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Abstract

negative for lactose fermentation.

In the last few years, large numbers of ecosystems have changed by the significant influence of human activity.
As a result, many people have become aware of the need to protect different ecosystems as well as to evaluate the
damage caused by contamination. Microorganisms used in all experiments were isolated by selective enrichment
technique. MSM broth was used in enrichment technique supplemented with 1% v/v hydrocarbon substrate (4T
engine oil). Bacterial inoculation of biometric flask (containing 48 ml minimal salt medium) consisted of 1 ml of
a 48 hours culture. Hydrocarbon substrate (4T engine oil) was then added to 1% v/v. The GC/MS analysis was
performed using a MS 5973 spectrometer coupled to 9 Hewlett Packard model 6890. |5 isolate microorganisms
degraded around 64% of 4T engine oil. Gas chromatography showed significant differences in the composition of
hydrocarbons at the end of the experiments. After all biochemical tests Serratia scored as positive for glucose and
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Introduction

During the previous years, the frequency and risk of oil pollution
has led to extensive research. Most of the petroleum goes in the
ecosystem via leakage of coastal oil refineries. This fact evoked the
interest of scientists to investigate the oil distribution system and
its fate in the environment, especially the marine environment.
Approximately five million tons of crude oil and refined oil enter the
environment each year as a result of anthropogenic sources such as oil
spills (1). Past analysis of reported oil spills indicate that most of the oil
comes from tankers, barges and other vessels as well from land pipeline
spills. Extensive changes in marine, as well as terrestrial ecosystems
resulting from the grounding of the Exxon Valdez (1989). The
Nahodka oil spill, the Erica spill (1999) and the Prestige spill (2002),
have recently increased the attention of environmentalists, chemists,
biotechnologists and engineers [2,3]. The recent spill of more than
200,000 barrels of crude oil from the oil tanker Exxon Valdez in Prince
William Sound Alaska [4], as well as smaller spills in Texas, Rhode
Island, and the Delaware Bay, have refocused attention on the problem
of hydrocarbon contamination in the environment. It is estimated that
the annual global input of petroleum is between 1.7 and 8.8 million
metric tons, the majority of which is derived from anthropogenic
sources [4].

PAHs present as natural constituents in fossils fuels, are formed
during the incomplete combustion of organic material and are
therefore present in relatively high concentration in products of
fossil fuels refining [5-11]. Petroleum refining and transport activities
are major contributors to localized loadings to PAHs into the
environment. Such loadings may occur through discharge of industrial
effluents and through accidental release of raw and refined products.
However, PAH released into the environment may originate from
many sources including gasoline and diesel fuel combustion [11] and
tobacco smoke PAHs are detected in air [11, 12], soil and sediment [13-
17), surface water groundwater, and road runoft [18-21) are dispersed
from the atmosphere to vegetation [22] and contaminate foods [23-25].
Anthropogenic and natural sources of PAHs in combination with global
transport phenomena result in their world wide distribution. Hence,
the need to develop practical bioremediation strategies for heavily
impacted sites is evident [26]. PAHs concentration in the environment
vary widely, depending on the proximity of the contaminated site to

the production source, the level of industrial development and the
mode of PAH transports. Soil and sediment PAH concentration at
contaminated and uncontaminated sites ranging from 1 w/kg to over
300 g/kg have been reported [27-30].

Bioremediation is defined as use of biological processes to degrade,
breakdown, transform, and/or essentially remove contaminants
or impairments of quality from soil and water. Bioremediation is
a natural process which relies on bacteria, fungi, and plants to alter
contaminants as these organisms carry out their normal life functions.
Metabolic processes of these organisms are capable of using chemical
contaminants as an energy source, rendering the contaminants
harmless or less toxic products in most cases. This investigation focuses
on the general processes of bioremediation with in the soil environment
and highlighting the biodegradation of petroleum hydrocarbons.

Material and Method

Isolation of Microorganisms

4 T engine oil (mainly composed of medium chain length of
hydrocarbon) obtained from Bharat petrol pump. The entire chemical
was purchased from MERCK. MSM (Minimal Salt Media) media
containing 1gK2HPO4,1gNH4NO,,1gKH2PO,,0.02gCaCl,,0.05g
FeCl,, 0.2 g MgSO, was used for serial dilutions to determine viable cell
counts. For isolation and enumeration of total viable cells MSM agar
plates were used. Microorganisms used in all experiments were isolated
by selective enrichment technique. MSM broth was used in enrichment
technique supplemented with 1% v/v hydrocarbon substrate (4T
engine oil). The hydrocarbon substrate used in enrichment methods
was a mixture of hydrocarbons. After one week of incubation on rotary
shaker at 27°C and 200 rpm, 10 ml of sample from primary enrichment
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was transferred to a fresh MSM broth. Unless otherwise stated, after 2"
enrichment 1ml of medium was plated after appropriate dilution on
MSM agar plate and incubated at 27°C. After 48 hour incubation, pure
colonies were isolated by using single colony isolation method. Isolated
colonies were stored at 4°C and re-plated at MSM agar plates at 3 weeks
interval. Bacterial isolates not used in biodegradable experiments were
mixed with 40% glycerol and stored at 70°C for future use. The initial
number of total viable cells in the original sample (before enrichment)
was determined by serial dilution agar plating procedure.

Biodegradation of 4T Engine Oil in a Biometric System

Bacterial inoculation of biometric flask (containing 48 ml minimal
salt medium) consisted of 1 ml of a 48 hours culture. Hydrocarbon
substrate (4Tengine oil) was then added to 1% v/v. The sidearm of
biometric flask was fitted with 10 ml of 0.1 M KOH flask and was
incubated at 27°C, non-shaking. Sample for measuring carbon dioxide
were taken by syringe in scheduled time periods from a side arm of the
flask. Evolution of carbon dioxide during microbial utilization of 4T
engine oil and organic waste was determined by colorimetric titration
(Table 1). The amount of trapped CO2 in KOH was accurately titrated
after addition of 1 ml of saturated barium chloride and 0.1 ml of
phenolphthalein with 0.05 M HCI until colorless solution. The control
sample contained 10 ml of fresh KOH with 1 ml of barium chloride and
1 ml of phenolphthalein. The volume of HCl needed for neutralization
of the experimental KOH was subtracted from the amount of HCIl
needed for neutralization of the un-exposed KOH. The difference in
milliliters was converted into micromoles of evolved carbon dioxide
during microbial degradation of hydrocarbons. ( Figure 3)

Hydrocarbon Analysis

Sets of test tubes experiments were designed in order to
quantitatively analyze the microbial hydrocarbon degradation at GC-
MS (Figure 1). Tube containing cultures of bacteria and hydrocarbon
were incubated during the same time period and in the same
experimental conditions as biometric flask. Each test tube contained
4 ml of sterilized minimal salt medium, 80 pl of microbial inoculums
and 50 pl of hydrocarbon substrate. The sample extraction was carried
out by mixing the entire volume of one set tube (approximately 5 ml)
with 1 ml of hexane (petroleum fraction). This mixture was emulsified
by shaking and allowed to resettle for five minutes. The top layer was

Organic Compounds Retention Time (min.)
Undecane 11.64
Undecane 11.64
Tridecane 14.28

Tetradecane 15.41
Hexadecane 17.45
Eicosane 21.01
Docosane 22.94
2,3-dimethyl naphthalene 15.69
4-methyl undecane 12.50
4-methyl dodecane 13.79
1,4,6-Trimethyl naphthalene 16.83
Un identified 19.39

Un identified 18.46

Un identified 16.03

Un identified 13.23

Un identified 21.94

Un identified 19.2

Table 1: Chemical Analysis of 4T Engine Oil.
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Figure 1: showing GC-MS analysis of 4T engine oil.
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Figure 2: Degradation of 4T engine oil by I5 Strain.
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Figure 3: GC analysis of 4T engine oil after addition of I5 isolate after 50 days
of incubation at 27 + 2°C without shaking.

recovered and transformed to a clear vial for further use. Mass spectra
as well the retention times of standard mixture of hydrocarbons were
used to quantify each analyte.

The GC/MS analysis were performed using a MS 5973 spectrometer
coupled to 9 Hewlett Packard model 6890, with a column ULBON
HR-1 which is equivalent to Ov-1 fused silica capillary (.25 mm x 50
mm) with thickness of 0 .25 micron; 1 ml/min; pressure 18.5 psi and
split ratio 20%.The initial temperature was 70°C kept for 5 minutes
with a temperature range of 14°C per minute and final temperature
for 280°C kept for 10 minutes with total running time 30 minutes. The
solvent used in analysis was hexane (petroleum fraction). Soil samples
were collected from coastal area of Mumbai in the month of July, 2005.
Samples were collected from Sai Motor Garage nearby Mumbai High;
as such samples were highly polluted with engine oil.

Cell Counts and Characterization of Petroleum

Degrading
Microorganisms

Prior to the screening of hydrocarbon degrading microorganisms,
the microbial populations were estimated in each original sample.

Appreciable numbers of bacteria up to 1010 Colony Forming Units
(CFU) have been found.
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Indigenous organisms isolated in this study were selected by
enrichment culturing technique. As the results in table (2) indicates a
significant increase in hydrocarbon degrading microorganisms in PCS-
1, after the first and second week of enrichment in 4T engine oil. In PCS
I original sample the CFU was 1.3x101° before adding the substrate.
As the substrate 4T engine oil was added to the sample, the CFU was
8.3x10" after Ist enrichment, and again increased when 2™ enrichment
was performed (9.4x10"). In second sample PCS II, the CFU was 1.6 x
10° before enrichment culture. After 2" and 3" enrichment it increased
up to 6.4 x 10° and 7.3 x 10° respectively. Due to high diversity of
microorganisms after second enrichment 15 bacterial isolates were
collected from the samples. All these isolate were tested for their ability
to utilize various hydrocarbons. Five bacterial strains were found to be
the best degrader of 4T engine oil.

The type of enrichment substrate significantly affected the
microbial population. It is observer that the large and more complex
the structure of hydrocarbon, the more slowly is oxidized. This may
depends on the type of organisms involved and the medium, in which
it was developed. For this reason, the longer enrichment period as well
as fresh medium and decantation of toxic co-metabolites apparently
enhanced the proliferation of bacteria capable of utilization more
complex compounds in investigated samples collected from coastal
area Mumbai.

The morphology and type of bacterial colonies were also investigated
in cell counts experiments. One of the objectives of this study was to
isolate as many culturable strains as possible in standardized culture
condition. For this reason, a first screening of strain was done after
gram staining and microscopic examination for bacteria to eliminate
apparently similar strains. As the results exhibited original sample
were characterized with a very high diversity of microorganisms. The
metabolic diversity of microorganisms in the natural environments is
an important factor in the biodegradation of hydrocarbon. Extensive
degradation of petroleum pollutants is generally accomplished by
mixed microbial population, rather than single microbial species.

Samples Enrichment Substrate Cell Count
PCS- 1 Original sample 1.3x1010
2" Enrichment 8.3x1010
3 Enrichment 9.4x1010
PCS -l Original Sample 1.6x109
2" Enrichment 6.4x109
3 Enrichment 7.3x109

Table 2: Isolation and Identification of Microbial Strain.

Microbial Strains Percentage of Degradation
11 91%
12 86%
13 81%
14 76%
15 64%

Table 3: Degradation of 4T Engine Oil by Microbial Strains on MSM Broth.

Microbial Strain Time/days CO2 evolved (pmol)
15 10 days 172
20 days 306
30 days 656
40 days 412
50 days 238

Table 4: Evolution of CO, during 4T engine oil degradation by 15 Microbial Strain.

Even though enrichment culturing selected only those indigenous
microorganisms that have been especially acclimated to degrade
hydrocarbons, it was necessary to characterize the biodegradation
potential for individual isolates. For this reason, each isolated microbial
strain was submitted to a preliminary batch flask test experiment for
detailed investigation of hydrocarbon utilization. The structure of a
compound is important in determining its biodegradability. Generally,
straight chain alkanes are degradable more readily than branched
alkanes. In order to investigate the capabilities of isolates to utilize both
chemical structures, liner as well as branched, 4T engine oil was used as
a substrate. The growth was monitored regularly by measuring optical
density of experimental medium. Among all the isolated microbial
strains, biodegradation potential was recorded ranging from 44% to
91% degradation of 4T engine oil (Table 3). Considering the fact that
some of these microorganisms have been not exposed to hydrocarbons
at all or only in very low concentration, it is very possible that the
adaptation process might play an important role in degradation
process. There is high degree of variability in the ability of a microbial
community to adapt to compounds and chemicals that they were never
exposed to before. Adaptation depends on many factors, such as the
induction or de-repression of enzymes specific for the degradation
pathway of a particular compound or an adaptation of existing
catabolic enzymes to the degradation of novel compounds. Serratia was
scored as positive for glucose and negative for lactose fermentation.
However, most of the Enterobacteriaceae member are Gelatinase
negative, a representative form this taxonomy showed positive result
which indicates that this bacteria is not able to use malonate. It is also
characterized by production of red pigment at 25°C [31]. In spite of
the fact that Serratia in not considered to be a main representative of
hydrocarbon degraders, this bacteria was isolated from oil polluted soil
and groundwater contaminated with gasoline. It showed good crude
oil and gasoline degradability [32, 33].

Biodegradation of 4T Engine Oil in Biometric Flask Evolution
of Carbon Dioxide

Effective method to study the degradation of hydrocarbon by
microorganisms is to measure the amount of carbon dioxide evolve
during utilization of organic compound. Respiratory activities of
isolated microorganisms were measured during growth on addition
of 4T engine oil in a biometric flask. The cumulative amounts of CO2
evolved during mineralization of 4T engine oil were measured. The
I5 bacterial isolates exhibited maximum CO2 production (656 pmol)
in 27 days. I5 isolate microorganisms degraded around 64% of 4T
engine oil. Gas chromatography showed significant differences in the
composition of hydrocarbons at the end of the experiments.

Among the identified strains I5 had following characteristics. It
was Gram negative, motile and Red pigmented. It exhibited positive
for Gelatin hydrolysis, Voges-Proskauer, Citrate utilization, Lysine
Decarboxylase. It was negative for Sulphate production, Indole,
Methyl red, Arginine dehydrolase, Phenylalanine deaminase, Glucose
utilization. It produced red pigment at 25°C. It was identified as
Serratia Sp. (Table 4) (Figure 2).
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