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ABSTRACT
Discharging industrial wastes into the soil causes accumulation of pollutants, especially petroleum
hydrocarbons and used engine oil, in the environment. This study was done to find some bacterial
strains capable of removing the engine oil from contaminated soils. Soil samples contaminated by
engine oil were collected from some polluted area of Hamadan City, and then their bacterial strains
were isolated and classified on the basis of morphological keys and biochemical tests. The efficiency
of these bacterial strains in removing the pollutant was evaluated in minimal salt medium (MSM)
containing 1% engine oil. The optical density (OD) of the media was measured as an indicator of
bacterial growth and degradation of the engine oil during day 0, 5, 10, and 15 at 600 nm wavelength.
The bacterial strain responsible for the highest OD was chosen as the effective one, and the efficiency
of oil removing was evaluated for this bacterial strain. In this study, eight bacterial strains called
EODB;.g were isolated. The results of the OD determination showed that the four bacterial strains
caused more turbidity in the samples. The effects of time, type of bacteria, and their interaction effects
were also significant in all samples. The turbidity of the samples was increased with increasing
exposure time. The maximum turbidity was caused by the bacterial strain EODB4 and it was
introduced as the best engine oil degrading bacterial strain. Its engine oil removal efficiency was
evaluated to be 62.85% and it was identified as Pseudomonas alcaligenes using morphological keys
and biochemical identification methods.
Keywords: Bioremediation, Engine oil, Pseudomonas alcaligenes, Soil pollution
Abbreviations: OD, optical density; EODB, engine oil degrading bacterium; NA, nutrient agar;
MSM, minimal salt medium

Introduction

Soil is the basis of life, productivity, and a
source of raw materials; it plays an important
role in human's life. Soil protection as a task in
environmental policy is essential due to its
important role for all organisms.!* Problems of
oil pollution and its derivatives as well as its
detrimental effects on living organisms and
ecosystems are not negligible.’

Lubricant oil (engine oil) is one of the
petroleum-derived soil contaminants. Engine oil
as a multipurpose compound plays an important
role in the safe operation of car engines.* Due to
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the existence of a wide variety of dangerous
pollutants and high levels of such wastes in
industrial regions, systematic management of
wastes containing used engine oil is a serious
challenge for industrial societies.>>
Bioremediation is now one of the common
technologies used to clean and remediate
petroleum hydrocarbon-contaminated  soils.°
Bioremediation is a method that uses the ability
of existing organisms and microorganisms to
increase the amount and rate of pollutant
degradation. It is also an important method for
decreasing environmental pollution.’

Microorganisms can grow and multiply in
engine oil-polluted media due to their high
metabolic capacity for using the pollutant as a
nutrient and energy source. They reduce the
contamination rate of the soils considerably.®
There are significant differences between the
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petroleum-degrading bacteria regarding their
ability in degradation of petroleum compounds.’
Therefore, isolation and purification of different
kinds of microbial strains capable of degrading
petroleum compounds can be useful for
bioremediation of polluted areas.!® !

There are several studies available showing
that different bacterial strains exist in the soils
contaminated by petroleum compounds that can
be used as sources of carbon.!? Oil pollution not
only is incapable of inhibiting the bacterial
growth but also causes to improve growth of the
resistant bacteria.*!> Khan et al.'® isolated four
bacterial strains and one of which was MJH101
which has the most ability in degrading
petroleum compounds and decreased the
thickness of an oil layer from 6 to 1 mm in 7
days of incubation. In another research by
Emtiazi et al.,'* they succeeded in removing the
petroleum compounds using Pseudomonas
strains in a period of 9 days. Onifade and
Abubakr!® investigated the potential role of
hydrocarbon-degrading bacteria, e.g.,
Lactobacter sp., Arthrobacter sp., Bacillus sp.,
Pseudomonas sp., Micrococcus sp., in crude oil-
contaminated soils and reported an increase in
bacterial number from 5 x 10° to 7.6 x 10*
CFU/ml after 18 weeks of incubation.
Degradation of phenanthrene by a mixed culture
or individual strains isolated from soil in a
refinery area in South Korea was examined and
a significantly positive relationship was
observed between the microbial growth and the
rate of the phenanthrene degradation.'!°

Due to a global increase in environmental
pollution by petroleum and its derivatives as
well as the differences between the ability of
bacterial strains for degradation of petroleum
compounds under different climate conditions,
we need to find native bacterial strains for use in
local bioremediation.!” The aims of this study
were to isolate and identify native bacterial
strains in the soils contaminated by engine oil in
Hamadan, and then to evaluate their
biodegradation ability in removing engine oil
contamination.

Materials and Methods
Sampling places

Some engine oil-contaminated areas in
Hamadan were randomly selected. Heavy
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machinery repair centers and engine oil spots
around and beside the roads were selected as
sampling sites. The soil samples were collected
in spring 2014 and in depths of 0—20 cm from
the contaminated areas. Collected soil samples
were placed in disposable bags and transferred
to the laboratory for further process.

Preparation of samples

After the separation of roots and debris, soil
samples were passed through a 2 mm mesh and
then homogenized. Then the samples were kept
at 4 °C for further process.

Culture of samples

To make different dilutions, 1 g of the soil
sample was initially weighed and then it was
dissolved in 10 ml of sterile physiological salt
solution for preparation of 107! dilution of the
sample. Successive dilutions of 107 to 107°
were prepared similarly.'® Nutrient Agar (NA)
was prepared as a growth medium and for
enrichment, yeast extract was added. It was
sterilized in an autoclave for 15 min at 121 °C
and 15 Ib/in?. After cooling down to 44 °C, it
was distributed between sterilized plates. After
freezing the media, the plates were incubated for
24 h at 30 °C."

One milliliter of each abovementioned soil
dilution was added to each group containing
three sterilized plates. Then 10 ml of the nutrient
agar medium containing sterilized yeast extract
was added to each plate and it was mixed with
the sample. The plates were then incubated for
48 h at 25 °C. After this period, the colonies
formed on the plates were visible and ready for
isolation.”> The purification of the isolated
microorganisms was done using linear
cultivation.'®!?

Characterization and determination of the

isolated bacteria
The isolated bacterial colonies were
characterized based on  morphological

characteristics such as their color, size, edge,
height, and the consolidation of the colony as
well as biochemical tests such as catalase and
oxidase activities, gram staining, indole
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production, citrate consumption, etc., according
to laboratory manuals and taxonomical keys.?°

Studying the potential of contamination

elimination by the bacterial strains
Preparation of minimal salt medium
containing 1% engine oil

This medium contained the minimal

essential salts for bacterial growth (Table 1).
After preparation of the medium, it was poured
into an Erlenmeyer flask up to 99 ml and then 1
ml of engine oil was added to the medium.
Erlenmeyer flask caps were covered by cotton
and then sterilized in an autoclave for 15 min at
121 °C and 15 1b/in."?

Table 1. Salt composition in the used MSM medium

Material Nacl KCl CaCl, NaHPos; MgSOs FeSOs Glucose  NH4Cl
Concentration (g/l) 0.8 0.8 0.1 2.0 0.2 0.1 8 2.0
Treatment of engine oil contained media by the Py — P,
f eng 4 R=<0P e)xlOO )
0

bacterial strains

One colony of each isolated bacterial strain
was initially selected as a representative. The
bacteria were grown in NB to increase the
population of bacteria in the inoculum. After
achieving OD = 1, bacterial sediments were
separated using a centrifuge (at 4000 rpm) for
10 min. The sediment was inoculated in flasks
containing sterilized MSM (minimal salt
medium) containing 1% engine oil prepared
previously. All the flasks were shaken for 2
weeks at 24 °C on a shaker.*

Assessment of the sample turbidity

The growth rate of the microbial biomass in
the treated samples was measured using
turbidity of the samples. For this purpose, the
light absorbance was measured for the samples
through the turbidity by spectrophotometry at
wavelength 600 nm within 15 days including
day 5, 10, and 15141821

Study of pollutant removal rates by bacteria

To measure the amount of removed engine
oil from the sample, the samples were poured
into separate vials under a sterile hood. 100 ul
of tetracosane was added to each vial. The vials
were centrifuged (at 4000 rpm) for 10 min to
isolate the engine oil from the salt solution.'’
The engine oil was separated from the solution
and then weighed. The amount of removed
engine oil was determined using the following
formula:!?

In this equation, R is the percentage of engine
oil removal by each bacterial strain, P is the
weight of the engine oil in the blank flask (mg),
and P. is the final weight of the engine oil in the
flasks treated by the bacterial strains after 2
weeks (mg).

Since there is an evaporation possibility for
engine oil from the samples, due to their
volatility, control samples were also tested for
pollutant removing. The control samples were
prepared like the experimental ones but without
bacterial inoculation.

Statistical analysis of the results

Data analysis were performed using SPSS
version 18.0. Variance analysis was performed
for significance data. The least significant
difference (LSD) used was P < 0.01 for
separating means. A one-way analysis of
variance (ANOVA) was performed for the
various bacterial strain indexes.'’

Identification of the bacteria with a potential of
engine oil degradation

The bacteria that were capable of degrading
engine oil compounds in MSM media were
chosen and their biochemical characteristics
were determined (Table 3). Finally, the
bacterium with the highest ability of engine oil
removal efficiency was introduced as the most
powerful consumer bacterium for engine oil.
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Results and Discussion

Environmental pollution by engine oil is a
common problem in most countries.'> There are
several methods for cleaning engine oil-polluted
soils such as incineration, interring into the
ground, etc. However, they are costly and in the
long run have undesirable environmental
impacts.'” Bioremediation is the best method for
removing oil contamination in aquatic and land
systems.?? Bioremediation is a flexible, cost-
effective, and environmental friendly method
for cleaning oil-polluted areas.'® According to
studies, using native and locally isolated
bacteria from polluted areas is an effective
method  for  bioremediation of  soil
hydrocarbons.®> The metabolic rate and genetic

compatibility of the microbial populations in the
environment play an important role in the
successful cleanup of  contaminated
environments.”!

This study was done to find some native
bacterial species capable of degrading engine oil
in the cold climate (Hamadan). After culturing
the oil-contaminated soils collected from the
areas around the city of Hamadan and isolation
of their bacteria, the bacterial strains were
characterized based on morphological futures
and some properties of the generated colonies
(Table 2) and also biochemical tests (Table 3).
According to the results, eight bacterial strains
called EODBig were isolated from the engine
oil-contaminated soils.

Table 2. Characterization of isolated bacterial colonies

Characters
Strains Morphology Color Elevation gligfo(l)(fny Shape Size
EODB; Bacillus Milky Flat Entire Circular  Large
EODB,; Bacillus Milky Flat Entire Circular  medium
EODB; Coccus Light yellow  Flat Entire Irregular  medium
EODB4 Bacillus Dark yellow  Convex Filamentous  Circular =~ medium
EODBs Bacillus Beige Convex Entire Circular ~ Small
EODBs Bacillus Orange Flat Serrate Circular  medium
EODB; Coccus Cream Raised Entire Circular  medium
EODBs Bacillus Bright Red Convex Entire Circular  Large
Table 3. Biochemical characterization of the isolated bacterial colonies
Test
Species  Citrate H:S . Spore Indole Gram stain Movement  Oxidase Catalase
production
EODB; + - + + + + + +
EODB, + - + - - + - +
EODB; + - - - - + + +
EODB4 - - + + + - + +
EODBs + - - - - + - +
EODBs + + + - - - + +
EODB; - - + + - + + }
EODBg + - + + + + - +

After treatment of MSM with 1% engine oil
and different bacterial strains, the analysis of
their turbidity during 15 days showed that the
OD of all samples was increased with increasing
time. The highest OD was observed after 15
days in the all groups (Figure 1).

In this study, day 0, 5, 10, and 15 were
selected for studying the effect of exposure time
on engine-oil degradation by the isolated
bacteria. The results showed that the best
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exposure time is day 15. Some prior studies
showed that 20 days of exposure had the
maximal degradation of petroleum
compounds.*!314

According to our results, the growth rate of
the bacterial strains increased with time. This
means that the bacteria produced enzymes
needed to break down the pollutants due to
exposure to pollutant and cause bacterial
multiplication,?® 303132
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Fig. 1. Average level of turbidity of the isolated bacterial strains during the
different times.Each datum represented the means of at least five samples

The average OD for different bacterial
strains was compared and the results showed
that there was not any significant difference
between EODBg and EODB; treatments (Figure
2). It actually showed that the two collected
species from the engine oil-polluted soils have
the same level of performance, so these two

1.6
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Mean of OD

treatments are at the same level. EODB4 with a
mean OD of 1.43 should be regarded as the best
and most powerful bacteria with the highest
growth in media containing 1% engine oil. Also,
EODB,, EODB;3, and EODB7 with minimal OD
values were considered as low-efficiency strains
in engine oil-polluted media.
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Fig. 2. Average turbidity of bacterial strains at concentration of 1% engine oil,
after 15 days. Each datum represented the means + SE of at least five samples.
Different letters indicated the significant differences between the studied groups

(P<0.01).

Their efficiency and growth rate were
assessed in mineral-salt broth containing 1%
engine oil for 15 days at 24 °C. The results
showed that four bacterial strains including
EODB,;, EODB4, EODBs, and EODBg had
better growth ability under the engine-oil

pollution.

To study the engine oil removal rates by the
isolated bacterial strains, the remaining engine
oil was measured in each experimental group
after 15 days. The reduction rate and the
biological removal rate of engine oil were
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compared in the control and experimental
groups (Figure 3). Results showed that EODB4
and EODB3 had the best and worst removal
efficiency (64.85% and 39.33%), respectively.
The decrease in engine oil in the control group
was about 15.6%. The statistical analysis
showed that the effect of bacterial factors, time,
and their interaction (bacteria/time) were
significant in pollution removing (P < 0.05).

80

70

Engine Oil Removal (%)

Khan et al.'* were able to isolate a petroleum-
resistant bacterium that showed oil degradation
with an efficiency of 84.41% during 7 days of
incubation. Two bacterial strains, namely,
TMY-2 and TMY-3, were isolated from gasoline-
polluted soils that had a petroleum removing
efficiency of 87% and 80%, respectively. Our
isolated bacteria (EODB4) showed the ability near
to abovementioned reports.
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Fig. 3. Efficiency of removing engine oil by the isolated bacterial strains (%). Each datum represented the mean
of at least five samples. The number of bacteria was 10> CFUml™! at the beginning of experiment. Different letter
indicated significant differences between the studied groups (P<0.01).

Finally, the bacterial strain EODB4 was
chosen as the best engine oil consumer due to
having the most turbidity in the media and the
most engine oil degrading efficiency and it was
introduced as an indicator of the engine oil
consumer bacteria in the contaminated soils of

Hamadan. The taxonomical position of this
bacterial strain was determined according to
Bergey's Handbook using biochemical tests and
taxonomical keys.?’ The bacterial strain was
identified and reported as Pseudomonas
alcaligenes (Tables 2, 3, and 4).

Table 4. The results of special tests for final determination of the engine oil degrading bacterial strain (the bacterium

number 4)
L. . . Starch’s Casein
Tests Oxidation Oxidase Levan Citrate KOH
Hydrolyze Hydrolyze
Results + + - + - - +
Methyl Vosges Urea’s . Gelatin’s Movem
Tests Red Prosquer Hydrolyze Lipase consumption Phosphate ent
Results - - + + - + +
Tests H.S Ketolactose  Phenylalanine  Gas production  Acid production  Pectolytic Indole
Produce Produce deaminase from Glucose from Glucose Action
Results  + - + - + - -
. . . Lysine
Growth at4  Growth at 41 Resistance to Resistance to Resistance to
Tests Catalase o .. . .. Decarb
C C 3% salinity 5% salinity 7% salinity
oxylase
Results  + - + + + + -
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Our results showed that all isolated bacteria
from the engine oil-contaminated soils were
able to grow in a medium containing engine oil.
This means that the bacteria growing in the
engine oil-contaminated soils have developed a
metabolism not only for resistance against
engine oil pollution but also for using engine oil
as a carbon source due to prolonged exposure to
this pollutant. This property of bacteria tends to
their ability for removing engine oil pollution
from the environment. Other researchers
showed that a wide range of bacteria are capable
to remove petroleum compounds from the
environment which is in accordance with our
findings. 41314192328

In conclusion, the results showed that the
highest OD was evaluated in the treated group
by the bacterium EODB4 which was a gram
positive, catalase positive, and mobile
bacterium producing dark yellow colonies in the
nutrient agar media. This bacterium was
determined as P. alcaligenes using the
taxonomical keys and biochemical tests. The
Pseudomonas species was reported as oil
degradable  bacteria by some  prior
researchers.*>!” Some other reports showed the
ability of Pseudomonas species in removing
TPHs and other petroleum-derived
compounds.'®?*¥*35 In another study, five
Pseudomonas strains were isolated and reported
as capable of using oil compounds.'*

Conclusion
According to the results of this study and

other prior studies, it can be concluded that
using indigenous microorganisms is a very
effective method for soil cleaning from engine
oil  pollution,  without any  adverse
environmental impacts. On the other hand, it is
the most efficient method for decomposition of
pollutants within a short time. Since the growth
potency of the bacterial strains and their ability
for removing environmental pollutants depend
on ecological conditions,' it can be concluded
that bacterium No. 4 is the most effective one
under Hamadan's climatic conditions. The
bacterium was identified and introduced as

Pseudomonas alcaligenes and it was proposed
that further research should be performed for
cleaning oil-polluted soils in a field study.
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