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Abstract
Antimicrobial resistance (AMR) is a critical global health issue that poses a significant threat to the public, healthcare systems, the environment, and the economy. Despite several steps and various strategies taken in recent years to tackle this problem, worldwide AMR trends show no indications of diminishing. Improper use and overuse of different antibacterial agents in the healthcare context and the agricultural and aquaculture industries are considered key contributors to the formation of antimicrobial resistance. Furthermore, spontaneous evolution, bacterial mutation, and the transfer of resistant genes through horizontal gene transfer are critical factors in the development of AMR. The environmental components of AMR are complex, with continuous interconnections, periodic interconnections, complexity, and a wide range of causalities and dynamics in the multiple sectors influencing global, planetary, and animal health The concept of understanding and tackling the resistance challenge requires tracking the routes and identifying the driving force and constraints for environmental development and spread of antibiotic resistance. The current knowledge of the roles of the environment, notably antibiotic pollution, in resistance development, and transmission, and as a mere mirror of the regional antibiotic resistance status are described in this chapter. This chapter also presents a viewpoint on existing evidence, outline risk scenarios, and risk assessment, and ultimately recommend some risk-mitigation activities. The current level of data on the destiny of Antibiotic resistance and AMR genes, their spread, and the complexities of the AR phenomenon in relation to anthropogenic activities are said to be insufficient. This chapter summarizes current information on antibiotic resistance in the environment, with a focus on antibiotic resistance propagation in an anthropogenic context and the environmental consequences.
Keywords - Antibiotic resistant genes (ARG), antimicrobial resistance (AMR), LMICs, Climate Change (CC), WWTPs, landfill leachate (LL), Horizontal gene transfer.

Introduction 
Global aquaculture production has grown significantly in recent years. Farmers expanded their cultural practices in response to the increasing demand from consumers for animal protein, and as a result, the disease load and spread have increased. In order to combat disease outbreaks, aquaculture farms ultimately rely their hands on antimicrobials or medications. The adverse effects of extended antibiotic use include a rise in AMR development. When bacteria, viruses, fungi, and parasites develop over a period and cease to respond to the medications that are intended to kill them, this phenomenon is known as antimicrobial resistance (AMR). Subsequently, it makes infections more difficult to cure and raises the possibility of disease outbreak, hazardous illness, and finally death. The present pace of spread is such that by the year of 2050, an estimated number of ten million people will die worldwide from resistant illnesses, with an estimated economic cost of around £60 trillion (O'Neill, 2016). It is now widely regarded as one of the most serious threats to human and animal health. The worldwide conversation concerning the emergence of AMR has recently been dominated by attention to agricultural and public health centers. However, there has been increasing evidence that environmental factors play a candidate role, and they are essential in the emergence, spread, and transmission of AMR, potentially reintroduction into humans and other animals. However, mounting data suggests that environmental parameters play a more vital role in the origin, spread, and dissemination of AMR, especially from the aquatic environment back to humans and other animals. Pollutions caused by industrialization, modernization, and urbanization by anthropogenic activities encourage the development of AMR in the natural environment. The environmental spread of AMR can result in soil biodiversity loss, animal biodiversity loss and ecological loss, which can then increase the use of antimicrobials (negative feedback from distinctive usage) and aggravate the problem. Nonetheless, global antibiotic use has continuously grown over the last decades, owing to an increase in antibiotic use in both human medicine and other commercial sectors (Klein, E.Y et al., 2018). The antibiotics usage in cattle, for example, it has reached around 63,151 tons in 2010 and predicted to rise by 67% by 2030 (Van Boeckel, T.P et al. 2015). Even though there are practices being held on to curb the use of drugs and antimicrobials by proper management procedures and policies, the usage of antibiotics is cradling up in the world. Antimicrobials usage is also piling up in aquaculture, which is the fastest-growing food sector in the world due to intensive production (Henriksson, P.J.G et al., 2018). As a result, antibiotics of pharmaceutical based are enormously discovered at considerable levels in man-made ecosystems such as sewage and wastewater treatment facilities (WWTPs) (Rizzo L et al., 2013). Furthermore, as antibiotic pollution is poorly regulated on a local and global basis, antibiotic compounds are primarily discovered in terrestrial, freshwater, and marinewater habitats (Boy-Roura, M. et al., 2018). To limit the worldwide effect of AMR, more surveillance is required to develop epidemiological knowledge on AMR and inform aquaculture and fisheries actions.
The rise of Antimicrobial Resistance has greater consequences.
	Antibiotics are essential for maintaining the well-being of people, animals, and plants (Hernando-Amado et al., 2019). Antimicrobials have a long history of being effective in the treatment or prevention of several infectious illnesses; nevertheless, their present efficacy is in jeopardy (Levy & Marshall, 2004). Antibacterial, antiviral, antiparasitic, and antifungal medications that used to be effective are no longer effective because of microorganisms acquiring resistance to antimicrobials (Allen et al., 2010; Topp et al., 2018; Graham et al., 2019; Murray et al., 2022). The WHO Global Report, which was published in April 2014 on AMR monitoring, showed the global breadth of this pandemic as well as the existence of significant gaps in present and future surveillance. Antimicrobial resistance may influence people at all stage of life as well as the healthcare, animal health, and agricultural industries. This makes it as notable global public health problems. If the ecological effects of AMR and its worldwide impact are not addressed, mankind may one day return to a time when even superficial infections might be fatal. Second and third-line antibiotic-resistant infection treatments may damage patients since they extend treatment and recovery by weeks or even months and have significant side effects such as organ failure and numerous diseases. Thus, the public worry over antibiotic resistance would result in greater medical expenses, more extended hospital stays, and more mortality in the last stage of the process. Likely the resistant microorganisms that thrive in the environment would pose a serious impact to the microbiome of the ecology, wildlife habitats, and plants. The entire food web that exists in the ecology would become utterly devastated. The World Bank predicts that by 2030, a phenomenal rise in AMR rates will have a particularly detrimental effect on low and middle-income countries, undermining the development of vulnerable groups, escalating economic inequality, and increasing extreme poverty. According to recent estimates, that the 1.27 million deaths globally in 2019 were directly associated with drug-resistant diseases, whereas 4.95 million fatalities in 2019 were directly linked to AMR bacteria (Murray et al., 2022). By the year 2050, it may rise to 10 million deaths annually, which would be similar to the number of cancer deaths that year (O'Neill, 2016). An alarm is raised when food animals exhibit resistance to the targeted illnesses. The most significant problems with public health and food safety are actually brought about by antibiotics' unanticipated effects on the bacteria that are usually found naturally in the gastrointestinal tracts of food animals (WHO 2000a, b). Antibiotic use by humans has ultimately launched an vast experiment in evolutionary theory in almost every setting on Earth. In order to tackle AMR, the World Bank and AMR Global Leaders Group recommend integrating it into sustainable development strategies. Tools are needed to aid decision-makers in understanding the social and environmental factors behind AMR in LMICs and connecting it with other sustainable development issues. There exist different strategies for the screening of AMR in natural environments to combat the emerging race with Antibiotic-Resistant bacteria (ARB) (Fig 1).
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Fig 1 Different strategies for the screening of AMR 
Antibiotics, antimicrobial resistance (AMR) and its concepts 
A living organism, usually a bacterium, produces an antibiotic, a chemical substance that is toxic to rest of microbes. The phrase "antimicrobial" refers to a drug that inhibits or kills microbial cells, such as antibiotics, antifungals, antivirals, and antiseptics. Antibiotics are unquestionably used in a complex environment like soil to control the development of rival microorganisms. Soil microbiome typically creates antibiotics. Bacteria and fungi create antibiotics with a beneficial scope to cure or prevent illness. Antibiotics are compounds that bacteria and other microorganisms develop on a regular basis as part of their lives in microbial communities. They are substances that may be found all over nature. The purpose of antimicrobials is to treat bacterial infections on or within the body. This distinguishes antibiotics from the other primary categories of antimicrobials that are now in use:
· Antiseptics are used to sterilize the surfaces of live tissue when there is a significant danger of infection, for example, during surgery.
· When used as disinfectants, bacteria work as non-selective antimicrobials to eliminate a wide range of pathogens. They are used to sanitize surfaces, including those in hospitals, laboratory surfaces and bio cabinet surfaces.
Parallel to this, bacteria from microbial communities are producing naturally occurring antibiotic resistance genes (ARG). Since there have been bacteria, there have also been ARG and antibiotics. A varied set of genes expressing antimicrobial resistance mechanisms to beta-lactam, tetracycline, and glycopeptide groups associated with current bacterial pathogens, for example, the discovery of ancient DNA of bacteria in 30,000-year-old permafrost sediments, highlighting the ancient origins of antibiotic resistance. Antibiotics are used globally in livestock to treat bacterial illnesses and/or to improve animal development in addition to being used in human medicine (Du and Liu, 2012). Global rate of antibiotic consumption has been estimated to be in range from 100 to 200 thousand tonnes annually (Wise, 2002; Kummerer, 2003), with roughly half of this quantity being used for veterinary purposes (Sarmah et al., 2006), even though data on usage of antibiotics is still lacking in many nations.
In fact, microbes have more effects on people than just bacteria. Antifungals and antivirals that would target viruses and fungi, which can both pose a threat to people. In contrast, antibiotics are only substances and solutions that target bacteria. Today's antibiotics are primarily made in laboratories, but they frequently take inspiration from elements that are naturally found. For example, some bacteria produce compounds that are specifically made to kill nearby bacteria in order to gain an edge while competing for food, water, or other limited resources. However, certain microbes can merely produce antibiotics only in a laboratory. Antibiotic overuse in animals has been found to be a key risk factor for the emergence of antimicrobial resistance (AMR), a emerging concern to public health worldwide. Aquaculture could aid in the global spread of AMR because of its broad global trade and close closeness to the aquatic environment. It is now more crucial than ever to identify infectious disease outbreaks as soon as possible in order to put the required epidemiological controls in place to decrease their negative impacts as a result of the present SARS-CoV-2 pandemic (Oude Munnink et al., 2021). 
Three main factors influence bacterial resistance to antibiotics: the targeted molecules absence in the cell, the drugs being inactivated by enzymes, or the bacterial cell's resistance to the antibiotic compound (e.g., due to the physicochemical characteristics of the molecules, the presence of efflux pumps, etc.). At least four well-known mechanisms that aid in bacterial drug resistance were,
         (i) inactivation or modification of the antibiotic. 
(ii) an alteration that reduces its binding capacity in the antibiotic's target site. 
(iii) the modification of metabolic pathways to circumvent the antibiotic effect. 
(iv) the decreased intracellular antibiotic accumulation by decreasing the permeability and/or increasing the antibiotic's active efflux of the antibiotic.
The impacts of AMR on health, social and economic status on public
Furthermore, rising income levels in developing nations have resulted in a rise in animal based protein consumption, which may need the inclusion of more antibiotics in the food animals ingest. The excessive utilization of antibiotics in poor nations, which is a direct outcome of growing wealth, is mostly to blame for the massive increase in worldwide antibiotic use (Chaw PS et al., 2018; Klein EY et al., 2018). In other words, the usage of antibiotics has been proven to positively correlate with both an increase in GDP and the standard of life in low and middle-income countries (LMICs) (Dall C., 2018; Klein EY et al., 2018)
AMR may have a significant financial effect if left uncontrolled. According to the World Bank 2017, it may cause a 3.4 trillion-dollar yearly deficit in gross domestic product (GDP) over the following 10 years and impose apparently 24 million people into extreme situation of poverty. According to economic theory, AMR is an externality (i.e., an activity having an impact on third parties) originating from the use of antibiotics to treat illnesses. As an outcome, even if the patient or the doctor who directed the antibiotic does not initially notice the effects of selective pressure and frequential resistance to drugs caused by antibiotics use, it will ultimately influence the community's social and economic impact (Coast et al., 1996).
People can be cured of illnesses when they are curable with antimicrobials, and future transmission among the community can be easily stopped. Hundreds of millions of lives have been saved as a result since these "miracle drugs" first became widely used more than 70 years ago. Antimicrobial resistance is reducing the efficacy range of medications in both developed and poor nations. The world will have to deal with a situation where numerous infectious illnesses have "no cure and no vaccine" if this tendency is allowed to continue unchecked.
However, the expensive effects of AMR on GDP would be greater in two ways: they would be seen over the whole simulation period (which lasts until 2050), and inequality between nations would rise since low-income countries would suffer the greatest gaps in economic development. AMR also makes societal injustices worse. Women, children, migrants, refugees, persons working in specific industries (such as agriculture or healthcare), those living in poverty, and those who are migrants or refugees may all be easily prone to and/or exposed to antibiotic-resistant diseases (WHO, 2007; Bhopal and Bhopal 2020; WHO et al., 2021). In addition, females are often in charge of collecting water in many nations, and the absence of availability to water and sanitation on the property limits the time that women can devote to leisure, education, and income-generating activities while also increasing their vulnerability to gender-based violence (Travers et al., 2011; House et al., 2014; UNEP and International Union for Conservation of Nature (IUCN) 2018, p. 25). The common drivers of AMR are mentioned in Figure 2.
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Fig 2 Drivers of AMR in the environment
To better focus policies and help the most vulnerable people and existing natural communities who still run the danger of being left behind, still furthermore research is needed on the implications and outcomes of resistant infections that vary by gender and age (WHO, 2018a).
AMR's environmental impacts
According to Cantón, González-Alba and Galán (2012) and Perry, Waglechner and Wright (2016), resistant microorganisms can cause other microorganisms (mainly bacteria) in water, soil, and air to develop resistance after encountering them. These microbes might have developed in nature over time or been introduced by anthropogenic and/or animal waste streams. The AMR epidemic and the environment are inextricably intertwined. Antimicrobial contaminants, which have a detrimental effect on biodiversity and ecosystems, are also distributed by the environment and are a source of AMR microorganisms (UNEP, 2022). It is possible for resistance to emerge to antibiotics, fungicides, antiviral medications, parasiticides, some disinfectants (like triclosan, chlorine, and quaternary ammonium compounds), and other co-selecting medications (like metals like zinc and copper and biocides). Lifestyle choices as well as inadequate sanitation of land and water, contribute to the release of antibiotic residues into the environment. Because of the planet's many connections, resistant microbes can spread and be passed to people, animals, food animals, plants, and wildlife (Graham et al., 2019; Larsson & Flach, 2022). Significant research and knowledge gaps must be filled to successfully track and efficiently control the AMR development in the environment. ARG’s reporting unit discrepancies, a lack of consistent methodologies, monitoring goals, and established threshold values are a few measurements of them (Berendonk TU. et al., 2015). Policymakers need to support the concepts and ideas of scientists if AMR in the environment is to be substantially reduced. In order to provide this assistance, more funding should be allocated to research, appropriate reduction objectives and measurements should be established, and multi-stakeholder collaboration should be encouraged through the creation of policies. Bacterial infections driven by multidrug-resistant or extensively drug-resistant organisms have become a grave problem in the environment and global biodiversity due to rising antimicrobial resistance and a thin new antibacterial pipeline.
AMR development in the environmental condition
Antibiotic resistance may evolve as a result of environmental factors and genetic makeup (Santos-Lopez A et al. 2019, Hughes D et al. 2017, Duro P et al. 2019, Bottery MJ et al. 2020). For instance, Heterogeneous genetic backgrounds can result in varying degrees of resistance from the same AMR-causing mutation (Hughes D et al. 2017), and different evolutionary divergent strains of the same species can produce different degree of resistance as well as different mutational pathways that lead to resistance (Card KJ et al., 2019; Lamrabet O et al. 2019). As a result, adaptation to various environments may result in genetic variations that have an influence on the development of AMR. As an illustration, environmental bacteria, especially those that live in the soil, have developed while being exposed to natural antibiotics (presumably at relatively low doses). This is supported by the discovery that antibiotic resistance genes exist even in relatively pure habitats, including the deep ocean, Antarctic lakes, and Arctic permafrost (D'Costa VM et al., 2011).
Inland water sources are seen as a significant vehicle since not all transmission networks and links distribute AMR equally throughout the environment (Fondi et al., 2016). River sediments near wastewater sources might make selection, co-selection, and HGT more likely. Although various factors, such as the specific ecological sources and microbes that are carrying the ARG’s, also are important to AMR fate in such locations (Quintela-Baluja et al., 2019; Wu et al. 2022), longer contact duration between chemicals and wastewater with indigenous microbes increase the AMR selection and events of dissemination (Kristiansson et al., 2011).
Contrarily, host-associated bacteria may have spent a considerable amount of time evolving in the absence of antibiotics, yet they are now often exposed to high antibiotic concentrations. The ways in which AMR develops and is maintained in strains from these various origins may be significantly impacted by these variances. There is potential for the formation and maintenance of AMR in the environment if genetic backgrounds that enable bacteria to live as free-living creatures have a high likelihood of evolving the trait and minimal associated fitness costs. This might have significant effects on ambient bacterial ecosystems and the ability of AMR genetic determinants to spread to bacteria that are host-associated and pathogenic.
Antibiotic resistance can develop from both alterations in a bacterial native genome and the incorporation of foreign DNA. In humans or animals treated with antibiotics, mutations quickly happen and become fixed. Pathogens seldom experience such a high selection pressure elsewhere. Additionally, the process is unaffected by the genetic reserve in other species.
For most infections being in environmental conditions, external factors are often less likely to make a significant contribution to the mutation-based evolution of resistance. Water, soil, and other ecosystems with widely different ecological niches provide an unrivaled gene pool with substantially greater variety than humans and household animal microbiome in terms of the absorption of novel resistance components. The environmental microbiome's extreme diversity, which offers a wide variety of genes that potentially could be acquired and used by pathogens to counteract the effect of antibiotics (Forsberg et al., 2012; Berglund et al., 2017; Dantas et al., 2008; Pawlowski et al., 2016; Berglund et al., 2020), is, in fact, its most striking characteristic. Natural, semi-synthetic, and synthetic antibiotics have all faced resistance in at least some of the illnesses they are designed to treat. This means that, unless we change our minds about how antibiotics are designed, the external environment already has resistance factors for virtually every antibiotic the fact that will ever be created.
Quaternary ammonium compounds, various biocides, and heavy metals (such as zinc and copper) present in effluent may have a deleterious influence on aquatic and terrestrial organisms. When bacterial species with an abundance of genes which confer resistance to these compounds and other antimicrobials occur, these compounds can create a co-selective pressure (Wales & Davies, 2015). The presence of one drug may co-select for resistance of the other, even in its absence, when the resistance genes co-occur in the same microorganisms (Pal et al., 2015). As a result, it is typical in environmental systems for one antibiotic to co-select for resistance to other antimicrobials. For instance, elements like zn and cu are frequently added to animal feed as supplements for nutrition and disease prevention, and this may favor improved drug-resistant bacterial survival in environmental condition, such as the digestive tract of animals fed these elements (Bearson et al., 2020).
Climate crisis
The consequences of CC on human health are deteriorating over time, as is their influence on global health, which impacts all kinds of physical, natural, social, and behavioral components (WHO, 2022). This deterioration is remarkably like that seen with AMR (Cars et al., 2008). As temperatures increase due to climate catastrophe, so does AMR in people, animals, plants, and the ecosystem (McGough, S.F 2020; MacFadden, D.R 2018). In fact, rising temperatures are closely connected to AMR, as they are associated with increasing bacterial growth rates (Pietikäinen, J.; et al., 2018) and horizontal gene transfer (Philipsborn, R et al., 2016). Although AMR is a natural phenomenon, "man-made" factors, such as the abuse and overuse of antibiotics in people, animals, and plants, are the primary causes of its growth and spread (WHO,2022). The transfer of resistance genes from animals to humans using whole genome sequencing (Harrison, E.M et al. 2013) underlines the necessity of global activities to combat AMR across many sectors (such as human healthcare, agriculture, and the environment) (Pitchforth, E et al. 2022). Climate Change (CC) and AMR have frequently been contrasted because of their enormous scope, but these two problems are even more connected since CC may indirectly cause AMR (O’Neill, C.,2022). Since they affect people, animals, and the environment all at once, it makes it logical to treat them using the One Health approach. Numerous zoonotic microbes that have infected humans imply that there has been a long-standing connection between infectious diseases and global warming (Patz, J.A et al. 1996). For instance, when water systems' temperatures rise, infectious illnesses including Campylobacter, Salmonella, and Vibrio cholerae have returned due to bacteria's adaptation to warmer temperatures (Omazic A et al. 2019, Semenza et al. 2008). Due to the restricted alternatives for treating AMR infections, resistance rates for these bacteria will inevitably rise (Jobling, M.G.  2019; Lipp, E.K et al. 2002; Constantin de Magny, G et al. 2009). Uncertainty persists over the consequences of the re-emergence of pathogenic bacteria from CC, given the already diminished efficacy of several antibiotics (Laxminarayan, R et al., 2019). Therefore, managing "outbreaks" in all contexts requires early detection of infectious diseases associated with CC (Semenza et al., 2009). 
Warmer temperatures have also been shown to influence heavy metals and alterations in biocides concentrations of soil and water, as well as their absorption by bacteria, activating AMR via co-resistance pathways (. Chen J et al., 2019; Coates-Marnane, J et al., 2016; Knapp et al., 2011; Seiler, C et al. 2012; Singer, A.C et al. 2016). According to Kusi 2022, the primary sources of AMR in surface waters include healthcare institutions, wastewater, agricultural settings, and foods, which may contain antimicrobial residues, biocides, and heavy metals. Although CC might be regarded as an additional AMR driver in the aquatic environment (Kusi J et al. 2022), Its causal influence should be regarded with skepticisms (Kaba, H.E.J et al. 2021).
Similarly, intersectoral solutions may be successful in addressing the climate crisis, even if further research is required to determine whether the One Health strategy is sufficient to address CC (Zinsstag, J et al., 2018). One of these aspects has been the subject of the bulk of investigations to date. In order to better study the linkages between environmental changes and AMR from a One Health viewpoint, De Jongh and colleagues suggested using honeybees as a model organism (De Jongh, E.J et al. 2022). Environmental toxins, rising temperatures, and other CC-related variables might have a severe impact on honeybee health, leading to an increase in illnesses specific to honeybees and a reduction in the effectiveness of antibiotics in treating infections (Regueira, M.S. et al. 2017; Prodˇelalová, J. et al. 2017; Runckel, C et al. 2011). The implementation of the synergy between partners in human, animal, and environmental health should thus be fostered by thorough research of the probable link between AMR and CC.CC and AMR are two of the most serious issues confronting the planet today. Both have been aggravated by human actions and can be alleviated by them. In an era of climate change, the burden of infectious illness might be decreased by concentrating on One Health methods that recognize how human health is inextricably linked to animals and the environment (Gudipati, S et al. 2020). According to "the 2022 report of the Lancet Countdown on Health and climate change," vulnerable persons (e.g., those over 65 years old and children under one-year-old) are more sensitive to the negative effects of heatwave days, a danger that is increased by the concurrent COVID-19 pandemic (Romanello, M et al 2022). At the same time, the climate crisis is having an impact on the spread of infectious illnesses, increasing the danger of emerging diseases and AMR.
Loss in Biodiversity 
Recent changes in soil microbial diversity brought on by human activity and climate change may have an impact on the spread of antibiotic-resistance genes in the environment (Zhu & Penuelas, 2020). The ecological impacts of antimicrobials on environmental microbiomes will have an influence on more extensive ecosystem services, such as those linked to biogeochemical cycles of soil and plant health (Brandt et al., 2015). Microbial communities play a significant role in ecosystem functioning in natural environment. Even administering specific medicines to cattle can alter dung beetle microbiota, disrupting the crucial ecological service that dung beetles offer (Hammer et al., 2016). Antimicrobials may endanger the health of ecosystems, which is vital for maintaining biodiversity and fully functioning ecosystems (Grenni et al., 2018; Banerji et al., 2019). In contrast, the use of antimicrobial can pose a threat to reduce microbial diversity (Chen, J. et al. 2019). Microbial richness must be safeguarded to maintain a varied molecular reservoir for future pharmacological development. A high level of microbial diversity can operate as a physiological barrier against AMR dissemination (Chen, Q. et al. 2019). According to Neergheen-Bhujun et al. (2017), natural environment bacteria have existed for decades and will keep on being sources of therapeutic breakthroughs for wellness, disease prevention, and therapeutic usage. Considering soil biota is a critical component of planetary health, maintaining microbial range in soil and understanding the factors that shape soil microbial diversity is critical in conserving this soil-borne heritage (Zhu et al., 2019; Zhu & Penuelas, 2020). According to Grenni, Ancona, and Barra Caracciolo (2018), Jorgensen et al. (2018), and Banerji et al. (2019), changes in microbial diversity in natural environments are bioindicators of changes in ecosystem processes.A very few investigations have examined at how microbes carrying these ARGs persist and engage with other microbial species in their surrounding environment, despite human activities like sewage generation rising ARGs in affected environments (Rodriguez-Mozaz et al., 2015; Bengtsson-Palme et al., 2018; Smalla et al., 2018; Banerji et al., 2018). Although the effects of antibiotic use and pollution on ecosystem services and biodiversity loss are becoming more apparent, there is still very little proof that AMR causes consequences to biodiversity loss.
Pollution as a driving force in AMR spread 
Although the ancient time evolution of ARG’s was likely aided by the naturally produced antibiotic molecules, this is not the cause of the rapid evolution and dissemination of resistance factors across strains, species, and environments that we have seen since the discovery of antibiotics as therapeutic agents. Antibiotics generated by environmental microbes are widely distributed, however, they mostly function on a microscale, limiting exposure because it is typical for concentrations to fall off quickly surrounding the generating organisms. On the other hand, synthetic antibiotics operate on a much larger scale and are frequently linked to selection forces that affect entire microbial populations. Human and farmed animal bodily waste (urine and feces), negligent handling and/or disposal of unused drugs, fish farming contamination, agricultural contamination, and waste streams from pharmaceutical manufacture all contribute to antibiotic discharge into the natural environment. Utilization and excretion of antibiotics result in the most extensive emissions and very possibly most antibiotics that are emitted. However, exposure levels through this method are always constrained by factors including the fraction of the population taking the antibiotic at any particular moment, the dosages utilized, and human or domestic animal metabolism.
Antimicrobial resistance genes are becoming more widely acknowledged as emerging pollutants, and polluted environments can act as sources of AMR. The prevalence of AMR is correlated with anthropogenic effects (Pruden et al., 2006; Sanderson et al., 2016; UNEP, 2017). The release of biologically linked AMR contaminants into the ecosystem as a result of both treated and untreated human and animal excreta is especially alarming. Pollution issues are exacerbated by the discharge of chemical wastes, such as those from pharmaceutical manufacturers and the disposal of unwanted and outdated antimicrobials.
Accumulation of Antibiotic Pollution and Toxicity in Larger Organisms.
Antibiotics influence the health profile of living organisms and the microbial community in the environment. With the aid of several standard clinical experiments and reports regarding pharmacology, knowledge regarding the side effects caused by antibiotics on humans and animals has been well delineated. On the contrary, it is also claimed that insignificant antibiotic levels in the ecology do not pose any health hazard to human beings. But continuous exposure to minimal doses of antibiotics over a period of time may lead to adverse health effects for humans by the process accumulation through food and drinking water. Examples include the detection of quinolones and macrolides in chlorinated water used for drinking and the recent detection of triclosan (an antimicrobial agent in soap, detergents, soaps etc.) in breast milk, urine and human serum exerting a variety of unknown health risks. Reports reveal that 75% of the population in the United States is prone to triclosan exposure via certain consumer products being used daily. The toxicity range in humans has been well elucidated, but scarce information is found regarding the toxic levels in the lower organisms. Under lab conditions, even the least concentration of erythromycin and streptomycin had a negative impact on the behavior and survival of artemia as well as in Daphnia magna. In addition, the major drawback is the exposure of antibiotics to UV rays in lab circumstances leads to negative impacts by increasing its effectiveness. This leads to antibiotic toxicity among vertebrates. The pollution caused due to antibiotics in aquatic environments has a chronic effect on aquatic organisms. For instance, the concentration of macrolides in sub-inhibitory doses in zebrafish leads to edema in the yolk sac and aliments in the swim bladder. Exposure of quinolone, tetracycline and sulphonamide to other fishes also yields similar effects. Additionally, metabolites of quinolones persist in the body through the process of bioaccumulation, leading to long-term toxicity. Aquatic pollution that is least investigated is known to have a negative impact on aquatic organisms. Amphibians, when exposed to tetracycline, reduce the growth rate and lead to malformation. Disruption of physiological factors by antibiotics can potentially interfere with changes in the expression of genes. It is understood that the majority of antibiotics, independent of their receptors and mechanisms of action, are known to cause significant activation of transcription in bacteria and in several multicellular organisms, even at low doses. Kim, along with his fellow researchers, discovered that exposure to tetracycline had an influence on carbohydrate and protein metabolism as well as affecting the stress response mechanism in Daphnia magna. Also, even in the absence of tetracycline, alterations in the gene transcription might persist over several generations.
The tremendously context-specific impact of antibiotic contamination poses a significant human health concern (Danner et al., 2019). Antimicrobial compounds have wide applications in the field of aquaculture, human medicine, agriculture, and livestock. However, significant amounts of active molecules are being excreted from numerous sources into the environment after exposure to antibiotics Factors like the type of antimicrobial drug, host organism, formulation and route of administration determine the unmetabolized concentration of antimicrobials excreted via urine and feces of animals and humans (Kümmerer & Henninger, 2003; Giguère et al., 2013). Inappropriate wastewater treatment leads to exposure to contaminated waters resulting in the development of consumption and excretion cycles (WEF 2021).
The role of the transmitting agent in the environment still remains unclear. Certain diseases (such as Vibrio spp. Or Legionella spp.) flourishes well in the environment than humans or any animal host. Growth difference in resistant and non-resistant bacterial strains after exposure to subacute levels of antibiotics is known to develop an infection with higher affinity in humans or animal hosts. Opportunities of environmental transmission by resistant and non-resistant strains are greatly influenced by environmental variables like oxygen, temperature, competition, predation, and nutrients.
Antimicrobial resistance in the Aquatic environment
The recent time outbreak of the SARS-CoV-2 pandemic has led to the development of rapid diagnostics assays to minimize the harmful effects (Oude Munnink et al., 2021). Antimicrobial resistance (AMR) is a hidden epidemic, yet there are still several unanswered concerns regarding how it has spread and evolved. A comprehensive strategy including all ecosystem niches is urgently needed to understand how antibiotics and antibiotic resistance genes (ARGs) originated, developed, and transmitted (Da Silva et al., 2020). The importance of aquatic ecosystems as the final destination for the effluents discharge from wastewater treatment facilities (WWTPs) or the direct disposal of sewage of human or animal origin (Zheng et al., 2021; Miłobedzka et al., 2022), runoff from agricultural lands (Buta et al., 2021) and several human activities makes them crucial for confirmation that how the AMR develops and disseminates globally. 
Over the past few decades, aquaculture has had the greatest rate of growth in the food sector, with the production of proteins on a worldwide scale expected to increase from 10% to 50% by 2030. The prophylactic use of antibiotics has also become increasingly prevalent as aquaculture practices have become more intense. These farming systems have been referred to as “genetic reactors” because they allow AMR genes to recombine, exposing ambient bacteria to antimicrobials. AMR genes from aquaculture facilities are released into the environment through fish products, waste products that are utilized as fertilizer and direct sediment runoff. Antimicrobial usage in aquaculture has decreased in "high-income countries" (HICs) in recent years, while it has increased in middle- and low-income nations (MICs, LICs). Effective environmental risk assessment (ERA) methodologies, each with their own advantages and disadvantages, need to be framed for monitoring the spread of AMR. Some of the approved antibiotics that has been used in aquaculture systems are mentioned in the Table 1.
Table 1 List of antibiotics that have been approved for use in aquaculture.
	Approved Antibiotics
	Action regarding Disease aspects
	Route of administration

	Chloramine T
	For the control of mortality in bacterial gill disease associated with Flavobacterium spp.; columnar is disease associated with Flavobacterium columnare.
	Immersion

	Oxytetracycline hydrochloride
(Terramycin 343®; Tetroxy® 343)
	Used in finfish fry and fingerlings' skeletal markings
	Immersion

	Florfenicol
(Aquaflor®)
	For the control of mortality in catfish due to enteric septicemia of catfish associated with Edwardsiella ictaluri; freshwater-reared salmonids due to cold-water disease associated with Flavobacterium psychrophilum; furunculosis associated with Aeromonas salmonicida.
	Medicated Articles/Feeds

	Oxytetracycline dihydrate
(Terramycin® 100; 
Terramycin® 200 )
	· For the control of ulcer disease caused by Hemophilus piscium, furunculosis caused by Aeromonas salmonicida, bacterial hemorrhagic septicemia caused by Aeromonas liquefaciens and pseudomonas disease in salmonids.
· For the control of bacterial hemorrhagic septicemia caused by Aeromonas hydrophila and pseudomonas disease in catfish. 
· For the control of gaffkemia caused by Aerococcus viridans
	Medicated Articles/Feeds

	Sulfadimethoxine/ormetoprim
 (Romet®-30)
	· For the control of furunculosis in salmonids (trout and salmon) caused by Aeromonas salmonicida
· For the control of bacterial infections in catfish caused by Edwardsiella ictaluri (enteric septicemia of catfish).
	Medicated Articles/Feeds


Major environmental contaminants that have been linked with the spread of AMR profiles in bacterial populations include antimicrobials, pesticides, heavy metals, microplastics, antimicrobials and crude oil. Microplastics, for instance, could absorb pollutants like heavy metals and antibiotics used in ponds used for aquaculture. Microbial communities being subjected to pressure (i.e., antibiotics) on microplastic surfaces leading to alterations in the chromosomes that improve resistance. Additionally, bacteria may create dense multi-species biofilms on microplastics, which makes it easier for bacteria to transmit AMR genes horizontally or vertically, including mobile genetic components like class 1 integrons. This is extremely important because the movement of microplastics by the water flow might transfer bacteria with broad AMR profiles to new environments. The Projected Antimicrobial use in aquaculture, as mentioned by Scar et al.,2020 from the year 2017 to 2030 is estimated to be in a voluminous and increasing manner, with China topping the list, Table 2.          
Table 2 Projected Antimicrobial use in aquaculture (2017 to 2030)
	Country
	2017
	Projected (2030)

	China
	57.90%
	55.90%

	India
	11.30%
	Remains the same

	Indonesia
	8.60%
	10.10%

	Vietnam
	5%
	5.20%


 Water – rivers, lakes, and sediments
According to Pruden et al. (2006), rivers and lake sediments can be a transitory source of AMR that swiftly assembles resistance genes and microorganisms, chemical pollutants, and MGEs that have accumulated in transit (Lu & Lu, 2020). These areas become "new" sources for AMR dissemination due to the deposited material, which may have different resistant microbial hosts than the initial sources due to transformation. In situ, AMR development and transmission can also take place in sediment. For extended periods of time, sediments can be pseudo-static, slowly collecting AMR from polluted water and other sources. However, during severe weather, they turn into sources and remobilize AMR in large numbers into the surrounding environment. The Cache-La Poudre River, which originates from a pristine source in the Rocky Mountains, was the first to indicate an upward trend in the magnitudes of ARGs in water and sediment as there were more WWTPs and runoff from agricultural inputs to the river (Pruden et al., 2006). Studies on the Almendares River in Cuba revealed that over 98% of related ARGs are carried downstream during the rainy season (Knapp et al., 2012), even though untreated wastewater discharges occur year-round and build near wastewater outflows in the dry season (Graham et al., 2011). Comparable incidents have been recorded in other locations, such as the Ganges, where monsoon floods discharge silt downstream harboring resistant genes and microorganisms (Ahammad et al., 2014). ARGs in downstream sediments of lake mirrored upstream river sediments in a river-lake continuity in China, showing that AMR spread with sediment movement (Chen et al., 2020). Genetic signatures (ARGs) in sediments of rivers mimicked upstream wastewater sources, suggesting that the AMR that was present in the river and lake likely spread in a sequence of stages from human waste sources to the river and lake. AMR diversity increased throughout sediment movement, but interestingly, ARG concentrations did not significantly increase. This suggests that in situ microbial growth was low, but the AMR potentiated ARGs between human and environmental microorganisms. Strong correlations between wastewater treatment facilities and the occurrence of AMR in sediments were found in watershed scale research conducted in the River Thames by Amos et al., with the size, type, and proximity of the treatment facility being the most important predictors of AMR range in sediments.
Antimicrobial Resistance in Marine Environments 
In contrast to freshwater and wastewater ecosystems, marine habitats have different occurrence mechanisms for ARB and ARG. Marine habitats are home to 28% of ARGs, as per a survey by Hatosy and Martiny in 2015.The coastal runoff of the ARBs from the agricultural environment is the leading cause of the increasing prevalence of AMR in the marine environment. Furthermore, human actions are releasing direct antibiotic residues into marine systems. For example, in 2016, Chilean marine salmonid farms used 363.4 tons of antibiotics, which may have worked as a selection pressure for the establishment of AR in marine ecosystems (Miranda et al., 2018). Based on metagenomics studies, the identical ARGs were identified in the guts of Baltic Sea farm fish and farm sediments; the use of antibiotics while on hatching and rearing of juvenile fish, or the fish acquiring the ARGs from marine microorganisms in the farms, are two potential explanations for the observation (Rosenfeld and Zobell, 1947; Baam et al., 1966; Miranda et al., 2018; Tortorella et al., 2018). It is unable to completely rule out the possibility of a bidirectional transmission of ARGs between aquatic ecosystems and people. Studies employing both culture-dependent and culture-independent methods indicate the prevalence of ARB and worldwide contamination of aquatic habitats, including open oceans (Shimizu et al., 2013; Hatosy & Martiny, 2015; Segura et al., 2015; Fekadu et al., 2019). Bacteria in the natural aquatic environment can produce AR as a result of induced mutagenesis at low antibiotic concentrations (Kohanski et al., 2010). Even if the proportion of resistant mutants is relatively low, the prolonged presence of antimicrobials could accelerate the selection of ARBs over generations (Gullberg et al., 2011). As a result, aquatic habitats should be taken into consideration as a key to the development and dissemination of ARGs and ARBs. 
Involvement of Anthropogenic activities in AMR spread.
Treatment procedures for wastewater do not entirely remove antibiotics, thereby increasing the amount of antibiotics in aquaculture systems. The reported amount of many antibiotics in surface water ranges from 0.001 to 484 g/L globally. Unused antibiotics, which should be given back for safe disposal, are frequently combined with other garbage, and end up in landfills, where their presence is identified in landfill leachate (LL) (Wang, Y. et al. 2022, Wu, D et al. 2022). The purification of LL in conjunction with municipality wastewater at wastewater treatment facilities (WWTPs) is a standard method of managing LL produced in landfills (Wang J.Y et al., 2020). Furthermore, wastewater transported to WWTPs has been discovered to include antibacterial compounds, which are employed in the treatment of humans and animals and are frequently released to the environment in an unmodified state (Chen, Y et al., 2020). The use of antibiotics in aquatic environments is linked to an increase in the number of antimicrobial-resistant bacteria (ARB) and the emergence of resistance genes in all forms of natural water bodies. HGT (horizontal gene transfer) and genetic modification in bacteria are influenced by sub-inhibitory doses of antibiotics in aquatic environments. As a result, a number of diseases have developed resistance to the most potent medicines, and it is unclear how quickly new antibiotic-resistant microorganisms emerge. Resistance-developing microorganisms disseminate resistance genes in the environment and transmit them to the following generation. Antibiotics and antibiotic resistance might potentially be deposited in surface waters. Recreational activities in some surface waters that contain antimicrobial resistance genes (ARGs) raise the possibility of human exposure to organisms with resistance.
The anthropogenic environment and all its components have a direct impact on the existence of antibiotics as well as the environmental propagation of ARB and ARGs. Municipal infrastructure facilities, such as WWTPs and landfills, but also biogas plants and agriculture, including plant and animal production, are important reservoirs of antibiotics, ARBs, and ARGs. Human activities allows a large pool of antimicrobials to enter the environment, resulting in unregulated use by humans and animals, as well as incorrect disposal of unneeded medications. Incomplete antibiotic metabolism and the statement that antibiotics permeate multiple environments add to selection pressure, allowing for an expansion in the ARG pool among microbes.
Numerous studies show that ARGs are ubiquitous in a variety of anthropogenic contexts, with a wide range of occurrences. Mobile genetic elements (MGEs) and HGT processes, which occur in a variety of contexts, particularly those at WWTPs, play an important role in the transmission of ARGs. Antibiotics, as well as ARB and ARGs, are released into the aquatic systems in conjunction with discharged treated waste effluents and LL, as well as through surface runoff from arable fields and agricultural systems. Furthermore, the soil environment is frequently supplemented with these micropollutants because of fields being fertilized with stabilized waste from municipal centers and the agricultural industry.
E.coli bacteria from the river Yamuna (India), a heavily contaminated river that gets a significant amount of human impact from urban and animal sources, was examined by Singh et al. They found that the isolates had firm AMR profiles, emphasizing the presence of class I integrons and of ESBLs of the CTX-M-15 type. According to research done in Ireland by Sala-Comorera et al., different watercourse discharges have a significant impact on the abundance of AMR in both bacterial and bacteriophage fractions in marine waters. This could expose users to fecal pollution and raise their risk of coming into contact with ARGs. The extent to which AMR is required to indeed pose a threat to the ecosystem is a further unanswered topic regarding its presence in the environment. In the end, Pallares-Vega et al. demonstrated how ecological factors may prevent conjugative plasmid transmission from gut bacteria once they have been released into the environment by several in vitro experiments. Their findings emphasize the prospect that plasmid transmission by fecal microbes may occur in aquatic environments despite various existing environmental circumstances.
Impact of AMR on the Food chain
Food is an effective means to transmit harmful germs and AMR degradation. Notably, a rise in AMRB in food would be harmful to people's health. It may be difficult to properly comprehend the extent to which AMR is transmitted around the world through the food supply. Throughout the whole farm-to-fork chain, AMRB has the potential to contaminate food supplies. Foods that are being served to consumers raw or undercooked are likely to retain the AMRB that contaminates items at the farm level. AMRB are direct contact with infected animals or biological components (such as urine, feces, blood, semen, and saliva) and indirect contact with food.
The food supply chain is another key area in the One Health paradigm for comprehending the spread and evolution of AMR since it links environmental sources of bacteria with humans. The study by Montero et al. examined ESBL-producing E. coli found in Ecuadorian fruits, vegetables, and irrigation waters. ARG quantification, physicochemical analysis, and network plots based on 16S rRNA metagenomics were also used in the paper by Cheng et al. to investigate soil samples from aquaculture farms in China. Their findings offer proof for comprehending the environmental dangers connected to aquaculture methods. On the other hand, Ye et al. demonstrated that reactive oxygen species (ROS) have a role in bacterial resistance and sensitivity to ceftazidime in Edwardsiella tarda, a significant pathogen in aquaculture. Due to the inactivation of the pyruvate cycle, they observed less ROS generation in ceftazidime-resistant E. tarda than in a susceptible strain. Their research also identifies a novel mechanism, pyruvate cycle stimulation by Fe3+, which boosts ROS generation.
AMR's perspective
This brief serves as an example of how eliminating AMR in the environment will necessitate a diverse strategy due to its wide-ranging environmental impacts. Measures for preventing, reducing, and remediation will need to be created and put into place at all phases of the spread of AMR in the surroundings, from detecting exposure sources to getting AMR out of food and water supplies. By examining present environmental changes that trigger and encourage the growth of AMR, microbiologists play a critical part in the fight against AMR in the environment. Additionally, they are pioneers in the creation of novel methods for detecting, diagnosing, and reducing AMR from all environmental sources. The best-known example that can be stated is that, in terms of epidemiological monitoring, outbreak identification, and infection management, whole-genome sequencing (WGS) of bacterial pathogens seems promising. WGS is being used by scientists, especially microbiologists, to identify Staphylococcus aureus strains that are most likely to develop antibiotic resistance while being treated. Using antibiotic adjuvants, they have also utilized this ground-breaking method to stop or slow down the emergence of resistance. Similarly, bacteriophages, viruses that infect bacteria, have potential benefits for both agricultural productivity and animals. Since they can selectively target bacteria without harming the host microbiome, they provide a possible replacement for antibiotics and growth hormones. 
A number of molecular tactics and strategies have been developed over the past few decades to battle AMR in the environment, including the creation of sensitive and precise diagnostics for bacterial and viral illnesses (to help reduce unnecessarily overusing antibiotics), gene-editing technology, DNA and mRNA vaccines and recently developed, CRISPR technology. To make sure that solutions are practical and long-lasting, all of these advancements have required multifaceted, multi-stakeholder collaboration and investment. Since pathogens are always changing, these treatments will need to stay up or be changed. Therefore, it is crucial that public policy recognizes the importance of AMR in the environment and aids in scientists' attempts to completely eradicate AMR in the environment.
Microbes constantly evolve techniques to circumvent the technology and inventions that humans are continually developing to lessen the effects of AMR. Since these microorganisms will never stop evolving, scientists are constantly creating new technologies that are critically important for the quick identification of these resistant, always-evolving microbes and for directing their focused and timely removal from the surrounding environment.
Nanotechnology is another emerging area that has several applications across many industries. Nanomaterials were primarily created via physical and chemical processes since this technology has its roots in both science and engineering. However, experts in microbiology have attempted significant attempts to create a more sustainable method of producing these nanomaterials utilizing various bacteria that is both economical and environmentally friendly. Without giving up on their efforts, microbiologists have developed ways to completely eradicate these AMR microbes concerning the environment by using these microbe-mediated nanomaterials to detect them in the environment, particularly from food and water sources. It's interesting to note that some of these microorganisms were employed to create nanoparticles that were isolated from their natural habitat. 
Microbe-mediated nanomaterials differ from traditional antibiotics, in that they target several locations in these resistant microorganisms. This makes them a viable weapon that, if used effectively, might put an abrupt end to AMR in the environment. In order to combat the worldwide threat of AMR in our environment, it is advised that significant energy be directed into scaling up this promising and sustainable technology or innovations. 
Policy Approaches to Tackle Antibiotic Pollution and ABR
Managing the social and economic consequences of the antibiotic pollution and concept of resistanct dilemma is a worldwide issue due to the situation's enormity and the estimated 700,000 annual fatalities caused by antibiotic resistance worldwide. This multi-sector problem is frequently addressed using "The One Health model," which unites the concerns of environmental, animal, and human health. The World Health Assembly announced a global action plan in 2015 to address the antibiotic pollution and resistance crisis on a high global scale, providing the framework for individual national action plans to create rules and regulations to fight ABR and antibiotic pollution in general. We will provide an overview of current national action plans and strategies in the section that follows in relation to recognized hotspots of antibiotic contamination and ABR development. Few contrasts national action plans against AMR aimed at a few sample regions and nations within them: Europe., the South-East Asian region (case study: India) and the Pan-American region (case study: Canada). Antimicrobial Resistance (AMR) and Antibiotic pollution policies have been developed in the Pan-American area to address the overuse of antibiotics in the health and agricultural sectors, while other exposure sources have received far less attention. Canada volunteered for multi-sectoral assistance for the execution of the WHO Global Action Plan on ABR and participated in international efforts to combat antibiotic contamination and ABR. “Taking Attempts Against Antibiotic Resistance and Antibiotic Use: A Pan-Canadian Framework for Action” emphasizes the following three themes: surveillance, management, and innovation. Antibiotic resistance is a serious issue in the South-East Asian region due to widespread and inappropriate antibiotic usage, yet there are no systematic monitoring mechanisms in action. Antibiotic misuse is caused by relatively unsecured rules, an inadequate level of awareness, an elevated prevalence of medication oneself brought about by easy access to antibiotics without a prescription, and a lack of knowledge about how to use antibiotics properly. Improper medicinal prescription also contributes to ABR increase in a particular area owing to inconsistencies in diagnostics, consumer demands and incentives from drug manufacturers. Additionally, this area includes the majority of the nations with antibiotic production facilities which is a significant contributor to antibiotic contamination leading to AMR. India in recent times begun tracking antibiotic contamination and creating ABR rules in response. For instance, in order to encourage antibiotic stewardship, India's medical societies issued a set of national guidelines in 2012. The primary recommendations were then integrated into the 2017 National Action Plan on Antimicrobial Resistance, which was based on the WHO Global Plan. 
Since the early 2000s, Europe has been at the forefront of efforts to address the challenge of antibiotic resistance and antibiotic pollution. In June 2017, the "EU One Health Action Plan against AMR" was put into effect. Europe was also fast to identify the necessity to invest in research and policy. Making the EU an area of best practices, fostering technological advancement and innovation, and influencing the global agenda are the main goals of this strategy. In order to spot emerging threats or evolving trends in the use of antibiotics and ABR in agriculture, particularly in animal production settings India, Canada, and other Asian and European member states established and strengthened surveillance systems. These countries are now emphasizing the promotion of the responsible use of antibiotics in animal healthcare. In this regard, the use of antibiotics as growth promoters in animals for human consumption as well as livestock, has been entirely prohibited by the EU since 2006. As of February 2018, a more stringent regulatory framework for medications for animals and medicated feeds has been put in place in Canada. This framework includes making it easier to get alternatives and promoting the implementation of better practices to lessen the usage of antibiotics. Farmers in Canada, for example, are now required to get veterinarian prescriptions for antibiotics, and veterinary medication labels must include remarks on appropriate administration as well as the elimination of promises concerning medicated feed and growth promotion. Despite the fact that few regulations prevent the use of antibiotics for non-therapeutic purposes, India is one of the top five nations in the world in terms of antibiotic use in the food and animal industries. As antibiotics are widely used as growth promoters, only a few regulations are being followed.
Antibiotics in aquaculture may only be used to combat disease, not to boost growth, according to regulations in Canada, India, and Europe. Because many infections affecting farmed fish may now be controlled using vaccinations, the amount of antibiotics used in aquaculture in these countries should be considerably decreased, lowering the danger of ARB and ARG environmental transmission. Furthermore, veterinarians in Canada as well EU, must prescribe the minimal quantity of antibiotics required to treat farmed fish. Despite regulatory frameworks, antibiotic abuse persists in the Indian aquaculture business, with multi-drug resistance bacteria found in more than two-thirds of aquaculture samples. Policies were implemented in all three regions to raise awareness of ABR and the risks of over-prescription of antibiotics in human medicine, encouraging stewardship in patients and healthcare professionals and promoting improved standards in the welfare of people by avoiding unnecessary use and prescription of antibiotics to cure illnesses. Health Canada, for example, is in the process of recommending that drug sponsors change their product labelling with a special focus on when and how to use antibiotics, therefore encouraging the use of the appropriate antimicrobials for each therapy. With an emphasis on the need for more evidence on the impact of industrial pollution by pharmaceutical companies, as described in the EU action plan and with no mention of the topic in the Canadian National Action Plan, there are currently no procedures in place to regulate the suppliers in the pharmaceutical industry to ensure that antibiotics are not released into the surrounding waterways during production. Given that India is one of the world's major producers of antibiotics, the National Action Plan of India is one of the first plans to announce the intention to establish regulations that control antibiotic residues in industrial effluents.
Conclusion 
The continuous abuse, misuse, and unregulated pollution of the environment by antimicrobials is turning the AMR problem into a worldwide health disaster. To address the AMR problem, new rules need to be implemented that restrict the release of antimicrobial residues into the environment and promote adequate monitoring to reduce their buildup and prompt removal. To establish effective control tactics, further studies are needed to understand the magnitude and molecular foundations of AMR development and ARG transfer to other pathogenic bacteria. The public's participation in the local management and disposal of antimicrobials and AMB remains a viable area of collaboration and policy development to control the AMR epidemic, as it might foster both a sense of responsibility and awareness. From a One Health standpoint, the complicated similarities between AMR and CC should be further examined.
In addition to contributing to the spread of antibiotic resistance, antibiotic pollution has the potential to negatively impact human and ecological health. On the one hand, antibiotic contamination is likely to be highly disruptive in aquatic settings, where it might hinder ecosystem functioning and have an influence on creatures exposed throughout their life cycle. Antibiotics in the environment and in animals, on the other hand, may have an influence on human health. While the effect of such exposure on people is uncertain, epidemiological studies show that long-term antibiotic exposure may contribute to chronic diseases such as obesity, diabetes, and asthma. As a result, it is critical to assess the total impact of antibiotic contamination on individuals and the environment. Thus, comprehensive data collection to more interpretive studies will assist in the development of effective policies based on the study. Current policy plans are centered on monitoring, but the magnitude of the situation necessitates more forward-thinking measures. The management of antibiotic pollution and resistance as part of a "One Health Approach" may assist in the development of more societal participation and, eventually, more efficient policies. Such regulations must assess the direct hazards of transmission posed by specific polluted settings while also accounting for the diverse patterns of inter-environmental transmissions that may occur.
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