.18 15.15 622.41 
1:00:00 AM 8.7 29.14 4.18 15.15 622.41 
2:00:00 AM 8.7 29.06 4.54 15.15 622.41 
3:00:00 AM 8.7 28.94 4.54 15.15 622.41 
4:00:00 AM 8.7 28.90 4.54 15.15 622.41 
5:00:00 AM 8.7 28.84 4.54 15.15 622.41 
6:00:00 AM 8.7 28.79 3.94 10.55 622.41 
7:00:00 AM 8.7 28.62 3.94 8.78 622.41 
8:00:00 AM 8.7 28.61 3.94 8.78 621.68 
9:00:00 AM 8.7 28.89 3.41 6.77 622.41 

10:00:00 AM 8.7 28.97 3.84 5.70 622.41 
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11:00:00 AM 8.7 29.31 3.36 5.70 622.41 
12:00:00 PM 8.7 29.90 3.89 4.79 622.41 
1:00:00 PM 8.7 30.63 3.58 4.36 622.41 
2:00:00 PM 8.7 31.34 3.23 4.36 622.15 
3:00:00 PM 8.7 31.33 3.51 4.36 622.36 
4:00:00 PM 8.7 31.39 3.84 4.36 622.41 
5:00:00 PM 8.7 31.19 3.84 4.36 568.84 
6:00:00 PM 8.7 30.91 4.60 4.36 485.77 
7:00:00 PM 8.7 30.73 4.82 4.36 471.22 
8:00:00 PM 8.7 30.56 3.94 5.10 477.11 
9:00:00 PM 8.7 30.33 3.78 5.70 466.31 

10:00:00 PM 8.7 30.13 3.87 6.70 456.90 
11:00:00 PM 8.7 29.99 3.87 6.70 512.30 

7/12/2023 12:00:00 AM 8.7 29.80 4.03 13.11 185.58 
1:00:00 AM 8.7 29.80 3.67 13.11 182.83 
2:00:00 AM 8.7 29.80 3.67 13.11 179.46 
3:00:00 AM 8.7 29.65 3.67 13.11 182.83 
4:00:00 AM 8.7 29.60 3.67 13.11 179.46 
5:00:00 AM 8.7 29.58 3.67 13.11 182.83 
6:00:00 AM 8.7 29.45 3.67 13.11 179.46 
7:00:00 AM 8.7 29.40 3.67 13.11 182.83 
8:00:00 AM 8.7 29.40 3.61 13.42 179.46 
9:00:00 AM 8.7 29.46 4.01 13.42 180.93 

10:00:00 AM 8.7 29.72 3.37 13.42 150.94 
11:00:00 AM 8.7 29.91 3.37 13.42 144.83 
12:00:00 PM 8.4 30.03 2.75 12.02 144.26 
1:00:00 PM 8.5 29.98 2.86 13.11 145.25 
2:00:00 PM 8.1 29.75 2.86 13.11 148.26 
3:00:00 PM 8.0 29.98 2.86 13.11 148.26 
4:00:00 PM 7.9 29.40 3.62 13.11 144.26 
5:00:00 PM 7.9 29.98 3.44 13.11 152.12 
6:00:00 PM 7.9 29.71 3.44 13.11 145.73 
7:00:00 PM 7.8 29.81 3.38 13.11 150.87 
8:00:00 PM 7.8 29.98 3.38 13.11 144.26 
9:00:00 PM 7.8 29.98 3.80 13.11 139.70 

10:00:00 PM 7.8 28.80 3.80 13.11 129.70 
11:00:00 PM 7.8 28.80 3.51 13.11 129.70 

8/12/2023 12:00:00 AM 8.7 28.40 3.51 13.11 140.14 
1:00:00 AM 8.7 28.40 3.02 13.11 137.27 
2:00:00 AM 8.7 28.40 3.02 13.11 137.27 
3:00:00 AM 8.7 28.40 3.02 13.11 137.27 
4:00:00 AM 8.7 28.20 3.02 13.11 137.27 
5:00:00 AM 8.7 28.20 3.02 13.11 138.01 
6:00:00 AM 8.7 28.19 3.02 15.15 139.57 
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7:00:00 AM 8.7 28.18 4.32 15.15 140.06 
8:00:00 AM 8.7 28.43 4.32 15.15 138.01 
9:00:00 AM 8.7 28.56 4.60 15.15 139.57 

10:00:00 AM 8.4 28.75 3.59 15.15 141.06 
11:00:00 AM 8.4 29.03 3.86 15.15 142.00 
12:00:00 PM 8.4 31.44 3.86 13.42 144.06 
1:00:00 PM 8.00 32.64 3.86 13.42 145.06 
2:00:00 PM 8.4 30.98 3.86 13.42 141.06 
3:00:00 PM 8.3 31.88 3.16 12.02 140.85 
4:00:00 PM 7.6 30.98 3.16 12.02 144.86 
5:00:00 PM 7.6 30.96 3.16 12.02 154.86 
6:00:00 PM 7.8 29.81 3.16 12.02 154.86 
7:00:00 PM 7.9 29.66 4.15 13.42 156.86 
8:00:00 PM 8.1 29.55 4.09 13.42 154.86 
9:00:00 PM 7.7 29.45 4.09 13.42 157.79 

10:00:00 PM 8.7 29.45 4.52 15.15 158.63 
11:00:00 PM 8.7 29.45 4.52 15.15 161.57 
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APPENDIX H 

 

    PSM2 Gantt Chart 
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