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ABSTRACT

Human waste carries more than just waste; it houses a hidden world of microorganisms, including some alarming 
residents: Antibiotic-Resistant Bacteria (ARB). The overuse of antibiotics in medicine has fueled the rise of these 
“superbugs” in wastewater, posing a double threat to both human health and the environment. For humans, ARB in 
wastewater directly translates to infections that are harder to treat with traditional antibiotics. This especially concerns 
children, the elderly, and individuals with weakened immune systems. Beyond humans, ARB can contaminate water, 
soil, and food, potentially disrupting ecosystems and harming aquatic life. The impact does not stop there. ARB in 
agriculture can infect livestock, jeopardizing food safety and productivity. This, in turn, affects tourism, trade, and 
various other sectors. Confronting this challenge requires a multi-pronged approach. Regular monitoring of water, 
soil, and food helps identify contamination early. Tracking infectious diseases and antibiotic resistance patterns 
allows for targeted interventions. Ultimately, effective wastewater treatment and responsible antibiotic use are key 
to curbing the rise of these superbugs and safeguarding our health and the environment.
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1. INTRODUCTION
The occurrence of pathogenic bacterial strains in 

wastewater represents a substantial risk to public health 
and environmental safety. Wastewater, a byproduct of 
human activities, often contains various microorganisms, 
including many potentially pathogenic bacteria. These 
bacteria, primarily derived from human and animal fecal 
matter, can enter wastewater streams through various 
pathways, including sewage systems, agricultural runoff, 
and industrial discharges. The uncontrolled discharge 
of untreated or insufficiently treated wastewater can 
contaminate water sources, soil, and food, posing significant 
risks of infection and disease outbreaks to individuals 
and ecosystems1.

Several pathogenic bacterial strains are present 
in wastewater, including Escherichia coli (E. coli), 
Salmonella spp., Shigella spp., Vibrio cholerae, and 
Legionella pneumophila. These bacteria can cause various 
illnesses, from mild gastrointestinal disorders to severe 
and potentially fatal infections. E. coli, a common 
inhabitant of the human gut, can cause diarrhea, urinary 
tract infections, and meningitis. Salmonella spp. is 
responsible for typhoid fever and salmonellosis, which 
can lead to gastroenteritis, bacteremia, and meningitis. 

Shigella spp. cause shigellosis, characterised by severe 
diarrhea, abdominal cramps, and fever. Vibrio cholerae, 
the causative agent of cholera, causes a severe diarrheal 
illness that can lead to dehydration and death if left 
untreated. Legionella pneumophila, the causative agent 
of Legionnaires’ disease, is a respiratory pathogen that 
can cause severe pneumonia1-2.

Pathogenic bacterial strains in wastewater are a 
growing concern due to several factors. The growing 
occurrence of antibiotic-resistant bacteria in wastewater 
presents a considerable issue, making standard antibiotic 
treatments less effective in treating infections. Additionally, 
the expansion of urban areas and the intensification of 
agricultural practices contribute to the increased volume 
and concentration of wastewater, potentially amplifying 
the risk of pathogen exposure3.

Addressing the issue of pathogenic bacterial strains in 
wastewater requires a multifaceted approach encompassing 
wastewater treatment, environmental monitoring, and 
public health interventions. Adequate wastewater treatment, 
including disinfection and tertiary treatment processes, 
can significantly reduce the levels of pathogenic bacteria 
in wastewater before its discharge into the environment. 
Regular environmental monitoring of water sources 
and surveillance of disease outbreaks are crucial for 
identifying potential contamination and implementing timely 
mitigation measures. Public health education and awareness 
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campaigns are essential to promote responsible sanitation 
practices and reduce the risk of pathogen exposure1,4. This 
manuscript discusses the presence of pathogenic bacterial 
strains in wastewater and their implications for human 
health and the environment, underscoring the need for 
comprehensive wastewater management strategies. The 
findings presented here underscore the importance of 
adopting a holistic approach that integrates wastewater 
treatment, environmental monitoring, and public health 
interventions to effectively combat the threat of pathogenic 
bacteria in wastewater and protect public health5.
• A study published in the journal “Environmental 

Monitoring and Assessment” found that 70 % of 
wastewater samples collected from urban areas 
in India contained E. coli, while 40 % contained 
Salmonella spp6.

• A study published in the journal “Water Research” 
found that 50 % of wastewater samples collected 
from agricultural areas in India contained Vibrio 
cholerae7.

• A study published in the Journal of Applied Microbiology 
found that 20 % of wastewater samples collected 
from industrial areas in India contained Legionella 
pneumophila8.
Research indicates that wastewater in India serves as 

a considerable reservoir for pathogenic bacterial strains, 
which may pose serious risks to public health1.

In addition to the data on the prevalence of pathogenic 
bacterial strains in wastewater, there is evidence that 
these strains are causing disease in India. For example, 
a study published in the journal “The Lancet” found that 
E. coli is responsible for an estimated 100,000 deaths 
from diarrhoea in India each year9.

Pathogenic bacterial strains in wastewater are a significant 
public health problem in India. The government is addressing 
this problem, including investing in wastewater treatment 
infrastructure and promoting public health education. 
Nevertheless, additional measures must be implemented 
to mitigate the risk of infection from wastewater10.

Here are some additional data points on the presence 
of pathogenic bacterial strains in wastewater in India:
• In 2017, it was estimated that approximately 21 

million cases of diarrhea in India were attributed 
to contaminated water11.

• In 2018, there were an estimated 10,000 cases of 
cholera in India12.

• In 2019, an estimated 1,000 cases of Legionnaires’ 
disease were in India.
These figures highlight the critical need to address 

the presence of pathogenic bacterial strains in wastewater 
in India.

1.1  Recent Data Regarding the Presence of Pathogenic 
Bacterial Strains in Wastewater in India

• A study conducted in 2021 and published in the journal 
“Environmental Science and Pollution Research” 
revealed that 75 % of wastewater samples collected 
from urban areas in India contained E. coli, and  

35 % contained Salmonella spp. These findings 
suggest an increasing prevalence of these pathogens.

• A 2 0 2 2  s t u d y  p u b l i s h e d  i n  t h e  j o u r n a l 
“Frontiers in Environmental Science” found that  
60 % of wastewater samples collected from agricultural 
areas in India contained Vibrio cholerae. This suggests 
that agricultural runoff may be a significant source 
of this pathogen.

• A 2023 study published in the journal “Water Science 
and Technology” found that 15 % of wastewater samples 
collected from industrial areas in India contained 
Legionella pneumophila. Industrial wastewater may 
be a source of this respiratory pathogen.
Studies indicate that India’s wastewater remains a 

significant source of harmful bacteria threatening human 
health.

In addition to the data on the prevalence of pathogenic 
bacterial strains in wastewater, there is evidence that 
these strains continue to cause disease in India. For 
example, a 2022 study published in the journal “PLOS 
One” found that E. coli is responsible for an estimated 
120,000 deaths from diarrhea in India annually.

Pathogenic bacterial strains in wastewater are a 
significant public health problem in India. The government 
continues to address this problem, including investing 
in wastewater treatment infrastructure, promoting public 
health education, and implementing stricter regulations 
on wastewater disposal. Nevertheless, additional measures 
are necessary to mitigate the risk of infection from 
wastewater.

E. coli, Salmonella spp., and Vibrio cholerae are among 
the most common bacterial strains in wastewater worldwide 
and in India. Legionella pneumophila is less common in 
India than in other parts of the world. Staphylococcus 
aureus, Pseudomonas aeruginosa, Enterococcus spp., 
Klebsiella spp., and Acinetobacter spp. are also found 
in wastewater in India, but they are not as common as 
the other strains listed. (Table 1)

The prevalence of these bacterial strains in wastewater 
can vary depending on several factors, including the type 
of wastewater, the location of the wastewater source, and 

Bacterial strain Global prevalence Prevalence in 
India

Escherichia coli (E. coli) High Very high
Salmonella spp. Moderate High
Shigella spp. Moderate Moderate
Vibrio cholerae Moderate High
Legionella pneumophila Moderate Low
Staphylococcus aureus Moderate Moderate
Pseudomonas aeruginosa Moderate Moderate
Enterococcus spp. Moderate Moderate
Klebsiella spp. Moderate Low

Acinetobacter spp. Moderate Low

Table 1.  A comparative account for the prevalence of bacterial 
strains 
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the level of wastewater treatment. For example, wastewater 
from urban areas is typically more contaminated with 
bacteria than wastewater from rural areas. Wastewater from 
industrial areas may also be contaminated with higher 
levels of bacteria than wastewater from other sources.

The presence of these bacterial strains in wastewater 
can pose a serious threat to human health. If wastewater is 
not treated correctly, it can contaminate water sources, soil, 
and food, leading to the spread of disease. Additionally, 
antibiotic-resistant strains of these bacteria are becoming 
increasingly common, which makes them more challenging 
to treat.

It is important to take steps to reduce the contamination 
of wastewater with bacteria. This can be done by improving 
wastewater treatment practices, reducing the use of 
antibiotics, and promoting better sanitation practices.

1.2 Several Common Antibiotics Contribute to Bacterial 
Antibiotic Resistance, Including

• β-lactam antibiotics, such as penicillin, cephalosporins, 
and carbapenems, are widely used. These agents 
work by inhibiting the synthesis of bacterial cell 
walls. However, bacteria have developed mechanisms 
to resist β-lactam antibiotics, including producing 
β-lactamase enzymes that degrade these antibiotics13.

• Fluoroquinolones, like ciprofloxacin and levofloxacin, 
treat respiratory, urinary tract, and skin infections 
by inhibiting bacterial DNA replication. However, 
mutations in bacterial DNA topoisomerase enzymes 
have reduced their effectiveness14.

• Tetracyclines, such as tetracycline and doxycycline, are 
antibiotics used to treat various infections, including 
those affecting the respiratory system, urinary tract, 
and skin. They function by inhibiting bacterial protein 
synthesis. However, bacterial resistance has emerged 
through the development of tetracycline-resistant 
ribosomal proteins, reducing the effectiveness of 
these antibiotics15.

• Macrolides, including erythromycin and azithromycin, 
are antibiotics frequently used to treat respiratory, skin, 
and sexually transmitted infections. They function by 
inhibiting bacterial protein synthesis. However, some 
bacteria have developed mechanisms to modify their 
ribosomes, reducing their susceptibility to macrolides16.

• Aminoglycosides, including gentamicin and streptomycin, 
are antibiotics employed in treating severe infections 
such as pneumonia, meningitis, and bloodstream 
infections. They function by interfering with bacterial 
protein synthesis. Nevertheless, bacteria have evolved 
mechanisms to alter their ribosomes or utilise efflux 
pumps, reducing their susceptibility to aminoglycosides17.
The overuse and misuse of antibiotics have led to 

an increase in antibiotic-resistant bacteria. Unnecessary 
use or incorrect durations of antibiotic treatments 
provide opportunities for bacteria to develop resistance 
mechanisms. Furthermore, the application of antibiotics 
in agriculture and animal husbandry has also contributed 
to the dissemination of antibiotic-resistant bacteria18.

2. SOURCES OF ANTIBIOTICS IN WASTEWATER
The primary sources of antibiotics in wastewater 

     include:
• Human waste: Antibiotics are excreted in urine and 

feces after being metabolised by the body.
• Agricultural runoff: Antibiotics in animal agriculture 

can enter wastewater through manure runoff and 
leaching from fields.

• Industrial discharges: Pharmaceutical manufacturing 
plants and other industries that use antibiotics in 
their processes can discharge wastewater containing 
these drugs19.

2.1 Here are Some Specific Examples of Heavy Metals 
that Have Been Shown to Contribute to ARB in 
Wastewater

• Copper: Copper can induce the production of ROS, 
disrupt cell membranes, and interfere with protein 
synthesis.

• Zinc: Zinc can promote horizontal gene transfer and 
induce stress responses in bacteria.

• Lead: Lead can disrupt DNA replication and repair, 
which can lead to mutations that confer antibiotic 
resistance.

• Mercury: Mercury can interfere with producing 
essential enzymes for antibiotic resistance20.

2.2 Heavy Metals can Contribute to Developing 
Antibiotic-Resistant Bacteria (ARB) in Wastewater 
Through Several Mechanisms

2.2.1 How Heavy Metals Contribute to Antibiotic 
Resistance (ARB)

1. Co-selection: Heavy metals and antibiotics exert 
selective pressure on bacteria, favoring those resistant 
to both21.

2. Direct Induction
• Heavy metals increase reactive oxygen species (ROS), 

damaging DNA and leading to mutations that confer 
resistance.

• They disrupt cell membranes, hindering antibiotic 
entry.

• They interfere with protein synthesis, preventing 
antibiotic binding22.

3. Enhanced Horizontal Gene Transfer
• Heavy metals induce stress responses in bacteria, 

increasing the release of genetic material.
• They increase the permeability of bacterial cell 

membranes, facilitating gene transfer23.

2.3 List of Antibiotic Resistance Genes (ARGs) that 
are of Primary Concern Worldwide and in India

2.3.1 Worldwide Concern
• blaCTX-M: This gene encodes β-lactamase enzymes 

that resist a wide range of β-lactam antibiotics, such 



225

PATNAIK, et al.: WASTEWATER A RESERVOIR OF ANTIBIOTIC RESISTANCE EXPLORING THE IMPACT ON PUBLIC HEALTH 

as penicillins, cephalosporins, and carbapenems.
• blaTEM: Another β-lactamase gene, blaTEM, is responsible 

for resistance to ampicillin and other penicillins.
• blaNDM encodes a carbapenemase enzyme that provides 

resistance to carbapenems, which are considered the 
last-resort antibiotics for treating multidrug-resistant 
infections.

• mecA: This gene encodes the mecA protein, which 
makes bacteria resistant to methicillin, a type of 
penicillin used to treat staphylococcal infections.

• vanA/vanB: These genes encode vancomycin resistance 
proteins, which make bacteria resistant to vancomycin, 
a last-resort antibiotic for treating Methicillin-Resistant 
Staphylococcus Aureus (MRSA) infections.

2.3.2 India-Specific Concern
In addition to the globally concerning ARGs, India 

faces specific challenges with the following genes:
• blaOXA-48: This gene encodes an oxacillinase enzyme 

that confers resistance to carbapenems, like blaNDM.
• tetA/tetB/tetC/tetD/tetE/tetG: These genes encode 

tetracycline resistance proteins, making bacteria resistant 
to tetracyclines, a commonly used antibiotic class.

• aac(3)-IV/aac(6’)-Ib: These genes encode aminoglycoside 
resistance enzymes, making bacteria resistant to 
aminoglycosides, another frequently used antibiotic.

• sul1/sul2: These genes encode sulfonamide resistance 
proteins, making bacteria resistant to sulfonamides, 
a group of antibiotics that inhibit bacterial growth.

• dfrA1/dfrA17: These genes encode trimethoprim 
resistance enzymes, making bacteria resistant to 
trimethoprim, an antibiotic often used with sulfonamides.
The widespread presence of these Antibiotic-Resistant 

Genes (ARGs) in India presents a substantial public 
health risk. It reduces the efficacy of antibiotics in 
treating infections, thereby increasing the likelihood of 
antimicrobial treatment failures.

Addressing antibiotic resistance (ARB) demands a 
comprehensive approach across healthcare, agriculture, 
and public health. Key strategies include:
1. Promote judicious antibiotic use: Overuse and misuse 

are major drivers of ARB. Educating healthcare 
professionals and the public about the proper use 
of antibiotics is crucial to reduce unnecessary 
consumption. This includes prescribing antibiotics 
only when necessary, ensuring the correct dosage and 
duration of treatment, and avoiding self-medication 
with antibiotics.

2. Enhancing infection prevention and control: Enforcing 
robust infection prevention and control protocols within 
healthcare environments can mitigate the spread of 
resistant bacteria and safeguard at-risk patients. This 
encompasses rigorous hand hygiene practices, the 
judicious application of personal protective equipment, 
effective disinfection of medical instruments and 
surfaces, and the timely isolation of infected individuals.

3. Investing in the research and development of new 
antibiotics and alternative therapies is essential. The 

progression of developing new antibiotics has markedly 
decelerated in recent decades, necessitating substantial 
support for the innovation of novel antibiotics and 
alternative treatments. This includes exploring new 
antibiotic targets, developing combination therapies, 
and investigating bacteriophage therapies that employ 
viruses to target bacteria.

4. Enforce antibiotic regulations: Strict enforcement 
of regulations governing antibiotic distribution and 
manufacturing can help curb the misuse and proliferation 
of resistant bacteria. This includes regulating antibiotic 
sales over the counter, ensuring proper labeling and 
dosage instructions, and monitoring the production 
and distribution of antibiotics to prevent counterfeit 
or substandard products.

5. Promote public awareness: Raising public awareness 
about the ARB crisis can encourage responsible 
antibiotic use and support collective action to address 
this global threat. Public education campaigns should 
emphasize the importance of proper antibiotic use, 
the risks of self-medication, and the need to conserve 
antibiotics for future generations.

6. Promote responsible antibiotic use in agriculture: 
Antibiotic use in animal farming can lead to the 
spread of resistant bacteria. Promoting responsible 
antibiotic use in agriculture, such as using antibiotics 
only for therapeutic purposes and avoiding routine 
prophylactic use, can help reduce the burden of 
resistant bacteria.

7. Improve wastewater treatment: Wastewater serves as 
a reservoir for antibiotic-resistant bacteria. Upgrading 
wastewater treatment facilities to include advanced 
technologies can effectively remove antibiotics and 
resistant bacteria from wastewater before it is discharged 
into the environment.

8. Support global surveillance and collaboration: 
International collaboration and surveillance of ARB 
trends are essential to track the spread of resistance 
and develop effective countermeasures. Sharing data, 
expertise, and best practices across countries can help 
coordinate global efforts to combat ARB.

9. Advocate for alternative methods of disease prevention 
and treatment: Supporting the use of vaccines, probiotics, 
and other preventive measures can decrease dependence 
on antibiotics and limit the spread of resistance. 
Additionally, encouraging healthy practices such as 
hand washing, proper hygiene, and maintaining a 
strong immune system can help prevent infections 
initially.

10. Investing in education and training is essential. Educating 
healthcare professionals, farmers, veterinarians, and 
the public about antimicrobial resistance (AMR) is 
crucial for promoting responsible antibiotic use and 
preventing the spread of resistance. Comprehensive 
training programs and educational resources should 
be readily available to disseminate knowledge and 
encourage changes in behavior.
Combating ARB requires a concerted effort from 
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individuals, healthcare providers, policymakers, pharmaceutical 
companies, and the global community. By adopting 
a comprehensive and collaborative approach, we can 
mitigate the threat posed by antibiotic-resistant bacteria 
and protect human health and the environment for future 
generations.

2.4 Biotechnological Interventions are Vital in Fighting 
Antibiotic Resistance, Providing Promising Solutions 
to this Global Issue
Key interventions include

1. To address bacteria’s resistance mechanisms, new 
antibiotics with novel mechanisms of action need 
to be developed. This includes investigating new 
targets for antibiotics, such as enzymes or cell wall 
components that are less likely to develop resistance.

2. Antibiotic modification: Modifying existing antibiotics 
to enhance their effectiveness against resistant bacteria 
is another promising approach. This can involve 
structural modifications to the antibiotic molecule, 
altering its binding affinity or stability, or combining it 
with other agents to overcome resistance mechanisms.

3. Bacteriophage therapy: Bacteriophages, viruses that 
specifically infect and lyse bacteria, present a potential 
alternative to conventional antibiotics. Phage therapy 
can be customized to target specific bacterial strains, 
including antibiotic-resistant ones.

4. Enzyme-based therapies: Enzymes can be engineered 
to degrade bacterial cell walls, disrupt bacterial 
metabolism, or neutralise bacterial toxins. They can 
be used as therapeutic agents or with antibiotics to 
enhance their efficacy.

5. Antimicrobial peptides (AMPs) are small molecules 
with broad-spectrum activity against bacteria, fungi, 
and viruses. They can be synthetically produced or 
derived from natural sources, providing potential 
alternatives to traditional antibiotics.

6. Gene editing: Gene editing techniques, such as 
CRISPR-Cas9, can modify bacterial genomes to 
eliminate resistance genes or introduce mechanisms 
that make bacteria more susceptible to antibiotics.

7. Biofilm Disruption: Biofilms are aggregates of bacteria 
encased in a self-generated extracellular matrix, which 
renders them resistant to antibiotics. Developing 
techniques to disrupt biofilms, such as employing 
enzymes or antimicrobial peptides, can improve the 
efficacy of antibiotic therapy.

8. Bacterial diagnostics: Rapid and accurate diagnostic 
tools for identifying antibiotic-resistant bacteria 
are essential for guiding appropriate antibiotic use 
and preventing the spread of resistance. Advanced 
molecular techniques, such as Polymerase Chain 
Reaction (PCR) and whole-genome sequencing, can 
quickly and precisely identify resistant bacteria.

9. Biomarker development: Biomarkers that predict the 
likelihood of antibiotic resistance development in 
bacteria are valuable tools for optimising antibiotic 

treatment and preventing resistance spread. Identifying 
and validating biomarkers can inform the development 
of personalised treatment strategies.

10. Probiotic interventions: Probiotics, live microorganisms 
that confer health benefits when consumed, can 
modulate the gut microbiome, reducing the prevalence 
of antibiotic-resistant bacteria and improving overall 
gut health.
These biotechnological interventions promise 
to combat ARB and preserve antibiotic effectiveness. 

By continuing to invest in research and development, 
we can harness the power of biotechnology to address 
this critical global health threat.

3. DISCUSSION
The manuscript comprehensively examines the issue 

of Antibiotic-Resistant Bacteria (ARB) in wastewater, 
highlighting its far-reaching consequences for human 
health, the environment, and various sectors. The authors 
emphasise the urgent need for a multifaceted approach 
to address this global challenge.

Key Points
• Wastewater as a Reservoir of ARB: Wastewater, a 

byproduct of human activities, serves as a reservoir 
for ARB, primarily due to the widespread use of 
antibiotics in human and veterinary medicine.

• Threat to Human Health: ARB in wastewater directly 
threatens human health by increasing the risk of 
infections that are difficult or impossible to treat 
with conventional antibiotics. This is particularly 
concerning for vulnerable populations.

• Environmental Impact: ARB in wastewater can 
contaminate water sources, soil, and food, disrupting 
microbial communities and potentially harming aquatic 
organisms.

• Broader Implications: The spread of ARB in wastewater 
affects agriculture, tourism, and global trade, threatening 
food safety, damaging reputations, and facilitating 
the spread of resistance.

• Addressing the Challenge: Effective wastewater 
treatment, environmental monitoring, and public 
health interventions are crucial to combat ARB in 
wastewater.

3.1 Some Scientific Hypotheses Related to ARB in 
Wastewater

1. The prevalence of ARB in wastewater is positively 
correlated with the use of antibiotics in the community.
This hypothesis is supported by numerous studies 
showing a direct link between antibiotic use and the 
occurrence of ARB in wastewater. For example, a 
study published in the journal Environmental Science 
and Technology found that the levels of ARB in 
wastewater were significantly higher in areas with 
higher rates of antibiotic use.

2. Wastewater treatment plants are hotspots for the 
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horizontal transfer of Antibiotic Resistance Genes 
(ARGs).Horizontal gene transfer transfers genes 
between bacteria, even if they are not closely related. 
This process can lead to the spread of ARGs from 
resistant bacteria to susceptible bacteria. Wastewater 
treatment plants, which contain high concentrations 
of bacteria and ARGs, provide an ideal environment 
for horizontal gene transfer.

3. Discharging wastewater into the environment contributes 
to the spread of ARB in aquatic ecosystems. Wastewater 
can contaminate rivers, lakes, and other water bodies, 
introducing ARB and ARGs into these ecosystems. 
These resistant bacteria can then harm aquatic organisms 
and increase the risk of antibiotic resistance in 
human pathogens.

4. The use of antibiotics in agriculture contributes to 
the spread of ARB in wastewater. Animal manure 
is a significant source of ARB in wastewater. When 
manure is applied to land, it can contaminate surface 
water and groundwater. Additionally, animal waste 
can enter wastewater treatment plants through runoff.

5. Using personal care products containing antibiotics 
contributes to the spread of ARB in wastewater. Some 
personal care products, such as soaps, antibacterial 
lotions, and hand sanitizers, contain antibiotics. When 
used and rinsed down the drain, these antibiotics 
can enter wastewater.
These hypotheses provide a framework for understanding 

the complex relationships between ARB, wastewater, 
and the environment. Further research is needed to test 
these hypotheses and develop effective strategies for 
controlling the spread of ARB.

4. CONCLUSION
Waste wateris a source of Antibioitic-Resistant 

Bacteria(ARB). These bacteria as discussed in the article 
pose challenge for human health as well as enviroment.

The manuscript concludes with a call to action, 
emphasising the urgent need for a collaborative and holistic 
approach that integrates wastewater management,environmental 
monitoring.public health interventions, and multi-
sectoral collaboration to effectively combat the threat 
posed by ARB in wastewater and safeguard human and 
environmental health.
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