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Abstract

Hydrocarbon contamination is one of the major environmental problems caused by different human activities related to the
petrochemical industry. The accidental release of organic pollutants into the environment is a particular concern. In this
study, 16 bacterial isolates were obtained from hydrocarbon-contaminated water and soil samples cultured for 48 hours in
nutrient agar supplemented with 1% (vol/vol) crude oil. The growth requirements and crude-oil degradation ability of the
isolates were determined. Micrococcus spp., Pseudomonas spp. and Bacillus spp. were obtained as common isolates from
all of the water and soil samples. Some of the obtained isolates, specifically Micrococcus spp. and Pseudomonas spp., can
utilise hydrocarbons as growth substrates in mineral salt medium (MSM) supplemented with type of crude oil, at 1% (vol/vol)
concentration. Gas chromatography analysis revealed that Micrococcus spp. and Pseudomonas spp. provided crude oil
degradation rates of 58% and 65%, respectively. These rates are higher than those of other isolates.
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Introduction

Recent studies have confirmed the close relationship
between oil spills and damage to soil and aquatic
environments (Kayode—Isola et al. 2008; Plaza et al.
2008). Oil spills in aquatic environments results from
vehicle collisions or from the transport of refined
petroleum products, such as petrol, kerosene and diesel
(Subathra et al. 2013). Contamination by these products
is common in Iraq, where unrecovered spilled petroleum
products migrate to streams and rivers and ultimately
accumulate in soil. Bioremediation is the best treatment
for environmental oil pollution resulting from crude oil
leakage (Maintains et al. 2006; Latha and Kalaivami
2012). Numerous bacterial species that have been
characterised as good hydrocarbon degraders have been
isolated from different ecosystems, including soil, activated
sludge and marine habitats. These bacteria can tolerate
high hydrocarbon concentrations (Ma et al. 2012). The
biodegradation of crude oil may be limited by several
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factors (Latha and Kalavani 2012). Specifically, the low
biodegradability and solubility of crude oil are the most
important factors that limit the bioremediation of oil-
polluted soils and define the crude oil as a persistent
pollutant that can cause serious damage to human health
and the ecosystem (Panda et al. 2013).

The microbial removal of oil from contaminated soil
occurs through two important processes: microbial
biodegradation and uptake. Microbial biodegradation
involves the transformation of organic compounds,
whereas microbial uptake involves the direct removal of
pollutants through the adsorption of compounds onto the
surfaces of bacterial membranes (McPherson 2007).
Many bacterial species degrade hydrocarbons in solution
through emulsification, which involves the production of
active surface agents, such as biosurfactants, that
increase cell adhesion to the substrate (Hassanshahiant,
etal. 2012). Prior to their field application as technologies
for environmental bioremediation, bacterial species must
be isolated and characterised, and their ability to utilise
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hydrocarbons must be assessed. Mechanical methods
used for hydrocarbon degradation are expensive and time
consuming. Meanwhile, bacterial systems for hydrocarbon
degradation and utilisation have been proven to provide
carbon and energy (Latha and Kalavani 2012).

The main aim of our study is to describe the ability of
bacteria to degrade crude oil and its related products under
laboratory conditions. We aim to isolate and identify
microbes that can efficiently degrade hydrocarbons. We
also attempt to identify approaches for accelerating the
biodegradation rate of the isolates. The outcome of this
work has potential applications in the remediation of
hydrocarbon contamination and bioaugmentation.

Materials and Methods
Sampling areas

Soil and water samples for the isolation of crude-oil-
degrading bacteria were collected from different
contaminated sites in Iraq. Soil samples were collected
from the surface layer (0—5 cm) of three contaminated
sites in Basrah City, Iraq: an excavation site in Albrjsuia
and two refineries in Rumaila and Shuaiba. Water samples
were acquired from three hydrocarbon-contaminated sites
in Shatt al-Arab River. All samples were collected during
October 2016 and stored in sterile glass bottles.

Isolation and enumeration of bacteria

Random sampling was conducted to ensure the equal
representation of each family of bacteria in a bacterial
population from a geographical area. Sterilised spatulas
were used to collect soil samples at random sites in the
study area. The samples were placed in sterile bags,
transferred to the laboratory within 30 min and stored at
4°C. Prior to sample processing, the laboratory bench
was cleaned with cotton wool soaked in ethanol to prevent
contamination. Bacteria were isolated and enumerated
through the pour-plate method. Briefly, 1g of dried soil
was added to 99mL of distilled water (DW). Then, ImL
of soil solution was taken from the solution and added to
9mL of DW. The dilution was then agitated vigorously at
150rpm for 1h to release adhering microorganisms.
Different aqueous dilutions were prepared (10'-101?)
from the original soil suspension. Next, 0.1 mL of each
dilution was streaked onto plates containing agar medium.
The plates were incubated for 24h at 37°C with gentle
agitation. After incubation, bacteria were transferred from
mixed culture plates onto new plates and incubated at
37°C for 24 h. Plates containing pure cultures were stored
at 4°C until further examination. Water samples were
stored at room temperature, processed and analysed
within 24h as described above.

Preparation of culture medium

Media were prepared by mixing 28g of nutrient agar
powder with 1,000mL of DW in a conical flask. The media
were homogenised through agitation, sterilised through
autoclaving at 121°C for 15min, dispensed into sterile
petri dishes containing diluted soil samples and left to gel
on the bench. Slants were prepared by pouring 8mL of
media into sterile bottles and then allowed to gel while
tilted. Mineral salt media (MSM) were prepared for tests
on the ability of the isolates to degrade crude oil. MSM
was prepared using DW (g/L). Each L of MSM contained
10g of NaCl, 2g of Na,HPO,, 0.17g of MgSO,.7H,0,
0.1g of MnSO,-H,0, 0.025¢g of CuCl,, 0.025g of (NH,)
6MO0.0,,-4H,0, 0.025g of CO (NO,),-6H,0, 0.025 g
of ZnCl and 0.01 g of NH NO, To prepare media, MSM
was mixed with 1,000mL of DW. The mixture was then
homogenised using a homogeniser. The pH of the media
was adjusted to 7.2. Subsequently, the media were
autoclaved at 121°C for 15 min (Arulazhagan et al. 2010;
Gargouri ef al. 2011). Next, 9mL of DW was pipetted
into five different test tubes labelled from 1 to 5. Next, 1
g of soil sample was weighed and then transferred to
test tube 1 and then to test tube 2. Different pipettes
were used to avoid cross-contamination. Test tubes were
then homogenised through agitation. These steps were
repeated with all soil samples. Meanwhile, 0.1mL of the
diluted sample was pipetted into the labelled petri dishes.
Nutrient agar medium were plated at 45°C. The plates
were then incubated at 37°C for 24h. The growth of
microbial colonies on the plates was then observed.
Colonies were picked by using a wire loop (flamed to
red) and then transferred to freshly prepare nutrient agar
plates.

Identification of isolates

The most potent bacterial crude oil degrader was
identified on the basis of cellular morphological
characteristics, including cell morphology, colony
morphology and structural appearance. Biochemical tests
were performed in accordance with the standard
procedures outlined in Bergey’s Manual of Systematic
Bacteriology (Holt et al. 1998). Identification tests, such
as Gram staining, indole, methyl red, Voges—Proskauer,
H,S, urea, catalase and oxidase tests were performed in
accordance with the standard procedures provided in
Bergey’s Manual of Systematic Bacteriology (Holt et
al. 1998).

Screening of isolates for the ability to degrade crude
oil

The ability of bacterial isolates from hydrocarbon-
contaminated samples to degrade crude oil was screened
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using MSM containing 1% crude oil (V_  /V ) as
the carbon source. Bacteria with tolerance for crude oil

were subjected to additional screening.
Preparation of standard inocula

Pure cultures were obtained after 18—24h of growth
in 50 mL of sterilised NB. Samples were centrifuged for
10 min at 4,000rpm and 4°C by using an Eppendorf T-
type 5810 R centrifuge (USA). Thereafter, pellets were
suspended in 10mL of normal saline (8.5g/L NaCl). The
standard inoculum for each of bacterial isolate was
prepared at the concentration of 10% (v/v) in a 250mL
conical flask filled with 100 mL of MSM.

Degradation of crude oil

The degradation rates of all isolates were quantified.
First, 10% of the standardised inoculum was inoculated
into 100mL of MSM with 1% (v/v) crude oil (pH 7.0)
and incubated for 7 days at 37°C and 150 rpm. Inoculated
medium was used as the control. Then, the residual
hydrocarbon content was extracted from the culture
medium with 100mL of chloroform in a 500mL separator
funnel. The solvent was removed through evaporation
using a rotary evaporator at 50°C. The residual
hydrocarbons were transferred to a 10mL vial and then
evaporated for 2 days under an overhead fume hood.
The extract was concentrated to 2 mL, and the total
obtained hydrocarbon was weighed. The degradation rate
for each sample was determined using the equation below:

Degradation rate (%) = [(H,—H, )/H ]x100 1)

where H, denotes the hydrocarbon content at Oh,
and H, represents the hydrocarbon content of each sample
after 5 days.

Results and Discussion
Isolation and identification of bacteria

We used soil and water samples from different
hydrocarbon-contaminated sites. During the period
between March 2016 and June 2016, we obtained 16
isolates of hydrocarbon-degrading bacteria from surface
soil and water samples. We characterised bacterial isolates
through morphological and biochemical techniques in
accordance with the taxonomic scheme in Bergey’s
Manual of Determinative Bacteriology (Holt et al. 1994).
The bacterial populations of all of the tested samples were
predominated by Gram-positive bacteria. Some cells may
not form colonies and some colonies may fuse under
overcrowding. These behaviours may introduce errors
to measurements. Thus, the samples must be diluted for
the correct enumeration of colonies. In this work, we
diluted solution samples to 10-°. We used the spread-plate
method to transfer the diluted samples to nutrient agar

plates. By referring to Bergey’s Manual of Determinative
Bacteriology (Holt et al. 1994), we identified bacteria
from water and soil as Bacillus spp., Pseudomonas spp.
and Micrococcus spp., as listed in Table 1. Isolate A,
colonies appeared yellow and diffuse with irregular edges
and uneven surfaces.

Isolate C appeared as circular colonies with irregular
edges and diameters of 4 mm. Colonies of isolate D were
cream in colour and exhibited irregular borders with flat
centres. Colonies of E, isolates were 5 mm in diameter
and presented sticky and flat surfaces. E, colonies were
medium-sized, circular and light orange in colour. E,
colonies were circular, sticky and orange in colour and
had consistently irregular borders. F, colonies were small
and circular. F, colonies were small and transparent with
regular edges. Images of the bacterial colonies isolated
from water samples are shown in table 1. Isolates from
soil a appeared as yellow and diffuse colonies with
irregular edges and uneven surfaces, whereas those from
B, and B, appeared as transparent, medium-sized, flat,
irregular and green colonies. B, isolates appeared as
irregular white colonies with uneven edges. B, colonies
were irregular and circular with flat, translucent, creamy
and transparent edges. C, colonies were translucent,
medium-sized, circular and green with flat edges. Isolate
H, colonies were translucent, small and circular with
regular and defined edges. I, colonies were highly
elevated, sticky, small and circular with flat, regular edges.
The images of the colonies are shown in table 1.

Biochemical characterisation

To identify and characterise the bacterial isolates,
we conducted Gram staining and biochemical tests, such
as oxidation/methyl red, lactose, indole and citrate tests.
As shown in table 1, the number of Gram-negative
bacterial isolates (A, C, D, E, and F,)) was higher than
that of Gram-positive bacterial isolates (E , E; and F).
Isolate E, was positive for the H,S test, whereas all other
isolates were negative. Isolates A , C, D and E, provided
negative results for the urea test, whereas F, and E,
provided positive results. Given these results, F, and E,
can produce ammonia. C, E| E,, F, and F, provided
negative results for the methyl red test, whereas E,, D
and A, provided positive results. Thus, isolates E,, D and
A, can produce organic acids that decrease
environmental pH and change the colour of the test
medium to red. Isolates A, C, D, E, E, and F, were
positive for the glucose test, whereas A, C and E, were
negative. F, was negative for the oxidase test, whereas
E,D, E,and F were positive and exhibited a dark purple
colour. A, C, D, E,, E, and F, were positive for the
indole test. Only isolate F, was positive for the citrate
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Table 1: Bacterial colonies isolated from hydrocarbon-contaminated water and soil samples

Bacteriaisolated from water

Bacteria isolated from soil

Code Name of Streak Gram stain
bacteria bacteria
Ay Bacillus sp.

Streak Gram stain
bacteria

MName of
bacteria

Code

A Bacillus sp.

=

C Bacillus sp. B Bacillus sp.
D Cocei sp. B: Bacillussp. | T ™
E; Bacillus sp. B Bacillus sp. r'v-
E; | Bacillus sp. By | Bacillus sp ;" E A
E; Bacillus sp C Preudomonas r = |
.
Fi Micrococcus H Bacillus sp. r
sp.
F- Bacillus sp. I Bacillus sp. i T i

Table 2: Biochemical characterisation of isolated bacteria

All isolates were negative for the urea
test, except for isolate B,. B, can

Bacteria isolated from water . P

roduce ammonia gas, which increased

Code| Name of H2S | Urea | Methyl |Lactose| Glucose| Oxidase| Indole | Citrate p g .
) the pH of the test medium and caused

bacteria test | redtest| test test test test | test .

its colour to change to red. B, B,, B,
A, | Bacillus sp. - - + - + - + - B,, Hand I, were positive for the methyl
C | Bacillus sp. - - - - + - + - red test. These isolates produced organic
D | Cocei sp. i i N i N n i acids that decreased the pH and
. changed the colour of the test medium
E, | Bacillus sp. + + - - + + 3 to red. Isolates A, B, B,, B,, B,, C,
E, | Bacillus sp. - - + - + + - and H were all negative for the lactose
E, | Bacillus sp j j j j j } } test: ¥solates L, C, B,, B, and B, were
| Micrococens sl - - - - - n positive for the glucose test. Isolates A,
e p B, and I, were negative for the oxidase
F, | Bacillus sp. -t - - + + - test. Isolates B,, B,, B,, C, and H were

test presented in table 2.

The results for the biochemical tests are as shown in
table 3. Isolates A, B, and H were positive for the H,S
test, and B, B,, C, [, and B, were negative. The H,S
test is used to determine the ability of bacteria to produce
H,S, which is produced in the form of a black precipitate.

positive for the oxidase test. Isolates A,
B,, B,, B, and H were negative for the indole test,
whereas B, and I, were positive. All isolates, except for
A, B, and B,, were positive for the citrate test.

Screening isolates for the ability to degrade crude
oil

Screening experiments were performed for 48 h with
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Table 3: Biochemical characterisation of isolated bacteria.

Bacteria isolated from water
Code| Name of H2S | Urea | Methyl |Lactose| Glucose| Oxidase| Indole | Citrate
bacteria test | redtest| test test test test | test
A | Bacillus sp. + - - - - - - -
B, | Bacillus sp. + - + - - - - -
B, | Bacillus sp. - + + - + + + +
B, | Bacillus sp. - - + - + + - +
B, | Bacillus sp. - - + - + + - -
C, | Pseudomonas sp - - - - + + - +
H | Bacillus sp. + - + - - + - +
L, | Bacillus sp. - - + + + - + +

100pL of crude oil. Some bacterial isolates degrade and convert hydrocarbons
into carbon for use a growth substrate, as shown in (Fig. 1). After 48 h of
incubation, hydrolytic zones appeared on nutrient agar plates supplemented
with crude oil. The appearance of these zones indicates the ability of bacteria
to degrade crude oil. The results show that the ability to biodegrade crude
oil varied among bacterial groups and species and is dependent on the
enzymatic activity of each species. Bacteria that can degrade crude oil
were isolated from environments that are heavily contaminated with crude
oil. These bacterial species can break down hydrocarbons and increase the
activities of enzymes related to hydrocarbon decomposition. Notably, the
hydrocarbon biodegradation rate began to increase to extremely high levels
during the 7-day incubation period. Meanwhile, some bacterial isolates, such
as B,, lacked the ability to degrade hydrocarbons.

Among all tested isolates, isolates C and F yielded the highest
biodegradation rates of 65% and 58%, respectively, over the 7-day incubation
period (Fig. 2 and 3). These isolates were obtained from water samples.
The characteristics of these bacteria are consistent with those reported by

Fig. 1: Screening for crude-oil degradation ability in nutrient agar over a 48 h
incubation period
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Das and Mukherjee (2007), who stated
that Pseudomonas is a common
hydrocarbon degrader. Given the ability
of Pseudomonas spp. to degrade
petroleum hydrocarbons, Pseudomonas
strains should be isolated from areas
receiving petroleum waste discharges.
In addition, Pseudomonas aeruginosa
is a component of a bacterial consortium
isolated from sandy and loamy soils and
showing the ability to degrade
hydrocarbons from light fuel oil (Hawle-
Ambrosch et al. 2007). Clinical isolates
of P. aeruginosa can grow with
hydrocarbon as the sole carbon source
and show good oil degrading ability
(Szoboszlay et al. 2003). Latha and
Kalaivani (2012) reported that Bacillus,
Lactobacter, Arthrobacter,
Pseudomonas and Micrococcus
predominated in soil polluted with crude
oil given their ability to utilise
hydrocarbons and to produce spores,
which may shield them from the toxic
effects of hydrocarbons.

Pseudomonas spp. is the primary
isolates with the ability to degrade oil in
aerobic conditions. In addition to
enzymes related to oil degradation,
whole bacterial cells have an important
role in environmental adaptation to high
oil concentrations. Specifically, bacterial
cells provide the appropriate
cytoplasmic surroundings for enzymatic
activity or active transport via specialised
membranes (Ma et al. 2006).
Pseudomonas spp. and Micrococcus
spp. could be potentially used in the
bioremediation of oil-polluted areas.
These hydrocarbon-degrading bacteria
can also tolerate high petroleum
concentrations; this characteristic is a
vital criterion for the successful
bioremediation of highly polluted
environments. Nikhil et al. (2013)
observed that some isolates that do not
grow in crude oil because they have
entered the stationary phase of growth.
Pseudomonas spp. SA044 is an
excellent hydrocarbon degrader given
its potential to degrade phenanthrene,
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Fig. 2:Rates of crude oil degradation by isolates over 7 days
of shaking incubation at 150 rpm and 37°C
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Fig. 3: Percentage of the study of degrading the isolates of
crude oil after incubation for 7 days with temperature of
37°C and at a speed of 150 rpm
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Fig. 4: Capillary gas chromatography analysis of (a): Control
MSM + 1% crude oil without bacteria; (b): P. aeruginosa
was grown in MSM + 1% crude oil after 7 days
incubation

naphthalene, xylene, anthracene and biphenyl (Mujahid
et al. 2015). Current research can focus on the cost-
effective, large-scale applications of native bacteria for
industrial crude oil degradation (Vinothini et al. 2015).
Industrial crude oil contamination is an alarming problem
because of its detrimental effects on the health of different
organisms and humans. The oil biodegradation capacity
of Pseudomonas sp. clearly indicates that this bacterial
species uses hydrocarbon as a carbon source (Fig. 4).
The detection of hydrocarbon degradation or residual
toxicity after biodegradation highlights the need to test
for changes in pollutant levels in bioremediation sites.
The occurrence of contaminants in mixtures, like crude
oil, is an important problem because the removal or
degradation of one component can be inhibited by other
compounds or by-products in the mixture, and different
conditions may be required to treat different compounds
within the same mixture (Plaza et al. 2008).

Conclusion

This study showed that three species of bacteria,
Pseudomonas sp. and Micrococcus sp., isolated from
contaminated soil and water were able to degrade crude
oil. They showed optimum degrade crude oil by
Pseudomonas sp. as 65% and 58% Micrococcus sp.
at highest percentage compared to other isolates. Both
bacterial genera Gram positive and negative were isolated
from water and soil and assumed to have a common
pattern of tolerance and degradation of crude oil. Bacterial
isolates capable of degrading complex hydrocarbons
present in the environment have a potential to be used as
an effective tool for removing ecotoxic compounds.
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