
Time                                 Event                                 Location

Wednesday 01 April 

07:00 – 16:00                        Registration                         

10:00 – 11:40                         Opening Ceremony                  Ballroom (BR)

12:00 – 15:30                         Session I                                          Ballroom

13:00 – 14:00                         Lunch                                               Dining Hall

15:30 – 15:45                         Tea/Coffee Break                        Ballroom Lounge

15:45 – 17:30                         Session II                                         

Programme

15:45 – 17:30                         Session II                                         

17:30 – 18:15                         Panel Discussion                        

18:15 – 18:45                         Poster Session                        

Thursday 02 April  

07:30 – 16:00                       Registration     

8:30 – 9:00                             Tea/Coffee                    

09:00 – 14:00                        Session III                                          Ballroom

14:00 – 14:15                        Coffee Break                                    Ballroom Lounge

12:00 – 13:00                        Lunch                                                  Dining Hall

14:15 – 15:45                        Session IV                                          Ballroom

15:45 – 16:15                        Panel Discussion                            Ballroom

16:15 – 16:45                        Poster Session                        

Friday 03 April  

07:30 – 12:00                       Registration                         

08:00 – 10:30                        Session V                                             Ballroom

09:45 – 10:00                        Coffee Break                                     

10:30 – 15:00                        Session VI                                           Ballroom

12:00 – 13:00                        Lunch                                                    Dining Hall

15:00 – 15:45                        Panel Discussion                             Ballroom

15:45 – 16:15                        Poster Session                                  Ballroom

16:15 – 16:45                        Awards/Final Remarks                 Ballroom

Event                                 Location

11:40                         Opening Ceremony                  Ballroom (BR)

15:30                         Session I                                          Ballroom

14:00                         Lunch                                               Dining Hall

15:45                         Tea/Coffee Break                        Ballroom Lounge

17:30                         Session II                                         Ballroom

Programme Schedule

17:30                         Session II                                         Ballroom

18:15                         Panel Discussion                        Ballroom

18:45                         Poster Session                        

14:00                        Session III                                          Ballroom

14:15                        Coffee Break                                    Ballroom Lounge

13:00                        Lunch                                                  Dining Hall

15:45                        Session IV                                          Ballroom

16:15                        Panel Discussion                            Ballroom

16:45                        Poster Session                        

Sessional Topics

10:30                        Session V                                             Ballroom

10:00                        Coffee Break                                     BallRm. Lounge

15:00                        Session VI                                           Ballroom

13:00                        Lunch                                                    Dining Hall

15:45                        Panel Discussion                             Ballroom

16:15                        Poster Session                                  Ballroom

16:45                        Awards/Final Remarks                 Ballroom

Sessional Topics
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Opening Ceremony 10:00 

10:00 10:00 10:00 10:00 –––– 10:03   Singing of Nigeria’s National Anthem10:03   Singing of Nigeria’s National Anthem10:03   Singing of Nigeria’s National Anthem10:03   Singing of Nigeria’s National Anthem

10:03 10:03 10:03 10:03 –––– 10:10   Introduction of Invited Dignitaries and Special Guests of 10:10   Introduction of Invited Dignitaries and Special Guests of 10:10   Introduction of Invited Dignitaries and Special Guests of 10:10   Introduction of Invited Dignitaries and Special Guests of 

10:10 10:10 10:10 10:10 –––– 10:15    Opening Remark      10:15    Opening Remark      10:15    Opening Remark      10:15    Opening Remark      
Chair, Organizing/Technical Chair, Organizing/Technical Chair, Organizing/Technical Chair, Organizing/Technical ProgrammeProgrammeProgrammeProgramme Committee Committee Committee Committee 
Dr. Dr. Dr. Dr. AdewaleAdewaleAdewaleAdewale J. J. J. J. LamboLamboLamboLambo
Chair, Organizing/Technical Chair, Organizing/Technical Chair, Organizing/Technical Chair, Organizing/Technical ProgrammeProgrammeProgrammeProgramme Committee Committee Committee Committee 
Dr. Dr. Dr. Dr. AdewaleAdewaleAdewaleAdewale J. J. J. J. LamboLamboLamboLambo

10:15 10:15 10:15 10:15 –––– 10:25    Welcome Address10:25    Welcome Address10:25    Welcome Address10:25    Welcome Address
Conference Chair, Prof. Conference Chair, Prof. Conference Chair, Prof. Conference Chair, Prof. BamideleBamideleBamideleBamidele O. SolomonO. SolomonO. SolomonO. Solomon

10:25 10:25 10:25 10:25 ----10:40    First Keynote Address10:40    First Keynote Address10:40    First Keynote Address10:40    First Keynote Address
HonourableHonourableHonourableHonourable Minister of Science and Technology, Federal Republic of NigeriaMinister of Science and Technology, Federal Republic of NigeriaMinister of Science and Technology, Federal Republic of NigeriaMinister of Science and Technology, Federal Republic of Nigeria
Dr. Dr. Dr. Dr. AlhassanAlhassanAlhassanAlhassan ZakuZakuZakuZaku

10:40 10:40 10:40 10:40 –––– 10:55    Second Keynote Address10:55    Second Keynote Address10:55    Second Keynote Address10:55    Second Keynote Address
Chair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of NigeriaChair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of NigeriaChair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of NigeriaChair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of Nigeria
Senator (Dr.) Grace Senator (Dr.) Grace Senator (Dr.) Grace Senator (Dr.) Grace FolashadeFolashadeFolashadeFolashade J. BentJ. BentJ. BentJ. Bent

10:55 10:55 10:55 10:55 –––– 11:10    Third Keynote Address11:10    Third Keynote Address11:10    Third Keynote Address11:10    Third Keynote Address
Director General/Chief Executive, National Oil Spill Detection and Response AgencyDirector General/Chief Executive, National Oil Spill Detection and Response AgencyDirector General/Chief Executive, National Oil Spill Detection and Response AgencyDirector General/Chief Executive, National Oil Spill Detection and Response Agency
Dr. B. A. Dr. B. A. Dr. B. A. Dr. B. A. AjakaiyeAjakaiyeAjakaiyeAjakaiye

11:10 11:10 11:10 11:10 –––– 11:40    Opening Plenary11:40    Opening Plenary11:40    Opening Plenary11:40    Opening Plenary
Deputy Director/Head of Technical Services, Department of Petroleum ResourcesDeputy Director/Head of Technical Services, Department of Petroleum ResourcesDeputy Director/Head of Technical Services, Department of Petroleum ResourcesDeputy Director/Head of Technical Services, Department of Petroleum Resources
Mr. Mr. Mr. Mr. DozieDozieDozieDozie IrechukwuIrechukwuIrechukwuIrechukwu
“Status of Environmental Management in the Nigeria Oil and Gas Industry”“Status of Environmental Management in the Nigeria Oil and Gas Industry”“Status of Environmental Management in the Nigeria Oil and Gas Industry”“Status of Environmental Management in the Nigeria Oil and Gas Industry”

11:40 11:40 11:40 11:40 –––– 12:00   Tea/Coffee12:00   Tea/Coffee12:00   Tea/Coffee12:00   Tea/Coffee----BreakBreakBreakBreak

Opening Ceremony 10:00 – 11:30 am

10:03   Singing of Nigeria’s National Anthem10:03   Singing of Nigeria’s National Anthem10:03   Singing of Nigeria’s National Anthem10:03   Singing of Nigeria’s National Anthem

10:10   Introduction of Invited Dignitaries and Special Guests of 10:10   Introduction of Invited Dignitaries and Special Guests of 10:10   Introduction of Invited Dignitaries and Special Guests of 10:10   Introduction of Invited Dignitaries and Special Guests of HonourHonourHonourHonour

Committee Committee Committee Committee Committee Committee Committee Committee 

Minister of Science and Technology, Federal Republic of NigeriaMinister of Science and Technology, Federal Republic of NigeriaMinister of Science and Technology, Federal Republic of NigeriaMinister of Science and Technology, Federal Republic of Nigeria

Chair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of NigeriaChair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of NigeriaChair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of NigeriaChair of Senate Committee on Environment & Ecology, Senate of the Federal Republic of Nigeria

Director General/Chief Executive, National Oil Spill Detection and Response AgencyDirector General/Chief Executive, National Oil Spill Detection and Response AgencyDirector General/Chief Executive, National Oil Spill Detection and Response AgencyDirector General/Chief Executive, National Oil Spill Detection and Response Agency

Deputy Director/Head of Technical Services, Department of Petroleum ResourcesDeputy Director/Head of Technical Services, Department of Petroleum ResourcesDeputy Director/Head of Technical Services, Department of Petroleum ResourcesDeputy Director/Head of Technical Services, Department of Petroleum Resources

“Status of Environmental Management in the Nigeria Oil and Gas Industry”“Status of Environmental Management in the Nigeria Oil and Gas Industry”“Status of Environmental Management in the Nigeria Oil and Gas Industry”“Status of Environmental Management in the Nigeria Oil and Gas Industry”
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Session Topics

I.      Produced/Injection Water Management

II.     Nitrate Injection for Biological Mitigation of Reservoir Souring

III.    Microbial Influenced Corrosion & Microbial

IV.    Crude Oil Biodegradation by Marine and Freshwater Microorganisms

V.      Oil Pollution and Environmental Management

VI.    Phytoremediation, and Aerobic Biodegradation

Contamination by Soil Microorganisms    

Session Topics

I.      Produced/Injection Water Management

II.     Nitrate Injection for Biological Mitigation of Reservoir Souring

III.    Microbial Influenced Corrosion & Microbial Enhanced Oil Recovery Mechanisms

and Freshwater Microorganisms

Management

, and Aerobic Biodegradation and Bioremediation  of Oil 

Soil Microorganisms    
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Wednesday April 01

Ballroom

12:00 – 15:30

Session I: Produced/Injection Water Management

Co-Chair: Prof. Olukayode Amund, University of Lagos
Prof. Ayo Ogunye, NNEC Ltd. Nigeria

Programme Schedule

12:00 – 12:30

“PRODUCED WATER TREATMENT AND DISPOSAL: A CASE 

STUDY OF USE OF BIOSORPTION FOR EFFLUENT 
DETOXIFICATION”

Kanu AkaChidike, Sunlink Petroleum Ltd., Nigeria

12:30 – 13:00
“BIOAUGMENTATION OF PRODUCED WATER EFFLUENTS
FROM ESCRAVOS TANK FARM, NIGERIA” 

Dr. Chuma Okoro, Caleb University, Nigeria

13:00 - 14:00: LUNCH

14:00 – 14:30
“OILFIELD SCALE MODELING AND MANAGEMENT”

Adesina Fadairo, Covenant University, Nigeria

14:30– 15:00 
“POSSIBLE SOURCES OF HYDROGEN SULPHIDE IN 
PETROLEUM RESERVOIR- CHALLENGES AND 
IMPLICATIONS”

Ameloko Anthony, Covenant University, Nigeria

STUDENTS/RESEARCH AWARDS

15:00 – 15:30
“PRODUCED WATER REINJECTION: WATER QUALITY 
CHALLENGES AND RESERVOIR SOURING ISSUES” 

Dr. Eilen Vik, Aquateam, Norway

15:30 -15:45:   TEA/COFFEE BREAK

Chair: Prof. Olukayode Amund, University of Lagos

Wednesday April 01

Ballroom

15:45 – 17:30

Session II: Nitrate Injection for Biological 
Mitigation of Reservoir Souring

Chair: Dr. Thomas Jack, University of Calgary, Canada

Programme Schedule

DISPOSAL: A CASE 

15:45 – 16:30   (PLENARY ADDRESS)
“MICROBIOLOGY OF OILFIELD SULPHUR CYCLE AND 
RESERVOIR MANAGEMENT WITH NITRATE TO CONTROL 
SOURING”

Dr. Gerrit Voordouw, University of Calgary, Canada

16:30 – 17:00
“USE OF NITRATE TO MITIGATE RESERVOIR SOURING” 

Tom Granli, Yara International, Norway

17:00 – 17:30

“RESERVOIR SOURING MITIGATION IN BONGA OILFIELD 

USING CALCIUM NITRATE”

Lukman Oduola, Shell Nigeria Exp. and Prod. 
Company Ltd.

17:30 –18:15:  PANEL DISCUSSION17:30 –18:15:  PANEL DISCUSSION

18:15-18:45: POSTER SESSION

STUDENTS/RESEARCH AWARDS
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Thursday April 02 

Ballroom

09:00 – 14:00

Session III:  Microbial Influenced Corrossion & 
Microbial Enhanced Oil Recovery 

Co-Chair:  Prof. R. A. Bello, University of Lagos
Dr. Chuma Okoro, Caleb University, Nigeria

Programme Schedule

08:30 – 09:00: TEA/COFFEE

09:00 – 09:45  (PLENARY ADDRESS)

“THE GENE EXPRESSION PROFILE OF A CORRODING 

SULPHATE-REDUCING BACTERIA BIOFILM”

Dr. Sean Caffrey, University of Calgary, Canada

09:45 – 10:45  (PLENARY ADDRESS)
“MORE TO MEOR TO MOHR: A REVIEW OF MICROBIAL 
METHODS AND TECHNIQUES FOR IMPROVING OIL 
PRODUCTION AND RECOVERY”

Dr. Thomas Jack, University of Calgary, Canada

10:45 – 11:15
“BIODESULFURIZATION OF MIDDLE DISTILLATES OF 
PETROLEUM FRACTIONS”

Dr. D. S. Aribike, University of Nigeria, Nsukka

11:15 – 12:00  (PLENARY ADDRESS)
“METHANOGENIC CONVERSION OF CRUDE OIL TO 
NATURAL GAS: OVERVIEW AND PROSPECTS”

Dr. Adewale Lambo, University of Calgary, Canada

12:00 - 13:00: LUNCH

13:00 – 13:30
“XANTHAN APPLICATION FOR ENHANCED OIL 
RECOVERY” 

Dr. Wolfgang Littman, CRE, Germany

Dr. Chuma Okoro, Caleb University, Nigeria

Thursday April 02 

Ballroom 

13:30 – 14:00
“BIOSURFACTANT PRODUCTION BY TWO BACILLUS 
SPECIES GROWN ON DIESEL”

Professor Udeme Ijah, Federal University of Technology, 
Niger, Nigeria

14:00 – 14:15:  TEA/COFFEE BREAK

Programme Schedule

14:00 – 14:15:  TEA/COFFEE BREAK

Ballroom
14:15 – 15:45

Session IV:  Crude Oil Degradation by Marine and 
Freshwater Microorganisms

Chair:  Dr. Christie Onyia, NABDA, Abuja, Nigeria

14:15 – 14:45
“TOTAL PETROLEUM HYDROCARBON DEGRADATIVE 
POTENTIALS OF BACTERIA ISOLATED FROM DEEP 
ATLANTIC OCEAN IN THE GULF OF GUINEA” 

Dr. Babatunde Akinde, Fugro Consult. Nigeria. Ltd., 
Rivers

14:45 - 15:15    (STUDENT PRESENTATION)
“CRUDE OIL BIOUTILIZATION POTENTIAL OF MICROBIAL “CRUDE OIL BIOUTILIZATION POTENTIAL OF MICROBIAL 
CONSORTIUM OBTAINED FROM SLOW RUNNING 
STREAMS WITHIN THE NIGER-DELTA”

Lawrence Etim, Cross-River  University of Technology, 
Nigeria

15:15 – 15:45  
“OIL DEGRADATION IN MARINE OR ESTUARY WATERS 
WITH BACILLUS SUBTILIS”

Professor Sem Yonsel, Simbiyotek Biological Products 
Inc., Turkey

15:45 - 16:15: PANEL DISCUSSION

16:15 - 16:45: POSTER SESSION
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Friday April 03

Ballroom

08:00 – 10:30

Session V: Oil Pollution and Environmental 
Management

Co-Chair: Engr. Charles Okoro, Reg. Head of Environ.,  
Shell Petroleum Dev. Co., Nig. Ltd.

Mr. Dozie Irechukwu, Dept. of Petrol. Res.

Programme Schedule

08:00 – 08:30 
“GAS FLARING, OIL POLLUTION AND THE 
ENVIRONMENTAL SUSTAINABILITY OF THE OIL 
PRODUCING AREAS OF NIGERIA: STATUS AND 
SOLUTIONS”

Engr. B.I. Okonkwo, Environmental Advisor, 
Environ/Safety Dept., Eng. & Tech. Division, NNPC

08:30 – 09:15  (PLENARY ADDRESS)
“STATE AND APPLICATION OF BIOREMEDIATION IN 
NIGERIA’S OILFIELDS”

Professor B.O. Solomon, D.G., National Biotechnology 
Development Agency, Abuja, Nigeria 

09:15 – 09:45
“REMEDIATION OF CRUDE OIL IMPACTED ONSHORE 
SITES IN NIGERIA: AN OVERVIEW OF CASE STUDIES”

Dr. Chinwe Mogo, Federal Ministry of Environment, 
Lagos, Nigeria Lagos, Nigeria 

09:45 – 10:00:   COFFEE BREAK

10:00 – 10:30 (STUDENT PRESENTATION, NYSC)
“MAINSTREAMING GEOSPATIAL INFORMATION FOR OIL 
SPILLAGE, RESPONSE, AND MITIGATION IN NIGER-DELTA 
OF NIGERIA”

Mahmoud Ibrahim Mahmoud, National Oil Spill 
Detection and Response Agency, Nigeria 

Chair: Engr. Charles Okoro, Reg. Head of Environ.,  

Programme Schedule

Ballroom

10:30 – 15:00

Session VI:   Phytoremediation, and Aerobic Biode-
gradation/Bioremediation of Oil Conta-
mination by Soil Microorganisms

Chair: Dr. Thakor Patel, Memorial University, Canada
Mr. Goddy Nwachukwu, DPR, Nigeria

10:30 – 11:00 10:30 – 11:00 
“PHYTOREMEDIATION OF SOIL CONTAMINATED WITH 
HEAVY METALS AND CRUDE OIL BY CHROMOLAENA 
ODORATA (L)

Professor Harrison Atagana, University of South Africa

11:00 – 11:30      (STUDENT PRESENTATION)
“MOLECULAR APPROACH TO AEROBIC BIODEGRADA-
TION OF CRUDE OIL” 

Chioma Chikere, University of Port-Harcourt, Rivers, 
Nigeria

11:30 – 12:00
“BIOCONVERSION OF CRUDE OIL PRODUCTION SLUDGE 
INTO SOIL CONDITIONER USING SAWDUST AS ORGANIC 
AMENDMENT”.

Dr. Ume Udotong, Snamprogetti / Saipem SpA, Italy

12:00 – 13:00:   LUNCH BREAK

13:00 – 13:30
“ENHANCED BIOREMEDIATION OF CRUDE OIL CONTA-
MINATED SEDIMENTS IN THE BRASS CANAL OF NIGER-
DELTA BY ADVANCED CHEMICAL OXIDATION WITH 

FENTON’S REAGENT IN BIO-SLURRY REACTOR ”.
Augustine O. Ifelebuegu, Coventry University, 
Coventry, United Kingdom 

13:30 – 14:00    
“STUDIES ON THE BIOREMEDIATION OF SOIL CONTAMI-

NATED WITH PETROLEUM HYDROCARBON MIXTURES”

Dr. Samuel Agarry, Ladoke Akintola University of 
Technology, Ogbomoso, Nigeria
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14:00 – 14:30    (STUDENT PRESENTATION)
“POTENTIAL OF SOME SELECTED ORGANIC WASTES AS 
BIOENHANCEMENT AGENTS IN BIOREMEDIATION”

Mohammed Bello Yerima, Usmanu Danfodiyo 
University, Sokoto, Nigeria

14:30 – 15:00    (STUDENT PRESENTATION)
“ATTENUATION OF PETROLEUM HYDROCARBONS AT IDU
EKPEYE OIL SPILLAGE SITE IN NIGER-DELTA, NIGERIA”

Inimfon Udoetok, Akwa Ibom University of 
Technology, Akwa, Ibom, Nigeria

Programme Schedule

15:00 – 15:45:  PANEL  DISCUSSION

15:45 – 16:15:  POSTER SESSION

“ATTENUATION OF PETROLEUM HYDROCARBONS AT IDU-

Programme Schedule
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Programme Schedule

Pre-conference Short Courses

I. Course: Oilfield Microbiology 

Date: Monday March 30

Location: Ahmadu Bello Hall

07:00 – 08:00: Registration

08:00 – 15:00: Start - End 

Actual Duration: 5 hr 45 min.

Break: 1 hr 15 min.

Instructors:

- Dr. Thakor Patel, Professor Emeritus, Memorial
University,  Newfoundland, Canada

- Dr. Adewale Lambo, Cells & Systems Inc. Canada

Supported By Supported By 

Presented By Presented By 

Pre-conference Short Courses

II. Course: Bioremediation of Oil Spills/Wastes

Date: Tuesday March 31

Location: Ahmadu Bello Hall

07:00 – 08:00: Registration

08:00 – 17:15: Start - End 

Actual Duration: 7 hr 30 min.

Programme Schedule

Break: 1 hr 30 min.

Instructors:

- Dr. Thakor Patel, Professor Emeritus, Memorial
University,  Newfoundland, Canada

- Dr. Ime Udotong, Snamprogetti SpA/Saipem Italy, and
University of Uyo, Akwa Ibom, Nigeria  

- Dr. Adewale Lambo, Cells & Systems Inc. Canada

Supported By Supported By 

Presented By Presented By 
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Produced Water Treatment and Disposal: A Case 
Study of Use of Biosorption for Effluent 
Detoxification

AkaChidike Kanu †* , Elizabeth Kanu‡, Akuma Oji§

†Sunlink Petroleum Limited, 7a Taslim Elias Close, P.O. 
Box 72049, Victoria Island, Lagos, Nigeria,, ‡Department of 
Chemical Engineering, University of Lagos; §Department of 
Chemical Engineering, University of Port Harcourt, Rivers, 
Nigeria; *akachidike@aol.com

Oil and grease, temperature, pH, and heavy metal
concentrations are some of the main quality
parameters used in the regulation of the discharge of
oil and gas field produced water to the environment.
The use of cheap biological plant materials to
selectively remove heavy metals from aqueous
solutions is considered a potentially viable alternative
to expensive ion-exchange resins and semi-permeable
membranes. However, a key requirement for the
efficient andcost-effectiveapplicationof biosorption

ABSTRACTS

efficient andcost-effectiveapplicationof biosorption
systems to industrial-scale wastewater treatment is the
ability to regenerate and reuse biological sorbents
used for the ion uptake.

This paper presents a case study of the application of
biosorption to sample produced water from an oil
field in the Niger Delta. The produced water was
characterised for both heavy metal concentration and
other quality indices. Using batch adsorption system,
with raw and pre-treated sawdust as adsorbent, uptake
of heavy metal ions was investigated.

The analyses indicated that the sorbent samples have
significant sorption capacity for heavy metal ions.
Applying classical equilibrium sorption model and
theory, it was observed that metal ion affinity as a
function of reversibility of adsorption, was very
sensitive to biosorbent pre-treatment used.

Based on this case study, a cheap and simple process
for the tertiary treatment of produced water is
proposed. Further investigation is envisaged in the
area of continuous-flow system modelling and
optimisation.

Bioaugmentation of Produced Water Effluents
from Escravos Tank Farm, Nigeria

Chuma Okoro†*, Olukayode Amund‡,

†Dept of Biological Sciences and Biotechnology, Caleb
University, Lagos;‡Department of Botany and Microbio-
logy, University of Lagos.*chuma2k2001@yahoo.com

Escravos River receives considerably large volumes
of produced water daily from Chevron’s oil
production activities in Escravos, Nigeria. The
produced water is usually treated mechanically before
discharge but unfortunately, the bulk of petroleum
hydrocarbon components of the produced water are
within the soluble fraction. However, the mechanical
treatment process has not been effective in removing
the sparingly soluble components such as the polycy-

clic aromatic hydrocarbon compounds (PAHs) in the
produced water. The PAHs are recalcitrant and have
the chances of accumulating in food chains over a
long period of time and some members of this group
such as Benzo-(a)-anthracene are known to be
carcinogenic. This necessitated the need for an
alternative method of treatment that can complement
the conventional mechanical process currently used in
the industry.

A bioaugmentation process was examined to treat
produced water effluents from Escravos tank farm by
seeding the effluents with pure and mixed microbial
cultures isolated from produced water and the
receiving water body under laboratory conditions.
The rate of reduction in the petroleum hydrocarbon
components was monitored by means of gas
chromatography (GC) using mechanically treated
produced water from Escravos tank farm as a
reference, while the population dynamics of
hydrocarbon-degrading microorganisms were

ABSTRACTS

hydrocarbon-degrading microorganisms were
monitored with a modified minimal salts medium of
Mills et al., (1978).

GC analysis showed that the untreated produced
water with a total oil and grease content of 1407 ppm
contained various petroleum hydrocarbon fractions
including, n-alkanes (608 ppm), aromatics (13.88
ppm), nitrogen, sulfur and oxygen containing (NSO)
compounds (12.68 ppm) and PAH (0.0833 ppm).
After mechanical treatment, the oil and grease content
of produced water was reduced to 44 ppm comprising
of n-alkanes (38.4 ppm), aromatics (2.65 ppm), NSO
compounds (1.78 ppm ) and PAHs (0.0655 ppm).

A pure bacterial culture ofAchromobacter sp. was
seeded into the produced water effluent without
nutrient supplementation. After 40 days of exposure,
the organism reduced the oil and grease content to
16.2 ppm comprising of n-alkanes (13.68 ppm),
aromatics (1.32 ppm), NSO compounds (1.20ppm)
and PAH (0.0056 ppm). Similarly a pure fungal
culture,Aspergillus nigerafter 120 days of exposure
reduced the oil and grease content of produced water
to 59 ppm comprising of n-alkanes (56.50 ppm),
aromatics (0.65 ppm), NSO compounds (0.96 ppm),
andPAHs(0.008ppm).andPAHs(0.008ppm).

These results showed that the hydrocarbons in
produced water effluents from Escravos tank farm is
readily biodegradable and the pure microbial cultures
used in the study were more effective in removing the
recalcitrant PAH than the conventional mechanical
process used in the industry. Because of the economy
and value of time in the industry, this
bioaugmentation process cannot completely replace
the existing mechanical process but the two can
complement each other. While the mechanical
process have the advantage of lesser time and higher
process volume, the bioaugmentation technology can
complement by assisting to degrade the recalcitrant
and soluble PAHs in the receiving environment and
that is a veritable way in which bioaccumulation of
recalcitrant and carcinogenic organic compounds can
be prevented in the environment.



Oilfield Scale Modelling and Management

Adesina Fadairo

Covenant University, KM 10 Idiroko Rd., Ota, Ogun,
Nigeria adesinafadairo@yahoo.com

The precipitation, accumulation and disposition
process of oilfield sulphate scales is a major ongoing
problem in hydrocarbon production. This pose serious
injectivity and productivity problems in water
flooded reservoirs.

Several works and software packages such as Multi-
scale 6.0 and Scalechem have been developed for
predicting scaling tendency and average scales
precipitation inside the reservoir but neglecting the
fact that not all the occurring scale precipitation
would cause formation damage near the well bore
region. Some of the precipitated scales escape through
the pore spaces to render havoc to flow in the
production string since it is not all the scaleproduction string since it is not all the scale
precipitation inside the reservoir would plug the
formation.

For an adequate planning of water injection, scale
treatment schedule and disposition programme, there
is the need to estimate the fraction of sulphate scales
precipitation that occupies pore spaces and the
corresponding degree of permeability damage at well
bore vicinity.

In this paper, an interactive software package has
been developed for predicting the oilfield sulphate
scales build up rate, the fraction of oilfield scales that
occupies pore space and the corresponding
permeability damage at different location away from
the well bore. The software complement the existing
oilfield scaling prediction software such as Multi-
scale 6.0 and it is useful for adequate planning of
water injection project, oilfield scale treatment
schedule and disposition programme.

PossibleSourcesof Hydrogen Sulphide in Petro-PossibleSourcesof Hydrogen Sulphide in Petro-
leum Reservoirs- Challenges and Implications

Ameloko Anthony, Osame Isiramen, Aduojo  
Anthony

Covenant University, KM 10 Idiroko Rd., Ota, Ogun,
Nigeria heroesconsult@yahoo.com

Petroleum reservoir souring occurs when
concentration of H2S increases over time in
production fluids. The existence of sulphur
compounds in hydrocarbon stream creates many
problems of sulphur deposition in the vicinity of the
wellbore hole, in well completion and/or production
equipment. The scaling and corrosive sour fluid is
toxic to life and liable to cause cracking and pitting of
susceptible steels in oil and gas operations.

Studies have shown clearly that the outset of
petroleum reservoirs that are initially considered
‘sweet’ produce more H2S in their later life. The
phenomenon of unexpected increase in H2S
concentration in produced fluid from petroleum reser-

voir has been observed over a period of years in
different areas of the world. The source of H2S has
been generally associated with the water injection
scheme over the production life of petroleum
reservoir.

This paper presents an overview of all possible causes
of unexpected increase in gas phase H2S
concentration in petroleum reservoir. The challenges
and implications in later future are been considered
with the Gulf of Guinea environment in mind.

It is concluded that review of possible sources of H2S
and biocidal control technology should be highly
promoted and exploited prior to water flooding
scheme on any Gulf of Guinea petroleum reservoirs.

Produced Water Re-Injection: Water Quality
Challenges and Reservoir Souring Mitigation
Issues

Eilen A. Vik

Aquateam AS, Hasleveien 10, 0571 Oslo, Norway
eilen.vik@aquateam.no

Produced water re-injection (PWRI) was on the
Norwegian Continental Shelf (NCS) considered by
most operators as the best available option for
managing produced water when the Ministry of
Environment in 2003 launched the “Zero Discharge
Strategy” (ZDS) for produced water (PW)
management. Fields in the Norwegian sector was then
and is still maturing and produced water rates are still
increasing. After pilot tests and detailed
investigations, some of the fields decided not to
implement PWRI, and amongst those implementing
PWRI, some PWRI systems have been shut down or
delayed due to unforeseen challenges occurring.

Based on the current experiences gained with PWRI
on the NCS, oil industry speculates that PWRI may in
the future become the single, moderate cost solution
to effluent disposal issues– particularly in a moreto effluent disposal issues– particularly in a more
stringent regulatory environment. Compared to any
other water management solution, it has the uttermost
potential to improve environmental performance by
reducing all discharges to the sea, and if carefully
planned, also limiting the CO2 emissions by limiting
the need for injection water. Efficient PWRI could
also become the key to allowance of oil industry to
operate in deeper waters and more environmental
sensitive areas.

The ultimate goal for Norwegian Barents oil and gas
production in arctic areas and the Barents Sea/Lofoten
is in practice no discharge of produced water. The oil
operators are in practice planning for 100% PWRI,
which presently is not met on existing PWRI systems
on the NCS nor anywhere else around the world. The
practical experience is that regularity of PWRI
systems are more in the range of 50-85%. To meet
the 100% PWRI objective make it necessary to
review the total water management system (injection
water, produced water, water transported with the oil
onshore) in integration with the oil & gas production



processes (both upstream and downstream) and
identify the critical factors leading to the downtime
seen in existing PWRI and WI (water injection)
systems.

In addition to practical aspects related to spare parts,
sufficient pumping and buffer capacity, new
technological solutions are needed to overcome the
challenges of increased reservoir souring, reduced
injectivity, increased corrosion and especially
microbial influenced corrosion (MIC). Better
understanding of the behaviour and control of site
specific microbiological activity is a key in this
context. New mitigation solutions and better
understanding of side effects occurring from the
mitigation is also needed. Integration of microbial
control topside, in transport lines, during storage and
during injection is necessary.

This presentationwill review different mitigationThis presentationwill review different mitigation
solutions, their advantages and limitations. Practical
examples of technical solutions influencing on
reservoir souring mitigation and MIC control and
lessons learned on negative side effects will be
presented.

Microbiology of the Oilfield Sulfur Cycle and 
Reservoir Management with Nitrate to Control 
Souring

Gerrit Voordouw

Petroleum Microbiology Research Group, Department of 
Biological Sciences, University of Calgary, Calgary, Alberta, 
Canada; voordouw@ucalgary.ca

Production of oil by water injection often leads to
souring, the production of sulfide by sulfate-reducing
bacteria (SRB). These use reservoir oil organics as
electron donor to reduce sulfate in the injection water
to sulfide. The sulfate concentration in injection water
can vary greatly from 0-30 mM, the latter
correspondingto that of seawaterwhich is frequentlycorrespondingto that of seawaterwhich is frequently
used. Other important variables are reservoir
temperature, salinity and sulfide binding properties of
reservoir rock, which depends on the concentration of
iron-containing minerals such as siderite (FeCO3).
This provides a buffering capacity that may delay the
onset of souring for many years by reaction of sulfide
with siderite to form FeS.

Souring can be confined to the injection wellbore
region (IWR) through two quite different scenarios.
(i) In fields with high resident temperature (>60-80
oC), injected with cold seawater with a high sulfate
concentration, the IWR may be the only region that is
cool enough to sustain microbial activity. (ii) In fields
with a moderate down-hole temperature (30oC)
injected with water with a low sulfate concentration,
the SRB will grow at the IWR because sulfate is only
available there. Souring at the IWR can be prevented

or remediated by the injection of nitrate, which boosts
the activity of nitrate-reducing, sulfide-oxidizing
bacteria (NR-SOB), and heterotrophic nitrate-
reducing bacteria (hNRB). The latter supposedly
compete with SRB for the same oil organics, allowing
reduction of SRB activity by “competitive exclusion”.

Souring reduction by nitrate injection has been
successful for fields that fit scenario (i), whereas it
has been more problematic for fields that fit scenario
(ii). Because hNRB can use abundant oil components,
such as toluene as electron donor, nitrate treatment of
fields in the latter category may lead to microbial
stratification in which all nitrate is reduced in the
IWR with the sulfate being reduced deeper in the
reservoir. Successful anti-souring strategies for these
fields must break this stratification.

A perhaps unexpected benefit of nitrate injection is
that it may increase the sulfide binding capacity of
reservoirrock. Incompletenitrate-mediatedoxidationreservoirrock. Incompletenitrate-mediatedoxidation
of sulfide with nitrate by NR-SOB yields sulfur,
which reacts with FeS to form greigite (Fe3S4) or
pyrite (FeS2), increasing sulfide binding by as much
as 100% and potentially delaying the onset of
reservoir souring.

Reservoir Souring Mitigation in Bonga Oilfield
Using Calcium Nitrate

L. Oduola†, C. Igwebueze†, T. Oluwagbemi‡, Arthur
Dede‡, L. Braimoh‡

†Shell Nigeria Exploration and Production Company,‡Nalco
Energy Services; Lukman.Oduola@Shell.com

The production of hydrogen sulphide (H2S) during the
asset life of oil and gas production and export
facilities is always a concern as H2S related problems
in the oil and gas fields include, but not limited to,
pipeline corrosion, reservoir fouling/plugging,
deterioration of export products and health risks.

Due to the sourceof the injection water, concernsDue to the sourceof the injection water, concerns
existed about the potential for sulphate-reducing
bacteria (SRBs) to be introduced downhole, which
could result in the souring of the prolific Bonga
reservoirs. Seawater contains lactate which serves as
food base for the bacteria and the reservoir contains
oil soluble organics such as volatile fatty acids
(VFA), also food for the bacteria.

A 45-50% solution of calcium nitrate is used in the
mitigation of reservoir souring at an oil production
and seawater injection facility in the Gulf of Guinea,
West Africa. The facility, the Bonga FPSO operated
by SNEPCo produces approximately 200,000 bbls of
oil per day and injects about 300,000 bbls of treated
seawater for reservoir pressure maintenance.

Steps taken to mitigate this involved topside
continuous chlorine treatment and a twice-weekly
biocide program. 100ppm of calcium nitrate or 45ppm
of nitrate is then injected downstream of these other



treatments to encourage preferential growth of nitrate-
reducing bacteria (NRB) thereby encouraging them to
proliferate, out-compete for the lactate, VFA’s and
“choke” whatever SRB population may have survived
the biocide treatment. Performance target was to
maintain a 45ppm nitrate residual in the injection
water downstream of the injection pumps.

Results obtained in the almost three years this
program has been running indicate 0 ppm of H2S
observed in the topsides vessels either in the produced
water or vessel gas streams and a planktonic SRB
population of 4.5MPN/ml from the process vessels.
There has also been no evidence that the SRB
population switch to NRBs in this process.

The plan forward for this study is to continue the
program and include the monitoring for sessile SRB
population on the topsides process equipment.

M.O.R.E. to M.E.O.R. to M.O.H.R.: A Review of 
Microbial Methods and Techniques for Improving 
Oil Production and Recovery.

Thomas R. Jack

Petroleum Microbiology Research Group, Department of 
Biological Sciences, University of Calgary, Calgary, Alberta, 
Canada; trjack@ucalgary.ca

For more than seventy years, petroleum
microbiologists have endeavoured to understand the
diagenesis of oil and gas deposits and to improve the
recovery and use of these natural resources. Efforts
have focused both on harnessing beneficial microbial
activities to increase production, remediate spills and
improve processing and on controlling detrimental
microbial activities related to materials degradation,
emulsion formation, fouling and souring. Commercial
applications have met with varying degrees of success
over the years. Improved understanding of microbial
hydrocarbonmetabolismand the availability of newhydrocarbonmetabolismand the availability of new
genetically based tools for assessing microbial
communities offer the promise of exciting new
opportunities. This presentation will critically review
past efforts, assess shifts in approach and identify
factors that might constrain or enable present
initiatives in the context of an evolving energy sector.

Xanthan Application for Enhanced Oil Recovery

Wolfgang Littmann

Consulting Reservoir Engineering (CRE), Germany; 
w.littmann@cre-geo.de

Polymer flooding was almost the only chemical EOR
method to be used in commercial scale field projects
in the 1970s and 80s. Polyacrylamide has been used
in several field projects worldwide and in Germany.

Because of the high salinity of the reservoir brines in
many oil fields and the lack of fresh water, especially
offshore, there was a need for polymers that could be
used in high salinity reservoirs. Xanthans that were
already used for drilling were not readily applicable
for polymer flooding. Different products had to be
characterized with respect to viscosity yield and
injectibility. The paper gives a short review on the
research work and co-operation between the oil
company's reservoir engineers and biochemists of the
chemical industry. The interaction with universities
and research organizations was important to develop
and improve bio-polymer properties.

The mechanism of polymer flooding is described and
the laboratory procedures for the screening of
polymers, as rheology and injectivity testing.

Handling of xanthan polymers, their mixing, use of
other chemicals to avoid or reduce polymer
degradationand the injection into the reservoir aredegradationand the injection into the reservoir are
important factors for the success of a field project, as
well as the monitoring of the polymer quality. The
paper reviews the development of field applications.

The analysis of xanthan and its state from produced
water needed a close co-operation with university
research institutes. Numerical reservoir simulation
was used to calculate adsorption/retention of the
polymers. An overview of the results of this research
performed along with several projects is given.

The experience gained from several field projects
using xanthan and the appraisal of these projects is
given and the reasons for success and failure are
discussed.

Biosurfactant Production by Two Bacillus Species
Grown on Diesel

UdemeIjah †*, RuthOlarinoye‡UdemeIjah , RuthOlarinoye

†Department of Microbiology, Federal University of
Technology, P.M.B. 65, Minna, Nigeria;‡Department of
Microbiology, University of Jos, P.M.B. Jos, Nigeria
*udemijah@yahoo.com

Biosurfactants are surface active agents produced by
microorganisms when grown on a carbon source.
Studies on biosurfactants are being intensified
because of their expanded uses in the oil, and other
industries. However, enough has not been produced to
meet the demand for biosurfactants. Therefore, search
for potential biosurfactant producing bacteria
becomes necessary. The objective of the study was to
investigate the production of biosurfactants by
Bacillusspecies.

Serially diluted waste lubricating oil polluted soil was
inoculated in oil agar and incubated at 300C for 5
days. Isolated colonies were characterized and
identified using Bergey’s Manual of Determinative
Bacteriology. The bacteria were screened for
biosurfactant production using haemolytic activity on



blood agar, emulsifying activity
(spectrophotometrically) and, surface tension using
tensiometer. The biosurfactants were characterized
and identified based on lipid, phosphate, protein, and
sugar contents.

Bacillus sp R07 and R28 were identified as
haemolytic strains, indicating ability to produce
biosurfactants. Besides, R28 had a higher emulsifying
activity than R07. R28 was able to reduce the surface
tension(ST) of diesel medium from 64 dynes/cm to 27
dynes/cm while R07 reduced the ST to 35 dynes/cm
after 8 days. R28 generated 0.6g/100ml of
biosurfactants after 8 days while R07 generated
0.4g/100ml over the same period. The biosurfactants
contained substantial amount of phosphate and traces
of proteins but had no sugar. The biosurfactants
produced by R07 had about 0.7% of 1, 2 diglycerides
while that of R28 had 1.5% palmityl stereate. The
biosurfactants produced by both organisms were
suspectedto bephospholipids.suspectedto bephospholipids.

The growth of the haemolyticBacillus strains on
diesel was accompanied by the emulsification of the
carbon source due to production of biosurfactants
during breakdown of the hydrocarbon. The organisms
lowered the surface tension from 64 dynes/cm to 27-
35 dynes/cm probably due to the type of
biosurfactants produced by the organisms. The
differences in the emulsion index and emulsifying
activity indicated the quantity of emulsion stabilizing
agent in the growth medium and the potency of the
biosurfactants produced respectively. R28 produced
higher amount of biosurfactants than R07, meaning
that, though they are members of the same genus,
they have varying capability in producing
biosurfactants. However, the biosurfactants yield in
the present study is 5 – 6 times greater than the yield
(1g/l) reported in the literature usingBacillus cereus
IAF 346 andBacillussp. Strain IAF 343. The amount
of protein contained in the biosurfactants was very
negligible, meaning that the emulsifying activity of
the biosurfactants may be affected. The involvement
of protein in the emulsification of hydrocarbon by
Acetobacter calcoaceticusB04 has been established.
Phosphate was the major component of the
biosurfactants, suggestingthat thebiosurfactantswerebiosurfactants, suggestingthat thebiosurfactantswere
phospholipids. Phospholipids have potent surfactant
properties. The results of this study have shown that
Bacillussp. R07 and R28 are biosurfactant producers,
and may be useful in bioremediation of petroleum
polluted environment.

Biodesulfurization of Middle Distillates of 
Petroleum Fractions

David S. Aribike†, S. A. Kareem‡, A. A. Susu†

†Chemical Engineering Dept. University of Lagos, Lagos 
Nigeria; ‡Chemical Engineering Dept. Federal University of 
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Terrestrial oil or petroleum deposits, which often

contain high levels of sulfurous hydrocarbons, are
being increasingly employed for the production of
fuels. The concentration of sulfur in crude oil is
typically between 0.05 and 5% (by weight). Upon
combustion, the sulfur in fuels can contribute to air
pollution in the form of particulate material and acidic
gases, such as sulfur dioxide. Governments
throughout the world have recognized the problems
associated with these emissions and moved to reduce
them through legislation. These legislations are
becoming increasingly stringent. To meet regulated
sulfur levels, petroleum fuels must be treated to
remove organic sulfur. Refineries remove organic
sulfur from crude oil-derived fuels by
hydrodesulfurization (HDS). HDS is carried out at
pressures between 1 and 20 MPa and temperatures of
between 290 and 455oC, depending upon the feed and
level of desulfurization required. Organic sulfur
compounds in the lower-boiling fractions of
petroleum. However, middle-distillate fractionspetroleum. However, middle-distillate fractions
contain significant amounts of benzothiophenes and
dibenzothiophenes (DBTs), which are considerably
more difficult to remove by HDS. Among the most
refractory of these compounds are DBTs with
substitutions adjacent to the sulfur moiety.

Desulfobacterium aniliniwas isolated from petroleum
products-polluted soil. It was used to desulfurize
diesel and kerosene. Thereafter, the kinetics analysis
of the biodesulfurization, a multiple enzyme-single
substrate system, was carried out.

Desulfobacterium aniliniwas found to desulfurize
75% of sulfur in kerosene and 82% of that in diesel
were desulfurized at the end of 72 hours. Kinetic
parameters for the biodesulfurization of diesel were
estimated using the Hanes, Lineweaver-Buck and
Eadie-Hofstee plots. The maximum rate constant (k)
for dibenzothiophene in diesel was 2.670, 3.823 and
1.918 mg/l.Hr while the Michaelis-Menten constant
KM was 202.9, 259 and 166.8 mg/l for Hanes,
Lineweaver-Buck and Eadie-Hofstee plots
respectively. While the maximum rate constant (k) for
2, 5-Dimethylthiophene in kerosene was 0.6385,
1.236 and 0.1334 mg/l.Hr whiles the Michaelis-
Menten constants KM were 23.63, 69.85 and 16.09
mg/l for Hanes,Lineweaver-Buck andEadie-Hofsteemg/l for Hanes,Lineweaver-Buck andEadie-Hofstee
plots respectively.

Desulfobacterium aniliniwas found to have exhibited
very high desulfurizing ability towards kerosene and
diesel at 300C and normal atmospheric pressure. It
was very effective in removing organic sulfur
contained in the petroleum products. The estimated
values of k and KM obtained for the same set of data
were found not to be the same. The reason is that all
the linear plots are empirical in nature, and they are
derived to fit in a particular set of data. Hence the
need for a non-linear regression analysis since the rate
equation for the biodesulfurization of diesel and
kerosene and other bio-reactions is not a linear.
Generally, one may conclude thatDesulfobacterium
anilini has broad substrate specificity for organo-
sulfur compounds contained in diesel and kerosene.
Further, this study which involves the
biodesulfurization of diesel and kerosene is a
complete departure from the usual practice of
studying model substrate substance.



Methanogenic Conversion of Crude Oil to Natural
Gas: Overview and Prospects

Adewale Lambo*, Gerrit Voordouw
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Methanogenesis is believed to be the dominant route
for microbial degradation of crude oil in petroleum
reservoirs. This process occurring over geological
timescale is responsible for the conversion of
previously light-oil-reservoirs to low-value heavy-oil-
reservoirs, which explains the fact that a major
fraction of the world petroleum reserves exist as
heavy oils. Methanogenesis is currently being
explored as an enhanced oil recovery technology that
could be used for in-situ recovery of hitherto
unrecoverable crude oil which is left in spent and
mature reservoirs after the use of conventionalmature reservoirs after the use of conventional
recovery technologies. This process is mediated by a
consortial group of microorganisms: the synthrophs,
which convert hydrocarbons in crude oil to
fermentable products like acetate and hydrogen,
which are then utilized by acetotrophic and
hydrogenotrophic methanogens, respectively, for the
production of methane. Many of the studies on
methanogenesis utilized enrichments cultures that
were obtained from petroleum hydrocarbon polluted
subsurface environments, rather than oil reservoirs
samples. In addition, no study has demonstrated
methanogenic conversion of crude oil under in-situ
conditions found in oil reservoirs and the
microorganisms that are directly responsible for the
initial transformation reaction are unknown.
Likewise, more recent studies have shown that the
profiles of reservoir-degraded oils are more or less
similar to the profiles of oils that has been degraded
by enrichment in methanogenic microcosms. In
another study, reservoir core samples containing 30-
40% residual oil was used as substrate which though
requires the addition of a methanogenic inoculum
obtained from a petroleum hydrocarbon polluted
sediments for significant production of methane.
Experimental studies being done, at the Voordouw’s
lab of the University of Calgary,using oil reservoirlab of the University of Calgary,using oil reservoir
methanogenic inoculum and phosphate amended
produced water also demonstrates that
methanogenesis could be a more feasible technology
for the recovery oils in spent and mature oil reservoirs
for which the use of conventional recovery
technologies is uneconomical.

Genetically Modified Clostridium acetobutylicum
for Improved and Strategic MEOR 

Serhat Sevli†*, Oguzhan Akyener‡
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The reservoir structure for enhanced oil recovery
(EOR) is unpredictable and complex regarding its
variable permeability, viscosity of oil, hard carbonate
rocks, and high interfacial tension. Microorganisms
contributing to oil recovery processes, as solutions for
those problematic conditions, are used for production
of biosurfactants, hydrocarbon metabolism, for
growth on reservoir rock surface, for production of
gases and organic acids or other chemicals. Previous
useof microorganismsin oil reservoirshaveproduceduseof microorganismsin oil reservoirshaveproduced
relatively successful results by using suitable wild-
type organisms having unique functions. Those
applications are dependent on knowledge of factors
limiting oil production within any reservoir. Applying
the most suitable microorganism possessing desired
properties against more than one problem of
decreased recovery without detailed reservoir
characterization is needed. Our novel recombinant
strain promises functioning by sensing the reservoir.

“Genetically Engineered Reservoir Machine beta 0.1“
(GERM 0.1) is designed by recombinated quorum
sensing mechanisms ofClostridium acetobutylicum
with the help of system biology. Receptors would be
designed to be modified with carbonate-binding and
oil-affinity specific protein aptamers together with
recombinated gene transcripton. GERM 0.1 would
produce acetic acid only after attaching on the
carbonate rock surfaces to increase porosity. This
process was termed as "biogenic acidizing"
previously. GERM 0.1 would degrade the heavy
hydrocarbons in oil and produce CO2, CH4, or ethanol
in order to decrease oil viscosity only after sensing oil
and proliferating in it. When it is free in water,
externally added growth media, or on different
structures, GERM 0.1 proliferates rapidly forstructures, GERM 0.1 proliferates rapidly for
selective plugging of pores through which water by-
passes. This novel recombinant strain ofC.
acetobutylicum may increase usage of
microorganisms in MEOR processes by providing
right strategy even without information regarding the
problem in reservoir and decreasing the reservoir
characterization and modeling costs, thus it is a new
step further to the use of "super microorganisms" for
MEOR.



Study and Application of Indigenous Microbial 
Enhanced Oil Recovery in Dagang Oilfield, China
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Oil displacement by indigenous bacteria activated
with nutrients in periodic injection of air mixture
demonstrated outstanding enhanced oil recovery for
low expenditure but good return. Pilot tests were
carried out on 8 blocks in Dagang oil field, China,
with various successes. Associated techniques were
developed, including candidate reservoir selection,
activation system and results evaluation, through
analysis on production and injection performance
along with changing chemical parameters. Based on
lab tests and field trials, there are six involvedlab tests and field trials, there are six involved
techniques regarding nutrient components, volume
and operation requirements. (1) The particular
geological evaluation and candidate selection
techniques for EOR by indigenous bacteria are
improved. (2) The criteria for chemical and biological
parameters in producers and injectors are established
using biological engineering and oilfield chemistry
techniques to investigate indigenous bacteria. (3) The
activation system is selected and optimized with
consideration of bacterial types and their metabolic
performance. Air or oxygen volume required by the
bacteria is determined. (4) The injection engineering
program and running procedures are defined to deal
with alternative situations and utilize existing facility.
(5) A monitoring and tracking technique is employed,
in which all parameters are categorized. (6) Results
are evaluated and a comprehensive assessment is
made for overall performance with references from
chemical displacement projects. Field trials in Gangxi
block and others show an EOR rate by 0.5 to 3.6%,
watercut drop by 0.4 to 7% and a positive relationship
between the biological changes in the pay zone and
the resulted performance. It is concluded that,
indigenous bacteria EOR stimulation, highly flexible,
is better applied in reservoirs at moderate to low
temperatures. Thewholetechniquewill play a criticaltemperatures. Thewholetechniquewill play a critical
role in sustaining production capacity in mature fields
as it offers easier operation and less cost in struggling
with oil rate decline.

The Pilot Test of Indigenous Microbial Improve 
Oil Recovery in a High-Mineralized-Water 
Petroleum Reservoir 
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Microbial enhancement of oil recovery (MEOR) is an
economic way of oil recovery in stripper field with

low cost. This paper aim to evaluate the indigenous
microbial diversity and pilot test of MEOR in Qinghai
oilfield with high temperature and high salt content.
The Huatugou oilfield in Qinghai has high
mineralized characteristic so it is easy to reduce the
adaptation of oil recovery microbes. Culture-based
techniques and molecular biological methods were
applied to analyze the diversity of indigenous
microbial community. The results of the analysis
indicates that there were abundant microbe resources
in the oilfield formation. 10% randomly-selected
clones were analyzed by DNA sequencing. The result
of sequencing blasted in the GeneBank showed that
most of the 16S rDNA sequences were affiliated with
Marinobacterium and Pseudomonas, and some kinds
of uncultured microbe existed in the sample. Two
strains were isolated from Huatugou samples, and
they were identified asBrevibacillus agri and
Brevibacillus levickiibased on DNA sequencing and
phylogenetic analysis. Mixed strains BIOS682phylogenetic analysis. Mixed strains BIOS682
utilized Huatugou crude oil as the sole carbon and
energy source. Seven days after culturing with
shaking, the light chain components were increased
and heavy chain components were decreased. It
demonstrated that mixed strains BIOS682 enhanced
the degradation rate of Huatugou crude oil. Lab test of
core physical simulation indicates that mixed strains
BIOS682 can increase the oil recovery rate over 10%
compared with water drive. Pilot test of microbial
enhancement of oil recovery was implemented in
three injection wells. The output of related production
well increased more than 4000 tones in less than a
year. The results showed that utilizing indigenous
microbial enhanced oil recovery is effective in high
salt content oilfield.

Microbial Enhanced Oil Recovery Experiment 
Using Strain Geobacillus sp. DM-2 and Its Metabo-
lic Bioemulsifier

Ma Ting*, Wang Jun, Li Guoqiang, Liang Fenglai, 
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Education, College of Life Sciences, Nankai University, 
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Microbial enhanced oil recovery (MEOR) processes
employ microbial metabolites to lower interfacial
tension between brine and oil, reduce oil viscosity,
enhance permeability in limestone reservoirs and so
on. However, the technical MEOR performances in
many field trials have been inconsistent. It is difficult
for microbiologists to monitor and control the
conditions for optimal performance during the process
of MEOR. Application of molecular ecological
methods to analyze the microbial population and
diversity in petroleum reservoirs and isolate
hydrocarbon-degrading bacteria by the information of
DGGE band sequences is a significant job.

A strain DM-2, which was identified asGeobacillus
stearothermophilus, was characterized to degrade hy-



drocarbons and crude oil under high temperature
(~60-65 oC). This strain could utilize carbon
substrates to produce a new type of bioemulsifier,
which could emulsify diesel oil, benzene,
dimethylbenzene, kerosene, crude oil and other
compounds; the EI-24 value was 100%. This
bioemulsifier could emulsify diesel oil in the pH
range of 1 to 14 with an EI-24 value of 100%. It has a
stable emulsifying capacity after being processed
under high temperature and high pressure or in a
solution with 25% NaCl. This bioemulsifier contained
saccharide and protein. The monosaccharides
included mannose, glucose, galactose and glucuronic
acid; the amino acid composition included lysine,
glycin, alanine, valine and methionine. The
bioemulsifier could improve the solubility of
hydrocarbons and crude oil in water and could
emulsify high-wax containing oil. Field studies
indicated that strain DM-2 is applicable in MEOR.

A field experiment was performed to monitor changes
in exogenous bacteria and to investigate the diversity
of indigenous bacteria during a field trial of MEOR.
Two wells (26–195 and 27–221) were injected with
three exogenous strains and then closed to allow for
microbial growth and metabolism. After a waiting
period, the pumps were restarted and the samples
were collected. The bacterial populations of these
samples were analyzed by DGGE with PCR-
amplified 16S rRNA fragments. DGGE profiles
indicated that the exogenous strains were retrieved in
the production water samples and indigenous strains
could also be detected. After the pumps were
restarted, average oil yield increased to 1.58 and 4.52
tons per day in wells 26–195 and 27–221,
respectively, compared with almost no oil output
before the injection of exogenous bacteria. Exogenous
bacteria and indigenous bacteria contributed together
to the increased oil output. Sequence analysis of the
DGGE bands revealed thatProteobacteriawere a
major component of the predominant bacteria in both
wells. DGGE analysis was a successful approach to
investigate the changes in microorganisms used for
enhancing oil recovery.

Research and application of heavy hydrocarbon-
degrading bacteria and degrading enzyme
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Wax, gum asphalt and inorganic scale are deposited
gradually as a result of lower temperature and flow
pressure in near borehole zones, which lead to
reduction in yield even when oil is not being
produced. In addition, the drilling mud bring all kinds
of polymer additives which also results in pollution

and blockage. A heavy hydrocarbon-degrading
bacteria and blockage relieving agents from degrading
enzyme were screened and used to remove organic-
inorganic blockage in the polluted formation of oil
wells in the current study. It is believed that this will
results in the removal of pollution in near borehole
zones and lead to enhanced oil recovery.

Five highly effective dioxygenase-producing,
polycyclic aromatic hydrocarbon (PAH) degrading,
gram-negative bacteria which are rod shaped to short
rods with a flagellum. Property measurement of
enzyme-producing strains indicated that the growth of
the strains reached maximum between the fourth and
tenth day of culturing. The maximum degrading ratios
(80-90%) was reached in the sixth day. The enzyme-
producing time was 16 hours to 24 hours with high
activity. Among these strains, strain BISYX14 grew
best when phenanthrene was the sole carbon source.
Strain BISYX7 had the strongest degrading capability
with phenanthrene, themaximumdegradingrateup towith phenanthrene, themaximumdegradingrateup to
89.89％ and the direct degrading rate up to 76％.
Phenanthrene-producing dioxygenase, from strain
BISYX7, was purified twice with a specific activity
of 40.2 U/mg. Although its enzyme-producing
activity was lower than that of the genetically
engineered bacteria, it was higher than the currently
reported value for the wild-type.

The highly efficient enzyme-producing
microorganisms and biological enzymes were used to
degrade crude oil in the Huatugou, Gasi, Qigequan,
and Qinghai oilfields. The degrading ratio was up to
80.7%. The products were transformed into active
materials which were helpful for organic and
inorganic blockage removal. In addition, the saturated
hydrocarbons, aromatic hydrocarbons, resins, and
asphalthenes content, and the non-hydrocarbon
content of the crude oil were significantly reduced,
while the fluidity of the crude oil was improved. The
enzyme-based reservoir blockage removing agents
had a good degrading effect on blockages caused by
mixtures of wax, gum, asphalt, inorganic scale, and
all kinds of polymer additives in drilling fluids.

Experiment on blockage removal in cores was
conducted using heavy hydrocarbon-degradingconducted using heavy hydrocarbon-degrading
bacteria and blockage removing degrading enzyme.
After blockage removal, the permeability recovery
rate was over 80%. Under the same conditions and in
the absence of the blockage-removing enzyme, the
permeability recovery rate was just 53.7％ . This
indicates that organic pollution due to deposition of
heavy hydrocarbons in wells could be treated by
blockage-removing enzymes. Oil production
increased when permeability was restored. In addition
to this, experiments were conducted to reduce
blockages, due to polymers and additives, using
blockage-removing enzyme. Results obtained, using
the blockage-removing enzyme, demonstrated that the
clearance rate of mud cakes was over 90%, and its
blockage-removing ability is obviously better than
using chemical oxidant. This experimental application
was used to remove blockage in five low-producing
wells with different geological characteristics and
fluid property in Huatugou oilfield.



Gasi oilfield and Qigequan oilfield. The success rate
of the experimental study was 100%. The
accumulative oil increment using statistical data
obtained over a nine month period was 1836 tons with
1:6 input-output ratio.
The field application showed satisfactory results and
achieved obvious economic benefit.

The results indicates that the heavy hydrocarbon-
degrading bacteria and blockage relieving agents of
the degrading enzyme had a good degrading effect on
wax and asphalt in near borehole zones of low-
producing wells, and it also produced some active
materials to remove pollution from rocks. This
resulted in blockage removal and improvement of
permeability, which eventually increased the oil
production. The high success rate showed that the
technology has a potential for wide application in
removing blockage in low- producing oil wells.

Microbial Diversity and Potential Microbial 
Enhanced Oil Recovery Analysis of Produced 
Water From a Reservoir After Polymer Flooding

Yuehui She*, Fan Zhang, Fuchang Shu, Tingsheng 
Xiang
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Yangtze University, Nanhue Road, Jingzhou, China 434023
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This paper aims to survey the indigenous microbial
community structure and potential function of
produced water from a reservoir after polymer
flooding (Daqing oilfield, P.R.China). 16S rDNA
clone library was constructed by PCR amplification
applying universal primers, cloned in E. coli and
subsequently characterized by amplified rDNA
restriction analysis. DNA was extracted from four oil
well samples in Daqing oilfield after polymer
flooding. 298 clones were obtained and classified into
22 different operational taxonomic units. Four OTUs
occupied 78.18 percent of the 16S rDNA clone
library. Nine OTUshaveonly oneclone. At thesamelibrary. Nine OTUshaveonly oneclone. At thesame
time, the microbial diversity of the 16S rDNA clone
library was evaluated by Coverage value, Shannon-
Weiner index and Evenness index. Phylogenetic
analysis revealed that the dominant members of the
library were affiliated with the Alphaproteobacteria,
the Gammaproteobacteria, the Deltaproteobacteria
(32.21%) and uncultured bacteria.Pseudomonasand
Acinetobacter, which are known hydrocarbon
degraders and biosurfactants producers, occupied
17.79% and 6.02% in the clone library, respectively.
The 16S rDNA sequences analysis indicated that the
dominant microorganisms in the reservoir were the
Alphaproteobacteria (20.47%), the Gammaproteobac-
teria (23.81%), the Deltaproteobacte-ria (32.21%) and
uncultured bacteria (21.16%). The results revealed
that indigenous microbes in the reservoir had lower
diversity due to the influence of polymers after
polymer flooding. Pseudomonasand Acinetobacter
occupied a rather large proportion, which are
connected with biodegradation of hydrocarbons and

desulfurization, denitrogenation, production of
surfactant, viscosity reduction of heavy crude oil
according to some reports of microbial oil recovery.
This research found that the Bdellovibrio
bacteriovorusin the produced liquid occupied a high
percentage. This result was never observed in
previous reports on microbial diversity of reservoir
after polymer flooding. Uncultured microorganisms
occupied a large proportion, and most of them were
Proteobacteria according to the phylogenetic tree. The
Bdellovibrio bacteriovorus occupied the highest
percentage of 32.21%.PseudomonasandAcinetobac-
ter which are connected with biodegradation of
hydrocarbon and production of biosurfactant occupied
17.79% and 6.02% in the clone library, respectively.
The results also indicates that microbes in the system
were rather of new types, because only 5 sequences in
the library exhibited over 97 % identity to existing
sequences of 16S rDNA. It provided reliable evidence
for the feasibility of microbial enhancedoil recoveryfor the feasibility of microbial enhancedoil recovery
after polymer flooding.

The Gene Expression Profile of a Corroding SRB 
Biofilm
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Petroleum Microbiology Research Group, Department of 
Biological Sciences, University of Calgary, Calgary, Alberta, 
Canada

Sulfate-reducing bacteria (SRB) have long been
known to promote iron corrosion in anaerobic
environments when sulphate is present. SRB increase
the thermodynamic favorability of the corrosion
reaction by precipitating anodically-produced ferrous
ions with metabolic produced HS-, as FeS, and
through the consumption of H2 produced cathodically
or from phosphate species. Since the generation of H2

at the metal surface was believed to be the rate
limiting reaction, it had been suggested that some
SRB may be capable of directly accepting electrons
from the metalsurfaceratherthanusinghydrogenasefrom the metalsurfaceratherthanusinghydrogenase
enzymes to consume the cathodically generated H2.
The generation of several complete SRB genome
sequences has failed to demonstrate the existence of
outer-membrane electron transport proteins capable of
transferring electrons directly from the metal's
surface. Consequently, the nature of SRB mediated
corrosion is likely to involve H2 as an intermediate.

To elucidate the mechanisms of SRB-mediated
corrosion, a corrosion reactor was developed to grow
the SRB,Desulfovibrio vulgaris, on the surface of a
iron electrode. In the absence of an external electron
donor,D. vulgaris would not grow unless a negative
potential of -1.1 V was imposed on the iron electrode
to promote cathodic H2 production (CP). To identify
the genes involved in the oxidation of cathodic H2,
microarrays with probes generated against the
genome ofD. vulgaris were developed and used to
analyze the gene expression profile of CP grown cells
and compare them with cells grown on either bubbled
H2 or the organic acid, lactate. To further study the



role of hydrogenases in corrosion, the corrosion rates
of D. vulgarismutant strains missing the genes for the
[NiFe] hydrogenase-1, [Fe] Hydrogenase or high
molecular weight cytochrome (Hmc) grown in the
corrosion reactor were determined.

Relative to cells grown with H2, CP grown cells over-
expressed two hydrogenases, the [NiFe]
hydrogenase-1, and the [Fe] hydrogenase. The genes
for the Hmc, which allows electrons to flow from the
periplasmic hydrogases to the sulfate reduction
pathway, were also overexpressed. Cells grown on the
electrode developed as biofilms and consequently the
genes which promote biofilm formation were
upregulated. Although, the gene profiles for H2 and
CP growth were distinct they were more closely
related to each other than to the profile of cells growth
on lactate-containing media. The microarray results
were supported by the lower electrochemically
measured corrosion rates forD. vulgaris mutants
missingthehyn1, hyd, or hmcgenes.missingthehyn1, hyd, or hmcgenes.

The corrosion studies indicate the important role
hydrogenases play in SRB mediated corrosion and
further demonstrate that the SRB,D. vulgaris, is
incapable of taking electrons directly from the metal's
surface. The expression data collected corroborated
the corrosion data and identified genes important in
iron corrosion and biofilm formation.

Study on mechanism of steel pipeline corrosion in 
Dagang oilfield
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The differencesof temperatureand formation waterThe differencesof temperatureand formation water
characteristics among each reservoir were significant
in Dagang oilfield. Although many measures have
been taken in an attempt to control steel pipeline
corrosion, the corrosion rate in the south block of
oilfield was several times higher than that of the
middle and north blocks. Further studies, therefore,
were needed to clarify the case. The ion and
microorganism concentrations of the water in nine
central stations were analyzed by sampling of
aberration-free point. Under nonsterile and aseptic
conditions, the relations among corrosion rate, salinity
and SRB numbers were studied by static and dynamic
methods. The results showed that, the salinity of
formation water in the south block was the high
(35g/L), and its SO42- content ranged from 50 to
150mg/L. In the south block of oilfield, the SRB
number was less than 102cell/ml, but the corrosion
rate was 71 percent higher than standard value. The
case in the middle and north block of oilfield was
inverse: the corrosion rate was 73 percent oilfield was

was inverse: the corrosion rate was 73 percent higher
than that of the aseptic condition; production water
was fit for microbial growth; the change law of pH
and Eh was different. In the south block of oilfield,
electrochemical corrosion was the main factor due to
the higher salinity. In addition, microbiologically
influenced corrosion was significant. The electron
microscope analysis showed that, corrosion products
were mainly iron and sulfur compounds, and calcium
carbonate. The influence of SRB on corrosion was
obtained by experiment between SRB numbers and
corrosion rates. A preliminary strategy was proposed
to control and reduce SRB numbers, as well as to
reduce corrosion.

Plant Derived Biocides (Green-Biocide) As Corro-
sion Inhibitor Against Microbially Influenced sion Inhibitor Against Microbially Influenced 
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Microbially influenced corrosion (MIC), negatively
impacts the integrity, safety, and reliability of natural
gas pipeline operations throughout the world.
Biological organisms can enhance the corrosion
process by their physical presence, metabolic
activities and direct involvement in the corrosion
reaction. The popular use of biocides in controlling
biocorrosion includes conventional sources of
biocides and other industrial chemicals, as a result,
their cost will continue to rise, and unfortunately most
of them are not only expensive but also toxic to living
beings. It is needless to point out the importance of
cheap, safe inhibitors of corrosion. Plant extracts have
become important as an environmentally acceptable,
readilyavailableandrenewablesourcefor wide rangereadilyavailableandrenewablesourcefor wide range
of inhibitors as they are rich sources of ingredients
which have very high inhibition efficiency,
principally blocking adhesion of microorganism to
surface as like defensive mechanism in plants which
generate oily compounds as preventive mechanism
against microbial infestation. The potential damage
due to conventional method to humans or the
environment is one reason for the ongoing search for
environmentally benign microbially induced
corrosion control agents.

Preliminary method involved screening 22 plants for
biocidal activities of extract derived from them and
confine to Henna, Castor, Pepper and Margosa
(Neem) plants, based on preliminary results and
recent studies on their effectiveness in defense
mechanism. The extract tested for their antibacterial
action (Kirby-baur Method and micro-dilution assay
using multiwell microtitre plate method) against
isolated bacterial strains from corroded metal objects,



objects, isolates purified by serial dilution,
characterized as sulfate reducing bacteria (SRB)
belonging to genus Desulfotomaculum and
Desulfovibrio. Active ingredient isolated from plants
applied over the test panels prepared from mild steel,
galvanized iron and aluminium alloy of uniform size
viz.70 x 15 mm, followed by incubation over varying
periods for corrosion inhibiting property by
eliminating microbial film formation over the test
surface, prompted authors to develop plant based
(Green Biocide) corrosion inhibitor.

Gas Flaring, Oil Pollution and the Environmental 
Sustainability of the Oil Producing Areas of 
Nigeria: Status and Solutions
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Oil and Gas extraction the world over is a capital
intensive business that requires the use of exploration
and production tools and equipment to get the needed
hydrocarbon resource from where they are locked up
in the ground to the surface for various use. In
carrying out these activities by the oil prospectors and
explorers, the environment is mostly impacted more
especially when there are not adequate abatement
measures and controls to address discharges and
emissions.

The author in this presentation looked critically into
the Nigerian case and came up with which companies
that are involved in the E&P activities in Nigeria,
what are the production levels, the history of the spills
and environmental degradation. The text also
captured what government intervention measures are
and phased plans to achieve the much talked about
“environmental sustainability” in such region.

In conclusion,solutionsareprofferedon whatneedtoIn conclusion,solutionsareprofferedon whatneedto
be done to achieve the promotion of HSE best
practices – reduced gas flaring, cleaner productions,
and enhanced oil spill response in the Nigeria oil rich
region to ensure environmental sustainability.

Pollution Prevention in Offshore Oil and Gas 
Operation: A Way Forward
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Environmental management system (EMS) for 
offshore oil and gas operations requires establishing 
specific environmental policy and setting priorities of

different environment issues. In traditional EMS
approach focus has been minimizing impact of the
pollution by adopting end-of-the pipe control
measures. Though end-of-the pipe control measures
are unavoidable, there still exists significant scope of
achieving better environmental performance through
pollution prevention. This paper presents a framework
to adopt Pollution prevention approach in EMS for
offshore oil and gas processing. The discussed The
new Pollution prevention framework ‘IP2M’
framework contributed significantly to bring the
pollution approach into practice and gradually achieve
sustainable solution. The main features of the
proposed framework are that firstly, it has integrated
risk-based life cycle analysis tool with other adequate
pollution prevention opportunity analysis tools and
secondly it has reused the risk-based life cycle
analysis during the environmental evaluation of
different pollution prevention options.

A risk-basedenvironmentalassessmentapproach(E-A risk-basedenvironmentalassessmentapproach(E-
green) is also discussed for evaluating different
process options at the early design or retrofit stage.
The approach splits the cradle-to-gate life cycle into
two domains: the raw materials production and supply
domain and the process domain or gate-to-gate
domain. It allows an analyst to investigate adverse
impacts of the process activity on each domain
separately and result in a more manageable
assessment of process design alternatives. It is a risk-
based approach contrary to the existing hazard-based
approaches, E-green replaces the normalization step
of the conventional impact assessment phase of a life
cycle assessment (LCA) with a ranking step, which
compares the effect scores of all the impact categories
for different options and gives a relative score to each
option. This eliminates the complexity of the
normalization step in evaluation phase and enables
the analyst to perform the evaluation easily.

Mainstreaming Geospatial Information for Oil 
Spillage Detection, Response and Mitigation in 
Niger-Delta of Nigeria
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The fuel driving the engine of growth and sustainable
development of any nation is the nation’s
involvement in the areas of space tools and solutions
for monitoring the exploration of natural renewable
and non renewable resources in its coastal
environment. The only technique to achieve
sustainable development is getting access to reliable
and adequate geospatial information (GI). Over 80%
of socio-economic and environmental management
decisions are based on quality and accurate
information on natural resources and other geospatial



data. On the other hand, the roots of under-
development of the third world countries, such as
Nigeria, emanated from a number of factors which
include poor quality data collection, organization and
management practices including lack of adequate
infrastructure and skilled human capacity to develop
the natural resources and manage the environment in
a sustainable manner. The consequences of these are:
food insecurity, air, water and oil pollution,
environmental degradation, etc. Following recent
trends, Nigeria has recently lunched space tools for
environmental monitoring and communication.
Nigeria has also taken a bold step to establish a
National Geospatial Data Infrastructure (NGDI) that
would address many developmental issues of her
socio-economic dreams in 2015 and 2020. This
presentation attempts reporting how (GI) will be
utilized to detect, respond and manage the persistent
environmental degradation and devastation of the
coastal ecosystemespecially in the oil-producingcoastal ecosystemespecially in the oil-producing
areas in the Niger-Delta of Nigeria, orchestrated by
the exploration, production and transportation
activities.

Remediation of Crude Oil Impacted Onshore Sites
in Nigeria
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Technical approaches such as soil washing, bioreme-
diation, thermal desorption, bioventing, encapsulation
and remediation by natural attenuation/land farming
have been employed in remediation of some impacted
sites.

This paper brings to play case studies of remediation
activities within crude oil production areas. It will
adduce reasons for remediation by natural attenuation
as best option for remediation of crude oil impacted
sites within the Niger Delta region of Nigeria.

The exploration and exploitation of crude oil
resources in spite of its overwhelming economic
importance in Nigeria, has evidently been associated
with environ-mental degradation. Frequent incidents
of crude oil spills in the area have resulted in
contamination of farmlands, portable water supply
and ecosystem imba-lance. Recent reports have
indicated increased cases of danger of these spills to
the local communities in the Niger Delta region.

This paper highlights photographic presentations and
an overview of the remediation options available for
managing the land areas impacted by these spill
incidents and their levels of success.

Oil Degradation in Marine or Estuary Waters with
Bacillus subtilis

Sems Yonsel* , Fatma Yonsel, Ceren B. Guney, Tulay
Sahin

Simbiyotek Biological Products Inc., Okul C.26, Orhanli,
Tuzla, Istanbul, Turkey
*yonsel@simbiyotek.com

Pollution of marine or brackish estuary waters by oil
constitutes is a serious environmental problem.
Among several technologies proposed for treatment
of oil spills, bioremediation is one of the most
promising because of its relatively low costs and safe
application.
Biodegradation of diesel oil by a commercial product
consisting ofBacillus subtilisKUEN 1581 spores in
two different formulations (liquid and solid) is
investigated in the laboratory. The liquid form com-
prises of extra surfactants as wetting agents in order
to make oil availablefor the bacteria. Bacillus spp.to make oil availablefor the bacteria. Bacillus spp.
are known as potential degraders of some petroleum
fractions and as biosurfactant producers.

Experiments are carried out in a Stirred Tank Reactor
of 6 L volume. Water samples are polluted with diesel
oil. DAP is added to provide an appropriate nutrient
level to start biodegradation which is monitored by
offline analyses. Experiments with sodium-azide are
carried out to determine abiotic effects by making the
environment unfavorable for microbial life. The
aeration rate is optimized both to avoid the oxygen
limitation and abiotic stripping of oil.

Experiments with fresh water determined the
effectiveness of solid and liquid formulations of
Bacillus subtilisKUEN 1581 spores. The highest oil
degradation rate is measured with the liquid
formulation; the rates with the solid formulation are
lower. Sodium-azide addition gives no degradation
and abiotic stripping can also be ignored with the
chosen optimal air flow rate. Effectiveness of liquid
formulation is examined under different salinity and
temperature conditions.

Oil degradation rate of the liquid formulation with
Bacillus subtilisKUEN 1581 spores is higher than the
solid formulation due to the surfactantsin the liquidsolid formulation due to the surfactantsin the liquid
product. Bacterial counts increased while the oil
concentration is decreased, a proof that the
degradation is due to microbial action.

Oil degradation rates ofBacillus subtilisKUEN 1581
spores are higher for 9 ppt salinity than for 18 ppt at
both temperatures (15 and 20oC), due to increased
microbial metabolism at isotonic salinity (9 ppt). As
expected, the oil degradation rates are higher at 20oC
than at 15oC, due to enhanced metabolism of micro-
organisms and increased solubility of oil at higher
temperatures.

In all experiments bacterial counts increased while the
oil concentration is decreased. But in experiments
with sodium-azide, there was no increase in bacterial
counts or a decrease in oil concentration. These facts
is a proof that the degradation is due to the action of
Bacillus subtilisKUEN 1581.
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The efficiency of bacterial strains isolated from deep
Atlantic Ocean water and sediment (2,450m – 2,774m
depths) to biodegrade total petroleum hydrocarbons
(TPH, n-alkanes) constituents of 1% crude oil was
compared with that of similar isolate from oily
wastewater reservoir in Imo State, Nigeria.
Standardized bacterial strains (OD546) with similar
morphological and biochemical characteristics from
surface seawater (HBW12a), bottom seawater
(HBW12b), surficial sediment (HBS12) and oily
wastewaterreservoir (HMWP) were selected andwastewaterreservoir (HMWP) were selected and
their TPH biodegradation efficiency in 30 days was
quantified by gas chromatographic analysis (GC-
FID). TPH fractions (n-C8–n-C40) of Bonny light
crude oil was degraded significantly (P≤0.05) by all
the four isolates. HMWP, HBW12b, HBS12 and
HBW12a degraded 85.7%, 80.8%, 79.1% and 78.6%
of TPH respectively. Although bacterial isolates from
oily wastewater reservoir (HMWP) possessed highest
degradative capabilities, isolates from seawater
surface (HBW12a) and seawater bottom (HBW12b)
as well as sediment (HBS12) also exhibited crude oil
degradative potential. The four isolates have been
tentatively identified as Pseudomonas. The gas
chromatograms showed a distribution fromn-C8 to n-
C40 alkanes with the fractions ofn-C15, n-C17, andn-
C19 showing relatively high concentrations at the
onset of experiment followed by a significant
degradation in 30 days by all the isolates. The n-
C17/pristine peak ratios of 0.43, 0.47, 0.47 and 0.48
for HMWP, HBW12a, HBW12b and HBS12
respectively in day 30 also affirmed TPH
biodegradation by all the isolates. Indigenous bacteria
from deep Atlantic Ocean water (surface and bottom)
and sediment thus possess capabilities for
biotechnological applications in deep water
bioremediation.bioremediation.
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Incidence of crude oil pollution emanating from oil
production, refining and other related industrial
activi-

ties in the Niger Delta waters imposed great
ecological imbalance and socio-economic stress on
the immediate environment. However, several
remediation techniques including landfilling,
incineration and chemical appli-cation have been used
to cleanup oil spills.

Recently, various bioremediation approaches adopted
as alternative means to the problem remained
effective and economical. Among these techniques,
bioutiliza-tion and remediation potential of freshwater
microbial consortium obtained from slow running
steams within the Niger Delta region of Nigeria were
studied. The experimental methods included;
isolation and characterization of isolates, screening of
isolates for crude oil utilization, determination of
growth profile of isolates in 5% and 10% crude oil
pollution levels and bioutilization potential
(percentage) of microbial consortia in 5% and 10%
crude oil pollution levels.

The results obtained showed thatMicrococcus
species, Pseudomonas species, Aspergillus and
Fusarium species were crude oil utilizers. These
microorganisms representing 67% of the total isolates
had growth turbidity between 0.104 and 0.611nm
compared to a control with 0.044nm in a growth
medium. Correlation of the microbial growth profile
was positive between the pH, total viable count
(TVC) and optical density (OD) (r = 0870). The
results confirmed that incubation period, consortial
compositions and type of organisms significantly
influenced the rate of crude oil utilization.
Combinations of bacterial specises, and fungal
species utilized crude oil exceedingly better than
bacteria/fungi combinations. Bacteria/Bacteria and
Fungi/Fungi combinations at 5% and 10% pollution
levels, respec-tively, were significant at p>0.5. In
contrast,Pseudo-monasand Aspergillus working in
concert at 5% and 10% pollution levels performed
poorly throughout the incubation period.

Therefore, the use ofPseudomonas/Aspergillus,
Micrococcus/PseudomonasandFusarium/Aspergillus
combinations as seed cultures in a remediation cam-
paign at pollution level considered to be below 10% is
recommended as remediation technology in slow
runningfreshwaterecosystemwithin the Niger Deltarunningfreshwaterecosystemwithin the Niger Delta
region of Nigeria.
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Four bacterial isolates from four different
environmen-tal samples (agricultural soil, compost
soil and sewage sludge- anaerobic and aerobic
wastewaters) were for their ability to mineralize 2-



screened for their ability to mineralize 2-
methoxyethanol under aerobic conditions. Isolate
from anaerobic sewage wastewater was most efficient
with an average of 48.6mmol/day mineralisation
capacity. Morphologi-cal, physiological, biochemical
and molecular characte-rization of the isolate showed
that the strain, designa-ted VB is of the genus
Pseudomonas. 16S rRNA sequence analysis showed
that the organism is related to Pseudomonas putida at
99.9% and Pseudomonas plecoglossicida at 99.8%
similarity level. It is related to members of the genus
Pseudomomas belonging to the rRNA group 1 within
the gamma (γ) Proteobacteria. The G+C content
64.5,±0.8mol% is within the range characteristic of
the genus Pseudomonas. In a time course experiment
Pseudomonas sp. strain VB was grown in 2-
methoxyethanol, ethylene glycol, glycoll-ate,
glyoxylate, oxalate and methanol. Strain VB was able
to utilize all proposed intermediates except methanol.
Comparablegrowth characteristicsof PseudomonasComparablegrowth characteristicsof Pseudomonas
sp. strain VB grown in 2-methoxyetha-nol and
proposed intermediates showed significant molar
growth yields. These results indicate that ethylene
glycol, glycollate, glyoxylate and oxalate might be
intermediates in the degradation pathway of 2-
methoxyethanol. Thus a reaction sequence: 2-
methoxyethanol ï,® ethylene glycol ï,® glycollate ï,®
glyoxylate ï,® oxalate is been proposed in this study.
Key words: 2-methoxyethanol, environmental
samples, degradation, 16S rRNA and Pseudomonas
sp. strain VB.
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An investigation was carried out to ascertain the role
of Bacillus subtilis in the bioremediation of anof Bacillus subtilis in the bioremediation of an
agricultural soil intentionally polluted with crude oil.
Different levels (0%, 5%, 10% and 15%) of Obagi
medium crude oil and different levels of nutrient
fertilizer NPK 15:15:15 (Okg/ha, 1800kg/ha,
2400kg/ha and 3000kg/ha) were added to the soil.
Result showed that pollution at 5%, 10% and 15%
levels were associated with significantly (p<0.01)
higher mean counts of hydrocarbon utilizing
microorganism than 0%. Nutrient application rate at
2400 kg/ha was the best nutrient for amending crude
oil polluted sites. After a period six months at
optimum nutrient amendment,Bacillus subtilis
caused biodegradation of crude oil at the rate of 72%,
68% and 58% for the 5%, 10% and 15% pollution
levels respectively. Pollution levels above 10% did
not favor crude oil biodegradation. An effective
bioremediation scheme therefore must take the
following factors namely, adequate microbial seeding,
nutrient amendment and a reasonable pollution level
into consideration.

.
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Experiments were conducted to determine the
nutritional contents of cow dung and brewery
effluents with a view to assessing their effect on
bacterial degradation of Bonny light crude oil. Crude
protein, fibre, and fat, ash, Phosphorus and trace
metal contents of the wastes were determined using
standard procedures. Crude oil degrading bacteria
were isolated from soil and water samples using
selective enrichment technique. The results obtained
revealed that the wastes contained appreciable
essential nutrients like Nitrogen, Phosphorus,
Magnesium, Manganese and Zinc. Significant
difference (P<0.05) between the two wastes was
noted for all the determination made except in
Phosphorus content. The bacteria isolated included
Corynebacterium pseudodiphthericum, Staphyloco-
ccus saphrophyticus, Pseudomonas alcaligenesand
Achromobacter xylosoxidan.These bacteria were
used in the degradation experiment. After the
degradation experiment, the residual crude oil was
extracted and subjected to chromatographic analyses
using the GC-MS methods. A significant reduction
(P<0.05) in heavy metals, Total Petroleum
Hydrocarbons and Polycyclic Aromatic Hydrocarbons
was achieved. It was, therefore,concludedthat thewas achieved. It was, therefore,concludedthat the
wastes have potential in enhancing biodegradation of
crude oil contamination of natural environment.



essential nutrients. Significant differences (P<0.05)
among the wastes were noted in all the determinations
carried out except in phosphorous content. The results
of the degradation experiment shows that a significant
reduction (P<0.05) in heavy metals, total petroleum
hydrocarbons (TPHs) and polycyclic aromatic
hydrocarbons (PAHs) was achieved with all the
wastes. The highest reduction in TPHs and PAHs was
observed in sewage sludge seeded treatments. This is
followed by that of the brewery effluents, cow dung
and chicken droppings.

The significant reduction of TPHs and PAHs
observed in all the wastes may be attributable to their
zinc content. Although, cow dung and chicken
droppings recorded high crude protein and
phosphorus levels, one might expect them to greatly
influence the degradation process. This is not so
because the nutrients are organically bound and,
therefore, not available to the bacteria involved in the
degradation (Obahiagbon and Audu, 2002). Butdegradation (Obahiagbon and Audu, 2002). But
sewage sludge and brewery effluents are partially
digested products and thus, contain readily available
nutrients. These nutrients become easily accessible by
the bacteria. These findings are in agreement with that
of McBrideet al. (1997).
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Bioremediation has emerged as one of the most
promising secondary treatment option for oil removal
since its successful application after the 1989 Exxon
Valdez spill. While this treatment method shows
efficacy it has been hampered in the field by long
remediation time, which is affected by the
bioavailability of the hydrocarbons for biological
degradation.

The optimisation of the bioremediation of Brass
Canal poly-aromatic hydrocarbon (PAH)
contaminated sediments by advance chemical
oxidation with Fenton’s reagent in a bio-slurry reactor
was investigated for eight weeks. The results of the
study demonstrate that the treatment of crude oil
contaminated sediments from Brass canal by
oxidation with Fenton’s reagent increased the
bioavailability of recalcitrant PAHs for microbial
degradation and therefore increased the rate of
bioremediation.

The addition of nutrients (biostimulation) increased
the degradation of PAH from 6.5% to 25.28% . This
was increased to 55.6% removal by treatment with
Fenton’s reagent at an optimum dose of 50gl-1 H2O2

and 5gl-1 Fe3+. The study has demonstrated that the
integration of chemical oxidation with the
bioremediation process increased the degradation of
PAHs in the sediments thereby providing a faster and
hence superior remediation process for the cleanup of
PAHs contaminations in soils and sediments.

Phytoremediation of Soil Contaminated with 
Heavy Metals and Crude Oil by Chromolaena 
Odorata (L)
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A pot experiment was carried out to investigate the
capability of Chromolaena odorata(L) to grow in
different concentrations of three heavy metals in
crude oil-contaminated soil and to estimate its
capability to remove the heavy metals and the crude
oil from the contaminated soil. Six-week old plants of
Chromolaena odoratapropagated from stem cuttings
were transplan-ted into garden soil artificially
contaminated with 50000 mg kg-1 crude oil and 100,
500, 1000 and 2000 mg kg-1 each of cadmium, nickel
and zinc separately. The contamination was left to
stand for 30 days before use in the experiments. The
experiments were left to stand for 180 days in a
tunnel. The plants were watered once a week with
about 300 ml of water containing 5% NPK fertilizer.
The soil was analysed for heavy metal concentrations
using Inductively Coupled Plasma Ato-mic Emission
Spectroscopy (ICP-AES) after digestion with aqua
regia and for Total Petroleum Hydrocarbons (TPH)
GC/MS. Chromolaena odoratadid not show any
growth inhibition in 50000 mg kg-1 crude oil, as was
shown in the control experiment, and in all
concentrations of zinc. Plants in experiments
containing 2000 mg kg-1 cadmium showed very little
adverse effect, as the leaves were slightly smaller and
palecomparedto thosein thezinc treatedsoil. Nickelpalecomparedto thosein thezinc treatedsoil. Nickel
showed more visible effects, as plants in the 1000 and
2000 mg kg-1 experiments had leaves that were paler
and branching was less profuse. The leaves were
generally smaller. While it was obvious that the
concentrations of both crude oil and heavy metals
used in these experiments did not have very
significant effects on the growth of the plants, it can
be inferred from the results obtained that higher
concentrations of cadmium and nickel could result in
more adverse effect on the plant. After 180 days the
soils showed the following percent reduction in heavy
metals: 100 mg kg-1 experiments, Zn (35%), Cd
(33%) and Ni (23%); 500 mg kg-1 , Zn (37%), Cd
(41%) and Ni (25%); 1000 mg kg-1 , Zn (65%), Cd
(55%) Ni (44%); 2000 mg kg-1, Zn (63%), Cd (62%)
and Ni (47%). The concentrations of the heavy metals
present in the plant tissues showed that the plant
accumulated more of the Zn than Cd and Ni. The
accumulation of Zn and Cd was highest in the 2000
mg kg-1 experiments and Ni in the 500 mg kg-1

experiments. Crude oil was reduced by 82% in the ex-



periments that did not contain heavy metals and by
between 74 and 80% in the heavy metal treated soil.
The experiments that did not contain any
Chromolaenaplants showed a reduction of between
38 and 47%. This portion of the reduction could be
attributed to microbial action and natural attenuation.
These results show thatChromolaena odorata(L) has
the capability of thriving and phytoaccumulating
heavy metals in contaminated soils while degrading
the contaminant crude oil. It also shows that the
plants capability to degrade crude oil in contaminated
soil is not greatly affected by the concentrations of
heavy metal used in these experiments.
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Remediation by Enhanced Natural Attenuation
(RENA) was employed to remediate an oil
contaminated site in the Gokana Local Government
Area of Rivers State, Nigeria between January and
June 2008. Mineral salt medium to which crude oil
had been added was used as a sole source of carbon
and energy to isolate hydrocarbon utilizers from the
sample collected from different plots of the
contaminated site. Two fungi,Zoopage mitosporaand
Articulosporium inflata; as well as five genera of
bacteria, Lactobacter, Arthrobacter, Bacillus,
Pseudomonasand Micrococcus were isolated and
identified. The microbial and physicochemical
properties of the soil samples varied with the different
plots and at different periods of remediation.

Molecular Approach to Aerobic Biodegradation of 
Crude Oil 
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Traditionally, culture-dependent characterization of
microbial communities involved in biodegradation of
petroleum hydrocarbons limits the scope of our
understanding of microbial community structure and

functionality during bioremediation since only a
fraction of hydrocarbon-degrading microorganisms
can be currently cultured in the laboratory. The
application of modern molecular techniques such as
nucleic acid-based methods to study microbial
populations in petroleum hydrocarbon-contaminated
sites without the need for culturing has led to the
discovery of complex microbial diversity in such
environments.

In this research, molecular fingerprints of bacterial
populations involved in aerobic biodegradation of
crude oil in an experimentally contaminated soil
during bioremediation were generated using
denaturing gradient gel electrophoresis (DGGE) of
polymerase chain reaction (PCR)-amplified 16S
rRNA gene fragments of extracted soil DNA.
Hydrocarbon degradation was measured throughout
the experimental period by gas chromatography.
DGGE patterns of each of the nutrient amended soils
showed that NPK, calcium ammoniumnitrate andshowed that NPK, calcium ammoniumnitrate and
poultry droppings selected different bacterial
populations during the active phase of crude oil
degradation. Dominant DGGE bands responding to
biostimulation, aeration (by tilling) and watering
regimens given to the amended soils were excised,
reamplified and sequenced.

Sequence analysis revealed the presence of
phylogenetically distinct known hydrocarbon
degrading bacteria like Corynebacterium spp.,
Burkholderia sp., Dietzia spp., Low G+C Gram
positive bacterium clones and uncultured bacteria
clones. Gas chromatographic tracing of residual
hydrocarbons in biostimulated soils showed marked
attenuation of contaminants starting from the second
till the sixth week after contamination whereas no
significant reduction in hydrocarbon peaks was seen
in the oil contaminated control soil throughout the 6-
week experimental period.

This polyphasic approach (molecular, chemical and
microbiological) employed in the study revealed that
bacterial community shifts occurred as a result of
biostimulation which activated and enhanced
biodegradative capabilities in the autochthonous
degraders. It couldbeinferredthatmultiple analytical
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degraders. It couldbeinferredthatmultiple analytical
methods are unequivocally the best tools to unravel
the complexity of responses of microbial communities
during bioremediation in crude oil contaminated
environments.
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Disposal of oily sludge and crude oil-contaminated
soils is a major environmental problem facing oil
industries worldwide in general and the Niger Delta,
Nigeria, in particular. In view of the high dependence
of Nigerian economy on crude oil, hence high crude
oil production in the Niger Delta and consequent
rampant spills, oil-producing communities in the
region are characterized with large volumes of this
waste. One environmentally-friendly approach to
manage this waste stream is bioremediation.

Bioconversion of crude oily sludge from an oil
terminal in Nigeria into soil conditioner was carried
out using sawdust at varying ratios as organic
amendment to, among other things, increase the
surface area of the sludge for microorganisms to
thrive on. The sawdust/oilysludge(SD/OS)ratiosofthrive on. The sawdust/oilysludge(SD/OS)ratiosof
1:1, 4:1, 8:1, 16:1, 1:4, 1:8 and 1:16 were used for
composting for 21 weeks with raw sawdust (RSD),
raw oily sludge (ROS) and untreated soil used as
controls. Total heterotrophic bacterial and fungal
counts (THBC and TFC) were determined using
spread plate method. Total hydrocarbon utilizing
bacterial and fungal counts (HUBC and HUFC) were
determined using mineral salt medium containing
crude oil as sole source of carbon and energy.
Nutrient levels in RSD, ROS and control soil as well
as the cured composts were determined using
standard analytical methods.Zea mayswas planted on
the produced soil conditioner and growth
performance monitored using plant height and girth.

THBC for SD/OS ratios used ranged between 7.4 and
17.4 x 106 cfu/g and between 6.2 and 18.4 x 106 cfu/g
for controls. HUBC ranged between 5.9 and 9.0 x 166

cfu/g for SD/OS ratios and between 5.4 and 5.8 x 106

cfu/g for controls while TFC for SD/OS ratios used
ranged between 4.5 and 5.0 x 107 cfu/g and between
3.25 and 5.50 x 107 cfu/g for controls. HUFC ranged
between 3.50 and 4.25 x 107 cfu/g for SD/OS ratios
and between 3.00 and 5.25 x 102 cfu/g for controls.
Predominant bacterial genera isolated wereMicroco-
ccus, Flavobacterium,Pseudomonas,Acinetobacterccus, Flavobacterium,Pseudomonas,Acinetobacter
and Staphylococcus while fungal genera were
Aspergillus, Penicillium, Saccharomycesand
Candida. Nutrient levels for nitrogen, potassium,
phosphorus, magnesium, iron and zinc reduced
between weeks 0 – 21.

Microbial counts increased between weeks 0 and 7
and decreased between weeks 14 and 21 of
composting for SD/OS ratios, RSD and ROS.
Untreated soil had no significant changes in microbial
populations. The soil conditioners differed
significantly (P>0.05) from controls using plant girth
and height as parameters for measurement of plant
growth. SD/OS ratios 1:1, 4:1, 8:1, 16:1 caused the
most positive significant effects on growth of plants.
Using these SD/OS ratios, oily sludge can be
bioconverted into soil conditioner for plant growth.
Growth of non-food crops on the produced soil
conditioner was recommended.
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In Nigeria, the exploration and exploitation practices
and the breaking of oil pipelines have led to incessant
pollution, especially in the Niger Delta region and
other southern parts of the country. These spills have
a large immediate economic impact as they harm to a
great extent the ecosystem more than just the isolated
location. To remedy the situation, technologies such
as incineration, thermal desorption and extraction
have beenutilized. However,advantageshave beenhave beenutilized. However,advantageshave been
associated with fungal bioremediation as they are cost
effective and their utilization is a gentle non-
aggressive approach. There is a need therefore to
source for indigenous fungal flora that have potentials
for hydrocarbon (e.g. crude oil ) degradation. For
isolation of the fungi from oil-contaminated soils,
Sabouraud Dextrose Agar and Czapeck medium were
utilized. Then, standard mycological procedures were
adopted for the identification of the fungal isolates.
The identified isolates were screened for
biodegradation potentials under shake-flask
fermentation technique at room temperature for 7-
days utilizing formulated mineral salt medium (MSM)
amended with sterile crude oil (1%v/v), Tween80
(0.1%v /v) and 2% (v/v) redox indicator (2,6-
dichlorophenol indophenols). The biodegradation
efficiencies of the selected strains were then evaluated
by spectrophotometric and gas chromatographic
methods. Among the 12 fungal isolates recovered,
only 8 showed potentials for biodegradation. These
includes Aspergillus versicolor, Aspergillus niger,
Aspergillus flavus, Syncephalostoum spp.,
Trichoderma spp., Neurospora sitophila, Rhizo-pus
arrhizus and Mucor spp. Of the eight isolates,
Aspergillus versicolorandAspergillus nigerexhibited
the fastestonsetandhighestextentof biodegradation
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the fastestonsetandhighestextentof biodegradation
(>98%) on polycyclic aromatic hydrocarbon moieties
of crude oil. Hence these two organisms can be
effectively employed for bioremediation of oil-
polluted farm lands especially those located within
the vicinity of the isolated sites.



Petroleum exploration activities have resulted in
environmental pollution. The main causes of oil
pollution are oil well blowouts, rupture of pipelines,
corrosion, vandalisation and sabotage. Some of the
affected areas are those with difficult terrain like
some part of the Niger Delta where the spills are
difficult to control. However, biodegradation could be
a possible solution. The objectives of this study were
to determine the ability of rhizosphere bacteria in
degrading the escravos (Nigerian) light crude oil and
the mechanism of degradation.

Crude oil utilizing bacteria were isolated from the
rhizosphere of Eucalyptus camaldulensis, Lablab
purpursusand Moringa oleifera by plating serially
diluted soil samples on oil agar and incubating at
30oC for 5 days. The microbial isolates were
identified and confirm based on cultural,
morphological and biochemical characteristics. The
rate and total crude oil biodegradation by 5 bacterial
isolateswere determinedusing gravimetric and gasisolateswere determinedusing gravimetric and gas
chromatographic-mass spectrophotometric (GC-MS)
analysis. Crude oil adherence/emulsification tests
were carried out to access the probable mechanism of
oil degradation by determining the absorbance of the
query phase. Data generated were statistically
analyzed.

Crude oil utilizing bacteria isolated from the
rhizosphere were identified asLactobacillus casei,
Corynebacterium ovis, Erysipelothrix rhusiopathiae,
Corynebacterium hotmanii, Klebsiella pneumoniae,
Yersinia rohdei, Gardnerella sp., Enterococcus
galline-rum, Listeria murrayi, Cedecea neteri,
Actinomyces viscosus, Brochothris campestris,
Arachnia propionicaandAeromonassp. Weight loss
of crude oil ranged from 21.74% to 69.78% after 20
days. Of the five oil degraders testedK. pneumonia
LR01 (69.78%) was most potent in utilizing the crude
oil when compared toY. rohdei LR03 (55.43%),L.
casei ER13 (31.74%),A. viscosusMR24 (26.09%)
and A. propionica MR25 (21.74%). Values were
significantly (P≥ 0.05) different. C1-C10 were
degraded in all the treatments after 20 days. However
K. pneumonia LR01 degraded C13-C18 more
extensively than the other isolates.
Adherence/emulsificationtest indicated that all theAdherence/emulsificationtest indicated that all the
isolated adhered to the oil and emulsified it exceptL.
casei ER13 which only emulsified the oil.

The study identifiedE. rhusipathiae, C. neteri, B.
compestris, A. propionicaand Y. rhodeias crude oil
degraders from the rhizosphere probably for the first
time. The highest level of oil degradation (69.78%)
was observed withK. pneumoniae, probably due to its
competent degradation enzymes.K. pneumoniaLR01
was able to degrade long-chain C13-C18 probably
because the long chain alkanes are less toxic to the
microorganism. All the organisms emulsified the
crude oil which is an indication that they produced
biosurfactants to emulsify the oil thereby exposing a
large surface area for colonization. The isolates can
serve as seeds for bioaugmentation and the plants
may be useful in rehabilitating oil polluted soil.

Use of Oil Palm Bunch and Plantain Peel Extracts
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Occurrence of crude oil hydrocarbon pollution is on
the increase in the Niger Delta region of Nigeria.
Several remediation strategies often deployed include
mechanical, chemical and microbiological methods.
In this region bioremediation technologies are
considered most effective, inexpensive and easy to
apply in aquatic environment. However,
bioremediation of oil pollutants in natural ecosystem
is complex and slow. The rate depends on the
chemicalcompositionof the petroleumhydrocarbon,chemicalcompositionof the petroleumhydrocarbon,
the presence of hydrocarbonoclastic microorganisms
and nutrient availability, especially nitrogen and
phosphorus. Many trials on the effect of phosphorus
and nitrogen indicates that nitrogen and phosphorus
are critical for maximal crude oil degradation. This
situation reflects the C:N and C:P ratio of a given
environment, while improvement of this condition
enhances maximum degradation byBacillus and
Pseudomonasspecies. Also nutrients augmentation
for effective remediation in this environment appears
to be a difficult and expensive task. Therefore the
search for a cheap naturally occurring supplementary
inorganic source becomes imperative and challenging.

Extracts of oil palm (Elaeis guinensis) bunch and
plantain (Musa paradisiacal) peel have been reported
to contain high concentration of mineral nutrients
such as K, N, Mg, P, Na, etc. Oil palm tree and
plantain are plants commonly found in Nigeria in
small holdings and plantations. Consequently, the
study was designed to evaluate the potential of
constituted organic extracts, obtained from waste
materials of oil palm bunch and plantain peel, as
nutrient supplements in crude oil hydrocarbon
remediation campaign. The stimulating properties
and potential of organic extracts in crude oiland potential of organic extracts in crude oil
hydrocarbon utilization byBacillusandPseudomonas
species were examined and compared with routinely
used mineral salt medium (MSM). The experimental
methods deployed in the study were; preparation of
extract solution, determination of physical
concentration (using atomic absorption method) and
bioutilization of crude oil hydrocarbon impregnated
with the extracts.

Extracts were obtained as waste materials of oil palm
bunch (OPB) and plantain peel (PP). The average
nutrients concentration obtained from the extracts
were: Mg = 20.4mg, N2 = 20.7mg, K = 63.5mg, Ca =
480.5mg, P = 276.5mg and Na = 106.5mg. At pH 6.6
to 8.1 oil palm bunch extract was a better stimulant
than plantain peel in the order: MSM > PB > PP at a
correlation of r = 0.55. After 24 hours of incubation,
Bacillus– LSI utilized the crude oil as a carbon and



energy source in all media (91.4%, 52.9% and 50.5%)
better thanPseudomonas– LSI (82.6%, 49.4% and
41.5%). The difference in utilization between these
test organisms are significantly positive at p > 0.05.

Generally, the results imply that organic extract of oil
palm bunch and plantain peel are excellent stimulants
for crude oil hydrocarbon degraders and can be used
for cleanup of crude oil spill involving less than 10%
pollution level in soil and aquatic ecosystems.
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Access to abundant clean water is a serious issue
affecting the physical and economic health of world
communities. Wastewater treatment is important to
pre-vent disease and renew precious fresh water
resources.

The optimum application of an agricultural by
product (cocoa pod husk) in the bioremediation of Al
(III), Cr (VI) and Ni (II) metal ions was studied,
analyzing the metal ion concentrations with a
UNICAM 919 solar Atomic Absorption
Spectrophotometer (AAS). The effects of particle
sizes of adsorbent, weight of adsorbent, agitation
speed and initial concentration of metal ions solution
on the sorption process were investigated. FT-IR
spectroscopy was carried out to elucidate the
functional groups responsible for the mechanism of
the sorption process.

The amount of metal ions adsorbed increased as the
initial concentrations of metal ions in solution were
increased. Al (III) was adsorbedmore than Cr (III),increased. Al (III) was adsorbedmore than Cr (III),
and then followed by Ni (II) ion. The sorption process
was fitted to the Langmuir, Freundich and Dubinin-
Radushkevich isotherm models. The Freundlich
isotherm gave a better fit to the sorption process with
correlation coefficient (R2) values ranging from
0.8164 to 0.9980, followed by the Dubinin-
Radushkevich isotherm with R2 values ranging from
0.8113 to 0.9803 and then the Langmuir model with
R2 values ranging from 0.114 to 0.9773.

Therefore, cocoa pod husk was capable of removing
Al (III), Cr (VI) and Ni (II) ions from aqueous
solution, hence making cocoa pod husk a feasible
adsorbent for heavy metal removal from industrial
effluents. Also, the results of this work could serve as
design parameter for treatment plant used in
bioremediation which in return is likely a profitable
technology for water and wastewater treatment and
re-use.

Studies in Bioremediation Processes Applying 
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Soil and groundwater are important component of
agricultural and renewable natural resources (RNR)
production systems. These component and production
systems are influenced directly and/or indirectly by
anthropogenic activities that are not related to them
and others that are geared toward influencing and
controlling both biotic and abiotic components of the
systems for particular ends. Studies have shown that
many of these activities have series of impacts, the
negative ones being through the generation and
depositionof xenobioticsthat are dangerousto life-depositionof xenobioticsthat are dangerousto life-
forms into soil and groundwater. For economic
reasons and lack of human capacities, it may be
difficult and expensive to remove these toxic
substances from the environment in developing
countries, particularly those in sub-Sahara Africa
(SSA), using most of the available remediation
technologies. However, documented outcomes of
research studies in the literature have shown that the
growth and physiological characteristics of certain
species of microbes and plants can be applied in
cheap and adaptable ways for removing various toxic
substances through a process known as
bioremediation. Bioremediation has been identified as
a feasible means of removing most of these noxious
substances from the environment, for which the
agricultural and RNR production systems are
dependent on. These production systems are known to
be central to livelihoods and survival in many of the
developing countries and in SSA in particular.
Bioremediation techniques can be used to clean up
soil and groundwater in ways that is expected to
benefit current and future environmental and socio-
economic situations of most users. This paper intend
to review and discuss some of the documented
research results in the literature where various
bioremediation methods were employed forbioremediation methods were employed for
remediation of soil and groundwater in many parts of
the world, with focus on sites polluted with crude oil
and associated petroleum products and wastes. The
potential benefits and adaptability of such remediation
methods in developing countries with extreme
economical and developmental challenges would be
reviewed, using the Niger Delta region of Nigeria as a
case study.

Use of Poultry Droppings and Cow Dung as Alter-
native Nutrient Sources for Bioremediation of 
Diesel Oil in Agricultural Soil Ecosystem
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Bioremediation is an alternative mitigation for
petroleum hydrocarbon (HC)-contaminated soil
because it is simple to maintain, applicable over
larger areas, cost effective and leads to the complete
destruction of the contaminant. Bioremediation
strategies are often based on stimulating the
indigenous microbial community with inorganic
fertilizers, or involve amendment of the naturally
occurring microorganisms with an inoculum of HC-
degrading microorganisms. The latter strategy is
controversial and in many cases has proved to be
ineffective, while the former would more often than
not result in increased cost of remediation. Therefore,
in the current study, we investigated the use of
agricultural wastes as alternative nutrient sources
during bioremediation of a diesel oil-contaminated
soil ecosystem simulated under laboratory conditions.
Four treatments(oil + poultry droppings,SPD; oil +Four treatments(oil + poultry droppings,SPD; oil +
cow dung, SCD; oil + poultry droppings + cow dung,
SPCD and, oil alone, CON) were applied. In all
treatments with the exception of CON, population
densities increased with 3 – 4 orders-of-magnitude.
GC fingerprints of residual oil showed no consistent
differences among SPD, SCD, and SPCD but all three
differed from CON. All treatments yielded
simultaneous removal of both n-alkanes and the
isoprenoids, although the former were degraded
faster. Interestingly, relatively similar degradation
rates were observed for both the light and heavy
fractions of the oil pollutant. Oil degradation was
fastest within the first 14 days with over 90%
depletion. Though there was significant reduction in
biodegradation rates (from 6.74 to 0.24% day-1),
nearly all the oil was utilized. In contrast, CON was
relatively stable throughout the 4-week investigation
period with only 40.29% degradation and overall
degradation rate of 1.44% day-1 compared with 3.44
% day-1 obtained for the treated soils. Use of
agricultural waste materials in bioremediation has the
potential of reducing cost tremendously especially in
cases where nutrient supplementation is a must-do for
effectiveness.
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Oil exploration and production activities have
significant environmental consequences from
accidental discharges. Some of the toxic effects of
crude oil spill in the environment include,
carcinogenesis, sterilization of soil, etc. It then
becomes necessary to clean up these oil spills from
the environment. The clean up processes include, the
use of chemicals, detergents or burning the spilt oil

oil which are neither cost effective nor environmental
friendly due to the introduction of other contaminants
into the environment. Biodegradation is often the
primary mechanism for elimination of contaminants.
However, physical and chemical processes such as
dispersion, dilution, sorption, volatilization and
abiotic transformation are also important. The most
widely used bioremediation procedure is
biostimulation of the indigenous microorganism
whereby nutrients/ fertili-zers are added as input to
the large quantities of carbon source (i.e.,
contaminants). The introduction of a nitrogen fixing
bacteria becomes necessary to augment nitrogen and
ensure the survival of the microorganisms used in the
biodegradation processes.

This work is aimed at (1) isolating the indigenous
crude oil degrading microorganisms from the soil
mainly carbonoclastic bacteriumPseudomonas spp.
and diazotroph Azotobacter vinelandii that can
performcometabolismwhile degradatingof crudeoil,performcometabolismwhile degradatingof crudeoil,
(2) determination of the rate of removal of crude oil
(decontamination) using the consortium, (3) to design
a rotating bioreactor that can be used for scaling up
bioremediation processes, (4) to determine the rate of
removal of crude oil using the rotating bioreactor and
(5) applying some mathematical model equation that
will help in the scaling up of the bioremediation
processes using a combination ofAzotobacterand
Pseudomonas spp.

Soil samples were taken from depth of 0 – 15cm and
the soil properties, bulk density and pH of the soil
determined. Simulation of crude oil spill was affected
by adding various concentration of crude oil to the
soil. Innocula (0.5, 1.0, 2.0, 3.0, and 4.0 x 108

cells/cm3) of the microorganisms were also added
13.0g of the stimulated soil to start the biodegradation
processes. The inoculation was done for the
individual microorganisms and also as a diculture of
the microorganism at different concentrations. The
setups were monitored 96 hours (4days).

The amount of petroleum hydrocarbons degraded by
the consortium from the contaminated soil ranges
from 66.83 to 69.9% as when compared with the pure
cultureof Pseudomonassp. (23.3 – 44.45%). Hence,cultureof Pseudomonassp. (23.3 – 44.45%). Hence,
beyond the biological role of diazotrophs as a
nitrogen fixing bacteria, they can also contribute to
bioremediation of crude oil-contaminated
environment. This process could be used for scaling
up purpose, the use of drum bioreactor can be used to
achieve a better result where the drum bioreactor is
kept at optimal condition (of temperature, pH,
rotation and microbial growth) and the rotation will
enable the consortium to interact with the crude oil
thereby degrading more of the crude oil.
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A pilot test of inhibiting harmful microorganism by
beneficial microorganism to enhance oil recovery was
conducted in a conglomerate reservoir of Block 7 of
Xinjiang oilfield in China based on the studies of
reservoir basic physical properties and biological
characteristics. The reservoir had a rather high
permeability and a good inter-well connectivity with
mineralization of formation water of 8450mg/l, oil
viscosity of 5.6 mPa.s and temperatureof 30℃. Inviscosity of 5.6 mPa.s and temperatureof 30℃. In
addition, the reservoirs had used water drive for 41
years. The analysis of indigenous microorganism
indicated that there were rich hydrocarbon-degrading
bacteria with 103-103 concentration per ml,
saprophyte, fermentative bacterium with 104-107

concentration per ml, sulfate-reducing bacteria and
nitrate reducing bacteria with 102-103 concentration
per ml in the formation. It was relatively obvious that
the sulfate reducing bacteria produced some corrosion
and scaling which would result in reservoir plugging.

A microbial flooding system with high efficiency was
used in this test. There were biosurfactant, bacteria to
degrade heavy hydrocarbon and nutrients in the
microbial flooding system. These bacteria had a good
compatibility with formation fluid and applicability
under the reservoir condition. After the samples were
cultured for three days in the microbial flooding
system, the beneficial microorganism of hydrocarbon-
degrading bacteria reached 108 concentration per ml
and nitrate reducing bacteria reached 102-103

concentration per ml. In addition, the lipopeptide
biosurfactant lowered the surface tension to 30mN/s
with oil spreading diameter of 7.5cm. The screened
bacteria and indigenous microorganisms could reduce
saturatedhydrocarbon,aromatic hydrocarbon,resinsaturatedhydrocarbon,aromatic hydrocarbon,resin
asphalt and non-hydrocarbon of the crude oil in some
degree in Block 7. After 7-days of culturing, the total
degradation degree reached 49% while the addition of
oil is 2%. GC-MS analysis indicated that short-chain
n-alkane in saturated hydrocarbon were nearly all
degraded, the concentrations of pristane and phytane
of long-chain hydrocarbon were significantly
reduced, the concentrations of naphthalene and
phenanthrene of heavy aromatics were lowered with
viscosity reduction rate of 30-50%. Core tests
demonstrated that this microbial flooding system
could increase recovery ratio by 10% -20% after
water flooding.

Microbial solution of 22 tons and nutrient agents of
24 tons were injected into 7204 and 409 well group
ten times in the pilot test. At the same time, air was
injected by using air compressor which would speed
up the propagation of microorganisms in near bore-

hole zones. Oil-well output liquids of corresponding
eight wells were continuously monitored and
analyzed in the MEOR process for ten months. The
results indicated that the number of beneficial bacteria
increased, for example the number of hydrocarbon-
degrading bacteria with an improvement of three to
four orders of magnitude and the number of nitrate
reducing bacteria with an improvement of three to
five orders of magnitude after oil displacement, while
the growth of harmful bacteria were effectively
inhibited. As the terminal product of metabolism, the
bicarbonate radical reached 103mg/l and the content
of acetate increased from 3-7mg/l to 50-205mg/l. The
dynamic monitoring of produced oil and water in test
wells demonstrated that the cumulative incremental
oil production of corresponding ten wells was 5046
tons within eleven months with response rate of 90%.
Among them, the oil increment of No. 7222, No.
7219 and No. 7291A were over 1000 tons with 10%
decreaseof watercut.decreaseof watercut.

The analysis indicated that screened microorganisms
degraded crude oil and produced metabolites such as
biosurfactant, organic acids, gas and solvents. These
metabolites reduced the freezing point and improved
fluidity of crude oil to some degree to decrease the
possibility of blocking due to wax deposition or gun
asphalt. The hydrocarbon-degrading bacteria and
nitrate reducing bacteria were activated and grew
quickly while the growth of harmful sulfate reducing
bacteria was inhibited. Therefore, the problem of
blockage due to sulfide precipitation was prevented
and the crude oil yield was increased. The technology
of inhibiting harmful microorganism by beneficial
microorganism to enhance oil recovery could be
widely applied in the similar reservoirs since the
MEOR achieved good results.
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A pilot experiment of activating indigenous
microorganism to enhance oil recovery was
conducted in reservoirs with high salt content, in the
Huatugou of Qinghai Oilfield in China, based on the
investigation, screening and the evaluation of oil
displacement efficiency of indigenous
microorganisms in the reservoirs. The reservoir had
the following properties: porosity of 16-20%,
permeability of 12-200md, average formation
pressure of 4.1-8.48MPa, average formation
temperature of 35℃, oil viscosity of 3.56-8.38mPa.s,
wax content in oil of 17.2-22%, the total
mineralization of formation water of 20×104ppm and



the daily oil production of single well of 2-5 cubic
meters per day. The analysis of indigenous
microorganisms demonstra-ted that there were rich
hydrocarbon-degrading bacteria, saprophyte,
fermentative bacteria, sulfate reducing bacteria (103-
104 concentration per ml) in the reservoirs. The
microbial diversity in Qinghai oilfield was analyzed
by microbial culture techniques and by molecular
biological methods. The results indicates that there
are rich resources of indigenous bacteria in Qinghai
oilfield, mainly hydrocarbon-degrading bacteria,
fermentative bacteria, sulfate reducing bacteria and
iron bacteria. The numbers of these bacteria
approached 103-105 concentration per ml. After a
comparison of 16S rDNA sequences of four samples
collected from the oilfield with the Gene Bank, the
results indicates thatMarinobacterandPseudomonas
had a dominant role and a lot of uncultured microbes
were found in the samples. Two strains were isolated
from Huatugousamplesandidentifiedasnewspeciesfrom Huatugousamplesandidentifiedasnewspecies
BIOS682 of Brevibacillus agri and Brevibacillus
levickii according to their 16S rDNA gene sequence.
After crude oil of Huatugou oilfield was treated using
BIOS682, components less than C22 were
significantly increased, while components more than
C22 decreased. At the same time, oil viscosity of
crude oil decreased from 15.2 mPa.s to 10.6mPa.s,
crude oil freezing point decreased from 34.5℃ mPa.s
to 17℃ and the surface tension of fermentation broth
decreased from 72.6mN/m to 32.4 mN/m. The
fermentation broth was extracted by centrifugation
and its metabolites were purified. The content was
identified as a lipopeptide biosurfactant by thin layer
chromatography and infrared spectrometry analysis.
Core test results indicated that oil recovery factor
could be increased by 8% after crude oil in Huatugou
was treated by indigenous bacteria. The field
application test to activate indigenous bacteria to
enhance recovery was conducted in three water
injection wells (N3-1-3, N3-4-2, N2-6-3). Within
about one year, the yield of these oil-wells
respectively increased by more than 4300 tons.

Results indicates that there are some bacilli in
reservoirs with high salt content. These bacteria could
enhance oil recovery and had strong adaptability in
reservoirs with high salt content because they could
produce bacteria endospore in the extreme
environment. They could survive in a rather high
mineralization environment and quickly grow after
adding suitable nutrients. These bacteria degraded
heavy components in the oil of Huatugou, decreased
viscosity and freezing point of crude oil and improved
the fluidity. The biosurfactant produced during the
growth of indigenous bacteria could emulsify heavy
oil and improve the fluidity of crude oil by lowering
oil-water interfacial tension, by changing the
formation rock wettability and improving oil sweep
efficiency to enhance oil recovery. The success of
field application tests proved that the technology to
activate the indige-nous bacteria could be widely
applied in similar reservoirs.

Optimization of Biosurfactant Production by a
Diculture of Pseudomonas species and Azotobacter
vinelandii

Adaora Umeji*, I. N. E. Onwurah
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Crude oil remains the principal source of energy and
plays important roles in global environmental
pollution. The accidental spills of crude oil present
problems for both the environment and human health.
Soil absorbs the pollutant readily; therefore, its clean-
up take a long period of time. Aromatic compounds
and their chlorinated derivatives, which are toxic and
difficult to biodegrade, are of primary concern. As
these compounds have been proven to be
carcinogenic and can contribute to pollution, they
must be treated and detoxified through several
methodsnamely; Chemical,Physical,andBiological.methodsnamely; Chemical,Physical,andBiological.
But these methods are neither cost effective nor
environmental friendly due to the fact that they also
increase the contamination of the environment with
some other kinds of pollutant. Biological methods
show many advantages and many organics can be
efficiently degraded by aerobic and anaerobic
processes. However, for degradation of crude oil-
contaminated sites, special microbial cultures are
needed which can survive in the contaminated
environment and degrade the contaminant efficiently
and completely. Biosurfactants are amphiphilic
compounds which can reduce surface and interfacial
tension. This they do by their accumulation at the
interface of the immiscible fluids, thereby making
them soluble and easily biodegradable. Biosurfactant
production by microbes often enhances the
biodegradation of crude oil under controlled
conditions. Such as temperature, pH, oxygen
availability, carbon and nitrogen sources, etc.

This study is aimed at increasing the
effectiveness of the soil clean-up technology, by the
use of the diazotrophAzotobacter vinelandiias the
sole nitrogen source since it fixes atmospheric
nitrogen into the soil.(2) To isolate and characterize
Azotobacter vinelandii and PseudomonasspeciesAzotobacter vinelandii and Pseudomonasspecies
from crude oil-contaminated soil,(3) produce
biosurfactants using a diculture ofAzotobacter
vinelandii and Pseudomonas and (4) to convert the
polycyclic aromatic hydrocarbons into biodegradable
ones by using the biosurfactants produced.

Soil samples was contaminated using different
concentration of crude oil, 40kg of the soil was
collected. Microbial culture and isolation was carried
out and the biosurfactant-producing bacteria was
characterized and identified. The isolates were grown
on basal mineral salt medium. The biosurfactant
activity of the bacteria was done using Haemolysis
test, Emulsification test, Drop collapse test, Kinetic of
surfactant production, Investigation of PH effect on
surface tension. The Presence ofAzotobacter
vinelandii in the work contributed to the nitrogen
requirement of thePseudomonasspecies. All the iso-



lated strains tested for haemolytic activity and its
ability to collapse an aqueous droplet formed on a
hydrophobic surface. The diculture produced more
biosurfactants, and the surface tension of culture
broth dropped rapidly after inoculation for the kinetic
of biosurfactant production. Biosurfactants showed
higher biodegradability, lower toxicity, better
environmental compatibility and activity at extreme
temperature.
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The worldwide demand for crude oil as source of
energy and as a primary raw material for chemical
industries has resulted in an increase in world
production of crude oil. This rise in production,
refining and distribution of oil has resulted in massive
discharge of oil into the environment thereby creating
serious health and environmental problems especially
in oil producing areas like the Niger Delta region of
Nigeria. There is need to device different remediation
options to get rid of these pollutants from the
environment. This study examines the crude oil
degrading capabilities of microbial isolates from
decaying ripe pawpaw and sweet orange and the role
of plasmid borne genes in the degradation process.

Decaying ripe pawpaw and sweet orange were picked
from their respective tree surroundings while the
crude oil used was Escravos blend crude oil obtained
from Chevron tank farm at Escravos. Standard
microbiolo-gical procedures were employed in
determining the types of microorganisms in the
samples. Plasmid curing and extraction was done on
the isolatesand outcomedeterminedby agarosegelthe isolatesand outcomedeterminedby agarosegel
electrophoresis. Plasmid-cured isolates were then
tested for crude oil degradation.

The bacterial isolates from ripe pawpaw were
Klebsiella pneumoniae, Pseudomonas aeruginosaand
Enterobacter cloacaewhile Serratia marcescenswas
the only isolate from sweet orange. The fungal
isolates from ripe pawpaw were species of Rhizopus
and Mucor while those from sweet orange were
species of Penicillium and Mucor. Studies on the
plasmid profile revealed that all bacterial isolates had
one plasmid each exceptEnterobacter cloacaewhich
had two. The molecular weights of the plasmids were
12.00kbp and 23.15kbp. Isolates cured of plasmids
were unable to degrade crude oil.

These findings showed that crude oil degraders are

widely distributed in the environment and that
plasmids play a role in crude oil degradation

Studies on Biostimulation of Crude Oil 
Contamina-ted Soil 
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In Nigeria as in many other oil producing countries,
operational accidents resulting in oil spills are an ever
present risk in the petroleum industry, whether at the
stage of crude oil exploration, transportation or
refining. Besides the economic implications, oil
spillages in the environment have serious adverse
impacton health. It is thereforeimportantto assessallimpacton health. It is thereforeimportantto assessall
remediation options on the basis of their ability to
remove organic contaminants successfully. This
current study is on the effect of nutrients (NPK
fertilizer) on the indigenous aerobic bacterial
population of crude oil contaminated soil.

Soil samples were collected at a dept of 0-10cm from
farmland around Ekpoma, while the crude oil used
was Chevron Escravos crude oil obtained from
Chevron farm tank at Escravos. The numbers and
types of bacterial species in the samples were
determined using standard bacteriological procedures.
Thereafter, the samples were artificially contaminated
with varying concentration of crude oil and treated
with NPK fertilizer. Total viable count was carried
out weekly for a period of six weeks.

Six bacterial isolates namelyEscherichia coli,
Staphylococcus aureus, Psuedomonas aeruginosa,
Bacillus subtilis, Enterobacterspp. andProteusspp.
were isolated from uncontaminated soil samples.
When the same soil samples were contaminated with
crude oil, the isolates after six weeks included
Pseudomonas aeruginosaand Bacillus subtilis.The
results also showed that nutrient at 10g NPK
fertilizer/kg soil resulted in slight increase in the
aerobic bacterial population and this increasewasaerobic bacterial population and this increasewas
significant (P<0.05) on the third week of the study.

It is proposed that addition of nutrient enhances
degradation of crude oil in contaminated soil samples
and that bacteria isolated from crude oil contaminated
soil has increased hydrocarbon degrading capability.
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Oil released into the environment is a well–
recognized problem in today’s world. The search for
effective and efficient methods of cleaning up
polluted sites has intensified in the recent years. One
promising method that has been researched is the
biological degradation of oil by bacteria.

This study was carried out to determine the ability of
some bacteria to degrade oils in vitro. The bacteria
used in this study were isolated from oil polluted soil
in Ilaje, Ondo state, Nigeria. The soil samples were
collected at different depths into pre-sterilized
cellophane bags by means of soil auger and analyzed
microbiologically using standard techniques. The
bacteria isolated from the oil polluted soil are:
Aerococcus viridan, Lactobacillus acidophilus,
Staphylococous epidermidis, Streptococcus feacalis,
Micrococcus luteus, Escherichia coli, and
Clostridium sporogenes.

Biodegradationactivities of the isolatedbacteriaonBiodegradationactivities of the isolatedbacteriaon
fuel (petrol, kerosene and diesel) were determined
using mineral salt medium (MSM). The results
showed that all the bacteria degraded the fuels,
although there were variations in the growth patterns
of each of the bacterium species in relation to the
fuels utilised. The degradation activities of the
bacteria ranged between 0.7 unit/hr and 12.5unit/hr.
The highest degrading bacteria wasMicrococcus
luteus with degradation activity of 12.5unit/hr on
petrol while Aerococcus viridanleast catabolised
petrol at the level of 0.7unit/hr.Lactobacillus
acidophilus and Clostridium sporogeneshad the
highest degradation activities of 11.63unit/hr and
11.53unit/hr on diesel and kerosene respectively.

Micrococcus luteus, Lactobacillus acidophilusand
Clostridium sporogenesare therefore recommended
for aerobic biodegradation of oil during the process of
bioremediation for effective and efficient removal of
oil.

Studies On The Bioremediation Of Soil 
Contamina-ted With Petroleum Hydrocarbon 
Mixtures
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The search for effective methods of enhancing
petroleum hydrocarbon microbial degradation has
intensified in recent years. One promising method
that has been researched into is the application of
chemical fertilizers to augment for the mineral
elements particularly nitrogen and phosphorus
limitations in the soil during biodegradation. The
effectiveness of this treatment method has however
been conflicting. Nonetheless, in developing countries

fertilizers are not sufficient for agriculture, let alone
for cleaning oil spills. It therefore, necessitates the
search for cheaper and environmentally friendly
options of enhancing petroleum hydrocarbon
degradation. One of such options is the use of poultry
and piggery manure as biostimulating agents.

A combination of treatments consisting of the
application of poultry manure (T1), piggery manure
(T2), goat manure (T3) and chemical fertilizer (T4)
was evaluated in-situ during a period of four weeks
incubation. Each treatment contained petroleum
hydrocarbon mixtures (kerosene, diesel and gasoline
mixtures) (10% w/w) in soil as a sole carbon source.

After four weeks of incubation, the results showed
that T1, T2, T3 and T4 exhibited 73%, 63%, 50% and
39% total petroleum hydrocarbon degradation,
respectively. Thus, all the biostimulating treatment
strategies showed the ability to enhance petroleum
hydrocarbon microbial degradation. However,hydrocarbon microbial degradation. However,
treatment T1, T2 and T3 showed greater petroleum
hydrocarbon reductions than treatment T4 (NPK
fertilizer treatment). This may possibly be due to the
fact that poultry, piggery and goat manures possess
both organic matter and oil utilizing bacteria which
NPK fertilizer does not possess and are thus added to
the soil alongside with nutrient thereby enhancing the
rate of petroleum hydrocarbon degradation. This
indicates that each of the poultry, piggery and goat
manures are acting as both biostimulating and
bioaugmenting agent, respectively. Furthermore,
treatment T1 (poultry manure treatment)
comparatively showed a higher petroleum
hydrocarbon reduction than treatment T2 (piggery
manure treatment) and treatment T3 (goat manure
treatment), respectively. The reason for this may
probably be due to the difference in the amount of
organic matter, mineral elements (nitrogen and
phosphorus) and types and populations of
hydrocarbon utilizing bacteria. The total
heterotrophic bacteria (THB) count in all the
treatments increased with time up till the third week
after which it declined. The increased microbial
population represented an immediate response to the
added petroleum hydrocarbons which provided an
additionalcarbonsubstratefor microbial growth andadditionalcarbonsubstratefor microbial growth and
multiplication. The decline in the bacterial population
may be as a result of depletion in the nitrogen and
phosphorus present in the soil which eventually
became limiting and cause a reduction in the bacterial
populations with time. A first-order kinetic equation
was fitted to the biodegradation data and the results
revealed that the specific degradation rate constant (k)
was comparatively higher for treatment T1 and lower
for treatment T4, respectively.

Conclusively, this present work has indicated that the
application of poultry manure, piggery manure, goat
manure and chemical fertilizer could enhance
petroleum hydrocarbon degradation with poultry
manure showing a greater effectiveness and thus
could be one of the severally sought environmentally
friendly ways of remediating natural ecosystem
contaminated with crude oil.
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Soil samples collected from six different mechanic
workshops in Awka were analyzed for hydrocarbon
degrading microorganisms. The bacterial isolate
found to utilize spent motor oil in mineral salt
medium containing the hydrocarbon as the sole
carbon source were characterized based on their
cultural, morphological and biochemical tests using
standard methods. The bacterial isolates include
Bacillus, PseudomonasandCorynebacterium species.
Hydrocarbon degradation was demonstrated by gas
chromatography. The result showed that
Corynebacter-ium sp.has the highest ability to
degrade spent motor oil (71.85%) followed by
Pseudomonas sp.(63.46%), while Bacillus sp.
(2.76%) found it difficult to degrade the hydrocarbon.
In addition, emulsification test was carried out for the
three organisms; it showed thatCorynebacterium sp.
has the highest emulsification ability at 1.0% spent
motor oil. Emulsification however facilitates
biodegradation. HenceCorynebacterium sp.could be
employed for decontamination of the mecha-nic
workshop spent oil-polluted soils.
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biostimulating agents.
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application of poultry manure (T1), piggery manure
(T2), goat manure (T3) and chemical fertilizer (T4)
was evaluated in-situ during a period of four weeks
incubation. Each treatment contained petroleum
hydrocarbon mixtures (kerosene, diesel and gasoline
mixtures) (10% w/w) in soil as a sole carbon source.
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hydrocarbon microbial degradation. However,
treatment T1, T2 and T3 showed greater petroleum
hydrocarbon reductions than treatment T4 (NPK
fertilizer treatment). This may possibly be due to the
fact that poultry, piggery and goat manures possess
both organic matter and oil utilizing bacteria which
NPK fertilizer does not possess and are thus added to
the soil alongside with nutrient thereby enhancing the
rate of petroleum hydrocarbon degradation. This
indicates that each of the poultry, piggery and goat
manures are acting as both biostimulating and
bioaugmenting agent, respectively. Furthermore,
treatment T1 (poultry manure treatment)
comparatively showed a higher petroleum
hydrocarbon reduction than treatment T2 (piggery
manure treatment) and treatment T3 (goat manure
treatment), respectively. The reason for this may
probably be due to the difference in the amount of
organic matter, mineral elements (nitrogen and
phosphorus) and types and populations of
hydrocarbon utilizing bacteria. The total
heterotrophic bacteria (THB) count in all the
treatments increased with time up till the third week
after which it declined. The increased microbial
population represented an immediate response to the
added petroleum hydrocarbons which provided an
additionalcarbonsubstratefor microbial growth and
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multiplication. The decline in the bacterial population
may be as a result of depletion in the nitrogen and
phosphorus present in the soil which eventually
became limiting and cause a reduction in the bacterial
populations with time. A first-order kinetic equation
was fitted to the biodegradation data and the results
revealed that the specific degradation rate constant (k)
was comparatively higher for treatment T1 and lower
for treatment T4, respectively.

Conclusively, this present work has indicated that the
application of poultry manure, piggery manure, goat
manure and chemical fertilizer could enhance
petroleum hydrocarbon degradation with poultry
manure showing a greater effectiveness and thus
could be one of the severally sought environmentally
friendly ways of remediating natural ecosystem
contaminated with crude oil.
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library construction; sequencing and functional 
metagenomic analysis of ammonia- and methane-
oxidizing microbial communities; development of 
computational tools for the taxonomic and functional 
binning of environmental genomic sequence data for binning of environmental genomic sequence data for 
comparative community genome analysis and mosaic 
genome assembly; reconstructing the metabolic 
potential of uncultivated microbial groups dwelling 
within marine sediments and stratified water columns 
around the globe, where common geochemical 
gradients support the oxidation of methane and 
ammonia under anaerobic conditions.

Recent Publication.
DeLong, E.F., Preston, C.M.,  Mincer, T.J., Rich, V., 
Hallam, S.J., Frigaard, N.U., Martinez, A., Sullivan, M.B., 
Edwards, R., Brito, B.R., Chisholm, S.W., Karl, D.M. (2006) 
Commu-nity genomics among stratified microbial 
assemblages in the ocean's interior, Science ,311:496-503

Cubonova, L., Sandman, K., Hallam,  S.J., DeLong, E.F., 
Reeve, J.N. (2005) Histones in Crenarchaea, J. Bacteriol, 
187:5482-5485

Dr. Lindsay Eltis
Professor
Department of Microbiology and Immunology
Room 4508 
2350 Health Sciences Mall
Life Sciences Centre, University of British ColumbiaLife Sciences Centre, University of British Columbia
Vancouver, BC
Canada V6T 1Z3 

Phone: (604) 822-0042
Fax: (604) 822-6041
E-mail: leltis@interchange.ubc.ca

Relevant Research Interest: microbial enzymes and 
pathways involved in the degradation of natural and 
man-made compounds; PCB- and biphenyl-degrading 
enzymes; nitrile degradation in Rhodococcus; 
degrada-tion of explosives by actinomycetes

Recent Publication.
McLeod MP, Eltis LD. Genomic insights into the aerobic 
degradation of organic pollutants. In Microbial 
Biodegradation: genomics and molecular biology. (Ed. 
Diaz), 2008, Horizon Scientific Press.

Sharp JO, Sales CM, LeBlanc J, Liu J, Wood TK, 
Eltis LD, Mohn WW, Alvarez-Cohen L. 2007. An 
inducible propane monooxygenase is responsible for 
N-nitrosodimethylamine degradation by Rhodococcus 
sp. RHA1. Appl. Environ. Microbiol., 73, in press.
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L.D., Mohn W.W., Alvarez-Cohen L. (2007) An Inducible 
Propane Monooxygenase is Responsible for N-Nitrosodime-
thylamine Degradation by Rhodococcus Sp. RHA1. Appl. 
Environ. Microbiol., 73, In Press. 

Gómez L., Kumar P., Barriault D., Sylvestre M., Bolin J.T., 
Eltis L.D. (2007) Characterization of Biphenyl Dioxygenase 
of Pandoraea pnomenusa B-356 as a Potent Polychlorinated 
Biphenyl-Degrading Enzyme. J. Bacteriol. 189:5705-5715.

Dr. William Mohn
Professor
Department of Microbiology and Immunology
Room 4501
2350 Health Sciences Mall
Life Sciences Centre, University of British ColumbiaLife Sciences Centre, University of British Columbia
Vancouver, BC
Canada V6T 1Z3 

Phone: 604-822-4285 
Fax: 604-822-6041 
Email: wmohn@interchange.ubc.ca

Relevant Research Interest: degradation of 
pollutants by microorganisms; microbial degradation 
activities addressing biochemical mechanisms 
involved as well as the physiology, phylogeny and 
ecology of the organisms involved; research areas 
include resin acid biodegradation, bioremediation of 
arctic sites, forest soil microbiology, genomics of 
Rhodococcus sp. RHA1

Recent Publication.
Master E.R., Agar N.Y.R., Powlowski J.B., Mohn W.W., 
Eltis L.D. (2008) Comparison of Activities of Biphenyl 
Dioxygenases from Psychrotolerant and Mesophilic Strains. 
Appl. Environ. Microbiol.74:3908-3911

LeBlanc J.C., Gonalves E.R., Mohn W.W. (2008). Global 
Response to Desiccation Stress in the Soil Actinomycete 
Rhodococcus jostiiRHA1. Appl. Environ. Microbiol. 
74:2627-2636 

Neufeld J.D., Li J., Mohn W.W. (2008) Scratching the 
Surface of the Rare Biosphere With Ribosomal Sequence Surface of the Rare Biosphere With Ribosomal Sequence 
Tag Primers. FEMS Microbiol. Lett. 283:146-153

Dr. Susan Baldwin
Associate Professor 
The Department of Chemical & Biological 
Engineering
2360 East Mall, University of British Columbia, 
Vancouver, BC 
Canada V6T 1Z3

Email: sbaldwin@chml.ubc.ca

Relevant Research Interest: includes oxidative 
leaching of minerals under high temperatures and 
pressures; bacterially mediated precipitation of heavy 
and toxic metals from aqueous streams 

Christine L. , Marcello V., Susan B. (2003) The 
Geochemistry of Selenium Associated with Coal Waste in 
the Elk River Valley, Canada. Environ. Geol. 44: 905-913

Dr. Anthony Lau
Associate Professor
The Department of Chemical & Biological 
Engineering
2360 East Mall, University of British Columbia, 
Vancouver, BC 
Canada V6T 1Z3 

Email: aklau@interchange.ubc.ca

Relevant Research Interest: anaerobic fermentation 
for bioenergy production; composting and 
biofertilizer production; odor monitoring and 
biofiltration biofiltration 

Recent Publication
Zhang, W. and A.K. Lau (2007) Reducing Ammonia 
Emission from Poultry Manure Composting Via Struvite 
Formation. J. Chem. Technol. and Biotechnol. 82: 598-602. 

Lau, A.K. and K. Cheng (2007) Removal of Odor Using 
Biofilter from Duck Confinement Buildings. J. Environ. Sci. 
Health Part A. 42: 955-960

Dr. Real Roy
Assistant Professor
Department of Biology 
University of Victoria
Petch Building 116
3800 Finnerty Rd
Victoria, BC V8P 5C2

Phone: (250) 472-5071
E-mail: realroy@uvic.ca

Relevant Research Interest: Microbial metabolism 
of atmospheric trace gases, nitrogen cycling in 
forested watershed, nitrogen cycling in contaminated 
soil or sediment; ecological interaction between soil or sediment; ecological interaction between 
methane-oxidizing bacteria and ammonium-oxidizing 
bacteria;  denitrifying bacteria and methane producing 
archae. 

Dr. Chris Kennedy
Professor
Department of Biological Sciences
Simon Fraser University
8888 University Drive, 
Burnaby, B.C. 
Canada V5A 1S6

Phone: 778.782.5640
Email: ckennedy@sfu.ca
Website: http://www.sfu.ca/biology/faculty/kennedy/

Relevant Research Interest: biological fate  and  



effects of  environmental contaminants in aquatic 
envi- ronments; investigating mechanism of action for 
cause-effect relationships and understanding the 
organismal- and ecological relevance of these effects.

Recent Publications

Kennedy, C.J., K. Tierney. (2008). Energy Intake Affects 
the Biotransformation Rate, Scope for Induction, and 
Metabolite Profile of Benzo[a]pyrene in Rainbow Trout. 
Aquat. Toxicol. 90: 172-181.

Kennedy, C.J., A.P. Farrell. (2008). Immunological 
Alterations in Juvenile Pacific Herring, Clupea pallasi, 
Exposed to Aqueous Hydrocarbons Derived from Crude Oil. 
Environ. Poll. 153: 638-648.

Dr. Francis C.P. Law
Professor
Department of Biological Sciences
Simon Fraser University
8888 University Drive, 
Burnaby, B.C. 
Canada V5A 1S6

Phone: (778)782-4285 
Fax: (778)782-3680
Email: flaw@sfu.ca
Website: http://www.sfu.ca/biology/faculty/law

Relevant Research Interest: studying the 
absorption, distribution, metabolism and elimination 
of environmental pollutants, pesticides, drugs and 
food contaminants in different mammalian and 
aquatic species; isolation, characterization, and 
quantification of toxicants and their metabolites in 
living organisms using analytical instruments such as 
gas chromatogra-phy, high pressure liquid 
chromatography, mass spec-trometry; development of 
biologically (physiologically) based disposition 
models of environmental chemicals in different 
animal species and using these computer models to 
assess environmental and human health risks.

Recent Publication.Recent Publication.
Eickhoff, C.V., Gobas, F.A.P.C., Law, F.C.P. (2003) 
Screening Pyrene Metabolites in the Hemolymph of 
Dungeness Crabs (Cancer magister) With Synchronous 
Fluorescence Spectrometry: Method Development and 
Application. Environ. Toxicol. Chem. 22: 59-66

Eickhoff, C.V., He, S.X., Gobas, F.A.P.C., Law, F.C.P. 
(2003) Determination of Polycyclic Aromatic Hydrocarbons 
in Dungeness Crabs (Cancer magister) Near an Aluminum 
Smelter in Kitimat Arm, British Columbia, Canada. Environ. 
Toxicol. Chem. 22: 50-58

Dr. Frank Gobas
Professor 
School of Resources and Environmental 
Management, 

Simon Fraser University
8888 University Drive, 
Burnaby, B.C. 
Canada V5A 1S6

Phone: (778)782-5928 
Fax: (778)782-4968
Email: gobas@sfu.ca
Website: http://www.rem.sfu.ca/toxicology/

Relevant Research Interest: Dr. Gobas is an 
environmental chemist and toxicologist, who is 
interested in the behavior, effects and associated 
ecological and human health risks of chemical 
pollutants in the environment. Dr. Gobas is a member 
of the UN Joint Group of Experts on the Scientific 
Aspects of Marine Environmental Protection 
(GESAMP) and the editorial boards of several 
scientific journals. scientific journals. 

Recent Publications
Distribution of Phthalate Esters in a Marine Aquatic Food-
Web. 2004. Environ. Sci. Technol. 38 : 2011 – 2020

An Arctic Terrestrial Food-Chain Bioaccumulation Model 
for Persistent Organic Pollutants. 2003 Environ. Sci. 
Technol. 37: 2966-2974.
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Associate Professor
The Department of Chemical & Biological 
Engineering
2360 East Mall, University of British Columbia, 
Vancouver, BC 
Canada V6T 1Z3 

Email: aklau@interchange.ubc.ca

Relevant Research Interest: anaerobic fermentation 
for bioenergy production; composting and 
biofertilizer production; odor monitoring and 
biofiltration 

Recent Publication
Zhang, W. and A.K. Lau (2007) Reducing Ammonia 
Emission from Poultry Manure Composting Via Struvite 
Formation. J. Chem. Technol. and Biotechnol. 82: 598-602. 

Lau, A.K. and K. Cheng (2007) Removal of Odor Using 
Biofilter from Duck Confinement Buildings. J. Environ. Sci. 
Health Part A. 42: 955-960
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