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ABSTRACT: Biodegradation of crude oil in natural ecosystems is quite complex, as it occurs relatively slowly. The study areas for this research were the Eriemu and Otorogu flowstations located in Ughelli-East and Ughelli-West Local Government Areas of Delta State, Nigeria. Studies of the microbial population and diversity of Eriemu and Otorogu flowstations were carried out by microbial enumeration and identification, determination of growth responses of bacterial isolates in 10 parts per thousand, 60 ppt and 120 ppt crude oil sample. The microbial enumeration shows a heterotrophic bacterial count ranging from 8.28 x 104 to 9.80 x 105 cfu/ml for both flowstations while the hydrocarbon degrading bacteria ranged from 1.11 x 104 to 3.07 x 105 cfu/ml for both flowstations. The following microorganisms were isolated from the samples: Bacillus spp (Isolate X07), Salinococcus spp (Isolate X10), Alcaligenes spp (Isolate E70), Cunnighamella spp, Penicillium spp and Aspergillus spp. Statistical analysis shows a correlation between the growth responses and the media for the isolates. Understanding the microbial degradation process of crude oil will increase possibilities of developing models and strategies for removing crude oil from contaminated sites. [The Journal of American Science. 2006;2(2):13-16].
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INTRODUCTION

Crude oil composed of complex mixtures of paraffinic, alcyclic, aromatic hydrocarbons and a smaller proportion of non hydrocarbon compounds such as naphthenic acids, phenols, thiol, heterocyclic nitrogen, sulphur compounds as well as metallo prophyrins and asphaltenes (Chapelle, 1993). Crude oil as a complex mixture is produced by incomplete decomposition of plant and animal biomass over a long time (on geological time scale).

Contamination of the environment with crude oil results in pollution. Major oil spills over the years include: Torrey Canyon (1967), Argo Merchant (1976), Amoco cadiz (1978), and more recently the Exxon valdez (1989). Oil spill through warfare include the Gulf war (1991) in which an estimated 0.8 to 2 million metric tones of oil was released in the Persian gulf (Zhao et al, 1993).

Many microbial species have been implicated in crude oil degradation leading to a successful bioremediation of contaminated environment. Improvement of microbial efficiency has been directed towards the utilization of microbial seeding as a means of controlling oil spills (Odu, 1972).

The breakdown of hydrocarbons usually require the presence of oxygen. This is true for both aliphatic and aromatic hydrocarbons (Shlegel, 1995). Degradation of aromatic hydrocarbon compounds can also occur under anaerobic  conditions. Carbon dioxide and cell substances are considered the principal products of microbial degradation of petroleum hydrocarbons (Sullivan et al, 1991).

Biodegradation enables oil (Crude) to be converted from harmful organic substances into harmful inorganic substances (Zhao et al, 1993). Three major factors affect the biodegradation of crude oil and these are chemical composition of the oil, dissolved oxygen content of water and nutrient availability for microorganisms (Zhao and Zhu, 1997). The type and number of microbial species involved in degradation may influence the rate and extent of the process (Walker, 1975). Apart from the presence of microorganisms capable of degrading crude oil compounds the type, concentration and distance of petroleum, limit the biodegradation of the inherent compounds. If the hydrocarbon is not available to the microorganisms and the appropriate enzymes, do not come in contact with the substrate in the proper way, degradation will not occur (Atlas, 1981). Biodegradation of crude oil in natural ecosystem though complex has greatly enhanced the removal of harmful ions and solids from the environment by transformation into readily usable and less/non toxic materials by microorganisms (Tanaka et al, 1993).

This research is aimed at determining the hydrocarbon degrading microorganisms present in the effluent from the saverpits and the  responses of the bacterial isolates to crude oil at various concentrations.

MATERIALS AND METHODS

Study areas: The study areas were saverpits at Otorogu and Eriemu (Ughelli-East) flowstations of the Shell Petroleum Development Company Ltd. (SPDC – Western Division), Delta State, Nigeria

Source of Sample: Samples were collected from two strategic points at each location. These points were the collection basin (immediately after skimming) and the discharge points.

Sample Collection:- Samples were collected on two different occasions during operation, sterile plastic bottles were used in collecting the liquid effluent samples after which they were transported and stored at 40C.

Inoculation and Culturing Condition:- Two main media: solid and liquid media were used for  the  isolation of oil degrading microorganisms. Nutrient Broth and Mineral Salt Medium (MSM) as  modified by Okpokwasili and Okorie (1988) were the liquid media while Mineral Salt Oil Agar and Sabouraud Dextrose Agar (SDA) were the solid media.

Heterotrophic bacteria contained in the sample was enumerated by making serial dilution of the liquid sample using nutrient broth as the diluent. Fungi counts was determined employing Sabouraud Dextrose Agar (SDA) to which 0.5ml antibacterial agent was incorporated.

Mineral Salt Oil Agar was employed in determining the density of oil degrading microorganisms.

Characterization of isolates were done using tests and methods described by McFaddin (1980) and Cruickshank et al. (1975). Identification was based on the criteria of Bergey’s Manual of Determinative Bacteriology.

Determination of the effect of crude oil on the growth of isolates: Three dominant isolates which grew profusely on the mineral salt crude oil agar medium were used for this study. The isolates were streak inoculated onto nutrient agar plates from the stock culture and incubated at 300C for 48 h to check for viability and purity.

The test isolates from the pure plates were inoculated aseptically into 20 ml of sterile nutrient broth in Maccartney bottles. These were incubated at 280C for 72 h. Serial dilutions of the broth cultures were prepared and 0.1 ml volumes inoculated onto duplicate plates using the pour plate technique. These were incubated aerobically at 280C for 48 h. The mean counts on the duplicate plates were used to calculate the number of colony forming units (CFU) per ml of the original broth culture. Mineral salt medium was prepared in sterile 250 ml capacity cotton stoppered flasks. Triplicate flasks for each test chemical concentration. (i) 0ppt to serve as control. (ii) 10 ppt. (iii) 60 ppt. (iv) 120 ppt were prepared. These test chemicals were mixed properly with the mineral salt medium. 10ml of the test isolates was added to each flask. The flasks were incubated at 280C for a period of 14 days. To measure microbial growth and pH, sample aliquots were with drawn at 2 day interval. Serial dilutions of samples were carried out using sterilized mineral salt solution as the diluents. Aliquot of 0.1 ml of samples were inoculated onto duplicate plates employing the pour plate technique. All inoculated plates were incubated aerobically at 280C for 48 h, after which colonies were counted and mean counts recorded.

Statistical analysis: The correlation coefficient between the bacterial isolates in test medium at different concentrations and control media was determined using Pearson’s correlation coefficient formula (Lee and Lee, 1982).

RESULTS

The mean densities of heterotrophic bacteria in the saver pits at both flowstations are shown in table 1. The total bacterial densities ranged from 5.28 x 105 to 9.86 x 105 cfu/ml in water samples from flowstation A, while a density range of 8.28 x 104 to 4.53 x 105 cfu/ml was recorded from flowstation B. The counts show a higher population density of bacteria in the collection basins of both flowstations than in the discharge basins. The fungal counts ranged from 2.80 x 104 to 7.40 x 104 cfu/ml in flowstation B and 2.16 x 104 to 4.20 x 104 cfu/ml in flowstation A. Generally, counts were higher in the collection basin than in the discharge basin.

The mean densities of hydrocarbon utilizing microorganisms in the saver pits at both flowstations are shown in Table 2. The counts ranged from 3.72 x 104 to 3.07 x 105 cfu/ml for bacteria and 1.11 x 104 to 2.77 x 104 cfu/ml for fungi at flowstation B, while counts ranged from 2.20 x 104 to 2.37 x105 cfu/ml for bacteria and 1.20 x 104 to 3.37 x 104 cfu/ml for fungi at flowstation A.

Three bacterial isolates were identified on the basis of their cultural and biochemical characteristics and with reference to Bergey’s Manual of Determinative Bacteriology (9th edition). The bacterial isolates were X07 – Bacillus spp, X10 – Salinococcus spp and E70 – Alcaligenes spp. Three fungal isolates were also identified, these are Aspergillus spp, Cunnighamella spp and Penicillium spp.
Effect of crude oil on bacterial isolates: The standard cultures of isolates X07, X10 and E70 were found to be 5.25 x 105, 1.76 x 106 and 5.11 x 105 cfu/ml respectively. Fluctuations in bacterial counts expressed as log 10 number of bacteria cells per ml over the incubation period of 14days in mineral salt medium containing crude oil as sole carbon source was monitored.

Table 1. Densities range of heterotrophic microorganisms from flowstation A and B

	Site                                     Bacteria (cfu/ml)                                    Fungi (cfu/ml)

Flowstation A            5.28 x 105 – 9.86 x 105                                              2.16 x 104 – 4.20 x 104
Flowstation B            8.28 x 104 – 4.53 x 105                                              2.80 x 104 – 7.40 x 104


Table 2. Densities range of hydrocarbon utilizing microorganisms from flowstation A and B

	Site                                  Bacteria (cfu/ml)                                         Fungi (cfu/ml)

Flowstation A            2.20 x 104 – 2.37 x 105                                               1.20 x 104 – 3.37 x 104
Flowstation B            3.72 x 104 – 3.07 x 105                                               1.11 x 104 -  2.77 x 104


Isolate X07: There was a steady increase in the number of colony forming units/ml (cfu/ml) for the control medium, from 5.25 x 105 to 1.55 x 107 cfu/ml in ten days, from day 10, there was a gradual decrease in number and by day 14, 7.18 x 106 cfu/ml was recorded. In the test chemical at various concentrations (10 ppt, 60 ppt and 120 ppt) fluctuations bacterial counts was not consistent. At 10 ppt, there was a steady rise from 5.25 x 105 cfu/ml till day 10, where there was decrease and final rise on day 14. However, there was a steady rise in pH from 6.48 to 8.30. At 60 ppt, there was a fall in cfu/ml on day 4(from 5.10 x 106 to 4.13 x 106 cfu/ml) with a rise on day 6 (1.51 x 107 cfu/ml) and a gradual fall till day 14 with a count of 8.19 x 106 cfu/ml. The pH was steady within this period (6.56 to 8.38). At 120ppt, the cfu/ml increased steadily from 5.25 x 105 to 1.81 x 107 cfu/ml by day 6, after which there was a fall on day 8 (8.14 x 106 cfu/ml), a rise on day 10 (1.53 x 107 cfu/ml) and a steady fall to 1.02 x 107 cfu/ml on day 4.

Isolate X10: The cfu/ml for the control medium had a steady increase of 1.76 x 106 to 3.02 x 107 cfu/ml by the 10th day. This was followed by a gradual decrease to 9.10 x 106 cfu/ml  by day 14. At 10ppt, the cfu/ml rose from 1.76 x 106 to 1.50 x 107 cfu/ml by day 6. The pattern observed was oscillatory with a final count of 1.52 x 107 cfu/ml on day 14. The pH however rose steadily within the period. At 60ppt, there was a rise in cfu/ml of 1.76 x 106 to 3.00 x 107 cfu/ml by day 10, this was followed by a fall and a subsequent rise (1.51 x 107 cfu/ml) by day 14. At 120ppt, similar trend in pH as at 60 ppt was observed. The cfu/ml however rose from 1.76 x 106 to 1.41 x 107 cfu/ml by day 10, there  was a subsequent fall to 9.2 x 106 cfu/ml day 14.

Isolate E70: The cfu/ml of the control medium followed a transitory pattern within the 14day period with a fall in count on day 4, 10 and 5.20 x 106 cfu/ml on day 4. The pH was steady till day 12, when there was a drop. In the test chemical at 10ppt, the pH rose steadily to 7.64 by day 14, the  cfu/ml rose till day 10, when there was a gradual fall. Final cfu/ml by day 14 was 4.17 x 106 cfu/ml. At 60ppt, the growth response was transitory with a count of  1.22 x 107 cfu/ml by day 14. Rise in pH was steady and by day 14 was 8.35. The cfu/ml at 120ppt rose steadily till day 8, where there was a fall in cfu/ml (1.02 x 107 cfu/ml) and by day 12 was 1.41 x 107 cfu/ml with a final count of 9.20 x 106 cfu/ml by day 14.

Correlation coefficient analysis:- Results obtained in the  correlation coefficient analysis between control and test microbial loads, shows a positive correlation for isolate X07, which was however significant at p 0.05 in 60 ppt crude oil (Calculated value 3.13; table value=2.45).

Analysis also show a positive correlation between control and test microbial load for isolate X10 which was insignificant at p 0.05 in 120 ppt crude oil (Calculated value 0.037, table value=2.45). There exist a positive correlation between control and test microbial loads for isolate E70, which was however not significant at p 0.05 in all concentrations of crude oil.

DISCUSSION AND CONCLUSION

When natural environments are contaminated with pollutants, the   indigenous microbial communities are likely to contain microbial populations of different taxonomic characteristics, which are capable of degrading the contaminating chemicals (Bartha and Atlas, 1977). The total heterotrophic count ranged from 4.20 x 104 to 9.86 x 105 cfu/ml. This observation is in line with reports of Marty et al (1979), that there was an increase in heterotrophic bacterial population in the presence of dispersant agents. As reported by Colmins et al (1976), an important fact is that the medium employed for isolation of petroleum degrading bacteria may have a significant selective effect on the bacterial population, that are sampled. Results obtained in this study are similar with results obtained from water samples at Hokaiddo and Japanese Costal water (Tanaka et al, 1993). The behavourial patterns of the hydrocarbon-utilizing bacteria in media containing different concentrations of crude oil present an interesting observation. The results conform to Colwell and Walker (1977) report on two major microbial responses to crude oil, which was an increase in microbial biomass. Transitory depression of growth of Bacillus spp at 60 and 120ppt, Salinococcus spp at 10ppt and Alcaligenes spp at the  three concentrations may be due to incomplete dispersion of the crude oil in the media (Griffith et al, 1981). Also, studies have shown that lower doses of crude oil where more highly utilized than higher doses. This could account for the high growth response in the low dose of crude oil (10 ppt). The genetic ability of the isolated microorganisms used in this study may also be responsible for the different responses to the  presence of crude oil  in the media (Okpokwasili et al, 1986). Statistical analysis showed a positive correlation between control and test microbial loads, which was however not significant at p0.05 for 66% microbial loads.

The result is consistent with that of  Lizarraga-Partida et al (1982), who observed that petroleum hydrocarbon have little or no effect on the total heterotrophic bacteria of an environment.

Among the fungal isolates were Cunnighamella spp, Aspergillus spp and Penicillium spp, which are same as some of those reported by Benka-Coker and Ekundayo (1997). These however were not used in the growth experiments.

The study has shown a narrow range of microbial load diversity obtained from Otorogu (flowstation A) and Eriemu (flowstation B) flowstations. The presence of certain microorganisms in both locations shows the interrelationship of the microorganisms in the complex environment.

An enabling environment facilitates the degradation of crude oil by microorganisms; pH, temperature and other growth factors required by the organisms should be optimal. Microbial degradation of crude oil and its derivatives is an important field of biotechnology research because of the impact of oil spills in the environment. Knowledge obtained from this study could help in understanding the biodegradation of crude oil in contaminated sites, as well as to design efficient biocatalyst allowing transformation of oil fractions into valuable compounds. In the course of this research, the growth response (biodegradative properties) of the bacterial isolates (Bacillus spp, Salinococcus spp and Alcaligenes spp) has been evaluated. However, further research could be carried out on these isolates, on genetic manipulation for improvement and exploitation as bioremediation vehicles.
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