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ABSTRACT 

ABSTRACT 

Escherichia coli (E. coli) bacteria comes from the human and animal faeces. It is hazardous 

to human health and could cause death when not immediately treated. Therefore, it is crucial 

to detect E. coli bacteria in water before consuming it. Since many cases of water 

contaminated E. coli bacteria are in rural areas, a portable E. coli bacteria detector is needed. 

However, many existing biosensors to detect E. coli bacteria are not portable, while the 

conventional methods are time-consuming and need specialists to perform the task. In this 

work, an E. coli bacteria biosensor based on the resistivity method was developed using 

graphene nanostructure as the sensing layer, since carbon materials such as graphene have 

been known to have biocompatibility and excellent electrical properties. As a result, the 

concentration of E. coli bacteria can be measured through the change of conductivity caused 

by the negative charge produced by the E. coli bacteria’s surface. Anti-E. coli antibodies 

and a blocking agent were employed on the graphene’s surface for selectivity purposes. 

Characterisations using FESEM, AFM, Raman spectroscopy and contact angle were 

successfully conducted to study the properties and to verify the presence of the 

immunosensing properties on the sensing layer. The full system was developed with a 

standalone user interface and does not require any alternating current (AC) outlet or personal 

computer (PC) connection. An Arduino microcontroller was used to operate the new device. 

The circuit was functionalised to detect resistance change with the help of Wheatstone 

bridge for device calibration. Results show that resistivity change that can be detected by 

the device was as low as 0.0426 Ω. For E. coli bacteria detection, the system has a linear 

relationship between the device reading and the concentration of E. coli bacteria. The 

conductivity of Graphene increased with the increasing of E. coli bacteria concentration. 

Finally, the validation of the device was performed by comparing the data obtained from 

the device with plate culture method. The device was found to detect the concentration of 

E. coli bacteria selectively with LOD between 145 CFU/ml to 7966 CFU/ml with 104 

seconds detection time.  
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ABSTRAK 

ABSTRAK 

Bakteria Escherichia coli (E. coli) berasal daripada najis manusia dan haiwan. Ia bahaya 

kepada kesihatan manusia dan boleh menyebabkan kematian apabila tidak dirawat segera. 

Oleh itu, adalah penting untuk mengesan bakteria E. coli dalam air sebelum 

mengunakannya. Oleh kerana banyak kes-kes air tercemar oleh bakteria E. coli berlaku di 

kawasan luar bandar, pengesan bakteria E. coli yang mudah alih diperlukan. 

Walaubagaimanapun, banyak biopenderia sedia ada untuk mengesan bakteria E. coli tidak 

mudah alih, sementara kaedah konvensional memakan masa dan memerlukan kepakaran 

untuk mengunakannya. Dalam penyelidikan ini, biopenderia bakteria E. coli berdasarkan 

kaedah pengesanan perubahan rintangan telah dibangunkan mengunakan struktur nano 

grafin sebagai lapisan penginderaan, kerana bahan karbon seperti grafin telah diketahui 

mempunyai sifat keserasian-bio dan sifat pengalir elektrik yang baik. Hasilnya, kepekatan 

bakteria E. coli dapat diukur melalui perubahan kekonduksian yang disebabkan oleh caj 

negatif yang dihasilkan oleh pemukaan bakteria E. coli. Antibodi anti-E. coli dan ejen 

penyekat digunakan pada permukaan grafin untuk tujuan selektiviti. Pencirian mengunakan 

FESEM, AFM, spektometer Raman dan sudut sentuh telah berjaya dijalankan untuk 

mengkaji sifat dan mengesahkan kehadiran sifat-sifat imuno pada lapisan penderiaan. 

Sistem lengkap dibangunkan dengan ruang hubung kait pengguna yang berdiri sendiri yang 

tidak memerlukan sambungan arus ulang alik (AC) atau sambungan pada komputer peribadi 

(PC). Micropengawal ARDUINO digunakan untuk mengendalikan peranti baru ini. Litar 

telah dfungsikan untuk mengesan perubahan rintangan dengan bantuan jambatan Wheatston 

sebagai penentuukuran peranti. Hasil ujikaji menunjukkan perubahan rintangan dapat 

dikesan oleh peranti serendah 0.0426 Ω. Untuk mengesan bakteria E. coli, sistem ini 

mempunyai hubungan garis datar antara bacaan peranti dengan kepekatan bakteria E. coli. 

Kekonduktivitian Grafin meningkat dengan peningkatan kepekatan bakteria E. coli. 

Akhirnya, pengesanan peranti dilakukan dengan membandingkan data yang diperolehi 

dengan kaedah plat kultur. Peranti telah didapati dapat mengesan perubahan kepekatan 

bacteria E. coli dengan selektif dengan had pengesanan antara 145 ke 7966 CFU/ml dengan 

masa pengesanan 104 saat.   
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

Some of the major health risks, constituted by microorganisms as a source of bacteria 

or pathogen contamination. It may survive, reproduce and disperse in water systems 

[1]. Contaminated water can transmit diseases such diarrhoea, cholera, dysentery, 

typhoid, and polio [2]. Safety management and water treatment for drinking water is 

crucial for human consumption. Occasionally, water monitoring is necessary to 

provide a decision making on managing water quality and water treatment today and 

in the future. Water quality monitoring is used to alert the user to the current, ongoing 

and emerging problems so that the drinking water standard can be comply. On today’s 

trajectory,  785 million people in this world use untreated water supplies and estimated 

of 144 million people collect untreated surface water from lakes, ponds, rivers and 

streams [2]. This mostly happens in the developing & third world countries, such as 

Myanmar, Cambodia, Bolivia, India, Bangladesh, Nepal, Somalia, Ethiopia, Kenya 

and most of countries in Africa [2]. 

Globally, at least two billion people use drinking water sources that are 

contaminated with faeces, which contribute to faecal contaminants. Faecal 

contaminants come from human and animal faeces and can spread around the water 

sources [3]. Unsafe water supplies, inadequate sanitation and poor hygiene attribute to 

88% of deaths, which is more compared with deaths from AIDS, malaria and measles 

combined [4]. Most of the death cases involve children under five years old, which 

comprise 297,000 deaths [2]. It kills almost 800 children per day, or one child every 

two minutes. A person living in a third world country typically cannot afford to pay 
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money for usable water. This forces the people in poorer countries to use water from 

any available source, even if the water is contaminated and unsafe. 

Human and animal waste in water resource can cause the growing of various 

types of harmful bacteria cells such as E. coli, Campylobacter Jejuni, Salmonella, 

Vibriocholerae and Shigellae in water resource [5]. A method or approach that can be 

used to identify all of the interest pathotypes selectively, are almost none and directly 

measuring a large variety of pathotypes will be costly, difficult and time consuming 

[6]. Therefore, a method to specifically detect one type of pathotype species as 

indicator to faecal contaminant need be to developed. Escherichia coli or E. coli 

bacteria, as shown in Figure 1.1 is the outstanding coliform bacteria, known as the 

important indicator for faecal contamination because it can be found almost 

exclusively in human and animal faeces and some of it became pathogenic outside of 

the intestinal tract [7]. 

 

Figure 1.1: TEM image of E. coli bacteria cell [8] 

Therefore, measuring E. coli bacteria become critical issue for indicating faecal 

contaminant from human and animal faeces that spread in the water sources. The 

monitoring device to detect amount of E. coli bacteria is crucial for indicating the 

quality of water and to protect public health. It remain significant risk to people for 

minimising the spreading of infectious disease from E. coli bacteria because it can lead 

to diseases such as bloody diarrhoea, kidney failure and can cause death if not treated 

immediately [9].  

People living in third world countries cannot just turn on a faucet and be 

immediately rewarded with clean water. In order to have any water, the inhabitants 
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may have to go acquire it. In many third world countries, this task falls to the 

responsibility of the women of the household while the men work to provide 

financially. Every day women throughout the world will spend a collective 200 million 

hours collecting water. Some women walk up to three hours a day to get water to bring 

back to their families. They will have to travel, often on a dangerous path, to a natural 

water sources like rivers. The rivers can be filthy-full of waste which the whole 

families will use that day for drinking, cleaning, cooking and other activities [10]. 

There has a possibility that the water collection that they acquire has faecal 

contaminant. A standalone E. coli bacteria biosensor is needed for easy water quality 

monitoring. The user can test the water sample directly on sites before collecting it.  

Subsequently, this monitoring will lead to suitable water treatment to be built in the 

area. The role of label-free biosensor is also importance in order to make the 

monitoring process simpler.  

1.2 Background of study  

Conventional bacteria detection methods largely rely on microbiological and 

biochemical cultivation techniques [11]. Typically, the methods need to have bacteria 

cultured on selected chromogenic medium that are specifically framed to allow the 

growth of the concerned species and to obstruct the growth of other organisms. Figure 

1.2 shows an example of solid and liquid microbial cultures for testing the presence of 

E. coli bacteria. The determination of enzymatic activity by the cultivation method is 

considered very accurate but lacking in terms of rapidity. 

 

Figure 1.2: Solid and liquid classical cultivation [12] 
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