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Abstract: This study aimed to isolate a bacterial consortium that capable of decomposing PAHSs. Three
halo-tolerant bacterial strains of Microbacterium paraoxydans B3F (S1), Stenotrophomonas N3 (S2),
and Citrobacter NB2 (S3) were isolated from bovine manure. The isolate Microbacterium paraoxydans
B3F showed the least resistance to salinity and growth not observed at 2 and 2.5% of NaCl, while isolate
Citrobacter NB2 indicated growth in all salinity levels. The PHE biodegradation was more efficient in
bacterial consortium compared to pure culture. At the end of the 35th day, the removal efficiency of
PHE with an initial concentration of 100 mg/kg for seed volumes of 2, 10, and 20 mL was 33%, 50%,
52%, respectively. The TPHs biodegradation efficiencies at different soil/water ratios of 25%, 50% and
100% were 12%, 28.7 % and 60.8%, respectively. Three halo-tolerant bacteria were isolated from
Bovine manure were efficiently used for bioremediation of phenanthrene.
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1. Introduction

American Environmental Protection Agency (EPA) was identified 16 cyclic aromatic
hydrocarbons as pollutants, eight of which are carcinogenic and abundant in the environment.
Cyclic aromatic hydrocarbons (PAHSs), due to their high dissociation coefficient, can be
adsorbed on the surface of particles and deposited in the soil environment. PAHs contain two
or more benzene rings. These rings are connected in a linear, angular, and clustered shape [1,
2]. These hydrocarbons have high resistance in the environment due to their high hydrophobic
properties. Generally, with increasing the number of benzene rings in cyclic aromatic
hydrocarbons, their solubility in water decreases, and they have higher durability in the
environment. PAHs are produced by both natural and artificial factors. Natural sources of
PAHSs include forest fires and oil spills. Synthetic sources of PAHSs include the incomplete
combustion of coal fossil fuels, incomplete combustion of crude oil and wood [1, 3-7].

One of the PAHs compounds is phenanthrene, which has low biodegradability and
stability in the environment. Thus, it must be decomposed before being released into the
environment [2]. Petroleum hydrocarbons are highly durable in the soil, and their presence in
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the soil poses a risk of transfer to water sources and causes toxicity and hazard to humans and
other living organisms. So, they must be somehow removed from the environment [8]. There
are several physical and chemical methods to deal with oil pollution in the soil, many of which
are less commonly used due to their high cost and harmful side effects. Bacteria found in the
environment have been used to remove these compounds from soil. Today, several
microorganisms species are known in nature or are being isolated [3-5, 9].

Compared to other methods, the bioremediation method's advantages can be less cost
of this method, fewer negative environmental effects, simplicity of its technology, low initial
running costs, the possibility of the complete destruction of pollutants, and no need for
specialized equipment [10-13]. Since phenanthrene is one of the PAHSs that are dangerous to
the environment and toxic to humans. The PAHs enter the soil through oil sludge, the
wastewater of refineries, and enter the groundwater through the soil, causing groundwater and
drinking water pollution. Therefore, it is necessary to effectively remove them from oil-
contaminated soils [14].

Bioremediation technology's main purpose is to remove contaminants from the natural
environment or convert these contaminants into less toxic compounds using the native
microbial population in the contaminated environment [15-19]. The bioremediation process
can be improved by biostimulation (addition of bulking agents such as wood chips or nutrients
such as nitrogen, phosphorus, and potassium) and bioavailability (inoculation of
microorganisms capable of converting pollutants into less toxic or non-toxic compounds) [20-
22]. Bioregeneration or the addition of oil-degrading microorganisms is a complementary
method for bioremediation of oil-contaminated sites; indigenous microbial populations cannot
decompose a wide range of substrates in the complex crude oil composition, or indigenous
microbial populations may be affected by oil spill stress. Also, the population of oil
decomposers may be small. The success of bioremediation depends on the use of
environmentally friendly microbial species [23-25].

Some natural or synthetic organic compounds such as aromatic hydrocarbons,
pesticides, chlorinated hydrocarbons, etc., are resistant to microorganisms' action. Conversion
of these compounds requires bacterial enrichment and strain identification through a
biochemical or molecular detection assay such as polymerase chain reaction (PCR). Therefore,
based on the light of the foregoing description and the contamination of the soils of Khuzestan
province with petroleum compounds and the salinity characteristic of these soils, the present
study was designed to isolate a bacterial consortium capable of decomposing PAHs. Bovine
manure is also an inexpensive and easy source of rich microflora and therefore has been
selected as the source for isolation of microorganisms in this study. So, in this work, three halo-
tolerant bacteria Microbacterium paraoxydans B3F (S1), Stenotrophomonas N3 (S2), and
Citrobacter NB2 (S3), were isolated from bovine manure and then applied for bioremediation
of PHE contaminated soil.

2. Materials and Methods

2.1. Chemicals.

The chemicals compound were provided from Sigma Aldrich, UK. Chemical solvents
including HPLC-grade PHE, n-hexane, methanol, trichloromethane, sulphuric acid (95-97 %),
sodium hydroxide, and culture media constituents Reagents and enzymes for polymerase chain
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reaction (PCR) were provided from Sigma Aldrich, UK. All chemicals were of analytical grade
(299 % purity).

2.2. Isolation of PHE-degrading bacteria.

For bacterial strain isolation, 100 g of bovine manure was added to a 250-mL container
with 100 mL phosphate mineral salt (PMS) medium. The solution was stirred (10 min) and
then settled. Afterward, 10 mL of the settled solution was moved to a 250-mL container with
100 mL of PMS. The PMS medium components including: (g L™?): K2HPOa: 6.3, CaClz-H20:
0.1, MgS04-7H20: 0.1, MnSQ4-H20: 0.1, FeSO4-7H20: 0.1, and 1 mL L™ of trace elements
solution. The component of solution containing trace elements including (g L) HzBOz: 0.03,
CoCl2:6H20: 0.02, ZnSO4-7H20: 0.01, CuSO4-2H20: 0.001, NazM00Oa: 0.006. The sole source
of carbon and energy for enriching the PHE-degrading consortium was PHE that added a
concentration of 1% (V/V) into the medium [26]. PHE was first dissolved in n-hexane and
afterward added to the culture medium. The salinity of the medium was adjusted to 1.5 % using
NaCl.

The flasks were incubated at 35 °C on stirred at 180 rpm for 7 days. Measurement of
absorbance at 600 nm was used to monitor growth. After four weeks, 1 mL of supernatant
culture was diluted 10 times and then extended onto TPHSs-coated nutrient agar plates PHE-
coated PMS agar plates and incubated for 72 h at 37° C. The salinity of the water was changed
to 1.5%. Different morphological colonies were determined and spread on nutrient agar plates
with a salinity of 4% to obtain a pure culture.

2.3. Soil preparation.

Soil samples were taken near Iran's oil fields are located in the southwest. The soil
sample was extracted from 0 to 30 cm below the ground surface. The samples were passed
through a sieve with mesh 2, dried, autoclaved and stored at 4°C before use.

Samples were synthetically contaminated with PHE at pollution levels of 50, 100, and
200 mg kg? (dry weight). Pure PHE was dissolved in n-hexane before being added to the
samples, mixed, and kept under the hood for 24 h to PHE was evaporate completely. To
evaluate chemical properties of soil, X-ray fluorescence (XRF) analysis was applied. The
properties of soil samples were demonstrated in Table 1. The soil analysis was characterized
as a sandy-clay type according to texture assessment analysis with a specific surface area of
10.28 m? g2,

2.4. Biodegradation evaluation.

The analysis was conducted in 500-mL containers, and 30 g (dry weight) soil was
moved to containers. The effect of each parameters, including various volumes of inoculums
with ODsoonm =1 (5, 10, 15 and 20 mL), water content (50 %, 100 % and slurry), salinity levels
(0.5, 1, 1.5 and 2 %), and various initial PHE concentrations (50, 100 and 200 mg kg*) were
experimenting with one factor at a time design [26, 27].

The containers were shaken at 180 rpm and 37°C. The residual PHE concentrations
were determined during 7 days, and microbial growth was performed weekly for 35 days.
The PHE level in the soil sample was evaluated with an ultrasound device base on EPA method
3550B. For extraction of PHE, 3-g air-dried soil samples were subjected to 30 min of shaking
at 180 rpm, followed by 10 min of sonication with a 30-mL solvent mixture of acetonitrile and
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methanol (2:1, v/v). The residual was dissolved in 4 mL n-hexane for quantitative analysis.
PHE concentration was specified by gas chromatography (GC) system (Chrompack CP 9001).
The removal was analyzed through quantifying initial and final Phenanthrene concentration
base on Eq. (1):

Re moval (%) = (CO —C, J %100
G &)
where, Co is the initial concentration of phenanthrene (mg/L), and C: is the
concentration of phenanthrene (mg L™). PHE recovery rate was about 90 % immediately after
spiking. The TPH concentration of samples was specified using an (HP-5) capillary column
and a gas chromatography fitted with a flame ionization detector (GC-FID) (Model:
Chrompack CP 9001) (30 m length, 0.32 mm inner diameter, and 0.2 mm film thickness).
In conclusion, in five replicates in ten series, 1 mL of microorganism suspension diluted tenfold
to 10-10 in the ringer solution (8.5 g NaCl L-1 DW) was added to 9 mL sterile nutrient broth.
Ultimately, a collection of bioremediation tests was performed in optimal conditions on an
unwashed soil sample Gas chromatography-mass spectrometry (GC-MS) analysis was used to
identify the various HCs. (Model: Agilent 7890, USA). At this stage, the growth rate of the
strains at various NaCl concentrations of 0.5%, 1%, 1.5%, 2%, and 2.5% were studied, so all
strains were cultured on a medium containing various concentration of NaCl and incubated at
37°Cfor48to72h.

2.5. Statistics analysis.

The Excel and SPSS v.23 software were applied for the analysis of the data set. The
normality of quantitative data was checked by the Kolmogorov-Smirnov test. The analysis of
variance (ANOVA) was used for the statistical evaluation of differences between the results.

3. Results and Discussion

3.1. Bacterial resistance to salinity.

In the present work, salt concentrations 0.5, 1.0, 1.5, 2.0 and 2.5 % (w/v NaCl) were
applied in order to evaluate NaCl tolerance of strains. The result was indicated that all strains
showed good growth in salt concentrations of 0.5 and 1%.
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Figure 1. Salt tolerance of isolated bacteria against salinity.
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At a salt concentration of 1.5%, Microbacterium paraoxydans B3F and
Stenotrophomonas N3 showed good growth, and at a salt concentration of 2%, only Citrobacter
NB2 strain was showed good growth, although, at the concentrations of 2.5%, the growth was
less (Figure 1). According to Figure 1, the Microbacterium paraoxydans B3F isolate was more
sensitive to the existence of salt in the medium, with no growth at 2 and 2.5% salt, while
Citrobacter NB2 isolate indicated growth in all salinity value. Therefore, we can assume that
enzyme secretion was decreased in high salt concentration, enzymes could not be active fully
or decrease in growth of microorganism [28, 29]. Figure 2 shows the colony of the isolated
bacterium on nutrient agar.

Figure 2. The colony of the isolated bacterium on nutrient agar.

3.2. PHE biodegradation by pure strains.

A biodegradation assay was performed to determine the indigenous bacterial isolates’
PHE degradation capabilities from bovine manure. PHE were added separately at 1% (v/v) to
PMS medium, and the incubation was carried out for a period of 35 days for PHE degradation.
The pure culture of Stenotrophomonas N3 has indicated the highest biodegradation rate of 26%,
corresponding to the highest growth rate (log MPN: 6.113943) when the incubation time is
over (35day).
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Figure 3. Removal efficiency of PHE by isolated (Moisture: 100%, PHE: 100mg/kg, ODgoo=1:5 mL, Reaction
time: 35day).
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The pure strains of Microbacterium paraoxydans B3F and Citrobacter NB2 were
removed PHE by a degradation rate of 18% and 13%, respectively (Figure 3). However, the
PAHSs degrading activities of the bacterial consortium would be more effective than those pure
cultures. The mixed culture was able to degrade PHE by a degradation rate of 34% (Figure 4).
Several studies were reported that consortium biodegradation would be more effective than
those pure cultures, which may be due to a wider enzymatic susceptibility and counteraction
of toxic intermediates by co-metabolic processes [30, 31].
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Figure 4. Removal efficiency of PHE by consortium (Moisture: 100%, PHE: 100 mg/kg, OD600=1:5mL,
Reaction time: 35 day).

3.3. Slurry bioreactor.
3.3.1. Effect of initial seed size.

The results showed that the biodegradation of PHE was affected by the initial volume
of bacterial seed in the medium. The slow startup may be due to initial bacterial density. The
PHE biodegradation vs. the time indicated an increasing effect together with seed volume up
to 15 mL (Figure 5). At the end of the 35" day, the removal efficiency of PHE with an initial
concentration of 100 mg/kg for the seed volumes of 2, 10, and 20 mL was 33%, 50%, 52%,
respectively. Analysis of variance was indicated that seed size significantly affected the PHE

removal (P-value<0.05) (Table 1).

Table 1. Result of ANOVA for the effect of seed size and moisture content on bioremediation.

Source of Sum of Squares Degree of Mean Square F P-value

variation freedom

Seed size 1462.870 2 731.435 3.960 0.035
Moisture content 203639.583 2 101819.792 4.217 0.027

The removal efficiency was increased accompanying the concentration of seed size.
Therefore, the removal efficiency of PHE was related to the number of active microorganisms
in the culture [32, 33]. These results are in line with the results of previous research [34, 35].
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Bioaugmentation is a favorable method that plays a key role in the bioremediation of
hydrocarbon contaminated soil, mainly in slurry phase bioreactors. Since there was no
significant difference between removal efficiency at seed volume of 10 and 20 mL, the value
of 10 mL was selected for further analysis.
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Figure 5. Effect of initial seed size on removal efficiency of PHE (Moisture: 100%, PHE: 100mg/kg,
ODgpo=1:2.2 X5mL, Reaction time: 35 day).

3.3.2. Effect of moisture content.

Water is necessary for the soil to provide microorganisms' physiological requirements
and transport the nutrients and metabolic by-products into or out of the cell. Hence, soil
biological activity depends on the presence of an adequate water level in the soil. Moreover,
soil bacteria generally live in the soil water films [32, 36]. In this regard, in this study, the effect
of soil moisture content was investigated on PHE biodegradation. The result was indicated that
moisture content was significantly affected PHE biodegradation (P-value=0.027) (Table 1).
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Figure 6. Effect of initial moisture content on removal efficiency of PHE (Seed size: 15 ml, PHE: 100mg/kg,
ODepo=1:2.2 x5mL, Reaction time: 35 days).

The TPHs biodegradation efficiencies at various soil/water ratios of 25%, 50% and
100% (slurry) were 12%, 28.7 % and 60.8%, respectively (Figure 6). Biodegradation of PHE
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increased in the slurry phase, which simplified the bacterial consortium metabolism's
metabolism by enhancing the bioavailability and solubilizing the PHE in soil. A previous study
indicated that soil's higher moisture contents increased PHE biodegradation and slurry
conditions increased the bioremediation of contaminated soil [29, 37-40].

4. Conclusions

In the present study, three halo-tolerant bacteria were isolated from Bovine manure and
applied for bioremediation of phenanthrene from contaminated soil. The isolate of
Microbacterium paraoxydans B3F was more sensitive to the existence of salt in the medium,
with no growth at 2 and 2.5% salt, while isolate of Citrobacter NB2 indicated growth in all
salinity value. The PAHSs degrading activities of the bacterial consortium would be more
effective than those pure cultures. The removal efficiency was raised accompanying the
concentration of seed size. The TPHs biodegradation efficiencies at different soil/water ratios
(slurry) were increased. Three halo-tolerant bacteria were isolated from Bovine manure were
efficiently used for bioremediation of phenanthrene from contaminated soil.
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