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Biotechnology: An Effective Solution in the Remediation of PAHs Polluted Soils
	The rise of industrialization has increased the release of anthropogenic contaminants into the environment. According to Bisht et al (2015), most of the common contaminants are the Polycyclic Aromatic Hydrocarbons (PAHs) which are a subgroup of Polycyclic Organic Matter (POM). POM is made up of a wide range of compounds whose organic structures consist of multiple aromatic rings. Accordingly, PAHs is the amplest subgroup of the POM consisting of only two compounds; carbon and hydrogen. They result from incomplete combustion of fossil fuels. They are highly toxic, and thus they pose a health hazard to humans and the ecosystems. Similarly, PAHs have been found to be carcinogenic meaning that they possess cancer causing properties. Moreover, they are mutagenic meaning that they can cause gene mutation in living organisms. They are also teratogenic; making them a risk factor for congenital defects. In the same line, these contaminants have negative impacts on the human skin. As a result, the remediation PAHs polluted environment is necessary. Notably, there are various physiochemical technologies used for the remediation of soil contaminated with PAHs. However, El Amrani et al (2015) found that these methods are either too costly, ineffective or yield undesirable impacts to the natural ecosystem. As a result, bioremediation technology has been found more affordable and effective in the remediation of soil that is contaminated with PAHs. Accordingly, this paper will focus on the use of composting, rhizoremediation and naturally occurring microbes biotechnologies in the remediation of PAHs concentrated soils.
	One of the most effective and affordable biotechnologies in the remediation of soil contaminated with PAHs is composting. According to Zang et al, (2013) composting technology utilizes microbes to eliminate or stabilize the PAHs. In the same line, Lu et al (2013) found that composting remediation utilizes two mechanisms; the adsorption of the PAHs by the organic matter, making them abundant on the surface of the soil molecules. This facilitates effective decomposition of the pollutant by the microbes. Secondly, the nutrients available in the compost facilitate the multiplication of the microbes. Moreover, the compost facilitates the development of enzymes which are utilized to degrade the PAHs pollutants. Subsequently, the microbes and the enzymes metabolize the PAHs contaminants leading to their biodegradation. In view of that, several studies have been conducted to assess the effectiveness of composting as a biotechnology in the remediation of PAHs polluted soil. For instance, a study conducted by Atagana (2004) revealed that composting PAHs polluted soil with poultry manure eliminated large concentrations of high molecular weight PAHs in a duration of 19 months. Similarly, studies conducted by Mizwar et al (2011) and Sayara et al (2011) showed that composting yielded a removal efficiency of 71.88% and 89% respectively as compared to 29.5 % removal by natural soil microorganisms. These studies prove the feasibility of composting as an effective and economical biotechnology for the remediation of soil polluted by PAHs.
	Similarly, rhizoremediation is a common biotechnology in the remediation of PAHs polluted soils. This method is a subtype of phytodegradation; a biotechnology that entails the breakdown of organic contaminants to simple molecules or the amalgamation of these molecules into the plant tissues (Gupte et al, 2016). Accordingly, Bisht et al (2015) define rhizoremediation as the degradation of obstinate contaminants using the bacteria in the rhizosphere. In other words, the technology entails the utilization of plant-microbe interaction for the elimination of PAHs pollutants as well as eco-restoration of contaminated sites. Notably, in this interaction, the compounds released by the plants mostly through the roots catalyze the proliferation and the activity of the bacteria that degrade PAHs. Conversely, the bacteria help the plant to prevail over the adverse effects caused by the contamination. While the technology can occur naturally, its effectiveness can be enhanced by manipulating the rhizosphere. This can be achieved by incorporating the plant cultivar with appropriate rhizobacteria. Alternatively, the rhizobacteria strains can be introduced to the plant via the seed or root of the plant by mechanical injection. A study conducted by Khan et al (2013) revealed that the relationship between the bacteria and the host plant has many benefits which facilitate the effectiveness of rhizoremediation in the mineralization of PAHs pollutants and reducing the phytotoxicity of the PAHs. Similarly, a study conducted by Wang et al (2013) proofed that the co-planting of Sedum alfredii with the ryegrass or castor plant was effective in the eco-restoration of polluted soils. These studies reveal the effectiveness of rhizoremediation technique for the remediation of PAHs polluted soils.
	In the same line, bacteria and fungi metabolism is an effective biotechnology in the remediation of PAHs contaminated soil. According to Gupte et al (2016), various species of bacteria and fungi have the ability to degrade PAHs. Notably, bacteria react by an assimilative process whereby they obtain carbon and energy from the hydrocarbon compounds leading to their mineralization. On the other hand, fungi degrade PAHs by transforming their structures through co-metabolic reactions. The process uses enzymes which attack the PAHs leading to the oxidation of their aromatic rings. The compounds resulting from this reaction then undergo non-enzymatic restructuring to form easily degradable compounds. The most renowned fungi in remediation of PAHs contaminated soil is the white rot fungi. In fact, a related study conducted by Norton (2012) revealed that the White Rot Fungi have the ability to eliminate more than 85% of PAHs within a period of thirty-four weeks. Besides, Zang et al (2013) noted that the effectiveness of the fungi is enhanced by incorporating it with bacteria. Notably, the role of bacteria and fungi in the bioremediation of PAHs contaminated soils cannot be overruled.
	While the above biotechnologies have proved effective in the bioremediation of PAHs contaminate soils, their effectiveness is determined by various environmental factors. These include the soil texture as well as the size of the soil particles. Moreover, the prevailing PH, as well as the availability of oxygen affects the rate of various processes. Moreover, temperature alters the structure of the hydrocarbon compounds thus hindering their degradation. On the other hand, the bioavailability of the pollutant is a vital aspect in the degradation process. In fact, this sole factor determines the overall success of the bioremediation technique (Bisht et al, 2015). Therefore, these factors should be considered when using the biodegradation approach in the remediation of PAHs contaminated soils. 
	In conclusion, PAHs pose numerous health hazards to humans and the natural ecosystem. Accordingly, various technologies have been developed to eliminate the PAHs from the soil. Among the bioremediation methods is the composting method which utilizes microbes to eliminate or stabilize the pollutants. Similarly, the rhizoremediation utilizes the interrelationship between a plant and the host bacteria for the degradation of the pollutants or the eco-restoration of polluted sites. In the same line, bacteria mineralize the PAHs by obtaining carbon and energy from them. Conversely, fungi use enzymatic processes to change the structure of the PAHs in order to make them easily degradable. While these methods are effective, their success heavily relies on environmental factors such as temperature, soil texture, the size of soil particles, the bioavailability of the PAHs compounds in the polluted sites, among others. Notably, several types of research have proved the effectiveness, affordability, and eco-friendliness of these technologies over their physiochemical counterparts. However, more research is necessary in order to enhance the effectiveness of the technologies. This can be achieved by determining the effectiveness of combining multiple biotechnologies and how to optimize the factors necessary for the degradation processes. Consequently, this would ensure the optimal effectiveness of biotechnology in the remediation of PAHs contaminated soils. 
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