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ABSTRACT

Galing River is located in the center of the Kuantan city. The river was polluted by
various waste and categorised as Class IV by Department of Environment. One of
pollution sources is identifying came from waste cooking oil. The objective of this study
is to isolate and identify of lipolytic bacteria potential, which originated from the
location of the downstream Vistana hotel at the Galing River water. The ability of
lipolytic bacteria in degradation of waste cooking oil is also investigated. The potential
of lipolytic bacteria investigation is by using Rhodamine B. MacConKey agar is used to
identify the presence of lipolytic bacteria. RapID ONE test used for the selected media,
which will identify the bacteria strain name, while for a final identification is using PCR
and DNA analysis. To determine the lipolytic ability of the bacteria in degrading the
waste cooking oil, FTIR and gravimetric analysis are used. Most of the pollutants appear
with the WQI value of 32.61. Oil and Grease value at the location M4 is 14 mg / L,
while the lowest level on M1 with a value of 2 mg /L, while M2 and M3 respectively 4
mg /L and 7 mg /L. There are four bacterial strains, which had been isolated from M4
location, i.e.: Providencia stuartii, Bacillus pimilus, Exiquobacterium sp., and Bacillus
antracis. The identified bacteria will be used to degrade waste cooking oil (WCO). The
variation of degradation time and concentration of bacteria was observed. Measurable
objective of the lipolytic bacteria capability to degrade the waste cooking oil (WCO)
source in batch production based on the optical density and gravimetric data, and the
rate of degradation of waste cooking oil (WCO) using FTIR. Based on that analysis, it is
concluded that gravimetric analysis has a maximum value degradation of 91.39% in 100
ml variation bacteria and 4% waste cooking oil (WCO). While the minimum value of
the variation of 50 pl bacteria and 1% waste cooking oil (WCO) degradation 17.08%.
It’s based on a variety of media (50, 75 and 100 ul) of bacteria and 1-4% waste cooking
oil (WCO). The trend increase in from 1-4% with variation bacterial of (50, 75 and 100
ul). While the degradation of waste cooking oil (WCO) using FTIR was obtained the
new climax that were observed at 721 and 869 cm-1 was shown the presence of
aromatic compound due to a benzene ring. FTIR provides a quick and accurate way to
evaluate the structural changes from the waste cooking oil (WCO) that degraded cause
by of the bacteria. As the results of this study, it can be concluded that the isolation of
bacteria derived from Galing river can be used to degrade the waste cooking oil (WCO).
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ABSTRAK

Sungai Galing terletak di pusat bandar Kuantan. Sungai itu dicemari oleh pelbagai sisa
dan dikategorikan dalam Kelas IV oleh Jabatan Alam Sekitar. Salah satu punca
pencemaran datang dari sisa minyak masak. Objektif kajian ini adalah untuk
mengasingkan dan mengenal pasti bakteria lipolytic berpotensi, yang berasal dari hiliran
air Sungai Galing berdekatan Hotel Vistana. Keupayaan bakteria lipolytic dalam
degradasi sisa minyak masak juga disiasat. Potensi bakteria lipolytic dikaji dengan
menggunakan Rhodamine B. Agar MacConkey digunakan untuk mengenal pasti
kehadiran bakteria lipolytic. Ujian Rapid ONE digunakan untuk media terpilih, yang
akan mengenal pasti nama strain bakteria, manakala bagi peringkat akhir
pengenalpastian dengan menggunakan PCR dan analisis DNA. Untuk menentukan
keupayaan lipolytic bakteria dalam penguraian sisa minyak masak, FTIR dan analisis
gravimetrik digunakan. Kebanyakan bahan pencemar muncul dengan nilai WQI
sebanyak 32.61. Nilai minyak dan gris di lokasi M4 ialah 14 mg/L, manakala tahap
paling rendah hanya di M1 dengan nilai sebanyak 2 mg/L, manakala M2 dan M3
masing-masing 4 mg/L dan 7 mg/L. Terdapat empat jenis bakteria, yang telah
diasingkan daripada lokasi M4, iaitu: Providencia stuartii, Bacillus pimilus,
Exiquobacterium sp, dan antracis Bacillus. Bakteria yang dikenal pasti akan digunakan
untuk menguraikan sisa minyak masak (WCO). Perubahan masa kemerosotan dan
kepekatan bakteria diperhatikan. Objektif yang boleh diukur ialah keupayaan bakteria
lipolytic menguraikan sumber sisa minyak masak (WCQ) dalam satu kelompok
pengeluaran berdasarkan ketumpatan optik dan data gravimetrik dan kadar penguraian
sisa minyak masak (WCO) menggunakan FTIR. Berdasarkan analisis, dapat
disimpulkan bahawa analisis gravimetrik mempunyai nilai maksimum kemerosotan
91.39% dalam 100 ml variasi bakteria dan 4% sisa minyak masak (WCQ). Manakala
nilai minimum degradasi bagi variasi 50 pl bakteria dan 1% sisa minyak masak (WCO)
ialah 17.08%. la berdasarkan pelbagai media (50, 75 dan 100 ul) bakteria dan 1-4% sisa
minyak masak (WCO). Trend ini meningkat pada 1-4% dengan variasi bakteria (50, 75
dan 100 pl). Manakala, penguraian sisa minyak masak (WCQO) menggunakan FTIR telah
diperolehi menunjukkan kemuncak baru diperhatikan pada 721 dan 869 cm-1 kerana
kehadiran sebatian aromatik benzena. FTIR menyediakan cara yang cepat dan tepat
untuk menilai perubahan struktur daripada sisa minyak masak (WCOQO) yang diurai
disebabkan oleh bakteria. Daripada hasil kajian ini, dapat disimpulkan bahawa
pengasingan bakteria yang diperoleh daripada Sungai Galing boleh digunakan untuk
menguraikan sisa minyak masak (WCO).
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CHAPTER 1

INTRODUCTION

11 BACKGROUND OF STUDY

Water is a valuable natural resource for the survival of human beings. Surface
and ground water are very distinct sources of water. Humans have used water systems
for numerous purposes such as for drinking, irrigation, fisheries, industrial processes,
transportation and domestic waste disposal. With such a high dependence on water,
increasing of urbanization, agricultural and industrial practices caused adverse effects
on both surface and ground water, thus rapidly decreasing the water quality (Vazquez et
al., 2003). This quality refers to the physical, chemical and biological characteristics of
water. The term “water quality” is intimately related to water pollution. Water pollution
is emerging as a threat to all humanity. The problem of environmental pollution has
been generally due to the ever-increasing industrialization, urbanization, high density of
population and the unplanned introduction of plant, which often proves to be hazardous
to human health. A wide range of human activities in agroindustry, livestock, tourism,
and other activities also disposes waste. These disposed materials contain a high organic
compound of lipid, carbohydrate, and protein. Without proper treatment, these materials
are normally associated with the cause of health problems and environmental pollution
(Kalyani et al., 2009).

Galing River is located in Kuantan City, Pahang, Malaysia. Most activities by
human near Galing River are housing estate, workshop, hotel, restaurant and
petrochemical industry (Dhall et al., 2012; and Hamzah et al., 2012). In another study,
the Galing River was found to be polluted and considered as the major river in Pahang

state as it provides water for industries, agriculture, and human consumption. The



Galing river is polluted by both conventional pollutants (heavy metal, nitrate,
phosphate, pesticides) and also polluted by Fat, oil and grease which cause major
problems to drains and sewers. When they are disposed from down kitchen sinks or
drains they cause blockages; when they enter rainwater pipes or gullies they cause
pollution in streams and rivers. In addition to micro-pollutants from industries around
Galing river (Pohan, 2010). In another source, it is expected that isolated bacteria from
Galing river sludge can be local bacteria resistant to many pollutants. The bacteria can
be utilized to degrade water pollutants in river bank of Galing and its surroundings due
to industrial activities (Abdo et al., 2010).

The oily wastewater, especially from the oil field, housing area, workshop,
industry, and restaurant, has posed a great hazard for terrestrial and river ecosystems
(Kanu and Achi., 2011). The traditional treatment of oily wastewater, such as
containment and collection using floating booms, adsorption by natural or synthetic
materials, etc., cannot degrade the crude oil thoroughly (Zhang et al., 2005). So far,
bacteria biodegradation suggests an effective method. During biodegraded lipolytic
bacteria, crude oil is used as an organic carbon source by a microbial process, resulting

in the breakdown of crude oil components to low molecular weight compounds.

Oil and its derivative, from oil manufacturing plants and restaurants have
received much attention because of their widespread use. Disposal of this wastewater
into environment causes serious problems due to its high oil content, chemical oxygen
demand (COD) and color. Microbial degradation of oil wastewater is a concern in
recent years. A variety of microorganisms such as bacteria, molds, and yeasts, have
been shown to be capable of completely degrading oil wastewater (Ammar et al. 2005;
Dhouib et al. 2006; Erguder et al. 2000; Ettayebi et al. 2003; Kissi et al. 2001). Zhang et
al., (2005) utilized oil as a substrate for biomass production of yeast isolate, and Ban-
Weiss et al. (2011) reported using oil mill wastewater (OM)-based on media producing
citric acid, the phenolic compounds of OWM were decreased simultaneously and a

remarkable decolorization was observed.

Biological treatment of waste cooking oil and oil and grease from food wastewater by
bacteria lipolytic has been studied (Wu et al., 2006). With the concentration of oil 2000



mg/L, the removal rates of waste cooking oil and grease from food wastewater by free
cells attained 93.30% and 85.08% under the optimum conditions for 50 h, respectively.
Based on the description above, in this study there is a need conduct lipolytic bacteria
that have the ability to degrade waste cooking oil. This is in tandem wide previous
research such as Bacillus sp., Clostridium sp., Staphylococcus, Mycobacterium,
Escherichia, Providences, Erwinia, Proteus vulgaris, Acinetobacter radioresistent and
Pseudomonas aeruginosa Hamzah et al., 2012, has referenced. This study is to added
by, whether the insulation lipolytic bacteria from the Galing river from contaminated
sources which have the same types and the ability to degrade the waste cooking oil that

pollutes rivers.

1.2 PROBLEM STATEMENT

The purpose of water treatment is to provide clean water that does not contain
objectionable taste, odor, or color; it also provides adequate quantities of water for
domestic, commercial, industrial and fire protection needs. All water produced in public
water systems is required to achieve clean water quality, even though only about 1% of
water produced is used for drinking and cooking. Through water treatment, clean and
treated water should be accessible to all people, not only for an urban population where
all the facilities and amenities are available but also for people who live in remote and

rural areas.

Galing River is currently classified in class I1l and 1V, and will be upgraded to
class Il. The pollutants that contaminate the river come from industrial waste, domestic
waste, hospitality industry (restaurant, hotel, etc.), agriculture, land clearing, waste of
the workshop, and also polluted Fat, oil and grease and waste cooking oil (WCQ) which
causes major problems to drains and sewers. When they are disposed of down kitchen
sinks or drains they cause blockages; when they enter rainwater pipes or gullies they
cause pollution in streams and rivers. Besides the various other activities that cause
pollution the river. Based on the mentioned problems, the treatment of source
wastewater pollutant it needs to be treated by using bioremediation by utilizing bacteria
that live in the source waste water river. These problems in the Galing river can be

overcome by improving the river water quality index.



Studies on Galing river water has been done by several sources elsewhere. Have
the isolation and identification of lipolytic bacteria that have the ability to degrade the
pollutant source of waste cooking oils and oil and grease should be investigated.
Because this type of waste is very difficult to decompose in water. This is due to the
bacteria that live in the location of the pollution which is estimated to have the ability to
reduce the source of the waste itself. Then isolation of bacteria from the polluted river
water will source test the ability of bacteria to degrade the waste cooking oil with the
optimization of the growth of bacteria, variation bacterial and source of feed. The
question is whether the bacteria from Galing river water can degrade the pollutant

source.

1.3 RESEARCH OBJECTIVES

Based on the problem statement above, the objectives of this study consist of:
1. Toisolate and identify the potential of lipolytic bacteria from Galing River water.

2. To measure the ability of lipolytic bacteria in degrading waste cooking oil.

1.4  SCOPE OF STUDY

To achieve the above-mentioned objectives, the following scopes of study are
designed:
1. Identifying the quality of Galing river water, namely pH, Temperature, Dissolved
Oxygen (DO), Biological Oxygen Demand (BOD), Chemical Oxygen Demand
(COD), Ammonical Nitrogen (AN), Total Suspended Solids (TSS), (Heavy

metals: Iron), E. coli, Oil and Grease and classification of river water (Class I-V).

2. ldentifying and isolating the existences of bacteria using gram straining and color
plate disc to reduce sources of pollutant from waste cooking oil from Galing river
water, and Characterization of the isolated bacteria using Gram straining,
physiological study by microscope, and the determination of genus by PCR and
DNA.



3. To study on the ability of the bacteria to degrade waste cooking oil with parameter
conditions of waste cooking oil by 1-4% by weight and incubation time of 1 — 6

days in batch production.



CHAPTER 2

LITERATURE REVIEW

2.1 RIVER WATER POLLUTION

The definition of pollution refers to “any substance introduced into the
environment that negatively has affected the usefulness of a resource or the addition of a
matter by human activity to the environment”. WWe must be more sensitive about
everything that had happened in our environment. Pollutants may cause primary
damage, with direct identifiable impact on the environment, or secondary damage in the
form of minor perturbations in the delicate equilibrium of the biological food webs that
are obvious only over long time periods. Generally, pollution means the introduction by
man, directly and indirectly, of substances or energy into the environment resulting in
such poisonous effects as harm to living resources, hazards to human health, harmful to
land, soil, air and interruption of marine activities, including fishing, impairment of
quality for use of sea water and reduction of amenities (Atlas, 1995; Bako et al., 2008;
Abdo et al., 2010; Jamalludeen et al., 2009; and Chowdhuri et al., 2011). Environmental
pollution is any discharge of material or energy into water, land, or air that causes or
may cause acute (short-term) or chronic (long-term) detriment to the Earth’s ecological
balance or that lowers the quality of life (WHO, 2004). Environmental pollutants that
enter water bodies from municipal, agricultural, and industrial sources may remain
suspended in the water column, be taken up by aquatic biota, or settle on the bottom and

become incorporated into the sediments (Berg et al., 2001; and Valdes et al., 2010).



2.2  SOURCES POLLUTANT IN WATER RIVER AND EFFECT OF WATER
TO ENVIRONMENT

Wastewater is the spent water after houses, commercial establishments,
industries, public institutions, and similar entities have used their waters for various
purposes. It is synonymous with sewage, although sewage is more general term that
refers to any polluted water (including waste-water), which may contain organic and
inorganic substances, industrial wastes, domestic wastewater, industrial wastewater and
agriculture wastewater, groundwater that happens to infiltrate and to mix with the
contaminated water, storm runoff and other similar liquids. Certain sewage may not be a
spent water or wastewater (Swannell et al., 1996; Sugai et al., 1997; and Simmons,
1991). There are two sources of contamination in polluted areas which are the source of

water pollution and sediment contamination source.

2.2.1 Pollution in Water

Water is one of the essentials that supports all forms of plant and animal life
(Vanloon and Duffy., 2005) and it is generally obtained from two principal natural
sources; Surface water such as fresh water lakes, rivers, streams, etc. and Ground water
such as borehole water and well water (Mendie, 2005; and McMurry and Fay, 2004)
This is a reason. That's why water has often been described as ‘the universal solvent” or
“the liquid of life”. Water is a vital for drinking, without water, no human, flora and
fauna could survive, and it is used for maintaining personal hygiene. In recent years,
water resources are under stress worldwide and one of the elements of this stress as due
to men impact on water quality that constitutes a key problem especially in well-

developed countries.

The definition of water pollution, mainly the alteration in the composition or
condition of natural water either directly or indirectly as the result of human activities,
which initiates modification of ecological systems, hazards to human health and impairs
the subsequent water use. Much literature mentioned that heavy metals are the common
waste products on increasing of anthropogenic activities and their emission often results
in the pollution of the surrounding environment. Being discharged directly to the

surface waters, constituents of industrial effluents creates a significant hazard to aquatic



ecosystems (Schwarzbauer and Ricking, 2010; Tusseau-Vuillemin et al., 2007; Focazio
et al., 2008; Botalova and Schwarzbauer, 2011; and AL et al., 2006). The levels of
certain trace elements in rivers, lakes and other water systems have been found to be
moderate, very, and high as a result of industry discharges (Al-Masri et al., 2002; and
Coker et al., 1995).

Water pollution has seriously affected many rivers, lakes, sea and even parts of
the oceans. With the increasing technology in every sector that gives stress to the water
resources and environment, clean water is becoming polluted by several men made
activities, e.g. increasing of population growth, industrialization and deforestation,
urbanization, increasing living standards and wide spheres of other human activities.
That is among the reason it is of special interest to study the water pollution because
this case is part of our life.

Sources of contamination of water pollution are as follows:
(i). Point source
a. Sewage and domestic wastes
b. Industrial effluents
c. Soap and Detergents
(i1). Non-point source
a. Agricultural Discharges
b. Pesticides and Fertilizer

¢c. Thermal Pollution

These pollutants are straight released by industrial plants and municipal sewage
treatment plants, others come from polluted runoff in urban and agricultural areas and
some as the result of historical contamination, which in turn increases the concentration
of nutrients along with other wastes in the marine environment (Zhou et al., 2004; Hang
et al., 2009; and Begum et al., 2009). For this reason, environmental monitoring has
become recognized as being vitally important in detecting where insidious pollution is
occurring. The pollutants involved and sources from which they came. Therefore, the
influence of anthropogenic traced inputs on coastal areas needs further research.
Moreover, the distribution of heavy metals from the river system through estuaries and

coastal areas also need more understanding.



2.2.2 Pollution in sediment

Sediments are composed of all detritus, inorganic or organic particles eventually
settling on the bottom of a body of water (Abul Kashem et al., 2007; Ankley et al.,
1992; Bartolomeo et al., 2004; Leivouri, 1998; Maher and Aislabie, 1992; and Korfali
and Jurdi, 2011). They originate from soil erosion and precipitation from chemical and
biological processes in the water. Geologically speaking sediments are at the end of the
path for natural and anthropogenic materials, which is the root of contaminated
problems (Burton et al., 2004).

The U.S. Environmental Protection Agency (USEPA) identifies fluvial sediment
as the single most extensive pollutant in rivers and streams, negatively affecting aquatic
habitat, drinking water treatment processes, and recreation at rivers, lakes, and estuaries
(USEPA, 1998). Sediment also is the principal conveyor of other pollutants, controlling
the transfer, fate, and effect of the main contaminants (i.e., Toxics) (Chapman et al.,
2002; and Allan et al., 2006). Fine-grained sediment is an intrinsic and vital component
of river systems and plays a major role in the hydrological, geomorphologic, and
ecological functioning of rivers (Walling and Fang, 2003). Even though sedimentation
is a naturally-occurring phenomenon, anthropogenic activity has caused significant
changes in the quantity and quality of fine-grained sediment within lentic and lotic
systems (Walling and Fang, 2003; and Allan et al., 2006).

After the industrial revolution, point sources from mining, municipalities,
industries and non-point sources from both agriculture and urban storm water runoff
have accumulated in-water resources, settling to the bottom areas of water bodies
(Nriagu, 1979). Contaminated sediments pose a risk to the environment in two basic
mechanisms: (1) ecological risk to aquatic and piscivorous animals and (2) toxic risk on
terrestrial habitat when contaminated area is dredged and placed on land (Khan et al.,
2000).

In river Cape, surface waters and groundwater as well as sediments and soils
will be affected by storm water discharge, which is an important contamination source

for trace metals and polycyclic aromatic hydrocarbons (Renzt et al., 2011; and Brown
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and Peake, 2006). The geomorphology and geochemistry of the water bodies and their
catchment area determine which and how processes take place in the water bodies. The
most important sources of this pollution are the burning of fossil fuels, mining and
smelting of metalliferrous ores, metallurgical industries, municipal wastes, fertilizers,
pesticides and sewage. Soil, at the interface between the atmosphere and the earth’s
crust, is open to inputs of heavy metals from many of these sources (Alloway and
Ayres, 1997).

23 GLOBAL WASTE WATER RIVER MANAGEMENT

This widely used terminology refers to three levels of wastewater treatment:
primary, secondary, and tertiary (or advanced). Primary (mechanical) treatment is
designed to remove grease, suspended and floating solids from raw sewage. It includes
screening to trap solid objects and sedimentation by gravity to remove suspended solids.
This level is sometimes referred to as “mechanical treatment”, although chemicals are
often used to accelerate the sedimentation process. Primary treatment can reduce the
BOD of the incoming wastewater by 20-30% and the total suspended solids by some
50-60%. Primary treatment is usually the first stage of wastewater treatment (Sugai et
al., 1997; Pritchard et al., 1992; and Bragg et al., 1994). Many advanced wastewater
treatment plants in industrialized countries have started with primary treatment, and
have then added another treatment stage as wastewater load has grown, as the need for

treatment has increased, and as resources have become available.

Secondary (biological) treatment removes the dissolved organic matter that
escapes primary treatment. This is achieved by microbes consuming the organic matter
as food, and converting it to carbon dioxide, water, and energy for their own growth and
reproduction. The biological process is then followed by additional settling tanks
(secondary sedimentation), to remove more of the suspended solids. About 85% of the
suspended solids and BOD can be removed from a well running plant with secondary
treatment (Atlas, 1995; and Ketan et al., 2009). Secondary treatment technologies
include the basic activated sludge process, the variants of pond and constructed wetland
systems, trickling filters and other forms of treatment which use biological activity to

break down organic matter.
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Tertiary treatmentis simply an additional treatment beyond the secondary
Tertiary treatment that can remove more than 99 percent of all the impurities from
sewage, producing an effluent of almost drinking-water quality. The related technology
can be very expensive, requiring a high level of technical know-how and well trained
treatment plant operators, a steady energy supply, and chemicals and specific equipment
which may not be readily available. An example of a typical tertiary treatment process
is the modification of a conventional secondary treatment plant to remove additional

phosphorus and nitrogen.

2.3.1 Waste Water Management in Malaysia

Malaysia has a population of 28.3 million based on the Report of Census 2010
by the Department of Statistics. The estimated volume of wastewater generated by
municipal and industrial sectors is 2.97 billion cubic meters per year. The
proportions of population equivalent (PE) served by the various sewerage systems are

shown in Figure 2.1.

15.8%

36.3%  mpublic Sewage Treatment Plant
B Regional Plant

B Private Sewage Treatment Plant
B Communal Septic Tank

26.9%
= Individual Septic Tank

Pour Flush

1.3% 6.0% 13.7%

Figure 2.1: Proportions of population equivalent (PE) served by the various sewerage
Systems

According to Indah Water Konsortium (the country’s main sewerage
operator), the dominant wastewater treatment types are preliminary (removal of rags,
rubbish, grit, oil, grease), primary (removal of settleable and floatable materials),
and secondary treatment (biological treatment to remove organic and suspended
solids). At the moment, there is no plan to build tertiary treatment systems in
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Malaysia. The focus has been providing a basic standard of preliminary, primary, and

secondary treatment.

The major constraints to wastewater treatment faced by Malaysia in the present
scenario there are, the low sewerage tariff is unable to support the high operation and
maintenance costs. Noncompliance or mediocre compliance is mainly caused by high
influence of oil and grease (O&G) discharged into serving industrial, commercial areas
and food related business premises that do not have grease traps or do not
maintain grease traps adequately. Other contributory factors are excessive discharge
of soaps, detergents and other cleaning agents into the sewerage system. Sewerage
services collection of operators is not conducive as it is unfortunate that many
Malaysians fail to realize the importance of sewage management with regards to a safer
environment. To curb this government has initiated a proposal to introduce joint billing
for water supply and sewerage services. The dynamics of the sewerage industry where
sewerage infrastructures are constructed by private developers and handed over to
the public operator (for operations and maintenance) opens up the risk factor of
quality being compromised, which would subsequently have an impact on the
treatment processes and operations (Hamid and Baki, 2011).

2.3.2 Wastewater use/disposal

Currently there is no information on the area of food crops irrigated with
wastewater as the Government of Malaysian has yet to have a policy on the reuse
of wastewater whether treated or untreated, for irrigation. The average annual
rainfall is more than 2,800mm and the estimated annual total surface water is 566
billion cubic meters, of which only 10% is readily available to satisfy the demands
of agriculture, domestic, industry and power sectors (Mat et al., 2011) Although the
volume of surface water is able to meet the demand of various ues and applications at
the moment, there were few occasions in the past where the country had faced
adverse water shortage due to extreme drought condition during the dry season (MOH,
2011).
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It is mandatory for wastewater in urban areas and townships to be treated before
discharged into surface waters. The quality of effluent from treatment plants is regulated
by the Environmental Quality Act 1974 and its regulations such as the Environmental
Quality (Sewage) Regulations 2009 and Environmental Quality (Industrial Effluent)
Regulations 2009. In most rural areas, pour flush latrines are introduced. Therefore,
there is no direct use of wastewater in the agriculture sector as treated wastewater
effluent had undergone dilution when coming into contact with surface waters (DOE,
2011)

24  GALING RIVER IN KUANTAN MALAYSIA

Water bodies are defined as any significant accumulation of water occurring on
Earth’s surface. ‘Body of water’ refers to oceans, seas and lakes, but also smaller pools
of water, like ponds, puddles or wetlands are included. Geographical features where
water moves from one place to another, like rivers, streams and channels are not always
considered bodies of water, but they can be included as geographical formations
featuring water. River can be defined as having unidirectional flow, with generally short
retention times measured in days rather than weeks. They have a relative high average
flow velocity of between 0.1 and 1.0 ms™, although the discharge rate is highly variable
over time, and is a function of climate and discharge a condition within the watershed.
These features include the size, form and the geological characteristics of the basin and
the climatic conditions which determine the quantities of water to be drained by the
river network. Rivers drain watersheds of varying dimensions. As indicated in Table 2.1

this area is directly related to the river discharge and width.

Table 2.1: Classification of rivers based on discharge characteristic and the drainage
area and river width

A River size _ Average - Drainagtze area _River Stream
discharge (m°s™) (km*) width (m) order
Very large rivers >10,000 >10° >1,500 >10
Large rivers 1,000 - 10,000 100,000 - 10° 800-1500 7toll
Rivers 1,00 — 1000 10,000 — 100,000 200 - 800 6t09
Small Rivers 10 -100 1,000 - 10,000 40 — 200 4107
Streams 1-10 100 — 1000 8-40 3t06
Small Streams 0.1-1.0 10-100 1-8 2to5

Brooks <0.1 <10 <1 1t03
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Rivers are highly important for both natural systems and human societies
(Simmons, 1991; and Renzt et al., 2011). They form the physical environment, and are
permanently changing it. Rivers and lakes are habitats for animal and plant species, and
are suppliers of water and food. They fill transport functions, and they propose
conditions for economic business development. Rivers are also energy sources. The
shores of rivers and lakes give quality of life (waterfront development) and space for
recreation in urban areas. River sediments are basic components of our environment as
they provide nutrients for living organisms and serve as sinks for deleterious chemical

species (Lasheen and Ammar, 2009; and Gonzalez-Macias et al., 2011).

Industrial activities have taken place on their banks for more than 100 years
(Renzt et al., 2011; and Olofsson, 2002). With the advent of industrialization and
increasing populations, the ranges of requirements for water have increased together
with greater demands for higher quality water. Major river water users can be
summarized as follows: sources of drinking water supply, irrigation, agricultural lands,
industrial and municipal water supplies, industrial and municipal waste disposal,

navigation, fishing, boating and body-contact recreation, Aesthetic value.

2.4.1 Location of Galing River

Galing River is a small stream situated in the Centre of Kuantan town. It is
divided into two separate streams that are Galing Besar (Big) and Galing Kecil (Small).
An estimation distance of these two streams is 7.7 km. Human activities are a major
pollution contribution to this river where it flows through out the industrial area
(Semambu), housing area and also commercial areas (City Center). Galing Besar is the
main drainage system for the east side of Kuantan town. Major drainage systems of
from all over the catchment area, including the Galing Kecil are flushed to the Galing

Besar.

Galing River has been identified as the dirtiest river in Pahang in 2009. The river
water quality is stated as Class IV which is only suitable for irrigation (Omar, 2010).
The cause of this problem is industrial waste effluent, discarded solid waste, unplanned

land use and sewage effluent from septic treatment pond that is not well-functioned.
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Figure 2.2: Land use Kuantan Pahang Malaysia, locations sampling and condition new
weather extreme December 2013

Figure 2.3: Maps of the study area. The colored line on the left is Galing Besar while
on the right is Galing Kecil.

2.4.2 Population and Issues Surrounding on Galing River

Table 2.2, shown the population surrounding Galing River as reported by
Population and Housing Census of Malaysia 2010. From the Table shown, the highest
population is in Area 9 with a total population of 6,293. Among the major issues and
problems identified are the rapid development in the upper catchment and less effort in
environmental preservation. Illegal dumping of solid waste from commercial areas,
housing, villages, and other slum settlements, pesticides / chemicals effluent from
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industrial and sewage are not treated, waste oil from vehicle workshops, waste from
restaurants and food premises. Many previous researchers have done studies on the
Galing river, that include bioremediation technique to study its potential in
degrading pesticide (Ismail, 2008). Galing River water when treated with Granular
Activated Carbon (GAC) and Powdered Activated Carbon (PAC) had shown decrement
in iron, zinc, and chromium cuprum concentration. According to Malaysia Standard, the
water is safe to be used for drinking (Pohan, 2010). From this study, it is shown that the
effectiveness of oil degradation is increased by increasing in temperature and the
optimum temperature in this study 30°C was at low oil concentration (Bahrudin,
2008). Saher et al. (2012), had also reported about a study which mainly proposes a plan
and highlights how important to make a sustainable use of Pahang River Basin
natural resources in order to ensure the water requirements for its water
supplying functions. Some of the methods to solve the problem and the main issue in

Galing River today are presented below.

Table 2.2: The Population Surrounding Galing River at 2010

Malaysian Citizens

Study Bumiputera Non-
Area Other Chinese Indians Others I\/Ia_le_ly5|an Total
Malay . Citizens
Bumiputera

Areal 1,358 2 719 389 8 129 2,605
Area2 2,091 78 1,379 287 5 43 3,883
Area3 919 32 287¢ 355 10 52 3,945
Aread 1,136 76 4,846 680 31 243 7,012
Area5 854 9 1,376 285 12 42 2,578
Area6 567 50 2,926 231 18 145 3,937
Area7 2,747 84 1,575 229 11 390 5,036
Area8 2,223 76 4,644 273 32 316 7,564
Area9 6,293 71 5,850 636 74 341 13,265

2.5 WATER ISSUES AND THE IMPORTANCE OF WATER IN OUR LIVES

Water is one of the important needs in human living. The sources couses of
surface water and groundwater. According to Food and Agriculture Organization
(FAO), surface water is readily available throughout the year. It is abstracted mainly for

Irrigation and domestic uses (Turner et al., 2004). The groundwater potential is limited
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to some pockets of the coastal region and is generally exploited by rural people to
supplement their piped water supply. Surface water represents 97 percent of the total

water use, while groundwater represents 3 percent (Pavelic et al., 2012).

As Malaysia is fast becoming an industrial country, many of the rivers have
become polluted due to the many wastes that have been poured out into the rivers
(Daneshmand et al., 2011). There are many ethnic aboriginal groups that still exist in
Malaysia and the people depend on the rivers and streams to survive. They depend on
the river for food, water supply for drinking bathing and for their crops. The river
happens to be the main center of their livelihood and without the rivers the whole tribes
cannot survive as their ancestors had done generations before them, all of them are
dependent on the river. It is very important to make sure that this matter can be

overcomes in order to help them save their living resources (Kodori, 2010).

The rapid rate of economic development in Malaysia has caused serious
environmental problems in the country, the more prominent being industrial pollution
and land development (Snodgrass, 2013). Some of the pollution that may occur include
air pollution, noise pollution, water pollution and solid. Wastes pollution and toxic and
hazard waste. This study focused on the technology that is being applied in order to

treat the water pollution problem.

26  WATER QUALITY STANDARD (WQS) TO DETERMINE AND
IDENTIFICATION CONDITION CLASS RIVER WATER

2.6.1 Global Environmental Protection

Environmental Protection Administration (EPA) had stated that water
monitoring 1is important to arouse public’s concern for protection of water
environmental and ensure safe use and water accessibility (Daniel, 2011). Apart from
this, this monitoring practice helps in ensuring water quality and assessing the
effectiveness of pollution remediation. Thus, a standard of water quality is important for
public in order to ensure the water system is protected. Currently, an assessment based
of river water quality has been done by EPA (USEPA, 1998). This assessment is known

as river Pollution Index (RPI). This index is calculated by using a few parameters such
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as dissolved oxygen, biochemical oxygen demand, suspended solid, ammonia nitrogen
and another parameter, based on Water Quality Index (WQI) standard.

2.6.2 Malaysia on Water Quality Index system

In Malaysia, the Department of Environment (DOE) had developed a Water
Quality Index system (WQI) to analyse trends in water quality of rivers in this country
based on seventeen parameters which are known as Dissolved Oxygen, Biochemical
Oxygen Demand, Chemical Oxygen Demand, Suspended Solids, Ammonia Nitrate
were important of the parameter in the water quality (Bao, 2010). Water quality data
were used to determine the water quality, status, whether in clean, slightly polluted or
polluted category and to classify the rivers in Class I, Il, I1l, IV or V based on Water
Quality Index (WQI) and Interim National Water Quality Standards for Malaysia
(INWQS) every year. The river classification is based on the INWQI as given in the
Table 2.3, which shows the classification based on INWQS and the parameters

involved.

Table 2.3: Interim National Water Quality Standards (INWQS) for Malaysia

Parameters Units Classes

I A IIB 1] v V
Ammonical Nitrogen mg/l 0.1 0.3 0.3 0.9 2.7 >2
BOD mg/I i & 3 6 12 >12
COoD mg/I 10 25 25 50 100 > 100
DO mg/I 7 5-7 5-7 3-5 <3 <1
pH - 6.5-8.5 6.5-95 6-9 5-9 5-9
Colour TCU i35 150 150
Salinity %l 0.5 1 - - - -
Total Dissolved mg/l 500 1000 - - - -
Solids
Total Suspended mg/I 25 50 50 150 300 > 300
Solids
Temperature °Cc - Normal+2 - Normal+2 - -
Turbidity NTU 5 50 50 - - -
Faecal Coliform* counts/100ml 10 100 400 5000 5000 -

(2000)®  (2000)

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

*Note: N: No visible floatable materials/debris or No objectionable odour or No objectionable
taste; *: Geometric Mean, @: Maximum not to be exceeded Source: (Saffran et al., 2001).



19

2.7 DEGRADATION OF POLLUTANT WASTE COOKING OIL AND
PETROLEUM HYDROCARBON IN WASTEWATER TREATMENT

2.7.1 Physical Process to Degrade Waste Cooking Oil

Many physical processes to degrade wastewater pollutant, waste cooking oil,
such as bioreactor, biofilter, treatment, sewage treatment plant, effluent treatment plant.
Physical water treatment is primarily concerned with filtration techniques. Filtration is a
treatment using instrument to remove solids from liquids (Wang et al., 2011; Saher et
al., 2012; and Mat et al., 2011).

2.7.2 Biological Process Degrade Waste Cooking Oil and Petroleum
Hydrocarbon

Many microorganisms possess the enzymatic capability to degrade waste
cooking oil and petroleum hydrocarbons. Some microorganisms degrade alkanes, others
aromatic, and others both paraffinic and aromatic hydrocarbons (Asamudo et al., 2005).
Often the normal alkanes in the range Cip to Cy are viewed as the most readily
degraded, but low-molecular-weight aromatic, such as benzene, toluene and xylene,
which are among the toxic compounds found in petroleum and WCO, are also very
readily biodegraded by many marine microorganisms (Bahrudin, 2008; Ting et al.,
2009; and Isola et al., 2008). More complex structures are more resistant to degradation,
meaning that fewer microorganisms can degrade those structures and the rates of
degradation are lower than biodegradation rates of the simpler hydrocarbon structures
found in WCO and petroleum. The greater the complexity of the hydrocarbon structure,
i.e., the higher the number of methyl branched substituents or condensed aromatic rings,
the slower the rates of degradation (Atlas, 1995; Ketan et al., 2009; and Pritchard et al.,
1992).

The biodegradation of waste cooking oil and petroleum in the marine and river
environment is carried out largely by diverse bacterial populations, including various
Pseudomonas species. The hydrocarbon-biodegrading populations are widely

distributed in the world’s oceans; surveys of marine and river bacteria indicate that
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hydrocarbon-degrading microorganisms are ubiquitously distributed in the marine
environment. Generally, in pristine environments, the hydrocarbon-degrading bacteria
comprise of < 1% of the total bacterial population. These bacteria presumably utilize
hydrocarbons that are naturally produced by plants, algae, and other living organisms.
They also utilize other substrates, such as carbohydrates and proteins. When an
environment is contaminated with petroleum or waste cooking oil, the proportion of
hydrocarbon-degrading microorganisms increases rapidly. In particular, in marine and
river environments contaminated with hydrocarbons, there is an increase in the
proportion of bacterial populations with plasmids containing genes for hydrocarbon
utilization. The proportion of hydrocarbon-degrading bacterial populations in
hydrocarbon-contaminated marine and river environments often exceed 10% of the total
bacterial population (Atlas, 1995; Sugai et al., 1997; and Chowdhuri et al., 2011).

2.7.3 Chemical Process to Degrade Waste Cooking Oil and Petroleum

Hydrocarbon

The major metabolic pathways for hydrocarbon biodegradation are well known.
The initial steps in the biodegradation of hydrocarbons and waste cooking oil are by
bacteria and fungi which involves the oxidation of the substrate by oxygenates, for
which molecular oxygen is required. Alkanes are subsequently converted to carboxylic
acids that are further biodegraded via 3-oxidation (the central metabolic pathway for the
utilization of fatty acids from lipids, which results in formation of acetate which enters
the tricarboxylic acid cycle). Waste cooking oil and Aromatic hydrocarbon rings
generally are hydroxylases to form dials; the rings are then cleaved with the formation
of cuticles which are subsequently degraded to intermediates of the tricarboxylic acid
cycle. Interestingly, fungi and bacteria form intermediates with differing stereo
chemistries, fungi like mammalian enzyme systems form trans-dials, whereas bacteria
almost always form is-dials (many trans-dials are potent carcinogens whereas this-dials
are not biologically active). Since bacteria are the dominant hydrocarbon degraders in
the marine environment, the biodegradation of aromatic hydrocarbons results in
detoxification and does not produce potential carcinogens. The complete degradation
(mineralization) of waste cooking oil and hydrocarbons produces the non-toxic end

products carbon dioxide and water, as well as cell biomass (largely protein) which can
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be safely assimilated into the food web (Atlas, 1995; Sugai et al., 1997; Chowdhuri et
al., 2011; Bengtsson et al., 1981; Mountouris et al., 2002; and Reid and Spencer, 2009).

28 BIODEGRADATION OF WASTEWATER TREATMENT

A common problem of wastewater treatment is the ability to control high
BOD/COD (Biological Oxygen Demand) levels in a system. The first thought is that
there is not enough oxygen in the system to do its job. This is usually based on
suspicions that the mechanical processes that generate air and oxygen - in relation to the
volume capacity of the system, are not functioning well enough or are inadequate.
Traditional methods trend to either increase the oxygen levels (dissolved oxygen) and or
increase the retention capacity. This is typically the engineering solution and does not

always solve the problem (Jacobson et al., 2008).

In anaerobic conditions, failures are often due to the incorrect levels of carbon,
nitrogen and phosphorous. Liebig's Law states that the productivity of any complex
system dependent on numerous essential inputs, is limited by the single variable in least
supply (Sojka et al., 2003; and Watanapokasin et al., 2008).

In this case, the anaerobic microbes required to perform the degrading function
will die if not provided with the correct balance of nutrients. As they oxidize they
produce acid, which disrupts the total balance of the microbial populations. Due to the
competitive nature of microbes, the non-beneficial bacteria will dominate producing an
excessive level of pathogens and toxins. This will lead to "stalling” or gridlock and high
BOD's with foul odours.

The indigenous microbial species found in a typical wastewater systems are
often overwhelmed by system upsets. Harsh chemicals, disinfectants and chlorination
will have a detrimental effect on microbial populations, making the systems less
efficient. Sludge buildups occur, tank deposits, backups, floating grease pads, fouled
drain fields are just some of the problems encountered when microbial populations are
not maintained at optimum levels (USEPA, 2012; Limited, 2012; and Sojka et al.,
2003).
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With a better understanding of the inhibitory factors which cause the desired
microbial populations to diminish, we address the cause of the problem, and only then
re-populate the system with the specific microbes (augmentation) in the correct

numbers, inoculating it with high CFU counts (colony forming units).

2.9 BIODEGRADATION OF ORGANIC POLLUTANT USING LIPOLYTIC
BACTERIA

With the rapid development of the city economy, urbanization has caused many
problems of city Eco environment, especially the deterioration of water quality. In
recent years, there has been increasing interest in developing in situ techniques for
remediation using lipolytic bacteria of contaminated river. As an approach to pollution
control that uses microorganisms to degrade environmental contaminants into less toxic
forms, bioremediation is becoming more and more popular and publicly acceptable due
to its low-cost and environmental safety (Ruyan et al., 2003; Tao et al., 2005; and

Vaalgamaa and Conley, 2008).

The immersed packing director is simply a bed of organic material (medium),
which is the use of biological contact oxidation technology in wastewater. It is a mixed
technology of biological membrane technology, Sieve retention technique, and
ecological engineering. At its core is the medium with a higher superficial area that can
provide a lactation area for the living of micro-flora, protozoa, and plank tonic
organism. It has characteristics of efficiency, stability treatment, continuous
improvement, and without extra energy consumption, which make it widely to be used
since the end of last century in treating domestic sewage, and industrial wastewater and
so on (Yongming et al., 2009; Ketan et al., 2009; and Bragg et al., 1994).

2.10 POTENTIAL OF LIPOLYTIC BACTERIA DEGRADED WASTE
COOKING OIL IN THE RIVER WATER

The lipolytic of bacteria in the river water is potential to degrade water pollution,
the previous study had reported as shown in Table 2.4. Christian et al. (2008) has

reported, that lipolytic bacteria were isolated from the Ottawa River, during the winter.
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A total of 434 isolates, mainly from the downstream station, were tentatively classified.
The major groups were Pseudomonas, Acinetobacter-Moraxella, and Aeromonas.
Though the total number of lipolytic bacteria was fairly constant throughout the winter.
Isola et al. (2008) had isolated twelve of bacterial species from the waterr of a crude oil
and waste cooking oil polluted river. The ability or inability to grow in the presence of
0.5% (v/v) of diesel oil and potential to degrade the diesel oil was investigated. The four
bacteria i.e. Alcaligenes paradoxus, Aeromonas sp., B. licheniformis, and P. fluorescens

had shown potential to degrade the waste cooking oil and diesel oil.

However, Ting et al. (2009) had reported the degradation efficacy of isolate P.
lundensis UTAR FPE2 on crude diesel showed rapid degradation in the first three days,
with a mean of 69% degradation efficacy. However, from day 4 onwards, mean
percentage of biodegradation efficacy decreased to less than 50%. Nevertheless, the
increase in diesel biodegradation during the first three days benefited the isolate as more
viable cells were recovered. Presence of diesel had also sustained growth of bacterial
isolate throughout the 7 days, resulting in higher mean of viable cell count of 6.67 log10
cfu/mL, compared to treatments without diesel which recorded 6.56 1og10 cfu/mL. At
the end of 7 days, viable cell count for treatment with diesel was significantly higher
with 7.2 log10 cfu/mL compared to 5.88 logl0 cfu/mL recovered from treatment
without diesel. While, Pseudomonas sp. Degraded 67.57 % of the oil and Micrococcus
sp. With 52.95 %. But the mixture of Micrococcus sp. And Pseudomonas sp. were
found to have great potential to degrade diesel engine oil, i.e. 89.98 % (Nikhil et al.,
2013).



Table 2.4: Isolated lipolytic bacteria to degrade water pollutant
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Amount Concentration

Bacteria Source Incubation Temperature Time References
Bacteria Pollutant
Pseudomonas fuel (diesel) 8 log™ cfu/mL 69% 48 h 27+2°C 3days Ting etal., 2009
lundensis UTAR tank of a
FPE2 lorry
Pseudomonas putida  soil samples - - Sandhu et al.,
and P.mallei and 2009
Enterobacter cloacae
Alcaligenes Water of - 0.5% (viv) 48 hours 37°C 5days Isolaetal., 2008
paradoxus, crude palm
Aeromonas sp., oil polluted
Bacillus river and
licheniformis, waste
Pseudomonas cooking oil
fluorescens
Micrococcus sp. and  garage soil Pseudomonas sp. was 9.55 7.48 x 10° 1 week 37°C 5 days Nikhil et al.,
Pseudomonas sp (petroleum x 10-4gm/hr while the “gm/hr 2013
contaminated mixture of both bacterial
soil), waste isolates showed highest rate
cooking oil of degradation of diesel

engine oil i.e. 1.27 x 10-
3gm/hr




2.11 ENVIRONMENTAL POLLUTION TREATMENT

It is important to define bioremediation within the context of degradation, a
naturally occurring process. Biodegradation using lipolytic bacteria is a large
component of oil weathering and is a natural process whereby bacteria or other
microorganisms alter and break down organic molecules into other substances,
eventually producing fatty acids and carbon dioxide (Hoff, 1993; EPA, 1990; and Allan
et al., 2006). Bioremediation is the acceleration of this process through the addition of
exogenous microbial populations, through the stimulation of indigenous populations or
through manipulation of the contaminated media using techniques such as aeration or
temperature control (Swannell et al., 1996; Hoff, 1993; and Atlas, 1995).

2.11.1 Bioremediation Waste Cooking Oil Using Lipolytic Bacteria

The use of microorganisms, fungi or bacteria, is to decompose pollutants into
simpler compounds called bioremediation. The process of microbes breaking different
substances down into water, carbon dioxide, and other compounds are called
degradation (Asamudo et al., 2005; Bahrudin, 2008; and Diaz, 2004). The prime goal of
bioremediation using lipolytic bacteria is to create an optimal environment for the
microbes to degrade pollutants (Perfumo et al.,, 2007). There are two types of
bioremediation. The first type, bio augmentation, is seeding the water which means
adding the microbes to the area. The second is bio stimulation, which is adding fertilizer
and nutrients to water to increase the current microbes’ degrading capabilities (Zhu et
al., 2001; and Hawkins, 2001). The use of bioremediation is often as a secondary
treatment tool and is used once other methods have been used to cleanup part of the
spill (Venosa, 2006). Bioremediation using lipolytic bacteria is a cost effective
alternative but is a very slow process, sometimes taking weeks to months for results. An
advantage of bioremediation is that the microbes are able to completely destroy the

toxic hydrocarbon compounds and does not just transfer them to another area.

The effectiveness of bioremediation using lipolytic bacteria is difficult to
determine. Recreating field conditions in a laboratory is almost impossible to do. That is

why field studies, such as at the Exxon Valdez oil spill, are performed whenever
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possible. Well-designed field studies can determine if oil is disappearing faster with
bioremediation than without and if biodegradation is the main reason for the

disappearance (Venosa, 2006).

2.11.2 Bio Augmentation Using Lipolytic Bacteria

Bio augmentation is the addition of Table 2.5 population to degrade oil and
other hydrocarbons. This is usually not necessary, since these microbes are present in
nearly every location. Microbes lipolytic may need to be added if there are certain
contaminants that the resident microbe population is unable to degrade (Venosa, 2006;
and Hoff, 1993).

In order to utilize microbes, it is first essential to find which types of microbes
are capable of degrading oil and determine their nutrient and environmental
requirements. There are 70 genera of microbes that are known to degrade hydrocarbons.
Table 2.5 shows some of the more common bacteria and fungi that are capable of
degrading hydrocarbons. Usually, only one percent of the natural microbial population
is oil degrades. In polluted environments, this amount can rise to more than ten percent

of the microbial population (Gordon, 1994; and Swannell et al., 1996).

The degradation of oil will only occur if the other requirements are met, such as
available nutrients and the proper environment temperature. The highest concentration
of microbes that can survive in most environments is affected by protozoans (who eat
microbes), the surface area of the oil spill, and the effect of waves on the area. Added
microbes also have a hard time competing with indigenous populations; therefore, bio
augmentation is rarely the chosen method. Bio augmentation has never shown long term
beneficial results (Gordon, 1994; Hoff, 1993; and VVenosa, 2006).

Bio augmentation, when used, usually shows positive results in the destruction
of different hydrocarbons. However, it is difficult to determine if the destruction is due
to the additional microorganisms or some other entity. Some researchers have worked
on developing a microbe lipolytic that can destroy multiple types of hydrocarbons and

other oil compounds. These genetically engineered organisms would be able to degrade
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all the necessary toxic compounds. Actual use of these organisms is questionable

because of the public’s negative response to letting a genetically engineered organism

free into the environment without knowing the possible consequences. (Xiang et al.,

2013).

Table 2.5: Many Microbes Used in Bioremediation (Gordon, 1994)

Bacteria Fungi
Achromobbacter Allesheria
Acinetobacter Aspergillus
Actinomyces Aurebasidium
Aeromonas Botrytis
Alcaligenes Candida
Arthrobacter Cephaiosporium
Bacillus Cladosporium
Beneckea Cunninghamella
Brevebacterium Debaromyces
Coryneforms Fusarium
Erwinia Gonytrichum
Flavobacterium Hansenula
Lactobacillus Helminthosporium
Leucothrix Mucor
Moraxela Oidiodendrum
Nocardia Paecylomyces
Peptococcus Phiolophora
Psedomonas Penicillium
Sarcina Rhodosporidium
Spherotilus Rhodotonula
Spirilium Saccharomyces
Streptomyces Saccharomycopisis
Vibrio Scopulariopsis
Xanthomyces Sporobolomyces

Torulopsis
Trichoderma
Trichosporon

2.12 MODIFICATION OF BACTERIAL CULTURE TO CONTAMINATED
SITES USING BIOREMEDIATION METHOD

There are several different bioremediation techniques. The underlying idea is to

accelerate the rates of natural waste cooking oil biodegradation by overcoming the rate-

limiting factors. Several techniques can lead to the results striven for. Indigenous



28

populations of microbial bacteria can be stimulated through the addition of nutrients or
other materials. Exogenous microbial populations can be introduced in the contaminated
environment. The addition of extra bacteria is known as bio augmentation. If necessary,
genetically altered bacteria can be used. Once the bacteria are chosen, the engineer must
carefully meet their nutritional needs by choosing the correct mix of fertilizer (Irwin,
1996; and Shakeri and Moore, 2010). Furthermore, the contaminated media can be
manipulated by, for example, aeration or temperature control. Two of these concepts
shall be observed in more detail: seeding with microbial cultures and environmental

modification.

2.12.1 Seeding with Microbial Cultures to Degrade Waste Cooking Oil and

Hydrocarbon

One approach often considered for the bioremediation of petroleum and waste
cooking oil pollutants after an oil spill is the addition of microorganisms (seeding) that
are able to degrade hydrocarbons. Most microorganisms considered for seeding are
obtained from enrichment cultures from previously contaminated sites. However,
because waste cooking oil and hydrocarbon-degrading bacteria and fungi are widely
distributed in marine and river, freshwater and soil habitats, adding seed cultures has
proven less promising for treating oil spills than adding fertilizers and ensuring
adequate aeration. Most tests have indicated that seed cultures are likely to be of little
benefit over the naturally occurring microorganisms at a contaminated site for the
biodegradation of the bulk of petroleum and waste cooking oil contaminants (Ketan et
al., 2009; and Atlas, 1995).

2.12.2 Environmental Modification to Degrade Waste Cooking Oil and

Hydrocarbon

Waste cooking oil and hydrocarbon biodegradation in the river and marine
environments is often limited by abiotic environmental factors such as molecular
oxygen, phosphate and nitrogen (ammonium, nitrate and organic nitrogen)
concentrations. Rates of waste cooking oil and petroleum biodegradation are negligible

in anaerobic sediments because molecular oxygen is required by most microorganisms
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for the initial step in waste cooking oil and hydrocarbon metabolism. Oxygen, however,
is not limited in well aerated (high energy) marine environments (Ketan et al., 2009;
Atlas, 1995; and Swannell et al., 1996). Usually, marine waters have very low
concentrations of nitrogen, phosphorus and various mineral nutrients that are needed for
the incorporation into cellular biomass, and the availability of these within the area of
hydrocarbon degradation is critical (Jio et al., 2011; and Nerurkar, 2007).

2.13 TECHNIQUES FOR ISOLATION OF PURE CULTURE

To understand the differences between the different types of organisms, it is
necessary to isolate them into individual colonies. In order to obtain pure colonies, it is
necessary firstly to remove all living material from the growth media. The streak plate
technique can be used to obtain pure cultures of bacteria from a sample of mixed
organisms. Inoculation consists of removing the bacteria from a starter plate and
transferring it to a sterile, nutrient agar plate. This spreading of bacteria with a loop is
called streaking and results in single colonies of bacteria appearing which can then be
identified by different methods (Christopher and Bruno, 2003).

Once the bacterial cultures have grown, a small sample can be taken for Gram-
staining. The Gram-stain is the most important and universally used stained technique in
the bacteriology laboratory. It is used to distinguish between Gram-positive and Gram-
negative bacteria, which have a distinct and consistent difference in their cell walls
(Bergey et al., 1994; and Alfred, 2005). Stain or dye reacts chemically with the bacterial
cell but not with the background, allowing the bacteria to be distinguished. The shapes
of the cell become very obvious, consisting of cocci (spherical), bacillus (rod-like), or

spiral (curved), with some indeterminate types (Liu Meng, 2011).

The identification of bacteria is a careful and systematic process that uses many
different techniques to narrow down the types of bacteria that are present in an unknown
bacterial culture. Traditional methods of bacterial identification rely on phenotypic
identification of the causative organism using Gram staining, culture and biochemical
methods. The techniques used at the earliest stages are relatively simple. Biochemical

tests identify the main biologically important chemical compounds. However, these
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methods of bacterial identification suffer from two major drawbacks. First, they can be
used only for organisms that can be cultivated in vitro. Second, some strains exhibit
unique biochemical characteristics that do not fit into patterns that have been used as a

characteristic of any known genus and species (Zaid et al., 2001; and Liu Meng, 2011).

In the recent 25 years, molecular biology has developed rapidly and it is now
possible to sequence the proteins from different bacterial species, make large database
of the sequences, and use them as very powerful identification tools. Similar database
has been developed for bacterial DNA and bacterial RNA, particularly the RNA that
forms the structural components of bacterial ribosomes. Agarose gel electrophoresis is a
method used in molecular biology to separate a mixed population of DNA and RNA
fragments by length, to estimate the size of DNA and RNA fragments by charge
(Kryndushkin, 2003).

The polymerase chain reaction (PCR) represents a major advance in terms of the
speed, sensitivity and specificity of diagnostic methods, and has been increasingly used
to identify several bacterial species from food and clinical samples. Another advantage
is that PCR is not dependent on the utilization of a substrate or the expression of
antigens, thereby circumventing the phenotypic variations in biochemical patterns and
lack of detectable antigens (Hoorfar et al., 2003; and Kevin and Xuan, 2001).

2.14 BACTERIAL IDENTIFICATION METHODS

Identification of unknown microorganisms at the species level with conventional
biochemical tests, such as sodium chloride tolerance, citrate utilization, and tobramycin
susceptibility, takes days to weeks and can be laborious (Yakrus et al., 2001; and Jaak et
al., 1999). For species-level identification of isolates, nucleic acid amplification tests
such as polymerase chain reaction (PCR) restriction analysis or DNA sequencing are

used widely nowadays (Heller et al., 2008).
2.14.1 Conventional Method

The traditional method to identify unknown bacteria is the biochemical test. In

the course of this method, a single colony is used to streak a nutrient agar plate to
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determine if the unknown bacteria are Gram positive or Gram negative. The Gram-
staining dye will enter the Gram positive bacteria and inhibit growth, but Gram negative
bacteria are protected by their enhanced cell wall (Skovbjerg, 2010; and Kranz et al.,
2006).

Secondly, bacteria are unable to carry out phagocytosis for acquiring food
materials and therefore they excrete exonyms that split larger molecules into smaller
units. A variety of proteases degrade protein molecules, such as casein and gelatine, into
amino acids, and fats or triglycerides are split into fatty acids and glycerol by various
lipases. Bacteria also hydrolyse small molecules, producing signature compounds that
can be used in identifying them. Tryptophan is split biochemical test specifically for the
indole ring. Likewise, some bacteria degrade urea producing carbon dioxide and
ammonia, which causes a colour change in pH indicators owing to the alkaline

conditions produced by ammonia (Christine et al., 2008 and Pan et al., 2004).

Apart from the above biochemical tests, there are several additional
physiological tests used in unknown bacterial identification. They include tests for
hydrogen sulphide production, citrate utilization, phenylalanine deamidisation, and
litmus milk reactions (Alfred, 2005; and Lee, 2006).

2.14.2 ldentification of Molecular Biology Method

In the past decade, molecular techniques have proven beneficial in overcoming
some limitations of traditional phenotypic procedures for the detection and
characterization of bacterial phenotypes. Several non-culture based methods have
emerged in the past 15 years. The polymerase chain reaction (PCR) and microarrays are
currently the most commonly employed molecular techniques. PCR is highly sensitive
and allows identification of bacteria at species level. Microarray based bacterial
identification relies on the hybridization of pre-amplified bacterial DNA sequences to
arrayed species-specific oligonucleotides. Each probe is tagged with a different
coloured dye which fluoresces upon hybridization.
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Primers targeting the internal transcribed spacer of the unknown bacteria,
including a unique reverse primer forward primer, DNA extraction and multiplex, PCR
with SYBR Green detection dye on PCR instrument are performed as described by
(Kevin and Xuan, 2001; and Lior and Johnson, 1991). Amplified products in the
melting curve plot are analysed for their intensity and specificity. Peaks with intensities
of greater than 30 you are considered positive (Pinto et al., 2005; and Widjojoatmodjo
etal., 1994).

2.15 BERGEY’S MANUAL
Bergey’s manual is a manual that use to identify the microbe as to their genus

and species. Below are some examples of the identification flow chart of Bergey’s

Manual Gram Stain & Morphological Flowchart show in Figure 2.4 and Figure 2.5

Gram Positive

Cocci Bacilli
! |
Filamentous
Round in clusters Owval shape in Club-shaped and/or in Spore-bearing,
& tetrads: Chains: palisades: large, uniform:
Staphylococcus Streptococcus Corynebacterium Bacillus -
Micrococecus Peptostreptococcus Listeria Clostridium Extensl.\'e Branching rudi-
Peptococcus Enterococcus Erysipelothrix branching: mentry or absent:
Mycobacterium (Acid Fast) "l“"”””f."‘ es Erysipelothrix
Propionobacterium Arachnia Lactobacillus
Nocardia (partially Eubacterium

acid-fast)
Streptomyces

Figure 2.4: Differentiation via Gram stains and cell morphology (Gram Positive).

Gram Negative

Cocci Bacilli

I l

Medium-sized Tiny-cocco- Pleomorphic Exaggerated Curved, Uniformly
Veillonella cocco-bacillary: bacillary: coccobacillary pointed ends: comma-shaped: Bacillary:
Acinetobacter Brucella & filamentous: Fusobacterium Vibrio Enterobacieriaceae
Moraxella Bordetella Haemophilus nucleatum Campylobacter Pseudomonas
Bacteroides Bacteroides Spirillium Aeromonas
— Pasteurella Alcaligenes
Francisella S Chromobacterium
Actinobacillus Coiled &
Eikenella sphero-plastic:
Cardiobacterium Streptobacillus
Flavebacterium Fusobacterium

Figure 2.5: Differentiation via Gram Stains and Cell Morphology (Gram Negative)
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This study provides a wide range of literature related about the varying process
of waste pollutant in the Water River, also waste of industrial, household, hotel, urban
and workshops. There are several ways to control the environmental impact of
wastewater in the river using bioremediation, bioreactor, biofilter, waste water
treatments, biotechnology, chemical processes, biological processes, physical processes,
biomembrane, treatment plant, effluent treatment plant, river management and other.
Methods to repair streams contaminated of waste, each of which has advantages and
disadvantages in improving these conditions, in terms of cost efficiency, availability of

materials, time to parse and easy to apply.

The study of literature has concluded that using biotechnology methods are low
cost, efficient, and easy to apply. The material is available on contaminated site and we
can take advantage of the bacteria that have the capability to degrade the waste in
improving the condition of the polluted river. Some variation of method and treatment
was studied by the previous researchers. However, the use of bacterial method of
isolation from contaminated locations for treatment of water pollution is more
interesting to further research. The identification of bacteria using chemical tests, then
purification and special treatment of bacteria for identifying ability of bacteria to
degrade wastewater for specific research methods is discussed in chapter 3.



CHAPTER 3

MATERIALS AND METHODOLOGY

3.1 MATERIALS

The materials for identification and culture of bacteria using nutrient agar (NA),
Luria broth media (LB), nutrient broth (NB), waste cooking oil (WCO), CaCOs,
NH4NO3;, Na2HPO,.7H,0, KH,PO,.MNCL,.7H,0, MgS0O,.7H,0, yeast extract,
MacConkey agar, Rhodamine B (olive oil, NaCl, agar, nutrient broth), peptone, phenol
red and Gram-staining reagents were supplied by Merck, Malaysia Division. G-spin
Genomic DNA extraction Kit (for bacteria) and MEGA quick-spin PCR & Agarose Gel
DNA Extraction System were purchased from Intron Biotechnology, Inc. Agarose
power was purchased from Biosyntech Sdn. Bhd. SYBR safe DNA gel stain and 1 Kb
plus DNA ladder was purchased from Invitrogen, USA. The TAE - buffer was
purchased from DKSH Technology Sdn. Bhd. Tag DNA polymerase, MgCl,and 10 X

Buffer were purchased from Invitrogen, USA.

3.2 LOCATION AND COLLECTING OF WATER SAMPLES

Water samples collected from Galing river (Kuantan), sampling station is near
Kilang Jaya Gading, (M1) Street Industrial Semambu 4 (N. 03° 50.866> E. 103°
19.976), Setali area, (M2) Drain Lorong Seri Setali 60 (N. 03° 50.417’ and E. 103°
19.499”), (M3) Drain Street Galing 33 (N. 03° 50.022” and E. 103° 19.863°), and (M4)
Downstream Vistana Hotel (N. 03° 48.955” and E. 103° 20.279’). Water samples were
collected using sterile glass bottles with Depth Integrated Sample method. The Galing
River water was preserved at low temperature before the commencement of the

experiment (Table 3.1 and Figure 3.1).
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The sampling locations were selected based on initial observations in the field,
based on the length of the Galing River and regional division in the area of the Galing
river, namely residential areas, offices and public area, industrial and agricultural areas.
Galing river is divided into 4 upstream areas, middle upstream, middle downstream and
downstream, is also seen by naked eye good water conditions, water color, odour, and
levels of contamination by various wastes. An analysis of water quality of the Galing
river was done using water quality index standard (WQIS), as a basis for determining

the location of sampling points isolation of bacteria that have the ability to degrade the

waste.
Table 3.1: Water Sampling Locations from Galing River
No Locations Landmark Latitude (N) Longitude (E)
1 M1 Street Industrial Semambu 4 03° 50.866’ 103° 19.976°
2 M2 Drain Lorong Seri Setali 60  03° 50.417” 103° 19.499”
3 M3 Drain Street Galing 33 03°50.022° 103° 19.863’
4 M4 Downstream Vistana Hotel ~ 03° 48.955’ 103°20.279
I " l I::a:n;eN(}q): Longitude (E) : ‘; : Latitude (N) Longitue (E)
03° 50.866° 103° 19.976” ; (f'; - . 03° 50.4177 103° 19

M1

§ IR T,

Latitude (N) | Longitude (E)
03° 48.955° 103°20.279°

—_

Latitude (N) Longitude (E)

d 03° 50.022° 103° 19.863°
- o

S
=
.

Figure 3.1: Location sampling points in Galing River (M1) Street Industrial Semambu
4, (M2) Drain Lorong Seri Setali 60, (M3) Drain Street Galing 33, (M4)
Downstream Vistana Hotel.
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3.3 QUALITY ANALYSIS OF GALING RIVER WATER

The location of the data collection and sampling were based on the land use in
the Section 3.2. Water and sludge samples were collected using sterile glass bottles with
methods Depth Integrated Sample. Samples were preserved in the icebox and were sent
to the laboratory as soon as possible and kept refrigerated for laboratory testing. All
samples were properly labelled with date, time, location and weather condition during
time of sampling noted. Table 3.2 shows the parameters sampling and analysis methods

which were tested in situ and in grab sampling technique.

Table 3.2: Sampling and Analysis Methods

No Parameter S&r:t[;]l(ljr&g Analysis Method
1 pH In-situ APHA 4500-H+B
2 Temperature (°C) In-situ APHA 2550 B
3  Dissolved Oxygen (DO) (mg/L) In-situ APHA 4500 0 G
4 BOD (mg/L) Grab APHA 5210 B
5 COD (mg/L) Grab HACH 8000
6  Ammonical Nitrogen (mg/L) Grab APHA 4500 NH3
7  Total Suspended Solid (TSS) Grab APHA 2540 D
8 Iron (Fe) (mg/L) Grab HACH 8147
9 E.coli Grab APHA 9222 G
10 Oil and Grease Grab USEPA 10056
11  Water Quality Index Standard (WQI) Interim NWQI

*American Public Health Association (APHA)

*United States Environmental Protection Agency (USEPA)

*HACH method is accepted by USEPA for reporting wastewater analysis
*Environmental Protection Agency (EPA)

Water samples were collected through in-situ and grab sampling technique and
was preserved and analyzed in the lab. Water quality parameters that need to tested ex-
situ are pH, temperature and dissolved oxygen (DO), while water quality parameters
that were tested in the lab are Biochemical Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), Ammonia Nitrogen (NH3-N), Total Suspended Solids (TSS), Iron (Fe)
using DR-2800 spectrophotometer, E. coli using E. coli Quanty-try, and Water Quality
Index Standard (WQI).
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The relevant testing standard used is MS ISO/IEC 17025 ‘General Requirements
for The Competence of Testing and Calibration Laboratories’ and APHA methods. The
tests have been conducted in the Faculty of Science and Technology, University

Malaysia Pahang (UMP), Kuantan, Pahang.

3.4 ISOLATION OF BACTERIA FROM GALING RIVER WATER

The sample bacteria were isolated from M4 Vistana Hotel point sampling in
Galing River. Point sampling have been based on observation, polluted conditions than
the other locations sampling. The preparation media from commercial products, is
according to the manual. Normally, to prepare agar plates, requires 24 grams of nutrient
agar (NA) in 1L distilled water. The suspension is mixed in an Erlenmeyer flask, then
dispensed and sterilized for 20 minutes at 121 °C. Then the agar was poured into a petri
plate, to make an agar plate nutrient. Agar pours containing 15 ml of media are often

used to prepare agar plates (Chowdhury et al. 2011).

3.4.1 Determination Bacteria by Quantifying of Population Growth Colony
Forming Unit (CFU/mL) and Optical Density (OD600 nm) in River Water
Sample

A Galing river water sample was taken to the laboratory and stored overnight at
4 °C. An amount of 1 ml of each water sample was diluted from 10, 10, 10°® dilution
factor. Then, an amount of 100 pl from each dilution tube was inoculated into a
prepared petri dish containing sterile nutrient agar. The plates were inverted and placed
in the incubator at 37 °C for 24 hours (Dhall et al. 2012).

Independent colonies that appear to be composed of only single colonies were
chosen. An inoculating loop was filmed and cooled, and used to gently transfer the
colony by touching, and re-streaking onto a new nutrient agar plate. The plates were
then incubated at 37 °C for 24 hours and after accounting of colonies. The development
colonies were counted in plates and average number of colonies per three plates were
determined. Then the bacterial isolates were kept on nutrient agar at 4 °C and re-
cultured every 4 weeks. The number of total bacteria (CFU) per ml sample was

calculated as the following formula:



38

CFU/ml = (no. Of colonies x dilution factor) / volume of culture plate (Eq. 3.1)

To identify population growth in bacteria, the liquid medium was prepared with
8 grams of nutrient broth (NB) in weight, and then suspended in distilled water. The
suspension was mixed thoroughly in an Erlenmeyer flask. Then it was dispensed and
sterilized for 20 minutes at 121 °C. Inoculums were prepared in nutrient broth by using
an inoculating loop from independent colonies from pure culture. Microbial growth was
monitored at regular intervals by measuring the optical density (OD) at 600 nm by using

several dilutions in various time and day incubation (Bahig et al. 2008).

3.5 SCREENING THE POTENTIAL OF LIPOLYTIC BACTERIATO
BIODEGRADE OIL USING PHENOL RED, RHODAMINE B AND
MACCONKEY

Phenol red agar plate was also used to assess the test organisms. Phenol
red agar plates were prepared (% wi/v): using phenol 0.01 along with 1 % (v/v) olive
oil, 0.1 CaCl,, 2 agar and the pH adjusted to 7.3 — 7.4. About 20 ml of the medium was
poured into each petri dish and the organism were inoculated 48 hours. Changes in
colour of phenol red were used as an indicator of the enzyme activity.

Agar plate containing (% w/v): Rhodamine B 0.001, nutrient broth 0.8 %, NaCl
0.4, agar 1 and olive oil 2 % was prepared in distilled water, adjusted pH of 6.5. The
assay incubated at 55 °C for 18 h and lipolytic activity was identified as an
orange halo around colonies under UV light at 350 nm (Kim et al. 2008).

The media were prepared by suspending 27.75 gr MacConkey agar in 500 ml
distilled water. The media were heated to boiling with gentle swirling to dissolve
completely. The media were sterilized by autoclaving at 121 °C for 20 minutes at 151bs
pressure. Overheating was avoided. The media were cooled to 45-50 °C and poured into
sterile Petri dishes. The surface of the medium was dried when inoculated (Park et al.
2011).
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3.6 CULTIVATION AND MORPHOLOGICAL CHARACTERISTICS OF
BACTERIAL ISOLATES

After the isolation process from river water samples, a number of bacteria were
sub-cultured and their morphology was observed. The identified bacteria were isolated
and subjected to the Gram-staining procedure in order to classify them (Bergey’s
Manual Determinative Bacteriology). The morphology observation and Gram-staining
results were analyzed together. The general characteristics of bacterial colonies were
then described in terms of shape, margin, elevation, colour to give an accurate

description of the colonies.

3.7 ESTIMATION OF BACTERIAL GROWTH POTENTIAL TO
DEGRADATION WASTE COOKING OIL (WCO)

Growth in mono and mixed culture isolates on media containing 10% waste
cooking oil carried out to determine the best mix of cultures. Tests were conducted on
liquid medium in 100 ml serum tubes containing 17.8 ml minimal medium, 2 ml of
WCO and 0.2 ml sterile isolates. Fermentation was carried out on a rocking incubator
120 rpm at room temperature (25-30 °C) for 4 days. Observations were made by
measuring the bacterial growth turbidity changes at a wavelength of 600 nm with a
spectrophotometer, every day (Dhall. et al. 2012; Diez 2010; Edema 2006; and
Margesin, 2001).

3.8 TESTING THE ABILITY OF BACTERIA TO DEGRADE WCO AS
CARBON SOURCE

Testing the ability of isolates to use carbon sources of waste cooking oil
performed on solid media. Isolates were grown in Luria Bertani (LB) liquid medium
having 6 hours of solid minerals disseminated in the media, given the sterile 2 pieces of
paper containing waste cooking oil. Cultures were incubated at 30 °C for 2-3 days.
Observation of the growth of bacterial colonies around the paper containing substrate is
done visually. Bacteria were able to grow and meet the assumed positive filter paper
circle, whereas if there was a clear area assumed difficulty or unable to use the carbon
source (Dhall. et al. 2012; Diez, 2010; and Edema, 2006).
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3.9 IDENTIFICATION BACTERIAL WITH RAPID ONE TEST

Inoculum preparation Test organisms must be grown in pure culture and
examined by Gram stain and oxides prior to use in the system. Test organisms may be
removed from a variety of selective and nonselective agar growth media. The following
types of media nutrient agar and MacConkey agar, using a cotton swab or inoculating
loop, suspended sufficient growth from the agar plate culture in RapID Inoculation
Fluid (2 mL) to achieve a visual turbidity equal to a McFarland turbidity standard or
equivalent. An agar plate may be inoculated for purity and any additional testing that
may be required to use a loophole of the test suspension from the inoculation fluid tube.
Incubate the plate for at last 18-24 hours at 35-37 °C.

Inoculation of RapID ONE panel peels back the lid of the panel over the
inoculation port by pulling the tab marked “feel to inoculate” up and to the left. Using a
pipette, gently transfer the entire contents of the inoculation fluid tube into the upper
right hand corner of the panel. Reseal the inoculation part of the panel by pressing the
peel back tab back in place. Incubation of RaplD ONE panel incubates inoculated
panels at 35-37 °C in a non CO; incubator for 4 hours. For ease of handling, panels may
be incubated in the chipboard incubation trays provided with the kit. And then scoring
of RapID ONE using interpretation of RapID ONE system test (Adley and Saieb, 2005).

3.10 PCR AND DNA (ANALYSIS OF 16S rDNA GENE SQUENCES AND
PHYLOGENETIC ANALYSIS)

3.10.1 Genomic DNA Extraction

The DNA extraction from samples was carried out, firstly, 3 ml of bacterial
culture was grown overnight or culture grown to log phase by centrifugation at
8000 rpm for 2 minutes at room temperature. The supernatant must be completely
decanted. Resuspension of pellet by adding 100ul Buffer R1 to the pellet and resuspend
the cells completely by pipetting up and down. Lysozyme treatment of Gram-negative
bacteria, strains was added 10 ul lysozyme (50 mg/mL) into the cell suspension. For
Gram-positive bacteria strains, by adding 20 pl lysozyme (50mg/mL) into the cell

suspension. Then it was mixed thoroughly and incubated at 37°C for 20 min. The pellet
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digested cells by centrifugation at 10.000 rpm for 3 minutes, and then decanted the
supernatant completely. The next steps was protein denaturation by resuspend pellet in
180 pl of Buffer R2 and add 20 pl of Proteinase K. It was mixed thoroughly, then
incubated at 65°C for 20 min in a shaking water bath or with occasional mixing every 5
minutes. The next step was removal of RNA, if RNA-free DNA was required, was
added 20 pl of RNase A (DNase-free, 20mg/mL), was then mixed and incubated at
37°C for 5 minutes. Then homogenize the sample, by adding 2 volumes (~400 pl
without RNase A treatment, ~440 pl with RNase A treatment) of Buffer BG and mix
thoroughly by inverting tube several times until a homogeneous solution was
obtained, followed by incubation for 10 minutes at 65°C. Addition of ethanol was added
200 ul of absolute ethanol, then mixed immediately and thoroughly. The sample was
than transferred into a column assembled in a clean collection tube (provided),
then centrifuge at 10.000rpm for 1 minutes. For column washing, with 750 pl of wash
Buffer and centrifuge at 10.000 rpm for 1 minutes. Discard flow through. The
column drying followed by centrifuge the column at 10.000 rpm for 1 min to remove
residual ethanol. Then, column was placed into a clean micro centrifuge tube. 50 - 100
pl to was added the preheated Elution Buffer, TE buffer or sterile water was directly
onto column membrane and stood for 2 minutes. Centrifuge at 10,000rpm for 1
minute was to elute DNA. DNA was stored at 4°C or -20°C freezer (Pinto et al. 2005).

3.10.2 PCR Amplification with Universal Primers and PCR Product Purification

DNA concentration was determined by using UV-VIS spectrophotometer under
260nm wavelength on samples diluted 50 times by mixing 1ul samples with 49 ul

distilled water, and then DNA concentration was calculated as follows:

DNA concentration = OD2g X 50ng/ul X 50 (Dilution Factor) (Eq. 3.2)

Published 16S rRNA sequence was available in three Pseudomonas species for
the use in the design of primers for PCR, these sequences were filed in the international
gene banks. Two oligos universal primers were designed for use in PCR. The first
forward primer (F: 5> AGA GTT TGA TCC TGG CTC AG3’) and one reverse primer
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(R: TAC GGY TAC CTT GTT ACG ACT T3’) for use in initial PCR amplification
(Pinto et al. 2005).

The concentration of DNA sample was estimated by measurement of
absorbency at 260 nm on a spectrophotometer. Amplification conditions were run for 30
cycles. A typical reaction mixture in each PCR tube for 20ul total volume, containing
1ul of the appropriate dilutions of DNA, 2ul of 10 X PCR reaction buffer, 0.5ul of DNA
polymerase, 0.5ul of dNTPs, lul of MgCl,, 1ul of each primer. The mixture was
brought to 20l with sterile deionised distilled water. All PCR reactions were run with a
negative control (no DNA). PCR involved initial denaturation at 94°C for 1 min, five
cycles with a low annealing temperature of 50°C for 5 s, extension at 72°C for 30 s and
heated to 94°C for 5 s, and additional 25 cycles of denaturation at 92°C for 2 s,
annealing temperature at 55°C for 2 s, extension at 72°C for 30s and final extension at
72°C for 2 min (Gibson, 2006).

The PCR products were then separated on a 1% agarose gel containing 1 mm
ethidium bromide for visualization on a Bio-imaging machine. The interesting DNA
fragment was cut out with a sharp scalpel after PCR product electrophoresis and was
taken care as much as agarose gel as possible. The gel slice was weighed in a 1.5 ml
tube and then 3 volumes of BNL buffer were added to 1 volume of gel (300ul per
100mg of agarose gel). The mixture was shaked and incubated at 55°C for 10 minutes
or until the gel is completely dissolved. The dissolved gel mixture was transferred to the
kit column assembly and centrifuged for 1 minute; the follow-through was discarded
after centrifuge. 700ul of washing buffer was added to the column and centrifuged at
13,000 rpm for 1 minute and discarded the flow-through. The column was placed in a
clean 1.5 ml micro-centrifuge tube after centrifuge for 1 min at 13,000 rpm to dry the
spin membrane. 60ul of the elution buffer was directly applied to the centre of the
column without touching the membrane with the pipette tip. The tube was incubated at
room temperature for 1 min and centrifuged for 1 min at 13,000rpm. Lastly tubes were
stored at minus 20°C (Kevin and Xuan, 2001).
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3.10.3 Electrophoresis Visualisation of Extracted DNA and PCR Products

Agarose gel electrophoresis is the easiest and commonest way of separating and
analysing DNA. The purpose of the gel were be to look at the DNA, to quantify it or to
isolate a particular band. The DNA is visualized in the gel by the addition of ethidium
bromide. This binds strongly to DNA by intercalating between the bases and is
fluorescent, meaning that it absorbs invisible UV light and transmits the energy as
visible orange light. So the detailed steps are as follows: weigh 0.3 gr agarose power,
suspended in 30 ml 1X TAE buffer, and thoroughly dissolved in a microwave oven for
2 min. Add 3ul ethidium bromide before pouring the gel when the agarose have cooled
to about 55° C. The proper comb was inserted for the particular gel rig. The gel were
allowed to cool until it has set. The comb was carefully removed and placed the gel in
the gel rig with the wells closest to the cathode (black) end. The gel was covered with
1X TAE running buffer. 3pul of glycerol loading dye was placed onto the waxy side of
parafilm for each sample. Keeping samples on ice, 1ul of a sample was added to one of
the drops of loading dye. The sample and loading dye was mixed by filling and
emptying the pipette a few times, then the mixture was loaded into a well. The rest of
the samples were loaded one by one as same as the first one sample. 4ul of 1 Kb ladder
was loaded at the left end of the series of samples. The cover was placed on the gel rig
and samples were ran towards the anode (red) end at 90V for 40min. The power pack
was a turned off and the gel was removed out. Visualization was carried out with U.V.
The light and the photograph were taken with a Polaroid Photo documentation camera.
Lastly the waste gel was disposed properly (Jaffe et al. 2001).

3.10.4 Sequence Analysis and Blast Analysis

The PCR products were sent to the expert company (1st BASE, USA) to

analyse the sequence, and then Blast the sequence with Gene bank.

3.11 BIODEGRADATION OF WCO USING ENRICHMENT BACTERIA
ISOLATES FROM GALING RIVER WATER IN BATCH PRODUCTION

Growth studies of sewage bacterial isolates was studied in 250 ml flasks

containing 50 ml LB medium supplemented with 0.1 mL concentration of Waste
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cooking oil. Flasks were inoculated with 0.5 ml of overnight culture and agitated on a
rotary shaker (150 rpm) at 30 °C. Growth was monitored as a function of biomass by

measuring the absorbance at 600 nm using a spectrophotometer (Hitachi, Japan).

Insulation was made in four stages, using a sample of waste cooking oil
"WCO" of household waste, as a source of isolates. Basal medium used was "Stone
Mineral Salt Solution” (SMSs) consisting of (g/L) 5 CaCOs;, 2.5 NH4NO;, 1
Na;HPO,4.7H,0, 0.5 KH,POy4; 0.5 MgSO,4.7H,0 and 0.2 MnCl,.7H,0 dissolved in 1
litre of distilled water Yeast extract as much 0.01 % (w/v) was added to the medium as
the SMSs additional nitrogen source. Medium is added to leftover cooking oil 2 %

(w/v) as a carbon source. pH was adjusted to be 6.8 to 7 (Karigar et al. 2006).

3.11.1 Determination Growth Bacteria in Batch Production Using Variation
Concentrations of Waste Cooking Oil (WCO) from M4 Location Sampling

Determination of growth bacteria in batch production and the variance of
concentrations of the WCO (1-4%) was added in batch production for 1-4 days of time
degradation with optical density analysis were measured. The incubation condition were
30 °C and the 2% of isolated. Bacteria was added in stone mineral salt solution to enrich
(SMSSe) medium for 4 days in incubation with a speed of 120 rpm. The sample was
taken each day for OD measuring purposes, then was analysed using UV

spectrophotometry in the 600 nm wavelength.

3.11.2 Degradation of Waste Cooking Oil (WCO) Using Variation Amounts of
Bacteria from M4 Locations Sampling in Galing River Water with
Gravimetric Analysis

Isolation in batch production is preceded by shaking 2% (w/v) “WCO” in stone
mineral salt solution in an enrich (SMSSe) medium in 7 days with a speed of 120 rpm.
For isolation purposes, sampling was taken each day, then the isolation was done by
dilution method. Samples were taken for as much as 1 ml cultured on the plate so that
SMSSe containing “WCO” pour plate method. Each different colony was purified
again on the same solid medium. The verifying of amount bacteria (50, 75, 100 pl) and
concentration of the WCO (1-4%) was also observed. The bacteria were isolated from

M4 point sampling in Galing River. Bacterial isolates was obtained and identified
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through observation colony morphology, cell and gram straining (Capuccino and
Natalie, 2000).

Bacteria were identified from the sampling location M4 amount a 5 |
Providencia stuartii species, Bacillus pimilus, Exiquobacterium sp. Bacillus antracis.
Ames. And Bacillus antracis. Ames there were two species, of the 5 types of bacteria.
All bacteria will be used to degrade the WCO using gravimetric analysis. Then the
testing ability of oil degradation by bacterial isolates was done after isolating activated
in a medium that has been supplemented SMSSe "Waste cooking oil" and the residual
oil degradation had determined the rate of growth. Degradation products were analyzed
by calculating the weight of residual oil degradation (Gravimetric). The percentage of

degradation was calculated by the following formula:

Amount of crude oil degraded
Amount of crude oil added

Percent (%) Degradation = X 100 (Eg. 3.3)

Amount of crude oil degraded = (Weight of crude oil added in the media) — (Weight of
residual crude oil)

Amount of residual crude oil = (Weight of beaker + oil) — (Weight Empty beaker)

(Latha and Kalaivani, 2012).

3.12 CHARACTERIZATION OF WASTE COOKING OIL DEGRADED
WITH BACTERIA ISOLATES USING FT-IR ANALYSIS

An IR region of 400-4000/cm with 16 scan speeds. The samples were fixed with
KBr spectroscopic pure chloroform in the ratio of 1:100 and pellets were fixed in the
sample holder and the analysis were carried out (Mohanan et al. 2007).



CHAPTER 4

RESULTS AND DISCUSSION

41 STUDY AREA LOCATION SAMPLING GALING RIVER WATER

The object of study, as Galing River which is situated in Kuantan city with the
catchment area covers 22.7 Km2 and the length of a river line reaches 7.7 km. The
catchment area falls under the jurisdiction of the Majlis Perbandaraan Kuantan (MPK)

as show in Figure 4.1
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Figure 4.1: Map showing four Locations sampling point in Galing River (M1) Street
Industrial Semambu 4, (M2) Drain Lorong Seri Setali 60, (M3) Drain
Street Galing 33, (M4) Downstream Vistana Hotel.
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According to the data issued by the Department of Environment (DOE) of
Malaysia in 2008, there were several sources of water pollution surrounding Galing
River which classified into sectors. Based on the data, the composition of water
pollution, which has been recorded accounts for 17,633 points in 2008 alone,
comprising sewage treatment plants (9,524: 54.01%, including 668 Network Pump
Stations), manufacturing industries (6,830: 38.73 %), animal farms (788: 4.48%) and
agro-based industries (491: 2.78%).

This study focuses on water pollution caused by the industrial wastewater.
These water effluents are emitted by industrial plants which may contain hundreds of
thousands of chemicals. Yet only a few of these are responsible for aquatic toxicity
(Fahmi et al., 2011; Fakoussa and Hofrichter., 1999; and Field and Samadpour, 2007).
The DOE compiles the statistics of industrial water pollution sources from agro based
and manufacturing industries, workshop, domestic waste, hotel, restaurants and people

activities.

42 CHARACTERIZATION OF WATER QUALITY STANDARDS IN THE
APPROPRIATE CLASS OF WATER QUALITY INDEX PARAMETERS

Characterization of water quality standards has to be done to see from four
locations in the study, if the water content and the quality is good or bad, then we have
to know the location of sampling that contains polluted water which will be made in the
location sampling of the isolation of bacteria which will then be used as a test on the

ability of bacteria in degrading WCO.

Water pollution is emerging as a threat to all humanity, as it determines the
health quality of aquatic life for the environmental population surrounding the area of
Galing River. Peng et al. (2003) the problem of environmental pollution is generally
due to industrialization, urbanization, high density of population and the unplanned

introduction of the plant, which are often proved to be hazardous to human health.

The physical, chemical and biological parameters of Galing River, namely, pH,
temperature, DO, BOD, COD, TSS, AN and other parameters have shown significant

effects on the water quality. The term “water quality” is closely related to watering
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pollution. These indicators are represented by physical-chemical parameters from
different location of sampling point, among others (M1) Street Industrial Semambu 4,
(M2) Drain Lorong Seri Setali 60, (M3) Drain Street Galing 33 and (M4) downstream

Vistana Hotel. The parameters are explained in the following sections.

421 pH

In environmental quality assessment, pH test is a standard of preliminary study.
Of the water quality, it is one of very crucial aspects since even small changes in pH
(0.3 units or even less) will usually impact of relatively great changes in other water
qualities. pH water quality standard measures hydrogen ion concentration within a
substance. Value of pH for class | is in the range of 6.5 to 8.5 which indicates a neutral
solution, On the other hand, pH indicating value lower than 6.5-8.5 is classified to the
acidic solution while solution which pH value higher than 6.5-8.5 indicate alkalinity.

Most of natural water has a pH ranging from 5.0 to 8.5. Water pH from freshly
fallen acidic rain might be in the interval of 5.5 to 6.0. When it is exposed to soils and
minerals containing weak alkaline materials, the concentration of hydrogen ion
decreases (Dassenakis et al., 1998). Thus, water becomes slightly alkaline, with a pH of
8.0-8.5. Waters with an acid value more than 5.0 or with base value more than 8.5 to
9.0 has to be considered with cautious assessment. pH which suddenly changes act as
an indicator of warning signals that water quality may adversely be introduced to some
contaminants. In water quality analysis, pH of water samples can be determined in-situ
(on site analysis) or the samples can initially be collected from the site and pH will be
determined afterward. Most of aquatic systems have a pH in the mid-range of the pH
scale. Therefore, for this analysis, a pH indicator with the scale ranging from 5 to 9 is
considered sufficient (He et al., 2007).

Figure 4.2 shows that the sample water collected from sampling M1 has the
lowest pH value of 6.61, while that for sampling location M4 indicates the highest
value of pH which is 6.95. It is influenced by time and weather measurements in the
environment that there isn’t difference, the measurement in the morning is not a lot of

activity sewage into the river and relatively clean. There is no significantly different pH
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in each location sampling since the value of all location sampling is in the range 6.5 <
pH value < 9.0. According to the standard INWQS it can be concluded that all the
location of sampling points from M1 to M4 are categorized into class I and Il. Since
water generally becomes more corrosive with decreasing pH, water from the M1
location sampling point is the most corrosive from other locations since its pH value is

the lowest among all of the other sampling points.
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Figure 4.2: The average pH values for 4 sampling points along the Galing River water
in Water quality standard

Based on the above explanation, it can be concluded that the condition of the
Galing River at M1 and M2 sampling points is categorized into class | whereas those at
sampling points of M3 and M4 fall into category of class Il with a normal pH 6.5 - 8.5
range of indigo. This result of the study confirms with other findings which stated that
this condition is normal and reasonable in the river and considered not too polluted by
sewage (Cserhati et al., 2002; Ahmad et al., 2008; and Madrid and Zayas, 2007).

4.2.2 Temperature

The water temperature must be measured in-situ and should be sampled at
various depths using a recording Celsius thermometer. For streams and rivers, readings
were taken at intervals relative to the water depths. Location of temperature reading,
edge, middle, inlet, etc. was also considered. From Figure 4.3 it can be shown that the

all points sampling (M1 to M4) have similar temperature in the range of 27 to 32 °C.
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The maximum temperature reading is at 31 °C in M4 sampling point, while the
minimum temperature is 27.28 °C in M1 sampling point. The increase and decrease of
water temperature in the river depend greatly on the climatic condition, sampling time,
the duration of sun exposure, and also affected by the unique characteristics of water
surrounding environment such as turbidity, wind force, vegetation pattern, and
humidity (Mahmoud, 2002; Tayel, 2002 and Sabae et al, 2008). The temperature of the
water, which relatively increases at M2 sampling point during testing is due to the
thermal pollution released to the M4 sampling point from the multiple wastes Vistana

Hotel located nearby the location sampling.

From the explanation above, it can be concluded that the Galing River has good
and normal thermal condition, which is in the range of 27 - 32 °C. It is influenced by
time and weather in environmental measurements, measurements made on the morning
of the relative has not received the scorching sun. Whereas measurements were taken
during the day or more will affect the temperature in the environment. This means that
this condition is reasonable and normal in sunny weather conditions. Sewage into the
river and the river condition itself are shaded with trees, making the surrounding
environment is in good condition, according to research carried out in other areas by
Berberoglu and Akin, (2009).
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Figure 4.3: The average temperature values for 4 sampling point along of the Galing
River water
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4.2.3 Dissolved Oxygen (DO)

For aquatic living, such as organisms, dissolved oxygen is very crucial factor.
This term refers to the measure of the gaseous oxygen amount (O,) which is dissolved
in an aqueous solution. The lower the concentration of dissolved oxygen, the greater
the stress organisms will incur. The process of natural stream purification demands
sufficient level of oxygen in order to maintain living for aerobic life. The level of
oxygen, which remains less than 1 to 2 mg/l for several hours will cause death to large
fish.

Based on Figure 4.4 the observation result indicates that the dissolved oxygen
of all locations of sampling point in the range of 2.5 to 3.8 mg/L with minimum level as
low as 2.5 mg/L at location sampling point M4 and the maximum level reaches 3.8
mg/L at location sampling point M3. According to the result mentioned, all locations of
sampling points are classified as a class |11 except M4 which is classified into grade 1V
based on INWQS and DOE index. It indicates that all location sampling points fall into
class 1V and are suitable for irrigation based on the classification in the DOE water

quality index (Bao, 2010; and Bartram and Balance, 1996).
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Figure 4.4: The average Dissolved oxygen (DO) (mg/L) values for 4 sampling point
along of the Galing River water in Water quality standard

Temperature, pH and Dissolved oxygen (DO) in Figure 4.2, Figure 4.3 and
Figure 4.4, in the environment also have an impact on the lives of micro-organisms in

the water, one of which is a waste degraded bacteria, which lives in the environment's
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ability to rely on the availability of food resources, temperature pH and DO. In
advanced research will be discussed the influence of variations in food sources and the

number of bacteria in degrading waste cooking oil.

4.2.4 Biological Oxygen Demand (BOD)

Based on Figure 4.5, it is found that M3 sampling point is the highest reading
of BOD concentration compared to other sampling points which can reach 34.19 mg/L,
followed by M2 location sampling point (30.91 mg/L), then M1 location sampling
point (26.14 mg/L). M4 location sampling point is the lowest in term of BOD which is
at 12.76 mg/L. Based on the classification of INWQS and DOE water quality index, all
the location sampling points fall into class 1V, the value of which >12 mg/L The higher
BOD concentration recorded at all sampling stations (M1 to M4) might be
corresponding to the high organic matter discharged into the river from industrial
activities. Relatively high temperature at these locations can enhance the bacteria
population. In addition, the main source of the high organic load in M1 sampling point
Is the sewage from the slaughtering activities which discharges organic matters, such as
blood. This finding is in agreement with that reported by (Muhirwa et al. 2010),stating
that wastewater from the abattoir slaughtering area increases the organic load in the
Mpazi River. Galing river water in not good condition when viewed from INWQS
based on the BOD data available.
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Figure 4.5: The average Biological oxygen demand (BOD) values for 4 sampling point
along of the Galing River water in Water quality standard
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4.2.5 Chemical Oxygen Demand (COD)

The Chemical Oxygen Demand (COD) is the third most important parameter of
River water quality based on WQI. Generally, a value of COD estimates the amount of
current organic and inorganic matter. From Figure 4.6, it can be shown that the
maximum concentration of COD a concentrations to M4 sampling point, with
concentration of COD reaches 200 mg/L. The COD at this level is classified into class
V based on INWQS and DOE water quality index in Malaysia. The higher COD
concentration at this station may be attributed to the effluents discharged from multiple
wastewater of Vistana hotel nearby this area. The high COD concentration of the
Nyabugogo river at the level of 355.73 + 599.57 mg/L is also reported by (Nhapi et al.
2011). The increase of COD level induced from various chemicals such as Iron,
Manganese, Sulphates, Phosphates and Nitrogen which are emitted from refineries in
these locations. Furthermore, the other locations of sampling point are categorized into
class 1l the COD concentration of which is of value of 18.44, 27.25, 30.38 mg/L (M2,
M3 and M1), respectively. COD at locations M1 be was a low value due, M1 location,
there was some refineries, but also was no waste that can cause high COD value,
besides the water flow rate of M1 has compared the M4, so COD location M1 is not as
high as precipitation M4. This is different from the causes of the high value of
Ammonical nitrogen in Figure 4.7 because the rubbish contained on the site can

decompose due to microbial activity in the soil or water.
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Figure 4.6: The Average Chemical Oxygen Demand (COD) values for 4 sampling
point along of the Galing River water in Water quality standard
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Locations M1, M2 and M3 in the industry Semambu area had also been a water
flow rate, so that the waste does not undergo precipitation, while at the location m4 as
the downstream area get piles of waste from upstream rivers where conditions are
relatively clean even though located in the industrial area. Therefore, referring to the
classification, Galing River is still proper and safe for domestic water supply and

irrigation only if using extra water treatment.

4.2.6  Ammonical Nitrogen (NH4-N)

In nature, Ammonia in the environment originates from metabolic, agricultural
and industrial processes and from disinfection with chlorine (WHO, 2004). The
concentration of Ammoniac Nitrogen (NH4-N) data from four sampling points in
Galing River was presented in Figure 4.7 which shows that the high Semambu-N
concentration accounts for 3.42 semambu from M1 sampling point, M1 location
semambu industrial area along the riverbanks many people are gardening and farming,
from field observations of farmers also use pesticides to treat the plants, rainwater
runoff that carries remnants of pesticides into water bodies Galing rivers. It is the result
ml location was the highest NH,;-N than other locations. While the lowest
concentration of NH4-N is 0.22 mg/L at M2 sampling point. The sample obtained from
sampling point of the M3 and M4, the concentration is nearly the same level, which is
at 2.16 and 2.57 mg/L respectively. This is causing M1 contradiction higher COD
values in Figure 4.6, because the rubbish contained on the site can decompose due to
microbial activity in the soil or water. Organic nitrogen early decomposed into
ammonia, then oxidized to nitrite and nitrate. In the underground water and water
contained in the surface, nitrate into compounds most frequently found. Because this
occurs can be easily oxidized nitrite into nitrate. Contamination by nitrogen fertilizers,
including anhydrous ammonia as well as organic waste, animal or human, can increase
the levels of nitrates in the water. Compounds that contain nitrates in the soil are
usually soluble and can easily migrate to ground water. It is also in accordance with the
opinion (Sandrin and Maier, 2003 and Kuang, 2002).

Based on the standard of INWQS and DOE water quality index for Malaysia,

M1 station sampling point is classified into class V, whereas sampling points of M3
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and M4 fall into class IV. The other sampling point, M2 is categorized into class Il. The
highest concentration of NH4-N is which is found at the M1 station in this study in
agreement with the findings of (Mvungi et al., 2003) for a contaminated urban river in

Zimbabwe.
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Figure 4.7: The average Ammonical nitrogen (NH3z.N) (mg/L) values of Four Sampling
Point along Galing River Water for Water Quality Standard

4.2.7 Total Suspended Solid (TSS)

Total suspended solid for four sampling point stations is presented in Figure 4.8,
It shows that the higher value of TSS is that for M1 (30 mg/L) sampling point station
while TSS of the other sampling point stations, i.e. a value M3 and M4 is below 25
mg/L which has value of 12.9 and 4.5 mg/L, respectively. Based on the standard of
INWQS and DOE water quality standard in Malaysia, M1 is classified into class II,
whereas M2, M3 and M4 are ordered on class I. The high value of total solid in the
water indicates to have high organic and inorganic pollutants absorbed in soils, so that
the solids have high concentrations of the pollutant. These absorbed pollutants (and
solids as carriers) can move elsewhere in water bodies, such as rivers and lake systems,
causing organisms to be was exposed to pollutants far away from the point of source
(Begum et al., 2009).
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Figure 4.8: The average Total suspended solid (TSS) values for 4 sampling point along
the Galing River water in Water quality standard

Analysis of total suspended solids in the water of the Galing River at four
different sampling locations. All locations are included in class | except M1 sampling
point which has category of class Il which indicates that the river surrounding area has
been cleared for building and premises. In addition, the riverside is not well maintained
thus this condition causes soil erosion. Statement of research in a study (Buccolieri et
al., 2006), that said condition caused high TSS value of various environmental factors,

this is in accordance with the occur of environmental conditions.

4.2.8 Iron (Fe)

As presented in Figure 4.9, the highest concentration of iron is found to be 1.75
mg/L at M2 sampling point, followed by the figure of 1.52 mg/L at M3 and then 0.98
mg/L at M1 sampling point. The lowest concentration is found to be 0.65 mg/L at M4
sampling point. Based on The INWQS of Malaysia, M2 and M3 Sampling points are
classified as class IV, while M1 point falls into class Ill, and the M4 is classified as
class Il. The highest concentration of Iron at M2 sampling point is due to industrial
waste released from some existing industries surrounding the area, such as workshops,
ice plant, and housing area. The level of iron concentration in all sampling points in

Galing River is lower than that of Surma river which accounts for 3.16 mg/L as
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reported by (Alam et al. 2007), while higher iron concentration as much as 0.04 ppb
(part per billion) is in the Kernofully River (Majid and Sharma, 1999). Iron at location
M2 was the highest value, we can refer to the location of the sample as in Figure 4.9,
where this location form a basin that holds the waste water from various sources around
the area M2. The sampling site conditions, the possibility of concentration of iron
undergone various situations, both triggered by the environment or waste and

microorganisms contained in the water.
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Figure 4.9: The average Iron (Fe) values for 4 sampling point along of the Galing
River water in Water quality standard

429 E.coli

The total population of bacterial E. coli presented in Figure 4.10 shows, that
maximum figure is 2,311.28 most probable number (MPN)/ml at the M2 sampling
point. The figure of total E. coli population is almost similar to that at the M3 and M4
sampling points which account for 2202.95 and 2311.28 MPN/ml, respectively. On the
other hand, the minimum bacterial E. coli population is as low as 1,483.43 MPN/ml at
the M1 sampling point. Based on INWQS for Malaysia, all sampling points are
classified into Class Il. The temperature and effluent discharge into the river were

effected to values of total E. coli in the water.
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The moderate current of the Galing River stream also affects the population
number of E. coli, in wet and dry periods. During drought periods, the high
concentration results from the environment, providing little water discharge and solid
waste. On the contrary, during rainy season and normal temperature condition,
relatively large amount of water is abundant, in which, waste concentration is diluted.

This result confirms with the finding reported by (Sabae et al., 2008).
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Figure 4.10: The average E. coli count for 4 sampling points along with the Galing
River water in Water quality standard

4.2.10 OQil and Grease

Oil and grease is one of the important parameters that are used in water quality
measurement. The data of oil and grease in four locations (M1-M4) are presented in
Table 4.1 as can be seen the oil and grease content has increased from M1 to M4. The
amount of oil and grease can be high or low depending on the water sample and the
nature of the water. According to the calculation, using the (USEPA 10056) method of
calculation, oil and grease final weight of the oil and grease content in the Galing river
water was of 2-14 mg/L. The oil and grease content in M1 was low, since the major
pollutant from M1 industrial are slaughtering of chicken. The river is not exposed to

any factors that contribute to the content of oil and grease content in the water.

The sources of oil and grease in water can be caused by some factors such as

petroleum refining, used oil refining and crude oil production. Furthermore, the oil
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and grease content has increased in M2 and M3 due to the source of pollutant from
both housing and workshop areas. In contrast the M1, M4 has higher oil and grease
content, due to the pollutant in M4 which is from many sources (waste water from
hotel, mall, workshop and housing), these pollutant has a lot of influence on the
amount of oil and grease in the river water. In addition, this study waste cooking oil
was chosen as representative oil and grease in the water. Based on the standard of
oil and grease in river water, if the value of oil and grease is above 10 mg/L, it was
classified as class IV. Station M2 and M3 of Galing River is classified as Class IlI,
which is relatively clean. Meanwhile M4 is classified as Class IV which is slightly
polluted.

Table 4.1: QOil and grease data from four sampling locations (M1-M4)

Sample Oil and Grease (mg/L)
M1 2
M2 4
M3 7
M4 14

Based on the data in Table 4.1 the sampling location M4 shows it is of a high
pollutant. From the initial observation of this location these is a need for treatments and
bacteria isolation. Isolation of bacteria obtained from the sampling location, then grows
and identified, further testing of bacteria was done to ascertain its ability to degrade
WCO, which represents the number of waste contained in the Galing river water

environment.

4.3 WATER QUALITY INDEX STANDAR CLASS OF GALING RIVER
WATER

Water Quality Index (WQI) measures and evaluates river water quality.
Initially, a water sample is tested in respect to the six chemical parameters and then
referring to the National Water Quality Standards for Malaysia (NWQS), it is compared

to classify their category.
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Water Quality Calculation takes into account of the six parameters and then
the result values are add into an established formula to obtain the WQI score:

WQI =0.22 x SI DO +0.19 x SI BOD + 0.16 x SI COD + 0.15 x SI AN + 0.16 x Sl
SS+0.12 x Sl pH

The value of water quality index (WQI) is determined by firstly obtaining the
sub index value for each parameter. The WQI is a good indicator of any deterioration or
improvement of a water body. Based on Figure 4.11 and Table 4.2, it shows that the
sub index of WQI in sampling stations at M1, M2, M3 and M4 Galing River are 42.74,
55.16, 46.16 and 32.61, respectively. Among these four stations, sampling station of
M2 indicates the highest value of WQI of all. This is mainly due to its surrounding
where the fewest industrial activity exists, while the remaining stations are located for
neighbouring with residential, industrial areas, and other land use. Based on the value
derived from the sub index, station M2 of Galing River is classified as Class 111, which
is relatively clean and considered the least polluted. This is because surrounding of the
river systems has a lot of trees that can help to reduce river pollution. Meanwhile,
referring to the value derived from the sub index, location M1, M3 and M4 are
classified as Class IV which is slightly polluted (Najah and Elshafie, 2009; and
Mohamed, 2008).

Table 4.2: Status of River Pollution on Water Quality index (WQI) in Galing River

Station sipH siDO siBOD siCOD siSS siAN  WQI Status

M1 97.48 0.0 33.59 62.60 8287 9.22 4274 v
M2 98.71 0.0 23.61 76.31 90.56 80.83 55.16 I
M3 98.54 0.0 14.94 6759 9221 3953 46.16 v
M4 99.29 0.0 56.42 5242 9481 2128 3261 v
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Figure 4.11: Water Quality Index of Sampling site of Galing River Performance of
Different location area (M1) Street industrial ssmambu 4, (M2) Drain
lorong setali 60, and (M3) Drain Street Galing 33, and (M4) downstream
Vistana Hotel

From the above readings base on Figure 4.11 and Table 4.2, of the Galing
River, the classification of WQI, assessment on Galing River by different sampling
locations is classified into the Class Ill and IV. The sampling location of the M2 is
grouped in the third class, while M1, M3 and M4 are categorized into the fourth grade.
With respect to the grading of the river water (Munusamy, 2010), Galing river should
only be used to support the organism of activities and the water should be used for
livestock, drinking water and irrigation. In addition, the water is harmful for human

needs and consumption, such as for drinking water, bathing, and washing.

The water quality index has multiple classes and terms, by which water is
allowed to be utilized for specific purposes. From the results of the study, Galing River
water can be assessed according to the standard as follows: Class | indicates that water
body has an excellent quality. These standards meet the criteria for natural
environmental conservation in its undisturbed state. Such water bodies are commonly
found in areas of national park areas, fountain heads, undisturbed, and highland area.
Within these undisturbed areas, any type or any kind of discharge is strictly prohibited.
In addition, the quality of water bodies within this category complies with the strictest

requirements for human health and protection of aquatic life (WHO, 2004).
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Class IA/IIB refers to water bodies which indicate good quality. Most sources
of existing raw water supply are categorized into this class. In practice, to prevent water
bodies from human pathogens that may occur, no activities involving body contact is
allowed within in this water, Furthermore, it is required to establish another category of
water bodies, to which is referred as Class 11B. The latter class of water bodies has the
same quality yet it is not for water supply purpose. The standard determination for
Class 1IB is intended for the purpose of recreational function and aquatic protection for

sensitive species.

Class 11 refers to water bodies to which, the aim is primarily to protect common
aquatic species which are moderately tolerant and have economic value. In condition
with extensive or advance treatment, water under this category is possible to be used
for water supply. Water which belong to this class is also suitable for the needs of
livestock and drinking water.

Class IV indicates that water quality can primarily meet the requirement for
irrigation purpose of major agricultural activities, but does not cover minor applications
for sensitive crops. Meanwhile, Class V refers to other waters which does not satisfy
with any of the above criteria above (DOE 1974; EPA 1990; USEPA 1998)

4.4 ISOLATION OF BACTERIA FROM GALING RIVER WATER

The isolation of bacteria from Galing river water in a focus the location (M4)
Downstream Vistana hotel, is based on the water quality index (WQI) This is location
for pollutants, the results are shown in Table 4.2 and Figure 4.11, and Galing river
water is classified into the class IV the range of 31.0 - 51.9 WQI. Based on the data, the
location of the treatment is necessary to improve water quality of class IV into class 1l
by research purposes. The degradation, resource that is used is difficult to disentangle
the waste water in the waste cooking oil and oil & grease as shown in Table 4.1 the
growing organisms is aimed at to get organism these to have a maximum organism’s
capacity in an effort to break down the waste to contaminated. This is why the place

M4 location was chosen to isolate bacteria from the other three locations, namely (M1)
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Street industrial Semambu 4, (M2) Drain Lorong Setali 60, and (M3) Drain Street
Galing 33.

The isolation of bacteria from the Galing river water at the location M4 can be
seen in Figure 4.12, the samples were first cultured on non-selective media Reviews
such as nutrient agar (NA) as shown in Figure 4.12 (b) and nutrient broth method
bacteria was used to determine the total bacterial population. Review of these bacteria
were then selected in the media and was sub-cultured to obtain purely cultured bacteria
as seen in Figure 4.12 an enumeration figure shows that the media with an enumeration
of the total identified bacteria. After then isolation of bacteria from Galing river water
samples by dilution 10™ - 10 on location M4 with media growth nutrient agar (NA)
was obtained. Then by the number the colonies of bacteria were counted (CFU/mI)

using the plate count as shown in Table 4.3.
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Figure 4.12: Isolation of bacteria from Galing river water on (a) pure culture bacteria
and (b) culture bacteria

2.4.1 Determination of Bacteria by Quantifying Population Growth Colony
Forming Unit (CFU/mL) and Optical Density (OD600 nm) in River Water
Sample

The quantification of bacteria from the Galing River water has been carried out
using plate counting method. The serial dilutions were plated out in order to achieve
the desired range of colonies per plate (30 — 300). The total population of bacteria
(CFU/mlI river water) in site (M4) from downstream Vistana Hotel fluctuated from 1.7
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x 10* to 17 x 10. The total number of colonies is different from the dilution factor. The
location M4 of the sampling area indicates that the content of bacteria in each sampling
area is influenced by pollutants from the surrounding area (Reynolds et al., 2005). From
the Table 4.3, it is shown that the CFU value of M4 (downstream Vistana Hotel) after
dilution is at 10, 10° and 10®. This is because the location of sampling points has a
higher number of bacteria and was highly water polluted condition compared to M1,
M2, M3 and M4 sampling points, according to the data of water quality index in Figure
4.11 and Table 4.2. The water conditions of contaminated the areas have enables
bacteria types to live in the source of waste pollution. Population growth of colony
forming units (CFU / ml) and the optical density had obtained 18 strains as shown in
Table 4.4

Table 4.3: Bacterial Population with Dilution Factor in Agar Plate Count at location
Sampling (M4) downstream of Vistana Hotel

o CFU/ml
Dilution factor M
10 1.7 x 10*
103 1 x 10*
108 17 x 10’

It is well recognized that some types of bacteria give benefit to the environment.
Certain bacteria are able to live and have a role to improve the condition of the Galing
River. Previous studies conducted by (Hamza et al., 2012; and Mukred et al., 2008),
found that condition of food sources for bacteria derives from waste that can affect the
growth and diversity of bacteria. This finding supports the research that has been done,
where the sampling locations of Galing River have different types of waste and
disparate environmental condition which has previously been explained in the analysis
the index of national water quality standard presented in Table 4.2 and Figure 4.11. The
population growth rate of bacteria is indicated by an increase in the cellular quantity
and it is greatly dependent upon the nutrient availability in the environment.
Measurement of turbidity or optical densities of the suspension of cells corresponds to
the population of cells. Figure 4.13 Shows the various optical densities which is
measured at 600 nm. These results indicate that the optical density of samples is

correlated with the number of colonies per unit (CFU). The various optical density



65

values (OD) from dilution factor sampling location is presented in Figure 4.13. It
depicts that the value of optical density at 10 and 10° are higher than that at 10°®. This
study proves that variation sample optical density (OD) is correlated with the number
of colonies per unit (CFU) of bacteria in Galing river. There are some types of bacteria
which have outstanding adaptability of growing in different conditions, as in the
nutrient broth. It is in line with previous study than was reported by (Domde et al.,
2007; Singh et al., 2013; and Ai et al., 2009).

45 SCREENING THE POTENTIAL LIPOLYTIC BACTERIA IN OIL
BIODEGRADATION USING PHENOL RED, RHODAMIN B AND
MACCONKEY

For screening potential of lipolytic activities, the qualitative methods have been
widely used in several studies. Study of lipolytic bacteria was aimed to classify bacteria
which have the ability to grow from location of sampling points M4. Thus, it is easier
to identify later in applying bacteria to degrade waste cooking oil (WCO) in batch

production.
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Figure 4.13: Optical density of bacteria at four site sampling (M4) downstream Vistana
Hotel

In this study, only the bacteria population from M4 sampling point was used
since it is based on the data on river water quality. The location M4 is highly polluted

and it is predicted that bacteria obtained from these sampling locations are resistant, has
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more survival and have a good ability in degrading waste material. The isolation of
bacteria from the Galing river water are then tested using media selections as shown in
Table 4.4. The bacterial growth singles colonies is derived from Figure 4.12 and the

number of colonies forming unit (CFU) have been calculated.

The isolated samples of bacteria were screened using phenol red, Rhodamine B
and MacConkey agar within three days of incubation, and then the microorganism has
shown lipolytic activity. Phenol red has an end point at pH 7.3 - 7.4, which has red in
color and a slight decrease in pH (7-7.1) when it turns to yellow. The yellow zone
around culture indicates lipolytic activity. MacConkey agar is a specialized medium for
bacterial growth This medium is selective for Gram-negative bacteria and it is able to
differentiate those of gram bacteria which has the ability to ferment lactose (Kobayashi
et al., 2012; Beauchamp et al., 2006; and Lee et al., 2010).

From the result Figure 4.13, it can be seen at 12 samples of isolated lipolytic
from M4 totally exhibits the position samples of lipolytic using phenol red from total of
18 sample isolated bacteria. In the next step, the bacteria were tested using Rhodamine
B and showed that only two of bacteria populations were identified to have positive
lipolytic activity. These samples consist of bacteria N and Q. The microbial colonies
with positive lipolytic bacteria indicate an orange fluorescence and continuing
incubation time. Orange fluorescent were about formed around the colonies (Arku et
al., 2012; and Lee et al., 2010). Meanwhile, by continuously testing using MacConkey
Agar, only 5 samples of isolated bacteria were not identified to indicate lipolytic
bacteria, i.e. sample bacteria of H, Q, 3, 4 and 8. Screening using MacConkey agar
plates shows color change in the media which it turns into dark brown around the
organism. The change of color in each test using phenol red, Rhodamine B and
MacConkey is presented in Figure 4.14 and Table 4.4.
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Table 4.4: Test lipolytic bacteria to degraded waste cooking oil with Phenol Red,

Rhodamine B and MacConkey Agar

Name Rhodamine MacConkey  Location Sampling

No Sample Phenol Red B Agar M4
1 G : : : v
2 H ++ - + \/
3 J ++ - - v
4 K - . - v
5 M - - - x/
6 N ++ ++ - v
7 o) - - - V
8 P ++ - \
9 Q ++ +++ + N
10 S ++ - ; N
11 T ++ - - N
12 U ++ - - v
13 1 ++ - - \/
14 2 ++ - - v
15 3 ++ - + v
16 4 - - + \
17 6 ++ - - v
18 8 = - + \/

*Note: (-) Not Detected, (+) Poor, (++) Moderate and (+++) High.

Figure 4.14: (A) Phenol Red, (B) Rhodamine B and (C) MacConkey
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After the selection lipolytic bacteria in selective media (phenol red, Rhodamine
B and MacConkey), the bacteria were identified using gram straining to recognize their
shape and characteristic (+) or (-). Finally, the bacteria were then analyzed using

Bergey’s manual.

4.6 CULTIVATION AND MORPHOLOGYCAL CHARACTERIZATION OF
BACTERIA ISOLATES

Isolation and identification of bacteria as shown in the Table 4.5 is to determine
the morphology and characteristics of bacteria using Gram straining. Total bacteria
were from 18 samples obtained from locations of sampling point M4. Several
morphological forms of bacteria were detected, namely: Streptococcus, Bacilli,
Streptobacilli, Diplococcus Coccus, Cocobacilli and Staphylococcus. A type of
bacterium that is obtained during the isolation of river water from of different locations,
have a tendency to form bacilli in term of bacterial morphology, while the remaining
two forms different shapes, such as Streptococcus, Streptobacilli has two forms, and
Diplococcus has two forms, each remaining coccus, Coccobacilli and staphylococcus
has one form. The bacterium of type Bacilli was found to be the majority in Galing
River water. These bacteria belong to bacteria, pathogens. A high population of Bacilli
found in Galing river water. Indicates that the water is not safe for a consumption and
cooking. The isolated bacteria of Bacilli from river water were reported in previous
work conducted by Olayemi et al. (2008). The industrial waste contributes positively to

bacteria growth in the river water.

The identified bacteria using Gram stain was found to be of 5 Gram (+) and 13
Gram (-) with a total of 8 bacteria isolated from M4 sampling point. The characteristic
shape of bacteria is a variation of 7 convex, 1 irregular, spindle 2, circular 2 and 6
raised. We can observe that the irregular shape and convex has the same number of
bacteria in the dominating characteristic, while the next value of the 6 raised, then 2
circular and 2 spindles. The margin of isolated bacteria was also investigated. It is
found that the major margin bacteria isolated are lobate. From the Table 4.5, based on
shape and characteristic Gram straining, the isolated bacteria are classified into eight
groups with code grouping (A-H).
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The Gram reaction screening to the isolated sample was carried out. The
isolates were identified and grouped into eight types of bacteria, namely A, B, C, D, E,
F, G, and H. (Table 4.5). Based on Table 4.6, the strain all group can be found in
sampling point. The Screening isolates of Gram staining of stain group A-H is shown in
the Figure 4.15. The morphology of bacteria differs from morphology and Gram stain.
The bacteria could be identifed.

Table 4.5: Isolation of bacteria from M4 areas of Galing River water the Gram
straining reaction and characteristic with the Gram staining reaction

Isol lon Gram-
No Is((:):)e(ljt:s oY stain Elevation Margins Sé‘:gﬁle
Color  Shape/Form  Reaction P
1 G Pink Bacilli - Spindle  Felamentous (E)
2 H Purple  Streptobacilli 4 Circular Lobate (F)
3 J Pink Bacilli - Raised Felamentous (G)
4 M Pink Bacilli - Raised Undulate (E)
5 N Pink Bacilli - convex Lobate (E)
6 @) Pink Bacilli - Spindle  Felamentous (E)
7 P Pink Streptococcus - convex Lobate (A)
8 Q Purple Coccus 4 convex Lobate ©)
9 R Pink Streptococcus - Irregular Lobate (B)
10 S Pink Bacilli - convex Lobate (A)
11 T Pink Bacilli - convex Lobate (A)
12 U Pink Steptobacilli - Raised Felamentous (G)
13 1 Pink Bacilli - Raised Felamentous (G)
14 2 Pink Bacilli - convex Lobate (A)
15 3 Purple Cocabacilli + convex Lobate (D)
16 4 Purple Bacilli b Raised Undulate (H)
17 6 Pink Diplococcus - Circular Lobate (E)
18 8 Purple  Staphylococcus i Raised Undulate (H)

The strain name of isolated bacteria was identified using Bergey’s manual.
Based on the shape and characteristic of bacteria collected from M4 areas of sampling
points at Galing river, is shown in the Table 4.6 and Table 4.7 and presented in Figure
4.15, eight types of the bacteria are identified, namely Pseudomonas sp, Providencia
sp, Shigella sp and Escherichia coli which are classified as Gram negative. Meanwhile,
Salmonella sp, Staphylococcus sp, Bacillus sp and Clostridium are classified as Gram
positive. On the other hand, the M4 sampling points are identified to be a residence of

different type of bacteria. This is probably due to condition of surrounding area nearby
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sampling point which supports different type of bacteria to grow well (Rahman et al.,
2002; Senthil et al., 2011; and Shokrollahzadeh et al., 2008).

Table 4.6: Identification of Lipolytic bacteria from Galing river water at (M4)
downstream Vistana Hotel,

No Name Strain Number Isolate Characteristic
' Group Gram-Reaction Shape/Form
1 A P,S, T2 Negative Rod
2 B R Negative Cocci
3 C Q Positive Rod
4 D 3 Positive Cocci
5 E G,M,N,0,6  Negative Rod
6 F H Positive Rod with endospores
7 G J, U1 Negative Shoat rods
8 H 4 and 8 Positive Rod with endospores

Figure 4.15: Identification stain from Galing river water locations sampling (M4)
downstream Vistana Hotel

Table 4.7: Identification of bacterial strains in (M4) Downstream Vistana Hotel
location sampling Galing River Water

Name Strain Number

No Group Isolate Strain Gram Shape/Morphology
1 A PS,T,2 Pseudomonas sp Negative Rod

2 B R Providencia sp Negative  Cocci

3 C Q Salmonella sp Positive  Rod

4 D 3 Staphylococcus sp  Positive  Cocci

5 E G,M, N, O,6 Shigellasp Negative Rod

6 F H Bacillus sp Positive  Rod with endospores
7 G J, U 1 Escherichia coli Negative  Shot rods

8 H 4 and 8 Clostridium Positive  Rod with endospores
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4.7 ESTIMATION OF BACTERIA GROWTH POTENTIAL TO WASTE
COOKING OIL (WCO) DEGRADATION

To determine the growth of potential bacteria isolated to degrade waste cooking
oil (WCO), and measured by OD analysis the bacteria isolated from an M4 total of 18
isolates and are classified into eight groups shown in Table 4.5 and Table 4.6. For 4
days the bacteria growth was isolated in enrichment solution, and then measured by UV
spectrophotometer to observe OD each day. Figure 4.16 shows that the growing the
first day isolated from M4 had increased from first day to the second day, while with
additional days of growing the OD value had decreased. The higher OD value indicates
higher rates of bacteria growth in the media. It reveals that the bacteria isolated from
M4 appears to increase significantly. This result is in agreement with the previous study
reported by (Oboh. et al. 2006), where the OD value decreased by increasing the time

of incubation due to exponential growth of bacteria in the media.

---%X---Blank1 —8— M4

1.8 A

1.6 -

OD of Bacterial (600 nm)
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Per Days

Figure 4.16: Measuring optical density per days with locations sampling M4 to
estimation of bacterial growth potential to degrade WCO

After isolating bacterial its measured Optical density, then isolates from Galing
river water for their ability tested to degrade waste cooking oil by means of degrading a

carbon source on filter paper in a petri dish. As in the Figure 4.17.
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48  TESTING THE ABILITY OF BACTERIA TO DEGRADE WCO AS
CARBON SOURCE

The ability of isolated bacteria to degrade WCO as a carbon source in filter
paper was investigated in this study. The bacteria isolated was spread evenly on a petri
dish, and then placed on filter paper containing WCO. As shown in Figure 4.17 the
clear zone in filter paper was observed, which indicated that WCO was degraded by
isolated bacteria after being incubated for three days.

Figure 4.17: Isolate Bacteria in nutrient agar (NA) to see degrade WCO as carbon
source with zone filter paper analysis (A) poor, (B) moderate and (C)
height

The small clear zone of filter paper is an indicator that the isolated bacteria have
the ability to degrade WCO. This result confirms with the study conducted by (Shalaby,
2011; Hamme et al., 2003; Abdel-Raouf et al., 2012; Oboh et al., 2006; and Wang et
al., 2012). On the other hand, the wide clear zone of filter paper is an indication that
isolated bacteria have lower ability to degrade petroleum as a source of carbon. Table
4.8 shows that all 18 isolated bacteria as the same from Table 4.4 and are able to
degrade WCO as a carbon source. Meanwhile, each of the bacteria exhibit has different
abilities to degrade WCO. The lowest ability to degrade of WCO s attributed to
bacteria in the sample Q, 3, 4, and 8.
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Table 4.8: Test the ability of lipolytic bacteria to degraded waste cooking oil as carbon
source with zone filter paper analysis

Zone Clear Location Sampling

No  Name Sample Petri Dish Sample Group i
1 G +++ (E) N
2 H +++ (F) N
3 J ++ (G) \
4 M +++ (E) N
5 N ot (E) V
6 O +++ (E) N
7 P +++ (A) N
8 Q + (€) \
9 R +++ (H) N
10 S +++ (A) ~
11 T +o0 (A) V
12 U +++ (G) N
13 1 ++ (G) N
14 2 4 (A) v
15 3 + (H) N
16 4 + (H) N
17 6 +++ (E) ~
18 8 + (H) N

*Note: (-) not detected, (+) poor, (++) moderate and (+++) high.

4.9 IDENTIFICATION OF BACTERIA WITH RAPID ONE TEST

The recent invention pertaining to culture media, which is useful for RapID
screening (shown in Figure 4.18) in the field of clinical and environmental cultures in
order to detect some of the most common pathogenic bacteria. The observation of
reactions to these media is meaningful for rapid and economical presumptive diagnoses
of infection that caused by various bacteria. This method is also useful for screening
food and water samples for infection prevention. Even though various additional
applications are being assessed, these useful media are particularly being used for
testing samples which probably contains enteric organisms such as E. coli and
Salmonella species (Widjojoatmodjo et al., 1994).

Testing of samples, bacteria using RaplID one test were from isolates derived
and then tested using test the ability of bacteria to degrade the waste cooking oil using a
carbon source in the filter paper as in Figure 4.17 and Table 4.8. The isolates has a total

14 from 18 isolate, because of it is rapid, only one test has 14 field trials, thus only 14 a
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selected isolates were tested as in Figure 4.18 and table 4.8. The isolates were 4 while
non-selected H, Q, R, and 3, then going into tests using DNA. This is because in
addition to the limited test kits, chemical test is also very sensitive and isolates these
bacteria have a different character to the others, as the composition is more dense and
dry so it is difficult to react. The accuracy of rapid one test on several samples that have
been tested not using rapid one test will be tested using DNA extraction.

Figure 4.18: RapID One Panel testing bacteria

The identification of bacteria using RapID one, were investigated and tabulated
in Table 4.8. From the Table, it shows that the major bacteria identified is Shigella sp,
which is found in 9 samples stain from Galing River. Bacteria Shigella sp. belongs to
pathogenic types which can cause diseases for human. The colonization of the
gastrointestinal tract by these pathogens may lead to diseases, for instance bacillary
dysentery caused by Shigella, diarrhoea, which causes Salmonella, typhoid, and so on.
Many of the bacterial-related diseases are associated with the gastrointestinal tract
which are caused by ingestion of pre-formed toxins which are from contaminated
foods, such as toxins produced by Staphylococcus aurous, Bacillus cereus, Clostridium
botulinum, etc. Furthermore, numerous organisms which have infected the
gastrointestinal tract will release toxins causing the signs and symptoms of disease,
such as cholera, pseudomembranous colitis associated antimicrobial due to
Clostridium, etc. A recent study found that some stereotypes of E. coli, which are
commonly harmless commensal organism residing in the mammals’ intestinal tract

have been acknowledged as important pathogens (Stabili and Cavallo, 2011).
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Testing of bacterial isolates from Galing river was water done using one rapid
test Table 4.8 shows the number of pathogenic bacteria of the type of Shigella sp. This
is in accordance with the water quality index that had been of the previously analyzed
in the river as shown in Figure 4.11. The Galing water quality is at the fourth grade,
while the types of bacteria tests using a rapid one test had detected that Moellerella
wisconsensis, Leminorella grimontii (EG 57), Providencia stuartii, and Acinetobacter
calcoaceticus, isolates obtained 4 types from 18 samples. There are four isolates that
were not detected, namely H, Q, R and 3. To confirm the accuracy RaplD ONE test
several sample that have been tested not using RapID ONE test, were tested using DNA
extraction. While six samples were selected from the results of the RapID One test, that
was samples 4, 6 and O is a sample that was more probability of 99.9%, while the three
others, namely J, M and N is a probability sample of its 62.18%, this RaplD ONE test
was to confirm the test in identifying further using DNA extraction including 4 samples
that were not detected by the test.

Table 4.8: Identifications of Bacteria with RapID One specialization detection for
Gram (-) bacteria from Sample Galing River water

No Name Sample Name Stain Microcode Probability
1 G Shigella sp 0200400 > 99.9%
2 J Shigella sp 0200000 62.81%
3 M Shigella sp 0200000 62.81%
4 N Shigella sp 0200000 62.81%
5 @) Shigella sp 0200400 > 99.9%
6 P Moellerella wisconsensis 0000040 > 99.9%
7 S Shigella sp 0000000 95.39%
8 T Shigella sp 0200000 62.81%
9 U Shigella sp 0200000 62.81%
10 1 Shigella sp 0220000 99.43%
11 2 Moellerella wisconsensis 0000040 > 99.9%
12 4 Leminorella grimontii (EG 57) 0200110 99.77%
13 6 Providencia stuartii 2200110 > 99.9%
14 8 Acinetobacter calcoaceticus 2200000 94.65%
15 H Not detection - -

16 Q Not detection - -

17 R Not detection - -

18 3 Not detection - -
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410 PCR AND DNA (ANALYSIS OF 16S rDNA GENE SEQUENCES AND
PHYLOGENETIC ANALYSIS)

4.10.1 Genomic DNA Extraction

DNA sequencing consists of a number of methods and technologies which were
used to determine the nucleotide base-adenine, guanine, cytosine and thymine in a
DNA molecule. In spite of a time consuming method, DNA sequencing is powerful
tool since it allows scientists to read the nucleic making up of individual genes.
Sequencing information is essential for gene cloning and genetic manipulation
(Aghapour et al., 2013).

The identification of isolated bacteria using DNA extraction method was
presented in Figure 4.19. From the figure, it is shown that DNA was initially extracted
from all samples counting totally for twelve isolated bacteria. These results are
supported by the gel electrophoresis result. The figure of gel electrophoresis indicates
the representative sample (N, 6, Q, H, J, M, O, 4, 3 and R) which were previously

isolated from Galing river water.

N6 QHJMO4 3R 1kb

il

D'.'- !‘Q

DNA EXTRACTION
17/12/2013
10 SAMPLES

Figure 4.19: Aga-rose gel electrophoresis of DNA extraction
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Strain samples 10 of isolates were selected based on preliminary information
that was obtained from rapid one test sample of N, 6, J, M, O and 4, as well as to
confirm its accuracy. While the sample Q, H, 3 and R was derived from testing the
ability of bacteria to degrade a carbon source such as in Table 4.8. Of all samples tested
isolates using DNA Extraction is expected to represent of 8 types group of bacteria
obtained from the isolation of bacteria from Galing river water as shown in Table 4.5.

4.10.2 PCR Amplification with Universal Primers and PCR Product Purification

Biophotometer reading on the concentration of bacteria DNA extraction is
tabulated in Table 4.9. The spectra was previously measured using UV
spectrophotometer upon the light absorbance in the wavelength region of 230 nm to
320 nm. A good quality DNA extraction sample could be identified from this Table.
The purity of sample should exhibit a ratio of absorbance at 260 nm over 280 nm or
Aol Azgo 0F 1.7 t0 2.0 and the value of Aggo/Axgp ratio is above 1.5 (Rasko, 2004). From
the Table 4.9, five of sample stains (consist of sample 6, Q, H, 3 and R) are categorized
in these ranges. Then, the selected bacteria samples are sent for PCR sequencing
analysis. It is based on analysis results of age-rose gel electrophoresis, which states that
the sample 3, H, 6, Q and R are the best sample purity for approaching pure culture and

is eligible to be tested using sequencing PCR analysis.

Table 4.9: Biophotometer reading the concentration of bacterial DNA extraction

Yield Purity (Average Yield)
No  SampleName  o/ml) ~ A260/A280  A260/A230
1 H 454 2.07 1.48
2 ) 26.0 2.05 1.44
3 M 143 1.97 0.64
4 N 6.5 211 0.25
5 Q 123 2.03 0.81
6 R 35.6 2.03 0.54
7 0 2.6 1.94 0.17
8 3 155 2.01 0.64
9 4 437 1.97 0.51
10 6 39.1 2.01 154
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4.10.3 Electrophoresis Visualisation of Extracted DNA and PCR Products

Figure 4.20 illustrates the amplified PCR products sequencing extraction 16S
rRNA, resembling the approximate size of 600 bp. The gel electrophoresis pictures
indicate the representative five samples (3, H, 6, Q, and R) isolated from Galing river
water. All of the representative samples were successfully amplified from bacteria
DNA, which are found in the samples. Samples which were sent for the subsequent
sequencing method were therefore selected based on successful amplification with
either primer set. Out of ten DNA extraction samples, only five selected samples were
sent for PCR analysis. The list of bacteria which were identified using PCR analysis are
tabulated in Table 4.9. The underlying chosen five samples 3, H, Q, 6 and R, it is a
good quality DNA extraction sample that could be identified from this Table 4.9 and
Figure 4.19. And the purity of the sample should exhibit a ratio of absorbance at 260
nm over 280 nm or Azso/Azgo OF 1.7 to 2.0 and the value of Azso/Agsp ratio is above 1.5.
If the quality of DNA extraction is not good or less than the provisions, it will be
difficult to do PCR analysis.

4.10.4 Sequence Analysis and Blast Analysis

The list of bacteria which have potential lipolytic degradation is identified using
DNA sequencing and were tabulated in Table 4.10 the five potential bacteria were
successfully identified, i.e. Providencia stuartii, Bacillus pimilus, Exiquobacterium sp.
and Bacillus antracis. Ames. Out of the five bacteria isolated, only two types of bacteria
which is potential (stain 3 and R), namely Bacillus antracis. Ames. The stain 6 was
identified as a Providencia stuartii. This study result concurs with results using RapID

One (presented in section 4.9).
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Figure 4.20: Gel photo PCR sequencing extraction 16S rRNA, ~ 600 bp partial

The phylogenetic trees of sample of bacteria code (6) is depicted in Figure 4.19.
The bacteria identified from this sample, Providencia stuartii belongs to one of various
species of Gram negative. According to Odeyemi et al. (2013), bacteria of Gram-
negative are likely to have more resistance to various lipophilic as well as amphiphilic

inhibitors compared to bacteria from Gram-positive.

After having the four bacteria identified using DNA sequencing is used of a
laboratory scale to degrade the waste cooking oil, using the formula gravimetric and
FTIR analysis. All bacteria were tested in variations of 1-4% waste cooking oil with the
addition of bacterial isolates variation of 50. 75 and 100 pl, for four days at a
temperature of 30 °C in incubator shaker. This can be seen in Figure 4.26 and Figure
4.28 below.

Table 4.10: Identification bacterial potential degradation lipolytic using DNA
sequencing from sample Galing river water

No Name Sample Results Test Method
Providencia stuartii Sequencing (out-source)
Bacillus pimilus Sequencing (out-source)
Exiquobacterium sp. Sequencing (out-source)
Bacillus antracis. Ames Sequencing (out-source)
Bacillus antracis. Ames Sequencing (out-source)
Done until DNA Extraction only

Done until DNA Extraction only

Done until DNA Extraction only

Done until DNA Extraction only

Done until DNA Extraction only

Boo~vourwnr
PO «ZTWIO®
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The genus Providencia includes urease, which are responsible for a wide range
of infectious diseases to human. In spite of the fact that most infections are caused by
Providencia which entail the urinary tract, these infections also relate to gastroenteritis
and bacteremia. However, their presence in a water system could lead the major health
concerns and may indicate the presence of potential disease-causing bacteria stains, i.e.
pathogens (Paulse et al., 2012). Both of the species (Providencia rettgeri more
occurring than Providencia stuartii) have recently been identified as etiologic agents in
traveler's diarrhea, making travel history important in patients with acute diarrhea and
urinary tract. A common symptom in gastrointestinal infection caused by Providencia
rettgeri is vomiting. Very commonly, patients who have burn injuries are more prone to
wound infection by Providencia (Ash et al. 1993; Huo et al. 2010; Kafilzadeh. et al.
2010). The nine species are currently in the genus Providencia, descending order of
phylogenetic tree, including Providencia stuartii, Providencia sneebia, Providencia
vermicola,  Providencia  rettgeri,  Providencia  heimbachae,  Providencia
burhodogranariea, Moellerella wisconsensis, Providencia alcalifaciens and

Providencia rustigianii.

Providencia sneebia DSM 19967 strain A 16S ribosomal RNA, part...

Providencia stuartii strain ATCC 29914 16S ribosomal RNA, part

K, 600bp

Providencia stuartii MRSN 2154 strain MRSN 2154 16S ribosomal

Providencia vermicola strain OPI 16S ribosomal RNA, complete s...

Providencia rettgeri strain DSM 4542 16S ribosomal RNA, comp...

]7 Providencia heimbachae strain MUA 2-110 16S ribosomal RNA, c...
’7 Providencia burhodogranariea DSM 19968 strain B 16S ribosomal...
{ Moellerella wisconsensis strain 2896-78 16S ribosomal RNA, com..
L’i Providencia alcalifaciens strain Cl P82.90 16S ribosomal RNA, c....

L Providencia rustigianii strain DSM 4541 16S ribosomal RNA, com...

Figure 4.21: Phylogenetic Bacteria code (6) Providencia stuartii by NCBI Blast Tree
Method
One of the isolated sample of bacterial (Q) species is identified as the organism,
Bacillus pumilus, belonging to Gram positive. The phylogenetic trees of which is

depicted in Figure 4.22. A number of biochemical assays which are found in the
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analytical profile index have been used to determine its classification.
Although Bacillus pumilus is amylase, lipase, and protease-positive, this bacterium has
various mechanisms to reduce nitrate, produce gas from glucose, and produce acid from
various sources of carbon, such as arabinose, xylose, glucose, mannitol, and lactose.
Meanwhile, bacteria B. pumilus can remarkably manufacture acetylbutanediol from
acetone, as indicated by a positive result in the Voges-Proskauer test (Xiao, 2009).
Acetylbutanediol belongs to a class of diols which have a significant role in
synthesizing numerous polymers by microbes and also have potential use for
alternative fuel to substitute conventional fossil fuel feedstock. It confirms with
previous study conducted by Paulse et al. (2012), which studied Berg river in South
Africa. Some of Gram positive bacteria consist of various Bacillus sp including
Bacillus pumilus Staphylococcus sp, and the Firmicutes bacterium. All these bacteria

are identified to be present in this river.

Bacillus subtilis subsp. Subtilis str. 168 strain 168 16S ribosomal

Bacillus amyloliquefaciens FZB42 strain FZB42 16S ribosomal R..

Bacillus atrophaeus 1942 strain 1942 16S ribosomal RNA comple..

Bacillus atrophaeus strain JCM9070 16S ribosomal RNA, partial se

Bacillus pumilus strain ATCC7061 16S ribosomal RNA, partial se..

Bacillus altitudinis 41KF2b 16S ribosomal RNA, partial sequence..

—4 Bacillus safensis strain FO-036b 16S ribosomal RNA, partial sque...

Bacillus aerphilus strain 28K 16S ribosomal RNA, partial sequence..

Bacillus stratosphericus strain 41KF2a 16S ribosomal RNA, partial..

Bacillus pumilus SAFR-032 strain SAFR-032 16S ribosomal RNA..

Q.601bp

Figure 4.22: Phylogenetic of Bacterial isolate (Q) Bacillus pimilus by NCBI Blast Tree
Method

The phylogenetic trees of bacteria of the genus Exiguobacterium sp. are presented in
Figure 4.23 Their cells are rod-shaped and these bacteria belongs to Gram-positive
facultative anaerobes that have been repeatedly isolated since very long time.. Some
researchers reported that Exiguobacterium sp exhibits a great potential in wide range of
industrial applications, such as for wastewater treatment, biotechnology,

bioremediation agents, and agricultural applications. Exiguobacterium strain Z8 has an
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ability to neutralize highly alkaline wastewater treatment discharged from textile
industry (Kumar et al., 2006). In addition, Buthelezi (2008) also reported that bacterial
Bioflocculants, such as Pseudomonas plecoglossicida, Staphylococcus aureus,
Pseudomonas pseudoalcaligenes, Klebsiella terrigena, Bacillus subtilis, and also
Exiguobacterium acetylicum, were investigated on their potential to remove dyes
contained in textile wastewater as well as to reduce the microbial load in untreated river
water. Bioflocculants are substance of extracellular polymers which are synthesized by
organisms or living cells. Dhanve et al. (2009) reported in the study that isolated
Exiguobacterium sp required as long as 48 hours for decolorizing sulfonated hike dye
Navy blue HE2R. In the study, Exiguobacterium sp. MG2 was isolated from a river in
Yunnan Province of China as one of the best to degrade malachite green (MG). One of
the most commonly wused dyes is in textile industry, N-methylated
diaminotriphenylmethane has effectively been used for an antifungal agent. Due to its
environmentally harmful impacts and carcinogenic effects to cells of mammals, it has
been a great interest in formulating microbial agents to degrade recalcitrant molecules
of this type (Wang et al., 2012). In another study, it was reported that Exiguobacterium
sp. GS1 grew and significantly reduced Cr (V1) concentration in cultures containing 1 -
9% salt. This result indicates that these bacteria can tolerate high salt concentrated
environment (Okeke, 2008). Other Exiguobacterium stains were also reported to be
able to rapidly reduce Cr®* over a wide range of temperature, pH, and salinity. Sa
(Alam and Malik, 2008). Stain Exiguobacterium sp. 2 exhibited excellent ability to
remove pesticide (Cortés et al., 2006) and stain WK6 was found to have capability to
convert arsenate to arsenite (Anderson and Cook, 2004).
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Exiguobacterium acetylicum strain DSM 20416 16S ribosomal R..

Exiguobacterium sibirikum 255-15 strain 255-15 16S ribosomal R..

Exiguobacterium antarctikum B7 strain Eab7 16S ribosomal RNA..

Exiguobacterium marinum strain TF-80 16S ribosomal RNA, parti..

Exiguobacterium profundum strain 10C 16S ribosomal RNA, parti..

Exiguobacterium aestuarii strain TF-16 16S ribosomal RNA, parti..

Exiguobacterium maxicanum strain 8N 16S ribosomal RNA, comp..
Exiguobacterium aurantiacum strain DSM 6208 16S ribosomal R..
_+: Exiguobacterium aquaticum strain IMTB-3094 16S ribosomal R..

Exiguobacterium sp. AT1b strain AT1b 16S ribosomal RNA, comp..

Figure 4.23: Phylogenetic of Bacterial isolate (H) Exiguobacterium sp. by NCBI Blast
Tree Method

The isolated sample (A) 3 and (B) R were identified using PCR as a Bacillus
anthracis str. Ames. The phylogenetic of bacteria is presented in Figure 4.24. Bacillus
anthracis belongs to a gram-positive bacterium which forms endospore and it has
capability to infect livestock as well as humans (Poretz, 1979). Together with the
protective antigen- a pore-forming unit- virulent stains of Bacillus anthracis can cause
disease by secreting the lethal factor and edema factor toxins, (Stanley et al., 1960; and
Leppla, 1982). The infection spreads to humans mainly through open wound in contact
with products which are derived from contaminated animals, when these materials are
ingested or inhaled (Brachman, 1984). The presence of these bacteria in river water is

mainly from slaughterhouse and livestock surrounding Galing river area.

Bacillus anthracis which is rod in shape, is, 1-1.2um wide and 3-5um long. this
organism resides in soils throughout the world at mesophilic temperatures (Lal and
Tabacchioni, 2009) and can live in both aerobic and anaerobic conditions (facultative
anaerobe) in media providing essential nutrients, such as nitrogen and carbon sources
(Raines et al., 2006). Its cellular size, morphological features, and formation of spore
are identical with Bacillus cereus, Bacillus subtilis, and Bacillus thuringiensis (Raines
et al., 2006).
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(A) 3

Bacillus butanolivorans strain K9 16S ribosomal RNA, partial sequ..

p Bacillus cytotoxicus NVH 391-98 strain NVH 391-98 16S ribosom.

Bacillus anthracis strain ATCC 14578 16S ribosomal RNA, partial..

Bacillus anthracis str. ames strain ames 16S ribosomal RNA, co..

e 3.601bp

Bacillus thuringiensis strain IAM 12077 16S ribosomal RNA, part..

Bacillus cereus ATCC 14579 strain ATCC 14579 16S ribosomal..

Bacillus thuringiensis Bt407 16S ribosomal RNA, complete sequence

Bacillus weihenstephanensis KBAB4 strain KBAB4 16S ribosomal..

Bacillus weihenstephanensis strain DSM11821 16S ribosomal R..

Bacillus mycoides strain 273 16S ribosomal RNA, partial sequence...

(B)R

Bacillus butanolivorans strain K9 16S ribosomal RNA, partial sequ..

D Bacillus cytotoxicus NVH 391-98 strain NVVH 391-98 16S ribosom.

Bacillus anthracis strain ATCC 14578 16S ribosomal RNA, partial..

Bacillus anthracis str. ames strain ames 16S ribosomal RNA, co..

R.601bp

Bacillus thuringiensis strain IAM 12077 16S ribosomal RNA, part..

Bacillus cereus ATCC 14579 strain ATCC 14579 16S ribosomal..

Bacillus thuringiensis Bt407 16S ribosomal RNA, complete sequence

Bacillus weihenstephanensis KBAB4 strain KBAB4 16S ribosomal..

Bacillus weihenstephanensis strain DSM11821 16S ribosomal R..

Bacillus mycoides strain 273 16S ribosomal RNA, partial sequence...

Figure 4.24: Phylogenetic of Bacterial isolate (A) 3 and (B) R Bacillus anthracis str.
Ames by NCBI Blast Tree Method

Furthermore, genome sequencing is useful for vaccines development. As for
anthrax disease, one of the important research areas, one of which is the interactions
between the cells of host's immune system and the spores will reveal a better
understanding. Developing a tool for better detecting spore is also helpful (Liu et al.,
2004). These organisms are referred with other names, such as Bacterium anthracis and
Bacillus cereus var. anthracis, but it is commonly known as "anthrax™ and "anthrax
bacterium"” (Wheeler et al., 2000), These bacteria are also presented in the phylogenetic
tree. Another type of Bacillus sp. such as a Bacillus butanolivorans sp. are used in
industrial applications for the remediation of n-butanol which was reported by Kuisiene
et al. (2008).
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411 BIODEGRADATION OF WCO USING ENRICHMENT BACTERIA
ISOLATES FROM GALING RIVER WATER IN BATCH
PRODUCTION

4.11.1 Determination of Bacteria Growth in Batch Production Using Various
Concentrations of Waste Cooking Oil (WCOQO) to Times Degradation from
M4 Sampling Locations of Galing River Water with Optical Density (OD)
Analysis

The degradation of WCO using bacterial stain isolated from contaminated water
of Galing River was conducted by selective enrichment techniques: Initially, the
microorganisms was aimed to WCO degradation which was widely distributed in
nature. And was isolated from the aquatic ecosystem of Galing River. The degradation
of WCO using bacteria isolated from the M4 (downstream Vistana hotel) was
investigated. There were five bacteria identified, namely Providencia stuartii, Bacillus
pimilus, Exiquobacterium sp., and Bacillus antracis. All isolates of the bacteria were
used to degrade the WCO using media concentration and time as well as variations in
the number of bacterial isolates. The degradation time (1 to 4 days) vary with
concentration of media growing (1 - 4%) at a temperature of incubation conditioned 30
°C. The optical density was measured to determine the ability of bacteria to grow and

degrade WCO as growing media.

The result of optical density measurement in M4 sampling point as shown in
Figure 4.25 reveals that the cell density was initially at low level on the first day. By
the time of measurement, then it significantly increased from the day two to the day
three of observation. In the following three days, the cell density remained relatively
constant, but in the day four, it decreased. The rate of degradation rate marked only a
few percent on the first day, but in the following days, it linearly increased. From the
growth curve, it can be observed that on the first day, the bacteria were adapting with to
the environment which one of the indicators is that they were not able to immediately
grow and reproduce. During this period on the first day, the bacteria requires time to
grow and reproduce in new culture media. The phase where bacterial metabolism and
these was dynamic and rapid formation of new cellular material which occurred on the
second day and the third day, the bacteria grew in logarithmic pattern. In the stationary

phase, the numbers of bacteria were steadily constant starting from the fourth day.
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Figure 4.25: Biodegradation rate of waste cooking oil by isolated bacteria. The
incubation conditions were 30 °C, and the initial WCO concentration
was 1-4% (v/v), all data were resulted from four days incubation during
the process of four days. The sampling location (B): M4 downstream
Vistana hotel

The effect addition to WCO concentration was also investigated. From the
Figure 4.25, it shows that the different concentrations of WCO as growing media affect
the OD value. The highest value of OD on first day reached 2.77 at 4% concentration of
the WCO, but it declined when the concentration of WCO was added up to 4%. The
addition of WCO enriched nutrients to the media, thus the bacteria would degrade
WCO. This result is in line with treatment at M4 sampling point, increasing the time of
degradation could decrease the OD value of bacteria. Meanwhile, increasing WCO
concentration up to 2% in the incubation phase resulted in increasing the OD value.
Yet, by addition up to the 4% was found to decline the OD value.

4.11.2 Degradation of Waste Cooking Oil (WCO) by Different Concentration of
Bacteria from M4 Sampling Locations in Galing River Water with
Gravimetric Analysis

A close relationship between variation bacteria from (M4) 50, 75, 100 pl has been
reported in the literature elsewhere (Latha and Kalaivani, 2012). The gravimetric
analysis of different percentage of bacteria concentration and the percentage of
degraded WCO media as shown in the picture Figure 4.26. Bacteria were identified,
namely Providencia stuartii, Bacillus pimilus, Exiquobacterium sp. and Bacillus

antracis. All isolates growing in a bacteria liquid medium, were used to degrade the
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WCO using media concentration and time as well as variations in the number of
bacterial isolates. By varying the growing media from 0.50, 0.75 to 100 ul with the
bacteria concentration of 1, 2, 3 and 4 wt. %, from variations bacterial isolates and
variation, waste cooking oil in within 4 days of observation, a different curve was
obtained. It indicates the influence of providing treatment of bacterial variation and the

amount of waste cooking oil.

The effect of different concentration of bacteria (50, 75, 100 upl) from M4
sampling points in degrading WCO of various concentrations were from 1 to 4% as
shown in Figure 4.26. The increased concentration from 50 up to 100 pl lead to
increase the percentage of degraded WCO. The highest amount of degraded WCO was
found at 100 ul concentration of bacteria was 4%. Concentration of growing media
indicates a value of 91.39% M4 sampling point. The result is presented in Figure 4.26
(B). The lowest percentage of degraded WCO was shown at bacteria 50 pl with
concentration of 1 %. This result is low due to dense bacteria and WCO as a
hydrocarbon source in a very limited amounts of growing media that will lead to the
competition among the bacteria to obtain nutrient from WCO. Likewise, the variation
bacteria 75 pl also gave similar trend in the effect of had percentage of degraded WCO.
The increasing percentage of WCO concentration increased the degradation rate, while
the increasing concentration of bacteria was observed to increase the percentage of
degraded WCO.

(B) M4
120.00

100.00
21%
80.00
B2%
60.00

©3%
40.00

84%
20.00

Degradation Waste Cooking Oil (WCO %)

0.00

Variation Amount Bacteria (%)

Figure 4.26: Analysis of the effects of variations in 0.50, 75 and 100 pl bacterial to
degradation 1-4% waste cooking oil (WCQO) from point sample (B):
(M4) downstream Vistana hotel in the Galing River



88

Based on the results in Figure 4.27, it shows that the different number of
bacteria to various concentration of WCO from 1 to 4 % has significantly improved the
WCO degradation process. Shalaby and Nour (2012), state that bacteria have the ability
to grow and reproduce only if the main factors such as the availability of nutrients meet
the requirement and an appropriate environment to grow. This result is in accordance
with the existing data that in the sample (M4) the number of bacteria varies by as much
as 50pl shown the number of bar graphs that WCO has continued to rise. At 50 ul of
bacteria, the sample 4% has the highest degradation rate by 57.71 % when compared
with 1 % which has the degradation rate only by 17.08 %, and continues to rise 2% and
3%, 39.99% and 44,61 % respectively, on a various concentration of media. The similar
trend was observed in the variation 75ul it shows the number of degradation had
increased with the increase of addition bacteria, in the fourth variation of media. The
highest number of degradation was recorded at 4% with the value 79.50 and 1%
variation media 34.58 and continues to rise for 2% degradation rate by 45.12 and 3%

degradation rate by 56.65, respectively.

When interpreting the different results from the study, there are also some
factors that should be taken into account. As it has previously been mentioned that the
location (M4) downstream Galing River is located within the neighboring area with
various industrial activities, thus it has a high level of pollution compared with
sampling point which is in no contact with a hotel, shopping center, as well as
residential areas. According to Dhall et al. (2012), the degree of being contaminated of
different locations combined with different source of pollution will result in distinctive
degrading bacteria. Based on the discussion above, we can draw conclusion about the
ability differences in degrading WCO and also determine the other aspects such as
certain type of bacteria recognition, source of contamination which contribute to
environmental recovery. Based on the results presented in Figure 4.27, it can be
observed in the quantity of bacteria, at concentration of WCO 4 % it gives the most

significant improvement in WCO degradation process.

Figure 4.27 reveals that improvement of bacterial degradation capability in
various media. However, the rapid changes in growing media concentration has an
effect on the bacteria 100 pl, and 4% adding WCO which is shown in the sample (M4)
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accounting for 91.39 %. This is much better when compared with the sample bacteria
100 pl which variation WCO 3% which has only 68.01 % rate of degradation. It means
that the degradation rate of bacteria in the sample 100 ul variation WCO 2% is better
compared with sample 1% of the same concentration of bacterial as 100 pl rates of
bacteria 52.87% at 2% variation bacteria and 39.17 % at 1% variation bacteria
respectively, (shown in Figure 4.27). Meanwhile, the degradation ability of each
sample increases at high of every level variation of bacteria and concentrations of

WCO. 4% have a higher degradation rate compared to the variation of 1, 2 and 3%.

However, so far there has been little discussion about the degradation of the
WCO bacteria which is to determine the effect of variations of the number of bacteria
regarding their biodegradation ability. The degree of WCO degradability is shown
based on Figure 4.27. Still, too little attention has been paid to sources of pollution and
bacterial types that can break down contaminants by utilizing resources available from
bacteria at the site of pollutant sources. Most of the research conducted in Kuantan,
Malaysia covered a few parts of regions (Heinaru et al., 2000). Most of the previous
researches were merely focused on identifying sources of pollution rather than
preventing environment from pollution or solely on recovering the polluted areas. In
addition, there are some studies which have found that the surveyed sites had been
contaminated by a variety of wastes. So far this method is only applicable for
monitoring contaminating waste at certain locations. Several studies have established
estimation on bacteria that utilize more effectively pollution sources and have cheaper
costs (Stephen et al., 2005). Still, there is insufficient data to compare waste
degradation ability in isolation from contaminated sources with different concentration

of bacteria as shown in Figure 4.27.
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Figure 4.27: Analysis of the effects of variations in 0.50, 0.75 and 100pl bacterial to %
degradation waste cooking oil from (WCO) point sample (M4)
downstream vistana hotel the Galing River area

Previous literatures written by some experts, such as Laukova et al. (2002),
reported that the bacterium has four phases in its life, namely the first is lag phase or
initial period. The second phase is exponential phase, subsequently stationery and last
phase is death. According Kummerer, 2004; Malik and Ahmed. (2002), contamination
at different locations as well as different sources of pollution will have different
degrading bacteria. It is also related to the variation of bacterial growth media and the
amount of bacteria that is used for waste degradation. Literature also revealed that
many other factors can contribute to this condition, such as effect of treatment, media,

environmental conditions, type and amount of bacterial colony.

412 CHARACTERIZATION OF WASTE COOKING OIL DEGRADED
WITH BACTERIA ISOLATES USING FT-IR ANALYSIS

Characterization of waste cooking oil in advanced research aims to determine
the peaks of the waste cooking oil after the treatments using bacteria, the peaks
mentioned are ability of bacteria in the reduction of chemical substances that are
naturally reduced, thus requiring the degrading microorganisms to be able to break
down in the environment polluted. Testing bacteria to degrade the waste cooking oil

using FTIR analysis can be seen in the Figure 4.28. Gravimetric method uses the
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difference analysis by FTIR analysis, namely: gravimetric is to determine the amount
of oil that is degraded while FTIR analysis is to determine the peaks waste cooking oil
in reduction to be easily biodegradable in the environment. Characterization WCO by
FTIR analysis use the isolation of bacteria originating from the M4, ie Providencia
stuartii, Bacillus pumilus, Exiguobacterium sp., and Bacillus anthracis Ames in a single
test.

In order to determine the effect of the microbial addition in the biodegradation
WCO, which is Providencia stuartii, Bacillus pumilus, Exiguobacterium sp., and
Bacillus anthracis Ames, the experiments with varying microbial concentration (50, 75
and 100 ul) and various WCO (1-4%) amount were conducted under the optimal
reaction conditions. The trend from the Figure 4.27 was shown by the addition of
microbial in the batch production, new peak at several wavenumber was observed, and
it means the microbial has the capability to degrade the WCO. From the Figure 4.28,
the new peaks were observed at 721 and 869 cm-1 showed the presence of aromatic
compound due to benzene ring. Band at 1646 cm-1 is attributed the olefins group
(C=C), peaks of 2028 are attributed the C=0 group, peak at 2324 cm-1 is attributed of
the CO oxidation products such as physisorbed CO2 peaks of 2727 cm-1 due to C-H
deformation, conjugated cyclic and CHO are also observed. It can be assumed that the
C=C aromatic bonds presence were after the addition of bacteria and converted as

aliphatic C=C stretching bond to aromatic.

FTIR provides a quick and accurate way to evaluating structural changes of
waste cooking oil (WCO) subjected to degradation by bacteria (Chuanhao, 1999). The
effect of biodegradation WCO by bacteria isolated from Galling river water namely M4
(downstream Vistana hotel) was observed using FTIR spectrophotometer. Infrared of
the WCO and residual oil reveals several absorption peaks and shifts in the maximum
wavelength of transmittance which confirms the modification of the original oil by
microbial treatment (Figure 4.28). The IR spectra of WCO (origin) in all. Figure 4.28
shows the characteristics bands at 3478, 2927, and 2675 cm-1 is attributed to the
symmetric stretching vibration of the aliphatic CH2 and CH3 group; 1750 cm-1 band
is attributed to C=C stretch in aromatic nuclei and 1465 cm-1 assigned to the

vibrations of deformation &(C H); band at 1380 cm-1 assigned to deformation vibration
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of methylene group; 1162 cm-1 is characteristic to vibration of C=0 bonds, and 1106
cm-1 are assigned to vibration of C=C bonds of carbohydrate chain from oil
composition. All bands in WCO are matched with characteristic spectra IR for cooking
oil (Biswal and Bhadouriya, 2012, Poiana et al.,2012).

(A) 50 pL

174 1%

2324 2028

Transmittance (%)

3%
4%

WCOo

3900 3400 2900 2400 1900 1400 900 400
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Figure 4.28: FTIR spectrum of different concentrations of waste palm cooking; (A)
50, (B) 75 and (C) 100 pl, with varied addition (1-4%) of bacteria in
point M4 downstream vistana hotel from Galing River

The FTIR spectra of the various bacteria loading (50, 75 and 100 pl) in the
Figure 4.28 shows a similar trend. In contrast, the addition of various WCO (1-4%) has
shown a different depict FTIR spectra, with decrease in the amount of oil content
showing the changes of the FTIR spectra. It can be concluded the microbial from M4
(Providencia stuartii, Bacillus pumilus, Exiguobacterium sp., and Bacillus anthracis.
Ames) has a capability in the degradation of hydrocarbon (oil). In line with (Maliji et
al., (2013) reported Bacillus sp. has shown a maximum diesel oil degradation (82.41%
and 81.56% of aliphatic and aromatic hydrocarbons) after 2 days incubation.
Furthermore Providencia sp demonstrates effectiveness in diesel oil degradation
(Ganesh & Lin 2009).
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Figure 4.28: Countinued

This work contributes in solving problems with the knowledge of river water
being contaminated. By various wastes the results of the study provide an overview of
data analysis and provide a discussion of which is supported by a variety of sources.
This study consisted of four sampling locations along the Galing River of the industrial
area Semambu. The parameters analysis of water quality standard, namely the Physical,
Chemical and biological, including pH, temperature, DO, BOD, COD, SS, and AN, and
then of the isolation bacteria from water samples, using the agar plate, and to do
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screening using gram strain of bacteria obtained names; Pseudomonas sp., Bacillus sp,
Staphylococcus sp., Escherichia coli, Salmonella sp., Shigella sp., Providencia sp., and
Clostridium, bacteria the successfully in isolation breeding be composed a very good
growth, these is measured CFU and optical density. Bacteria are grown well in
degrading waste using Phenol Red lipolytic test, Rhodamine B, MacConkey Agar, and
Rapid One bacteria are obtained; Acinetobacter calcoaceticus, Leminorella grimontii
(EG 57), Shigella sp., Providencia stuartii, and Moellerella wisconsensis. The next
analysis is to use your identification of bacteria-Specific PCR to obtain names are the
names of Providencia stuartii obtained bacteria, Bacillus pimilus, Exiquobacterium sp.,
and Bacillus antracis. Names of bacteria that have the ability to degrade the waste is
then tested in a laboratory scale test for the waste cooking oil discusses the degradation
of FT-IR and Gravimetric analysis. Chapter 4 results and discussion, the conclusions

and suggestions are on the next chapter 5.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

51 CONCLUSION

Based on the experiments, there are some research outcomes which can be

summarized as listed below.

The characteristics of biological, chemical and the physical parameter of Galing
river water were obtained. Based on research conducted using the formula WQI method
of calculating the value of pH, DO, BOD, COD, SS, and AN, it can be concluded that
the water quality was observed by sampling four locations, namely: M1 Street industrial
Semambu included in class IV, M2 Drain Lorong setali included in class Ill, and M3
Drain Street Galing included in class 1V, while the most pollutants from the fourth
location of namely M4 Downstream sample Vistana Hotel with value 32.61 WQI.
Galing river water also contains the most pollutants is oil and grease which were at the
location of the M4 with a value of 14 mg / L, while the cleanest currently on M1 with a
value of 2 mg / L, while M2 and M3 respectively 4 mg / L and 7 mg / L based on an

analysis method by (APHA) American public health association.

The isolation and identification of potential lipolytic bacteria originating from
the location of the M4 downstream Vistana hotel at the Galing River water, was
obtained using several ways, namely: Identification by using the agar plate. screening
process was performed using gram strain, Measurement of the optical density and CFU
had obtained 8 groups, Pseudomonas sp., Bacillus sp., Staphylococcus sp., Escherichia
coli, Salmonella sp., Shigella sp., Providencia sp., and Clostridium. Then the bacteria

tested using Phenol Red, Rhodamine B, MacConkey agar, and rapid one test. The tests
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were chosen as a biochemical test for initial identification, as it is a simple and fast
method to identify bacteria. The test results indicated a possibility of utilizing the stains,
namely; Acinetobacter calcoaceticus, Leminorella grimontii (EG 57), Shigella sp.,
Providencia stuartii, and Moellerella wisconsensis. The next analysis was carried out to
identify DNA and PCR of specific bacteria. This test obtained data: such as Providencia

stuartii, Bacillus pimilus, Exiquobacterium sp., and Bacillus antracis.

The measurement of lipolytic bacteria was capable of degrading the waste
cooking oil sources (WCO) in batch production based on data observed optical density
and gravimetric analysis, and then seen by the degradation of WCO using FTIR method.
Based on the analysis it was found, namely: The maximum OD value of 2.77 at a
concentration of 4% on the first day. Whereas gravimetric analysis had a maximum
value of 91.39% degradation in 100 ml variation bacteria and 4% WCO, respectively
79.50% degradation in 75 pl variation bacteria and 57.71% in 50 ml bacterial variation.
It is grounded in a variety of media (50, 75 and 100 pl) of bacteria and 1-4% WCO.
While the minimum value of the variation of 50 ul bacteria and 1% WCO degradation
17:08%, respectively, than 34.58% degradation in 75 pl bacteria variations. And
39.17% degradation in the variation of bacteria 100 ml WCO. This trend continues to
increase from 1-4% with variation bacterial of (50, 75 and 100 ul). While the
degradation of WCO using FTIR was obtained, the new peaks were observed at 721 and
869 cm™ and was shown in the presence of aromatic compound due to a benzene ring.
The peak at 2324 cm™ is attributed of the CO oxidation products such as physisorbed
CO, peaks of 2727 cm™ due to C-H deformation, conjugated cyclic and CHO are also
observed. It can be assumed that the C=C aromatic bonds presence after the addition of
bacteria and converted as aliphatic C=C stretching bond to aromatic. FTIR provides a
quick and accurate way to evaluating structural changes of waste cooking oil (WCO)
subjected to degradation with bacteria. Absorption peaks and shifts in the maximum
wavelength of transmittance which confirms the modification of the original oil by

microbial treatment.
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5.2 RECOMMENDATION

Though the research had successfully investigated a series of experiments on
studies on Galing river water: isolation, identification of lipolytic bacteria and
biodegradation of water quality in Kuantan, Pahang, a number of recommendations are

proposed to enhance the whole research as listed below:

1. It is required to be more active in monitoring river for the one-year system.
Emphasis should be taken with the effluent standard discharge into the river as a
good water management indication. Improvement of a policy for the preservation of
the river system, which will be responsible for controlling the pollution in the river

should be executed.

2. An online monitoring system is to be installed by the authority to monitor the

pollution discharge by all the industrial wastewater stakeholders.

3. For further research, more work are needed in isolation. For example, the use of
different media should be tested, by adding or removing some compounds to verify
what bacteria which is able to survive or be dead in each case.

4. The identification should be supplemented in terms of some basic conventional
biochemical test, in order to complement the result from RapID ONE. In the same
way, a thorough and complete Gram staining and biochemical test for all the
eighteen bacterial isolates should be conducted to investigate the potential lipolytic

of each and every bacterium found in this research.
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APPENDICES

APPENDIX A

INTERIM NATIONAL WATER QUALITY STANDARDS FOR MALAYSIA

(INWQS)

Parameters  (Units) Classes

| NA/1IB ne IV V
Al mg/I - (0.06) 0.5
As mg/I 0.05 0.4 (0.05) 0.1
Ba mg/l 1 - -
Cd mg/I 0.01 0.01* (0.001) 0.01
Cr(VI) mg/l 0.01 1.4 (0.05) 0.1
cr(llly mgl N 005 25 i L
Cu mg/l 1 - 0.2 E
Hardness mg/l 250 - -

A
Ca mg/l - - - v
Mg mg/l - - -
Na mg/l T - - 3 SAR E
K mg/I - - -
Fe mg/l v 0.3 1 1 (leaf) 5 L

R (others) S
Pb mg/I 0.05 0.02* (0.01) 5
Mn mg/l A 0.1 0.2 0.2
Hg mg/I 0.001 0.004 (0.0001) 0.002
Ni mg/I 0.05 0.9* 0.2 A
Se mg/I L 0.01 0.25 0.02
Ag mg/I 0.05 0.0002 - B
Sn mg/l - 0.004 -
U mg/I - - - O
Zn mg/l 5 0.4* 2
B mg/l 1 (3.4) 0.8 \4
Cl mg/I 200 - 80
Cl, mg/l L - (0.02) - E
CN mg/I 0.02 0.06 (0.02) -
F mg/I £ 1.5 10 1
NO; mg/I 0.4 0.4 (0.03) -
NO3 mg/I 7 - 5 \Vi
P mg/I v 02 0.1
Si mg/l 50 - -
SO, mg/l. E 250 - -
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S
CO;

Gross-a
Gross-b
Ra-266

Sr-90

mg/I 0.05 (0.001) -
mg/l - - -
Byl L 01 i ;
Ba/l 1 - -
B/l <0.1 - -
Ba/l <1 - -

* = At hardness 50 mg/l CaCOs
# = Maximum (unbracket) and 24 - hour average (bracketed) concentrations
N = Free from visible film sheen, discoloration and deposits

Note:-

O ®

A

1B
0l

Maximum (unbracketed) and 24-hour average (bracketed)
concentrations

Uses
Conservation of natural environment

Water supply | - practically no treatment necessary (except by
disinfection of boiling only) Fishery | - very sensitive aquatic
species

Water supply Il - conventional treatment required

Fishery Il sensitive aquatic species

Recreational use with body contact

Water supply Il - extensive treatment required

Fishery Ill - common, of economic value and tolerant species
Irrigation

None of the above
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APPENDIX C

COMMERCIAL KITS FOR PCR

G.1: G-Spin Genomic DNA Extraction Kit (For Bacterial) (INtRON Biotechnology,
INC, 2010)

Kit Contents: Pre-buffer, G-buffer, Binding Buffer, Washing Buffer A, Washing Buffer
B, Elution Buffer, Columns Containing Silica-Membrane, Collection
Tubes (Polypropylene Tube), Lysozyme Stock Solution, Proteinase K
Stock Solution, Proteinase K Stock Solution.

G.2: MEGA quick-spin PCR & Agarose gel Extraction System (iNtRON Biocenology,
INC, 2010)
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APPENDIX D

1 KB PLUS DNA LADDER STANDARD PICTURE

- —N
—
—
—
N
N’
R
—

Structure of Fragments in 1-Kb Increments:

5'-GATCC G
G CCTAG-5'
[ —
(996 bp)y
Notes:

During 1% agarose gel electrophoresis with Tris-
acetate (pH 7.5) as the running buffer. bromophenol
blue migrates together with the 500 bp band.

The 1650 bp band 1s generated from pUC. The bands
smaller than 1000 bp are denived from lambda DNA.

1 Kb Plus DNA Ladder

0.7 pug/lane
0.9% agarose gel

stained with ethidium bromide
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APPENDIX E

GRAM -STAINING REAGENTS

Crystal violet

Crystal violet 85% dye
95% ethyl alcohol

Mix and dissolve.
Ammonium oxalate

Distilled water

Gram’s iodine solution
lodine crystals
Potassium iodide

Distilled water

Store in an amber bottle; discard when the color begins to fade.

Safranin solution
Safranin
95% ethyl alcohol

29
20 ml

08¢
80.0 ml

lg
29
300 ml

259
100.0 ml

121

For a working solution, dilute stock solution 1/10 (10 ml of stock safranin to 90

ml of distilled water).
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APPENDIX F

KIT COMPONENT GF-1 BACTERIAL DNA EXTRACTION KIT

Kit component

Product 5 Preps 50 Preps 100 Preps
Catalog No. SAMPLE GF-BA-050 GF-BA-100
Components

GF-1 columns 5 50 100
Collection tubes 5 50 100
Resuspension Buffer 1 1ml 8 mi 15 ml
(Buffer R1)

Resuspension Buffer 2 1.5 ml 12 ml 24 ml
(Buffer R2)

Bacterial Genomic Binding 4 ml 28 ml 56 ml
Buffer (Buffer BG)

Wash Buffer 2.4 ml 17 ml 34 ml
Elution Buffer 1.5 ml 10 ml 20 ml
Proteinase K* 0.11 mi 1.05 ml 2 x1.05 ml
Handbook 1 1 1

* Please refer to Reconstitution of Solutions and Storage and Stability before using this
Kit.
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APPENDIX G

FLOW CHAT METHOD BACTERIAL DNA EXTRACTION

Resuspension Lysozyme Treatment  Centrifugation Protein Denaturation

Resuspand cells In Add 10-20,4 3 Centrffuge at » Fesuspend calsin >
100;4 Buffier R1. ) Lysozyme andd 10000 x g 3 min, 1804 Buffer R2 .
mix gery. Decart supernastant, Add 20ud Proteinase K
Incubate 37°C, 20mn, Incubale ol B5°C, 20 min
Optional: Removal of RNA Homogenization Addition of ethanol
Add Z20u] RNase A Add 2 volumes Bufer 86 Add 20044 abeck te
Incubale 37°C. 5 min - and max haroughly =P attvrol and mix >
Incubate at 65°C, 10 ma mmedately
* *
1B
10000 x g > [1000xg) —»
> 1mn = ' 1min
Loading to column Centrifuge Column Washing Centrifuge
Transder samgle Discardfow fvough  Add 750, WashBufler  Discat fow trough
o i
*
10000xg) -3 [10000xg
1min 1min
Column Drying Blution Centrifuge
Terslercdimnioanew S DNAR4"Cor-20°C
microcentrifuge tube
Add 501004 Eluion Buffer
or wasler, Stand for 2 min

2! a fixed position during centrifugation.



Waste Cooking oil
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APPENDIX H

FLOW CHAT SCHEMATIC PROCESSES STEP APPLICATION BATCH
PRODUCTION
Isolation Phase 1 :l> Isolates Phase 1

—)

~z

Degradation “Waste Cooking oil” to Isolates Phase 1

Waste Cooking oil

~~

Degradation Residual “Waste Cooking oil” to Isolates

Phase 1
~~

Isolation Phase 2 : Isolates Phase 2

<~

Waste Cooking oil

Degradation “Waste cooking oil” Residual Phase 1 to
Isolates Phase 2

\V

Degradation Residual “Waste Cooking oil” to Isolates

Phase 2
~z

Isolation Phase 3 ::> Isolates Phase 3

~~

Degradation “Waste cooking oil”” Residual Phase 2 to
Isolates Phase 3

~

Degradation Residual “Waste Cooking oil” to Isolates
Phase 3
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FLOW CHART METHOD THE OVERALL PROCEDURE DEPICTED IN PRESENT
STUDY A FLOW CHART IS GIVEN BELOW

Water Galing River as samples will collected using sterile glass bottles with methods Depth
Integrated Sample at station (M1) Street Industrial Semambu 4, (M2) Drain Lorong Setali
60, (M3) Drain Street Galing 33 and (M4) Downstream Vistana in Galing River, Kuantan

v

v

Isolation of bactéria from water sample

Water Galing river diluted
from 10", 10° 107
dilution factor

o

100 pl from each dilution,
inoculated
containing nutrient agar

into petri dished

v

colonies

Accounting of |

Incubated of petri dished
at 37 °C for 24 h

y

A

Gultivation and morphological of bacteria

v . B
Successful of bacteria

isolation, then sub-cultured
in petri dish

A 4

Identificated isolated of

Identification of water Galing
River: pH, temperature, DO
(Dissolved  Oxygen), BOD
(Biochemical oxygen demand)
COD (Chemical oxygen
demand), NH;  (Nitrogen
Ammonia), TSS (Total
suspended solids), Iron (Fe),
E.coli, and Oil & Grease.

bacteria with gram straining
procedure

}

Classification of bacteria by Bergey’s
Manual determinative bacteriology

y

A

v

Growth bacteria in culture medium

Take amount of bacteria from

Incubation of sample in

sub-culture, then put into
flask contained nutrient broth

A 4

incubator shaker at 37 °C
until 24 h

The sample with growth
bacteria showed by turbid
color in the sample

v

Incubation all of sample at 37 °C
until 24 h. Counting number  of
bacteria in plate counter or see in
UV lamp

Add each 1 ml sample with turbid
color into 3 petri dish containing
phenol red, Rhodamine B,
MacConkey Agar, respectively.

v

Prepare of flask 100 ml, add bacteria 50, 75 and 100 pl
and medium culture with comparison 1%; 2%; 3%; 4%.

Batch Production

Measuring by spectrometer

A 4

Media culture namely: stone mineral salt solution
enrich (SMSSe) and Waste cooking oil.

to know grow of bacteria




ATTACHMENT

Process for calculating WQI

Collect water sample

!

Measurement or the six

In — Situ Measurements Laboratory analysis of
| collected sample

v

Data used to calculate individual
parameter quality index of grouped to

—

Individual parameter score Group scope using all six
based on the River Water parameters (Water Quality
Quality Standards for Index)
| |
L 4

Determine the River Quality
STATUS under the National Water
Quality Standards for Malaysia

!

| Classified Into Class I IA. 11B. 111. |
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