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Abstract

One-hundred and twenty five strains of petroleum degrading bacteria were isolated from hydrocarbons contaminated soil and wastewater
sink at Aljayli refinery in River Nile State, Sudan. Column Gas Chromatography used to detect the residual oil after incubation of isolates
in basal medium. The most potential isolates were tentatively identified as: Pseudomonas aeruginosa, P. putida, Serratia marcences,
Cedeca davicae, Enterobacter cloacae, Yersinia enterocolytica and Citrobacter freundi. S. marcences exhibited the highest
emulsification ability to crude oil, nC8 to nC16 was nearly completely disappeared followed by P. putida which was active in degradation
nC8-nC15 (99%-96%) while nC35-nC37 completely degraded. P. aeruginosa represent approximately the same results except nC9
which recorded (84%). Citrobacter freundii, was the lowest isolate in degradation of nC8 and nC9 but high for nC10-nC13. It is realized
that isolates were able to degrade n-alkane more than total petroleum hydrocarbons.
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1. Introduction

Pollution of soil and water environments by crude oil has been,
and is still today, an important problem. Crude oil is a complex
mixture of thousands of compounds. Among them,
alkanes constitute the major fraction. Alkanes are saturated
hydrocarbons of different sizes and structures. Although they are
chemically very inert, most of them can be efficiently degraded
by several microorganisms (Janssen et al., 2005). (Rojo, 2009) [
2]

The contamination of soil caused by accidental leakage or chronic
release of crude oil and refined products to the environment
occurs yearly with growing industrialization and demands for
energy (Kadafa, 2012) [l Contamination by aromatic
hydrocarbons has been increasing over the years, due to its use in
several industrial segments. Hydrocarbons are described as
extremely pollutant, toxic, with carcinogenic and mutagenic
potential for humans. The concern with these compounds
increases due to the difficulties in removing them from the
environment (Calvo et al, 2009; Souza et al, 2014) .51

Oil production has a significant impact on the landscape and local
environment. Contamination of soil and water is a major common
consequence of oil production, particularly in areas with
nonexistence or not enforced environmental regulation. For
example in Sudan, Hegleg oil field considered of the main oil
reserves. Which has a bad impact on the environment directly as
well for both surface water and underground water.
Biodegradation is one of the primary mechanisms for elimination
of petroleum and other hydrocarbon pollutants from the
environment. It is considered an environmentally acceptable way
of eliminating oils and fuel because the majority of hydrocarbons

In crude oils and refined products are biodegradable. Petroleum
hydrocarbon compounds bind to soil components and are difficult
to remove and degrade (Calvo et al., 2009) [4l,
Hydrocarbon-utilizing ~ microorganisms  are  ubiquitously
distributed in the marine environment following oil spills. These
microorganisms naturally biodegrade numerous contaminating
petroleum hydrocarbons, thereby cleansing the oceans of oil
pollutants. Bioremediation, which is accomplished by adding
exogenous microbial populations or stimulating indigenous ones,
attempts to raise the rates of degradation found naturally to
significantly higher rates. Seeding with oil degraders has not been
demonstrated to be effective, but addition of nitrogenous
fertilizers has been shown to increase rates of petroleum
biodegradation (Atlas, 1995) (1. Qily wastewater, especially from
oil field, has posed a great hazard for terrestrial and marine
ecosystems.

The single most significant environmental issue for crude oil
production facilities in Sudan is the disposal of produce water,
especially in Hegleg oil field. Produced water is conventionally
treated through different physical, chemical, and biological
methods. Microorganisms were given more attention in
bioremediation of polluted environments as well as the oil
exploitation considering their adaptation to the extreme
environment (Das and Chandran, 2011) '], capabilities to produce
biosurfactant (Shekhar et al., 2015) ¥l and metabolic potential to
degrade the hydrocarbons. The objective of this study was to
evaluate the biodegradation of crude oil by different strains
isolated from different hydrocarbon contaminated soil and form
waste produced water.
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2. Materials and Methods

2.1 Collection of Samples

Soil samples were collected from petroleum hydrocarbons
contaminated area in River Nile State, Sudan. For soil sample a
scoop was used to remove debris of organic particles from the
surface of the soil. One Kg soil sample at a depth of 0-10 cm was
collected from sites at random. Samples were kept in separate
sterilized plastic bags, stored in an ice-bath and transported
immediately to the laboratory.

Water samples were collected from Aljayli refinery particularly
from water treatment sinks of produced water in sterile container
then transported to the laboratory. Crude oil was obtained from
Aljayli refinery.

2.2 Cultivation and isolation of petroleum degrader bacteria:
2.2.1 Isolation of Bacteria strains

One gram of soil samples or 10 ml of produce water was
suspended in 250 ml Erlenmeyer flask containing 100ml of basal
salt medium which contain g 2.5 g/L NaCl, 4.74 g/L K,HPOy,
0.56 g/L KH2POy4, 0.5 g/L MgS0..7H,0, 0.1 g/L CaCl.6H,0 and
0.5 g/L NH4NOs3 in dH,0. 1% v/v of crude oil was added as a sole
carbon source. The mixture was shaken at 250 rpm and incubated
at room temperature for 10 days. After this period, a volume of
one ml of each flask was plated on nutrient agar medium in petri
dish and incubated at 37 °C for 48 hours.

2.2.2 ldentification of bacterial strain

Identification of bacterial strain was performed according to
Olutiola et al. (2000) ) Fawole and Oso (2004) [° and
Cheesbrough  (2006) ™I  who describe  biochemical
characterizations.

2.3 Crude oil degradation

When colonies appear it picked out and then subcultured on agar
plate several times until pure strains obtained. The pure colonies
tested for their degradation ability by adding a loop full of
purified strains into 250 ml shake flask containing 100ml of
mineral salt medium and one ml crude oil as a carbon sours the
flasks were shaken at a room temperature of 25 + 2 on a rotary
shaker at 250 rpm for 10 days. Growth of bacteria indicates the
capability of degradation. The degree of degradation estimated
visually. The visual observation was based on the change in the
color of crude oil, clearance of the medium, microbial growth and
the disappearance of the oily surface. The results were recorded
in the form of pluses (1-4 pluses). The best crude oil degrader
bacteria were selected and tested for residual oil in flask using
gas chromatography.

2.4 Extraction and analysis of oil:

Method of extraction of residual oil was modified from those
described by Primandari et al. (2013) 2, Oil was extracted from
cultures by liquid — liquid extraction as follows:

Sixty ml of normal hexane was added to fermentation flask and
shaken well until the oil dissolved. The mixture was pure in
separating funnel. Bacterial cells were removed by centrifugation
at 30.000 for 15 min. The normal hexane was evaporated with
heat at 70°C. The samples to be analyzed were injected into a gas
chromatograph in Central Petroleum Laboratories, Khartoum.
Di- Chloromethylen was added to the samples to be lighter.

2.5 Gas chromatography

The samples to be analyzed were injected into a gas
chromatograph in Central Petroleum Laboratories, Khartoum.
Di- Chloromethylen was added to the samples to be lighter.
Analyses were performed on a Varian 3800 GC. (Beaconsfield,
Buckinghamshire, UK) with the FID detector at 250°C. Nitrogen
was used as the carrier gas at inlet pressure of 80.4 kPa. The Pyro-
probe® interface was directly connected to the split/splitless
injector (1/60 split ratio) and heated at 300°C. Chromatographic
separation was performed on a Supelco (Bellefonte, PA) SPBTM
OCTYL fused, silica capillary column 60 m x 0.25 mm x 1.0 tm.
GC oven temperature was programmed at 40°C with a ramp rate
of 4°C/min up to 250°C, holding for 76.50 min. Data recording
was carried out using Millennium32® software supplied by
Waters (Milford, MA).

Petroleum samples to be analyzed (0.5 tl to 1.0 tl) were intro-
duced on the surface of the adsorbent with a microsyringe (Zeng
etal., 2012) 3,

3. Results & Discussion

Degradation percentage of oil

The best eleven isolates were selected to test their degree of
degradation they attained in an oil-mineral medium (table 1).
There was a variation in degradation depending on the isolate,
isolate N27.122 showed the greatest percentage of degradation it
gave 72%, while isolate N27.120 recorded 62%. Other more
isolates had percentage of degradation range from 58% to 31%.
The aromatic hydrocarbons are complex pollutants and therefore
less easily degraded. In many ecosystems, there is already an
adequate indigenous microbial community capable of extensive
oil biodegradation, as these environmental conditions are
favorable for oil-degrading metabolic activity. The ability to
utilize hydrocarbons is distributed among a diverse microbial
population. This population occurs in natural ecosystems and
either independently or in combination metabolizes various
hydrocarbons (Olajire and Essien, 2014) [14]

Isolation and characterization of crude oil degrading strains
Morphological and Biochemical characterization of isolates were
identified in table 2. All isolated strains were gram negative and
single short rod. They were tentatively identified as follows: two
isolates (S20.94 and S20.95) as Pseudomonas aeruginosa, two
strain (S2096, and N27.120 as Pseudomonas putida, other strain
as (N27.122) Serratia marcences, strain (D1.2 and D2.10) as
Cedeca davicae, (11.54 and D9.49) as Enterobacter cloacae,
(D11.55) as Yersinia enterocolytica and (W23.103) as
Citrobacter freundii.

Analysis of residual hydrocarbons in liquid culture by gas
chromatography GC

Gas chromatography was used to detect residual oil in
fermentation flasks for the best performing three isolates and one
isolate that had weak performance. The analysis profile of crude
oil before fermentation was taken as the standard to compare
fermented oil (Figure 1) with two hundred and twelve beaks
obtained.

N27.122 (Serratia marcences)
Isolate exhibited the highest emulsification ability and though the
strongest adherence to the oil from all investigated
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microorganisms in this study (Figure 2). It was not only the better
microorganisms in degradation but also the better alkane
degrader. Its average percentages of degradation was 57.89%.
The results showed that nC8 to nC16 (Figure 3) was nearly
completely degraded as these are small molecules then
degradation percentage decreased gradually from nC17- nC38,
until 5%, while nC40 recorded 27%. Comparing with the control
there is decrease in the peaks of a wide range of compounds from
nC8-nC28, then it decrease. There are limited reports describing
the involvement of Serratia in biodegradation of hydrocarbons
(Rojas-Avelizapa et al. (2002) %, and they are mostly degraders
of aromatic compounds. It was observed that this strain not only
utilized aromatic compounds but also long-chain alkanes
(Wongsa et al; 2004) [161,

Isolate N27.120 (Pseudomonas putida)

Is more active than N27.122 in the range nC8-nC15and the range
of nC41-nC44 (Figure 4). The average percentage for this isolate
was 62.38%. The degradation percentage of nC8-nC15 was 99%-
96%. There was decreased in degradation from nC16-nC34,
however, degradation increased again until 86% for nC42. In
addition, nC35-nC37 completely disappears.

As shown in Figure 5; the average percentage of degradation was
70.47% for isolate S20.94 (Pseudomonas aeruginosa). There was
high degradation percentage of rang form nC8-nC17 (99%-91%)
except nC9 which recorded (84%). Percentage decreased for
nC18-nC38, then increased till (91%) for nC40.

Pseudomonas is a common bacterium capable of degrading
hydrocarbons (Das & Brooijmans et al., 2009) 71, Therefore, it
is not uncommon for a number of Pseudomonas strains capable
of degrading petroleum hydrocarbon should be isolated from
areas receiving petroleum waste discharges. This bacteria have
the ability to grow on both aromatic and aliphatic fractions of
petroleum (Brzeszcz and Kaszycki, 2018) [ which
demonstrated the broad substrate spectra of this genus not only
on hydrocarbons but also on diverse range of xenobiotic
compounds (Amund and Adebiyi, 1991; Wackett and
Hershberger, 2001; Parales et al., 2002) [ 20 2l Similarly,
Christopher and Christopher (2004) have demonstrated the
importance of Pseudomonas species in the early stage of
petroleum land treatment unit.

Pseudomonas putida strains were isolated from crude oil
contaminated soil by many researchers it showed high ability to
degrade oil (Vinothini et al; 2015) 22, 1t is able to degrade
hydrocarbons such as benzene (Meliani and Bensoltane, 2014)
1231 toluene, p-xylene (Otenio et al. 2005) 41, and phenol (Hasan
and Jabeen, 2015) [, Also this strain isolated from different soil
locations contaminated with fuel spills, it demonstrated its ability
to degrade diesel fuel (Xu et al., 2018) 261,

Pseudomonas aeruginosa was found in a consortium of bacteria
from sandy and loamy soils that can degrade hydrocarbons in
light fuel oil (Hawle-Ambrosch et al. 2007) ?1, It was also shown
that P. aeruginosa, can grow on hydrocarbon as sole carbon
source and is a good degrader of oil (Wu et al., 2018) [,
Prevalence of members of the genus Pseudomonas in tested soil
samples and waste water confirms previous reports about the
widespread distribution of such bacteria in hydrocarbon-polluted
soils and reflects their potential in utilizing these hydrocarbon

contaminants for growth and thus able to eliminate oil particle for
waste water and soils.

This study demonstrated that isolate W23.103 (Citrobacter
freundii), was the lower isolate in degradation of nC8 and nC9,
but high degradation of nC10-nC13 as shown in Figure 6. The
degradation decreased gradually from nC23-nC34, but nC35
gave 16%. Besides the result displayed a high percentage for
nC41 and nC42. The average percentage of degradation is for
crude oil by Citrobacter freundii was 59.89%.

As mentioned previously, many microorganisms (Rojo, 2009;
Wang and Shao, 2013) > 2 contain several sets of alkane
degradation systems, each one being active on a particular kind
of alkane or being expressed under specific physiological
conditions. Varjani (2017) B% evaluated the biodegradation
potential of ten species of hydrocarbonoclastic bacteria, almost
all isolates showed 50% or more degradation of kerosene except
F.S19a (C. freundii) which showed only 14.13% degradation.
Also C. freundii exhibited lowest engine oil degradation capacity.
In contrast the work done by Singh and Lin (2008) B4 under
standard degradation conditions showed that Citrobacter freundii
(MRC3) achieved 86.94% of diesel degradation in 2 weeks.
Various microorganisms, including bacteria, filamentous fungi
and yeasts, can degrade alkanes (Rojo, 2009; Palanisamy et al.,
2014) > 32 Notably, some recently characterized bacterial
species are highly specialized for hydrocarbon degradation.
These species are called hydrocarbonoclastic bacteria (HCB), and
they play a key role in the removal of hydrocarbons from polluted
and non-polluted environments (Teramoto et al., 2013; Berry and
Gutierrez, 2017, Thompson et al., 2017) [33 34351,

In agreement with lbrahim (2016) ¢ the present study
demonstrated the potential of bacterial strain C. freundii for
degradation of crude oil with percent equal 59.89. The author
displayed that the ability of C. freundii in biodegradation of used
engine oil (UEO) where the bacterial strains started utilization of
UEO as sole energy and carbon sources.

4. Conclusions

In conclusion, identified isolates present in this study displayed
as potent hydrocarbon degradation. The pattern of degradation
showed that the microorganisms first attacked the lower and
higher hydrocarbon chains and those of middle length were
attacked at a lesser extent.

Table 1: Amount of Crude oil degraded and Percentage
Degradation for the best strains.

Isolates codelWeight after degradation|Percentage degradation (%)

D.11.55 0.67 31%
D.1.2 0.49 33%
W.23.103 0.60 36%
D.9.49 0.49 40%
D.2.10 0.69 51%
D.11.54 0.42 51%
S.20.96 0.44 52%
S.20.95 0.48 56%
S.20.94 0.64 58%
N.27.120 0.38 62%
N.27.122 0.28 2%

Weight of crude oil before degradation was 1 gm.
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Table 2: Morphological and Biochemical characterization of isolates

Tests N27.122 N27.120 W23.103 S20.94
Shape Rod Rod Rod Rod
Gram reaction -ve -ve -ve -ve
Motility + + + +
Growth on air + + + +
Catalase + + + +
Oxidase - + - +
Fermentation:
Glucose + + + +
Lactose - - + -
Maltose + - + -
Mannitol + - + +
Fructose + + 0 +
Indole - - - -
Lysine + - - -
Xylose - + - +
Citrate + - + -
Urease - - + -
Starch hydrolysis - - -
Nitrate to nitrite + - + +
Voges Proskauer + - + -
Pigment + - + +
Growth at 42°C - +
Growth at 5°C - -
Utilization of citrate + + +
Tentative genus | Serratia marcences | Pseudomonas. putida | Citrobacter freundii | Pseudomonas aeruginosa

U_.LLLL_\

Crude oil (control)

Serratia marcences (N27.122)

Pseudomonas aeruginosa ($20.94) Citrobacter freundii (W23.103)

Fig 1: chromatographic analysis for crude oil degradation by different bacterial strains isolated from different contaminated soil and from produced
wastewater collected.
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