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Abstract

Uncontrolled release of hydrocarbon compounds that are carcinogenic, mutagenic and are potentimmunotoxicants
into soil and ground water poses a serious threat to human and animal health. Due to their extensive use, they
cause serious environmental pollution which has drawn attention towards the research. In the present study total
134 indigenous actinomycetes isolates were obtained from different Petrol contaminated sites (N=40). Fifty one
actinomycetes strains were able to grow on 5% crude oil containingineral salt Medium showingaximum growth at
temperature 30°C and pH 7.5. They were identified on basis of cultural, morphological and biochemical characteristics
as Streptomyces sp.1, Streptomyces sp.3, Streptomyces sp.2, Rhodococcus sp., Nocardia sp.2 and Nocardia sp.1.
Isolates were tested for their growth potential on Mineral Salt Broth/Agar supplemented with hydrocarbons viz. Crude
oil, Anthracene, Coronene, Napthacene, Acenapthene at concentrations 5%, 10% and 15% incubated for 5 days, 10
days and 15 days. All the isolates utilized the hydrocarbons as sole carbon and energy sources in an unequal rate
thus suggesting genetic disimilarities in respect of oil degradation capabilities. The study clearly demonstrates that
Gram-positive actinomycetes showed good growth potential on hydrocarbon as substrate and support its effective

use in hydrocarbon degradation.
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Introduction

The extensive use of petroleum products lead to severe
contamination of the environment, becoming a great threat to the
natural habitat [1]. One of the most urgent problems of the modern
world is environment purification from different toxic residues. Oil
hydrocarbons are the principal pollutants of the environment. Today
great attention is paid for the working out of ecologically safe biological
technology for rehabilitation and biodegradation of soil contaminated
with crude oil [2].

As a result of the increase in automobiles, the number of gasoline/
diesel station and automobile service station is ever increasing. In
gasoline, diesel station and service stations, oil is spilled during transfer
and servicing operations. During accidental spills, action has to be
taken to remove or remediate or recover the contaminant immediately,
whereas in the gasoline and diesel stations the spills due to leakage may
be small but continuous and prolonged. Because of its persistence, the
chance for groundwater contamination is greater [3].

Hydrocarbon degradation is a highly oxidative process in which
molecular oxygen is necessary. Therefore, for maximal degradation
both aeration and agitation are required. Agitation of medium
maintains homogenous chemical and physical conditions, disperses the
dissolved oxygen into smaller bubbles thereby increasing the interfacial
area. As the agitation speed increases, oxygen transfer rate increases
resulting in higher degradation [4]. The actinomycetes are important oil
degraders and the strains of Streptomyces rochei, Streptomyces plicatus,
Streptomyces diastaticus, Nocardia, Frankia and Rhodococcus fascians
have commonly been isolated from oil wells and soils. Actinomycetes
possess many properties that make them good candidate for application
in bioremediation of soil contaminated with organic pollutants. They
play an important role in the recycling of organic carbon and are able
to degrade complex polymers. Some reports indicated that Streptomyces
flora could play a very important role in degradation of hydrocarbons.
Many strains have the ability to solubilise lignin and degrade lignin-

related compounds by producing cellulose and hemicellulose degrading
enzymes and extracellular peroxidases. In some contaminated sites,
actinomycetes represent the dominant group among the degraders [5].
Actinomycetes are gram positive filamentous bacteria and, are good
choice as biosurfactant producer because of their abundance in soil and
their major roles in recycling of material in nature. Moreover, they have
been found to produce many kind of metabolites including antibiotics,
pigments, enzyme, biosurfactants [6].

Hydrocarbon biodegradation in soil can be limited by many factors,
for example microorganism type, nutrients, pH, temperature, moisture,
oxygen, soil properties and contaminant presence [7].

They produce extracellular enzymes that degrade a wide range
of complex organic compounds and spores that are resistant to
desiccation. In addition, the frequently occurring filamentous
growth favours the colonization of soil particles [8]. In the case of
the actinomycetes, the surfactant activity is due to the production of
extracellular biosurfactants, specially glycolipids, like trehalose lipids
produced by Rhodococcus species [9-11] or the lipopeptide produced
by Arthrobacter sp. strain MIS38 [12], cellular biosurfactants such as
mycolic acids that give adherence of the microbial cells to hydrophobic
phases in two-phase systems [13]. Many actinomycetes can degrade
different pollutants, including several pesticides. For example, members
of the genus Arthrobacter degrade 4-Chlorophenol [14], Atrazine [15]
and Monocrotophos [16] and Streptomyces sp. degrades Alachlor
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[17]. The nocardioform actinomycetes (e.g. Rhodococcus, Gordonia,
and Mycobacterium) are known hydrocarbon degraders [18-20] and
degrade PAH in soil. In some contaminated sites they also represent the
dominant group among the degraders [18,21].

The purpose of this study was to examine the hydrocarbon
degradation capabilities of actinomycetes in contaminated soil and also
to determine the capabilities of the recovered actinomycetes to grow on
petroleum and their derivatives.

Materials and Methods
Screening of samples

The soil samples (100 g each) were collected from fuel oil pumps at
different location of North India like, Mathura Oil Refinery, Lucknow
Railway carriage wagon sites and different petrol pumps of Lucknow
for the isolation of oil degrading microorganisms. The samples
were collected in pre-sterilised glass bottles and transported to the
laboratory for analysis. Enumeration and isolation of heterotrophic
bacteria and actinomycetes was carried out through serial dilution agar
plating technique using Casein Glycerin (Starch) agar, and Mineral salt
medium (HIMEDIA) respectively [5].

Isolation of actinomycetes from hydrocarbon contaminated
soil

Isolation of actinomycetes was carried out through tenfold serial
dilution agar plate technique using Casein Glycerin (starch) Agar
medium (CGA) at pH 8.0. 1g of air dried soil sample was mixed with 9
ml sterilized distilled water. The mixture was shaken vigorously for 15
minutes and allowed to settle for 5 min. 1 ml aliquots of soil suspension
(diluted to 10) was transferred to 9 ml sterilized distilled water and
subsequently diluted upto 10* Aliquots from 10 dilution was pour
plated using CGA medium in duplicates. Uninoculated plate served as
control. Plates were incubated at 28 + 2°C for 7 days. Morphologically
different colonies were selected and streaked over Mineral Salt Agar

S. No. Sample sites San;‘lp=lzosue Aver??;)cfulg
1 Mathura Oil refinery 10 4.3
2 HP Petrol Pump, Lucknow 10 2.7
3 Railway carriage wagon, Lucknow 10 1.7
4 Bharat Petrol Pump, Lucknow 10 11

Table 1: Enumeration of actinomycetes isolated from hydrocarbon contaminated
soil.
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Figure 1: Distribution of population of actinomycetes in hydrocarbon
contaminated soil samples.

medium supplemented with 5% for screening and incubated at 28 + 2°C
for 7 days. Growth was examined regularly. Isolates were maintained on
CSA slant subcultured regularly at 15 days interval and incubated at 28
+ 2°C for 5 to7 days and then stored at 4°C [5].

Identification of actinomycetes isolated from hydrocarbon
contaminated soil

The identification was done by on the basis of morphological
and biochemical characteristics as per Bergeys Manual of Systemic
Bacteriology [2].

Effect of temperature and pH on growth

The effect of temperature and pH on the growth of isolates was
studied using Mineral salt medium supplemented with (5%) crude
oil inoculated with the isolates and exposed to different temperatures
(10°C, 20°C, 30°C, 40°C and 50°C) and pH (5.5, 6.5, 7.5, 8.5 and 9.5).
Uninoculated tubes served as control. At 5-days intervals, total viable
count (log cfu/ml) was observed [22,23].

Growth potential of actinomycetes isolates on model
hydrocarbons

Biodegradation capability of the actinomycetes was determined by
the method given by Mills et al. [24]. Selected petroleum derivatives
as representative hydrocarbon were assessed to check the growth of
isolated actinomycetes on individual hydrocarbons supplemented
medium. For these overnight cultures (1%) of actinomycetes were
transferred to tubes, containing 5 ml Mineral Salt medium with 5%,
10%, and 15% model hydrocarbons (Crude oil, Anthracene, Coronene,
Napthacene, Acenapthene ). All the tubes were diluted upto 10~ dilution
and plated on mineral salt agar medium. An uninoculated plate was
used as control. The plates were incubated at 28°C for 15 days. Growth
was measured in terms of cfu/ml.

Results and Discussion

Enumeration of actinomycetes [Average cfu/g (10°)] from
hydrocarbon contaminated soil

Highest population of actinomycetes was found in the sample
collected from Mathura oil refinery sites, Mathura (4.3 x 10° cfu/g)
followed by HP Petrol pump sites, Lucknow (2.7 x 10° cfu/g), Railway
carriage wagon sites, Lucknow, (1.7 x 10° cfu/g) and least populated site
was found in samples collected from Bharat Petrol pump site, Lucknow
(1.1 x 10°cfu/g) (Table 1 and Figure 1).

Isolation and identification of actinomycetes from

hydrocarbon contaminated soil

40 samples from hydrocarbon contaminated soil of 4 different
sites were used for isolation of different Hydrocarbon degrading
actinomycetes. In the present study six species of actinomycetes were
identified as S. spI, S. sp2, S. sp3, N.spl, N. sp2 and R. sp 1 (Figure 2).

Distribution of actinomycetes isolated from different sites
potent for growth at 5% concentration of hydrocarbon
contaminated soil (Petrol)

Among the 40 samples screened for growth of actinomycetes in
Mineral Salt agar supplemented with 5% crude oil, 51 isolates showed
positive result. Six different isolates were identified that showed positive
result namely Streptomyces sp.1, Streptomyces sp.3, Streptomyces sp.2,
Rhodococcus sp., Nocardia sp.1 and Nocardia sp.2. Out of ten samples
of Railway fuel oil installation sites, Allahabad, 20 actinomycetes were
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Streptomyces sp.onCSA CSA Media control) Streptomyces sp.on SCA C5A (Media control) TRt CEA CoA(Mediacontrol)
Streptomyces sp 1 Streptomyces sp 2 Streptomyces sp 3
Nocardia sp 1 Nocardia sp 2 Rhodococcus sp 1
Figure 2: Bacterial species isolated from oil contaminated sites.
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Mathura Oil refinery 10 59 20 7(35%) 6(30%) 1(5%) 4(20%) 2(10%) 0(0%)
HP Petrol Pump, Lucknow 10 24 12 3(25%) 2(16.6%) 1(8.3%) 4(33.3%) 1(8.3%) 1(8.3%)
Railway carriage wagon, Lucknow 10 40 15 7(46.6%) 4(2.66%) 1(6.6%) 2(13.3%) 0(0%) 1(6.6%)
Bharat Petrol Pump, Lucknow 10 1 4 3(75%) 1(25%) 0(0%) 0(0%) 0(0%) 0(0%)

Table 2: Distribution of isolates from hydrocarbon contaminated soil.

screened as potent actinomycetes for growth in Mineral Salt agar
medium supplemented with 5% crude oil (hydrocarbon). Highest
incidence of Streptomyces sp.1 were found from the samples of Bharat
Petrol Pump site (46.6%), Mathura oil refinery site (35 %), Mathura and
Railway carriage wagon site, Lucknow (75 %) while at HP Petrol Pump,
Lucknow Nocardia sp.2 (33.3%). had highest incidence. In a similar
study conducted by Milic et al. [22]; Jayabarath et al. [25]; Sharma
and Pant [4] the results are comparable showing high occurrence of
Streptomyces, Nocardia, and Rhodococcus which were measures of
incidence and growth of actinomycetes; They represent the dominant
group among the degraders (Table 2 and Figure 3).

Optimization of physical growth parameter of isolates

Effect of temperature on growth of actinomycetes at 5%
hydrocarbon (Crude oil): Actinomycets isolated from different
hydrocarbon contaminated soil showed minimum growth at high
temperature and low temperatures. All isolates namely Streptomyces
sp.1, Streptomyces sp.3, Streptomyces sp.2, Nocardia sp.2, Nocardia sp.1,
and Rhodococcus sp. showed highest growth at temperature 30°C (6.49
log cfu/ml, 5.52 log cfu/ml, 5.52 log cfu/ml, 6.548 log cfu/ml, 6.56 log

cfu/ml and 6.56 log cfu/ml) statistical analysis of data reveled significant
differences due to isolates and temperature (Table 3 and Figure 4).

Effect of pH on growth of actinomycetes at 5% hydrocarbon
(Crude oil): The optimal pH that supported growth of isolates
from hydrocarbon contaminated soil range between 6.5 to 8.5 while
maximum growth occurred at pH 7.5 and minimum growth at pH 5.5
and 9.5 in Mineral salt Agar medium supplemented with 5% Petrol after
7 days of incubation. All isolate namely Streptomyces sp.1, Streptomyces
sp.3, Streptomyces sp.2, Nocardia sp.2, Nocardia sp.1 and Rhodococcus
sp. showed highest growth at pH 7.5 (7.77 log cfu/ml, 7.71 log cfu/ml,
6.63 log cfu/ml, 6.45 log cfu/ml, 6.59 log cfu/ml and 6.68 log cfu/ml)
(Table 4 and Figure 5).

Growth potential of actinomycetes

Growth of Streptomyces spl: Growth of Streptomyces spl was
analyzed for different hydrocarbons namely Crude oil, Anthracene,
Coronene, Napthacene, Acenapthene at 5%, 10% and 15%
concentrations incubated for three different time intervals viz. 5
days, 10 days and 15 days. Streptomyces sp.1 had highest growth for
Coronene (4.67 log cfu/ml) followed by Napthacene (4.62 log cfu/ml),
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Figure 3: Percent distribution of actinomycetes isolates from different
hydrocarbon contaminated soil.

Growth of actinomycetes at 5% crude oil
concentration cfu/ml
Isolates Incubation Temperature °C
10°C 20°C 30°C 40°C 50°C
Streptomyces sp1 2.27 3.36 6.49 6.35 4.32
Streptomyces sp3 1.34 3.35 5.52 5.36 4.34
Streptomyces sp2 2.37 4.37 6.48 5.41 3.37
Nocardia sp2 2.32 4.32 6.56 5.29 3.23
Nocardia sp1 1.38 4.44 6.63 4.43 4.32
Rhodococcus fascians 2.37 3.46 6.67 5.45 3.37

Table 3: Effect of temperature on growth of actinomycetes at 5% hydrocarbon
(Crude oil).
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Figure 4: Effect of temperature on growth of actinomycetes at 5% hydrocarbon
(Crude oil).

Anthracene (3.69 log cfu/ml), Crude oil (3.60 log cfu/ml) and least was
shown by Acenapthene (3.59 log cfu/ml) at 10% and 10 days incubation
respectively (Table 5 and Figure 6).

Growth of Streptomyces sp2: Growth of Streptomyces sp2 was
analyzed for different hydrocarbons namely Crude oil, Anthracene,
Coronene, Napthacene, Acenapthene at 5%, 10% and 15%
concentrations incubated for three different time intervals viz. 5 days, 10
days and 15 days. Streptomyces sp.2 had highest growth for Anthracene
(7.69 log cfu/ml) followed by Crude oil (7.60 log cfu/ml), Acenapthene
(7.59.59 log cfu/ml), Coronene (7.24 log cfu/ml), and least was shown
by Napthacene (6.62 log cfu/ml) at 10% and 10 days incubation (Table
6 and Figure 7).

Growth of Streptomyces sp3: Growth of Streptomyces sp3 was
analyzed for different hydrocarbons namely Crude oil, Anthracene,
Coronene, Napthacene, Acenaptheneat 5%, 10% and 15% concentrations
incubated for three different time intervals viz. 5 days, 10 days and
15 days. Highest growth of Streptomyces sp.3 was recorded at 10%
concentration for Crude oil (7.80 log cfu/ml) followed by Anthracene
(7.79 log cfu/ml), Napthacene (7.68 log cfu/ml), Acenapthene (7.59 log
cfu/ml) and least was shown by Coronene (7.24 log cfu/ml) at 10% and
10 days incubation respectively (Table 7 and Figure 8).

Growth of Nocardia spl: Growth of Nocardia splwas analyzed
for different hydrocarbons namely Crude oil, Anthracene, Coronene,
Napthacene, Acenapthene at 5%, 10% and 15% concentrations
incubated for three different time intervals viz. 5 days, 10 days and 15
days. Nocardia sp.1 had highest growth for Crude oil (7.68 log cfu/ml)
followed by Anthracene (7.39 log cfu/ml), Coronene (7.37 log cfu/ml),
Napthacene (7.36 log cfu/ml) and least was shown by Acenapthene
(7.15 log cfu/ml) at 10% and 10 days of incubation respectively (Table
8 and Figure 9).

Growth of Nocardia sp2: Growth of Nocardia sp2 was analyzed
for different hydrocarbons namely Crude oil, Anthracene, Coronene,
Napthacene, Acenapthene 5%, 10% and 15% concentrations incubated
for three different time intervals viz. 5 days, 10 days and 15 days.
Growth of Nocardia sp.2 was analyzed for different hydrocarbons had
highest growth for Crude oil (7.80 log cfu/ml) followed by Anthracene
(7.79 log cfu/ml), Coronene (7.68 log cfu/ml), Napthacene (7.63 log
cfu/ml) and least was shown by Acenapthene (7.59 log cfu/ml) at 10%
and 10 days incubation (Table 9 and Figure 10).

Growth of Rhodococcus sp: Growth of Rhodococcus sp. was analyzed
for different hydrocarbons namely Crude oil, Anthracene, Coronene,

Growth of actinomycetes at 5% crude oil
concentration cfu/ml
Isolates
pH
5.5 6.5 7.5 8.5 9.5
Streptomyces sp1 4.44 6.63 7.77 6.60 4.59
Streptomyces sp2 245 7.48 7.7 6.51 5.15
Streptomyces sp3 3.36 6.39 7.63 5.36 6.26
Nocardia sp2 3.40 6.42 7.45 7.47 5.30
Nocardia sp1 3.39 7.40 7.59 5.43 5.21
Rhodococcus fascians 3.46 6.46 7.68 5.47 5.32

Table 4: Effect of pH on growth of actinomycetes at 5% hydrocarbon (Crude oil).
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Figure 5: Effect of pH on growth of actinomycetes at 5% hydrocarbon (crude
oil).
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Growth of Streptomyces sp1 Log cfu/ml
0 days 5 days 10 days 15 days
Hydrocarbon
5% 10% 15% 5% 10% 15% 5% 10% 15% 5% 10% 15%
Crude Oil 0.6 1.77 1.84 1.91 2.48 1.44 2.12 3.60 2.01 1.98 2.19 1.97
Anthracene 0.84 0.77 1.77 2.07 2.53 1.98 2.16 3.69 2.22 2.08 2.27 2
Coronene 1.6 0.77 1.77 2.06 2.56 1.83 2.06 4.67 2.24 2.97 2.25 2.08
Napthacene 0.90 0.90 0.95 2.07 2.46 2.30 2.04 4.62 2.15 2.01 2.25 2.04
Acenapthene 0.6 1.6 1.6 1.92 2.48 1.89 2.99 3.59 2.25 212 2.26 1.98
Table 5: Growth of Streptomyces sp1.
Hydrocarbon Degradation capability of Streptomyces sp.1
5
A
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T \
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Figure 6: Growth of Streptomyces sp1.
Growth of Streptomyces sp2 Log cfu/mli
0 days 5 days 10 days 15 days
Hydrocarbon
5% 10% 15% 5% 10% 15% 5% 10% 15% 5% 10% 15%
Crude Oil 1.8 1.77 1.84 2.91 3.48 244 4.12 7.60 6.01 3.98 5.19 2,97
Anthracene 0.94 1.77 2.77 3.07 3.53 2.98 4.16 7.69 6.22 4.08 5.27 3
Coronene 0.9 1.77 2.77 3.06 4.56 2.83 3.06 7.24 6.67 4.97 4.25 3.08
Napthacene 0.90 0.90 0.95 3.07 4.46 2.30 4.04 6.62 6.15 5.01 4.25 2.04
Acenapthene 1.6 1.6 2.6 2.92 3.48 2.89 3.99 7.59 6.25 5.12 3.26 3.98
Table 6: Growth of of Streptomyces sp2.
Hydrocarbon Degradation by Streptomyces sp. 2
9
8
7
5 ——Crude Qil
_E_ 5 == Anthracene
G —i— Coronene
w 4
2 3 == Napthacene
2 == Acenapthene
1
5% 10% 15% 5% 10% 15% | 5% 10% 15% 5% 10% 15%
0days 5days 10days 15days
Incubation time
Figure 7: Growth of Streptomyces sp2.

Napthacene, Acenapthene at 5%, 10% and 15% concentrations days. Rhodococcus sp. had highest growth for Crude oil (7.50 log cfu/
incubated for three different time intervals viz. 5 days, 10 days and 15 ml) followed by Anthracene (7.39 log cfu/ml), Coronene (7.38 log cfu/
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Growth of Streptomyces sp3 Log cfu/ml
0 days 5 days 10 days 15 days
Hydrocarbon
5% 10% 15% 5% 10% 15% 5% 10% 15% 5% 10% 15%
Crude Oil 1.5 1.87 1.84 3.91 4.48 244 4.12 7.80 6.01 3.98 5.19 2,97
Anthracene 0.94 1.97 2.77 3.07 4.53 2.98 4.16 7.79 6.22 4.08 5.27 3.54
Coronene 0.96 1.67 2.77 3.06 4.56 2.83 3.06 7.24 6.68 4.97 4.25 3.08
Napthacene 0.93 0.95 1.95 3.07 4.46 2.30 4.04 7.68 6.15 5.01 4.25 2.04
Acenapthene 1.7 1.7 2.6 3.92 3.98 2.89 3.99 7.59 6.25 5.12 3.26 3.98
Table 7: Growth of of Streptomyces sp3.
Hydrocarbon Degradation by Streptomyces sp. 3
9
8 —4—Crude Oil
7 —— Anthracene
-6
~§. 5 === Coronene
2
e —=—Napthacene
33
3 == Acenapthene
1 -
0
5% 10% 15% | 5% 10% 15% 5% 10% 15% | 5% 10% 15%
Odays 5days 10days 15days
Incubation Time
Figure 8: Growth of Streptomyces sp3.
Growth of Nocardia sp1 Log cfu/ml
Hyd b 0 days 5 days 10 days 15 days
rocarbon
4 5% 10% 15% 5% 10% 15% 5% 10% 15% 5% 10% 15%
Crude Ol 0.9 1.67 1.84 3.91 4.58 244 4.22 7.68 6.01 3.98 5.19 2,97
Anthracene 1.04 1.8 2.77 3.37 4.83 2.98 4.36 7.39 6.22 4.08 5.27 3.54
Coronene 1.16 1.77 2.67 3.46 4.56 2.83 5.46 7.37 7.24 4.97 5.25 3.08
Napthacene 0.99 0.95 1.85 3.37 4.96 2.30 4.54 7.36 6.15 5.01 4.25 2.04
Acenapthene 1.07 1.67 2.16 3.92 3.98 2.89 3.99 7.15 6.25 5.12 5.26 3.98
Table 8: Growth of Nocardia sp1.
Hydrocarbon Degradation by Nocardia sp.1
9
8
7 =4—Crude Oil
_ 6 —l—Anthracene
£
2 ——Coronene
- 4
] 3 —=—Napthacene
2 === Acenapthene
1
0
5% 10% 15% | 5% 10% 15% | 5% 10% 15% | 5% 10% 15%
0days Sdays 10days 15days
Incubation Time
Figure 9: Growth of Nocardia sp1.

ml), Napthacene (7.29 log cfu/ml) and least was shown by Acenapthene
(7.17 log cfu/ml) at 10% and 10 days incubation respectively (Table 10
and Figure 11).

Summary and Conclusion

For the investigation ten soil samples from four different
hydrocarbon contaminated sites. The soil from four sites were used
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Hydrocarbon utilizing capacity of Nocardia sp2 Log cfu/ml
Hvd b 0 days 5 days 10 days 15 days
rocarbon
v 5% 10% 15% 5% 10% 15% 5% 10% 15% 5% 10% 15%
Crude Ol 0.98 1.98 1.84 3.91 4.58 3.44 6.22 7.80 6.01 3.98 5.49 3.97
Anthracene 0.94 1.84 1.97 3.67 5.83 2.98 6.36 7.79 6.22 4.08 5.47 3.54
Coronene 0.96 1.77 2.64 3.36 5.56 3.83 6.46 7.68 6.24 4.97 5.25 3.08
Napthacene 0.99 1.35 1.95 3.1 5.96 3.30 6.54 7.63 6.15 5.01 4.25 3.04
Acenapthene 1.17 1.57 2.16 3.33 4.98 2.89 6.99 7.59 6.25 5.12 5.46 3.98
Table 9: Growth of Nocardia sp2.
Hydrocarbon Degradation by Nocardia sp. 2
9
8
. == Crude Oil
_ 6 =@ Anthracene
£
35 —#— Coronene
% 4
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3
P === Acenapthene
1 -
0
5% 10% 15% | 5% 10% 15% | 5% 10% 15% | 5% 10% 15%
Odays 5 days 10days 15days
Incubation Time
Figure 10: Growth of Nocardia sp2.
Growth of Rhodococcus sp. Log cfu/ml
0 days 5 days 10 days 15 days
Hydrocarbon
5% 10% 15% 5% 10% 15% 5% 10% 15% 5% 10% 15%
Crude Oil 0.78 1.98 1.94 3.91 5.58 4.44 6.22 7.50 6.41 3.98 5.49 3.87
Anthracene 1.04 1.74 1.96 4.67 5.83 3.98 6.36 7.39 6.42 4.48 5.47 3.54
Coronene 1.06 1.77 2.04 4.36 5.56 3.83 5.46 7.38 6.24 4.97 5.25 3.78
Napthacene 1.09 1.65 1.99 4.1 5.96 4.30 6.45 7.29 6.54 5.01 4.25 3.74
Acenapthene 1.07 1.47 2.16 4.33 5.98 3.89 6.33 717 6.47 5.12 5.46 3.78
Table 10: Growth of Rhodococcus sp.
Hydrocarbon Degradation by Rhodococcus sp.
8
7 —4—Crude Ol
6
_ == Anthracene
£ 5
-~
2 4 ==le=Coronene
§° 3 === Napthacene
2
1 == Acenapthene
0
5% 10% 15% | 5% 10% 15% | 5% 10% 15% | 5% 10% 15%
Odays 5days 10days 15days

for isolation and enumeration of actinomycetes after which the
morphologically different colonies were purified and screened for

hydrocarbon utilization as sole source of carbon and energy at 5%
concentration of Crude oil (hydrocarbon). The isolate found positive
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for growth on screened plates were identified on the basis of cultural,
morphological and biochemical analysis and were further assessed
for their growth potential for selected hydrocarbons at varying
concentrations (5%, 10%, and 15%) incubated for three different time
intervals i.e. 5 days, 10 days, and 15 days.

The present investigation revealed that indigenous actinomycetes
isolated from hydrocarbon contaminated sites could be used for in situ
bioremediation purpose. Among the 134 isolates screened, 51 efficient
oil (crude oil) degraders, out of which Streptomyces sp.1 39% followed
by Streptomyces sp.3 25%, Streptomyces sp.2 5.5%, Nocardia sp.2 5.8%,
Nocardia sp.119.6%, and Rhodococcus sp. 3.9% found from four
different sites namely Mathura Oil Refinery, Mathura, HP Petrol Pump,
Lucknow, Bharat Petrol Pump, Lucknow and Railway carriage wagon,
Lucknow were able to grow efficiently on model hydrocarbons i.e. Crude
oil, Anthracene, Coronene, Napthacene, Acenapthene. Upon analyzing
the growth potential of isolates at different concentration (5%, 10%, and
15%) of hydrocarbons and different time of incubation (5, 10 and 15
days). It was found that the actinomycetes isolates had efficient growth
at 10% hydrocarbon concentration after prolonged incubation for 15
days. The study highlighted the potential of actinomycetes isolated from
hydrocarbon contaminated soil for bioremediation of hydrocarbon
polluted area, spills as it offers effective degradation of various fractions
of hydrocarbons at wide range of concentration and time duration.
Therefore, bioremediation of toxicant hydrocarbons in soil or spill
have a better option of environmentally adopted microflora that effect
detoxification and stabilization of processes of biological degradation
with low economical expenses and of no danger for environment.
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