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Increasing use of nanoparticles (NPs) for several purposes including 
cosmetics, paints, plastics, and textiles led to their released into environment. 
This scenario raises a concern toward potential of toxic effects.  To date, 
access to the toxicity data for most manufactured NPs are limited. Hence, the 
aim of this study is to investigate the toxicity of NPs on living microbial culture. 
Prior to that, a simple and fast technique of microbial cell viability quantification 
was developed. This technique was used in assessing toxicity effect of 
microbial culture when they are exposed to NPs. The study was focused on 
reduced graphene oxide (rGO) and titanium dioxide (TiO2) in anatase and rutile 
forms.  Escherichia coli, Bacillus subtilis, and Candida albican were used as 
the test models to represent Gram-negative, Gram-positive, and yeast culture, 
respectively. Three microbial quantification techniques were assessed, which 
are turbidimetric measurement using spectrophotometer, plate count method to 
enumerate the colony forming units, and direct microscopic count using trypan 
blue dye that differentiate between viable and dead cells. The latter technique 
was found to be ideal for fast, easy, non-destructive, economical method and 
can be used for on-site measurement on viable cell count and thus was used 
for the subsequent part of this work. Anatase TiO2 gave the highest toxicity 
effect among other NPs towards all test models, followed by rGO and rutile 
TiO2. At 100 μg/mL of anatase exposure for 96 hours of incubation time, it 
inhibits the growth of E. coli, B. subtilis, and C. albican by 75%, 73%, and 65%, 
respectively. All microbial cells were inhibited and E. coli was found to be the 
most sensitive towards NPs. In brief, exposure to NPs not only alter the growth 
rate (μ) value and cause the loss in cell viability, but it affect the onset and 
length of growth phases such as shorten the log phase and accelerate the 
onset of deceleration phase, to name a few. Higher dosage and incubation time 
of NPs increases their toxicity. Cells were suffered from morphological changes 
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as it was exposed to NPs and this correlates well with the results showing a 
culture with altered growth phase. NPs did not penetrate into cell membrane, 
but only deposited at the cell surface.  
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Peningkatan terhadap penggunaan nanopartikel (NP) untuk beberapa tujuan 
termasuk kosmetik, cat, plastik, dan tekstil membawa kepada pembebasan 
mereka kepada alam sekitar. Senario ini menimbulkan kebimbangan terhadap 
potensi kesan toksik terhadap alam sekitar. Sehingga kini, akses kepada data 
ketoksikan bagi kebanyakan NP yang dihasilkan adalah terhad. Oleh itu, 
matlamat kajian ini adalah untuk mengkaji ketoksikan NP terhadap mikrobiologi 
hidup. Sebelum itu, teknik yang mudah dan pantas untuk kuantiti pemantauan 
mikrobiologi hidup telah dibangunkan. Teknik ini digunakan dalam menilai 
kesan ketoksikan mikribiologi hidup apabila mereka terdedah kepada NP. 
Kajian ini difokuskan kepada graphene kekurangan oksida (rGO) dan titanium 
dioksida (TiO2) dalam bentuk anatase dan rutil. Escherichia coli, Bacillus 
subtilis, dan Candida albican masing-masing digunakan sebagai model ujian 
untuk mewakili Gram-negatif, Gram-positif, dan yis. Tiga teknik pengiraan 
mikrobiologi hidup telah dinilai, iaitu pengukuran kekeruhan menggunakan 
spektrofotometer, kaedah pengiraan plat untuk menghitung unit pembentukan 
jajahan, dan kiraan mikroskopik langsung menggunakan pewarna biru trypan 
yang membezakan antara sel hidup dan mati. Teknik yang terakhir ini didapati 
sesuai kerana ianya merupakan kaedah yang cepat, mudah, tidak 
merosakkan, dan ekonomik dan seterusnya akan digunakan sepanjang kajian 
ini dijalankan. Anatase TiO2 memberi kesan ketoksikan tertinggi dalam 
kalangan NP yang lain ke atas semua model ujian, diikuti oleh rGO dan rutil 
TiO2. Pada 100 μg / mL pendedahan anatase selama 96 jam masa 
pengeraman, ia menghalang pertumbuhan E. coli, B. subtilis, dan C. albican 
masing-masing sebanyak 75%, 73%, dan 65%. Semua mikrobioligi hidup telah 
terjejas dan E. coli didapati paling sensitif terhadap NP. Ringkasnya, 
pendedahan kepada NPs bukan sahaja mengubah nilai pertumbuhan (μ) dan 
menyebabkan kehilangan dalam daya tahan sel, tetapi ia memberi kesan 
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kepada fasa pertumbuhan sel seperti memendekkan fasa kehidupan dan 
mempercepatkan fasa kematian. Dos dan masa pengeraman yang lebih tinggi 
akan meningkatkan kesan ketoksikannya. Sel-sel telah mengalami perubahan 
morfologi kerana ia terdedah kepada NP dan ini bertepatan dengan hasil yang 
menunjukkan sel dan fasa pertumbuhan yang berubah. NP tidak berjaya 
menembusi sel membran, tetapi hanya melekat di permukaan sel. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of Study 
 
Nanoparticles (NPs) exist in various structures and shapes for instance in 
needles, whiskers, spheres, plates, tubes, and sheets with size ranging 
between 1 to 100 nm. From the toxicological perspective, surface area and 
particle size are very important. The shape and size of NPs can contribute to 
the commencement of cytotoxicity, for instance multi-wall nanotubes are less 
toxic than single-wall nanotubes (Jia et al., 2005; Kang et al., 2008). NPs are 
unique and have many interesting properties that are useful in a diverse 
biomedical and biological system and find its way into environment (Seetharam 
and Sridhar, 2007). Some NPs form agglomerates and aggregates under 
ambient condition by fusing and deposition from their bulk component. By 
interparticle interaction, primary free NPs form agglomerated particles which 
form a collection of particles that are attached together by strong and weak 
forces including sintered bonds, van der Waals forces, and electrostatic forces. 
NPs suspended in liquid have fewer tendencies to stick to each other as 
compared in the solid or gas form  (Oberdörster et al., 2005).  
 
 
NPs can be classified into four types which are inorganic (all metals and metal 
oxide NPs), organic (polymeric and biologically compatible NPs), carbon-based 
(CNTs, graphene, carbon black, carbon rod, etc), and organic-inorganic hybrid 
NPs. The behavior of NPs are based on the susceptibility and solubility to 
degradation and neither the particle size nor chemical composition to remain 
constant over time. The increase entry of NPs into living cells membrane may 
cause cellular toxicities at various levels including damage to deoxyribonucleic 
acid (DNA), protein, and lipid. Researchers have confirmed that metallic NPs 
can pass through to the cell membrane or remain attached on it (Feng et al., 
2000; Sondi and Salopek, 2004). Cell lost their cellular integrity, with cell 
membrane being severely destroyed (Hu et al., 2010). NPs can exhibit different 
toxicities based on the chemical nature, morphology, reactivity, stability, 
surface chemistry, mobility, and size.  
 
 
Many researchers reported on the probable mechanism of NP toxicity which 
includes its involvement in the disruption of cell membrane integrity, 
genotoxicity towards cells causing oxidative stress to the cell as evidenced by 
reactive oxygen species (ROS) formation, and organic radicals’ generation. 
The type of interaction between cell membrane and NPs was via electrostatic 
or adsorption. Since NPs are smaller than bacterial pores, there are possibility 
that they may cross into cell membrane (Thill et al., 2006).  
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1.2 Problem Statement 
 
NPs have been increasingly used for various field in past decade for example 
in technology and medicine (Jing et al., 2010). The increasing use of NPs in 
industrial and domestic sectors led to their release to environment. Despite of 
their distinctive application and advantages in industrial and domestic sectors, 
the use of materials with nanometers dimension has raised the issue of safety 
for consumers and environment. Research on the exposure effect of discrete 
NPs and their toxicity is very important as their small size cause more 
inflammation than bulk counterparts when delivered at the same mass dose. 
Because of their small size and their unique characteristic, NPs have the ability 
to harm human, microorganisms, and other wildlife by interacting through 
various mechanisms.  
 
 
An evaluation of the potential toxicity of nanomaterials is highly essential due to 
expanding use of NPs and commercialization of nanotechnology product that 
cause an increase in the exposure of NPs to human and environment. Previous 
toxicological studies on NPs were focused on same group of NPs (organic, 
inorganic, carbon-based and organic-inorganic hybrid NPs) but the studies on 
different class of NPs are limited. Preliminary work was done on manganese 
oxide, graphene oxide, and carbon black showed that it exhibited toxicity on 
microbial culture at different magnitude. Because rGO and TiO2 have many 
potential in industrial and domestic sector, their toxicity effect must be take into 
account. The usage of higher organism such as animal and human as a model 
in toxicity study may lead to the ethical issues. Bacteria are the good models to 
investigate the NPs toxicity as it appear as a single cell organism. Their 
interaction with NPs gives overviews about the effect of NPs when released 
into ecosystem. Bacteria perform crucial roles in the ecosystem, and therefore 
it will be used for toxicity assessment in term of fate of NPs upon adsorption 
into the organism as well as within food chain cycle.  
 
 
Previous researchers used various techniques in assessing the toxicity of NPs. 
The most popular techniques are turbidimetric measurement (Gurunathan et 
al., 2012; Kasemets et al., 2009) and plate count (Pal et al., 2007; Sondi-
Salopek, 2004). The use of turbidimetric measurement technique to monitor the 
growth rates has pros and cons. This technique did not measure the true value 
of viable cells, as the optical density values represent the number of viable and 
non-viable cells in the suspension. When NPs were introduced to the cell 
culture, it is difficult to separate the cells and NPs, making this technique did 
not reliable (Liu et al., 2009). Another commonly used technique is plate count 
method. Although this technique represents true value of viable cell, it is a time 
consuming. Besides, some microorganisms are unable to produce visible 
colonies on agar plate (Jung et al., 2008). Therefore, a new quantification 
method for cell viability assessment needs to be developed.  
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1.3 Objectives of Study 
 
The aims of this research are: 

1. To select a suitable fast and real-time staining method for quantification of 
microbial growth profile for use in toxicity assessment of NPs. 

2. To investigate the effect of two different types of NPs (carbon based NP of 
rGO and inorganic NP of TiO2) on three types of microbial growth which 
are E. coli, B. subtilis, and C. albican. 

3. To assess the concentration- and time-dependent effect of NPs towards 
cell growth. 

4. To characterize the morphology of cells exposed to NPs and predict the 
deposition mechanism of the NPs using electron microscopy and EDX 
methods. 

 
 
1.4 Scope of work 
 
Gram-negative (E. coli), Gram-positive (B. subtilis) bacteria and fungi (C. 
albican) were used as model system. Two different types of NPs were chosen, 
inorganic NPs (TiO2) and carbon-based NPs (rGO). Turbidimetric 
measurement, plate counts, and direct microscopic count using dyes were 
used as quantification methods to assess the viability of cells. Trypan blue was 
used as a dye to differentiate between living and dead cells. The efficiency of 
the methods was compared and contrasts, and the best technique was used in 
the subsequent of this work. The growth curve of bacteria was constructed. 
Different concentration of NPs was used to compare the toxicity effect between 
NPs. The numbers of viable and non-viable cells were counted and the 
percentage of viable cells was calculated. The effect of NPs on morphology of 
microbial culture was analyzed using Scanning Electron Microscope (SEM) and 
Transmission Electron Microscope (TEM). Electron Dispersive X-ray (EDX) 
was used to investigate whether NPs was adsorbed on the surface microbial 
cells.  
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1.5 Thesis Layout 
 
The layout of this dissertation is illustrated in Figure 1.1. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 

 
Figure 1.1: Layout of dissertation  
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