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Abstract—Biological decomposition techniques and isolation of 

environmental pollutions using biosurfactants bacteria are 

effective methods of environmental protection. Surfactants are 

amphiphilic compounds that are produced by local 

microorganisms and are able to reduce the surface and the 

stresses between surfaces. As a result, they will increase 

solubility, biological activity, and environmental decomposition 

of organic compounds. This study analyzes the effects of 

biosurfactants on crude oil recovery and its isolation using 

pseudomonas sea bacteria species. Preparation of biosurfactants 

was done in glass flasks and laboratory conditions. Experiments 

were carried out to obtain the best concentration of 

biosurfactants for isolating oil from water and destroying oil-in-

water or water-in-oil emulsions in two pH ranges and four saline 

solutions of different concentrations. The most effective results 

were gained when a concentration of 0.1% biosurfactants was 

applied. 
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I. INTRODUCTION 

Studies over optimum methodologies for elimination of oil 
and refinery products from sea ecosystems are growing rapidly 
worldwide. Among applied physical and chemical methods, 
biological degradation is the most beneficial and economical 
one, in an environmental scope, for the elimination of oil 
pollutants [1]. Fortunately, a great amount of oil is degraded 
via sea microorganisms. The amount of these microorganisms 
is comprehensively greater in polluted areas. As a result, 
preparing suitable conditions can accelerate such activities for 
oil recovery and separation. The microorganisms suitable for 
biological degradation can be obtained from polluted areas or 
in the lab, with proper conditions [2]. 

Chromohalobacters, the bacteria that absorb oil pollutants, 
are advantageous since the released materials in their reactions 

are usually stable in salty solutions. Owing to the fact that most 
oil resources are located in salty areas, these biosurfactants are 
effective and efficient for oil elimination. Biosurfactants have 
always been applied in the revival and cleaning of polluted 
waters and hydrocarbons recovery. They can be applied as 
emulsioners, foam makers, moisturizers, and cleaners in the oil 
and petrochemical industry, environmental management 
systems and mining industries [3]. Chemical theories of 
biosurfactants have been applied to oil industry for oil recovery 
and more importantly for increasing the efficiency of the 
recovery process [4-5]. Biosurfactants attracted a great 
attention in environmental processes such as environmental 
cleaning of polluted waters and soil. Biosurfactants appeared in 
such processes as they have some effects such as dispersion, 
and environmental friendly factors naming low toxicity and 
biodegradability [6].  

In this study, biosurfactants were produced from local 
bacteria and their influence on decreasing pollutants’ 
concentration and their absorption from surroundings was 
analyzed. In addition, elimination of oil pollution from the area 
was accomplished as an environmental friendly method; it was 
done so that no oil residue remained after the cleaning. The oil 
was also recovered and used afterwards. This paper is going to 
analyze the effects of biosurfactants on biological degradation. 
The purpose of this study is to assess the influence of 
biosurfactants on environmental analysis of crude oil, using 
native bacteria separated from the Mahshahr exporting port, in 
pilot design and in laboratory conditions. 

II. MATERIALS AND METHODS  

A. Sampling  

 

 

Samples were taken from Mahshahr exporting port located 
at Khur-Musa near the Persian Gulf in Khuzestan province, 
Iran. They were kept in a temperature near that of incubator 
until the bacteria were isolated. Salinity, pH and water 
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temperature in the sample area were measured before and after 
sampling. 

B. Substances and bacterial culture 
 

 
 

The basic field of crude oil environmental analysis tests 
includes the materials that are illustrated in Table I along with 
their concentrations in the bacterial culture medium. 

TABLE I.  MATERIALS AND THEIR CONCENTRATION IN BACTERIAL 

CULTURE MEDIUM 

Material Concentration 

Na2HPO4 2.2 gr/lit 

KH2 PO4 1.4 gr/lit 

MgSO4.7H2O 0.6gr/lit 

FeSO4.7H2O 0.02gr/lit 

NaCl 10.0 gr/lit 

CaCl2 0.08gr/lit 

Yeast extract 0.02gr/lit 

NaNO3 1.0gr/lit 

Glucose 2%V/V 

 
Glucose was added to the culture plates as a carbohydrate 

source and NaNO3 and yeast extract as nitrogen sources. An 
amount of 1.5 milliliters of crude oil was eventually put 
through as the only hydrocarbon source. All experiments were 
carried out in 250 ml flasks. A volume of 100 milliliters from 
base culture medium including %2 v/v carbon hydrate source, 
1 ml of hydrocarbon source and 0.02 gr/lit of yeast extract was 
poured into Erlenmeyer flasks. An amount of 10

5
 to 10

6
 

bacterial cells per each ml were inoculated into the Erlenmeyer 
flasks. Erlenmeyer flasks were left for a week in incubators of 
120 revolutions per minute (rpm) rotation in a temperature of 
32 °C. Daily sampling was performed to define turbidity. 
Besides, pH variations were measured every day and adjusted 
to the initial value. 

III. DESIGNING THE EXPERIMENT IN LABORATORY SCALE  

 

 

 

 

 
 

 

In this part of the study, the experiment was designed and 
performed in laboratory scale in order to assess amount of oil 
absorption by biosurfactants. pH variations and salinity effects 
were analyzed. 

A. pH  
 

 

 

 

In order to measure pH variation effects on crude oil 
environmental degradation, an amount of 10

5
 to 10

6
 

pseudomonas bacteria per milliliters were injected into two 250 
ml Erlenmeyer flasks containing 100 ml of base culture 
medium including hydrocarbon and carbohydrate nutrients. 
pHs of the mediums were adjusted on 8 and 8.5 respectively; 
the flasks were then kept in a temperature of 32 °C and rotation 
of 120 rpm in the incubator. pH variations were recorded 
everyday and then adjusted to the set point. Figure 1 illustrates 
these variation effects. 

B. Salinity Effect 

Eight 250 ml Erlenmeyer flasks, each containing 100 ml of 
base bacterial culture medium, with salinities of 0.25%, 0.5%, 
1%, and 2% were prepared. pHs of the solutions were adjusted 
to 8-8.5; the test bacteria were then injected into the fields. 
Erlenmeyer flasks were kept in the incubator with a 
temperature of 32˚ C and rotation rate of 120 rpm for a week. 
To assess the turbidity of solutions, sampling was done in 6 
successive days. pHs were also recorded daily and then 
adjusted to the initial amount [6]. 

IV. ASSESSING THE RESULTS 

A. Bacteria cell growth and biosurfactant production 
 

 

 

The results of studies on pseudomonas bacterial cell growth 
represented crude oil consumptions as sources of carbon and 
energy. The results that were obtained after 5 days were similar 
to previous observations during production of these bacteria via 
these species [7]. The growth amount of most pseudomonas 
bacteria may be caused by more effective biodegradable 
features of pseudomonas compared to other species like 
bacillus. This fact comes after comparing nutrients; media 
culture situation and salinity in the other chemical cultivation 
studies [4].  Figure 2 illustrates cell growth analysis using 
turbidity assessment in different concentrations of salt.  

B. Analyzing diverse biosurfactant concentrations in crude 

oil segregation 
 

 

 

 
 

 

Bacterial culture medium in this research exhibits great 
amounts of cell growth and more separation activity with 
concentration of 0.1% of biosurfactant just like those of [6]. No 
considerable increase in separation activity occurred at higher 
concentrations. Biosurfactants were even identified in very low 
concentrations [8]. The maximum amount of bacterial 
degradation and oil separation species is 89% with a 
biosurfactant concentration of 0.1%. 

In this study, biosurfactants that were produced by these 
species in degradability test and oil segregation were used. 
Biosurfactant effect analysis was done in concentrations of 
0.25%, 0.5%, 0.15%, and 0.1% in various salinities. The best 
results was obtained in 0.1% concentration of biosurfactants, 
pH=8.5 and salinity of 1.0%. The results and comparisons are 
illustrated in Figure 3. The total pollution amount considered is 
1000 ppm and the figures show the results in proportion to the 
whole pollutions. 

 

C. Analysis of separation and oil degradability in laboratory 

scale 

 

 

 
 

 

Performing test stages in laboratory scale, in glass flasks, 
illustrated that maximum degradation and separation occurs 
when sources of phosphor and nitrogen are used in bacterial 
culture medium for biosurfactant production [9]. Analyzing all 
parameters declares that the presence of biosurfactants is the 
most important factor that destroys oil-in-water emulsion 
drops.  
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Fig. 1.  Daily variations of pH in different salinities 
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Fig. 2.  Cell growth analysis using turbidity assessment in different concentrations of salt 
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Fig. 3.  The amount of residue oil in the area per total pollution amount (1000ppm) 
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V. IV. CONCLUSION 

Biosurfactants were applied to clean the polluted areas via 
the common strategy of being grown in bacterial culture plates 
and then added continuously to pollution sources. Application 
of biosurfactant in oil recovery is one of the most important 
methods of recovering a substantial amount of oil residue. 
Additions of biosurfactants increase degradation potential and 
oil segregation. Results illustrated that bacterial cell production 
via biosurfactants was much more effective than chemical 
surfactants. Biosurfactants were more advantageous due to 
their lower toxicity, native acceptance and biodegradability. 
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