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Abstract

Coastal swamp crude oil samples obtained from Clough creek, Azuzuama and Tebidaba oil fields were analyzed to obtain their
biodegradation rankings. The studied samples were fractionated by column chromatography into saturated and aromatic
hydrocarbons. The saturated hydrocarbons were analyzed using Gas Chromatography-Mass Spectrometry (GC-MS). Some
diagnostic ratios such as C, aBhopane/(Pr+Ph), (Pr+Ph)/(nC,,+nC,) and C,,af},.norhopane/C, afhopane were used in
assessing the biodegradation rankings. Though biodegradation was evident in the studied samples, their individual levels
were compared based on these ratios. Assessment of the crude oil samples using C, af25norhopane/C, aBhopane ratio
show that the oils from AZU ST and TEB12 are more degraded when compared to oils from WELL 2. Consequently, (Pr+Ph)/

(nC,,+nC

18)

ratios show that TEB 12 is the most degraded while WELL 2 is the least degraded. AZU ST was also shown as the
most degraded oil using C, aBhopane/(Pr+Ph) diagnostic ratio.
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Introduction

Crude oil, a non-renewable source of energy is a
complex mixture containing mostly hydrocarbons with
varying proportions of organometallic compounds and
non-hydrocarbon constituents. Crude oil contain numerous
“chemical fossils” or “biomarker molecules” which are
resistant to biodegradation and whose origin in the crude
oil is related through transformation to organic molecules
produced by living organisms [1].

Bacteria destroy alkanes, isoprenoid and biomarkers
in source rock and crude oil; this bacterial activity effect
on petroleum is termed Biodegradation. The process of
microbial biodegradation in the oil reservoir has a dramatic
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effect on the fluid properties of hydrocarbons [2] as a result of
temperature limits [3]. The loss of normal alkanes and acyclic
isoprenoids (phytane and pristane) defines the starting
process of biodegradation. Although a high biodegradation
resistance is evident in terpanes and steranes, research has
proved that under a severe process of weathering, these
biomarkers can degrade to a certain degree (extensive
microbial degradation) [4,5]. Wherein, the Pr/n-C  ratio
increases when the n-alkane level decreases [6].

Biomarker origin is traced back to formerly living
organisms. Biological markers (Figure 1) as it is termed
are found in sediments and rocks whose carbon structure
is traced to living organisms. Biomarker fingerprinting has
been adopted by petroleum geochemists in characterizing
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crude oils to ascertain parameters including their level of paper examines the biodegradation rankings in oil samples
biodegradation [7]. obtained from Bayelsa State, Nigeria.

Several studies have been carried out successfully in the Below are structures of some aliphatic biomarkers resident
Niger Delta region using geochemical tools to characterize in crude oil.

oils based on their standard biomarker ratios [8-10]. This

s Cholestane Cy; 28, 30-Bisnorhopane

Gammacerane Olenane Ursane
Ergostane Cpg Sigmastane Cpo
Figure 1: Molecular structures of some biomarkers found in crude oil.
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Figure 2: Map showing Study area.

Description of Study area

Bayelsa state (Figure 2) is located in the Niger Delta
region of southern Nigeria. A prolific area that houses one
of the largest deposits of crude oil and natural gas in Nigeria.
The geographical location is situated within latitudes 4A°15’
North and 5A°23’ south and longitudes 5A°22’ West and
6A°45' East. Bayelsa is surrounded by the Atlantic ocean on
the southern and western sides and states; Delta and Rivers
on the northern and eastern regions respectively. Bayelsa
State is located within the plains of the lower delta, assumed
to have emanated via the Holocene of the quaternary period
by the sedimentary deposits accumulation. The distinctive
feature of the geological setting in bayelsa is the Sedimentary
alluvium. The studied area formed due to numerous
tributaries of River Niger in this plain and abandoned beach
ridges; geological alterations still exist. Consequently, coastal
beaches and tidal flats, flood plains are features that defines
bayelsa as a lowland region. Characteristic features such as
lagoons are also unique features of the bayelsa state. There
are numerous streams of varying volumes and velocities in
this unified area. These include Rivers Ekoli, Nun, Koluama,
Brass etc. Most communities in Bayelsa state are surrounded
by water thereby making access by road a bit difficult. This is
characteristic of its estuarine and marine settings.
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Materials and Methods

Sample Collection, Preparation and Analysis

The studied samples were collected from wellheads
at Azuzuama, Tebidaba and Clough Creek fields in Bayelsa
State, Nigeria (Figure 2) and are representatives of the oil
bulk. They were labeled: AZU ST, WELL 2, TEB 12, TEB 08
and CCST respectively. These samples were retained in a
glass vials and stored in a refrigerator for preservation until
when needed for analysis.

30 mg of the oil sample was transferred to a 2ml
bottle with Teflon lined plastic cork, and diluted with 1 ml
dichloromethane. The oil samples were fractionated and
subjected to Gas Chromatography-Mass Spectrometry
analysis. Abrakasa S [11] outlined the procedures used for
the fractionation of oil samples. The saturated fractions were
subjected to Gas Chromatography analysis using HP3890GC
serial 1I, separation performed in a silica capillary column
(30 mx 0.25 mm id.) coated with 0.25 um, 5 % phenyl methyl
silicone (HP-5) by HP (Agilent United Kingdom). Hydrogen
gas was used as carrier gas at 2 ml/min with a spilt/splitless
injector, the temperature at 50°C for 2 mins then progressed
at 4°C/min to 300°C at which it is held for 20 mins (Table 1).

Copyright© Oraegbunam CI, et al.
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carried out as described by Onojake MC [12] at Giolee Global

Resources Limited, Port Harcourt (Figures 3-6).

WELLS Pr Ph (Pr+Ph)/(nC,_+nC_, C,,Hopane/ (Pr+Ph) C,,Norhopane /C, Hopane
AZU ST 31.5 11.9 1.15 1.59 0.81
CCST 22.27 | 69.93 0.81 0.48 0.78
TEB 12 30.58 | 83.31 1.26 0.54 0.81
TEB 08 16.68 | 97.98 1.03 0.41 0.73
WELL2 | 4637 | 25.14 0.64 0.84 0.43

Table 1: Biodegradation parameters using Gas Chromatography- Mass Spectrometry.
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Figure 3: Biodegradation assessment using (Pr+Ph)/(nC, +nC,,).
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Figure 4: Biodegradation assessment using C, Hopane/ (Pr+Ph).
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Figure 5: Biodegradation assessment plot using C,;Norhopane/ C, Hopane.
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Figure 6: Mass chromatograms of studied samples showing biodegradation.
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Results and Discussions

Biodegradation is the effect of bacterial activity on
petroleum. Bacteria destroy normal alkane patterns,
isoprenoid and biomarkers from crude oils and source rocks.
Biodegradation occurs under the following conditions due
to access to meteoric water with dissolved oxygen, water
temperature below 70-80°C and in absence of hydrogen
sulphide [13]. The results of biodegradation are the loss
of long-chain and unbranched components, like n-alkanes
which are most susceptible to biodegradation.

The process of Biodegradation of petroleum
hydrocarbons is a complex process and depends on the
nature and the amount of the hydrocarbons present. These
Petroleum Hydrocarbons varies in their vulnerability
to microbial attack. The vulnerability of petroleum
hydrocarbons to microbial degradation can be mostly ranked
in the following order: normal paraffins > branched paraffins
> small aromatics > cyclic alkanes [14-15]. High molecular
weight compounds, such aromatics and most biomarkers
are resistant to microbial degradation [16]. Microorganisms
especially bacteria are the most potent agents in petroleum
degradation, and they act as main degraders of crude spill
oil in the environment [17,18]. Numerous bacteria have
been shown to feed entirely on hydrocarbons [19]. Some
researchers such as Floodgate G [20] enumerated over
twenty-five species of hydrocarbon degrading bacteria and
fungi that were isolated from marine environment.

The biodegradation of petroleum-derived aromatic
hydrocarbons and petroleum hydrocarbons in different
marine environment particularly the biodegradation of alkyl
aromatics in marine environment, which occurred prior to
detectable biodegradation of n-alkane profile of the crude
oil [21,22]. Some of the identified microorganisms found to
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be involved in biodegradation of the alkyl aromatics in the
crude oils are: Arthrobacter, Burkholderia, Mycobacterium,
Pseudomonas, Sphingomonas, and Rhodococcus, fluorescens,
P. aeruginosa, Bacillus subtilis, Bacillus sp., Alcaligenes
sp., Acinetobacter lwoffi, Flavobacterium sp., Micrococcus
roseus, and Corynebacterium sp.

The past two decades ago has recorded successfully the
studies on the biodegradation effect on the compositions
of crude oil. The removal of normal alkanes in the course
of crude oil degradation was reported by Winters JC [23]
and these results were supported by the research work
of Milner CWD, et al. [24]. Though Gas- Chromatography
alone was used in this early research, it still documented
the information on the removal rate of isoprenoids and
normal alkanes. Nevertheless, with the invention of Gas
Chromatography-Mass spectrometry, biodegradation effect
on the distributions of biomarkers on oil samples has been
recorded [25]. The sequence of biomarker degradation
as stated by Wang Z, et al. [26] are in the following order:
Diasteranes > C,, steranes > tricyclic terpanes > pentacyclic
terpanes > norhopanes (C,,Ts) - C,,app steranes. Steranes
degradation: C,, > C,, > C,; and Terpanes degradation: C,;
> C,, > C,, > C,, > C,,. Abrakasa S [27] stated that Coastal
swamp/Offshore oils are more degraded when compared
to crude oils from the Greater Ughelli, Northern and Central
swamp depobelts.

Various diagnostic ratios have been examined to estimate
biodegradation levels in the studied samples (Table 1) and
the oil-oil correlation effect with respect to biodegradation.
The (Pr+Ph)/(nC,,+nC ;) is a very sensitive biodegradation
diagnostic ratio that increases as biodegradation trend
progresses, the reason being that (Pr+Ph) show more
resistance to biodegradation when compared to normal
alkanes (nC,,+nC ). Moderately degraded oils can be

Copyright© Oraegbunam CI, et al.
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monitored using this diagnostic ratio [27]. The cross plot of
Pr/Phvs (Pr +Ph)/(nC , +nC,,) presented as figure 3, shows
evidence of biodegradation in all the studied oils. The figure
shows that WELL 2 is the least degraded oil while TEB 12 is
the most degraded with respect to alkanes. Normal alkane
degradation is best expressed by (Pr+Ph)/(nC,,+nC ). The
order of degradation using this diagnostic ratio is as follows:
TEB 12 > AZU ST > TEB 08 > CCST > WELL 2.

Hopanes biomarkers are resistant to biodegradation
[4]. The ratio of C, Hopane/(Pr+Ph) is another diagnostic
ratio used in determining the biodegradation levels in crude
oil samples. This diagnostic ratio increases with respect to
biodegradation. It is assumed that during biodegradation,
Pristane and Phytane decreases; remaining the stable
hopanes which are resistant to biodegradation [27]. Figure
4 shows that AZU ST is the most degraded oil while TEB 08
is the least degraded oil. The ranking of degradation using
C,,Hopane/(Pr+Ph) follows the order: AZU ST > WELL 2 >
TEB 12 > CCST > TEB 08.

The diagnostic ratio C,Norhopane/C, Hopane can
be used for both organic source input and biodegradation
assessment. High C,Norhopane/C,, Hopane ratio is
indicative of marine organic matter rich in evaporates and
carbonates (anhydride, gypsum, halite and calcite) deposited
under a reducing condition [28]. Applying same parameter
to biodegradation, Figure 5 shows the biodegradation
assessment using C,Norhopane/C, Hopane ratio. This
diagnostic ratio infers a 25-norhopane increase through de-
methylation by microrganisms during biodegradation. 25-
norhopanes are significantly resident in degraded oil and can
be used in biodegradation assessment [29]. This diagnostic
ratio also increases with respect to biodegradation. Figure
5 shows a close correlation in all studied samples, except
WELL 2 with a ratio of 0.43 (Table 1). Biodegradation
ranking based on this ratio infers that AZU ST and TEB 12
are the most degraded oils in terms of the 25-Norhopanes
predominance while WELL 2 ranks the least degradation.
The 25-Norhopanes are reliably used in assessment of
degraded oils. TEB 12 > AZU ST > CCST> TEB 08 > WELL 2;
show the ranking order of degradation using C,,Norhopane/
C,,Hopane (Note: TEB 12 and AZU ST have similar value).
M/z 191 reconstructed chromatograms for studied
samples presented as Figure 6 show their different levels of
biodegradation.

Conclusion

This research evaluated the different degrees of
biodegradation using various biodegradation diagnostic
ratios for the studied samples. The results of bulk property,
biomarker analysis of crude oils suggest that all studied
samples showed different levels of biodegradation. The
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(Pr+Ph)/(nC,,+nC ) and C,,Norhopane/C, Hopane
diagnostic ratios show that among the coastal swamp oils,
TEB 12 and AZU ST are the most degraded while WELL 2
ranks the least degraded. These diagnostic ratios may be
useful in profiling oils at different biodegradation levels.
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Nomenclatures
AZU ST Azuzuama Well 5 Tubing
CCST Clough Creek Well 5 Tubing
TEB 12 Tebidaba Well 12
TEB 08 Tebidaba Well 8
WELL 2 Tebidaba Well GSS
Pr Pristane
Ph Phytane
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