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ABSTRACT

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of organic pollutants, containing carbon and hydrogen, composed of two or
more condensed benzene rings in linear, angular, and cluster arrangements. Number of benzene rings may vary between 2 to 13.
Sometimes sulphur, nitrogen and oxygen atoms may get readily substituted in the benzene ringl. These are non-polar, hydrophobic
and readily soluble in hydrophobic solvents like fat, oil, ethereal solvents. The aqueous solubility of PAHs decreases with increasing
molecular size. The hydrophobicity of PAHs plays key role in high persistence and low bioavailability to microbial attack and retained
environment for longer times without degradationz. The PAHs namely phenanthrene, anthracene and pyrene are common PAHs

pollutants that occur in all contaminated sites.

Keywords: Polycyclic Aromatic Hydrocarbons, PAHs, phenanthrene, anthracene, pyrene.

INTRODUCTION

Polycyclic Aromatic Hydrocarbons (PAHs) are a group of
organic pollutants, containing carbon and hydrogen,
composed of two or more condensed benzene rings in
linear, angular, and cluster arrangements. Number of
benzene rings may vary between 2 to 13. Sometimes
sulphur, nitrogen and oxygen atoms may get readily
substituted in the benzene ringl. These are non-polar,
hydrophobic and readily soluble in hydrophobic solvents
like fat, oil, ethereal solvents. The aqueous solubility of
PAHs decreases with increasing molecular size. The
hydrophobicity of PAHs plays key role in high persistence
and low bioavailability to microbial attack and retained
environment for longer times without degradationz. The
PAHs namely phenanthrene, anthracene and pyrene are
common PAHSs pollutants that occur in all contaminated
sites.

In the pioneer research PAHs degrading bacteria were
isolated from an oil contaminated site’. Davies and Evans®
for the first time presented the metabolic pathway and
the enzymatic reactions resulting in the mineralization of
simple PAH, naphthalene. These results encouraged the
scientific community towards the studies on the
degradation of PAHs by diversified microbes. Intensified
work succeeded and paved the way in the identification
of PAHs degrading life forms such as bacteria, fungi, and
algae and their utilization®®. Studies that related to the
degradation of phenanthrene, anthracene and pyrene has
extendable interest around the world and number of
articles has been publishing every year.

In the present research we have used a novel bacterial
strain of Bacillus subtilis SPC14 that was isolated from a

PAHs contaminated site'’. The strain has capability to
degrade phenanthrene, anthracene and pyrene in vitro
conditions. We have studied the effects of different
factors on the degradation of phenanthrene, anthracene
and pyrene and also recorded the respective degrading
quantities of phenanthrene, anthracene and pyrene
during a course of time in vitro using High Performance
Liquid Chromatography (HPLC) methods.

MATERIALS AND METHODS

Effect of phenanthrene, anthracene and pyrene
concentrations on the growth of B. subtilis SPC14

To determine the effect of phenanthrene, anthracene
and pyrene concentrations on B. subtilis SPC14 growth,
precisely 75 ml of Minimal Salt Medium (MSM) was
dispensed into 250 ml flasks and sterilized by autoclaving.
The flasks were then divided into six sets of six flasks.
Further, 10, 50, 100, 150, 200 and 250 ppm levels of
phenanthrene, anthracene and pyrene which were
separately dissolved in acetone were followed by
inoculation with each isolate. Inoculated flasks were then
incubated at 28 C for 3 days with a speed 130 rpm. 5 ml
of sample was aseptically collected from each flask and
assayed for the level of microbial growth. Growth was
recorded in terms of Optical Density (OD) readings at 600
nm using a UV spectrophotometerll.

Study of growth curve on MSM enriched with
phenanthrene, anthracene and pyrene

Bacterial growth curve study on MSM enriched with PAHs
was adopted from Toledo'. Overnight culture of B.
subtilis SPC14 in nutrient broth was harvested by
centrifugation (10,000 g, 10 min) and re-suspended in
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sterile phosphate buffer (150 nM, pH 7) to yield an optical
density of 0.6 at 660 nm. In control samples no PAHs was
added. Aliquots (0.5 ml) of the cell suspensions were
transferred to 500 ml Erlenmeyer flasks containing 100 ml
of MSM enriched separately with phenanthrene,
anthracene or pyrene (100 ppm). Each time 5 ml of
sample was collected at the time intervals of 0, 1, 2, 3, 7,
10 and 13 days and recorded OD values at 600 nm using a
spectrophotometer and growth curve was plotted using
OD values against time intervals.

Effect of pH on the growth of B. subtilis SPC14

Effect of pH (negative logarithm of hydrogen ion) on the
growth of bacteria was tested at a wide range of pH from
5 to 10 on MSM broth. The pH of the media was adjusted
by NaOH/HCl and incubated under standard growth
conditions. Growth of the strain was recorded at 600 nm
after 3 days of incubation.

Construction of standard chromatograms for HPLC
studies

Method for the preparation of standard chromatograms
for phenanthrene, anthracene and pyrene using high
performance liquid chromatography (HPLC) was adopted
from Boonchan®®. Phenanthrene, anthracene and pyrene
with 99% purity were purchased from Sigma-Aldrich, USA
and used throughout the experimental work as test PAHs.
Accurately weighed 100 mg of phenanthrene, anthracene
and pyrene transferred to a 100 ml volumetric flask and
2-3 ml of acetonitrile was added to dissolve. Solution was
diluted with acetonitrile to obtain a volume 1000 mg/L
stock solution. The stock solution was further diluted to
obtain the concentrations of 25, 50, 100, 200 and 250
ppm and the samples were ran in HPLC. Standard
chromatograms for phenanthrene, anthracene and
pyrene were plotted separately using a software, ‘Origin
6.0’ by retrieving the peak area values of each PAHs at
respective retention times.

HPLC analysis

High performance liquid chromatography (HPLC) studies
were conducted with a reverse phase HPLC (SHIMADZU,
model RF-10AXL). The instrument consists of dual pump
system and connected with UV detector (SPD-20A).
Instrument was equipped with column C 18 (250 mm x
4.6 mm, 5 A particle size) of Phenomenex Co. Mobile
phase was consisted of 75% acetonitrile and 25% of de-
ionized water. Detector was set at 250 nm and mobile
phase was maintained at flow rate of 0.8 ml/min in
isocratic mode. 20 pl of sample was injected into HPLC
with a HPLC injector (Rheodine injector) that prior filtered
with 0.22 um syringe filters. Data of each peak on HPLC
chromatogram was analyzed using chromatography
software ‘LC Solutions’.

Quantification of phenanthrene, anthracene and pyrene
concentrations during their degradation in vitro

Degradation of phenanthrene, anthracene and pyrene in
a mixture was studied by the method of Moody**. 250 m
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of MSM was prepared in 1000 ml conical flasks and
enriched with phenanthrene, anthracene and pyrene
(each 50 ppm) and made 150 ppm. One ml of exponential
growth phase culture (approximately 10’ colony forming
units) of B. subtilis SPC14 was added separately to MSM
flasks and in control flasks no culture was added. The
cultures were incubated wunder standard growth
conditions (at 24 C on a rotary shaker at 150 rpm speed)
for 13 days in the dark. A 5 ml of aqueous portion was
withdrawn from each flask at regular time intervals of O,
1, 2, 3, 7, 8 and 13 days and extracted with three equal
volumes of ethyl acetate after adjusting pH to 2.5 using
1IN HCl and the step of extraction was repeated thrice.
Each time a pinch of anhydrous disodium sulphate
(Na,SO,4) was added to remove residual water content
from the samples. Extract was concentrated using rotary
evaporator under reduced pressure at 34 C under vacuum
conditions. Finally, the samples were dissolved in 3 ml of
acetonitrile (ACN) and preserved in a refrigerator at 4 C
for HPLC studies.

RESULTS AND DISCUSSION
RESULTS

Effect of phenanthrene, anthracene and pyrene
concentrations on growth of the strain

The growth of B. subtilis SPC14 was assayed separately on
phenanthrene, anthracene and pyrene separately at
different concentrations (10 ppm to 250 ppm) using
MSM. The growth of strain was decreased with increasing
PAHs concentrations from 10 ppm to 250 ppm (Fig. 1) and
its maximum growth of B. subtilis SPC14 was observed on
MSM with anthracene than other PAHs enrichments such
as phenanthrene and pyrene. The results are presented in
Tablel.
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Figure 1: Growth of B. subtilis SPC14 on MSM enriched
separately with different concentrations of
phenanthrene, anthracene and pyrene

Bacterial growth curve of the strain on MSM enriched
with phenanthrene, anthracene and pyrene

Study of bacterial growth curve on PAHs enriched media
in a course of incubation period has great importance in
understanding biodegradation abilities of strain. We have
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assayed growth of the strain for 13 days on MSM
enriched separately with phenanthrene, anthracene or
pyrene. The strain showed gradual increase in growth up
to 3" day. The growth was consistent between 3" and 7
days and dropped afterwards. The maximum growth of
strain was observed on anthracene enrichment over the
phenanthrene and pyrene enrichments. The results are
presented in Table 2 and Fig 2.
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Figure 2: Bacterial growth study of B. subtilis SPC14 on
MSM

Effect of pH

pH of medium is an important factor that can influences
growth of bacteria and thereby degradation of PAHs. In
view of this, growth of B. subtilis SPC14 was assessed at
different pH, acidic to basic on MSM. The strain showed
better growth between the pH 6 and 8 and growth was
decreased at other pH. The results are presented in Table
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3 and Fig. 3.

Degradation of phenanthrene, anthracene or pyrene by
B. subtilis SPC14 in vitro

Preparation of standard chromatograms for PAHs

Standard chromatograms for phenanthrene, anthracene
and pyrene were plotted by running HPLC with the known
concentrations of 25, 50, 100, 200 and 250 ppm
separately. Each PAH formed a peak at constant retention
time and peak areas were increased with the increase in
concentration. Based on the values of peak areas against
known concentrations standard chromatograms for
phenanthrene, anthracene and pyrene were plotted
separately using the software, ‘Origin 6.0".

The strain recorded good degradation ability for the
phenanthrene, anthracene and pyrene in vitro. The
results are presented in Table 4. Degradation of
phenanthrene reached up to 69.51% and its initial
concentration (216.32 pg) declined to 65.96 pg in 13 days
of incubation. Anthracene was degraded up to 80.37 % as
the initial concentration (209.20 pg) was degraded to
41.06 pg in 13 days of incubation. Degradation of pyrene
was recorded up to 47.06 %. The initial concentration of
pyrene (230.14 pg) was depleted to 121.83 pg (Fig.3 and
4).

Degradation of phenanthrene, anthracene and pyrene by
B. subtilis SPC14 recorded from first day itself and
continued up to 13" day (Fig.3 and 4). In the mixture of
PAHs, anthracene was degraded to a maximum extent
(80.37%) while pyrene was degraded to minimum
percentage (47.06%).

Table 1: Growth of B. subtilis SPC14 at different concentrations of phenanthrene, anthracene and pyrene

0D at different concentrations of PAHs (ppm)

PAHs enrichment

0 10
Phenanthrene 0 0.28
Anthracene 0 0.29
Pyrene 0 0.22
Control (Without PAHs) 0 0

50 100 150 200 250
0.25 0.21 0.18 0.15 0.14
0.27 0.25 0.24 0.19 0.11
0.19 0.18 0.15 0.12 0.10

0 0 0 0 0

Table 2: Growth of B. subtilis SPC14 on MSM enriched separately with phenanthrene, anthracene or pyrene

PAHs enrichment

0 1
Phenanthrene 0 0.11
Anthracene 0 0.12
Pyrene 0 0.09

Control (Without PAHs) 0 0

0D at different time intervals (days)

2 3 7 10 13
0.19 0.23 0.22 0.17 0.08
0.23 0.27 0.25 0.21 0.15
0.17 0.21 0.2 0.14 0.04

0 0 0 0 0
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Table 3: Growth of B. subtilis SPC14 at different pH

pH 4 5 6 7 8 9
OD at 600 nm 0.12 0.76 1.54 1.62 1.53 1.06
Control (Without PAHs) 0 0 0 0 0 0

Table 4: Degradation of phenanthrene, anthracene and pyrene by B. subtilis SPC14 on MSM enriched with a mixture of

PAHs in vitro (£ represents standard deviation of three replicates)

ISSN 0976 — 044X

10
0.56

S.No. Days Phenanthrene Degradation Anthracene Degradation Pyrene Degradation
(%) (%) (%)
Retention  Conc. Retention  Conc. Retention  Conc.
Peak (1g/5ml) Peak (1g/5ml) Peak (ng/5ml)
1 Control 880.750 217+#2.07 O 678.142 211+¥2.03 O 380.241 233+2.08 O
(Without
Bacteria)
2 o 880.750 217+#2.07 O 678.142 211+¥2.03 O 380.241 233+2.08 O
3 1" Day 690.162 168+2.01 22.80 371.45 115+2.02 45.72 369.4 225+1.52 3.54
4 2" Day 606.574 150+1.53 30.73 247.44 7542.01 64.31 356.21 215+2.08 7.55
5 3" Day 590.532 143+2.00 34.08 238.09 75+2.08 64.57 336.17 204+1.53 1233
6 7" Day 505.722 124+1.01 42.91 195.96 61+1.53 71.05 247.177 148+2.00 36.61
7 8™ Day 476.326 11742.00 46.09 179.222 55+2.02 73.81 239.198 146+1.56  37.25
8 13" Day 268.557 66+1.52 69.45 133.104 43+2.00 79.60 201.333 123+2.31  47.10
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Figure 3: HPLC chromatograms of phenanthrene, anthracene and pyrene recorded during their degradation by B. subtilis

SPC14 in vitro (1= Phenanthrene; II= Anthracene; lll= Pyrene)
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Figure 4: Degradation of phenanthrene, anthracene and pyrene by B. subtilis SPC14 in 13 days of incubation (Error bars

represent standard deviation of three replacates)
DISCUSSION

Polycyclic aromatic hydrocarbons (PAHs) are one of the
important organic pollutants that originate from natural
and anthropogenic sources. Now a day pollution of PAHs
is has been existing all over the world and soil becoming a
big reservoir for PAHs™. These pollutants are dangerous
to mankind because of their carcinogenic and mutagenic
properties. In the natural conditions PAHs degrade slowly
and persist for a long time in ecosystems. Hence
amelioration of these pollutants becomes necessary and
urgent.

Wide array of soil microorganisms have been implicated
in the degradation of PAHs. Among the different kinds of
microorganisms utilization of bacteria is more adaptable
for PAHs. Many bacterial strains have the ability to utilize
more than one type of PAHs for their growth and
metabolism™™. Mycobacterium austroafricanum GTI-23
utilized phenanthrene, fluoranthene and pyrene as sole
source of carbon and energyls.

PAHs as the sources for nutritional and metabolic
activities results in their degradation by bacterial strains.
Bisht™ investigated the growth of Kurthia sp. SBA4,
Micrococcus variance SBA8, Deinococcus radiodurans
SBA6 and B. circulans SBA12 on MSM enriched with
different concentrations of anthracene and naphthalene.
They reported that growth of the bacteria was decreased
with the concentration of PAHs. Similarly the growth of B.
subtilis  SPC14 was decreased with increasing
concentrations of phenanthrene, anthracene and pyrene
and at higher concentrations the decline in growth was
rapid. The decrease in bacterial number in many
experiments at higher concentrations of PAHs may be
due to membrane toxicity of pollutant substrates®.

In the present study we have studied the growth of B.
subtilis SPC14 over a period of 13 days at optimum

concentrations of phenanthrene, anthracene and pyrene
i.e. 100 ppm. Hunter’' (2005) studied the growth of B.
subtilis on MSM enriched with PAHs. They reported that
the strain, B. subtilis reached exponential phase within
the first 24 hours, continued growth up to 3 days and
bacterial growth was significantly decreased afterwards.
Lin22 reported B. subtilis BMT4i grew on MSM enriched
with on benzo(a)pyrene and after 12 h of lag phase the
strain exponentially increased up to 7t day and declined
afterwards. In the present investigation, the strain B.
subtilis SPC14 showed continuous growth increase from
start of the experiment up to 3™ day, became constant
between 3 to 7 days and declined afterwards. These
results suggest that B. subtilis SPC14 can grow better on
phenanthrene, anthracene and pyrene enrichments for 7
days and may decline afterwards.

pH of the medium is one of the crucial factor that effects
the growth of bacteria in specified media. As several
studies suggested that the pH within the range of 7 to 9
supports optimum growth of bacteria and there by
degradation of various poIIutantsZ3. Pathak* investigated
degradation of naphthalene by Pseudomonas sp. HOB1 at
different pH and temperature ranges and reported that
maximum degradation of naphthalene occurred between
pH 7.5-8.5 and temperature 7.5-8.5 and 35-37 C
respectively. In the present study, optimum growth of B.
subtilis SPC14 on MSM enriched with PAHs was observed
between pH 6 to 8.

The degradation of phenanthrene, anthracene and
pyrene in a mixture by B. subtilis SPC14 was studied in
vitro for 13 days. Phenanthrene, anthracene and pyrene
formed different peaks in HPLC chromatograms at
respective retention times (RT) based on their respective
structures and molecular weights. Sequential appearance
of test PAHs on chromatogram is phenanthrene,
anthracene and pyrene. The result is in conformity with
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the results of Haritash®. The retention times observed for
phenanthrene, anthracene and pyrene in HPLC
chromatograms are 13, 13.5 and 16.5 minutes
respectively. We also observed that peak areas of test
PAHs are increased with their concentration. Plotted
standard chromatograms for each PAH had above the 0.9
correlation coefficient value. Hence, these results are
reliable and amenable for determination of unknown
concentrations of phenanthrene, anthracene and pyrene.

Daane”® studied degradation of PAHs individually and as a
mixture using naphthalene, fluorene, phenanthrene,
pyrene and biphenyl in vitro by rhizobacteria for 11 days.
Moody (2001) studied degradation of anthracene and
phenanthrene by Mycobacterium sp. strain PYR-1 for 14
days and reported that Mycobacterium sp. degraded
anthracene and phenanthrene up to 92 and 90%
respectively in 14 days. Zuang27 reported the species
Pseudomonas, Microbacterium and Paracoccus rapidly
degraded PAHs in a mixture like naphthalene,
phenanthrene, fluoranthene, chrysene and pyrene within
12 days of incubation. In the present study, degradation
of phenanthrene, anthracene and pyrene was observed
at all through the incubation period (13 days). However,
rapid degradation of test PAHs observed until 7" day and
after this time period we noticed low degradation rate.
Lin28 obtained similar results with the degradation of
benzo(a)pyrene by B. subtilis BMT4i.

As earlier reports suggested degradation of PAHs in a
mixture  depends on chemical structure and
corresponding physiochemical properties of PAHs”. Low
molecular weight PAHs degrade rapidly than high
molecular weight PAHs during biodegradationao. Similar
results are obtained in the present study. Pyrene a high
molecular weight PAH degraded to a low percentage by
B. subtilis SPC14 i.e. 47.10%. The strain also degraded
phenanthrene and anthracene to a greater extent up to
69.45% and 79.60% respectively within 13 days. This may
be due to high molecular weight PAHs are more
recalcitrant and hard to microbial attack™.

CONCLUSION

The present study has suggesting that B. subtilis SPC14 is
very effective in the biodegradation of phenanthrene,
anthracene and pyrene for short time implementations
when the growth influencing factors such as pH,
concentrations of phenanthrene, anthracene and pyrene
are in optimum conditions. The study also helps in making
procedure for the quantifications of PAHs concentrations
during biodegradation.
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