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 The Microbiology of hydrocarbon degradation is a research area under development. 
This is both the environmental fate of these ubiquitous compounds, genotoxic and 

persistent; and the use of microbiological decontamination processes that motivate this 

interest. Bacteria are the most active agents in petroleum degradation, and they work as 
primary degraders of spilled oil in environment. This study deals with biodegradation 

by bacteria of a class of hydrocarbon pollutants. It is all about three strains of bacteria 

belonging to the genus Pseudomonas, isolated from water polluted by hydrocarbons, 
from Skikda (North-East of Algeria); selected as performance strains, with a capacity to 

use oil as the sole source of carbon and energy. To understand their degradative 

potential in 144 hours, we calculated the optical density to assess the concentration of 
bacteria, the final dry weight of the population, the pH of the culture medium of the last 

incubation day and finally, we tested the capacity biodegradative of each individual 

strain to the crude oil by HPLC. A control test was performed to quantify the losses 
caused by abiotic factors. The results showed that these organisms isolates from sites of 

ascendant oil pollution (S1, S2 and S3); were able to utilize crude oil and their 

degradation rate is respectively 34.30%, 24.98% and 13.13%. Thus Pseudomonas plays 
a major role in the detoxification of polluted natural environments and these capabilities 

could be explored in bioremediation processes. 
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INTRODUCTION 

 

 Petroleum products and their derivatives are the main organic pollutants in soil and groundwater. Moreover, 

the major problem encountered during this type of pollution is the reaching of the phreatique nappe, affecting 

then water quality, hence the need for processing [1]. Hydrocarbons are one of the ubiquitous priority pollutants, 

which are known to pose environmental and human health concerns. The fate of these pollutants, once released 

into the environment, while mainly depends on the extent of biodegradation processes that may exist. The 

Knowledge of the biodegradability of oil products (gasoline, kerosene, diesel, etc.) is an obvious issue. 

 Several studies have shown that the removal of hydrocarbons depends on environmental conditions such as 

pH, salinity and temperature [2]; but also with the presence of competent microflora-degrading [3]. There is 

evidence that biodegradation of hydrocarbons is not due to the ability of a single strain of microorganism but by 

combination of abilities of a mixture of strains of different microorganisms [4] 

 The use of autochthonous microorganisms inhabiting polluted hydrocarbon niches for biodegradation has 

been widely accepted as a great approach because of the success recorded by various researchers: [5], [6], [7], 

[8], [9] and [10]. 
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 Microorganisms can only do things for which they have a "programming" genetics [11]. The 

biodegradation of a mixture of hydrocarbons as present in crude oil requires the enzymic systems which may be 

supplied by a culture of mixed or heterogeneous population of microorganisms. This allows for complementing 

the role of the catalytic capacities of the different strains to transform or degrade a mixture of hydrocarbons [12] 

 The aim of our study is to confirm the ability of autochthonous bacterial strains selected from 3 sites with 

ascending gradient of hydrocarbon pollution to use crude oil as the sole source of carbon and energy. 

 

MATERIALS AND METHODS 

 

Samples of Crude Oil: 

 Crude oil was supplied by oil platform SONATRACH Hassi Messaoud (South-east of Algeria). They were 

transferred to laboratory in dark glass bottles closed tightly and kept in a cold and dark place until to use. 

 

Sampling: 

 The three samples were held on 06/05/2011 in Skikda (North-East of Algeria). The sampling points are 

chosen according to a careful description of the effluent. Water samples are taken under strict aseptic conditions 

to prevent accidental contamination during handling. The sites are mentioned in the following table. 

 
Table 1: Location of sites and strains. 

Sites Location Pollution degree Strains 

Site 1 sample of the refinery of Skikda Very polluted S1 

Site 2 sample of Oued SafSaf in Hamadi Krouma moderately polluted S2 

Site 3 sample of an irrigation well at El Hadaik slightly polluted S3 

 

Physico-chemical analysis: 

 To evaluate the physical and chemical quality of the water sampled, we resorted to the study of insider 

settings in the following table: Temperature; pH and total dissolved hydrocarbons. 

 
Table 2: Methods of analysis of some physicochemical parameters  

Parameters Analytical methods Units Sources 

Temperature Mercury thermometer °C [13] 

pH pH meter field (HANNA)  [13] 

Total hydrocarbons Spectrophotometer (Art n°985 057) mg/l [13] 

 

Bacteriological analysis: 

Bacterial strains and culture media: 

 The three bacterial species of Pseudomonas aeruginosa (S1, S2 and S3) used, were isolated and identified 

respectively from industrial wastewater samples sites (1, 2 and 3) polluted by hydrocarbons (Tab.1.). The 

identification of isolated and purified bacteria was performed by a digital software apiweb (Api web Biomerieux 

France). They are maintained on Czapek medium. 

 For the biodegradation experiment Galzy et Slonimski (GS) (1957) liquid synthetic medium was slightly 

modified by adding glucose at a final concentration of 5 g/l. Initial pH of the medium was adjusted to 6,8. The 

media were sterilized by autoclaving (20 min, 120°C) before use. The strains were reactivated on agar GC 

medium, before the experiment of biodegradation. 

 

Biodegradation assay: 

 The biodegradation assay was carried out in 250 ml Erlenmeyer flasks containing 100 ml of sterile GS 

liquid medium. Inocula were prepared in a broth suspension of opacity of 0.5 according to McFarland, so as to 

obtain final inoculums of 10
8
 UFC / ml. The flasks were incubated for two days at 37°C temperature with 

agitation of 130 rpm on a rotary shaker in an incubator. Then, we add 2% of crude oil as the sole source of 

carbon and energy and let the experience for 6 days. Growth was monitored by testing optical density (OD) at 

625 nm after every day. The pH of the medium was calculated directly using a pH meter on the sixth day as well 

as the dry weight of the biomass by weighing. The samples were extracted and analyzed for the total 

degradation of petroleum hydrocarbon by High-performance liquid chromatography (HPLC). Non inoculated 

flask was included as control to quantify the losses caused by abiotic factors. Assay was carried out in 

triplicates. The results are expressed as mean. 
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RESULTS AND DISCUSSION 

 

Physico-chemical results: 

  
Fig. 1: Values of the temperature of the sites. Fig. 2: Values of pH of studied sites. 

 
Fig. 3: Values of dissolved Total hydrocarbons of sites. 

 

 Monitoring of some physicochemical parameters of sampled water, allowed us to visualize a neutral pH at 

site 3 and alkalin at site 1 and 2; temperature values are worm (this is probably due to the sampling period in 

July) and dissolved hydrocarbons (considered as an indicator of oil pollution) which tend to decrease in moving 

away from the petrochemical platform; that mean that the site1 which is localized in Sonatrach holds the largest 

value with 2.5 mg/l, while the site3 which is far displayed traces of hydrocarbons. 

 

Results of kinetic of biodegradation: 

pH values of the last day of incubation: 

 Our results show a decrease in pH values of the culture medium after 144 hours of incubation. Note that the 

initial pH was 6.8. 

 The pH is an important factor in the growth and enzyme activity of bacteria 

[14]. It should be between 5 and 9 with an optimum around 7 [15]. We noted that Pseudomonas 

aeruginosa is known by its acidification of the medium. 

 Microbial degradation of hydrocarbons often results in the production of organic acids and other metabolic 

products [16] and [17].  

 From Figure (4), the pH decrease is inversely proportional to the sites pollution gradient; that is to say pH 

site3 > pH site2 > pH site1 

 

 
 

Fig. 4: Values recorded of the final pH of the culture medium. 
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Concentration of bacteria: 

 The growth kinetics of the strains isolated GS medium supplemented with 2% of crude oil, as the sole 

carbon source was followed by measuring the concentration of bacteria in function of time; which allowed us to 

trace the curves represented by Figure.5. 

 According to the result, there is an increase in the biomass of S1 and S3 species up to 72 hours with 

respectively 104,42 × 10
8 

cfu/ml and 72,0972 × 10
8 

cfu/ml; which corresponds to the exponential phase; during 

which the dissolution of the substrate (crude oil) sufficient metabolic needs.  

 Beyond 72 hoursofincubation, we note a new kinetics of successive growth reflecting a diauxie for S1. That 

explains an assimilation of complex compounds of crude oil dissolved in the medium. The biomass of S1 

then peaked at 144 hours with 124,13 × 10
8
 cfu/ml. 

 The effect of crude oil on S3 and after 72 hours, is marked by a continuous decrease in concentration of 

biomass 

 The species S2 scored its peak in biomass after 96 hours with 103.09 × 10
8
 cfu/ml, followed of a continuous 

decline until reaching 93.4 × 10
8
 cfu/ml at 144 hours. This can be attributed to the complex composition of the 

used oil [18]. 

 The stabilizing of the concentration of biomass corresponds to biochemically depletion of the culture 

medium due to the disappearance of one or more compound needed for growth and in many cases the 

accumulation of inhibitory products resulting microbial metabolism; that make the number of microorganisms 

reached its maximum level and the increase in cell concentration stops.. 

 In general, the maximum of viability of the bacterial strains (the exponential phase) in the presence of crude 

oil is well marked at 72 hours. 

 

 
 

Fig. 5: Concentration of the bacterial strains in the presence of crude oil. 

 

 Control test showed in general lower biomass turbidity calculated which implies that there is no mortality. 

Abiotic factors can influence the biodegradation by the inhibition of microbial growth [19]. Maki [20], reported 

that photo-oxidation increased the biodegradability of petroleum hydrocarbon by increasing its bioavailability 

and thus enhancing microbial activities. 

 The hydrocarbon degradation rates are very different depending on whether the compounds are supplied 

individually or mixed [3]. 

 This reinforces the general idea accepted by the scientific community that no microbial species completely 

degrades a particular hydrocarbon [21]. 

 

Dry weight of the biomass: 

 Figure (6) shows the dry weight of the biomass calculated in the 1
st
 and 6

th
 day of incubation, after filtration 

on a microfiltering membrane of 0,45μm and drying at 105 ° C for 24 hours. 

 There is a net increase in the final dry weight of the three species of Pseudomonas, which reinforces our 

results from an increase of the biomass and the use of crude oil as the sole source of carbon and energy. 

 The increase in biomass which is accompanied by a decrease in pH is consistent with the presence of 

microbial activity [22]. This activity causes the biodegradation principle based on the use of hydrocarbons as 

growth substrates where the carbon is converted to CO2 and biomass [23].  
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Fig. 6: The dry weight of the bacterial biomass with crude oil. 

 

Biodegradation of crude oil: 

 Crude oil is a mixture of hydrocarbons, whose degradation goes through stages of breaking the chains and 

ring cleavage. 

 The biodegradation of the crude oil was determined in laboratory cultures over a period of 144 hours by 

HPLC. Indeed, the resulting chromatogram is shown by the figures (7, 8, 9 and10). 

 Total biodegradability of crude oil of the strain S1 rises to 86.87%, followed by S2 with 75.02% and finally 

S3 recorded the lowest rate with 65.7%. However, the performance of bacteria is showed in the degradation of 

some cyclic products such as naphthalene, phenanthrene, chrysene and benzo-pyrène.  

 Crude oil is a mixture of hydrocarbons, whose degradation goes through stages of breaking the chains and 

ring cleavage. Therefore, the percentage of benzo-pyrene remaining is important than anthracene (Fig.7.) for the 

three strains used. 

 

 
 

Fig. 7: Percentage of the rest of compounds of biodegradation. 

 

 The very low biodegradability of crude oil is attributable to its chemical composition. The product is rich in 

components that are inherently resistant or refractory to microbial activity of biodegradation. 

 Biodegradation by microorganisms is undeniably the most advanced processes in the removal of pollutants 

of petroleum origin [24]. It was also established that the bacteria were qualitatively and quantitatively the most 

effective in this function [25]. The ability to metabolize the oil is given in many types of microbes, but some are 

more versatile than others. They are those who would much petroleum hydrocarbons to other energy sources 

and proliferate faster than the other in the community soiled by oil, [26]. 

 Furthermore, it is well known that the presence of contaminants results in an adaptation of the 

microorganisms with a quantitative enrichment degrader’s species [27]. It is noted here that this adjustment 

leads to an enlargement of the capacity of degradation. 

 The genus Pseudomonas is always sought not for its affinity to the different classes of hydrocarbons [28], 

but also a set of xenobiotics [29] and [30]. 

 Pseudomonas aeruginosa from site 1 (the most polluted), (Fig.9), proved larger capacity of degradation 

than S2 (Fig.10) and S3 (Fig.11) since degradation of crude oil is important. This often results in adaptation of 

the autochthonous organisms to the pollutants due to selective pressure and acquisition of degradative abilities 

[30]. 

 The chromatogram of Figure (8) shows the effect of abiotic factors on biodegradation; assess to 0.7%. 
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Fig.8. Result of biodegradation by HPLC of the control test to crude oil 

 
Fig.9. Result of biodegradation by HPLC of the strain S1 toward crude oil 

 
Fig.10. Result of biodegradation by HPLC of the strain S2 toward crude oil 

 
Fig. 11. Result of biodegradation by HPLC of the strain S3 toward crude oil 

 

Conclusion: 

 The present study examined the biodegradative ability of three bacterial strains on crude oil. The isolates 

were identified as species of Pseudomonas which are reputed to possess broad substrate affinity not only for 

different classes of hydrocarbons such as alkanes, alicyclics, heterocyclics and aromatics but also for a plethora 

of xenobiotic compounds. 

 The experimental approach adopted for this study, based on the assessment of the capacity of three-

degrading bacterial strains belonging to the genus Pseudomonas; isolated from three sites in ascending degree of 

pollution (site1> site2> site3). 
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 The results obtained show that the rate of biodegradation of the three strains increases in the order: S1> S2> 

S3. The crude oil is degraded almost completely (86.87%), after 144 hours of incubation. 

 Our results support the idea that the most important biodegradation is recorded by strain 1 outcome of the 

most polluted site. There was a decrease in pH and an increase in weight of the biomass; which explains the use 

of the product used (crude oil) in metabolism, as well as a proliferation of the population; after 144 hours of 

incubation.  

 Abiotic degradation is also observed in the same period of incubation, but with much lower percentages 

than biodegradation (0.7%). 

 This clearly demonstrates the ability of the strains tested to grow in the presence of high concentrations of 

crude oil, or even when they appear at very low concentrations. Thus Pseudomonas plays a major role in the 

detoxification of polluted natural environments and these capabilities could be explored in bioremediation 

processes. 
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