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ABSTRACT

The present study aimed to investigate the biodegradability of the native species isolated from a site
contaminated with crude oil (Karun Gas Oil Production Company, Iran). According to the findings,
the species isolated from bacillus could grow at the concentrations of 1 and 3% of crude oil within
the pH range of 3-5 and at various temperatures. Bacillus sonorensis had higher efficiency at the
concentration of 1%, temperature of 30 °C, and near-neutral pH compared to the second species.
Therefore, it could be used in biological remediation processes through the reduction of biosurfactant
and surface tension to a certain extent (24.87 mN/m) compared to the control samples (59 mN/m).
Furthermore, the chemical analysis showed that the bioremediation efficiency of chrysene, fluorene,
naphthalene, dibenz (a, h) anthracene, and pyrene was 35.85, 39.56, 27.14, 28.45, and 27.5% within
four days, respectively. With the reduction of the surface tension, aromatic compounds could be better
decomposed compared to aliphatic compounds.

Keywords: Bioremediation, Oil-contaminated soil, Crude oil, Biosurfactant, Environment

Introduction category includes heteroatomic organic
Oil and its derivatives are of utmost compounds, which are subcategorized into
importance in terms of the environment and sulfur ~ compounds (e.g., disulfides,

public health due to the presence of organic
compounds that are resistant to biological
decomposition, such as hydrocarbon and non-
hydrocarbon compounds.*® Crude oil contains
carbon hydrocarbons such as paraffinic
hydrocarbons (e.g., CnH2n+2), petroleum
hydrocarbons (e.g., cycloparaffins [CnH2N]),
aromatic hydrocarbons (e.g., benzoids ([Hzn-
6]), and various non-hydrocarbons; the last
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thiols/mercaptans, and thiophenes), oxygen
compounds (e.g., phenols, furans,
benzofurans, carboxylic acids, and esters),
nitrogen compounds (e.g., aromatics, amines,
carbazoles, and pyridines), and organometallic
compounds (e.g., resins and asphaltenes).® ®
The environmental pollution of water,
soil, and air caused by oil and its derivatives is
a monumental challenge across the globe,
which occurs due to leakage from drilling and
exploration operations (drilling rigs and
wastes), crude oil transmission lines and its
products, transport tankers, storage tanks,
petroleum products sales outlets,
transportation, and similar cases.> 7 Various
physical and chemical methods are used for the
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reduction and elimination of environmental
pollution, including air sparging, chemical
oxidation, soil vapor extraction, advanced
oxidation processes, enhanced bioremediation,
and solidification/stabilization. Some of the
biological methods in this regard are enhanced
bioremediation, biopiles, bioreactors,
phytoremediation or a combination of these
techniques.

Today, biological refining methods have
attracted attention owing to their compatibility
with the environment and the fact that water
and soil microorganisms use petroleum
compounds as a source of carbon and energy,
causing their biological decomposition
through the production of biosurfactants.®1!
Several studies have been focused on the
elimination or reduction of oil pollution in
contaminated water and soil. In terms of the
biological experiments and the kinetics study
of the biological refining of the soils
contaminated with crude oil using organic and
mineral materials,? the investigation of the
biodegradability of crude oil and its derivatives
by Streptomyces. The findings in this regard
have indicated that the species are able to
remove phenanthrene (63%), anthracene
(83%), and pyrene (93%) in addition to proper
growth.®  Another study in this regard
investigated the consortium of the bacteria
isolated  from  oil-contaminated  soils
(especially pseudomonas species), indicating
their ability to remove n-alkanes and
polycyclic aromatic hydrocarbons by 95%
through bioremediation.'® Other studies have
also reported the use of the effective
microorganism technology, which could
proceed to the biological purification of
contaminated oil sludge through the
optimization of food ratios (e.g., carbon-to-
nitrogen),* while other biological studies and
the related documents have also proven
accurate in this regard.®!” Various physical
and chemical methods have yielded different
results regarding the biological analysis of oil
compounds and their derivatives, 18-

The present study aimed to investigate the
oil-contaminated soils in a new oil region
located in the south of Iran in terms of the
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biological ability of the isolated species at
various concentrations (1 and 3% of crude oil)
based on biosurfactant production and
reduction of the surface tension.

Materials and Methods

After the sampling of Karun Gas Oil
Production Company in Iran in the summer of
2019 as the study area, oil-contaminated soil
and oil sludge were assessed to identify and
isolate the native soil bacteria and determine
the level of bacterial surface tension activity.
In addition, chemical analysis was performed
to determine their ability to biodegrade oil
compounds.

Sampling

After the sampling of the soil and oil
sludge, oil-contaminated soil and sludge were
harvested from the depth of 15 centimeters of
the soil, and the obtained samples were
immediately transferred to the laboratory in an
ice box in sterile conditions (Fig. 1).

Separation and identification of bacteria

At this stage, organic culture medium
(nitrate agar) and mineral culture medium
(mineral salt medium) were used. The media
contained various compounds, including
NaNOs (2.0 g/L), NaCl (0.8 g/L), KCI (0.8
g/L), CaCl,-2H,O (0.1 g/L), KH2POs (2.0
g/L), Na2HPO4-12H,0 (2.0 g/L), MgSQO4 (0.2
g/L), and FeSO4-7H20 (0.001 g/L). The pH of
the media was 6.8, and they were completed
with 2 mL of a trace element stock solution
composed of FeClz-6H,-O (0.08 g/L), ZnSO-
4.-H,O (0.75 g/l), COCl2-6H.0 (0.8 g/L),
CuSO4-5H0 (0.75 g/L), MgSO4.H.O (0.75
g/L), H3sBOs (0.15 g/L), and Na2Mo0O4-2H>-O
(0.05 g/L).?? At this stage, the soil suspension
was prepared, cultured in the nutrient agar and
nutrient broth culture media, and preserved in
an incubator for 24 h. After observing the
grown colonies on the culture media, the
microbial consortium was re-cultured using a
four-stage method and continued until the
purification of the bacteria and observing
single colonies.b 22
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Fig. 1. Area study; Karun Gas Oil Production Company, (IRAN)

In the next step, biochemical tests were
performed for the initial identification of the
bacterial genus and species, including methyl
red, catalase, starch hydrolysis, IMViC,
arabinose fermentation, mannitol
fermentation, and growth at various salt
concentrations. In order to determine the
species of the pure isolated bacteria, DNA
extraction operations and sequencing were
initially performed by polymerase chain
reaction (PCR), and 16s rRNA was amplified
using the forward primer 5-
AGAGTTTGATCCTGGCTCAG -3 and
reverse primer 5-
TAAGGAGGTGATCCAGCC-3.1 222527

Biosurfactant measurement

The surface tension was measured using a
tensiometer and the ring method.% 1 224 For
his purpose, 25 mL of the 48-hour culture of
each sample was poured into the sample
container of the device. Before measuring the
surface tension, the sample temperature was
raised to 25 °C, and the test was repeated thrice
for each sample. For each measurement, the
surface tension of the distilled water and non-
bacterial culture medium was also measured as
controls.

Chemical analysis

Initially, 100 mL of sterile mineral
medium containing 1% yeast extract and
varied concentrations of sterile crude oil (1 and
3%) was poured into a 250-milliliter
Erlenmeyer. Following that, the reduction of
the oil compounds (i.e., Dbiological
decomposition) by the bacteria was measured
at 48 and 96 h using the high-performance
liquid chromatography (HPLC) and gas
chromatography (GC). Notably, the test
samples were evaluated and compared with the
control samples.?

Results and Discussion

The identified strains of B. sonorensis and
Bacillus sp. were assessed aerobically after
culturing in the mineral medium at various pH,
temperatures, and incubation cycles. Finally,
B. sonorensis was selected as the superior
species, which was also a new strain in this
contaminated area based on previous studies.
According to the biochemical tests, PCR, and
NCBI database, bacillus and the isolated
species (especially B. sonorensis) were the
bacteria decomposing hydrocarbon
compounds and another bacillus species. This
is similar (86%) to the strain found in salt
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environments (Bacillus sp. 2BSG-MG-1;
GenBank: AB533779.1), which has been
identified as a new strain. In the present study,
the biological ability of both bacteria was
investigated. In several other studies, Bacilli
such as Bacillus sonorensis and Bacillus
cereus have also been identified as the
decomposers of petroleum hydrocarbons and
crude oil in oil-contaminated areas.
Furthermore, various species of bacillus and
pseudomonas have been isolated from oil-
contaminated soils, and their biodegradability

has been investigated and confirmed.®: 22 23 27-
30

Measurement of bacterial growth at different
temperatures and pH

Figs. 2 to 4 show the results of optical
density (ODeoo) as a microbial growth index
after 48 h at the temperatures of 20, 30, and 40
°C and wavelength of 600 nm.
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Fig. 2. Growth (optical density) of B. Sonorensis and B.
sp. at 20 °C in different pHs (48 h)
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Fig. 3. Growth (optical density) of B. Sonorensis and B.
sp. at 30 °C in different pHs (48 h)
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Fig. 4. Growth (optical density) of B. Sonorensis and B.
sp. at 40 °C in different pHs (48 h)

As can be seen, the optimal pH at the
temperatures of 20, 30, and 40 °C was within
the neutral range (~7), and the microbial
growth rate increased at higher temperatures.
The optical density of B. sonorensis at the
temperatures of 20, 30, and 40 °C was within
the range of 0.14 - 0.3, 0.16 - 0.32, and 0.16 -
0.32, respectively. The optical density of the
other Bacillus (second species) was estimated
to be 0.12 - 0.2, 0.28 - 0.14, and 0.32 - 0.15
after 48 h with 1% crude oil, indicating the
high microbial growth by B. sonorensis.

Research regarding the correlation of
microbial growth and temperature has shown
that bacterial growth and its rate are affected
by temperature. The results of a study
indicated that the bacterial growth of Bacillus
cereus increased by increasing temperature
from 28 to 37 °C in an MTBE-infected
environment, and the highest removal
efficiency was observed in the neutral range.
Another study regarding the Bacilli
decomposing 1% crude oil at the temperature
of 30-55 °C showed the reduction of bacterial
growth, and the optimal pH was observed
within the neutral range (~6.8).%2

In another research regarding the growth
of a microbial population and its association
with salinity, various temperatures (10, 30, and
50 °C), and pH of 7.3, it was observed that
microbial activity intensified in the early
stages with  increased nutrients and
temperature. In the mentioned study, the
microbial activity and products associated with
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aerobic reactions (e.g., carbon dioxide) were
also measured up to 50 °C in the biological
refining process of soil.3

Measurement of surface tension

The studied strains were placed in the
liquid mineral medium containing 1% yeast
extract and 1 and 3% crude oil at different
temperatures, and the surface tension and
reduction rate were evaluated in two species
after 48 h using a shaker at 180 rpm, as well
as different temperatures and pH. At this
stage, the capacity and emulsification ability
of the two bacterial species were initially
measured, and the values were estimated at
81.16% and 75.35% for B. sonorensis and
other bacillus species, respectively, indicating
the ability of both species in emulating the test
environment and producing biosurfactant,
while B. sonorensis was more capable than the
second species of bacillus in this regard. This
capability has been investigated in other
studies, such as those conducted by Rizi et
al.?? and Jalilzadeh et al., the results of which
indicated that the biological refining ability of
microorganisms could increase with high

biosurfactant production.*

According to the information in Table 1,
varied levels of surface tension and its
reduction could be observed in the two studied
species  depending on  environmental
conditions such as temperature, pH, and
percentage of crude oil. Based on the
preliminary experiments on the two bacterial
species and considering the ability of both
bacteria to grow and multiply within a neutral
pH range, it was expected that the greatest
reduction in surface tension would be
achieved at this stage, and the hypothesis was
confirmed by the measured data in both cases.
In the case of 1% crude oil, the rate for B.
sonorensis at the pH of 7 was 38.5, 34.22, and
33.5%, and the reduction in the surface tension
was equal to 20.5, 24.78, and 25.5% at the
temperatures of 20, 30, and 40 °C,
respectively. According to the measured data
with 3% crude oil, the reduction was estimated
to be 19.7, 23.9, and 24.3 mN/m at the
temperatures of 20, 30, and 40 °C,
respectively. In addition, the highest reduction
of the surface tension occurred with 1% crude
oil at the temperature of 30 °C.

Table 1. The amount of B. Sonorensis and B. sp. surface tensions (temperature: 20, 30, 40 °C; C: 1, 3%; time: 48 h)

Surface tension (mN/m)

Bacteria Crude oil % Crude oil % Crude oil % (at !Emulsification capacity
(at 20 °C) (at 30 °C) 40 °C) in pH=7

pH Blank 1 3 1 3 1 3

4 59-60 445 449 40.13 415 36,5  37.8

6 59-60 394 405 35.76  36.78 341 353 81.16%
B. Sonorensis 7 59-60 385 39.3 34.22 3591 335 34.7

8 59-60 38.7  39.6 35.55 36.81 336 349

10 59-60 386 393 36.12 37.71 349 3538

4 59-60 49.8  51.15 45.6  45.87 45.65 45.98

6 59-60 48.8  49.58 44,95 45.35 43.15 43.95 75.35%
B. sp. 7 59-60 48.15 49.113 4487 45.01 4235 42.87

8 59-60 48.3  49.266 4497 45.13 42.49 43.36

10 59-60 494  50.388 4535 45.93 4395 44.35

On the same note, the findings of the
current research regarding the second bacillus
species at 1% crude oil concentration at the pH
of 7.7 were 48.15, 44.87, and 42.35%, and the
surface tension reduction was estimated at
11.85, 15.33, and 17.67% at the temperatures

of 20, 30, and 40 °C, respectively. According
to the measured data at 3% crude oil, the
reduction rate was 10.88, 14.99, and 17.13
mN/m at the temperatures of 20, 30, and 40 °C,
respectively, and the most significant surface
tension reduction was observed with 1% crude

N

JAY
/_\ MUK-JAEHR



239

Behdarvandan et al.

oil at the temperature of 30 °C.

According to the literature, biosurfactant
production reduces the surface tension of the
environment, thereby providing the proper
conditions for the increased degradation of
bacteria. In a study on Bacillus cereus for the
biological refining of 1% crude oil, the
bacterium could diminish the surface tension
reduction from 37 to 31 mN/m at the
temperature of 37 °C and to 32.5 mN/m at 20
°C.! In another study, the biodegradation of
hydrocarbon groups (c16: ¢13) was evaluated,
and different results were obtained regarding
the ability of Bacillus subtilis to reduce
surface tension, including the ability of the
bacterium to reduce the surface tension in a
sample containing n-Hexadecane from 30.1 to
7.5 mN/m, from 42.3 to 9.9 mN/m in crude oil
medium, and from 36.4 m® to 3.8 mN/m.*°
Similar results in another study showed that
two bacilli species could decrease surface
tension from 60 to 31 and 38 mN/m, while
also biologically decomposing crude oil and
similar compounds.?®

In another study on the species derived
from crude oil-contaminated sites in Aramco
(Saudi Arabia), the ability of bacillus and
pseudomonas species was investigated, and
one species (strain 2-1V; Pseudomonas
stutzeri) was considered optimal as it was able
to achieve high emulsification strength and
cause the significant surface tension reduction
of approximately 30.5 mN/m in the tested
samples.?

Chemical analysis of samples

Based on the findings regarding B.
sonorensis at 1% concentration and after the
re-cultivation of the selected species, the
biological degradation rate of crude oil was
measured at 48 and 96 h. The analysis of the
tested samples is presented in Table 2 in the
GC and HPLC analysis sections, which
indicate the ability of crude oil to decompose
into simpler derivatives. The obtained results
confirmed the efficiency of the biological
decomposition of various compounds, such as
chrysene (35.85%), fluorene (39.56%),
naphthalene (27.14%), dibenz(a, h)anthracene
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(28.45%), and pyrene (27.5%). Furthermore,
other compounds and petroleum derivatives
were biodegraded at varied rates within four
days, and aromatic compounds were better
decomposed compared to  aliphatic
compounds.

Table 2. Chemical analysis of samples by GC and HPLC
in %1 concentration
Type of

Blank sample

analysis Sample (mg/L) 48h 96h
n-C18 44 425 3.98
n-C10 1.67 155 141
GC n-C11 5.7 52 4.89
analysis C13 9.2 8.95 8.61
Cl6 7.9 7.77 7.47
Cc7 3 2.75 2.48
Pyrene 12 89 787
Chrysene 4.1 2.87 2.63
Fluorene 16 10.8 9.67
Phenanthrene 246 229 215
HPLC_ Dibenz(a,h) 123 092 088
analysis anthracene
Benzo(ghi) ¢ 5 6.5 6.6
perylene
Naphthalene 210 187 1.53
Acenaphthene 2.8 2.45 2.06

In some studies, chemical analysis has
been  performed to  determine the
decomposition rate of hydrocarbon or non-
hydrocarbon compounds in-vitro, the results of
which have confirmed the biological
decomposition of crude oil and its derivatives,
as well as the ability of the bacillus group to
biologically decompose aromatic and aliphatic
compounds,®* 2 22 2% 32 gych as resins,
asphaltenes,®® and pseudomonas. " 32

Conclusion

In this study, we investigated the ability of
native bacteria isolated from oil-contaminated
soil and sludge. According to the findings,
both bacteria could produce biosurfactant at
the two concentrations of 1 and 3%, three
temperatures of 20, 30, and 40 °C, and
different pH. The highest efficiency was
observed at the temperature of 30 °C under
neutral conditions for both bacteria, especially
B. sonorensis. A wide range of bacteria
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(especially the bacillus group) are able to
biologically decompose crude oil and its
derivatives. Although these methods are time-
consuming on an industrial scale, they could be
used in combination with other methods to
clear the sites that are contaminated with oil
and its derivatives.
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