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Background: 
Water plays an essential role in supporting life on earth and sea worldwide, 
requiringclean, safe, high quality and sustainable resources. Nowadays, 
many water resources have been contaminatedwith toxic compounds 
originating from petroleumdue to economical and industrial developments. 
There is anurgent need to clean up the waters with environmentally 
friendlyand inexpensive methods. This study investigated the 
biodegradation of total petroleum hydrocarbons (TPH) using Pseudomonas 
aeruginosa (P. aeruginosa) in southern Caspian Sea coastline. 

Methods:  
Coastline sediment samples were collected, with P. aeruginosa being the 
predominant strain. The bacteria were cultured in triplicates in the 
presence of 0.5, 1, 2 and 4% of gasoline andunder specific experimental 
conditions of varying temperature, pH, salinity, shaker speed, and 
incubation periods. The data representing the gasoline biodegradation in 
the samples were statistically analyzed. 

Results:   
At optimized experimental conditions for temperature, pH, salinity, 
incubation period, and shaker speed, maximum biodegradation of TPH was 
achieved by culturing P. aeruginosa strains with the sea water samples 
containing varying concentrations of gasoline. 

Conclusion:  
The gram-negative bacteria, P. aeruginosa, almost completely biodegraded 
TPH contaminants from the samples’ culture media over 28 days of 
incubation. We conclude that the use of P. aeruginosa is an efficient method 
for the biodegradation of Caspian coastal waters contaminated with TPH. 
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INTRODUCTION 

The unique and essential role of the body of waters in 
the world in the development of human society is well 
justified. This requires clean, healthy, safe, high quality 
and sustainable water resources and leads to 
environmental biodiversity (1). Otherwise, water will 
lose its benefits to humans and environment (1). 
Coastal waters are one of the most valuable universal 
water resources with great impact on the economy, 
aquatic life, and human nutrition and recreation. 

Nowadays, water resources have been adversely 
affected by the diverse societal, economical and 
industrial developments, primarily due to increasing 

pollutions and contaminations worldwide (2). The 
release of contaminants, such as petroleum and its 
byproducts into the environment is one of the main 
causes of global pollution (3). The main source of oil 
contamination into the sea is due to natural seepage 
(47%) and other causes such as oil consumption 
(38%), transportation (12%) and production (3%) (4). 
A good example is the adverse changes in the pH level 
of sea waters, that have been forecasted to increase 
progressively, ranging from about 0.40 to 0.77 units by 
the year 2100 (5). Various human interventions are 
believed to be the main factor contributing to the 
environmental contaminations with toxic and 
hazardous compounds (6). Along with the development 
of petrochemical and transportation industries, the 
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leakage of total petroleum hydrocarbons (TPH) have 
commonly and progressively contaminated human 
lives on land and in aquatic environment alike (7). 
These petrochemical pollutants are known to be 
soluble, volatile and biodegradable compounds (8). 

The contaminated sites are currently cleaned up using 
chemical and engineering methods, such as 
crystallization and thermal stability processes, or a 
combination of these methods; however, they are 
expensive and energy consuming (9). Alternatively, 
there is a growing interest in the application of 
biodegradation, using bacteria, fungi and plantsthat are 
environmentally friendly, self-sustaining and of low-
costs (10-12). Microorganisms are other practical 
choices for the biodegradation of petrochemical 
pollutions in sea waters (13-15). Recent studies have 
shown that isolated strains of Pseudomonas aeruginosa 
(P. aeruginosa) and P. fluoresces utilize petroleum 
hydrocarbons as a carbon source, with the former 
strain having the highest ability to decompose 
hydrocarbons (16,17). 

Considering the findings presented above, we focused 
on the potential role of the indigenous micro-
organisms found along the southern coastline of the 
Caspian Sea in the biodegradation of TPH, as an 
environmentally friendly, self-sustaining and low-costs 
approach. Following the initial discovery that P. 
aeruginosa was a major adaptable micro-organism, 
populating the Caspian Sea coastline, we investigated 
its capacity to biodegrade TPH under well defined in 
vitro conditions. Our findings suggest that P. aeruginosa 
is a good candidate to biodegrade TPH, providing an 
environmentally friendly method to decontaminate the 
southern Caspian Sea coastal waters efficiently and at 
low costs.  

MATERIALS AND MEHTHODS 

Sampling and Culture: Following a careful 
literature search on the microorganisms prevalent in 
the Iranian aquatic environment, three sediment 
samples were collected from the Caspian sea coastline 
at Noshahr from a depth of 0-30cm, and were kept in 
sterile plastic bottles (50ml), marked with date and the 
collection site information. In this study, all tests under 
all categories were performed in triplicate. 

Isolation & Identification of Bacteria: To isolate 
the bacteria from the sediment samples, 1ml of the 
sediment solution was diluted in 50ml tryptic soya 
broth medium and incubated at 36℃ for 24 hours. 
Serial dilutions of 1ml aliquot of the bacteria culture 
solution were spread on several soy-agar plates and 
incubated. To identify P. aeruginosa, several 
biochemical reactions were performed, such as: triple 
sugar iron agar (TSI), oxidation fermentation (OF), 
methyl red/voges-proskauer (MR-VP), and citrate tests 
(18). 

Bacteria Storage: Following the confirmation of the 
bacteria identity, approximately four colonies were 
mixed in test tubes containing 1.5ml soy broth media 
and 20% glycerol, and incubated at 37℃ for two hours. 

Upon turbidity of the culture media in test tubes, 
indicating adequate bacterial growth, they were kept in 
a fridge for four hours (4℃) followed by storing them 
in a freezer at -70℃. To establish that the frozen 
bacterial batches were functional, some tubes were 
defrosted randomly and cultured on MHB media, on a 
weekly, monthly, bimonthly or every 3 months basis. 

DNA Extraction & Molecular Identification: The 
P. aeruginosa DNA was extracted and verified by 1% 
agarose gel electrophoresis according to an established 
method (19) and stored in test tubes in a freezer at -
20℃. To amplify the bacterial 16sr-RNA gene, two 
specific primers (Table 1) were obtained from Tak Co. 
(Copenhagen, Denmark) and utilized for the 
subsequent polymerase chain reaction (PCR). To 
prepare the reaction mixture for each sample, 10μL 
master mix, 3μl sterile distilled water, 1μl forward 
primer, 1μl reverse primer, and 5μl of the DNA sample 
were added to 0.2ml test tubes. These tubes were 
subjected to the PCR in a thermocycler and processed 
according to specific procedure for the amplification of 
16sr-RNA gene. The product was subjected to 1% 
agarose gel electrophoresis and the 1400bp band was 
extracted, using the fermentase (K0513) procedure. 
The PCR product was sequenced by Gen Fanavaran 
Ltd., Tehran, Iran (20). 

 

Table 1. The primer specifications used for polymerase chain 
reaction. 

Primer Primer Sequence Segment Length 
27-F 5’-AGAGTTTGATCCTGGCTCAG-3’ 1247 
1492-R 5’-GGTTACCTTGTTACGACTT-3’ 

 

Bacterial Growth Kinetics: To determine the 
growth curve of P. aeruginosa, batches of the bacteria 
were cultured in nutrient broth (NB) and brain heart 
infusion (BHI) media and the optic density measured at 
600 nm on a spectrophotometer. Bacterial colonies 
were cultured on a solid medium, transferred to a test-
tube containing the NB medium, and incubated at 38°C 
for 24 hours. 

Gasoline Biodegradation by Bacteria: We added 
0.5, 1, 2 and 4% of gasoline to test tubes containing 1ml 
of the bacterial culture media, and incubated them on a 
shaker at 12, 20, 25 and 28°C.  The gasoline 
concentration in each test tube was determined on a 
gas chromatography unit at time zero, and 14 or 28 
days after incubation under each of the experimental 
conditions as listed below: 
• Temperature: 12, 20, 25 or 28°C. 
• pH: 6.5, 7, 7.5, 8 or 8.5. 
• Salinity: 12.2, 12.3, 12.4, 12.5 or 12.6 mg/L. 
• Shaker Speed: 140, 150 or 160 round per minute 

(rpm). 
• Incubation Time: Immediately (0), 14 or 28 days. 

RESULTS 

Bacteria Identification: Following the laboratory 
growth of bacteria samples found in the Caspian Sea 
coastline waters at Noshahr and their staining, the 
predominant species were identified and separated as 
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pink colonies. Other sporadic bacterial species 
identified from the water samples were blue-greenish 
colonies. Upon performing various biochemical 
analyses on the colonies, it was determined that the 
pink colonies belonged to gram-negative P. aeruginosa. 
The results of DNA sequencing and genetic homology of 
thesespecies, as examined by an established method 
(19) further supported the true identity of 
P.aeruginosa. This was achieved by gene 16sr-RNA 
amplification, PCR analysis of two primers and gel 
electrophoresis of the 1400bp genetic product. The 
kinetic growth curve of P. aeruginosa is illustrated in 
Figure 1.  
 

 

Figure 1. The growth kinetics of P. aeruginosainthe culture media. 
Culture media: BHI = Brain heart infusion; NB = Nutrient broth. 

 

Effect of Temperature: The effect of various 
temperature (12, 20, 25 and 28 °C) on the ability of P. 
aeruginosa to digest and dissipate TPH from the culture 
media over 28 days of incubation, as measured by gas 
chromatography, demonstrated that the TPH 
concentration (part per million = ppm) reached its 
minimum level at 28°C. The next best incubation 
temperature was found at 25°C (Fig. 2). 

Figure 2. Effect of temperature (12-28℃) on the TPH concentration 
(ppm) in theculture mediaafter 28 days of incubation with P. 

aeruginosa. 
 

Effect of pH: The effect of various pH levels (6.5, 7, 
7.5, 8, and 8.5) on the on the ability of the bacteria to 
digest TPH from the culture media over 28 days of 
incubation, as measured by gas chromatography, 
showed that at pH 7 the TPH concentration reached its 
minimum. The next best experimental results were 
obtained at pH 6.5 (Fig. 3). 

 
Figure 3. Effect of pH (6.5-8.5) on the TPH concentration (ppm) in 

the culture media after 28 days of incubation with P. aeruginosa. 

 

Effect of Salinity: The effect of various salt 
concentrations (12.2, 12.3, 12.4, 12.5 and 12.6) in the 
culture media on the ability of the bacteria to digest 
TPH over 28 days of incubation showed that the lowest 
TPH level was obtained at the salinity level of 12.2 
mg/L (Fig. 4). 

 
Figure 4. Effect of salinity (12.2-12.6 mg/L) on the TPH 

concentration (ppm) in culture media after 28 days of incubation 
with P. aeruginosa. 

Effect of Shaker Speed: As shown in Figure 5, the 
effect of the shaker speed as measured at 140, 150 and 
160 rpm, demonstrated that incubation with the 
shaker at 140 rpm over 28 days of incubation, resulted 
in the lowest TPH concentration in the culture media, 
with the next best level being 160 rpm. 

 
Figure 5. Effect of shaker speed (rpm) on the TPH concentration 

(ppm) in the culture media after 28 days of incubation with P. 
aeruginosa. 

Effect of Incubation Time: The effect of the duration 
of incubation (0, 14 & 28 days) on the ability of the 
bacteria to digest TPH from the media revealed that 
gasoline concentration reached its minimum level on 
day 28, with the next best results seen on day 14 (Fig. 
6). 



Evaluation of the Biodegradation of Petroleum Contaminants by… Samira Mehrdad et al   

 

24 
Iran J Toxicol, IJT 2019;13 (3) 

 
Figure 6. Effect of duration of incubation (0, 14 or 28) with P. 

aeruginosa on the TPH concentration (ppm) in the culture media. 

Statistical Analyses: Table 2 represents the Pearson 

correlations among measured variables. The results of 

two-way ANOVA revealed a positive and significant 

relationship (P<0.05) between salinity vs pH; duration 

of incubation vs temperature; duration vs pH; duration 

vs salinity; TPH concentration vs pH; and TPH 

concentration vs duration of experiment (Table 3). 

 

Table 2. Pearson’s correlation results among measured variables. 

Variable Conc. Temp pH Salinity Shaker speed Day TPH 
Conc. 1 - - - - - - 
Temp. 192 1 - - - - - 
pH 301 551 1 - - - - 
Salinity 554 658 *0.001 1 - - - 
Shaker Speed 77 662 71 77 1 - - 
Day 702 *0.005 *0.003 *0.003 0.65 1 - 
TPH 601 872 *0.006 501 0.34 *0.000 1 

* Correlation was significant at p< 0.05 level;  - = Not applicable.  
Conc. = Concentration; Temp. = Temperature 

Table 3. Two-way analysis of variance. 

Variable Squared Sum 
(Type 3) 

Deg. 
ofFreedom Mean2 F P Value 

Conc. 1.298E9 3 4.327E8 17.595 .000 
Temperature 4867.669 3 1622.556 .000 1.000 
pH 37081.916 4 9270.479 .000 1.000 
Salinity 2.847E9 4 7.116E8 28.940 .000 
Shaker Speed 32433.412 2 16216.706 .001 .999 
Day 1.408E9 2 7.040E8 28.629 .000 
Conc. x Temp. 73829.918 9 8203.324 .000 1.000 
Conc. x pH 118190.744 12 9849.229 .000 1.000 
Conc. x Salinity 1.855E9 12 1.546E8 6.286 .000 
Conc. x Shaker 324825.146 6 54137.524 .002 1,000 
Conc. x Day 6.901E10 6 1.150E10 467.739 .000 
Temp. x pH .000 0 - - - 
Temp. x Salinity .000 0 - - - 
Temp. x Shaker .000 0 - - - 
Temp. x Day 16412.599 6 2735.433 .000 1.000 
pH x Salinity .000 0 - - - 
pH x Shaker .000 0 - - - 
pH x Day 84013.930 8 10501.741 .000 1.000 
Salinity x Shaker .000 0 - - - 
Salinity x Day 1.582E9 8 1.977E8 8.041 .000 
Shaker x Day 108896.136 4 27224.034 .001 1.000 
Error 1.918E9 78 2.459E7 - - 
Total 3.678E11 168 - - - 
Corrected Total 2.666E11 167 - - - 

 Key: Conc. = Concentration; Temp. = Temperature; Shaker = Shaker speed; - = Not applicable 
 

DISCUSSION 

The abundant use of gasoline in Iran has polluted many 
environmental habitats (21,22). This study was 
conducted to investigate the microbial potential of local 
waters ofthe Caspian Sea coastline at Noshahr for the 
removal of the petroleum contaminants. Our early 
findings revealed that the coastline waters were 
heavily populated with P. aeruginosa, which supported 
their adaptability to the aquatic environment. This was 
a fortunate discovery in favor of applying this resource 
as a natural solution to a long standing environmental 
problem, i.e., coastline water contamination with TPH. 
Microorganisms, such as bacteria, algae, fungi and 
yeasts have been shown to have the capacity to oxidize 

hydrocarbons in varying degrees (9,12,16,17,23). 
Consistent with the results of these studies, our 
findings confirmed the utility of gram-negative 
bacteria, such as P. aeruginosa in the biodegradation of 
TPH. 

Temperature and pH Effects: P. aeruginosa had the 

best performance for biodegrading TPH contaminants 
at 28℃ and pH 7 under the experimental conditions. 
This finding is a fortunate biological feature of P. 
aeruginosa that supports the oxidative process of TPH 
biodegradation and suitsthe climate temperature at the 
Caspian coastal waters at Noshahr most of the time 
annually. At these conditions aquatic bacteria normally 
adapt themselves to the environment (17, 24).  
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Salinity and Shaker Speed Effects: Our finding that 
the salinity level at 12.2 mg/L promoted the best ability 
for P. aeruginosa to digest TPH (Fig. 4) is consistent 
with that reported by a previous study for sea and 
ocean waters (25). The effect of optimal shaker speed 
(140 rpm) on the best activity of P. aeruginosa has not 
been reported by previous studies and, therefore, it is 
being reported for the first time by this study (Fig. 5). 
The advantage of this method is that itmakes the TPH 
particles accessible to the bacteria evenly throughout 
the test tubes for biodegradation. 

Duration of Incubation: This study found that the 
TPH concentration reached the minimum level after 28 
days of incubation (Fig. 6). The relatively long duration 
of incubation needed to obtain a significant 
degradation of TPH contaminants in this study was 
shorter than those reported by a previous study (17) 
for other aerobic bacteria to biodegrade 92-96% of 
crude pollutants in sea and ocean waters over 35-45 
days. The experimental conditions employed in this 
study, including the optimal temperature, salinity and 
use of a shaker during incubation, might have 
influenced the optimal outcomes over a significantly 
shorter duration. 

CONCLUSIONS 

Based on the methodology designed by this study, 
gram-negative P. aeruginosa bacteria were able to 
almost completely biodegrade TPH contaminants from 
the experimental culture media over 28 days of 
incubation. 

Optimal experimental conditions, such as temperature, 
pH, salinity, incubation period, and the use of a shaker 
(140 rpm) during the incubation periods, are essential 
to achieve the maximum biodegradation of TPH 
contaminants in culture by P. aeruginosa. 

The use of P. aeruginosa and other bacteria to 
biodegrade TPH is potentially an efficient method of 
biodegrading contaminated coastal waters at low costs. 
Application of these experimental conditions to the 
actual aquatic environment awaits further research. 
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