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ABSTRACT  
 
 
 
 

 Bioremediation is a technique that can be used to clean up the contaminated site 

or water. This method is advancement in biotechnology development of biological 

method in removal and contaminant degradation. By doing this research, we can study 

how it can solve the contaminated site and water problem. The main objective of this 

research is to study the potential microbe to remove cadmium by using bioremediation 

method and also to characterize the bacterial that exist from wastewater contained 

cadmium. The sources of contaminated water that contain cadmium was collected from 

wastewater plant located at Huntsman Tioxide (M) Sdn Bhd, Kemaman Terengganu 

Darul Iman. In this research, there will be a several methods used such as isolation, 

characterization and degradation of cadmium that can be used in bioremediation 

techniques. The isolated microbe from wastewater sample which is P1 is gram-negative 

bacterium and have cocci in shaped. It exhibited at the greatest cadmium tolerance. It 

was able to survive in 10mg/l of cadmium concentration. In culture exposed to 10mg/l, 

microbe P1 cells degrade 74.9% of cadmium in first day and decreased at second day to 

fifth day; 19.9%, 0.1%, 0.6% and 2.3% respectively. The highest amount of cadmium 

removed per ml of culture was observed in first day with 7.49 mg/l of cadmium. In 

conclusion, the microbe P1 has been shown the great potential of degrading the 

cadmium inside the wastewater.  

 
 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

ABSTRAK  
 
 
 
 

 Bioremediasi adalah satu kaedah yang boleh digunakan untuk membersihkan 

kawasan atau air yang tercemar. Kaedah ini adalah merupakan perkembangan 

teknologibio yang menggunakan kaedah penyingkiran biologi dalam menyingkirkan dan 

pembersihan bahan tercemar. Daripada kajian ini ,kita akan dapati , bagaimana masalah 

pencemaran air dan kawasan dapat diselesaikan. Tujuan utama kajian ini dilakasanakan 

adalah untuk mengkaji potensi mikrob untuk menyingkirkan cadmium dengan 

menggunakan teknik bioremediasi dan juga untuk mengkaji bakteria yang terhasil 

daripada air tercemar yang mengandungi cadmium. Sumber air tercemar ini di ambil 

dari Huntsman Tioxide (M) Sdn Bhd, Kemaman Terengganu Darul Iman. Didalam 

kajian ini, terdapat beberapa kaedah seperti pemisahan, pengelasan dan penyingkiran 

cadmium menggunakan kaedah bioremediasi. Bakteria yang telah disingkirkan dari 

sampel air buangan, mikrob P1 adalah merupakan bakteria jenis Gram Negative dan 

berbentuk sfera; di namakan microb P1 yang mana dapat menyingkirkan sejumlah besar 

kandungan cadmium. Ia dapat hidup di dalam 10 mg/l. Sel mikrob P1 dapat 

menyingkirkan 74.9% cadmium pada hari pertama dan menurun pada hari kedua 

sehingga hari kelima sebanyak 19.9%, 0.1%, 0.6% dan 2.3 % mengikut turutan. 

Kepekatan tertinggi cadmium yang dapat di singkirkan per ml daripada kultur telah di 

perhatikan pada hari pertama adalah sebanyak 7.49 mg/l. Secara kesimpulannya, mikrob 

P1 telah menunjukkan potensi terbaik dalam menyingkirkan cadmium dalam air 

terbuang.  
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CHAPTER 1 
 
 
 
 

INTRODUCTION 
 
 
 

 
1.1 Background of studies  
 
 

Our environment consists of very kinds of natural and artificial metal. 

Nowadays, metal played as large role in industrial development and technological 

advance. Some of the metals used in industrial field are light metal and some more is 

heavy metal. The term ‘heavy metal’ is the natural component of earth crust which 

cannot be damaged or degraded. In hindsight, this group should preferable referred to as 

‘toxic elements’. All of these elements are included in the UEPA’s as a very hazardous 

element in pollutant (SenGupta., 2002).  

 
Metal has classified as essential, beneficial and detrimental. Trace elements 

recognized as essential for human body consist of iron, zinc, copper, chromium and 

molybdenum in small scale but it will become inhibitory to toxic with an increase in 

concentration and lead to poisoning.  

 
Large quantities of organic and inorganic compound are release into environment 

every year as a result of human activities. These phenomenon come from industrial 

activities such as mining, oil refinery and agriculture, which had been done through out 

the world. Increasing environmental pollution by heavy metals results from their 

increasing utilization in industrial processes (Nriagu and Pacyna, 1988) the activities not 

only may affect the environment disaster, but it can cause harmful to living organisms.  
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Early year 2006, statistics released by the Department of Environment of 

Malaysia have shown that out of the 120 river basins having 926 monitoring stations, it 

was found that 44.5% of the stations show the water was in clean category, 48.4% 

slightly polluted and 7.1% polluted. In terms of number of river basins, 58 river basins 

were clean, 53 were slightly polluted and 9 were polluted. The water quality data also 

revealed that 13% of the river basins being monitored were polluted by waste and 

effluent discharged from agriculture-based and manufacturing industries, 24% by the 

effluent from livestock production, 23% by earthworks and the remainder by other 

sources. Sediments of the Juru and Langat rivers are contaminated by Pb and Zn, while 

the Langat River was heavily contaminated by Cd. The concentration of Zn and Pb in 

coastal sediment off Juru in Penang and in Johor Strait were two and three times higher 

than global shale value (Azhar et al., 2006). All these statistic need to be taken seriously 

because this is our responsibilities to take care of water cleanliness and quality.  

 
Bioremediation technique is about remediation of contaminated sites using either 

microorganisms or plants to detoxify the site largely by transforming or degrading the 

pollution (Bhattacharya et al., 2002). In simple word, bioremediation is one method to 

treat the environment or polluted area using living cell such as microbe or using plant 

such as microalgae. We used this technique because bioremediation technique cannot 

4give side impact after applying the method. Not such chemical technique will give 

harmful effect to the earth. In addition, bioremediation is a well-established technology 

for the removal of organic soil contaminants (Bhattacharya et al., 2002). The process 

generally operate under condition that enhance the activities of either the native 

microorganism or the introduced species, particularly for those elements that transform 

or degrade under condition suitable for optimum performance of the microorganism. 

There are many advantages to the use of Bioremediation for treatment of hazardous 

waste sites (Alexander, 1994): 

 
i. Can be done in situ 

ii.  Keeps disruption to a minimum 

iii.  Eliminate transportation costs and liabilities 

iv. Eliminates waste permanently 
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v. Eliminates long-term liability 

vi. Biological systems are often less expensive than conventional treatment 

vii.  Can be coupled with other treatment techniques to form a treatment train 

 
 
 
 

1.2  Problem statement  

 
 

Higher amount of heavy metals that contaminate inside food, drinking water or 

air would give dangerous effect to human body.  These heavy metals such as cadmium, 

chromium and mercury could cause hazardous illness such as kidney spoilage, skin 

lesions, fatigue lung and increased blood pressure. Mostly, these are the general effects 

that occur if someone has higher amounts of heavy metals in their body. Clinical 

diseases may occur as a result of ingestion of high doses of soluble selenium salt. Such 

as poisoning cases display nausea, vomiting and subsequently hair and nail changes and 

skin lesions (Nordberg et al 2002). Person ingesting large doses of copper in addition to 

vomiting, nausea and diarrhea may develop hematuria and jaundice (Nordberg et al 

2002). Excessive doses of soluble salts of iron or copper by the oral route, which may be 

ingested by accident or with  suicide intent, give rise to extensive and severe 

gastrointestinal manifestation, systemic toxicity, shock, and lethal effect (Nordberg et al 

2002). These are several affects from heavy metal if it release freely to human body and 

environment.   

 
 
 
 

1.3  Objective  
 
 
 The main objective is to study the potential microbe which can remove cadmium 

by using bioremediation method and also to characterize the bacterium that exist from 

wastewater contain of heavy metal.  
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1.4 Scope of study 
 
 
According to the objective stated. The scopes of research are: 

i. To isolate cadmium tolerant bacterium 

ii.  To screen cadmium- degrading bacterium. 

iii.  To identify and characterized cadmium degrading bacterium. 
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CHAPTER 2 
 
 
 
 

LITERATURE REVIEW 
 
 
 
 

2.1 Overview of Water Quality in Malaysia  
 
 

The uptrend of urbanization, globalization and industrialization may contribute 

to water pollution. River and stream sustain many human usages including water supply 

for domestic usage, industrial site, recreational purpose such as swimming and fishing, 

transportation and many more. The quality of water is directly affected by the amount of 

material discharged into the river. Industries site and urban dweller has contribute large 

number of water pollution in Malaysia. Water pollution seriously may affect human life 

very hard to get quality water which is beneficial for daily usage. It endangers human 

health, may cause shorten the average life of the country population and also may effect 

destroy of aquatic live and it biodiversities.   

 
Early year 2006, there have been two cases of water supply contaminations 

occurring in the state of Selangor. The Sungai Selangor which provides water supply to 

the northern part of Klang Valley was contaminated for a number of days due to the 

overspill of leachate from a nearby solid waste dumping area. The strong smell of the 

water itself, believed to be caused by ammonia, indicates that it is clearly unsafe for any 

use especially for drinking purpose. Sungai Langat which provides water supply for the 

southern part of Klang Valley has posed the same problem at about the same period 

where the improper management of solid waste dumping site again has become the 

culprit (Keizrul, 2006). These entire situations give bad impact in human life. People 
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feel not secure to use the water. It happened because of water quality nowadays not 

guarantee it cleanliness.  

  
Formerly, water pollution phenomenon happen because of overspill the waste 

which is include unwanted material inside water such as heavy metal. This has led to 

increasing concern about the effects of toxic heavy metals as environmental 

contaminants. (Zakaria,. 2001) This is material may caused water to be hazardous to 

human and environment 

 
 
 
 
2.2 Bacteria  
 
 
 Bacteria are the simplest life form and are the most various organisms with 

respect to number of species and total biomass. They are small, unicellular prokaryotic 

organism. Bacteria are classified by it morphology, response to chemical stains, nutrition 

and also it metabolism. 

 
 
 
 
2.2.1 Morphology and classification  
 
 
 Most bacteria are very small, almost are micrometers µm (10-6 meters) in length. 

The size is microorganism may be described according to their length and width. For 

example Escherichia coli, a common bacterium found in human faces and wastewater 

treatment plants, is approximately 2 µm in length and 0.5 µm in width (Gerardi., 2006).  

 

Most bacteria can be grouped into variety of shapes and sizes; it called the 

morphology of the organism. The most common shapes are rod-like bacillus (plural, 

bacilli) form or spherical form called coccus (plural, bacilli). The rod forms vary 

considerable from very short rods that almost look like cocci, to very long filaments 

thousands of microns in length. Bacteria also form spirals and corkscrews, oval 
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(coccoid), commas and elaborately branches structures. The cocci often take on multi-

cell forms, as two cocci joined together it may called as diploccoci, a chain of cocci 

known as streptococci or if consist of four cell in cube, it may call as tetrads (Science in 

the Real World.,1999). Figure 2.1 below, show several shapes and arrangement of 

bacteria. 

 

 

Figure 2.1: Bacterial morphology (Science in a real world, 1999) 

 
 

A second major of bacterial criterion for distinguishing the bacteria is based on it 

cell wall structure. There are types of cell wall that give different staining characteristic 

with series staining of reagents called the gram stain. Bacteria with thin wall layer and 

outer membrane remain pink color, there are called gram negative bacteria and bacteria 

with thicker wall layer, also lacking the outer membrane called as gram positive 

bacteria. Table 2.1 below shows the difference between gram negative and gram positive 

bacteria  
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Table 2.1: Significant differences Between Gram negative and Gram Positives bacteria 

(Gerardi., 2006) 

Characteristic  Gram  Negative Bacteria  Gram Positive bacteria  

Lipids  Much lypopolysaccharide  Very little 

Peptidoglycan  Thin layer  Thick layer 

Outer membrane  Present  Absent  

 
 
 
 

2.2.2 Bacterial growth curve  

 
 
 Bacterial growth can be plotted through it growth curve. The graph consist of 

number of cell versus time of growth. The cell number is plotted as the log of cell 

number, since it is an exponential function. Regardless of the generation time, in 

growing culture the plot of the log cell number versus time give a characteristic curve. 

This curve typically has four distinct phases start by lag phase, exponential phase, 

stationary phase and death phase. Figure 2.2 shows the bacterial growth curves.  

 

 

Figure 2.2: Bacterial growth curve (sources: http://www.eng.auburn.) 
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 The lag phase is the first stage of bacterial growth. It is characterized by no 

increase in cell number, however the cell are actively metabolizing in preparing for cell 

division. This phase is depending on the growth medium, the lag phase may be taking a 

very short or very long time. Once the cell are actively metabolizing they begin DNA 

replication and shortly after the cell divide. These begin the second stage of growth 

called exponential phase or log phase of growth. This period, the cell grows rapidly, 

doubling at a fairly constant rate. The time takes the culture to double is called 

generation time. 

 

 The third phase in the growth of bacteria is stationary phase, when metabolism 

slows and the cells cease rapid cell division. They may divide slowly for a time, but 

soon stop dividing completely. There are still alive and maintain a slow metabolic 

activity. The factors that cause cells to enter stationary phase are related to changes in 

the environment, typically caused by high cell density. Among the changes that slow 

growth are depletion of nutrient and accumulation of waste products.  

 

 The final phase of the growth cycle is the death phase. In this phase the cell 

quickly lose the ability to divide even if they are placed in fresh medium. Like the phase 

of rapid growth the death phase also exponential; therefore cell die quickly and within 

hours a culture may have no living cells. The death phase and in fact all the phases can 

be slowed by lowering the temperature. Hence, in order to maintain the maximum cell 

viability it is best to grow bacterial culture only to early stationary phase and then chill 

the culture. So that, the bacterial will be still alive in much long period.  

 
 
 
 
2.2.3 Factor of growth effect 
 
 

 Microorganism need nutrients to stay alive same as others living creatures. There 

are numerous environmental factors to ensure the microorganism is continuously can 

survive. There are including temperature, pH, moisture content and energy sources that 

can supply to microorganism’s growth. While most bacteria grow best when these 
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parameters are optimum for that strain, in the real world microbes can expect frequent 

environmental changes. In fact some bacteria have evolved to thrive in environments 

that are inhospitable for most life. 

 
Below are some explanations on this parameter that give environmental effects to 

microbes. 

 
 
 
 

2.2.3.1 Temperature  
 
 

 Temperature plays an important role in controlling the nature and the 

amount of microbial metabolism. If the temperatures exceed the acceptable limit, 

enzyme will damage or denatured. If the temperatures decrease, reproduction will stop 

while the organism focuses its energy on continuing life. If the temperature drops too 

low, then the organism will stop sustaining it life. There are suitable temperatures for 

each microorganism and a range in which these organisms may survive (G 

Tchobannoglous et al, 2004)  

 
According to the temperature profile in Table 2.1 which they function best, 

bacteria may classified as psychrophilic, mesophilic or thermophilic. (G 

Tchobannoglous et al, 2004)  

 

Table 2.2: Temperature classification of biological process (G Tchobannoglous et al, 

2004) 

Type Temperature range, °C Optimum range, °C 

Psychrophilic 10-30 12-18 

Mesophilic 20-50 25-40 

Thermophilic 35-75 55-65 
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2.2.3.2 pH 
 
 

The pH of the environment and water are also main factors of selection, survival 

and growth of microorganisms. There is generally a small range of pH needed for 

microorganism is capable of sustaining life. If the water becomes very acidic or alkaline 

than the concentration of microorganism slowly reduce. Most of bacteria cannot tolerate 

to pH levels above 9.5 or below 4.0. Generally, the optimum pH for bacterial growth is 

between 6.5 and 7.5. (G Tchobannoglous et al, 2004)  

 
 
 
 
2.2.3.3 Moisture content 
 
 

A water resource is a requirement for microorganism life. For each 

microorganism there have optimal moisture content for it to survive and growth. 

Microbes are limited to soluble materials that are transported crossing their cell 

membranes into the interior of the cell. The moisture soluble the substrate and allows the 

substrate to enter the cell. For hydrocarbon contaminated soils, moisture level below 

50% appear to inhibit degradation. (Cookson, 1995) 

 
 
 
 
2.3  Heavy metal  
 
 

 Heavy metals are natural components of the Earth's crust. They cannot be 

degraded or destroyed to a small amount they enter our bodies via food, drinking water 

and air.  As trace elements, some heavy metals are essential to maintain the metabolism 

of the human body. But at higher concentrations they may caused to poisoning.  

 
Therefore, heavy metal can enter a water supply by industrial, or even from 

acidic rain breaking down soils and releasing heavy metals into streams, lakes, rivers, 

and groundwater. All of these would bring a lot of environmental and health hazard to 
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humans. In a simple word, heavy metal is clarified as industrial waste pollution. The 

industrial wastes of these industries and mills include toxicants like metals such as 

arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb), zinc (Zn), copper (Cu) and etc. 

 
 
 
 
2.3.1 Cadmium  
 
 

Cadmium is discovered in 1817 by the German chemist Friedrich Strohmeyer. It 

is soft, silver white metal (refer to figure 1.1) and is similar in appearance to zinc, but is 

softer, and is to some extent used in a similar way as zinc carbonate. The Latin word 

cadmia which means “calamine” that is, zinc carbonate. Cadmium was found as an 

impurity of zinc carbonate, which is upon heating change color owing to impurities of 

cadmium. Cadmium does not have a defined taste or odor. Location in a periodic table is 

in group IIB. Atomic number is 48 and atomic mass is 112.411g/mol. Naturally 

occurring isotopes are 106 (1.22%), 108 (0.88%), 110 (12.9%), 111 (12.75%), 112 

(24.07%), 113 (12.6%), 114 (28.86%). Many radioactive isotopes of Cd, e.g., 109 and 

115m, are well recognized in experimental toxicology. Melting and boiling temperature 

are 320.9°C and 765°C respectively (Nordberg and Nordberg, 2002)  

 
 

 

Figure 2.3: Cadmium  

 



 13

Cadmium is may caused health hazard to humans and animals even only in a 

small concentration of one milliliter per liter. It has been shown to be non-essential 

metal ion for growth of animals and plant (Torres et al., 1998). Even though, it is only in 

small quantity it can give a hazard risk to human and plant which are expose to the 

cadmium metal. This metal has been ranked as one of the major potential metal hazards 

with acute toxicity to terrestrial and aquatic organisms (Vymazal.,1987; Rama et 

al.,2002) Cadmium can be found in wastewater stream from automobile industries, 

metal finishing, electroplating, and inorganic chemical industries (Sternberg and Dorn, 

2002). Cadmium also is an occupational hazard associated with industrial processes such 

as metal planting and the production of nickel-cadmium batteries, pigment, plastics and 

other synthetics. Among heavy metal, that are toxic, have long residence times, and have 

long biological half-lives (Katarina et al.,2004), cadmium in particular constituent a 

major problem in industrialized nations (Friberg., 1975), since it presence in 

environment mostly endangers to public health (Diels., 1997). In addition, cadmium is a 

potent oxidative agent (Laušová et al., 1999). 

 
 
 
 
2.4 Bioremediation 
 
 

 Bioremediation is a treatment or removal technique of contaminants in soil or 

waste water using microorganisms such as microbes or bacteria. Certain microorganism 

has an ability to remediate the contaminant in the world surrounding. Not every 

microorganism can remediate the contaminated soil and water. Nevertheless, there are 

some contaminant can be degraded.  The contaminants that may be degraded via 

bioremediation can be subdivided into five main categories. There are organic solvents, 

polyaromatic hydrocarbon (PAH), halogenated aromatic hydrocarbon, pesticides and 

munitions of waste. (Hickey and Smith., 1996). 

 
The technique of bioremediation is a technology based on the remediation of 

contaminated site to detoxify by transformation or degrading the pollutant. The 
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processes generally operate well under conditions that enhance the activities of either 

native or the introduced species. 

 
 

Bioremediation processes are based on four different criteria. (Bhattacharya et 

al., 2002) 

 
i. Stimulation of the activity of indigenous microorganisms 

ii.  Inoculation of microorganisms with specific biotransforming ability 

iii.  Application of immobilized enzyme 

iv. Use of plant to remove or transform the pollutant. 

 
There are several bioremediation techniques that may be available. Some 

examples of bioremediation technique are explained briefly in table 2.3 below.  
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Table 2.3: Bioremediation techniques that may be applied (Baker and Herson, 1994) 

 
Bioremediation technique Description 

Bioaugmentation The addition of bacterial cultures to a 

contaminated medium; 

Frequently used as an ex-situ process. 

 
Biofilters The use of microbial stripping columns. 

Employed to treat air emissions. 

 

Biostimulation The stimulation of the indigenous 

microbial populations in soils and/or 

ground water. This process may be done 

in situ and ex situ. 

 

Bioreactors The use of biological processes in a 

contained area or reactor. This method is 

used to treat slurries or liquids. 

Bioventing The process of drawing oxygen through 

the soil in such a way to stimulate 

microbial growth and activity 

Composting Aerobic, thermopile process that mixes 

contaminated soil with a bulking agent. 

Done using static piles, aerated piles or 

continuously fed reactors 

 

Landfarming Solid phase treatment system for 

contaminated soil. May be done as an in 

situ process or in a soil treatment cell. 
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CHAPTER 3 

 
 
 
 

MATERIAL AND METHODS 
 
 
 
 

3.1  Sample collection  
 
 
 Samples are collected from wastewater treatment plant at Huntsman (M) Tioxide 

Sdn. Bhd Kemaman , Terengganu Darul Iman. Samples from wastewater influent tank 

were collected using sterile bottles. The wastewater sample was kept aseptically at 20-25 

°C for four week  to encourage the development of microbial species.  

 
 
 
 

3.2. Isolation of Bacteria  
 
 
 Sub sample of 1ml of wastewater strain is mixed with 9ml of phosphate buffer. 

Mixtures were allowed to settle then serial dilutions up to 10-5 were prepared. From each 

dilution, 1ml was taken and spread evenly over the surface of nutrient agar with sterile 

glass spreader then incubated at 37°C for 48-72 hours. Example of serial dilution and 

plating the sample is shown in Figure 3.1 
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Figure 3.1: Serial dilution of sample (Tortora., 2004) 
 
 
 
 

3.2.1  Streaking a plate for single colony  
 
 
 Take a loop full of colony from sample of dilution 10-5, 10-4 and 10-3. Sample 

from each dilution plate is transfer to new nutrient agar using streaking technique to 

produce single colony. The example of streaking technique is shown in figure 3.2.  

 

 
 

Figure 3.2: Streaking Technique To Produce Single Colony 
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3.3 Screening Cadmium Degrader 
 
 

For screening cadmium degrading bacteria, there are  prepared by adding a 

mixture of nutrient media consist of Solution A ( NaHCO3 ; 11.61g, Na2CO3; 3.53g, 

K2HPO4; 0.5g ) Solution B ( NaNO3; 5g, K2SO4; 1g, NaCl; 1g, MgSO4.7H2O; 0.2g, 

CaCl2; 0.04g,) EDTA; 36.5g, Glucose as a carbon source, yeast extract as nitrogen 

sources and Trace element (H3BO3; 618mg, CuSO4.5H2O; 19.6mg, Na2MOO4.2H2O; 

12.6mg, ZnSO4.7H2O;44mg.)  

 
 
 
 
3.3.1 Growth bacteria in nutrient media. 
 
 

The bacteria isolated from single colony were removed into nutrient broth to 

encourage the bacterial growth. After a week, the bacteria from nutrient growth are 

transferred into nutrient medium. Each of bacteria from plate 1 was cultivated in 500ml 

flask containing 100ml of nutrient medium and shaken on incubator shaker at 150 rpm at 

30°C for 5 days.  

 
 
 
 
3.3.2 Effect of cadmium on the microbial growth 
 
 
 From the isolated bacteria, cultured in 250ml flask containing 50ml nutrient 

medium with various concentration of cadmium: 0mg/l as a control medium and 10mg/l 

of cadmium concentration were shaken on incubator shaker at 150rpm, 30°C for five 

days period. The bacteria that could tolerate cadmium concentration was identified and 

characterized based on it morphological test and biochemical test. The growth of 

bacterium in medium containing cadmium concentration is measured by using the 

Atomic Absorption Spectrophotometer (AAS) daily starting in zero days until fifth day  
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3.4 Characterization  of bacteria using Morphological test  
 
 
3.4.1 Smear preparation 
 
 
 The success for most staining procedures depends upon the preparation of a good 

smear. A slide is washed with soap. All dirt and grease are removed. The clean slide is 

handled by its edges. The initials of the organism or organisms are written on the left-

hand side of the slide with a marking pen. The loops full of organisms are transferred to 

the center of the slide. Organisms are dispersed over entire area. The smear is allowed to 

dry at room temperature without applied heat. After the smear has become completely 

dry, slide is passed through flame several times to heat-kill and fix organisms to slide.  

 
 
 
 
3.4.2  Gram staining  
 
 
 The smear is covered with crystal violet and stand for 20 seconds. The stain is 

briefly washed off using a wash bottle of distilled water. Excess water is drained off. 

The smear is covered with Gram’s iodine solution and stand for 30 seconds. The Gram’s 

iodine is washed off. The slide is hold 45° angle and allows the 95% alcohol to flow 

down the surface of the slide until the alcohol is colorless as it flows from the smear 

down the surface of the slide for 10-20 sec, Stop de-colorization by washing the slide 

with a gentle stream of water. The smear is covered with safranin for one minute. The 

slide is washed gently for a few seconds. Blot dry with bibulous paper, air-dry. The slide 

is examined under oil immersion  
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Figure 3.3 : Gram staining procedure (Tortora., 2004) 

 
 
 
 
3.5 Characterize of bacteria using Biochemical Test  
 
 
 There are several conventional and advance method for characterize the bacteria 

using biochemical test.  

 
 
 
 
3.5.1 Starch Hydrolysis Test  

 
 
 The bacterial has been cultured in Trypticase soy broth for 24-48 h. Bacteria is 

transferred from Trypticase soy broth into Nutrient Agar contain 10% solution of soluble 

starch and pour plate. Bacteria were incubated for 3-5 days. After 3-5 days, flood the 
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plate with diluted iodide solution. Allow iodine to remain in contact with the medium for 

30s and pour off the excess.  
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CHAPTER 4  
 
 
 
 

RESULT AND DISCUSSION  
 
 
 
 

4.1  Isolation of bacteria results 
 
 
4.1.1  Primary growth of bacteria  
 
 
 The growth bacteria are performed after serial dilution done from 10-1 until10-

5.Dilution of 10-5 and 10-4 is selected to culture it on nutrient agar. The bacteria is culture 

for three days under temperature 37°C 

 
 

 
 

Figure 4.1.:Bacterial Growth After Performed Serial Dilution 
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4.1.2 Produce single colony 
 
 

The isolation process is the procedure which is transfer bacteria from nutrient 

agar after performed serial dilution to new nutrient agar in order to produce single 

colony. The best colony is chosen from nutrient agar plate using streaking technique. 

The bacteria are incubated for three days under temperature 37°C.  

 
 

 
 

Figure 4.2.: First Streaking Bacteria 
 
 

 
 

Figure 4.3: 5th Streaking Method to Get Single Colony of Bacteria. 
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4.2 Study on bioremediation  
 
 
4.2.1  Selection of microorganism  
 
 
 The microorganism selected in this selection which has the most tolerant 

microorganism in selective media. The bacterium may also appeared as strain that was 

able to survive in the most higher concentration of cadmium in nutrient medium, and 

also it may degrade amount of concentration of cadmium.  

 
 
 
 
4.2.2 Effect cadmium on growth of cadmium degrader bacterium  
 
 
 The result shows in Table 4.1 and Figure 4.4 that it was clear to say that selected 

bacterium of P1 can degrade10mg/l cadmium concentration inside nutrient medium 

started from day zero until fifth day. Between these two days, shows the drastically 

reduction of cadmium concentration from 10mg/l to 2.51 mg/l. It is about 74.9% of 

reduction. Followed by 0.52mg/l on second day, 0.51 mg/l on third day, 0.45mg/l on 

fourth day and 0.22mg/l of cadmium concentration left in medium on fifth day 

respectively.  

 
 

Table 4.1: Effect of cadmium concentration on the microbial growth for P1 
 

Strain P1 

Time, t (day) Amount of Cd (mg/l) 

0 10 

1 2.51 

2 0.52 

3 0.51 

4 0.45 

5 0.22 

 



 25

 
 

Figure 4.4: The cadmium concentration in growth medium P1 
 
 
The results are shown in Figure 4.5 shows that, it was clear the pattern of 

bacterial growth in medium without cadmium (control) was clearly different from those 

in media with 10mg/l of cadmium concentration at initial state. The both growth curve 

of bacterium in control medium and in nutrient media containing cadmium presented the 

three phases of bacterial growth. .  
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Figure 4.5:The Growth Curve Of P1 Cultured In Nutrient Media 
 

 
The bacteria are grown up after performed sixth and five times of dilution. 

Number of cell is counting using colony counter.  

 
The cell growth can be observed in media during initial two days, but the number 

cell growth is decrease starting from second day until day five. These phenomenon 

occurred because of the bacteria P1 is in exponential phase on zero day and first day. In 

this period, cell grows most rapidly, doubling at fairly constant rate. The drastically 

reduction of cadmium concentration from 10mg/l to 2.51mg/l is caused by microbe P1 is 

actively take cadmium as it substrate to continue it life period. This is the highest of 

cadmium concentration which is significant cell growth was observed. The microbe P1 

growth is depends on cadmium concentration in medium. Cadmium uptake by microbe 

P1 followed an initial rapid phase of up taking during first day of culture, reach the 

maximum and thereafter, there was a decrease or stabilization of the amount of total 

removed cadmium. Jenning and Rainbow (1979), Fernendez-Leborans and Navillio 

(1996) and Torres et al, (1998) reported the similar pattern in Dunaliella tertiolecta, 

Olisthodiscus luteus, and Phaeodactylum trycornutum, respectively. 
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In second day, the amount of cadmium in sample is reduce to 0.52mg/l, shows 

that, microbe P1 has slowed down its activity to take substrate and it started to enter the 

stationary phase. They are still alive and maintain a slow metabolic activity. This 

situation may happen because of microbe P1 is lacking of nutrient from cadmium and 

also the accumulation of waste product in medium. 

 
The graph of microbes P1 shows it started to enter the death phase in third day. 

In this phase, the microbes quickly lose the ability to divide it cells. Microbe P1 stop it 

growth but the concentration of cadmium still reduce from 0.51mg/l, 0.45mg/l and 

0.22mg/l respectively until the last day. This condition indicates that at these 

concentration, cells are alive, but their activity is become slowly day by day in up taking 

cadmium as its substrate. Therefore, cadmium concentration of 10mg/l inhibited the 

growth of bacteria P1. However, bacterial P1 could tolerate cadmium since viable cells 

of P1 were still alive in nutrient media containing cadmium at the end of experimental 

period.  

 
 
 
 
4.3  Morphology test  
 
 

For the morphology study, the colonies are being analyzed in a gram staining to 

determine the morphological of bacteria.  

 
 
 
 
4.3.1  Gram Staining  
 
 
 Gram staining is the most important differential stain used in bacteriology for 

characterizing the bacteria. It may used to differentiate between negative and positive of 

bacteria caused by different structure of cell wall. In this study, there is a strain of 

bacteria is selected to perform gram staining test. The strain is mark as P1. These strain 
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is tested it morphology, color, and group of bacteria. The result of gram staining is such 

table below as below.  

 

 

Figure 4.6: Gram Stain for bacterial P1  

 
Table 4.2: Gram staining result 

 
Number of strain Observation Result 

Color Morphology 

P1 Pink Staphylococcus Gram-negative 

 
 
 Referring to table 4.1 and figure 4.1, the result shows that, microbe P1 is gram 

negative bacteria. Under oil immersion and 100X magnification cells appeared pink in 

color. The shape of bacterial in spherical form or well known as cocci in shaped. The P1 

bacterium has a thin layer of cell wall layer and outer membrane stain red after counter 

stain using safranin. So that, based on Bergey’s manual,gram negative bacteria that have 

cocci in shape may grouped as member of Neisseria or Veillonella genus.  
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4.4  Biochemical Identification Method  
 
 
4.4.1  Starch Hydrolysis Test  
 
 

In this test, starch agar is used to demonstrate the hydrolytic activities of 

exoenzymes. The medium is composed of nutrient agar supplemented with starch. The 

detection of hydrolytic activity following the growth period is made by performing the 

starch test. 

 

 

Figure 4.7: Starch Hydrolysis test for microbial P1 

 

 The result (Figure 4.7) is shown, starch in presence of iodide will impart a blue-

black color to medium, indicated the absence of starch splitting enzyme. The result 

proved that, bacterial P1 is negative. So that, microbe P1 cannot hydrolyze the starch .  
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CHAPTER 5 
 
 
 
 

CONCLUSION AND RECOMMENDATION  
 
 
 
 

5.1  Conclusion 
 
 
 From the sample of wastewater, the screening procedure had done and gives the 

positive result in selective media. The bacteria that isolated until produce single colony 

can adapt with the condition of medium, temperature used, and condition surrounding 

Microbe P1 is isolated as a cadmium tolerant strain. It could tolerate cadmium 

concentration of 10mg/l. Study on bioremediation, indicated that microbe P1 had higher 

cadmium removal capacity up to 7.49 mg/l on first day activity of bacteria. This shows 

that, microbe P1 is rapidly used cadmium as it substrate. The cadmium uptake capacity 

increased initially but then declined steadily as cadmium degrader bacterium is 

decreased. This may be due to a partial cell aggregation that take place at high 

concentration of cell causing a decrease of actives sites (Esposito et al., 2001) .Activity 

of bacteria shows increase when the exponential phase (zero day to first day), enter 

stationary phase for a while and lastly death phase, many cell are died but amount of 

cadmium still reduce until the end of growth period. For characterize and identification, 

microbe P1 is a Gram-negative bacterium, have cocci in shaped and cannot hydrolyze 

starch.  
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5.2  Recommendation  
 
 

There are some recommendations needed to enhance the study of bioremediation and 

characterize the bacteria of P1 in future.  

 

i. Try to identify bacteria using PCR (polymerase Chain Reaction) to get the exact 

name of microbe P1 

ii.  Need to duplicate or triplicate the sample as a references and to make a 

comparison of the result among the sample tested  

iii.  Try to check the highest amount of cadmium concentration on microbe P1.  

iv. Try to do further investigation on effect of several factor such as pH, adsorption 

efficiencies, concentration of substrate.  
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APPENDIX A  
 
 
 

Standard curve for Atomic Absorbance Spectrometric 
 
 

Cd concentration (mg/l) Absorbance (abs) 

0 0.0002 

0.2 0.0186 

0.4 0.0383 

0.6 0.0543 

0.8 0.0684 

 
 
 
 

graph abs versus concentration 

y = 0.0861x + 0.0015

R2 = 0.9958
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APPENDIX B 
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APPENDIX C  
 

Collection sample   Isolation of bacteria Produce single 
colony  

Medium growth  
(Nutrient medium + yeast 
extract+ glucose + trace 
element) + Isolated bacteria 

Identification and 
classification  

Biochemical 
Test 

Morphological 
test  

Incubate bacteria in shaker 
incubator for a week,  
T= 30°C, 120 rpm  

Medium growth (Nutrient 
Medium + Buffer phosphate + 
trace element) + Substrate Cd 
+ Microbe 

Incubate in shaker incubator  
T= 30°C, 120 rpm  
 

Gram staining,  Triple Sugar 
Iron, Starch 
Hydrolysis  

Identify type of 
bacteria  

Measure Cd concentration 
reduce daily using AAS 
and count amount of cell 
CFU/ml (start 0 day – 5 
day) 


