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Introduction

The hydrocarbons in petroleum include two main
groups: linear compounds (aliphatic hydrocarbons)
and cyclic compounds (aromatic hydrocarbons).
Linear saturated hydrocarbons are the major
components of petroleum that including volatile
compounds, low molecular weight compounds (C,-
C,,), medium (C,_-C,,), and high (>C,) [1,2]. Another
group is cyclic hydrocarbons with fused benzene rings
in linear, angular, or cluster arrangements. They are
hydrophobic compounds with low vapor pressure, low
water solubility, and high boiling and melting points.
Due to high hydrophobicity, they can persist in the
soil, and they are recalcitrant to degradation than other
hydrocarbons [3]. Generally, petroleum hydrocarbons
are the most persistent environmental pollutant that
has long-term destructive effects on plants, animals,
and humans [4,5].

Nowadays, economic and environmental
considerations have led to the bioremediation by
plants and soil microorganisms. In the biodegradation
process, microorganisms use petroleum hydrocarbons
as a source of carbon and energy and change their
structure to the less dangerous or safe component.
In the oil-contaminated area, microorganisms have
been adapted to conditions, and they are capable of
degradation and use of petroleum hydrocarbons [6,7].
Nowadays, many bacteria, which can utilize kinds of
linear and cyclic hydrocarbons, have been isolated
and identified [4,8]. Because degradation of aromatic
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and aliphatic hydrocarbons needs different metabolic
pathways, it is important to find microorganisms
that have the potential to degrade both types of
hydrocarbons [9]. In the present study, bioremediation
of naphthalene and hexadecane as modal molecules
in order to find biodegradation potential of cyclic and
linear compounds in petroleum was evaluated by four
indigenous isolated bacteria from oil-contaminated
soil in the Naft-Shahr area of Kermanshah province.

Materials and Methods

In this study, four bacterial strains including
Arthrobacter citreus (MT786388), Staphylococcus
gallinarum  (MT786386), Bacillus thuringiensis
(MT786387), Paenarthrobacter nitroguajacolicus
(MT786389), which previously isolated and identified,
were used [10]. In order to the enrichment of bacteria,
Bushnell-Haas Broth (BHB) wasused (Table 1). Inorder
to assay the capacity of bacteria in biodegradation of
cyclic and linear petroleum hydrocarbons, naphthalene
and hexadecane with a concentration of 200 mg L' and
1000 mg L' were respectively used. For preparation
inoculation, each of the isolates was cultured on
nutrient broth and incubated at 30 °C for 48 hours.
One ml of suspension with a population of 1x10° CFU
was added to 250 mL autoclaved Erlenmeyer flasks
containing 100 mL of BHB medium. The experiments
were performed in triplicate for each bacteria and a
control test (without inoculums of bacteria) was also
prepared. The flasks were incubated at 30 °C with a



shaking speed of 180 rpm for a week [11]. After each
experiment, the suspended cell was centrifuged at
6000xg for 10 min. The supernatants were collected
for quantitative analysis, and cell sediment was dried.
Afterwards, biomass concentration was determined
by dividing biomass dry weight by initial centrifuged
culture volume. Specific growth rate (x) was valued.
Residual hexadecane and naphthalene were calculated
by gas chromatography analysis [12] and afterward,
the percent of removal (Y) and specific degradation
rate (R) were determined [13].

Table 1 Compotision of Bushnell-Haas Broth (BHB).

Component Content (g L)
MgS04.7H, O 0.2
CaCl, 0.02
KH, PO, 1.0
K, HPO, 1.0
NH,NO, 1.0
FeCl,.6H, O 0.05
Results and Discussion
Figure 1 shows the results obtained during

biodegradation of naphthalene by four isolated bacteria
(Arthrobacter citreus< Staphylococcus gallinarum,
Bacillus  thuringiensis, and  Paenarthrobacter
nitroguajacolicus). This data shows that all strains are
capable of using naphthalene as a carbon source and
they grow on the aromatic hydrocarbon. It is mainly
due to the high compatibility and tolerance of these
bacteria isolated from an oil-contaminated soil [ 14,15].
The highest biomass concentration about 380+18 mg
L' was observed by P. nitroguajacolicus. The growth
of this strain did not shown a noticeable lag phase in
Figure 1, while the other bacteria showed a lag at the

S. gallinarum
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begging on their growth. As seen in Figure 1, A. citreus
and P nitroguajacolicus strains had respectively
maximum growth rate about 0.044 day' and 0.029
day! during logarithmic growth on naphthalene. The
S. gallinarum and B. thuringiensis were slow-growing
cells on the substrate.Figure 1 also shows S. gallinarum
strain can degrade naphthalene at a greater than other
strains and removed 91.42% of naphthalene during 7
days. The specific biodegradation rate of naphthalene
varies from 65 mg geell”! day™! for P. nitroguajacolicus
to 99.25 mg geell! day"! for B. thuringiensis during
logarithmic  growth. Enzymatic activities, and
consequently material transport processes, affect the
pH of culture [16, 17]. The pH changes as a result
of biodegradation of naphthalene had been shown in
Figure 1. Results show that pH value had declined from
an initial pH=7 to 6.8 in all cultures. Increased acidity
is most likely associated with the production of acidic
metabolites, such as benzoic acid and phthalate during
the biodegradation of naphthalene [ 18, 19]. Similar to
the present study, an Indian strain of Bacillus cereus
(MH681588.1) had been succeeded to degrade 96.1%
of naphthalene with an initial concentration of 10 mg
L1 after 7 days [20]. It is noticeable that the specific
growth rate of this strain had been reported 0.095 day!
which was much more than a slow-growing strain of B.
thuringiensis in this study [20]. The removal of higher
concentrations of naphthalene, for instance, 20 mg L'
and 50 mg L' has been reported by Rhodococcus sp.
[21] and Ralstonia eutropha [22]. However, using
of supplementary carbon source (glucose) and
surfactant tween 80 has caused the success of these
microorganisms at high concentrations of naphthalene
[21,22]. To conclude, B. thuringiensis strain as a slow-
growing bacteria had the most effect on naphthalene
degradation.
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Fig. 1 Temporal changes of biomass, naphthalene, and biosurfactant and pH during biodegradation of naphthalene.
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Temporal variations of biomass, hexadecane, and
biosurfactant and pH during biodegradation of
hexadecane are presented at Figure 2. The highest
and lowest biomass concentrations were 670+23
mg L' and 450+25 mg L' for A. citreus and B.
thuringiensis, respectively. The results at Figure 2,
notices S. gallinarum strain had a high growth rate
(0.060 day') but B.thuringiensis had a slow growth
rate. The removal yield was varied from 57.25% by
S. gallinarum to 78.89% by B. thuringiensis. The
measurement of surface active agent showed the
highest biosurfactant was produced by B. thuringiensis
at 234+15 mg L. The production of amphipathic
substances could facilitate the accessibility to
hexadecane as a hydrophobic substrate [&]. The highest
rate of hexadecane degradation was observed by B.
thuringiensis about 231.43 mg gcell! day'. After B.
thuringiensis, P. nitroguajacolicus strain with a specific
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biodegradation rate about 184.82 mg gcell! day' had
the best efficiency in biodegradation of hexadecane. As
seen, B. thuringiensis isolate was capable of removing
naphthalene and also could be useful for degradation
of hexadecane as a linear compound like Rhodococcus
opacus|23]and Enterobacter strains [24]. Acomparison
of results at Figures 1 and 2 indicating the growth
rate on naphthalene is less than hexadecane. This is
due to a severe breaking pathway of naphthalene as a
polycyclic aromatic substance versus to hexadecane.
The results of previous studies showed that the
biodegradation rate of aromatic compounds is slower
that linear hydrocarbons because of their complexity
of biochemical pathways [9]. In the present study,
based on previous studies, the concentrations of 200
mg L'and 1000 mg L' of naphthalene and hexadecane
were respectively investigated, so that their inhibitory
does not affect the biodegradation.
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Fig. 2 Temporal changes of biomass, hexadecane, and biosurfactant and pH during biodegradation of hexadecane.

Conclusions

All isolated strains were able to biodegradation
naphthalene and hexadecane, but the best performance
was related to B. thuringiensis, a surfactine-producing
microorganism, that could degrade cyclic and
linear hydrocarbons. The characters of the isolate,
especially high biodegradation rate at low growth
gains technical advantages for biodegradation process
of hydrocarbons from contaminated environments.
Because, it is efficient and produces less biomass in the
environment thus implies lower ecological impacts.
Bacillus strains are also endospore-former and could
tolerate adverse environments such as tropical regions
with high humidity stress and high salt concentration.
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