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			Introduction

			Many chemical compounds in nature which discharged by human activities like oil spills and hydrocarbons, contain a toxic metal which consider a hazardous material against environment [1]. The nature is a huge ecological niche to fungi and bacteria which play an important role as decomposers of dead materials and converts organic matters into carbon dioxide and mineral molecules. Microorganisms have evolved a high degree of metabolic versatility that allows them to use a diverse range of organic substrates and large molecules from different complex chemicals present in nature such as hydrocarbons via activity of fungi which needs carbon source for their metabolic pathways in glycolysis process to produce primary and secondary metabolites. 

			The most frequently found microorganisms are bacteria and fungi, with bacteria assuming the dominant role in marine ecosystem and fungi in terrestrial environments. It has been reported that adapted communities previously exposed to hydrocarbons exhibit higher biodegradation rates than communities with no history of hydrocarbon contamination [2]. Fungi have an enormous degradative power which enable these minute living organisms to integrate human efforts and share in enhancing the nature during hydrolytic enzymes secreted by fungi into the environment contributes in digestion a large organic molecule, such as polysaccharides, proteins, lipids, and other organic substrates into smaller molecules that may then be absorbed as nutrients [3].

			Biodegradation Process

			Microbial degradation has emerged as the most significant natural mechanism for the removal of nonvolatile hydrocarbon pollutants from the environment and although biodegradation occurs at a distressingly slow rate, it can be enhanced by inoculation with microbial species that will degrade pollutant molecules such as oil waste more efficiently, and/or by introducing air and nutrients into the environment [4].

			In biodegradation process, microorganisms consume hydrocarbons as a carbon source and microbes which can utilize hydrocarbons are found naturally in the environment; however; they grow and develop after an oil spill occurs because additional carbon source (hydrocarbons) are available following a spill [5].

			Crude oil from oil spill is a naturally occurring complex mixture of hydrocarbon and non-hydrocarbon compounds which possesses a measurable toxicity towards living systems and alkanes are the most readily degraded materials, but benzene, toluene and xylene are toxic compounds [6]. Crude oils and refined fuels are very complex mixtures that vary widely depending on their source [7, 8]. They contain thousands of molecular species, which are often grouped into four categories saturated hydrocarbons, aromatic hydrocarbons, resins and asphaltenes. The first two are amenable to gas chromatography and have been intensely studied. The last two contain heteroatoms such as oxygen, sulfur and nitrogen, and are not amenable to gas chromatography. Until recently their identity was unknown, but recent developments in high resolution mass spectrometry [9,10].

			The hydrocarbon-biodegrading populations are widely distributed in the world’s oceans; surveys of marine bacteria indicate that hydrocarbon-degrading microorganisms are ubiquitously distributed in the marine environment which often exceed 10% of the total bacterial population. Since bacteria are the dominant hydrocarbon degraders in the marine environment, the biodegradation of aromatic hydrocarbons results in detoxification and does not produce potential carcinogens. The complete biodegradation (mineralization) of hydrocarbons produces the non-toxic end products carbon dioxide and water, as well as cell biomass (largely protein) which can be safely assimilated into the food web [11].

			Using an indigenous microorganism consortium ensure that the organisms have a higher tolerance to the toxicity of hydrocarbons and are resistant to variations in the environment [12]. More complex structures are more resistant to biodegradation, meaning that fewer microorganisms can degrade those structures and the rates of biodegradation are lower than biodegradation rates of the simpler hydrocarbon structures found in petroleum. The greater the complexity of the hydrocarbon structure, i.e., the higher the number of methyl branched substituents or condensed aromatic rings, the slower the rates of degradation [11]. 

			Agricultural byproducts are used to transfer the microorganism consortium to the fields effectively. The carrier materials provides nutrients, moisture, and physical support for the increased aeration needed by the microorganisms, and also assist in extending the survival of the microorganisms until they are applied in the field [13].The effect of oil on microbial populations in the area subjected to oil spill, depends upon the chemical composition of the oil and on the species of microorganisms present, and populations of some microbes increase; typically, such microbes use the petroleum hydrocarbons as nutrients . If oil reaches a shoreline, biodegradation can be stimulated by carefully delivering biologically available nitrogen and phosphorus to at least partially reduce their limitation on microbial growth [14].

			The same crude oil can favor different genera at different temperatures [15]. However, some crude oils contain volatile bacteriostatic compounds that must degrade before microbial populations can grow [11,16]. Microbial populations must begin to use oil and expand their population before measurable degradation takes place, a period usually lasting several days. This fact becomes very important when considering the appropriateness of bioremediation as a quick or first response technique [17].

			Many published interested with biodegradation of oil, both in the laboratory and in field trials and a number of advanced researches were published during the 20th century, including review papers and papers presenting results from the fields which measured degradation rates in different ecosystems. [18] demonstrated that the rate of biodegradation of the three and four ring aromatic compounds in Prestige cargo oil decreased substantially after all the n-alkanes had been degraded, even in the presence of nutrients. [19] saw a similar effect in their field trial on the Delaware Bay, as did [20] in continuous flow microcosms. This may be a reflection of co-metabolism [21], or perhaps the fact that alkane degraders such as Alcanivorax grow much faster than aromatic degraders such as Cycloclasticus [22,23]. In either case, while it does not indicate that biodegradation has ceased, it does suggest that the system is unlikely to be fertilizer-limited once the alkanes are degraded. Several studies demonstrated oil spills, like the Amoco Cadiz measured oil degradation in the environment [17].

			Bioremediation of Polluted Environment

			The use of microorganisms, either naturally occurring or introduced, to degrade pollutants is called bioremediation. It means decomposition of hard substrate may be as a form of hazardous contaminants discharged to the environment, specially when the organisms that are native to a contaminated site effectively remove contaminants without intervention, the toxicity at the site may simply be monitored as the pollutant is reduced or converted to a less toxic form [24]. Bioremediation consider one of the important growing area of applied microbiology, it is not a new concept, microbiologists have studied the process since the 1940s. However, bioremediation became known to a broader public in the U.S. only in the late 1980s as a technology for cleanup of shorelines contaminated with spilled oil. 

			The Exxon Valdez oil spill in 1989 in Prince William Sound, Alaska was the catalyst for this attention. In the years since 1989, bioremediation has become a technology that is discussed, applied, and considered in many different circumstances [17]. Perhaps the most attractive feature of bioremediation is the reduced impact on the natural ecosystems, which should be more acceptable to the public [25]. A few papers discuss the potential applications for fungal bioremediation [1]. A number of bioremediating microorganisms have been isolated from contaminated sites, but it is now generally understood that the information obtained from these isolates is insufficient to understand the workings of complex microbial communities. More complete genetic information from natural environments is required to understand how contamination affects microbial communities on the whole, and whether there is the potential for further optimization of bioremediation. [24]. Although, the use of bioremediation to remove pollutants is typically less expensive than the equivalent physical-chemical methods, this technology offers the potential to treat contaminated soil and groundwater on site without the need for excavation [26], it requires little energy input and preserves the soil structure [27].

			Bioremediation of oil contaminated beaches was shown to be a safe clean-up technology. The addition of fertilizers caused no eutrophication, no acute toxicity to sensitive marine test species, and did not cause the release of undegraded oil residues from the beaches [28]. Many researches have recently been demonstrated the use of biodegradation of oil spill in the polluted beaches, seawater and freshwater during isolation of many fungal isolates from polluted areas and used it in bioremediation. In marine environments contaminated with hydrocarbons, there is an increase in the proportion of bacterial populations with plasmids containing genes for hydrocarbon utilization. The proportion of hydrocarbon-degrading bacterial populations in hydrocarbon-contaminated marine environments often exceed 10% of the total bacterial population [11].

			Generally, the presence of hydrocarbon-degrading microorganisms is not the limiting factor in petroleum bioremediation. Hydrocarbon-oxidizing bacteria have been isolated from a wide variety of natural aquatic and terrestrial environments, including hydrothermal vent sites [29]. Bioremediation is not a very useful technology for very heavy oils, such as that from the Erika [30], since only a small fraction of the oil will be biodegraded in a reasonably short timeframe, and thus likely be nitrogen-limited. In this case, only 11% of the oil was degraded in 80 days. This is enough to cause a microbial bloom [31].

			[32] confirmed that spill of several hundred tons of crude oil contaminated a large amount of sand, and 30,000 m2 were treated with a mixed bacterial culture plus their polymerized fertilizer and tilled twice a week. Overall, the treatment apparently resulted in the degradation of 88% of the oil after 4 months, during which time there was virtually no change in the oil concentration of a control plot which was tilled in the same way. 

			Microorganisms require nitrogen, phosphorus, sulfur, and a number of trace elements. These must be present and in forms that are available to microbial cells. The presence of overly toxic concentrations of heavy metals like mercury, lead, and zinc or of other antimicrobial substances may inhibit or even prevent bioremediation processes [33]. One approach often considered for the bioremediation of petroleum pollutants after an oil spill is the addition of microorganisms (seeding) that are able to degrade hydrocarbons. Most microorganisms considered for seeding are obtained by enrichment cultures from previously contaminated sites. However, because hydrocarbon-degrading bacteria and fungi are widely distributed in marine, freshwater and soil habitats, adding seed cultures has proven less promising for treating oil spills than adding fertilizers and ensuring adequate aeration. Most tests have indicated that seed cultures are likely to be of little benefit over the naturally occurring microorganisms at a contaminated site for the biodegradation of the bulk of petroleum contaminants [11].

			[34] reported that the numbers of Dehalococcoides in sludge samples are greatly elevated in places were a contaminated groundwater plume reaches surface waters. This may greatly influence the way to deal with groundwater plumes of chlorinated solvents, when such a natural sludge barrier is available. According to [14] which reported that the first well-publicized use of added bacteria was on the 1990 spill from the Mega Borg in the Gulf of Mexico [35], and more recent use of added bacteria has been on the 1997 spill of Medium Fuel Oil from the Nakhodka in the Sea of Japan [36].

			Fungal Mediated Remediation

			Fungi are the most important eukaryotic microorganisms that have distinguish by their ability in existence in different substrates and can use wide range natural and industrial media for growth and reproduction due to possessing a multi enzyme systems that support the fungi to use the more complex materials such as hydrocarbons as a source of carbon needed to fungal metabolism to produce energy as ATP. Although it has more advance eukaryotic physiological structure, fungi developed enzyme systems, form trans-diols, whereas bacteria almost always form cis-diols, many trans-diols are potent carcinogens than cis-diols [11].

			In terrestrial environments, fungi can degrade high molecular-weight PAHs, and function well [1], clarified that different fungal species are successful at degrading different PAHs and a wide variety of fungi have evolved effective mechanisms to attack specific PAHs due to ability lies in the similarity between lignin, a long, aromatic family of molecules that is present in wood and PAHs.

			Clean up oil from different aquatic and terrestrial ecosystems by using mechanical or chemical methods such as booms, and skimmers or burn it, may be with less benefit comparative with save biological treatment process, in addition to fungi in bioremediation is relatively economical as they can be grown on a number of inexpensive agricultural or forest wastes .More so, their utilization is a gentle non-aggressive approach and the application of bioremediation capabilities of indigenous organisms to clean up pollutants is viable and has economic values. 

			The degradation of hydrocarbons by yeasts and filamentous fungi has been investigated previously and it was concluded that most fungal species are excellent hydrocarbon degraders [37]. reported that the genes responsible for PAH degradation are present as many homologous loci within the genome, which provides a particularly large pool of mutation and rearrangement possibilities within that gene family. found strains of Fusarium and Hypocrea that could degrade one carcinogenic high weight PAH, pyrene, as well as uptake copper and zinc in the soil. These strains were able to use the pyrene as their sole carbon source. The ability of Polyporus sp. S133 collected from petroleum contaminated soil pre-grown on wood meal to degrade crude oil was measured and revealed that the maximal degradation (93%) was obtained during incubation at 1000 ppm of crude oil for 60 days, and 19% at 15000 ppm [13].

			Bioremediation application of oil spill 

			Biodegradation of petroleum products in the marine ecosystems limited by factors of environment such as concentrations of oxygen, phosphate and nitrogen. The rates of petroleum biodegradation are negligible in anaerobic sediments because molecular oxygen is required by most microorganisms for the initial step in hydrocarbon metabolism. Oxygen, however, is not limiting in well aerated (high energy) marine environments [11]. Biodegradation rates mainly depend on the concentration of nitrogen within the shoreline, the oil loading, and the extent to which natural biodegradation had already taken place. The more oil has already degraded, the less likely bioremediation has found to be effective. However, because of the heterogeneity of shorelines and oiling levels, an optimum amount of fertilizer would vary with the location, and the best dosage could not be predicted a priori [38]. Usually, marine waters have very low concentrations of nitrogen, phosphorus and various mineral nutrients that are needed for the incorporation into cellular biomass, and the availability of these within the area of hydrocarbon degradation is critical.

			The striking visual results strongly supported the idea that oil degradation in Prince William Sound was nutrient limited and that fertilizer application was a useful bioremediation strategy [11]. Because of its success, Inipol™ was approved for shoreline treatment and used as a major part of the clean-up effort. After about 2-3 weeks, oil on the surface of cobble shorelines treated with Inipol™ and Customblen was degraded so that these shorelines were visibly cleaner than non-bioremediated shorelines. Tests demonstrated that fertilizer application sustained higher numbers of oil-degrading microorganisms in oiled shorelines and that rates of biodegradation were enhanced, as evidenced by the chemical changes detected in recovered oil from treated and untreated reference sites [28].

			Fungi and bacteria both metabolize a wide variety of PAHs, but the principal pathways used by each group are different. The metabolism of PAHs by aerobic bacteria is usually initiated by dioxygenases, which incorporate both atoms of O2 into the PAH to form one or more isomeric cis-dihydrodiol metabolites [39]. Bacterial dioxygenases are multicomponent enzyme systems; for instance, naphthalene dioxygenase consists of a ferredoxin reductase, a ferredoxin, and a terminal iron-sulfur protein with large α and small β subunits . The cis-dihydrodiols are reduced by dihydrodiol dehydrogenases to form dihydroxylated aromatic intermediates (catechols), which then may serve as substrates for ortho and meta ring-fission dioxygenases [40].

			The ring-cleavage products are further metabolized to tricarboxylic acid cycle intermediates and eventually to CO2. In addition, some Streptomyces and Mycobacterium spp. produce monooxygenases that oxidize PAHs to trans-dihydrodiols [37]. The trans-dihydrodiols are encountered much more frequently among the metabolites produced by fungi. Anaerobic biodegradation of PAHs is also known to occur [41].

			In the spring of 1989, EPA applied a field studies used bioremediation techniques on oiled shorelines in Prince William Sound. later during 1990, bioremediation process applied in four US spills and during the end of 1990 and the beginning of 1991 bioremediation became more available and with the early of 1992 bioremediation term occupied a satisfied role in biological control methods for oil spill risks treatment. However, the expense and effort required to establish a monitoring program may deter the use of bioremediation at smaller spills [17].

			The results of a study interested with the relationship between indigenous and seeded microbial cultures showed, that seeding with local or foreign oil-degrading bacteria did not lead to enhancement of hydrocarbon degradation and resulted in dramatic decreases in the numbers of the predominant, indigenous, oil-degrading bacteria. Whereas local microorganisms were able to As a result of the EPA-Exxon and joint monitoring projects, bioremediation of beach oil was shown to be a safe clean-up process. The addition of fertilizers caused no eutrophication, no acute toxicity to sensitive marine test species, and did not cause the release of undegraded oil residues from the beaches [28].

			Besides mechanical recovery, four different bioremediation products have been applied to the beaches. They only lead to limited and inconclusive results. Some changes in oil content were found in the experiments, but it remained unclear, if the removal was physically or biologically mediated [42-44].
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