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ABSTRACT 

A biodegradation study was performed to assess the biodegradation of crude oil by 

five locally isolated beneficial microorganisms (LIBeM) which were Candida 

tropica/is RETL-Crl, Pseudomonas aeruginosa BAS-Crl, Chromobacterlum valaceum 

MAB-Crl, Stenotrophomonas maltophilia RAS-Crl and Aeromonas hydrophila RETL­

Cr3, as single and consortia cultures. Sabah Light Crude Oil was used as sole 

carbon source for all sets of experiments. The study was carried out using shake­

flask culture at optimum temperature (30°C to 37°C), agitated at 200rpm. Microbial 

growth profile was monitored by measuring the optical density (O.D.60a) on interval 

time. Biodegradation rate and efficiency were quantified by comparing the initial 

and final crude oil concentration, whereas the degradation of selected aliphatic 

hydrocarbons was quantified by comparing the initial and final area in 

chromatogram. The biodegradation ratios were monitored using Gas 

Chromatography-Mass Spectrometry (GC-MS). Present finding showed that all 

single and consortia culture able to grow in 5%, 10% and 15% (v/v) crude oil. The 

growth of all single species and consortia culture in crude oil proceed even after 70 

days of the study. In 5% (v/v) crude oil, consortia culture has the highest 

biodegradation efficiency with overall biodegradation efficiency is 96.11 % and the 

overall biodegradation rate after 70 days is 7 .84 g/L/d. In 10% (v/v) crude oil, 

consortia culture has the highest overall biodegradation efficiency and rate which 

are 96.04% and 9.55 g/L/d respectively. In 15% (v/v), consortia culture also has 

the highest overall biodegradation efficiency of 94.02% and overall biodegradation 

rate of 10. 75 g/L/d. The reduction of hydrocarbons by all single species and 

consortia culture are varies. In 5% (v/v) crude oil, single culture C tropicalis RETL­

Cr1 showed almost 100% degradation of n-alkane (heptadecane). In 10% (v/v) 

crude oil, consortia culture degraded 98% of n-alkane (eicosane). Meanwhile, on 

15% (v/v) crude oil, consortia culture degraded 96% n-alkane (heptadecane) after 

70 treatment days. Ultimately, the biodegradation ratio shows that biodegradation 

of crude oil had taken place during the specified biodegradation study. It can be 

concluded that the potency of microbe as hydrocarbon degrader in descending 

order is as follows: Consortia (all five species) > C tropica/is RETL-Crl > A. 

hydrophila RETL-Cr3 > C valaceum MAB-Crl > 5. maltophilia RAS-Crl > P. 
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aeruginosa BAS-Crl. Two spill simulations incorporating biodegradation rate 

constant of consortia culture were run using MIKE 21/3 OS model. The spills flow to 

North East and South West direction due to different metocean conditions. The 

heavy oil was visually affected by the biodegradation compared to semi-volatile and 

volatile oil with the arrangement k1 > k2 > k3 >kANBR for all simulations. Therefore, 

the hypothetical spills represent significant effect of biodegradation to total oil mass 

after 14 days. 

vi 



ABSTRAK 

BIODEGRADASI MINYAK MENTAH DAN PERMODELAN KEPULAN 

TUMPAHAN MINYAK OLEH MIKROORGANISMA PENCILAN 

TEMPATAN BERMANFAAT 

Kajian bioaugmentasi terhadap penguraian minyak mentah dan permodelan 

kepulan tumpahan minyak oleh lima mikroorganisma pencilan tempatan 

bermanfaat yang berpotensi {LIBeM) telah dilaksanakan o/eh Candida tropicalis 

RETL-Crl/ Pseudomonas aeruginosa BAS-Crl, Chromobacterium valaceum MAB­

Crl, Stenotrophomonas maltophilia RAS-Crl dan Aeromonas hydrophila RETL-Cr3, 

secara kultur tunggal dan campuran. Minyak mentah ringan {yang ditemui dalam 

perairan Malaysia) telah digunakan sebagai sumber utama karbon dalam semua 

eksperimen. Kajian ini telah dijalankan dengan menggunakan kaedah 

penggoncangan ke/alang pada suhu yang optimum {30°C hingga 37°C)✓ agitasi 

200rpm. Profil atau keluk pertumbuhan mikrob dipantau dengan menukur rapat 

optic {OD60o) selang kadar masa tertentu. Kadar dan kecekapan biodegradasi dinilai 

melalui perbandingan kepekatan minyak mentah pada awal dan akhir degradasl 

manaka/a penguraian hidrokarbon a/ifatik yang terpilih dinilai melalui perbandingan 

kawasan kromatogram pada awal dan akhir degradasi. Nisbah biodegradasi 

ditentukan dengan menggunakan kromatografi gas-spektrometri jisim {GC-MS). 

Kajian ini menunjukkan bahawa semua spesis da/am kultur tunggal dan campuran 

dapat berkembang dengan baik dalam semua kepekatan minyak mentah (5%, 10% 

dan 15% (j/j) dan pertumbuhan masih berterusan wa/aupun se/epas 70 hari kajian. 

Dalam minyak mentah 5% {j/j)
✓ kultur campuran menunjukkan kecekapan dan 

kadar biodegradasi tertinggi iaitu 96.11 % manakala kadar biodegradasi 

keseluruhan se/epas 70 hari ialah 7.84 g/L/h. Da/am minyak mentah berkepekatan 

10% (j/j)✓ kultur campuran mempunyai kecekapan dan kadar biodegradasi 

keseluruhan tertinggi iaitu 96.04% dan 9.55 g/L/h. Dalam 15% (j/j) kepekatan 

minyak mentah, sekali lagi kultur campuran menunjukkan kecekapan biodegradasi 

tertinggi iaitu 94. 02% dan kadar biodegradasi keseluruhan iaitu 10. 75 g/l/h. 

Pengurangan hidrokarbon terpilih oleh semua kultur tungga/ dan campuran ada/ah 

berbeza. 
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Dalam minyak mentah kepekatan 5% (j/j/ kultur tunggal C tropicalis RETL-Crl 

berupaya mengurai hampir 100% n-a/kana (heptadecane) dalam minyak mentah. 

Dalam minyak mentah kepekatan 10% (j/j/ kultur campuran berupaya mengurai 

98% n-a/kana (eicosane). Manakala/ dalam kepekatan minyak mentah {15% J/j/ 

sekali lagi ku/tur campuran menunjukkan penguraian 96% n-alkana (heptadecane) 

selepas 70 han: Selain itu/ nisbah biodegradasi menunjukkan biodegradasi te!ah 

berlaku sepanjang tempoh degradasi. Ini dapat disimpu!kan bahawa semua kultur 

tunggal dan campuran mempunyai kecekapan untuk dipi/ih sebagai pengurai 

hidrokarbon dalam urutan menurun ialah seperti berikut: Kultur campuran 

(kesemua /Jrna spesis tungga/) > C tropicalis RETL-Crl > A. hydrophila RETL-CrJ > 

C va/aceum MAB-Crl > S. maltophilia RAS-Crl > P. aeruginosa BAS-Crl. Dua 

simulasi tumpahan yang menggabungkan kadar tetap biodegradasi kultur 

campuran telah dijalankan menggunakan model MIKE 21/OS. Aliran tumpahan 

menuju ke arah Timur Laut dan Barat Daya disebabkan o/eh keadaan laut yang 

berbeza. Secara visual minyak berat kelihatan tetjejas o/eh biodegradasi 

berbanding dengan minyak separuh berubah-ubah dan minyak tidak menentu 

dengan susunan k1 > k2 > k3 >kANBR bagi semua simulas1: O/eh itu/ tumpahan 

hipotesis menunjukkan kesan penting biodegradasi kepada jumlah jis1rn minyak 

selepas 14 hari. 
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