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ABSTRACT

Oil spill is one of the environmental pollutions that commonly occurs along the
coastal area. Tar-balls are one of the products come from the oil spill pollution. Tar-
balls pollution was monitored at 10 points along the coastline of Marintaman Beach
at Sipitang, Sabah were observed weekly in February 2016. This study is aimed to
determine the physical characteristics, composition and concentration of Polycyclic
Aromatic Hydrocarbons (PAHs) of the existence of tar balls in that monitored week.
The total of tar-balls collected were 227 pieces (n=227). The shape of collected tar-
balls was not irregular shape and the sizes of the tar-balls in range of 0.1 cm to 6.9
cm. The composition and concentration of PAHs in outer and inner layer of tar-ball
was determined, top three compounds are benzo [g,h,i] perylene (196.58 ppm),
flourene (141.8 ppm), dibenzo [a,h] anthracene (101.95 ppm), and indeno [1,2,3-
¢,d] pyrene (85.49 ppm) and they are highly found in the inner layers of the sample.
The biodegradation efficiency, rate and environmental parameters were determined
during the biodegradation of tar-balls by LIBeM in liquid formulation. The
biodegradation Consortia LIBeM (C. tropicalisRETL-Crl + C. violaceum-MAB- Crl
+ P. aeruginosa-BAS-Crl) showed the degradation of TPH of natural attenuation
were 81%-fold with 83.36% and 19.11% respectively after 84-day periods. For CFU,
the range of cell counts that suit the treatment was exceeding to 10* with
maximum value recorded 5.0 x 107 CFU/mL . For pH, it was observed that the tar-
balls treated well with consortia LIBeM and recorded an average pH was

6.00 to 6.86 respectively during the treatment. The treatment of tar-balls that
treated with LIBeM consortia were recorded the soil moisture was below the range
with 8% to 9%. For temperature the trends of temperature in tar-balls treatment
with consortia LIBeM not showed a large deviation in the range 28-34°C. The
biodegradation profile and ratio were monitored using the Gas Chromatography-
Mass Spectrometry (GC-MS). The ratio shows that the biodegradation of treatment
tar-balls had taken place during the specified biodegradation study. ASP-
Biodegradation by LIBeM-LIQ formulation of C. tropicalis RETL-Crl, P. aeruginosa
BAS-Crl and C. valaceurn MAB-Crl has a great potential as an integrated approach

for treatment of tar-balls after oil-spill in marine ecosystem.
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ABSTRAK

KARAKTERASI DAN BIOAUGMENTASI TERHADAP BEBOLA TAR YANG
TERDAMPAR DI PANTAI MARINTAMAN SIPITANG SABAH DENGAN
MENGGUNAKAN KELEBIHAN MIKROORGANISMA ISOLASI TEMPATAN

(LIBeM)

Tumpahan minyak merupakan salah satu pencemaran alam sekitar yang sering
terjadi di sepanjang kawasan pantai. Bebola tar adalah satu produk yang terjadi
dari tumpahan minyak. Pencemaran bebola tar telah di kaji pada 10 lokasi
penyelidikan sepanjang pantai Pantai Marintaman di Sipitang, Sabah dan di kaji
pada setiap minggu dalam bulan Februari 2016. Kajian ini bertujuan untuk
menentukan ciri-ciri fizikal, komposisi serta kepekatan hidrokarbon aromatic
polisiklik (PAHs) dan kewujudan bebola tar dalam minggu yang dipantau. Jumlah
bebola tar yang dikumpul adalah 227 biji bebola tar (n = 227). Bentuk bebola tar
yang terkumpul mempunyai bentuk yang tidak teratur dan saiz bebola tar adalah
dalam jarak antara 0.1 cm hingga 6.9 cm. Komposisi dan kepekatan PAH dalam
lapisan luar dan dalam bebola tar telah di analisis, terdapat tiga kompaun utama
iaitu benzo [g, h, i] perilene (196.58 ppm), flourene (141.8 ppm), dibenzo [a, h]
anthracene 101.95 ppm), dan indeno [1,2,3-c, d] pyrene (85.49 ppm) dan didapati
compound tersebut mempunya jumlah yang tinggi dalam lapisan dalam sampel.
Kecekapan biodegradasi, kadar dan parameter alam sekitar juga di analisis semasa
biodegradasi bebola tar oleh LIBeM dalam formulasi cair. Biodegradasi campuran
LIBeM (C. tropicalisRETL-Crl + C. violaceum-MAB-Crl + P. aeruginosa-BAS-Crl)
menunjukkan kemerosotan TPH adalah 81% kali ganda dengan pelemahan
semulajadi dengan 83.36% dan 19.11% tempoh masa. Bagi CFU, julat jumlah sel
yang sesuai dengan rawatan melebihi 10* dengan nilai maksimum yang direkodkan
5.0 x 107 CFU / mL. Untuk pH, diperhatikan bahawa bebola tar yang dirawat baik
dengan campuran LIBeM dan mencatat pH purata adalah 6.00 hingga 6.86 masing-
masing semasa rawatan. Rawatan bebola tar yang dirawat dengan campuran
LIBeM dicatatkan kelembapan tanah berada di bawah julat dengan 8% hingga 9%.
Untuk suhu trend suhu dalam rawatan bebola tar dengan campuran LIBeM tidak
menunjukkan sisihan besar dalam julat 28-34 °© C. Profil dan nisbah biodegradasi
dipantau dengan menggunakan Gas Chromatography-Mass Spectrometry (GC-MS).

Nisbah biodegradasi menunjukkan telah berlaku sepanjang tempoh degradasi. ASP-
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Biodegradasi oleh penggubalan LIBeM-LIQ C. tropikal RETL-Cr1, P. aeruginosa BAS-
Crl dan C. valaceum MAB-Crl mempunyai potensi yang besar sebagai pendekatan
bersepadu untuk rawatan bola tar selepas tumpahan minyak dalam ekosistem laut.

viii



TABLE OF CONTENT

TITLE
DECLARATION
CERTIFICATION
ACKNOWLEDGMENT
ABSTRACT
ABSTRAK
TABLE OF CONTENT
LIST OF TABLES
LIST OF FIGURES
LIST OF ABBREVIATIONS
LIST OF SYMBOLS
LIST OF FORMULA
LIST OF APPENDICES
CHAPTER 1 : INTRODUCTION
1.1  Introduction
1.2 Problem Statements
1.3  Research Objectives
1.4  Scope of Study
1.5 Significant of Study
CHAPTER 2: LITERATURE REVIEW
2.1 Malaysia

2.1.1 Meteorology

2.2 Hydrocarbon

2.2.1 Physical and Chemical Properties of Hydrocarbon

Vi

vii

Xiii

XV

XVii

XViii

XiX

XX

12



2.3

2.4

2.5

2.6

2.7

2.8

2.2.2 Alkanes

2.2.3 PAHs

2.2.4  Sources of Polycyclic aromatic hydrocarbons
(PAHs)

2.2.5 Characteristics and properties of polycyclic

aromatic hydrocarbons (PAHS)

2.2.6 Toxicity of Polycyclic Aromatic Hydrocarbon
(PAHSs)

2.2.7 Toxicity Equivalence Factor (TEF)

Petroleum Hydrocarbon
2.3.1 Refined Products of Petroleum Hydrocarbons
Sources of Petroleum Hydrocarbon
2.4.1 Natural Sources
2.4.2 Anthropogenic Sources
Petroleum Hydrocarbon Contamination in Environment
2:58=Sel
2.5.2 Water
2.5.3 Biomarker
2.5.3.1 PAHs Application as Biomarker in Malaysia
Oil Spill in Marine Environment
Sources of Oil Pollution in Marine Environment

Environmental Hazard of Qil Spill

2.8.1 Human Health
2.8.2 Marine Life

2.8.3 Marine Habitats

2.9 OQil Analysis Protocols

14

17

19

22

24

26

26

27

28

29

29

30

30

30

31

33

33

34

38

39

40

42

43

45



2.10 Oil Spill Analysis
2.11 Qil Pollution Policies
2.12 Fate of Spilled Qil in Marine Environment
2.12.1 Spreading
2.12.2 Evaporation
2.12.3 Dispersion
2.12.4 Emulsification
2.12.5 Dissolution
2.12.6 Photo-Oxidation
2.12.7 Biodegradation
2.12.8 Sedimentation / Sinking

2.13 Treatment of Petroleum Hydrocarbon in Polluted
Environment

2.13.1 Treatment of Petroleum Hydrocarbon in Soil Environment
a) Chemical Oxidation Treatment
b) Thermal Treatment
c) Physical Treatment
d) Biological Treatment

2.14 Treatment of Petroleum Hydrocarbon in Marine
Environment

(@) In situ Burning
(b) Booms

(c) Skimmers

(d) Dispersants
(e) Sorbents

(f)  Bioremediation

Xi

47

50

51

52

52

52

52

53

53

54

55

58

58

58

58

60

62

64

64

64

65

65

65

66



2.15 Tar-balls
2.15.1 Sources of Tar-balls
2.15.2 Fate of Tar balls
2.15.3 Tar balls Potential as a Biomarker

2.16 Tar-balls Treatment Method

2.16.1 Bioremediation

(a) Natural Attenuation

(b) Bioventing

(c) Biopile

(d) Biostimulation

(e) Bioslurry

(f) Landfarming

(g) Bioaugmentation
2.16.2 Incineration
2.16.3 Oxidation
2.16.4 Stabilization/Solidification

CHAPTER 3: GENERAL MATERIALS AND METHODS
3.1 Study Area

3.1.1 Sampling Location
3.2 Sample Collection

3.3  Physical Characterize Analysis of Tar-balls
3.4  Analytical Procedures for PAHs
3.5 Preparation of Silica Gel

3.6 Sample Preparation for Extraction

Xii

66

67

67

71

74

74
77

77

78

79

79

80

81

86

87

88

89

89
91
91

92

92

92



3.7 Clean-up and Fractionation (Column Chromatography)

3.8  Bioaugmentation of Petroleum Hydrocarbon in Tar-balls
using LIBeM- LIQ

3.8.1 Experimental Design
3.8.2 Culture Medium
(a) Nutrient Agar (NA)
(b) Ramsay Broth (RB)
3.8.3 Stock Solution Prearation

(a) Magnesium Sulphate (MgS04.7H;0)

(b) Preparation of Stock Solution Glucose (CsH1206)

3.8.4 Cultivation of Microorganism
3.8.5 Inoculum Preparation

3.8.6 Bioreactor Design

3.8.7 Experimental Set-up

3.8.8 Sample Collection

3.8.9 Physiochemical Analysis of Soil
3.8.10 Soil Preparation

3.8.11 Sources of Microorganisms

3.8.12 Preservation of Microorganisms

CHAPTER 4: RESULTS AND DISCUSSION

4.1 Distribution, Abundance and Physical Characteristic of
Tar-balls

4.2  The Composition and Concentration of PAH in Tar-balls

Xiii

92

93

93

79

93

93

94

94

94

95

95

95

97

97

97

99

101

104

104

105

105

112



4.3

4.4

4.5

Biodegradation Efficiency and Rate of Biodegradation in
Tar-balls
4.3.1 Growth Profile of LIBEM Consortia

4.3.2 Reduction of Total Petroleum Hydrocarbon (TPH)
and Biodegradation Rate of Tar-balls by Consortia
of LIBEM- LIQ

4.3.3 Degradation of Aliphatic Hydrocarbon (n-alkanes) by
LIBEM Consortia

4.3.4 Degradation of Polycyclic Aromatic Hydrocarbons
(PAHs) by LIBEM Consortia

Biodegradation Profile and Ratios of Tar-balls

4.4.1 Biodegradation Carbon Profile of Consortia LIBeM of
Tar- ball

4.4.2 Biodegradation Ratio of n-Ci7: Pristane, n-Cis:

Phytane and Pristane : Phytane
Monitoring of Biodegradation Parameters
4.5.1 Microbial Population (CFU/mL)
4.5.2 Soil pH
4.5.3 Soil Moisture Content

4.5.4 Soil Temperature

CHAPTER 5 : CONCLUSIONS& RECOMMENDATIONS

5.1
5.2

Conclusions

Recommendations

REFERENCES

APPENDICES

Xiv

113

116

119

124

126

129
129

131

132

132

137

141

144

147

147

149

150

182



Table 2.1
Table 2.2
Table 2.3

Table 2.4

Table 2.5

Table 2.6

Table 2.7

Table 2.8

Table 2.9

Table 2.10

Table 2.11
Table 2.12
Table 2.13

Table 2.14

Table 2.15
Table 2.16
Table 2.17
Table 2.18
Table 2.19
Table 2.20

Table 2.21

LIST OF TABLES

Chemical formula and properties of hydrocarbons
Physical and chemical properties of hydrocarbons

Physical and chemical properties of selected
hydrocarbons

Summary of polycyclic aromatic hydrocarbons (PAHS)
sources in natural environment and by anthropogenic
activities

Polycyclic aromatic hydrocarbons (PAHs) formation
mechanisms

The characteristics and properties of polycyclic aromatic
hydrocarbons (PAHSs)

US EPA’s 16 priority-pollutant PAHs and selected

physical-chemical properties

Toxicity Equivalence Factor (TEF) for carcinogenic
polycyclic aromatic hydrocarbons (cPAH)

Refined products of petroleum hydrocarbon and their
uses

Release of petroleum hydrocarbon components from
various industries (Annual estimates in millions of barrels
per year)

Major worldwide marine oil spills

Maijor oil spill incident occurs in Malaysia

Various Types of History of Oil Spill Incident in The
World.

Average annual releases (1990-1999) of petroleum into
the marine environment worldwide (in thousand metric
tonnes)

Health effects of major oil spills to human

Hazard of oil spills into marine environment

Effects of oil spill on marine habitats

Summary of Environmental Hazard of QOil Spill Event
List of hydrocarbon-degrading in marine microorganism

Summary of Short Term Weathering Process in Marine
Environment
Summary of Long Term Weathering Process in Marine

XV

Page

11
13
14

20

21
23

25

27

29

31

32
32
36-37

39

40-41
42
43
44

54-55
56

57



Table 2.22

Table 2.23

Table 2.24
Table 2.25

Table 3.1

Table 3.2
Table 3.3

Table 3.4
Table 4.1
Table 4.2

Table 4.3

Table 4.4

Table 4.4

Environment

Other physio-chemical methods for remediating
hydrocarbon contamination soil

Types of bioremediation of petroleum hydrocarbon in
contaminated sites

List of hydrocarbon-degrading in marine microorganism

Advantages and Disadvantages of Different Types of
Bioremediation Strategies

Physical and Chemical Properties of Soil used in
Treatment of Tar-balls

Colony morphology of each strain

Biochemical tests, cellular morphology and Gram
stainingreaction
List of ingredients for Ramsay Broth

Summary of Growth Profile of Consortia LIBEM

Biodegradation rate and biodegradation efficiency by
consortia LIBeM of Tarballs

Summary of TPH degradation of tarballs treatment by
LIBeM consortia

Comparison of biodegradation ratios of consortia LIBeM
and natural attenuation

Biodegradation rate and biodegradation efficiency by
consortia LIBeM and natural attenuation

XVi

61

63

76
82

100

102
103

94
118
121

110

132

118



Figure 2.1
Figure 2.2
Figure 2.3

Figure 2.4
Figure 2.5
Figure 2.6

Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10

Figure 2.11

Figure 2.12
Figure 2.13
Figure 2.14
Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 4.1

Figure 4.2

LIST OF FIGURES

Types of hydrocarbon

Structure of a linear alkane for propane, CsHs
Structure of a branched alkane for butane, CsHio. It is
also named as 2-methylpropane or 2-butane
Structure of a cyclic alkane for cyclohexane, CeH1z
The molecular structures and masses of 16PAHs

Derivatives of PAH diol epoxides. Note that the arrows
areshowing the “bay” area
Example of Qil Spill in Strait of Malacca

Example of oil spill in Gulf of Mexico
Protocol chart for oil spill identification

Tiered analytical approaches to hydrocarbon
fingerprinting

Schematic diagram of the weathering processes in the
fate of oil spills

The fate of the tar-balls in the marine environment

The fate of the tarballs in the marine environment
Tar-ball treatment method

The sampling location of tar-balls in the coastal area of
Sipitang, Sabah for the present study.

Flowchart of the determination of physical, chemical
and bioaugmentation treatment analysis of tar-balls
Schematic design of bioreactor used in

bioaugmentation of oil sludge (a) front view of
bioreactor; (b) side view of bioreactor (c) top view of
bioreactor.

Selected locally isolated microorganisms (a) Candida
tropicalis RETL-Cr1, (b) Pseudomonas aeroginosa BAS-
Cr1 and (c) Chromobacteriumviolaceum MAB-Cr1.

Sampling location of tar-balls of coastal area of Pantai
Marintaman, Sipitang, Sabah.
Total weights of tar balls for each station recorded in

XVii

Page

15
15

15
18
26

35
35
46
49

51

74
69
73
89

90

96

101

91

107



Figure 4.3

Figure 4.4 :

Figure 4.5
Figure 4.6

Figure 4.7

Figure 4.8
Figure 4.9

Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13

Figure 4.14

Figure 4.15
Figure 4.16

Figure 4.17

(a) week 1, (b) week 2, (c) week 3 and (d) week 4
Total of tar balls by difference week and size: A (Week
1), B (Week 2), C (Week 3) and D (Week 4).

The abundance of tar balls in each station during the 1
— month sampling period.

Tar-ball in different sizes

The characterization of PAHs compound in outer-
layered samples of 1-outer and 2-outer (in ppm).
The characterization of PAHs compound in outer-
layered samples of 1-inner and 2-inner (in ppm).
Growth profile of consortia LIBEM

TPH reduction and biodegradation rate of consortia
LIBeM (a) RETL-Crl + MAB-Cr1 + BAS-Cr1) and (b)
NA: Natural Attenuation during 84-day bioaugmentation
period.

Degradation of aliphatic hydrocarbon (n-alkane) by

consortia LIBeM and Natural Attenuation (NA).
Degradation of polycyclic aromatic hydrocarbon (PAHs)
by consortia LIBeM and Natural Attenuation (NA)
Biodegradation profile by consortia LIBeM and natural
attenuation (NA).

Growth pattern in (logio CFU/mL of soil) treated by
LIBeM consortia and natural attenuation.

Scanning electron micrographs (SEM) images of tarballs
contaminated soil inoculated with LIBeM in consortia
observed under 1000 x magnification. Area enclosed by
dotted line is the field of view of detectable specimen.
pH profile of tarballs treated by consortia LIBeM and
natural attenuation.

Moisture content profile of tarball monitored during
treatment by consortia LIBeM and natural attenuation.

Variation of temperature monitored during
bioaugmentation of tarballs by (a) LIBeM consortia and
(b) natural attenuation (NA).

Xviii

108

109

111
114

114

116
121

124

127

130

132

136

138

142

145



LIBeM
PAHs
LIBeM-LIQ
GMOs
SVOCs
C20-Cao
PCSS
PCWS
OGPW
OPC
OH

NA

Pr

Phy
GC-MS

LIST OF ABBREVIATIONS

Locally Isolated Beneficial Microorganisms
Polycyclic aromatic hydrocarbons

Locally isolated beneficial microorganisms Liquid
Genetic modified microorganisms

Semi Volatile Organic Carbon

Aliphatic hydrocarbons with larger chain length
Petroleum Coke—Sludge Slurry

Petroleum Coke—Water Slurry

Oil Gas Production Wastewater

Portland cement

Hydroxyl Radicals

Natural attenuation

Pristane

Phytane

Gas Chromatography-Mass Spectrophotometry

XiX



LIST OF SYMBOLS

% - Percentage

HmMm - Micrometer

°C - Degree Celsius

> - Larger than

< - Smaller than

g - Gram

g/kg - Gram per kilogram
g/kg/d - Gram per kilogram per day
L - Liter

mg/kg - Milligram per kilogram

mL - Milliliter

mM - Millimolar

nm - Nanometer

oD - Optical Density

ODsoo - Optical density at wavelength of 600 nm
v/v - Volume per volume

v/w - Volume per weight

% perday - Percentage per day

-ve - Negative

+ve - Positive

(*9g) - Gas production

k - Constant

SD - Standard Deviation

Kg - Kilogram

K - The biodegradation rate constant
Rt - Retention Time

XX



LIST OF FORMULAS

Page
Formula 3.10.12(c):  Soil Moisture Content 98
Formula 3.10.12(d): Biological Population 98
Formula 3.10.12(e): Determination of Total Petroleum Hydrocarbon 99

(TPH)

XXi



APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E

APPENDIX F

APPENDIX G
APPENDIX H

LIST OF APPENDICES

Analytical Parameter For PAHs Analysis

Analytical Parameter for Gas Chromatography Analysis
Standard Used For GCMS Reference

Growth curve of consortia LIBeM

Table 1: Distribution and Abundance of Tarballs
Sampling Stations
Alkane Standard Profile

Steak Plate Method
List of Publications

XXii

Page

182
183
184
191
204

205

206
207



