Factors Related to Bioremediation of Oil contaminated Soil by Bacteria
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Abstract
Bioremediation refers to any process where a biological system is employed for removing environmental pollutants from Soil,AirWater, etc. Removing or degrading oil contaminants i.e. pollutants by biological means using bacteria. Oil leakage causes several environmental impacts, and in soil, oil contamination decreases water and nutrient availability and compaction, directly affecting plant growth and development and eventually harming the health of plant and animal life. These oil contaminants are accumulated in the environment by various anthropogenic activities. This Oil includes Gasoline, Kerosene, Diesel, lubricants, and Tar, etc. These oils contain hydrocarbons such as aliphatic and aromatic (PAHs). Polycyclic aromatic hydrocarbons (PAHs) are acyclic abiotic components in an ecosystem and easily accumulated in soil and sediment due to their low solubility and high hydrophobicity, which affects their bioavailability and causes less accessibility for degradation. Microorganism such as bacteria which are capable of degrading Oils can prevent these harmful effects, which eventually converts aliphatic and aromatic hydrocarbons into CO2 and H2Oin their metabolic pathway which are the cyclic abiotic component in any ecosystem. In this Review, we are going to talk about the factors which will affect positively the biodegradation of oil contaminants in the soil if taken into consideration. This review will help to study the major factors which can increase the biodegradation rate even at higherlevels to remove oil contaminants from soil.
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1. Introduction

Soil Pollution by Hydrocarbons can be a major global issue because of the various problems it causes by its bioaccumulation in an ecosystem.1 As soil comes into contact with oil due to extraction, refining, transportation, and industrial activities, etc. reduces soil fertility by decreasing the diversity of plants and microbes (bacteria) in the soil, disrupting soil ecological balance, germination is delayed, the chlorophyll content becomes poor and some crops perish when grown in high petroleum-contaminated soil [1], ultimately affects agriculture and even put human health at risk. Hydrocarbons found in oil can be aliphatic or PAHs, Aliphatic hydrocarbons are easily biodegradable as compared to PAHs. The molecular weight of hydrocarbons influences their degradability. Low-molecular-weight hydrocarbons have better bioavailability than high-molecular-weight hydrocarbons because they are comparatively less hydrophobic. Aliphatic have greater hydrocarbon susceptibility to microbial breakdown than PAHs because of their bioavailability. The greater the fused rings in PAHs, the more hydrophobic it is and less susceptible to microbial biodegradation. 
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Figure 1.  Major sources of hydrocarbons in the soils[2]


Polycyclic Aromatic Hydrocarbons (PAHs) are a class of organic compounds with two or more fused benzene rings in linear, angular, or cluster structural arrangements [3].They are produced from fossil fuel combustion, waste incineration, coal gasification, and petroleum refining. PAHs are ubiquitous in nature environments, including air [3], water, soil, sediment, etc. The United States Environmental Protection Agency (USEPA) listed PAHs as of major concern due to their toxicity to various organisms and their mutagenic and carcinogenic potential to humansthroughoutthe food chain.Polycyclic Aromatic Hydrocarbons include Naphthalene, Fluorene, Anthracene, Pyrene, etc.  They become less soluble as their molecular weight increases and become more hydrophobic in nature.
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Figure 2. Some soil contaminating PAHs chemical structure [3]


 Up till now, there are various techniques to remove oil contamination such as physical and chemical treatment methods, generally limited to spill containment with booms or synthetic chemical surfactants that generate toxic byproducts [4]. Therefore, the most economical and sustainablei.e.less physical, chemical, and biological changes in environmental conditions treatment method is bioremediation by microbes. A bacterium uses hydrocarbons as its sole carbon source inits metabolic activities.Bacterial bioremediation of hydrocarbons includes adsorption, bioaugmentation,and biodegradation by microbial metabolic activity and eventually complete mineralization into CO2, H2O, Inorganic compounds, and cell proteins, or convert complex organic pollutants into other simpler organics.As PAHs have less bioavailability, and less solubility in aqueous and are a major concern to affect soil fertility and eventually the food chain and ecosystem,therefore,some factors need to be taken into consideration for better results of bioremediation of soil from PAHs using bacteria.
For example, environmental conditions, Bacterial consortia, biochar, biosurfactants, etc. (i) Biosurfactants have amphiphilic nature andwork as an emulsifier andincreasing surface contact with PAHs, hence, increasingthe biodegradation rate of hydrocarbons from the soil.  [5] (ii) Microbial consortia have a higher degradative capacity than a single microbial species, as using a single microorganism would limit the effectiveness percentage since an organism’s metabolism capacity is reduced to a certain amount of substrate[4].(iii) The biochar-immobilized bacterial consortium had the optimal remediation effect on oil-contaminated soil, and the removal rate of petroleum hydrocarbons was 78.32% after 28 days of remediation [6]. (iv)Each Bacterium has its optimum physical conditions where it can grow to its maximum capacity. When the soil salinity is higher than 8%, and the pH value is lower than 4 or higher than 9, the activity of certain microbes is affected as these environmental conditions are not favorable.
 Hence, we can observe that these factors are very useful for maximum results of bioremediation of hydrocarbons by bacteria. 



2.Biosurfactants	
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Figure 3. Emulsification process by biosurfactants [7]

Biosurfactants are emulsifiersthathave both hydrophobic and hydrophilic nature and due to their amphiphilic nature they are soluble with all liquids, hence they increase the accessibility of hydrocarbons with bacteria, ultimately increasing the biodegradation rate. Three isolates namely F1, F4, and F5 were from the waste oil-contaminated soil and the remaining two (F2 and F3) were from pesticide-contaminatedsites among all the five isolates, F1 showed a maximum emulsification index (of 44.44%) followed by F4 (35%) both belonging to strains of Staphylococcus aureus and the remaining isolates F2, F3 and F5 also showed appreciable level of E24(24-28%)F1, F4 and F5 isolates belong to Staphylococcus aureus and F2 and F3 to Bacillus subtilis species [5].
From the above findings, we can conclude that bacteria found in oil-contaminated sites have a high biodegradation rate, because, unlike other microbes, they can produce surfactant chemicals biologically. We can see that pesticide-contaminated site shows comparatively lower biodegradation rate which means we can conclude that bacteria found anywhere but oil-contaminated regions have higher biosurfactants-producing microbes and we can choose specific isolate from there with a high rate of remediation and introduce them into soil contaminated with oil sites for the high rate of biodegradation and bioremediation. However, indigenous bacteria show less time in the lag phase compared to bacteria that are introduced in a different environment, it is because they take some time to adapt and accommodate according toa new environment. 




3. Microbial (bacterium) Consortia 

The consortia have hydrocarbon degradation efficiencies of 55–84%, while in individual cultures was 25–47% and in vitro oil degradation test for 60d; the consortium with the highest number of strains had a 43% degradation for aliphatic compounds compared to the consortium with fewer strains [4].In axenic cultures and mixed consortia, finding better results (90%) for the mixed consortia compared to the axenic cultures in C32 alkanes [4].The bacterial consortium degraded each petroleum component more evenly, and the removal rates of the saturated hydrocarbons and aromatic hydrocarbons reached 89.93% and 82.08%, respectively, and after 28 days of cultivation, the petroleum hydrocarbon degradation rates of A2(Pseudomonas putida), A4(Acinetobacter calcoaceticus) and L5(Sphingomonasp) and the bacterial consortium were 42.8%, 48.01%, 26.56%, and 81.07%, respectively [6].
From the above findings, we can conclude that different strains or species of bacterium capable of biodegradation of PAHs when used altogether have better output results, it is because they can act on different oil substrates individually and produce a higher rate of degradation. However certain bacterium works better in their action, for example, in C40 alkanes, a greater degradation was observed with pure strains [4].
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Figure 4. Consortium showing higher biodegradation rate than isolates [8]



4.Biochar 

The number of microorganisms, intensity of soil respiration, and dehydrogenase activity in the free bacterial consortium (TB), biochar-free bacterial consortium (TB-BC), and biochar-immobilized bacterial consortium (CTB) removal rate of petroleum hydrocarbons are, CTB treatment was 78.32%, which was 18.0% or 32.51% higher than that in the TB-BC or the TB treatment, indicating that the addition of biochar could promote soil respiration and microbial activity [6].This was because the large quantities of nutrients and porous characteristics of the biochar can not only meet the needs for the growth, metabolism, and reproduction of microorganisms but also shield them from the harmful soil environment [6].
As we know PAHs have very less bioavailability, hence, poor in adsorption with bacteria and fewer PAHs biodegradation rate, but it’s the biochar that immobilizes petroleum hydrocarbons into its pores, increasing the adsorption and bioavailability, hence increasing biodegradation rate.
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Figure 5. Biochar increased adsorption and bioavailability of hydrocarbons [9]



5.Environmental Conditions
5.1 Temperature: -
At low temperatures, the degradation rate is generally observed to decrease, which is thought to be a result of reduced enzymatic activity rates [10]. Temperature is among the factors that influence PH biodegradation by affecting the physical and chemical compositions of PAHs [11]. Despite the biodegradation of hydrocarbons can take place at a wide domain of temperatures, the degradation rate decrease through declining temperatureThe highest rates of degradation occurred at the temperature range of 30–40oC, 20–30oC, and 15–20oC in soil, marine, and freshwater environments, respectively [11]. At 4oC and 10oC, microbial mineralization of hexadecane generates 45% CO2, while at 25oC, 68% CO2 is generated in 50 days [12]. Hence, it’s obvious thatthe higher the temperature, reaching towards optimum temperature increases the rate of biodegradation of hydrocarbons, and in the soil,this optimum temperature always lies above 30oC

   5.2 pH: - 
   The pH can be highly variable and must be taken into consideration when improving biological treatment methods. The environmental pH affects processes such as cell membrane transport and catalytic reaction balance as well as enzyme activities [13].Pawar (2015), [14]observed that the soil pH of 7.5 was most convenient for the degradation of all the PAHs. When the soil salinity is higher than 8% and the pH value is lower than 4 or higher than 9, the activity of Acinetobacter baylyi ZJ2 is affected, and a certain amount of lipopeptide surfactant cannot be produced, thereby reducing the degradation of petroleum by microorganisms [15]. All bacterium has an optimum pH where they are very active as their enzymes and proteins structures aren’t affected, and changes can affect their maximum degradation rate of hydrocarbons, and for most bacterium, this pH is around 7.0 – 8.0, which is found in soil.

   5.3 Nutrients: -
In Nutrients hydrocarbons are used as a sole source of Carbon for better bioremediation by a bacterium, however, some of those nutrients can become a limiting factor thus impacting the processes of biodegradation [16].Improvementwas found in the bioremediation of coastal sand contaminated with crude oil by using commercial mineral NPK fertilizer [17]. The highest phenanthrene removal efficiency was observed in run 1 with the presence of high levels of KH2PO4 and NH4 NO3 in the mineral salt medium [16].Hence, biostimulation of oil-contaminated soil with the addition of nutrients such as macro, micro, and trace elements improves the biodegradation rate and macronutrients NPK (Nitrogen, Phosphorus, and Potassium) can affect the rate of biodegradation most. 
Maximum growth attained by the Bacillus foraminis also decreased with the increase in anthracene concentration [18]. The average removal rates of anthracene were 0.298 ±0.009 mg hr-1 at 50 mg l-1 and 0.25±0.012 mg hr-1 at 100 mg l-1. As observed in the case of anthracene, the lag phase increased with a higher concentration of anthracene[18]. As we can see, the sole carbon source nutrient, here PAHs anthracene, is giving maximum biodegradation output at a certain concentration.

   5.4 Other Factors: -
The concentration of oxygen has been determined as the rate-limiting variable for PHs degradation in the environment [19]  and the oxygen availability in the soil depends on microbial oxygen consumption rates and soil type, whether the soil is water-logged, and the presence of the useable substrate which can drive to oxygen depletion [20].For anaerobic obligates or facultative anaerobes with hydrocarbon-degrading bacterium, is an advantageous point, as it is free from limited access to O2, however, things can be disadvantageous in the case of obligate aerobes.
Salinity had a major influence on the bioremediation and biodegradation process, and it also affectsmicrobial growth and diversity. Salinity has an adverse influenceon the activity of some key enzymes complicated in the processof hydrocarbon degradation [21]. A more saline environment can cause osmotic pressure due to the transfer of solvent across; this may be the reason salinity decreases microbial action.



6. Conclusion

In this review article we have discussed some factors that can affect the bioremediation rate very positively, these factors can be used in combination or individually for better results of biodegradation, however combination or individual use open for researches findings only then we can draw certain units that can be considered for better bioremediation. As we know PAHs are more harmful than aliphatic hydrocarbons and they are less accessible for biodegradation, however when we consider these factors we draw better outlets for higher bioremediation rate of PAHs and the removal of these contaminants from the environment, hydrocarbon-free soil affects its fertility positively, deceases biomagnifications in ecosystems and eventually reduces health risk of animals and plants.
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