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ABSTRACT

Three bacteria isolates (A, B and C) previously shown to biodegrade hydrocarbons
were subjected to cadmium (Cd) toxicity test at 0.1 mg/L and 1.0 mg/L. Of the three
isolates, only two (isolates A and C) were observed to survive Cd at the two tested
concentration. Increasing the Cd concentration 10 times higher from 0.1 mg/L to 1.0
mg/L did not inhibit the growth of both. isolates (p>0.05). However isolate C showed
the highest growth (p<0.05) at the highest concentration of Cd tested at 1.0 mg/L,
which is 100 times higher than the permissible limit for Cd in industrial effluent
according to the Malaysian Environmental Quality Regulatlons Gram staining results
showed that isolate C to be Gram negative. DNA was successfully extracted from
isolate C, visualized as a single band on 1.2% agarose gel. Amplification of the DNA
extracted using primers targeting the 16s rDNA region yielded a band size of 1500 bp.
The PCR product was sequenced and the sequence obtained was used successfully to

construct a phylogenetic {ree, identifying the Cd resistant bacteria to be Pseudomonas

aerugingsd.
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CHAPTER 1

INTRODUCTION

Major sources of energy come from crude oil which can be used as fuel for
transportation and also generation of electricity. Because of this, frequent exportation
and importation of this commodity lcad;s to accidental spills. The seriousness of crude
oil pollution can be seen whereby an estimated volume of 41,000 to 119,000 m’ of
crude oil spill from Exxon Valdez polluted the sea in Prince William Sound, Alaska
in 1989 (Atlas & Bartha, 1997). Crude oil constjtuted of various hydrocarbon that are
- known carcinogens and neurotoxihs that have deleterious effects on the biota (Das &

Chandran, 2011), which is why removing hydrocarbon as a pollutant from the

environment is important. Malaysia, a major crude oil producer is also susceptible to

oil spills during extraction and refinery processes.

Bioremediation has currently contributed greatly to solve problems involving
pollution. According to the United States Environmental Protection Agency (EPA),
bioremediation is a process of breaking down pollutants into less toxic or to a non-
toxic substance using organisms (Epa.gov, 1998). In the case of crude oil
hydrocarbons, many bacteria have been reported to degrade hydrocarbons into smaller
and less harmful constituents such as carbon dioxide, water and also minerals (Salleh
et al., 2003). Some of the most common bacteria with hydrocarbon degradative
abilities are Pseudomonas sp, Bacillus sp, and Micrococcus sp. (Wong et al, 2015;
Paramanik & Rajalakshmi, 2013). However, the effectiveness of bacteria to degrade
hydrocarbon can be compromised when there are other pollutants present in the
contaminated area. Among the major co-contaminants found in the hydrocarbon-

associated environment are heavy metals (Wong et al., 2013).

Heavy metals are commonly reported to co-contaminate industrial effluent and

oil rigs (Abioye, 2011). The concentration and type of heavy metals determine the

|

level of bacterial inhibition in the environment (Amor, Kennes & Veiga, 2001). Of the

heavy metals, cadmium (Cd) is reported to inhibit hydrocarbon-degradative enzymes




* of bacteria, this will impede the biodegradation process (Wong et al., 2013). Thus, the

objective of this experiment is to select bacteria that can biodegrade hydrocarbons in

the presence of Cd and identify it via phylogenetic analysis.



CHAPTER 2

LITERATURE REVIEW

2.1 CRUDE OIL

Crude oil is fractionated into petrolemﬁ products such as fuel, raw materials to make
plastics and industrial lubricants (Mahvi & Bazrafshan, 2007). Despite the numerous
‘benefit of crude oil petroleum to ease human activities, it also has tremendous
.'.negative effect on the environment and biota. .Crude oil mostly consists of
i’.h'ydrocarbons (95%) and the remaining five perc.ent.' are made up of small amounts of
.xygen, sulphur and traces of heavy metals (Salleh et al., 2003). Crude oil also
consists of some polycyclic aromatic hydrocarbons (PAHs) compound (Domask,
1984). Substances that contains PAHs are dangerous to humans as they increase the

risk of getting cancer (Bostrdm et al., 2002).

Oil spills in water is ldamaging as it affects the aquatic ecosystem when it
tarts to bioaccumulate in the food chain, affecting the biochemical and also
: i)hysiological activity of organism (Cairns and Buikema, 1984: Onwurah et al., 2007).
In marine animals, bioaccumulation of crude oil containing chemical residues such as
PAHs can lead to fatality to the organism via generation of radical oxygen (Calfee et
al., 1999; Heintz et al.,, 1999). Oil spill containing PAHs exposed to solar UV
radiation will generate singlet oxygen, '0, via photosensitization {Babu et al., 2002).
The direct reactions of 'O, and the PAH will form unstable endoperoxides, and
further rearrangement and oxidation of the endoperoxides will produce toxic quinones
(Yu, 2002). Quinones are reported to have deleterious effect on the growth and

survival rate of aquatic organism (Barbee et al., 1996).
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Figure 2.1  Production of '0, during photosensitization of PAHs (Babu et al,
. 2002).

2.2 CRUDE OIL CONTAMINATION IN THE ENVIRONMENT

Figure 2.2 shows the global input of oil contamination to the marine environment
(ITOPF 2008). Accidental releases due to tanker accidents, offshore oil drilling,
- operational discharges and industrial discharges contribute 84% of the total estimated
_global input of crude oil contamination to the marine environment. The rest in much

smaller amounts are contributed by natural seepage and through airborne.
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Figure 2.2  Estimated global input of oil contamination to the marine environment
from various sources. Adapted from ITOPF 2008
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