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BIOREMEDIATION OF PETROLEUM - CONTAMINATED SOIL
USING MICROORGANISMS

Author(-s): Tamila Shiukashvili, Mariam Ichkiti, Tornike Khutuashvili

Advisor(-s): Prof. Magda Davitashvili
lakob Gogebashvili Telavi State University, Georgia

Abstract. Biosurfactants are surface - active molecules that can reduce surface tension.
Microorganisms are able to produce biosurfactants and bio emulgators, that are
characterized with structural and functional diversity. There are 39 bacterial strains
that are produced by petroleum - contaminated soil biot in Georgia. There are 11
Pseudomonas, 17 Bacillus and 4 Rhodococcus strains identified here. With the help of
screening, seven bacterial strains are chosen that are produced by biosurfactants.
Producing biosurfactants by the genus Bacillus reaches its imaximum in 24 hours, but
by Pseudomonas and Rhodococcus strains - in 72 hours. Surface tension tensiometer
method has discovered three strains that can synth extracellular biosurfactants. In
order to increase the biosurfactant yield, there are carefully selected feeding areas
and good conditions for cultivating. Amony the strains that are well known with its
extracellular biosurfactant yield, Pseudomonas sp. GV19 stands out with its 30.1
milinuton/meter strain.

Key Words: biosur factants, bioemulgators, strain, desorption, emulsify, solubilization,
extracellular, bioremediation.
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I. INTRODUCTION

One of the most important ways in the oxidation of petroleum hydrophilic
hydrocarbons is producing biosurfactants by the microorganisms that can degrade
petroleum. This process causes desorption, emulsification and solubilization of
petroleum hydrocarbons. On the other hand, this process makes it easy for them to
enter in the microbial cell. Nowadays, the interest toward biogenic surfactants has
raised, because they are environmentally friendly and economically effective. When
we are comparing synthetic surfactants to biosurfactants, biosurfactants are in
advantage because of their low rate of toxicallity, high definition of biodegradation,
sustainable activity during the process of reaction, etc. [5, 8]

Nowadays, the synthesis of biosurfactants with the help of microorganisms is a
well known process [7, 10, 11, 12, 38]. But our understanding of the method of
discovering biosurfactant producers remains limited. Their functional evaluation
criterias are not defined as well as their phisical, chemical and biological
characteristics. Their phisiology and producing of surface active metabolites is
partially studied.

The goal of our work is to screen surface active substances - biosurfactant
producers that were produced from the microbiota of petroleum contaminated soil in
Kakheti district (Sighnaghi, Dedoplistskaro, Sartichala, Sagarejo). To reach these
goals, we had some tasks:

1. Taking different species of bacteria from petroleumn contaminated soil in

Kakheti district and changing them to pure culture of bacteria.

2. Screening of bacteria according to surface active substances - biosurfactants

synthesis.

3. Selection of optimal conditions for biosurfactants synthesis.

For the first time in Kakheti district, we managed to allocate surface active
substances - biosurfactants that produce microorganisms aboriginal strains from
petroleum contaminated oil.

As a result of our studies we discovered biosurfactants that produce bacterial
strains, that were from the genes of Rhodococcus, Bacillus and Pseudomonas.
Selected strains may be used to bioremediate petroleum contaminated soil.

In the work, we chose to do the research with modern methods that included
spectrophotometry and thensometry. With the help of these methods, we could
evaluate the activity of extracellular biosurfactants. Also, in the research we used
laboratory methods such as taking soil samples, separating bacterias [22, 36], selecting
feeding areas and cultivating conditions for bacteria [32].

The work is done on the technical - material basis of the biological laboratory of
lakob Gogebashvili Telavi state university, faculty of exact and natural sciences.
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Il. LITERATURE ANALYSIS
2.1 Review of the Literature with Analysis
2.1.1 The Spread of Surface Active Substances - Biosurfactants
in the Microbial World

Nowadays the interest in biological originated surface active substances has
dramatically increased. The reason is that they are ecologically safe and economically
effective agents. People use them for different purposes such as emulsification,
solubilisation, antithesis and detergent processes [9].

As a consequence of anthropogenic influence, ruining natural ecosystems faced
mankind to a giant problem. One of the most important factors of environmental
pollution is the oil refining industry. Millions of tons of solid and liguid remains are
being collected during the process of oil extraction, recycling, transportation and
consuming. These hydrocarbons are characterised with low levels of degeneration and
are highly toxic. Self cleaning of a polluted territory is a very long lasting process. It is
also dangerous to natural ecosystems. Microorganisms have the ability to transform
petroleum hydrocarbons and degrade them. This affords us to use them for
bioremediation of contaminated areas [1].

Microorganisms, as they are biologically active substances producers, are used
in the industry for creating no-waste technology. In the means of ecology, it is a very
Important process. They are fast - reproducing organisms and are not dependent on
different seasons. They are not toxic and can assimilate to any raw material or waste.
Microorganisms are the most important biocatalysts. They can produce biosurfactants
and emulgators that are characterized with structural and functional diversity.

Aside from synthetic surfactants, biosurfactants have advantages in lower rates
of toxicity, high definition of biodegradation, sustainability in extreme conditions [5,
8]. Ability of strong foaming, effectiveness in extreme temperature, ph or under
conditions of salt concentrations [30]. Biosurfactants that are the products of microbial
synthesis are the most effective in biochemical production. The reason is that in order
to cultivate their producers microorganisms we need more simple mineral areas. Also,
If we manage the process of fermentation it will increase its productivity with the less
waste |15, 34].

Surfactants, as they are physiologically active substances, are not used only to
emulsify and solubilizate hydrophobic substances, but their role in medicine,
pharmaceutical technology and agriculture is huge [5, 13, 26]. The Growth of
microorganisms and the ability of producing biosurfactants on renewal substrates is
very important. This is the reason why the potential user of biosurfactants turns out to
be petroleum production [2].

The restriction of protecting the environment has led us to the growing interest
in biogenic substances. This process will eventually ban hightoxical chemical
substances. It is well known that chemical surfactants are produced from the organic
synthesis of petroleum [9]. This is why, obeying biosafety rules is crucial. This fact is
a prerequisite for developing the field of biotechnology that learns biological agents
and products of biosynthesis [21, 24, 31, 39].
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Producing biosurfactants in situ by microorganisms is playing a vital role in
biotechnology of protecting the environment. For example, its vital in remediation of
soil and water that are polluted by hard metals and organic pollutants [6]. In the last
few years, the traditional field of using biosurfactants has been rising. They are used
in medicine, as they are physically active substances.

Biosurfactants producers are discovered in the living world. The role of
microorganisms is bigger than anything. They are produced from different sources such
as soil, sea and freshwater and etc. According to Maier [17] biosurfactants that were
synthesized by microorganisms with different phylogenetic affiliation are functionally
different. This fact indicates the vital role of these compounds in producers. Genetic
and phenotypic links of biosurfactants refer to their independent evolutionary
development [4]. Usually biosurfactants that were synthesized by the same gene but
different species are structurally and functionally same [18, 19]. That's why it is
difficult to find new producers and identify its belongings to any of the taxonomic
groups. In spite of the fact that nowadays all of the genetic determinants of
biosurfactants synthesis are defined [28], their molecular marks for in situ detection is
not created yet. Nowadays functional approach has no alternative in the search of
biosurfactants producers. It takes into consideration screening of pure cultures
according to the surface active substances.

2.1.2 Physical and Chemical Characteristics of the Microbial
Biosurfactants and their Classification

Surfactants are superficially active substances, which have the ability to reduce
stretch ot the fluid surface. They are adsorbed on the surface of the liquid, create
transition layer at the border of the air and fluid, which reduse stretch of the liquid
surface. Emulsifiers are superficially active substances too. They can make emulsion
etween two liquids, which don’t mix with each other. Surfactants and Emulsifiers are
amphiphilic molecules, which has two functional parts: polar-hydropilic head and
nonpolar-hyprophobic tail. In amphiphilic molecules arrangement and size of the
hydrophilic and hydropobic functional groups causes properties and purpose of the
surfactants.

Biosurfactants are characterized by high structural diversity. Their structure
varies from glyco- and phospholipids to high molecular weight polysaccharide, lipid
and protein biopolymer nature, which determines their wide range of functional
properties [25]. In terms of practical application, glycolipid surfactants, which are
complexes with complex ether bonds of fatty acids and mono- and disaccharides, are
intensively studied [16, 18, 20, 27]. Biosurfactants are characterized by the same
physicochemical properties as synthetic surfactants. They are characterized by a
critical concentration of surface and inter-phase stretch micelle formation, hydrophilic-
lipophilic balance, etc. [35].

The amphiphilic nature of biosurfactants is determined by the presence of
hydrophobic amino acid or peptide anions and cations and the presence of hydrophobic
unsaturated or saturated fatty acids.

Five classes of biosurfactants are known today:
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*¢

Glycolipids

Lipopeptides

Fatty acids and neutral fats
Lipopolysaccharides

¢ Polysaccharide - lipid complexes

Different classes of biosurfactants are synthesized by different groups of
microorganisms:

1. Glycolipids (ramnolipids) - Pseudomonas aeruginosa; Tregalosolipids -
Rhodococcus erythropolis, Nocardia rhodochrous, N. erythropolis,
Mycobacterium phlei; Sophosorolipids - Torulopsis bombicola, T. ampicola, T.
petrophilum.

2. Lipoproteins and lipopeptides: Lichenazine-- Bacillus licheniformis; Subtilizine
- B. subtilis; Circulocin - B. circularis; Polymyxin - B. subtilis; Viscosin -
Pseudomonas fluorescens; Emulsans - Phormidium sp.; Liposan - Candida
lypolytica.

3. Polysaccharides: Emulsifiers - Arthrobacter sp., A. calcoaceticus; Phormidium
sp.; Xanthan - Xanthomonas campestris.

4. Fatty acids - Candida spp., C. lepus.

5. Phospholipids - Tiobacillus thiooxidans; Curynebacterium sp.; Candida sp.
Heteropolysaccharide xanthan in pure form is a soft powdery mass that dissolves

easily even in small amounts of water and forins a gel. This substance is thermostable.
Resistant to the action of electrolytes, maintains viscosity in saline solutions. Does not
adsorb into large clumps [33]. Used in the food industry and cosmetics as an emulsifier.

There is a great deal of interest in emulsions due to the formation of emulsions
in the "fat-water", which is associated with low energy expenditure. An emulsion forms
an emulsion as an aliphatic or aromatic hydrocarbon. It also forms a 2 nm thick apk
around the fat droplet, with hydrophilic groups that preclude mixing with water and
forming an emulsion. Stabilization of the emulsion is observed. This bioemulsifier is
stable because the emulsion does not disintegrate by centrifugation [35]. Emulsion
maintains activity even at high salt concentrations and is resistant to other extreme
conditions. Emulsifiers are particularly effective emulsifiers that are specific to crude
oil and are synthesized in an ethanol-enriched area. Emulsifiers that do not contain
proteins are resistant to high temperatures. Maintains stability and emulsifying ability
in neutral and alkaline areas at 100°C for 2 hours. These types of biosurfactants have
the ability to remove oil from the soil surface. At the same time, the viscosity of the oil
decreases and, consequently, the surface tension.

The maximum activity of liposan depends on the ratio of hexane to lipizan 50:1,
which reduces the emulsifying activity. Its maximum emulsifying activity was
observed in the acidic environment in the pH range of 2.0-5.0, liposan exhibits
thermostability at 70°C and loses 60% of its activity when heated to 100°C for 1 hour.
The ability to emulsify water-insoluble compounds by liposan depends on the chain
length of the substrate.

Lipopeptide biosurfactant - inturin, isolated from bacterial culture B.
amyloliguefacies reveals stability in the laboratory. Demonstrates surface and
antibiotic properties at 20°C for 2 months and maintains 30 minutes at 100°C
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incubation temperature. It should be noted that at 121°C autoclaves 20 minutes, only
40% of the activity is lost. Even during sunlight and ultraviolet radiation, its surface
and antibiotic activity does not change.

With rhamnolipid synthesized by Pseudomonas aeruginosa, a significant
amount of oil spilled on Alaska was removed. The ability to remove hydrocarbons from
25-70% of contaminated sludge and 40-80% of clay has also been studied by this
biosurfactant [2]. In addition, the use of biosurfactants is effective - in heavy metals
(cadmium, uranium, lead)], phenanthrene and polychlorinated biphenyls - in soil
bioremediation [29].

An experiment in Venezuela showed that the viscosity of crude, heavy oil treated
with biosurfactant emulsion was reduced from 200000 to 100, allowing heavy oil to be
pumped through a 26000 - mile-long industrial pipeline, which is impossible with oil
chemical surfactants. In Kuwait, crude oil treated with surfactant has been pumped into
oil storage.

In the United States, “Petrogen Inc” has managed to remove 90% of the oil in its
wastewater sediment using a microbial biosurfactant [3].

Biosurfactants are also used in the food industry as a food additive. Lecithin and
its derivatives - glycerol-containing fatty acid esters, sorbitol or ethylene glycol and
ethoxylated derivatives of monoglycerides are widely used as emulsifiers.
Biosurfactants are also used in cosmetics. Company "Kao Co. Ltd uses a biosurfactant
- sophorolipid, in “Sofina” skin and hair conditioners and lip balms [14]. Some
biosurfactants are promising for use in medicine and veterinary medicine: Succinyl-
trehalose lipid produced by Rhodococcus erythropolis has been shown to inhibit lethal
doses of herpes and influenza viruses (10-30 pg / ml). Biosurfactant - Surfactin is used
to dehydrate peat, in the paper, coal, textile industries, and to extract uranium ores [8].

By microorganisms of the genus Rhodococcus, the amount of biosurfactants
synthesized on hydrophobic substrates varies in the range of 0.5-30 g/I, this variation
depends on the carbon source, the nature of the carbon and nitrogen source and their
ratio, pH value and many other factors. [37]. In-depth cultivation of rhodococci, when
the content of hexadecane or kerosene in the liquid feed area is 2%, 1-3 g/l
biosurfactant is synthesized.

Thus, today microoryanisins, as producers of biologically active substances, are
used in the production of waste-free technologies in production and are very important
from an ecological point of view as well. The biosurfactants produced by them cause
the desorption, emulsification and solubilization of petroleum hydrocarbons, which in
turn facilitates their penetration into the microbial cell and is extremely important in
the bioremediation process.

I1l. OBJECT, SUBJECT, AND METHODS OF RESEARCH
3.1 Isolation of Bacteria from Oil Contaminated Soils, Nutritional
Areas of Microorganisms and Cultivation Conditions

The object of the study was microorganisms isolated from oil-contaminated soils
of the Kakheti region (Sighnaghi, Dedoplistskaro, Sartichala, Sagarejo). We took
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averaged soil samples e.g. By the “envelope” method. [22] Soak 10 grams of test soil
in 80 ml of sterile rodin for 5 min. With gradual addition of sterile tap water. The
resulting suspension was stirred for 30 min. The suspension was then transferred to a
test tube with a 1 ml sterile pipette containing 9 ml of sterile tap water. We had one
drop of each dilution with a 1 ml sterile pipette. We sowed 3-5 petals in each dilution.
To obtain separate colonies of bacteria, we sowed the 4th - 6th dilutions. We put the
petri dishes in a thermostat at - 30°C for 6-10 days.

To separate the bacteria from the soil suspension, we used the following areas:
1. Chapek area for bacteria of different genus [g/l]: Glucose - 20; NaNOs - 2; K;HPO,
- 1; MgSO, x 7H,0 - 0.5; KCI - 0.5; FeSO4 x 7H,0 - 0.01; Agar - 20. pH 7.

2. Meat-peptone agar

3. King-B

4. Synthetic area for nocardia - like bacteria (g/l): urea - 1.5; Na;HPO, - 4; KH,PO, -
3; MgS0O, —1; Glucose - 23; Sucrose - 10; FeCl; -8 mg/L; B1-1mg/I; Agar -20. pH
6.8-7.2.

We took different colonies from each petri dish and moved them in a loop to the
appropriate areas to obtain pure crops. The cultures were stored on agar in a
microbiological test tube. In order to detect microbial biosurfactant producers and oil-
degrading strains, we grew the crops on petroleum junctions in crude oil-containing
areas, adding oil to a sterile, solidified aerated feed area from above and then sterile
loops were transferred to clean crops in areas where the only source of carbon was
crude oil. Transplanted material was prepared in the appropriate liquid food areas
without oil 50 ml of food is contained in 750 ml flasks, circular stirring (180 rpm) at
28-30°C for 5-7 days. The material transferred to the liquid area was a 10% bacterial
suspension in the exponential growth phase.

The liquid feed area for the sowing material was the chapek area without agar.

Intensity of crop growth on solid food areas was assessed visually by a
four-point system [+ - very weak growth, 2+ - growth, 3+ - medium growth, 4+ - good
growth].

3.2.Determination of surface tension

To test the ability of biosurfactants to synthesize, we planted the selected strains
in the crude oil field in the Chapek liquid food area. We measured the surface tension
of the culture fluid in dynamics on days 1, 2, 3, 4, 5 of the tensiometric method of
cultivation. The cultural fluid was centrifuged at 8000 rpm and the surface tension of
the supernatant was measured with a tensiometer.

3.3 Separation of biosurfactant from the reaction zone

Biomass was precipitated or centrifuged to extract biosurfactants from the
culture fluid. After removing the biomass, we acidified the culture fluid to pH-2.0 with
hydrochloric acid.

We stayed 24 hours. We centrifuged on the K-23 at a speed of 11000 rpm.
Dissolve the centrifuge in methanol. The precipitated mass is a biosurfactant.
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IV. RESULTS

From the soil samples studied (Sighnaghi, Dedoplitskaro, Sartichala, Sagarejo)
39 bacterial strains were isolated, they were identified using selective food areas and
microscopy of crops. Strains of 11 Pseudomonas, 17 Bacillus and 4 Rhodococcus were
identified, the remaining strains could not be identified.

Fig.1. Microorganisms isolated from soil in different selective areas

For the primary screening of biosurfactant-producing microorganisms, the
selected strains were sown in an oil-laden area. As a result of cultivation, strains of the
genus Rhodococcus, Pseudomonas and Bacillus growing in crude oil were selected (28
crops in total), around which a clear zone appeared in the oil-rich area (Fig. 2).
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Fig.2. Growth of Bacterial Strains On Oily Nutrient Soils
Bacillus sp. GV34, Pseudomonas sp. GVV19, Rhodococcus sp. GV13.

We selected 7 strains according to the intensity of culture growth in the agitated
oil area and the formation of a clear zone around (Fig. 3).
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Fig. 3. Intensity of crop growth in the oil field

Selected crops were grown in the liquid nutrient area under deep cultivation
conditions. When using hexadecane as the sole source of carbon, all strains of the genus
Rhodococcus, Pseudomonas and Bacillus produce exo-biosurfactants, which according
to the literature belong to extracellular glycolipids. So instead of glucose in the chapek
area we had hexadecane with 2% content.

The results of the study on the dynamics of biosurfactant release by strains of
the genus Rhodococcus, Pseudomonas and Bacillus are presented in figures 4, 5, 6. As
shown in Picture 4, strains of the genus Bacillus start synthesizing biosurfactants from
the first day and reach the maximum number in 24 hours. And strains of Pseudomonas
and Rhodococcus within 72 hours.
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Fig. 6 . Biosurfactive activity of a strain of the genus Rhodococcus

It turned out that only Rhodococcus sp. GVV13 and Bacillus sp. GV34 synthesizes
extracellular biosurfactants. However, as can be seen from figure 4, Pseudomonas
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sp.GV19 degraded the oil best in the agitated crude oil field and also produced a clear
zone. Presumably this strain is an active producer of biosurfactants.

The next phase of the work aimed to cultivate the strains in liquid food areas of
different compositions in order to increase the yield of biosurfactants (the obtained
results are presented in Table Nel). We used the following food areas for the
experiment:

1. Chapek area with glucose [g/1]: glucose - 20; NaNOs - 2; K;HPO4 - 1; MgSO4 %

7H,0 - 0.5; KCI - 0.5; FeSO,4 x 7H,0 - 0.01; pH 7.2;
2. Chapek area with hexadecane [g/l]: hexadecane - 20 ml; NaNQOs - 2; K;HPO, -
1; MgSQO, x 7H,0 - 0.5; KCI - 0.5; FeSO,4 x 7H,0 - 0.01; pH 7.2;

3. Meat-peptone broth .

4. Meat-peptone broth + 2% glycerin;

5. Meat-peptone broth + 2% molasses.

Table 1. Food is the effect of composition on surface tension

Surface tension (Mill Newton / Meter)

# | Name of the strain Chapek Chapek MPB + 2% | MPB+
area + | area + | MPB glycerin 2%
hexadecane | glucose molasses

1 | Bacillus sp. GV3 49.7 49.2 49.1 48.1 49.0

2 | Pseudomonas sp. GV8 51.2 55.0 50.8 47 46.7

3 | Rhodococcus sp. GV13 37.1 51.7 48.1 43.5 44.1

4 | Pseudomonas sp. GV19 | 46.1 52.0 47.4 34.8 30.1

S | Pseudomonas sp. GV31 | 49.3 53.9 52.7 48.8 48.5

6 | Bacillus sp. GV32 45.2 44.5 45.1 44.4 44.0

7 | Bacillus sp. GV34 37.7 32.0 32.5 31.7 31.5

As we see from the table, 3 active producers of extracellular surfactant were
identified: Bacillus sp. GV/34, Pseudomonas sp. GV19 and Rhodococcus sp. GV13.

Food is the effect of the composition of Rhodococcus sp. GVV13, Pseudomonas
sp. GV19 and Bacillus sp. The synthesis of biosurfactants by GV34 cultures and their
reactivity is the ability to reduce elongation shown in figure 7.
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Fig. 7 The influence of the nutrient area on the surface tension of strains

1.1 Chapek area with glucose . 2.Chapek area with hexadecane. 3. Meat-peptone broth.
4. Meat-peptone broth + 2% glycerin . 5 Meat-peptone broth + 2% molasses.

As we see from figures 7, Bacillus sp. GVV34 synthesizes biosurfactants equally
well in almost every area we select. For this crop in the Chapek mineral area, the best
source of carbon is glucose. Rhodococcus sp. the best for GV13 was the Chapek area
with hexadecane content. Pseudomonas sp. for G\VV19 optimal was meat-peptone broth,
where molasses was added as a carbon source in the amount of 2%, in this case we
obtained the highest rate of biosurfactant yield - 30.1 mN/m [18, 23, 33, 37, 38]. We
also got good results in the glycerin area (34.8 mn/m). Presumably, extracellular
surfactants are adsorbed on the membranes and glycerin aids in desorption, while
molasses enhances the metabolic process.

Most likely, the other 5 crops that grow well in a solid area where oil is the only
source of carbon are the producers of intracellular surfactants or are isolated only by
bioemulsifiers. Food is further optimized to increase the yield of biosurfactants both in
these studied crops and in other strains identified during primary sowing.

V. CONCLUSIONS

1. 39 bacterial strains have been isolated from different soils of Kakheti oil
contaminated soils. Strains of 11 Pseudomonas, 17 Bacillus and 4 Rhodococcus have
been identified.

2. 7 strains of the genus Rhodococcus, Pseudomonas and Bacillus are selected by
screening.

3. In strains of the genus Bacillus, the synthesis of the biosurfactant reaches a
maximum in 24 h, and in the strains of Pseudomonas and Rhodococcus in 72 h.

4. The use of hexadecane, glucose, glycerin and molasses as a source of carbon in the
diet has different effects on the synthesis of biosurfactants.
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5. When using hexadecane as a carbon source, strains of the genus Rhodococcus,
Pseudomonas and Bacillus produce an exo-biosurfactant.

6. The best rate of superficial stretching from the studied strains was observed in
Pseudomonas sp. in GV19 and is 30.1 mn/m.
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