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ABSTRACT

Based on PAH-degrading bacteria, consortia have been created, which showed active growth on a mixture
of naphthalene, fluorene, and anthracene. Their biomass increased by a factor of 6.6-14. Gas chromatography
analysis showed that naphthalene was the most degrading; the degree of its destruction during seven days
of cultivation was 94.6-97.7%. Fluorene degradation was 57.1-70.4%. Anthracene was the most resistant to
microbial impact. The degree of its degradation by the studied consortia was 19.2-39.8%. The results showed
that effective bioremediation of different ecosystems contaminated with mixed organic compounds can be
achieved by using microbial consortia.
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Introduction

At the present time, polycyclic aromatic hydrocar-
bons (PAH) are a serious problem for the environ-
ment and people’s health (Downward et al., 2014;
Abdel-Shafy and Mansour, 2016). Due to their hy-
drophobic nature, they remain in the environment
for quite a long time and can be a source of second-
ary pollution (Duran and Cravo-Laureau, 2016).
Many compounds are carcinogenic, mutagenic, and,
therefore, teratogenic (Balachandran et al., 2012).

Bioremediation with the use of microorganisms
can be an effective and economical solution for
remediation of contaminated areas. The majority of
types of contamination, as a rule, include not a
single source but multiple contaminants (Andreoni
and Gianfreda, 2007). Therefore, bioremediation in-
volving one type of microorganisms is often ineffec-
tive due to low degradation activity, adaptability,

and viability of the microorganisms used (Rayu,
Karpouzas and Singh, 2012; Herrero, and Stuckey
2015). These limitations can be easily overcome by
applying a microbial consortium consisting of sev-
eral strains with different biodegradation abilities
and physiological properties that ensure survival
under different conditions (Li Zhao and Adam,
2016; Gurav et al., 2017). It has been established that
the effectiveness of PAH degradation is higher if a
consortium of bacteria is used due to their syner-
gism and coordinated metabolic actions (Xu et al.,
2013; Tauler et al., 2016). The use of several microor-
ganisms capable of biodegradation of the same or-
ganic pollutants increases the probability of success-
ful bioremediation since it is more likely that at least
one microorganism will show good adaptability
and viability in a particular contaminated site
(Dastgheib et al., 2012).

The objective of this study was to create bacterial
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consortia and study their PAH biodegradation effi-
ciency.

Materials and Methods

Chemicals and culture media

Naphthalene, fluorene, and anthracene were pro-
vided by Sigma-Aldrich (purity 98-99%). Nutrient
agar (Titan Biotech Ltd, India) and mineral medium
of the following composition, g/L: NH4NO3 – 1.0,
K2HPO4 – 1.0, KH2PO4 – 1.0, MgSO4 – 0.2,
CaCl2.6H2O – 0.02, FeCl3 – traces, NaCl – 1.0, pH
=7.0-7.2.

Consortia growth on the PAH mixture

PAH-degrading bacteria isolated from contami-
nated soil of the oil field in Western Kazakhstan
were used to create consortia. Bacterial strains were
grown on nutrient agar slant. Then, with sterile
water, the cells were washed away in separate ster-
ile flasks. The consortium was received by mixing
suspensions of separate strains in equal amounts.

Hydrocarbon-oxidizing ability of the created con-
sortia of microorganisms was studied in the flasks
with the liquid mineral medium of 100 mL. As a
source of carbon and energy were added the PAH
mixture ¯ naphthalene 1.0 g/L, fluorene 0.5 g/L,
and anthracene 0.5 g/L. The PAH mixture was pre-
viously dissolved in acetone and added to the re-
quired final concentration. The flasks with PAH
were left for a day on a shaker to evaporate the sol-
vent; after that, a cell suspension in the amount of 5
ml was added. They were incubated under aeration
conditions on shaker ISF1-X model SMX1501 at 180
rpm for 7 days. The control was a bacteria-free min-
eral medium with the addition of the studied sub-
strates. The activity of the created consortia was as-
sessed based biomass growth, which was deter-
mined by changing the optical density on the PD-
303 spectrophotometer (Japan) at 540 nm wave-
length.

Biodegradation analysis of the PAH mixture

To determine the content of the PAH mixture 100
mL of sample was extracted with 40 mL of chloro-
form for 20 min. After extraction, the organic phase
was separated using a separatory funnel. The
samples were analyzed using gas chromatography-
mass spectrometry. Using a microsyringe for the
autosampler, the sample was injected into a device

for injecting gas chromatograph samples with a
mass spectrometer detector 7890D/5977A (Agilent,
USA) of 0.5 µL in Split 10:1 mode, sample input tem-
perature 240°C, solvent delay of 5 min. The separa-
tion was performed using a DB-35MS chromato-
graphic capillary column 30 m long, with an inner
diameter of 0.25 mm and a film thickness of 0.25 m
at a constant carrier gas (helium) rate of 1 mL/min.
The temperature of chromatography from 50 °C to
300 °C with a heating speed of 20 °C/min. Detection
is performed in SCAN m/z 35-650 mode. Agilent
MSD Chem Station software (version 1701EA) was
used to control the gas chromatography system,
register, and process the obtained results and data.
Wiley 7th edition and NIST’02 libraries (the total
number of spectra in the libraries is more than 550
thousand) were used for decoding the obtained
mass spectra

Statistical analysis

The statistical analysis was performed using
Microsoft software (Redmond, Washington, USA),
Excel. Differences with p<0.05 were considered sta-
tistically significant.

Results and Discussion

Selection of consortia of PAH microorganism-
destructors

To increase the efficiency of biodegradation of oil
hydrocarbons, it is advisable to use mixed cultures
consisting of two or more microorganisms. It should
be noted that no clear criteria for the preparation of
microorganisms’ consortia have been proposed so
far, and biopreparations include strains on the prin-
ciple of their compatibility and high hydrocarbon-
oxidizing activity (Vetrova, 2010).

Consortia of PAH microorganisms-destructors
were composed of 9 bacterial strains growing on
different hydrocarbons. Strains of Ps. aeruginosa P1-
naf2-1 and Ps. frederiksbergensis P1-naf2-2 grew well
on medium with naphthalene, strains of Ps.
songnenensis 1-2naf, Ps. songnenensis 1-5naf, B. cereus
1/6 fl, B. megaterium 1/10 fl, B. thuringiensis 1/13 fl,
and Rh. marinonascens 24 ¯ on medium with fluo-
rene. The B. haynesii 21WDT strain grew equally
well on both substrates. Besides, strains growing on
fluorene, except for Ps. songnenensis 1-5 naf, also
used anthracene as the only source of carbon and
energy.
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Fifteen consortia of hydrocarbon-oxidizing mi-
croorganisms were formed. Primary screening on
the ability to grow in a liquid mineral medium with
the PAH mixture (naphthalene 1.0 g/L, fluorene 0.5
g/L, anthracene 0.5 g/L) was performed. The activ-
ity of the created consortia was assessed based on
biomass growth. The results showed that four con-
sortia 1 (P1-naph2-1, 1-2-naph, 1/6-fl, 24), 6 (P1-
naph 2-1, 1-5-naph, 1/6-fl, 21WDT), 9 (P1-naph2-2,
1-5-naph, 1/13-fl), and 10 (P1-naph2-2, 1/6-fl, 1/10-
fl) showed the highest activity among all the studied
consortia.

It was established that the growth character of
consortia 1 and 6 was practically the same (Figure
1). The cells were adapting to the substrates during
the day, then their biomass sharply increased in 4
days and the stationary phase of growth occurred.
At the same time, the biomass increased by a factor
of 14.2 and 11, respectively.

The destruction of the PAH mixture under the
influence of four selected consortia was studied. It
was found out that naphthalene was the most de-
grading; the degree of its destruction during seven
days of cultivation was 94.6-97.7% (Figure 2). Fluo-
rene was more effectively oxidized under the influ-
ence of consortium 1; its residual content in the me-
dium was 29.6%. Other consortia utilized 57.1-
67.5% of hydrocarbons. Anthracene was the most
resistant to microbial impact. The degree of its de-
struction by the studied consortia was 19.2-39.8%.
This is consistent with the data obtained by Yuan et
al. (2000). They showed that naphthalene was the
most easily degrading compound, anthracene was
the most difficult to decompose. The reason may be
low bioavailability for microbes, which depends on
the complexity of the PAH chemical structure
(Bauer and Capone 1988). Thus, Akashdeep S.
Oberoi et al. showed that the time of the PAH deg-
radation increased with the number of rings and the
degree of condensation of the ring. Studying the
biodegradation of various PAH by enriched bacte-
rial cultures, they found that the degradation fol-
lowed the following order: naphthalene (2-
rings)>acenaphthenes (2-rings with an ethylene
bridge) > phenanthrene (3-rings) (Oberoi, Philip
and Bhallamudi 2015).
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Fig. 1. Consortia growth on PAH mixture

Consortia 9 and 10 had a shortened lag phase;
after a day of cultivation, their biomass increased by
a factor of 4 and 3.2, respectively. The exponential
phase of growth of consortium 9 lasted 6 days and
of consortium 10 ¯ 4 days, while the biomass in-
creased by a factor of 11 and 6.6, respectively.

Destruction of the PAH mixture by selected
bacterial consortia

Many studies have been devoted to the biodegrada-
tion of polycyclic aromatic hydrocarbons, and most
of their degradation processes are associated with
the use of certain species of microbial populations.
These species usually use a specific target pollutant.
However, they have limited capacity to degrade
other hydrocarbons. Therefore, a mixed consortium
of microorganisms is better suited for treating areas
contaminated with a mixture of different types of
PAH (Oberoi, Philip and Bhallamudi 2015).

Fig. 2. The destruction of the PAH mixture by active con-
sortiums

Abiotic losses of the studied substrates in control
were also determined. The residual content of fluo-
rene and anthracene in the medium in 7 days was
91.6% and 94.4% respectively, while naphthalene
remained 79.5%.

Conclusion

The consortia were obtained that effectively de-
grade polycyclic aromatic hydrocarbons. In mineral
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media with naphthalene, fluorene, and anthracene,
their biomass increased by a factor of 6.6-14. It was
established that consortium 1 was the most active.
Under its influence, naphthalene content decreased
by 97.3%, fluorene ¯ by 70.4%, and anthracene ¯ by
39.8% after 7 days. These results support the idea
that effective bioremediation of different ecosystems
contaminated with mixed organic compounds can
be achieved by using microbial consortia consisting
of several microorganisms.
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