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    PREFACE




    


    Bharathi Gourkanti


    


    


    


  




  

    The rapid industrialization, urbanization and technological advancement have generated various contaminants on a global level. The presence of these contaminants in different environmental matrices, either from natural or anthropogenic activities, represents a threat to the natural environment and living entities. Therefore, much control and research are required to eradicate and minimize the negative impacts of these pollutants from the contaminated environment. Though conventional treatment approaches and advanced techniques are effective in the removal of pollutants from the environment, these techniques are highly expensive, energy consuming and non-environment friendly in nature. In this view, there is a need for eco-friendly and sustainable solutions with minimal negative post-environmental impact.




    The book “Green Solutions for Degradation of Pollutants” is a compilation of chapters on environment friendly techniques of remediation of pollutants. Green solutions are basically a collection of techniques and practices that are based on the generation of non-toxic end products, renewable energy sources and other factors that mitigate the negative impacts caused by human activities. The book will be highly useful for students, researchers, environmentalists, academicians, environmental microbiologists, life sciences and nanosciences experts, waste treatment industries, and for a well-read audience. It will also serve as a learning resource for researchers and students in environmental science, microbiology, nanotechnology, freshwater ecology, and microbial biotechnology.




    Agarwal et al., in chapter one, have discussed the transport fate and accumulation of emerging environmental pollutants and critically assessed their toxic impacts on the environment and living beings. They have also highlighted the possible solutions that could be used to remove these contaminants in a sustainable manner.




    Amrit Mitra, in chapter two, has given a comprehensive description of microbial potential for biodegradation of organic pollutants, their removal mechanisms, and distribution of pollutants in environmental matrices, biodegradation pathways and the efficacy of biodegradation for complete mineralization.




    Shankar et al., in chapter three, have given an overview of the green synthesis of metal nanoparticles using plant extracts, the pollutants degradation mechanism, and their environmental and biological applications in detail.




    Amrit Mitra, in chapter four, has given a detailed account of the current advancements in green bioremediation methods, how various contaminants are broken down by microorganisms and what the future holds for bioremediation in terms of lowering global pollution levels.




    Mishra et al., in chapter five, have thrown light on carbon dots as a new group of zero-dimensional luminescent nanomaterials, their synthesis, classification, properties and applications in environmental pollution control and environmental protection measures.




    Kumar et al., in chapter six, have given a detailed account of green synthesis of nanoparticles using plant extracts and multiple applications of these nanoparticles in environmental remediation along with their biological applications. They have also discussed why green synthesis is more advantageous than classical chemical synthesis.




    Saivenkatesh et al., in chapter seven, have discussed the nanoparticles synthesized by microalgae, their characterization methods, and their multiple applications with a special focus on environmental remediation. They have also highlighted the challenges involved in using microalgae-derived NPs along with their future perspectives.




    Shahi et al., in chapter eight, have summarized the green synthesis methods of various nanomaterials, their remediation methodology, mechanism of action, and prospective applications in environmental remediation. Additionally, they have also highlighted the efficient removal and valorization of waste materials using nanobioremediation.




    Kumar et al., in chapter nine, have talked about the remediation of heavy metal-contaminated soil using phytoremediation as a sustainable approach. According to them, modern phytoremediation methods may be used for large-scale decontamination of contaminated soil in a sustainable manner.




    Bais et al., in chapter ten, have given a detailed discussion on the immense potential of nanomaterials in the bioremediation of polluted water. They have given a comprehensive comparison of nanobioremediation with other conventional bioremediation methods to make water environmentally non-hazardous.




    Srivastava et al., in chapter eleven, have addressed the biogenic and green synthesis of palladium nanoparticles to remove different types of pollutants from wastewater.




    Jangid et al., in chapter twelve, have given a comprehensive review of different domains of nanotechnology in the treatment of wastewater and also thoroughly covered various fundamental aspects of nanotechnology such as types, synthesis, applications and future directions for a green and sustainable environment.




    Manoj Kumar et al., in chapter thirteen, have given a comprehensive overview of eco-friendly initiatives, methods and preventive measures to remove microplastic and nanoplastics from the global environment. They have also underlined the potential of green nanomaterials to solve the growing problem of plastic pollution and emphasized the importance of sustainable and environmentally friendly solutions.
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      Abstract




      The chemical compounds that have been identified as dangerous to the environment, ecosystem and human health are classified as Emerging Pollutants (EPs). EPs include a variety of compounds such as dyes, pesticides, antibiotics, drugs, endocrine disruptors, hormones, industrial wastes and chemicals, and microplastics. These pollutants are malignant and non-biodegradable in nature, so they are responsible for the unhealthy and unsustainable environment. The occurrence of these pollutants has raised global concerns not only in various environmental matrices (air, water, and soil) but also in biological systems due to their toxic nature. These pollutants get accumulated in the environment and ecosystem and cause intensified environmental problems, global warming, deterioration of soil quality, the greenhouse effect, and ecological imbalance. Consequently, they affect the quality of life and the maintenance of the environment on a global level. Recent research indicates that if this trend is continued, situations will worsen in the near future. Sustainable solutions, such as bioremediation, nano-bioremediation, microbial degradation etc., are becoming increasingly important for the removal of these EPs as an efficient tool for sustainable development and pollution control. Therefore, the main aim of this chapter is to assess the current threats and future challenges associated with emerging pollutants so that focus can be drawn on sustainable green solutions for a greener and healthier environment.
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      INTRODUCTION




      With the rapid technological advancements and industrialization, the environmental quality has deteriorated, which is an alarming sign for sustainability. Different categories of emerging contaminants (ECs), like heavy metals, pesticides, pharmaceuticals, endocrine disrupting agents, personal care products, dyes, detergents, plastics, etc., are causing menace at a global level as they adversely affect the environment, ecosystem and living beings [1-3]. Among different types of pollution, water pollution is an important subclass that severely affects global life. Water is a vital component of life; it has been contaminated due to high industrialization in recent decades and severely affects the quality of life [4]. For the last few decades, EPs have attracted worldwide attention, and many attempts have been made to mitigate the release and accumulation of EPs into the environment to prevent the dangerous impact on the environment. Many studies have been conducted to monitor progress in this field. For instance, in a study performed by Barbosa et al., various treatment techniques were reviewed with their removal efficacy of EPs that concluded the future research perspective for a risk-free environment. They also reviewed the interaction of microplastics with pollutants and concluded that marine microplastic debris may dangerously affect human health [5]. Another review done by Taheran et al. emphasized that if EPs are present in scarce concentrations, conventional sewage treatment processes are not capable of treating them efficiently [6]. In fact, chemical and physical methods that are used to treat effluents do not degrade these pollutants completely, but rather change their forms, which are more toxic to the environment and human health, even in low concentrations [7]. Literature studies also suggest that current information on mechanisms available for water remediation needs to be updated to avoid future risks to the ecosystem and environment [8, 9].




      Due to high costs, difficult techniques and improper efficiency involved, the issue of emerging pollutants has become a challenge. Therefore, there is an urgent need to protect the environment and living beings by developing sustainable methods for the removal of these pollutants [10]. Bioremediation is the most promising technology over conventional methods of wastewater treatment because it is an eco-friendly and cost-effective technique with the possible recovery of elements and for solving environmental problems [11, 12]. Nanotechnology has also emerged as a promising technology, which has shown great potential in various fields along with the treatment of pollutants [13]. Currently, bionanotechnology is attracting great attention in the remediation of pollutants as green solutions, which are eco-friendly, cost-effective and easy-to-handle tools for the bioremediation of wastewater and other categories of environmental pollutants. This chapter presents a concept to assess the occurrence, fate and risk assessment of emerging pollutants and also provides an overview of sustainable solutions for water resource management.


    




    

      EMERGING POLLUTANTS IN AQUATIC ENVIRONMENT: TRANSPORT, FATE AND BIOACCUMULATION




      As a result of uncontrolled urbanization, industrial development, healthcare activities and other anthropogenic activities, there is a rapid increase in EPs on a global level [14]. The synthetic persistent organic chemicals that adversely affect the ecosystem and human health but are not monitored in the environment are known as EPs. Different routes and fate of EPs are shown in Fig. (1).
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Fig. (1))


      Different types of toxic EPs and their impacts.



      Many studies have been conducted on the route and fate of EPs in aquatic environments [15]. However, EPs can enter into an aqueous environment through various direct and indirect routes and can get bioaccumulated through food chains and food webs, causing serious health hazards to living beings. Therefore, many studies have focused on their fates and bioaccumulation [16-18]. In aquatic environments, the concentrations of EPs can vary over a wide range from ng/L to g/L. Their toxicological effects on living organisms may result in acute and chronic toxicity, endocrine disruption, resistance to antibiotics and human health hazards [19]. According to a recent study, EPs, such as pharmaceuticals, pesticides, and phosphorus-based flame retardants, have been reported in marine bivalves in municipal wastewater and landfill leachate effluent discharges in Hong Kong [20]. For the first time, the presence of ninety-nine EPs was reported in the gonads of sea urchin Paracentroyus lividus by Rocha et al. (2018) [21]. Another study gave the first evidence of the presence of benzotriazoles (BTs) degradation products (BTTPs) in urban aquifers that may severely deteriorate the groundwater quality [22]. Another group of pollutants, known as “contaminants of emerging concern”, are also released into the environment, surface and groundwater resources [23, 24]. Although some EPs have existed in the environment for many years, which might be very harmful to our ecosystems, their occurrence has been analyzed only recently [25].




      The most prominent classes of EPs are dyes, pesticides, pharmaceuticals, disinfection by-products, industrial chemicals, and plastics. For example, pharmaceuticals represent a subclass of emerging pollutants due to their uncontrolled use to treat a wide variety of diseases and their diverse physico-chemical and biological characteristics [26]. Pharmaceutical compounds, after excretion in the original form or as metabolites, can be found in different varieties such as urban wastewater, hospital sewers, and surface waters [27, 28].




      The World Health Organization has also declared that resistance to antibiotics is the biggest threat to global health and the environment. Heavy metals also have the property of bioaccumulation and environmental persistence as EPs, which enter the aquatic systems through various routes and affect the ecosystem and human health negatively [29]. Plastic waste, after accumulation in the environment, is broken down into micro and nano plastics, gradually forming nano-plastics of less than 5 mm in size [30]. Once accumulated, microplastics migrate and diffuse into the environment and carry other environmental pollutants like antibiotics and heavy metals [31, 32]. Since these substances have a potential impact on aquatic life and human health, and there is a lack of knowledge regarding their environmental implications and analytical and sampling techniques, urgent action is required to tackle this problem at multiple levels.


    




    

      CHALLENGES AND RISKS ASSOCIATED WITH EMERGING POLLUTANTS




      Although EPs frequently occur in various environmental matrices on a global level, the knowledge of their hazards and ecological risks is not sufficient. EPs, even in low concentrations of ng/L, can have adverse effects on living beings, such as genotoxicity, carcinogenicity, hormonal interference in fishes, endocrine disruption, and immune toxicity [33]. Endocrine disruptors are highly toxic to wildlife, altering the reproductive behavior, and sexually dimorphic neuroendocrine system, and also to human beings by creating problems in the cardiovascular system and causing abnormal neural behaviors. They are also linked to diabetes and obesity. Similarly, perfluorinated compounds get bioaccumulated in fish and fishery products and have adverse effects on developmental and reproductive systems [34]. Engineered nanoparticles also have negative toxicological impacts and are very harmful to human health, resulting in cytotoxicity, oxidative stress, carcinogenic effects, inflammatory effects in the lungs, genotoxicity, and augmented intestinal collagen staining [35]. It is essentially important to understand that EPs are not isolated in the environment but in complex mixtures of contaminants [36, 37]. The mixture of ECs can have additive or multiplicative ecotoxicological effects [38]. The joint toxic effects may result in antagonistic interactions, which can lead to a cock tail effect [39].




      Many studies had confirmed that many EPs are not dangerous for the environment if their concentrations detected in soil and water are very low [40]. However, relevant concentrations (ng/L or µg/L) can alter and have a negative impact on ecological interactions [41, 42]. According to several studies, it has been found that after entering the environment, these pollutants are transformed into metabolic by-products under different environmental conditions, such as degradation in the presence of light, oxidation and reduction, and microbial decomposition, but the risk analysis of these pollutants remains insufficient [43]. Many studies have demonstrated the effects of EPs on animal behavior and altered microbial communities and their function even in trace concentrations [44, 45]. EPs may also create resistance to antibiotics [46]. The effects of pesticides and pharmaceuticals on fluvial biofilms in a Mediterranean river were also studied, and it was observed that autotrophic biomass increased peptidase and decreased the photosynthetic efficiency when biofilms were shifted to highly polluted areas of EPs. In low concentrations also, heavy metals can affect and damage multiple organs such as kidneys, lungs, liver, esophagus, skin, and stomach, and can also cause neurodegenerative diseases and disorders [47, 48]. Heavy metals can also cause oxidative damage and endocrine disruption by accumulating in several organs in aquatic organisms, which can also affect their survival and growth [49]. Consequently, the potential ecological impacts of EPs require the development of efficient technologies that can easily remove them from water and other environmental matrices.


    




    

      POSSIBLE SOLUTIONS FOR DEGRADATION AND REMOVAL OF EPs




      As a result of the increasing risks due to the continuous occurrence and accumulation of EPs in the environment, their treatment and eradication have become necessary but cumbersome [50]. EPs that commonly occur in an aqueous environment are difficult to remove by applying conventional treatment technologies, such as physical and chemical methods, but these are not degraded completely and change their forms [51]. These modified forms are highly toxic and can cause damage even in trace concentration [52]. Over the conventional methods, bioremediation is considered the most promising technology for cleaning up the environment due to its eco-friendly and cost-effective nature. This technique can recover useful elements and can solve environmental problems [53]. Some of the commonly used strategies to mitigate the emission of EPs in different environmental matrices are given below.




      

        Conventional Treatment Techniques and Advanced Oxidation Processes




        Water pollution by EPs is a serious problem due to their continuous discharge and accumulation through various routes into the environment. Conventional treatment techniques such as membrane bioreactor and activated sludge have been used to remove biodegradable contaminants but failed to completely remove these EPs from wastewater [54]. Therefore, advanced oxidation processes (different photochemical and chemical processes, as mentioned in Fig. (2)) were used to treat wastewater. Both the traditional treatment methods to treat wastewater are effective to some extent and are still used today. However, the rising water scarcity requires the reuse of water after absolute filtration. The primary and secondary treatments are not very effective in meeting the standard of reusable water that can be used for domestic and industrial purposes [55]. Hence advanced treatment methods are required after the secondary treatment that helps in further removing the toxic materials [56].
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Fig. (2))


        Various advanced oxidation processes for the treatment of pollutants.



        To solve this problem, activated sludge and conventional wastewater treatment processes can be used in combination with advanced oxidation processes such as ozonation, photodegradation, and biodegradation, which increase the efficiency of the treatment to a greater extent. However, the major drawback of this combination of processes is the high energy consumption and high costs involved. For the degradation of EPs, it is very important to know the oxidation potential of conventional and advanced processes in wastewater treatment plants [57, 58]. For instance, some EPs could be degraded by chlorine, such as methyl indole, chlorophene and nortriptyline, while benzotriazole and N, N-diethyl-m-toluamide were found to be recalcitrant and were not altered by chlorine [58, 59]. Another study reported that chlorine and ozone could degrade part of the EPs present in water and confirmed that EPs, which are easily oxidized by chlorine, are also oxidized by ozone with the same efficiency. Conventional and advanced oxidation processes such as chemical precipitation, ion exchange, and electrochemical removal, as discussed above, may remove some EPs from wastewater and can reduce their concentration in potable water but have many drawbacks, including high-energy consumption, incomplete removal, production of toxic sludge, and high operational and maintenance cost, which can result in improper and inadequate application of these technologies. Therefore, there is a need to develop effective and environmentally friendly solutions that include biological and nanotechnology approaches for the effective removal of these contaminants from the global environment [60, 61].




        Advanced oxidation processes (AOPs) have shown a promising effect for treating contaminated water and also for the removal of naturally occurring toxins, impurities of emerging concern, pesticides, and other harmful contaminants, etc. AOPs include several methods for creating hydroxyl radicals and some other reactive oxygen species like superoxide anion-radical and hydrogen peroxide. However, hydroxyl radicals are still the most common species that enhance the effectivity of AOPs. Most of the organic compounds react with the hydroxyl radicals to form a carbon-centered radical. Further, this carbon-centered radical reacts with the oxygen molecule to generate a peroxyl radical, which undergoes further reactions and ultimately produces oxidation products such as ketones, aldehydes, and alcohols [62]. Hydroxyl radical is also able to detach an electron from the electron-rich substrates to create a radical cation, which is quickly hydrolyzed in an aqueous environment that leads to the formation of an oxidized product. It has been observed that the oxidation products are often less toxic and more receptive to bioremediation. Advanced oxidation processes involve UV/H2O2, UV/O3, Fenton, sonolysis, nonthermal plasmas, radiolysis, photocatalysis, and supercritical water oxidation processes. Sonolysis and radiolysis of aqueous media can form hydroxyl radicals when the chemical oxidants are not present in the water. On the other hand, photochemical methods like photo-Fenton-type processes require the presence of a catalyst or precursor to generate the hydroxyl radical [63]. Sonolysis produces the hydroxyl radicals at or near a gas−liquid interface, while the radiolysis process of aqueous media generates those hydroxyl radicals that are considered to be homogeneous for the timescales [64, 65].




        The sonolysis method is not cost-effective as the operating cost is very high for large-scale water treatment, while the radiolysis treatments are low cost as the operation cost is quite low in comparison to sonolysis methods. Fenton and photo-Fenton-type processes have also grabbed significant attention for the treatment of water [66]. However, the consumption of Fe(II) and the requirement for the removal of generated iron sludge during Fenton-type advanced oxidation processes have restricted its application for the treatment of water. These restrictions can be controlled by photo-Fenton processes that effectively utilize solar irradiation to recreate the Fe (II) species that leads to hydroxyl radical production. The formation of the hydroxyl radical using various homogeneous and heterogeneous AOPs involves distinct reaction dynamics that consequently lead to different reaction pathways. A more comprehensive understanding of the structure-reactivity relationships for the groups of compounds for individual treatment processes is based on kinetic data for the identification of an effective AOP.


      




      

        Bioremediation for Achieving Environmental Sustainability




        It is essential to incorporate the ecological and biological components to attain the aims of environmental sustainability that have been lacking in conventional and advanced oxidation techniques. Environmentally friendly solutions are sometimes neglected in favor of technical solutions. As a result, for a sustainable ecosystem, biological treatment methods must be implemented. As one of the most favorable biotechnological applications, bioremediation uses microbial enzymes to break down harmful organic pollutants into less toxic compounds. The widespread use of genetically engineered microorganisms (GEMs) can also help to eliminate toxic organic pollutants such as naphthalene, benzene, petroleum, and other organic compounds [67]. Waste management can be done efficiently through bioremediation because persistent organic pollutants that are hard to break down can be successfully remediated through bioremediation. Bioremediation is the process of removing contaminated materials from the environment using bacteria, algae, fungi, plants and yeast [68]. Different enzymes produced by these microorganisms speed up biochemical reactions that break down pollutants through metabolic pathways [69, 70]. Enzymes play a very crucial role in the process of metabolism at every stage [71]. These enzymes must act on the pollutants for their bioremediation, and optimum environmental parameters are required for speedy microbial growth and degradation during biodegradation [72]. Several factors, such as soil type, physical, chemical, and biological factors, source of carbon and nitrogen, and type of microorganisms, affect the process of bioremediation [12, 72].




        Different microorganisms can degrade EPs under aerobic and aerobic conditions. Different aerobic species of bacteria such as Rhodococcus, Mycobacterium, Bacillus, Pseudomonas, and Sphingomonas can degrade a variety of complex organic compounds such as pesticides, hydrocarbons, and polyaromatic compounds [73]. These microorganisms mineralize these contaminants and are used as a source of carbon and energy [74]. Bacterial species such as Pseudomonas, Aeromonas, and sulfate-reducing bacteria can be bioremediate EPs under anaerobic conditions. Microbial degradation of azo dyes occurs under anaerobic environmental conditions by the oxidation of organic substrates [75]. Bioremediation can be used in multiple ways; some of the commonly used methods are mentioned in Fig. (3).
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Fig. (3))


        Different bioremediation techniques.



        Bioremediation can combat serious environmental issues in an environment-friendly and economical manner, and it has many advantages over traditional and physicochemical methods, such as cost and energy efficiency, specificity, selectivity, minimal requirement, etc. However, certain limitations are associated with bioremediation, such as the degradation of a toxic compound is time consuming. Moreover, its applications are restricted to severely contaminated sites with hazardous and toxic pollutants [76-79]. Therefore, given the benefits and drawbacks of every method and to tackle remediation problems, remediation methods can be integrated for better results. Nanobioremediation is one of the latest methods which have drawn a lot of attention from researchers in the past few decades. The benefits of nanotechnology and the advantages of bioremediation are successfully integrated into nanobioremediation.


      




      

        Phytoremediation for Achieving Environmental Sustainability




        Bioremediation with plants is known as phytoremediation. It is a natural biological process that degrades harmful EPs and recalcitrant xenobiotics that cause pollution in the environment. It is an eco-friendly method that can be successful. The plants absorb heavy metals and remove toxins from the water and soil in a cost-effective way. Contaminated soils can be cleaned up using plant extracts to remove pollutants and lower their bioavailability in soil [80]. Varieties of processes are employed in phytoremediation depending on the quantity and form of the pollutant [81]. Common methods of phytoremediation are extraction, sequestration, rhizofilteration, phytostabilization and transformation for removing heavy metals. Pollutants from the roots and shoots are removed as an important part of phytoremediation. Plants are better candidates for phytoremediation because they ideally absorb Cu, Zn, Cr and Ni. According to a study, microorganisms in the rhizosphere can increase the availability of heavy metals and their uptake by plants [82]. The accumulation of heavy metal in plants depends upon the metal, its solubility, translocation, and plant species [83]. Metals, pesticides, crude oils, explosives and other toxic pollutants have been lowered through phytoremediation processes around the globe.


      




      

        Nanotechnology as a Sustainable Solution




        Nanotechnology has numerous applications as it has high removal efficiency, less time period, and is economical in comparison to other technologies of environmental remediation. Nanotechnology has given a new perspective to wastewater treatment [84]. Depending on their shape, size, structure, and composition, different varieties of nanomaterials such as nanofibres, nanodots, nanotubes, nanoshells, nanocomposites and nanoclusters are used for eliminating contaminants from different environmental matrices [85]. Green synthesis of nanoparticles has multiple sources of synthesis, such as bacteria, fungi, algae and plant extract. The use of green synthesized nanoparticles for the treatment of EPs and other pollutants makes nanotechnology a promising alternative to the current forms of treatment [13].




        In the green synthesis of nanoparticles, several biological factors, such as pH, reaction medium, and temperature, influence the properties of the formed nanoparticles. Different organisms can generate different compositions of metallic nanoparticles with different sizes, distributions and morphologies, such as spherical, triangular, cubic, and rod shape [86]. Large-scale production of nanoparticles is mainly governed by the choice of bacteria and methods of synthesis [87]. Biodegradable waste can also be incorporated into the process of synthesizing nanoparticles, which not only saves our environment but also prevents the exhaustion of any natural resource [88]. When bioremediation is combined with nanotechnology to achieve remediation, it is known as nano-bioremediation. Nano-bioremediation is more efficient, less time-consuming and environment friendly. Through an integrated approach, the disadvantages of individual technologies can be removed and provide better results. Recently, a group of workers combined both technologies for the removal of chlorinated aliphatic hydrocarbons and confirmed the integrated potential of nano-bioremediation by efficiently removing a wide range of chlorinated aliphatic hydrocarbons [89]. Polychlorinated biphenyls (PCBs) have been investigated by Le et al. (2015) by the integrated approach, and they found that the treatment of PCBs with Pd/Fe NPs followed by bioremediation with B. xenovorans could effectively transform PCBs into less toxic compounds [90]. Carbon nanotubes (CNTs) and carbon dots, along with bioremediation, are also successfully used for contaminant removal. Though highly efficient and frequently used, the toxicity of NPs for microorganisms is well seen in the literature. Therefore, efforts should be made to develop integrated approaches that are non-toxic and sustainable.




        The sustainability of the environment is necessary for the survival of living beings. To sustain life, we must conserve our environment, ecosystem and habitats. The presence of toxic pollutants in the global environment in different forms cannot be denied. The long-term impacts of these pollutants seriously impact our environment, ecosystems, humans, and biota. Because of the limitations of available traditional and advanced remediation techniques, we should switch to green substitutes for the rehabilitation of the environment. Biological solutions, including plants and microorganisms, can facilitate the conservation and restoration of ecosystems in a sustainable manner. To relieve our planet from the undesirable anthropogenic concerns that generate huge amounts of pollutants, an integrated approach is the need of the hour. Though physiochemical and traditional treatments are effective, they have certain limitations and are unsustainable. Biological treatments are economical but not so effective and are non-consistent. However, to accomplish environmental sustainability goals, biological techniques, in combination with the latest techniques, must be used to their full potential to degrade pollutants in a green manner. Moreover, future technologies must be both effective and eco-friendly as well. Also, these technologies should be capable of removing the numerous types of emerging pollutants with low cost and energy consumption, as the existing system for testing emerging pollutants is a highly energy-consuming process. So, it is necessary to enhance energy potency to reduce the usage of energy. Furthermore, the efficacy of the treatment needs to be adjusted for the concentrations of emerging pollutants in the aquatic environment.
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      Abstract




      The rise in environmental pollution is a major issue of concern in the current times. Due to globalization and the Industrial Revolution in the 20th century, pollution has become a problem for the world's population. Numerous factors, including unchecked human activity, careless use of petroleum products, industrial waste emissions, poor waste management, release of toxic organic by-products, and increased use of pesticides, insecticides and fertilizers have contributed to increased pollution and its detrimental effects on the planet Earth. For all forms of life, organic molecules are known to have the potential to be carcinogenic and poisonous. To reduce organic pollutants and dispose of industrial waste properly, several techniques have been put forth and put into action, but some of them are either not relevant or have not produced the expected outcomes. For the past few decades, research has been focused on finding biological methods of degradation of complex organic contaminants. Numerous microbial species obtained from polluted native environments have been shown to digest hazardous, complex organic chemicals and can be used to effectively biodegrade contaminated areas. The development of recombinant DNA technologies has revitalized the area of bioremediation by enabling the emergence of microorganisms and entire microbial communities that contain novel genes and enzymes with improved efficiencies. This chapter discusses the significance of isolating efficient indigenous microbial species, different factors that affect the distribution of pollutants in the soil matrix, biodegradation pathways, and physiological factors that affect the efficiency of biodegradation for complete mineralization. In addition to these, efforts to enhance the biodegradation potential of microbes through multiple pathways have also been highlighted.
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      INTRODUCTION




      The organic substances of human origin cause severe environmental pollution. Since the beginning of the Industrial Revolution, the biosphere has experience significant increase in pollution [1-4]. Petroleum-based hydrocarbons, as well as various pesticides used in agriculture and pest management, are examples of common organic pollutants of public concern [5, 6]. Textiles, hydrocarbon oils, soaps, detergents, and other useful materials were among the chemically generated commodities that expanded substantially in the late 1800s and early 1900s [7]. The impacts of these substances on the environment are determined by several processes that differ in the properties of each component. Halogenated chemical pollutants, including polychlorinated biphenyls (PCBs), dichloro-diphenyl-trichloroethane (DDT), dechlorane plus, and dibromide-phenyl-ethane are of great concern due to their longevity, bioaccumulation and potential exposure to humans and animals [8, 9]. Other industrial by-products, for instance, phthalates (plasticizers found in bottles), toys, and personal care products, also act as organic pollutants. Polybrominated diphenyl esters (PBDEs) that are utilized in a variety of consumer goods are now found in the environment. There are numerous industrial uses for chlorinated ethanes, chlorinated ethenes and chlorinated benzenes as solvents and degreasers, as well as biocides and their precursors [10, 11]. They pose serious threats to both human and environmental health due to their acute and chronic toxicity, persistence and bioaccumulation. The EPA (Environment Protection Agency) has listed several organochlorines as priority contaminants, emphasizing the potential environmental danger they pose [12]. The primary factor in water and soil contamination is the release of hydrocarbons into the environment. It is well recognized that petroleum-based hydrocarbon contaminants negatively impact both terrestrial and aquatic life as well as soil productivity. The extensive use of pesticides, drugs (such as non-steroidal anti-inflammatory medications (NSAIDs), and antibiotics) and other chemicals, their unplanned disposal, and subsequent presence in different ecosystems are matters of keen concern [2]. These compounds are now more prevalent due to their widespread use in soil, water and sediments. Consequently, there is an increased understanding of the risks imposed by these organic pollutants and their removal from the environment.




      The microorganism’s ability to break down and detoxify these contaminants is known as microbial degradation or biodegradation. Different varieties of microorganisms, such as bacteria, fungi, and protozoa, decompose diverse substrates biologically [13, 14]. After being released into the environment, organic pollutants can undergo degradation, sorption-desorption, volatilization, uptake by plants, runoff into surface waters and transfer into groundwater. Through biotic or abiotic degradation and transformation, these organic pollutants are assimilated into the environment. These mechanisms either mineralize organic contaminants into a carbon field or turn them into degradation products [15]. Microorganisms can adapt themselves to changing environmental conditions. Due to recent developments that have allowed for extensive and high-throughput research of ecologically relevant microorganisms, interest in the microbial breakdown of contaminants has increased. This adds to our understanding of their biodegradation mechanisms and metabolic pathways [4, 16-19]. This chapter intends to offer a cutting-edge review of the microbial potential in the degradation of organic pollutants for the green remediation of the environment.


    




    

      ORIGIN AND OCCURRENCE OF ORGANIC POLLUTANTS




      Organic pollutants (OPs) are those chemical substances that have a blatantly adverse effect on the environment. OPs are a class of exceedingly poisonous synthetic organic molecules that can persist in the environment under natural conditions for a long time. To safeguard both human health and the environment, the international community has developed tools to detect the existence and regulation of these pollutants [16]. The Stockholm Convention of 2013 was the most well-intentioned plan, which attempted to eliminate organic pollutants and, if that is impossible, to restrict emissions and discharges [16].




      A considerable amount of OPs are released into the soil as a result of the rapid population growth, increased fuel consumption and production of industrial chemicals, fertilizers, pesticides and medications. Based on their environmental half-lives, OPs are divided into two classes i.e., persistent organic pollutants (POPs) and non-POPs. Non-POPs can be broken down into simple, non-polluting components like carbon dioxide and nitrogen by chemical reactions or natural microbes [20-22]. One illustration of a non-persistent contaminant is organic waste. Due to their high persistence and toxicity in soil, the POPs pose significant health concerns to humans through food chains [23-27]. These OPs become highly toxic, poisonous compounds and pose threats to living beings when they cross the acceptable limits. Detergents, petroleum hydrocarbons, plastics, organic solvents, pesticides, insecticides and dyes are the main sources of release of these organic compounds into the environment [23, 24]. Since the 20th century, the POPs have drawn attention due to their highly hazardous bio-accumulative qualities. Owing to their possible toxicological characteristics, POPs have been deemed to be more harmful and are further listed as follows:





      

        	They stay intact for many years and are vulnerable to long-distance transportation.




        	Since they are widely dispersed in the environment, including soil, water, and most significantly in air, they build up in the fatty tissue of living things, including humans, and are more abundant at the top of the food chain.




        	Harmful to both human beings and animals




        	Primarily differ in the number of chlorine substitutions and last for a long time in the environment, especially in soils, sediments, and air




        	POPs undergo a variety of reactions in municipal and industrial waste, landfill effluents and agricultural operations that confirm their presence. POPs are also found in the biota of these remote locations


      




      Organometallic compounds, oxygen, phosphorus, nitrogen-based organic compounds and hydrocarbons are the three main groups of organic pollutants. Hydrocarbons and associated chemicals (dioxins, DDT, and polycyclic aromatic hydrocarbons (PAHs)) are the main group of agricultural pollutants [28]. Anthropogenic sources continuously pollute the biosphere by using a wide variety of harmful substances that they manufacture in various ways. Military waste, farming practices and agricultural practices are the three main sources of organic pollutants that include gasoline, PAHs, dioxins, organophosphates, triazines and carbamates [3]. Owing to their low polarity, hydrocarbons are lipophilic, poorly water-soluble and persistent [29, 30].




      Oxygen, nitrogen and phosphorus-containing organic compounds are water-soluble and have a low environmental persistence. This could be a result of the presence of relatively strong polar bonds created by the attachment of nitrogen, oxygen, or phosphorus atoms to carbon and other atoms, which give the linked compounds a high degree of polarity. The least significant group of chemicals in terms of their effects on the environment is the organometallic category, which may have organic combinations, such as lead and tin, with organic elements based on carbohydrates [16]. POPs are a class of compounds that cause environmental difficulties due to their bioaccumulation ability and environmental longevity as well as consumption patterns. They are transmitted across long distances on the Earth and can linger for a long time in the environment. As POPs, two categories of important substances exist: (I) PAHs and (II) halogenated hydrocarbons. The aforementioned group includes organo-chlorines such as DDT [16, 29-31].


    




    

      MICROBIAL DEGRADATION OF ORGANIC POLLUTANTS




      Bioremediation is a biological process that transforms wastes into compounds that can be used and reused by other species [32-35]. Microorganisms play an important role which is necessary for a precarious alternative approach to problems. The organic substance is degraded or transformed by enzymatic reactions of microorganisms. It works on two levels: co-metabolism and growth. The organic contaminant, which is the source of carbon and energy for growth, is completely mineralized as a result of this process. Co-metabolism is the metabolic process of an organic substance where a growth substrate is present, which is the main source of carbon and energy.




      Bacteria, fungi and yeasts are among the microorganisms engaged in the biodegradation process. Reports on the participation of algae and protozoa in biodegradation are scarce [36]. Even though there are numerous biodegradation processes, carbon dioxide is often the end product of the disintegration. The term ‘biodegradable material’ refers to organic material that can be broken down by microbes. Some microbes have naturally occurring catabolic enzymes that break down, change, or collect a wide range of substances, such as hydrocarbons, PAHs, radionuclides and metals. Microorganisms can degrade organic pollutants in both aerobic and anaerobic environments. The bulk of organic contaminants does, however, biodegrade more quickly and completely in aerobic environments [36-38]. The activation and incorporation of oxygen is the primary enzymatic reaction performed by oxygenases and peroxidases. The primary mechanism of aerobic hydrocarbon breakdown is depicted in Fig. (1). Organic pollutants are gradually transformed into intermediates of the central intermediary metabolism by peripheral degradation routes. Gluconeogenesis produces the sugars needed for different biosynthesis and development processes [1].
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Fig. (1))


      The basic principle of aerobic hydrocarbon breakdown by microorganisms [4].



      This chapter covers different types of microorganisms that help in the breakdown of various contaminants and a deep understanding of the process of biodegradation. It will also focus on ‘bioremediation’ by explaining the processes like biostimulation, bioaugmentation and natural attenuation that use microorganisms' degradation abilities in the process of bioremediation [39-41]. The use of genetically engineered microorganisms (GEMs), which is also an effective method of degradation of contaminants, is one goal of this chapter. The second goal of this chapter is to illustrate the significance of some GEMs in this procedure and to discuss challenges that must be overcome before GEMs can offer an efficient clean-up procedure at a lower cost. Natural attenuation occurs during the bioremediation of pollutants using the biodegradation abilities of microorganisms. GEM is utilized to enhance the capacity of microorganisms for biodegradation. Many factors can affect the effectiveness of this method; however, hazards are also involved in using GEM in the field (Fig. 2) [17, 42].
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Fig. (2))


      Representative summary of bioremediation [17, 42].



      

        Biodegradation of Petroleum Hydrocarbons




        Biodegradation of petroleum-based hydrocarbon is a complicated process that is affected by the variety and quantity of hydrocarbons present, as well as their chemical composition [1]. The type and size of a hydrocarbon molecule influence its susceptibility to microbial degradation. Short-chain alkanes (< C10) typically damage the lipid membrane architecture of microorganisms, making them poisonous to bacteria. Volatilization is the most common method of elimination [43]. While higher alkanes with long chains are highly resistant to microbial biodegradation, intermediate chain length alkanes (C10-C24) often degrade swiftly [1, 4, 43]. According to their varying susceptibilities to microbial attack, hydrocarbons are categorized in decreasing susceptibility order as follows: n-alkanes > branched alkanes > low molecular weight aromatics > cyclic alkanes [10].




        The first step in the aerobic degradation of hydrocarbons by bacteria is the introduction of molecular oxygen into the hydrocarbon. Prokaryotes use dioxygenase, which converts aromatic hydrocarbons to trans-dihydrodiols that are further oxidized to dihydroxy compounds. In the case of benzene, the product is catechol [1]. Mono-oxygenases are used by eukaryotic microorganisms to convert benzene to benzene 1,2-oxide, which is then converted into dihydroxy dihydro benzene due to the addition of water. The subsequent oxidation of this results in catechol, which undergoes ortho or meta cleavage to produce muconic acid or hydroxymuconic semialdehyde, respectively [8].


      




      

        Biochemistry of Oxidation of Hydrocarbon




        Whether they have short or long chains, alkanes go through beta-oxidation, followed by terminal oxidation, to produce the corresponding aldehydes, alcohols, and fatty acids. However, additional evidence reveals that branched alkanes typically experience di-terminal and sub-terminal n-alkane or fatty acid oxidation [44, 45]. Although the enzyme oxidation mechanism of an alkane is not well understood, hydroxylation, dehydrogenation, and hydroperoxidation are the recognized pathways [45]. While the aromatic fraction of petroleum is highly resilient to microbial attack, n-alkanes and cycloalkanes parts of petroleum degrade quickly. Aerobic degradation normally begins by oxidizing a terminal methyl group to produce a primary alcohol in the case of n-alkanes with two or more carbon atoms [46]. This is then further oxidized to the equivalent aldehyde before being transformed into a fatty acid (Fig. 3, Pathway a).




        Acetyl-CoA is produced by activating fatty acids and then processing them through a β-oxidation pathway. In some instances, the di-terminal hydroxylation of fatty acids results in the oxidation of both ends of the alkane molecule, producing a di-hydroxy fatty acid, which is then transformed into a dicarboxylic acid, resulting in the formation of acetyl CoA [13, 14]. The tricarboxylic acid (TCA) cycle is where the acetyl CoA enters to be broken down into carbon dioxide and water. It is observed that n-alkanes also undergo sub-terminal oxidation [46, 47]. A Baeyer-Villiger monooxygenase (BVM) then oxidizes the secondary alcohol-derived product to yield the matching ketone, which is then transformed into an ester. An esterase (E) hydrolyzes the ester, producing an alcohol and a fatty acid that go into the process of oxidation (Fig. 3, Pathway b). In some microorganisms, both terminal and sub-terminal oxidation can occur [46].
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Fig. (3))


        Terminal oxidation of alkane pathway (Pathway a) and sub-terminal oxidation of n- alkane pathway (Pathway b) [4, 46]. (AH: alkane hydroxylase; AD: alcohol dehydrogenase; ALD: aldehyde dehydrogenase; ACS: acyl – CoA synthetase; ω-H: ω-hydroxylase).

      




      

        Anaerobic Degradation of Alkanes




        Quantitatively speaking, saturated hydrocarbons make up the largest portion of all petroleum hydrocarbons. For the last few decades, considerable progress has been made in understanding the role of microorganisms in the anaerobic biodegradation of alkanes. Several physiological groupings of microorganisms can use them as carbon and energy sources when they are cultivated under nitrate-reducing, chlorate-reducing, and methanogenic environments. Petroleum (also known as crude oil) is a complicated mixture made up of hydrocarbons and thousands of other distinctly different chemical elements. Crude oil's hydrocarbon content can be divided into four primary fractions: saturated hydrocarbons, resins, aromatic hydrocarbons and asphaltenes. These substances are less reactive due to the absence of functional groups and have limited solubility in water. Nonetheless, the first hydrocarbon assault continues to be a crucial stage in the later metabolism of these apolar substrates. Also, the initial step's integration of molecular oxygen into hydrocarbon molecules is an oxygen-dependent biochemical process that is advantageous energetically.




        Oil biodegradation takes place largely in anoxic conditions in the subsurface by sulfate-reducing bacteria or other anaerobes employing several electron acceptors as an oxidant [43]. Hydrocarbon substrates (such as toluene) are converted to oxidative intermediates in the presence of nitrate before further degradation [8]. It has been demonstrated that anaerobic degradation of petroleum hydrocarbons occurs at extremely low rates in natural environments and its ecological relevance has generally been regarded as being minimal [8]. However, it has been demonstrated that anaerobic conditions are necessary for the microbial degradation of oxidized aromatic compounds like halogenated aromatic compounds and benzoates like halobenzoates and polychlorinated biphenyls [8]. Numerous bacterial strains have been identified that can utilize alkanes as a source of carbon under anoxic conditions [46]. However, the recycling of hydrocarbons in the environment also benefits from the anaerobic breakdown of alkanes. For instance, Azoarcus sp. utilizes C6-C8 alkanes, whereas Desulfobacterium sp. metabolizes C12-C20 alkanes [46-48]. For some strains, anaerobic breakdown pathways for the alkanes have been studied [46]. There seem to be two main tactics in use (Fig. 4); one includes adding a fumarate molecule to the alkane, activating it at a sub-terminal position and producing an alkyl-succinate derivative (Pathway a). The production of glycyl radical (an organic radical intermediate) is the possible mechanism by which this reaction takes place [48]. The fumarate molecule is combined with one of the alkane's terminal carbon atoms in the second reaction pathway (Pathway b), which has only been discussed about propane (Fig. 4) [46, 49, 50].
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Fig. (4))


        Anaerobic breakdown of alkane via the addition of fumarate molecule [46].

      




      

        Biodegradation of Organic Chemicals (Pesticides)




        Various chemicals have accumulated as a result of rapid industrialization and rising population. An incredible effort has been made to apply new methods to decrease or eradicate these toxins from the environment due to the frequent and broad usage of man-made 'xenobiotic' compounds. Typical pollution treatment techniques, such as landfilling, recycling, pyrolysis and incineration, have had negative effects on the environment and can result in the creation of harmful intermediates [51]. Moreover, some techniques are more expensive and occasionally challenging to use, especially the use of pesticides in large agricultural areas [52]. Exploiting microorganisms' capacity to remove contaminants from contaminated places is one promising treatment strategy. This process is known as bioremediation and is an alternative treatment method that is efficient, minimally harmful, cost-effective, adaptable and environmentally benign.




        As known to us, pesticides are natural substances that are used to prevent, eradicate, repel, or mitigate pest populations to boost agricultural productivity. Chemicals that are used to control pests are also referred to as pesticides. Today, it is a routine practice to apply pesticides to agricultural soil, and integrated pest management (IPM) heavily relies on these practices. A few pesticides persist in the soil and produce pollutants, resulting in intermittent pollution of an aquatic environment. Microorganisms (bacteria and fungi) with the potential to degrade pesticides can be found in several pesticide-contaminated locales. When these pesticides are administered to crops, the soil absorbs them. However, the effluent from the pesticide industry, as well as sewage sludge, activated sludge, wastewater, natural waters, sediments and places near the pesticide companies, are also rich sources of microorganisms that can break down pesticides. Pseudomonas sp. is the most effective bacterial genus for the breakdown of hazardous substances [53]. Numerous fungal species, including Aspergillus fumigatus, Aspergillus niger, Aspergillus terreus, and Rhizopus microsporus, were isolated from contaminated soils in Algeria [54]. Trichoderma viridae fungi have also been linked to the breakdown of the insecticides endosulfan and methyl parathion [55]. These microorganism’s internal or extracellular enzymes play a significant part in the breakdown of these organic contaminants. These chemicals are persistent in the soil due to the absence of microbial systems that contain the enzymes that break down pesticides. In these circumstances, the external addition of microflora that degrades pesticides is advised [56]. Additionally, the biotransformation of such chemical contaminants depends on a wide range of environmental parameters like temperature, pH, nutrients, redox potentials, contact duration, water content etc., in addition to the existence of microorganisms with the proper degrading enzymes [57]. The microbial metabolism of pollutants is influenced by several factors, including physiological, ecological, biochemical and molecular factors [53, 58, 59].


      




      

        Pesticide Microbial Degradation Mechanism




        Pesticide microbial degradation could take place during three phases. In Phase I, oxidation, reduction, or hydrolysis are used to change a parent compound's initial characteristics to create a water-soluble and typically less toxic derivative. In the second phase, pesticide metabolite is conjugated to an amino acid or sugar, increasing its water solubility and decreasing its toxicity in comparison to the original pesticide. Phase II metabolites are transformed into secondary conjugates, which are non-toxic, in the third phase. The production of intracellular or extracellular enzymes, such as hydrolytic enzymes, peroxidases, oxygenases, etc., by fungi and bacteria takes place in these activities [54].







OEBPS/Images/9789815238969-C1-F2.jpg
A\l

Ozonationat elevated pH(85)

Czcne +hycrogen peroide
oMo l
Fentan system (HO,/Fe*)
- > Czone-W/radation (0,)
Hectro-addation > Catalyticwet air a
axidation (OAD) ~ Hycrogen peroide-W/
Supercritical water oddation radation (HOyU)
(on0 > Czone-hydrogen peraride
~Wradation (0,H0,/)
Vet arotion Med) » Phdo-Fentonand Ferten
-likesysters
Hectrohydradic discharge-
utrasound

Heterogeneaus photocatalysis
S0,/ War Visible light
IOV ar Visiblelight
TIOMO/War Visibelight
B00/War Visibelight
20/ W/ar Visible light

5/ Wor Visibe light

Fe,0/ War Visblelight etc.





OEBPS/Images/bentham_logo.jpg





OEBPS/Images/Cover.jpg
GREEN SOLUTIONS
-OR DEGRADATION
UF POLLUTANTS

S 3 L]
aw wh a p
S § am, e Z w 'V,
RS * .
T o L 3 ) “> ) P
a AN, -
; > «
= - Sl
\ -
- o o RS Dot
= 3 ‘ o omdEa e o A e & 7 J €0 i)
3 % >y S

Editors:

Neha Agarwal

Vijendra Singh Solanki
Sreekantha B. Jonnalagadda

Bentham Books





OEBPS/Images/9789815238969-C2-F4.jpg
~COOH
Hooc”

P N
P
Fanway @ gy,

S coon

Hoog” ~-COH 2

| J

CO-SCoA
PG, S"coou
‘\/coo H )
CO-SCoA €o; l
N CO-SCoA
co, <| mg g
PP I
B -oxidation
CO-SCoA

J

B -oxidation





OEBPS/Images/9789815238969-C2-F2.jpg
Selection Natural utrients
/ attenuation \

Engineered Techniques

Bioaugmentation Biostimulation
Bioremediation/
Biodegradation
of pollutants

Abiotic

factors
Genetic Epfgineering

‘Antagonistic
interaction

Genetically
Engineered
Microorganisms





OEBPS/Images/9789815238969-C2-F3.jpg
Pathway a

RCH,CH;
AH Jo,
RCH,OH
@

AD | 2H
RCHO

@

ALD | 2H
RCOOH

,\:‘J\“‘
%‘j: Acs

RCH(OH)COOH
CH;-CO-SCOA

|

RCH(COOH), — g _oxidation

Acetyl-CoA.

l

Intermediary metabolism
(TCA cycle)

l

€O, & H,0

Pathway b

RCH,CH,CH;
AH lo;
RCH,CH(OH)CH;
@
AD \ 2H
RCH,COCH;

@
A
-H0

RCH,0COCH;

& l +H0

RCH,OH + CH;COOH

I

RCOOH B -oxidation

y

B -oxidation

e

Acetyl-CoA

Tntermediary metabolism
(TCA Cycle)





OEBPS/Images/9789815238969-C1-F3.jpg
Biostimulation

Bioaugumentation

Biosparging

Bioventing

Natural Attenuation

Bioslurping

Composting

Bioreactor





OEBPS/Images/9789815238969-C1-F1.jpg
Polychlorinated
Biphenyls (PCBs)

Toxic pollutant:
And
their Impacts

Agrochemicals

Industrial Wastes
/ wastes J

Air Pollution i Soil and Water Pollution,
Toxic impact on humans






OEBPS/Images/9789815238969-C2-F1.jpg
Hydrocarbon

Initial attack by oxygenases

Degradation by peripheral
pathways

|

SR

NH;
Tntermediates
3 of TCAcycle _Cé6 !
POy 3
Cs

S04 N 4
iz \ Respiration

\ Biosynthesis 1 H0

i Cell bios

mass
Growth \_)






