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Abstract

This study was conducted to assthe hydrocarbon degradation abilitiesSghingomonas paucimobilis, Pentc
species, Staphylococcus aureus, Bnterobacter cloac, whichisolated from diesel contaminated soil sarr. Single
strainsand mixed bacterial consortia have been investig#teir ability to degrade 1.0 % (v/vof diesel oil in
Bushnell- Haas medium as sahlrbor andenergysource. At temperature 80, the individua bacterialisolates
exhibited low growth and lowdegradatiothan did themixed bacterialkculture. After 28 dayof incubation
thecombinationof four isolates degrad an upper limitof diesel 88.4%. Thisvas continuecby 85.1% by S.
paucimobilis, 84 % by Pentoae sp., 79% by S.aureuws, 749 by E. cloacae For further evidence of tt
biodegradation effect of these isolates individuahd as a mixed cult,, which was supported by the use
technology chromatography confirming the occurresicbiodegradatiol The results showed that the isolabacteria
are effective in biodegradation diese spills when used separately. It also confirmedbétger biodegradabilitwhen
used together in a mixed -culture.

Keywords: Bioremediation, BiodegradatioDiesel, Mixed-culture, Pollution.

the uncontrolled release of petroleum products
become a major problem, a numlof techniques
have been tested toemediat contaminated
sites[3].

1. Introduction

Petroleum hydrocarbons are the most com
environmental pollutants ithe worl, and oil

spills show a great hazard to terrestrial and agj
ecosystems. Oil pollution may arise eit
accidentally or operationally whenever oil
produced, transported, stored drehtec or when
it is used on land or at se@il spills are a major
threat to the environmeriiecause they severe
damage surrounding ecosystditis

Diesel is a medium distillate of petroleu
hydrocarbons  containing: normal alkar
branched  alkanes, olefins and  sn
concentrations of polycyclic aromatic compou
[2]. As pollution of soil and groundwater throu

Bioremediationhas emerged as one of
promising alternative treatment options
removing petroleum hydrocarbons becausiits
low cost andeffectivenessBioremediation is a
method in which microorganisms are used
cleaning up processThey can be described
converting toxic and chemically complex orga
compounds into notexic and simple inorgan
compounds, such asQz and HO with the
accumulation of microbial biomass, throt
oxidation under aerobic conditic [12].
Microorganisms are considered to be effic
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biodegrades due to the wide variety of species,
their abundance, and their catabolic and anabolic
versatility, as well as their ability to adjust to
adverse environmental conditions [4]. The
Biodegradation of petroleum hydrocarbon
requires a complicatemhetabolic route that is not
always present in one type of microorganism but
can be observed in a microbial consortium.
Numerous studies have been carried out on
biodegradation of petroleum hydrocarbons using a
mixed microorganism consortium [5]. In a mixed
culture, the metabolic products of one type can be
decomposed by another present in the culture and
so on respectively, leading to a complete
degradation of the substrate although there is no
particular species of microorganisms in the
community capable of destroying them alone[6].
In fact, since one species can metabolize only a
limited range of hydrocarbon substrates, the group
of many different bacteria, with wide enzymatic
capacities, is usually involved in the degradation
of petroleum hydrocarbons [7].

The aim of this study was to isolate local
bacterial species that had the ability to decompose
diesel and compare their biodegradability
capabilities in single-use and mixed culture.

2. Materials and Methods
2.1. Collecting of Samples

The soil contaminated with diesel was
collected at a depth of 0-15 cm [8] from different
locations, including Al Dura oil refinery and the
local generators in Baghdacity. All samples
were kept in sterile nylon bags and transported to
the laboratory to isolate and identify the bacteria
The Diesel (light oil) was used in the experiment
work from Al Dura oil refinery.

2.2. lIsolation of bacteria from Diesel
contaminated soil

Four grams of contaminated soil sample were
suspended by a vortex mixer in 20 mL of sterile
Bushnell-Haas  medium  containing  (g/l):
FeCk, 0.05; NH4NO;, 1.0; CaCl,, 0.02; pH to
7+0.2 and sterilized at 122 for 15 min. Bacteria
were grown in 250 ml Erlenmeyer flasks for one
week in a cool shaker incubator at 30°C and 180
rpm. A loopful culture from the soil suspension
was streaked on petri dishes containing nutrient
agar. The plates are placed in an incubator at 30 °
C under aerobic conditions for 48 hours. Specific
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colonies were isolated and sub-culture on nutrient
agar plates and incubated for another 48
hours.The plates are then placed in the refrigerato
at 4 °C for further study and identification [9].

2.3. Bacterial Identification

The colonies that were developed on nutrient
agar were classified according to their shape,
color and biochemical properties. The
microscopic examination of the Gram-stained
slices is done to characterize gram-negative
bacteria from others. Thethe identification of
bacterial isolates was carried out AtNokhba
medical laboratory using VITEK 2 device.

2.4. Inoculum Preparation

Bacterial strains were cultured on nutrient agar
at 30 ° C for 48 h. Aqueous culture was then
suspended, standardizing to the Macfarland scale
tube number 7 [6]. Tube 7 represents turbidity of
bacteria in the concentration (2.1 X TWFU.mL").

2.5. Bacterial Biomass

To evaluate the produced bacterial biomass at
the end of the incubation period a 10ml was
taken from each flask and centrifugation at 10,000
rom for 15 minutes. This biomass was washed
with tetrachloride carbon (CGL and then with
distiled water to remove the remaining
hydrocarbons, then the air was dried up to the
fixed weight [10].

2.7. Account the Quantitative Loss of
Diesel Ol

Each of single and mixed bacterial culture was
taken fromnutrient agar plate and suspended in
250mL conical flasks, each containing 100mL of
sterile Bushnell-Haas medium withO (v/v) %
dieselas the sole carbon source. Flasks were
incubated in a cool shaker incubator at 180 rpm.
The experiment conducted in duplicate and non-
inoculated flasks forms controls. All flasks were
incubated for 28 days at €0 Then, to determine
the remaining concentration of diesel oil after the
end of incubation period, 15 ml of each flask was
taken. Samples extraction was carried out using
carbon tetrachloride (CG). They were blended
and put in a separating funnel with continuous
shaking. The contents are then precipitated; two
layers are formed: aqueous layer and ¢@lyer
containing the remaining diesel oil [10].
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The last layer was poured and passed through
the filter paper containing anhydrous sodium
sulfates (NgSQy). After CCL, evaporation, the
amount of residual diesel oil was measured in the
medium by using (Horiba oil analyzer ocma-350)
device and the degradation efficiency was
calculated according to equation (1):

Degradation rete % =
Intial conc.of oil—Final conc.of oil

x 100

(1)

Intial conc.of oil

2.6. The use of Gas Chromatography
Technique to Detect the Biodegradation of
Diesel

The single and mixed bacterial culture were
taken from a nutrient agar plate and suspended in
250mL conical flasks, each containing 100mL of
sterile Bushnell-Haas medium with 1.0% (v/v)
diesel as the sole carbon source. Flasks were
incubated in a cool shaker incubator at 180 rpm
30°C. The diesel was extractedfrom Bushnell-
Haas mediumby liquid- liquid extraction method
as follows: (1 sample: 1chloroform). The sample
was placed with chloroform in the separating
funnel and shaking well after we allow the
contents to be deposited. The bottom layer
contains the residual concentration of diesel oil
that will be withdrawn and tested using gas
chromatography technology.

The Chromatographic Gas device (GC-
Shimadzu Japanese Company, Model 2010) was
fused silica capillary column SE30 a 30m length,
and equipped with flame ionization detector. The
column temperature is programmed to rising from
100 ° C to 300 ° C and pressure 100 kPa. The
detector temperature was 300°C and injector
temperature was maintained at 220The column
temperature is programmed to rise from 100 ° C
to 300 ° C at a rate of@ / min and pressure 100
kPa. Nitrogen was used as the carrier gas[11].

3. Results and Discussion
3.1 Isolation and Identification
Hydrocarbons Utilizing Bacteria

of

Bacterial strains capable of decomposing
diesel were isolated using Bushnell-Haas media to
differentiate between hydrocarbons degrading
bacteria and non-degraded bacteria. Four different
strains were isolated from the contaminated soil,
which was designated as NA-1, NA-2, NA-3, and
NA-4. Morphological characteristics of isolated
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bacteria such as gram stain and biochemical tests
were listed in Tablel.

Table 1,
Morphological characteristics, gram stain and
biochemical tests

Isolated bacterial colonies

Characteristics

NA-1 NA-2 NA-3 NA-4
Color of Creamy Golden off Pale
the colony yellow  white yellow
Shape of the Rod round rod rod
cell
Gram's - + - -
Staining
Motility Motile Non-  Motile  Motile

motile
Spore forming - - - -
Catalase test + + + +
Oxidase test - - + -
Urease + + - -
production test
(+) = positive result. (-) = negative result.
Colonies morphology of the isolates on

nutrient agar and photomicrographs of staining of
the isolates are shown in Figure 1. On the basis of
the VITEK2 system, the bacteria were identified;
NA-1 as an Enterobacter cloacae species, NA-2 as
a Staphylococcus aureus, NA-3 as a
Sphingomonas paucimobilis, NA-4 as a Pentoae
species. The results of identification using the
Vitek 2 system are tabulated in Table 2.

Table 2,

Identified bacteria using VITEK 2 device.
No. VITEK 2

NA-1 Enterobacter cloacae

NA-2 Staphylococcus aureus
NA-3 Sphingomonas paucimobilis
NA-4 Pentoae sp.

According to the previous studies of [12, 13]
the strains of E.cloacae, S.aureus were reported to
be isolated from oil contaminated soil and having
the ability to utilize petroleum hydrocarbon as a
sole source of carbon and energy. S. paucimobilis
and Pentoae sp. are often isolated from oil-
contaminated soil because of their unique ability
to decompose polycyclic aromatic hydrocarbons
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(PAHs), which are important in -site
bioremediation [14, 15, and 16]. In this study,
the isolated bacteria were able to grow in st
BushnellHaas medium and degrade diesel

This findng supports the increased function
these bacterial genera in  hydrocarl
biodegradation. Thus, these microorganisms c
be effective in treatment of diesel spills in s

Fig. 1. Colonies morphology and potomicrograph of isolated bacterial culturesNA-1: Enterobacter cloacae
species, NA-2Staphylococcus aureu: NA-3: Sphingomonas paucimobilis, NA-4Pentoae sf.

3.2. Dry Weight (Biomass)

Cell biomass quantitied) Table (%), show the
growth of bacterial isolates ofE. cloacae,
S.aureus, S. paucimobilignd Pentoae . in

Bushnell-Haas medium.The results showed
clearly that dry weight values at the end
incubation period (asa result of biodegradation
diesel oil) in each single strain and mixt
(combination of the four strains) w high also,
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we noted the resulted dry weight of the mixed

culture was high and more than the dry weight of
each singular strain. This indicates that

microorganisms have benefited from existing

organic matter as the sole source of carbon and
energy and these bacteria are highly efficient in
diesel degradation.

The results were agreed with precedent
studies of [11] where the dry weight obtained was
(3 g/l). Bacterial isolates break down dieseltoil
small compounds of carbon that used to produce
polysaccharides, proteins, and fatty acids need for
proliferation and energy production. The Simple
carbon compounds are merged into the new
Cellular Ingredients, which means that they are
used to make more microorganisms. Therefore,
carbon was used to create further biomass.

Table 3,
Cell biomass quantities.

Bacterial strain Dry weight (g/100 ml)

E. cloacae 0.2955
S. aureus 0.3685
S. paucimobilis 0.595
Pentoae sp 0.367
Mixed culture 1.226

3.3. The Percentages of Diesel Decomposition
by Single and a Consortium of Isolates

The biodegradatiopercentagef dieselby
thefour isolatesandtheir mixed cultureafter
incubation at 30°C for 28 days was demonstrated
in Table 4. The results showed that the maximum
degradation rate was achieved through a mixed
bacterial culture up to (88.4%). These results
clearly showed that the mixed culture could carry
out a maximum degradation for diesel followed by
S. paucimobilis, Pentoae sp., S. aureus, and E.
cloacae (85.1 %, 84 %, 79 %, and 74 %
respectively).

It was noted that mixed bacterial culture gave
the highest rate of biodegradation because there is
not a pure strain of bacteria with limited
metabolism capacity for the decomposition
metabolic of all components within diesel and a
variety of physiological and metabolic factors
required for the biodegradation of Different
compoundsn diesel.

To put it more clearly the singular isolates
metabolize a limited range of hydrocarbon
substratesand diesei oil is made of a blend of
compounds so the biodegradationof it needs
a mixtureof differentbacterial groupswith broad
enzymatic capabilities competent to degrade a
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wider range of hydrocarbons. In fact, a mixed-
culture of the bacterial community is required to
complete the biodegradation of petroleum
contaminants because the hydrocarbon mixture
varies markedly in the volatility, solubility,
tendency to biodegradable and the certain enzymes
cannot be gained in a single organism. These
observations are consistent with [10] who proved
that after 28 days of incubation the mixed backeria
degraded up to 88.5% of cruidl. Also, [16]
concluded that the highest degree of degradation of
diesel was observed in the treatment, when all
three strains (Pantoea sp. ITSI10, Pantoea sp.
BTRH79 and Pseudomonas sp.) were inoculated in
combination into soil contaminated with 30%
diesel and the maximum hydrocarbon reduction
was reached (79%).

Table 4,
Degradation of diesel oil.

Bacterial strain % of diesel oil degradation

E. cloacae 74
S.aureus 79
S. paucimobilis 85.1
Pentoae sp. 84
Mixed culture 88.4

Using Chromatographic Gas technology, it
appears in the control sample (Figure 2) having 13
chemicalsmaterial (Cy — G). After exposure
diesel toE. cloacae, S.aureus, S. paucimobilis,
and Pentoae spndividually as it's clear from the
charts in the first week of the experiment the low
molecular weight compounds were degraded
extensively where some ingredients of the diesel,
especially C9 - C10 totally lost while C11 - C20
was reduced hinting that biodegradation of the
hydrocarbons components has happened (Figure
3, 4, 5, 6). In the later days, and after two weeks
the visual checking of gas chromatography shows
a significant demise of a number of peaks where
the number of chemical ingredients decreased to
5, also lowered in the peak area of some
components (Figure 7, 8, 9, 10). These results
coincide with the fact that microorganisms first
attack low molecular weight hydrocarbons while
attacking upper and middle hydrocarbons later
during incubation. The different potential of
isolates may vary in the process of diesel
metabolism because of their differences in the
enzymatic degradation systems of hydrocarbons.
Where some isolates have a strong affinity with
the hydrocarbon components, some may be long-
delayed due to the inhibitory components of diesel
prior to the initiation of biodegradation. While In
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contrast, GC analysis of the total extract of diese
(Figure 11) showed that the consortium caused a
complete consumption of the major components.
These results denote that the biodegradation rate
of diesel has improved to a high level by added
mixed bacterial culture. Also, suggest that these
bacteria have the ability to attack all components
of hydrocarbons when being mixed culture [17].
Therefore, the search of biodegradation by the
bacterial consortium was essential because these
mixed -cultures show metabolidiversity and

superiority over pure-cultures.
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Fig. 2. Chemical compounds present in the control

sample of diesel using gas chromatography.
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Fig. 3. The residual chemical compounds

in

degraded diesel usingEnterobacter cloacae species

after 7 days.
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Fig. 4. The residual chemical compounds in
degraded diesel usindgstaphylococcus aureus species
after 7 days.
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Fig. 5. The residual chemical compounds in
degraded diesel usingSphingomonas paucimobilis
after 7 days.
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Fig. 6. The residual chemical compounds in

degraded diesel usingPentoae species after 7 days.
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Fig. 7. The residual chemical compounds in

degraded diesel usingEnterobacter cloacae species
after 28 days.
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Fig. 8. The residual chemical compounds in

degraded diesel using Staphylococcus aureus after
28 days.
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Fig. 9. The residual chemical compounds in

degraded diesel usingSphingomonas paucimobilis
after 28 days.
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Fig. 10. The residual chemical compounds in
degraded diesel using Pentoae specifter 28 days.
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Fig. 11. The residual chemical compounds in
degraded diesel using bacterial consortiunafter 28
days.

4. Conclusion

The present study showed that the
bioremediation with a mixed culture of
Enterobacter cloacae, Staphylococcus aureus,

Sphingomonas paucimobilis, and Pentspecies
(consortium) was more efficient than a singular
culture. The mixed bacterial culture can achieve
the maximum degradation (88.4%) etudied
diesel at 30 ° C after four weeks of incubation
followed up by: 85.1% by S. paucimobilis, 84 %
by Pentoae sp., 79% by S.aureus, and 74% by E.
cloacae.Biodegradation of diesel oil means the
transformation of its complex, harmful
components like polycyclic aromatic
hydrocarbons, and long chain alkanes into simpler
nonpolluting fractions.
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It is evident from this investigation that all
thoughtful isolates havea noted impact on the
degradation of diesel oil. Thus, this researchaoul
help to lighten the way for bioremediation studies
and provide informaticrthat allows the use of
these isolates in biological treatment in
environments contaminated with diesel oll.
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