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ABSTRACT

 Antibiotics have been used as medicine to inhibit a large array of infections in humans, in 
animals and plants for nearly 100 years. Nonstop use and misapplication of antibiotics have triggered 
antibiotic contamination worldwide. Antibiotic contamination poses risks to microbial communities, 
aquatic ecosystems, and human health. If growth of antibiotic resistant bacteria occurs, then it may 
increase multidrug-resistant bacterial infections for the coming days, thus posing a terrific impact on 
human health, as well as of ecosystem the environment. So, proper management and awareness are 
crucial to mitigate the environmental impacts. In this review, the knowledge about the sources and 
existence of antibiotics, its side effects, contamination sources, prevention and control of antibiotics 
to reduce antibiotic contamination has been discussed in detail.
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INTRODUCTION

 In pre 20th century it was common the 
death of people with minor infection. In 1928 first 
Alexander Fleming invented penicillin as antibiotic.1-3 
It is used as medicine which can kill or stop the 
growth of bacteria. Before 1930, β-lactam was 
introduced whereas pleuromutilin4 was introduced. 
In 1941 Chain and Florey found out first the clinical 
use of antibiotic penicillin5 and got Nobel prize in 
1945 for their work on antibiotics. Due to novel use 
of antibiotic, a great demand is developed and new 
antibiotics are discovered day by day.6,7,8 But due to 
inappropriate use and disposal of leftover antibiotic, it 
is kept today in environment contamination segment. 

Antibiotic contamination9-15 in natural sources is a 
pressing concern of irreversible damage with far-
reaching consequences for the natural ecosystems 
of environment, human health and healthcare 
practices. Antibiotics protect lives, but misuse of 
it may cause the growth and spread of antibiotic 
contamination which can promote the development 
of antibiotic resistance genes and drug-resistant 
bacteria.16-17 Concentrations of antibiotic residues 
in manure, sewage sludge, biosolids, and soil vary 
widely and spreads resistance through people by 
their food, contaminated meat, animal’s waste in 
the environment.18 Fruits, vegetables, and other 
food can become contaminated through touch with 
contaminated soil19,20 or water containing waste 
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from animals. Antibiotics are sometimes overused 
to make the animals21 grow faster which creates 
problem. Antibiotic uses also have been reported 
in aquaculture,22 beekeeping, and livestock as 
growth promoters. At the hatchery industry, eggs 
are generally injected with little amounts of an 
antibiotic called gentamicin, which is used in people 
to give a variation of serious bacterial infections.23 

In human food in general these antibiotics are 
used or indirectly come from the egg and meat of 
animals: Tetracyclines, Subtilin,24 Tylosin, Nisin. In 
Tetracyclines family Chlorotetracycline (CTC) and 
Oxytetracycline (OTC) are used as food supplements 
as well as in fresh foods. On date, the most common 
antibiotic for safeguarding plants is Oxytetracycline 
and Streptomycin, but their use must be carefully 
managed to prevent the emergence of resistant 
pathogens.25 Subtilin is used in canned foods as 
well as an additive agent for detergent,26 as cleaner 
in laundry, in cosmetics, in contact lens cleaner etc. 
Tylosin exists in the macrolide antibiotic family and 
bacteriostatic in nature. It is used very much in animal 
feeds and also, it is used as growth promoter.27 The 
exposure of this antibiotic may create rash in human, 
that is why it is avoided.28 Nisin lies in the polypeptide 
antibiotic family. Recently it is used as preservatives 
in high moisture, processed food including dairy 
products, hot baked bakery products and pasteurized 
liquid egg.29 Beside this, all of we know, blood 
cultures are essential for diagnosing infections. 
Common sources of contamination include poor 
collection technique and insufficient skin disinfection. 
Contaminants often include coagulase-negative 
Staphylococci, Corynebacterium spp., and other 
skin-related bacteria. Contaminated blood cultures 
can result in unnecessary antibiotic use, allergic 
reactions, and even Clostridioides difficile infection.30 
Antibiotic consumption is also very crucial31 because 
contamination show residual effects on unnecessary 
antibiotic use.32

 Classif ication of Antibiotics:  To 
know more about antibiotic contamination, 
we should know before about the antibiotic. 
In the vast area of antibiotics, the drugs are 
classified (Fig. 1) in the following possible 
manner: 1) According to chemical structure of 
antibiotics33-34 as: i) Sulfonamides and related 
drugs: These are used for tonsillitis, pharyngitis, 
sinusitis, etc. e.g. Sulfanilamide,35 Sulfadiazine 
ii) Diaminopyrimidines36: It is used for the acute 

bacterial infection on skin. e.g. Trimethoprim, 
Pyrimethamine etc. iii) Quinolones37: Urinary 
tract infection, typhoid fever are recovered by 
this drug. e.g. Norfloxacin, Ciprofloxacin, etc. 
Norfloxacin is another drug of this family which 
is used for urinary and genital tract infections 
and for orodental infections. iv) N-contained 
heterocyclic β-lactam antibiotics38,39: Penicillin, 
Cephalosporins are a common example and is 
used in dentistry. v) O-contained heterocyclic 
antibiotics: These are used to treat tuberculosis40 

but have some general side effects like allergic 
reactions, sleepiness, etc. e.g. Cycloserine: 
Oxygen- (sulphur- also) based heterocycles 
are gaining more attention in recent years41 
on the road to the discovery of innovative 
ant icancer drugs. v i )  Tetracycl ines42: e.g. 
Tetracycline, Oxytetracycline, etc. It is used to 
treat in some infections of the lungs, urinary 
tract, eyes etc. vii) Aromatic Nitrobenzene 
derivative: e.g. Chloramphenicol.43 It is used 
to treat eye conjunctivitis, meningitis, plague, 
cholera, and typhoid fever. viii) Carbohydrate 
contained Aminoglycosides antibiotic: These will 
have the core structure of carbohydrate.44 e.g. 
Streptomycin, Neomycin, Streptomycin, etc. It 
may cause misreading of m-RNA code and affect 
permeability.45 ix) Macrocyclic lactone/Macrolide 
antibiotics: e.g. Erythromycin, Azithromycin, 
etc. During COVID-19 pandemic period, due to 
health system disruptions, these antibiotic drugs 
were used most. As a result, the resistance of 
the antibiotic46 as well as cancer, urinary tract 
infection, and multi-drug-resistant tuberculosis 
patients increased worldwide.47-51 After effect 
of COVID-19 antibiotic use and its resistance 
a lso a horr ible  p ic ture. 52 x)  L incosamide 
antibiotics53: It is used to treat the Pneumonia 
infection, throat infection, stomach infection, 
skin and soft tissue’s infection, bones and joints 
infection, and teeth infection. e.g. Lincomycin, 
Clindamycin. xi) Polypeptide antibiotics54: e.g. 
Polymyxin-B, Bacitracin. It may cause kidney 
damage, but on gradually using these drugs 
is safe. xii) Glycopeptides55: Due to the toxicity 
of this drug, without emergency in general it is 
not used. e.g. Vancomycin xiii) Oxazolidinone56: 
It is used to cure severe bacterial infections of 
lungs (Pneumonia), skin and soft tissues. xiv) 
Nitrofuran derivatives57: Nitrofurantoin is used for 
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the recovery of urinary tract infections. Common 
adverse effects are nausea, loss of appetite, 
diarrhea, headaches etc. xv) Nitroimidazoles58: 
e.g. Metronidazole, Tinidazole, etc. has some 
adverse effects like anorexia, nausea, bitter or 
metallic taste, as well as headache, glossitis, 
dryness of mouth. xvi) Nicotinic acid derivatives59: 
This drug is referred for tuberculosis. But the 
adverse effects are nausea, loss of appetite, 
muscle and joint pains, and rash may arise. 
e.g. Isoniazid, Pyrazinamide. xvii) Polyene 
antibiotics60,61: e.g. Nystatin, Amphotericin-B 
etc. This drug can be used topically for oral, 
vaginal and cutaneous candidiasis. xviii) Azole 
derivatives62: e.g. Miconazole, Clotrimazole, 
Ketoconazole, etc. Azole drugs interfere with 
DNA function and used in tonsillitis, pharyngitis, 
sinusitis, otitis media and orodental infections. 
xix) Others: Viomycin, Ethambutol, etc. This class 
of antibiotics are used for tuberculosis treatment. 

Antibiotics according to Spectrum64

 Narrow spectrum: It is active towards 
relatively fewer microorganisms. e.g. macrolides, 
Polymyxin Penicillin G, Streptomycin etc. 2) 
Moderate spectrum: e.g. Aminoglycosides, 
Sulphonamide etc 3) Narrow-Broad spectrum: 
e.g. β- lactam etc 4) Broad spectrum: e.g. 
Chloramphenicol, Tetracycline etc. This class of 
drug may arise epigastric pain, nausea, vomiting 
and diarrhea, acute hepatic necrosis may arise in 
pregnant women, risk of kidney damage, brown 
discoloration and ill-formed teeth. 

Antibiotics according to action65,66

 These are divided as i) bactericidal 
(Antibacterials, which destroy bacteria by targeting 
the cell wall or cell membrane of the bacteria. 
e.g. Tetracyclines, Macrolides, Spectinomycin, 
Chloramphenicol etc.) and ii) bacteriostatic 
(Antibacterials that slow or inhibit the growth 
of bacteria. e.g. Penicill in, Cephalosporins, 
Fluoroquinolones etc.) where former is preferred 
over bacteriostatic.  

Antibiotics according to source
 Type of organisms against which primarily 
energetic: 1) Microbial origin antibiotics: three type 
of origin has been seen i) Antibacterial e.g. Penicillin, 
Aminoglycosides, etc. ii) Antifungal e.g. Amphotericin B, 
Ketoconazole etc. iii) Actinomycetes e.g. Streptomycin, 
Chloramphenicol etc. iv) Antiviral e.g. Acyclovir, 
Amantadine, etc. v) Antiprotozoal e.g. Chloroquine, 
Metronidazole, etc. vi) Anthelmintic e.g. Mebendazole, 
Niclosamide, etc. 2) Semi-synthetic antibiotics67  

e.g. Amoxycillin, Sulfonamide etc. 3) Synthetic 
antibiotics68 e.g. 4-quinolones, Sulfonamide etc. 

Antibiotics according to the basis of Route of 
administration69

 The severity of infection is seen for 
antibiotics administration. a) Oral antibiotics: These 
antibiotics are taken orally. e.g. Penicillin V. b) 
Parenteral route: These antibiotics are taken by 
intravenous injection. e.g. Penicillin G.

The Sources70 of antibiotic contamination
 It has seen71 that the primary sources 
of antibiotic contamination are due to antibiotic 
use in human medicine, veterinary medicine and 
agriculture. Addressing antibiotic contamination 
remains a critical challenge for environmental 

Fig. 1. Classifications of Antibiotics in all possible way

Antibiotics according to Mechanism of action
 The act ion mechanism63 general ly 
occurred in the following way i) Inhibit cell 
wall synthesis/Peptidoglycan Inhibitors: e.g. 
Penic i l l in,  Cephalospor ins,  etc. i i )  Cause 
leakage from cell membranes: e.g. Polymyxins, 
Ampho te r i c i n  B  e t c . i i i )  I nh ib i t  p ro te i n 
synthesis: e.g. Tetracyclines, Streptomycin, 
Aminoglycosides, etc. iv) Cause misreading 
of m-RNA code and affect permeability: e.g. 
Aminoglycosides-Streptomycin, Gentamicin, 
etc. v) Inhibitor of Nucleic acid synthesis: e.g. 
Ciprofloxacin, Metronidazole, etc. vi) Inhibitor 
of folic acid synthesis (Folate antagonistic). e.g. 
Sulphonamide, Trimethoprim etc. vii) Inhibitor of 
cytoplasmic membrane. e.g.  Polymyxin, Colistin etc.
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sustainability.70a,72-75 The contamination of aquatic 
environments by antibiotics which are widely used 
in medicine and agriculture, end up in wastewater 
involves several interconnected mechanisms  
(Fig. 2): a) Human and animal excretion : Antibiotics 
are consumed by humans and animal to treat 
infections or as feed additives. When humans and 
animals consume antibiotics, their bodies partially 
metabolize these drugs. However, a significant 
portion remains unchanged and is excreted via 
urine and feces. These residues enter sewage 
systems and eventually reach wastewater treatment 
plants.70a b) Wastewater treatment plants: Most 
antibiotics are not fully metabolized in the body 
because they are often non-biodegradable. These 
residues enter into sewage systems and wastewater 
treatment plants (WWTP) either unchanged or as 
metabolites. c) Inadequate removal in conventional 
WWTP effluents: Conventional WWTPs are 
ineffective at completely removing antibiotics 
because they are not designed to effectively 
eliminate antibiotics and their resistance genes. As a 
result, while some degradation occurs, a substantial 
amount of antibiotics and their by-products 
persists in the treated wastewater effluents.72 
d) Release into the aquatic environment: These 
effluents are then discharged into water bodies, 
such as rivers, lakes, and oceans. Antibiotics, 
along with their metabolites, are released into 
these water bodies, persist in the environment, 
posing a contamination75 to aquatic ecosystems. 
e) Adsorption and accumulation: Antibiotics are 
adsorbed onto suspended particles, sediments, 
and organic matter in water. They can accumulate 
in aquatic ecosystems over time, especially in 
areas with slow water flow f) Antibiotic-resistant 
bacteria (ARB): The presence of antibiotics in water 
resources leads to the emergence of antibiotic-
resistant bacteria (ARB). These types of resistant 
bacteria possess resistance genes survive and 
multiply, leading to the emergence of antibiotic-
resistant strains. These resistant bacteria can then 
spread to other organisms in the environment. g) 
Human and animal exposure: Unused antibiotics 
and antibiotic resistant bacteria can then spread 
through different sections of the environment 
(e.g. surface water, groundwater, drinking water, 
municipal sewage, soil, vegetables, sludge etc.), 
subsequently rising in antibiotic resistance and 
affecting human and animal health. 

Fig. 2. Mechanism of contamination of aquatic 
environments by antibiotics

 There are several sources also which 
contribute antibiotic contamination to the presence 
of antibiotics in the environment. i) Pharmaceutical 
manufacturing waste: The production of antibiotics 
generates waste, which can contain residual 
antibiotics. If not properly managed, this waste can 
contaminate water sources and contribute to the 
spread of antibiotic resistance. ii) Improper disposal 
of unused medication: When people dispose of 
unused or expired antibiotics, they may end up in 
landfills or leach into the environment. This improper 
disposal can introduce antibiotics into soil and 
water systems. iii) Wastewater from hospitals and 
municipalities: Hospitals and municipalities release 
wastewater containing antibiotics. Conventional 
wastewater treatment plants are often unable to 
effectively remove antibiotics and their resistance 
genes which permanently stay in the environment. 
iv) Large-scale animal farms and aquaculture: 
Antibiotics are commonly used in animal farming 
and aquaculture. It plays a significant role in 
environmental contamination, with far-reaching 
consequences. There are several steps how this 
contamination occur9,76: a) Waste disposal and 
manure: Large-scale animal farms, also known as 
concentrated animal feeding operations, house a 
substantial number of animals. These animals are 
often given antibiotics to prevent or treat infections. 
The unmindful release of antibiotics occurs through 
the disposal of animal waste. When animals excrete 
antibiotics or their metabolites, these compounds end 
up in manure and are spread on fields as fertilizer. 
This practice introduces antibiotics into the soil and 
nearby water bodies. b) Surface runoff and leaching: 
Rainwater can wash antibiotic-laden manure from 
fields into nearby streams, rivers, and groundwater. 
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This surface runoff and leaching transport antibiotics 
and their residues into aquatic environments. As 
a result, water bodies become contaminated with 
these compounds. c) Aquaculture and fish farming: 
Antibiotics are also used in aquaculture (fish and 
shrimp farming). In these systems, antibiotics are 
added to fish feed to prevent diseases. However, 
excess antibiotics can leach into surrounding 
water bodies, leading to contamination. Aquatic 
ecosystems become reservoirs for antibiotic residues 
and resistant bacteria. d) Antibiotic resistance: The 
presence of antibiotics in the environment exerts 
selective pressure on bacteria. Those bacteria that 
possess resistance genes survive and multiply. Over 
time, this contributes to the emergence of antibiotic-
resistant strains. These resistant bacteria can spread 
to other organisms, including humans, through 
water, soil, and food chains. e) Ecological impact: 
Antibiotics can disrupt natural microbial communities 
in soil and water. This disturbance affects nutrient 
cycling, ecosystem stability, and overall biodiversity. 
Additionally, non-target organisms (such as aquatic 
insects, algae, and fish) may be harmed by exposure 
to antibiotic residues. f) Human health concerns: 
Antibiotic-contaminated water can directly or 
indirectly affect human health. Consuming water 
or food with traces of antibiotics may contribute 
to the development of antibiotic resistance in 
human pathogens. Moreover, antibiotic-resistant 
bacteria can transfer their resistance genes to 
human pathogens, reducing the effectiveness of 
medical treatments. As a result of this antibiotic 
contamination the following consequences are seen: 
1) Antibiotic resistance: The proliferation of antibiotic-
resistant bacteria in the environment poses a serious 
threat to public health. These resistant strains can 
cause difficult-to-treat infections in humans and 
animals. 2) Ecological disruption: Antibiotics alter 
microbial communities, affecting nutrient cycling 
and ecosystem dynamics which other organisms. 
3) Water quality: Antibiotic contamination reduces 
water quality, impacting marine lifecycle and 
potentially disturbing drinking water foundations. 
4) Food safety: If antibiotic-contaminated water is 
used for irrigation or aquaculture, it can lead to the 
presence of antibiotics in crops and seafood, posing 
risks to consumers. v) Industrial and Agricultural 
emissions: Chemical pollution from industrial and 
agricultural activities can also introduce antibiotics 
into surface waterways, posing a serious threat to 
environmental sustainability and a high ecological 

impact on the environment. The journey of antibiotics 
from human consumption to wastewater treatment 
and eventual release into water bodies contributes 
to antibiotic contamination and poses a serious 
threat to environmental and human well-being. 1) 
Aquatic ecosystems: Antibiotics disrupt natural 
microbial communities in water bodies. This 
disturbance affects nutrient cycling, food webs, 
and overall ecosystem health. The accumulation 
of antibiotics in aquatic environments can have  
long-term consequences, including the development 
of antibiotic-resistant bacteria, leading to a loss of 
species diversity, and potential harm to aquatic 
organisms. Commonly found antibiotics include 
sulfonamides, macrolides, and quinolones. 2) Human 
health: Exposure to antibiotics in water resources 
can lead to the emergence of antibiotic-resistant 
bacteria. These resistant strains pose a risk to 
human health. So proper treatment of water before 
discharge is crucial to prevent the spread of antibiotic 
contamination. In this situation, people would think 
about the use of natural alternative antibiotics which 
do not contribute to resistance.

Side effects of Antibiotic77,78

 Antibiotics are used in treating severe 
bacterial infections, can also have side effects such 
as a) Gastrointestinal Distress: Nausea, vomiting 
(e.g. Trimethoprim-Sulfamethoxazole) and diarrhea 
(e.g. Clindamycin, Amoxicillin etc.) are common 
side effects. Some antibiotics can disrupt the 
balance of gut bacteria, leading to gastrointestinal 
discomfort (e.g. Azithromycin, Doxycycline etc.). b) 
Allergic Reactions: Rash, itching, and hives (e.g. 
Trimethoprim-Sulfamethoxazole, penicillin etc.) may 
occur. In severe cases, anaphylaxis (a life-threatening 
allergic reaction) can happen. c) Photosensitivity: 
Certain antibiotics (e.g. Ciprofloxacin) make your 
skin more sensitive to sunlight. Sunburn, rashes, 
or skin discoloration may result from sun exposure. 
These can close the heart rhythm. d) Liver Toxicity: 
Some antibiotics can affect liver function (e.g. 
Flucloxacillin). Jaundice (e.g. Augmentin) is a sign of 
liver involvement. e) Nephrotoxicity: Vancomycin can 
cause nephrotoxicity. f) Kidney Damage: Prolonged 
use of certain antibiotics can harm the kidneys 
(e.g. Gentamicin, Streptomycin, Trimethoprim, 
Sulfamethoxazole etc.). Kidney pain, changes in urine 
color, or reduced urine output should be monitored. 
g) Tendon Rupture: Fluoroquinolone antibiotics  
(e.g. ciprofloxacin) carry a risk of tendon rupture. 
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Avoid strenuous physical activity if you experience 
tendon pain. h) Super infections: Antibiotics can 
disrupt the normal balance of microbes. This 
may lead to yeast infections, oral thrush, or 
other secondary infections. (e.g. cephalosporins, 
fluoroquinolones etc.) i) Drug Interactions: Some 
antibiotics interact with other medications. Always 
inform your healthcare provider about all the 
drugs you’re taking. j) Candida Overgrowth: 
Prolonged antibiotic (e.g. Nystatin, Amphoterin B 
etc.) use can lead to an overgrowth of Candida  
(a type of yeast). It (Fluconazole, itraconazole, 
and voriconazole etc.) may cause oral thrush or 
vaginal yeast infections. k) Development of Antibiotic 
Resistance and Gut: Resistance always arises by 
three mechanis79 steps: 1) natural resistance80 in 
certain types of bacteria, 2) genetic mutation, 3) 
one species acquiring resistance from another,81 is 
increasing day by day because i) limited supportive 
care provided by health professionals. ii) difficulty in 
treating various infections iii) antibiotic Resistance–
Economic burden to the healthcare system iv) 
increasing population.82 This resistance is one 
of the major terrorizations to global health, food 
security83 today. Gut is developing in human beings 
through food. People with gut usually do not need 
antibiotics84,85 to get better. People with severe 
infections antibiotics may essential, otherwise people 
may be at risk86 for serious complications87 include 
infants and old person. 

Prevention and control of the antibiotic 
contamination
 To reduce the spreading of antibiotic 
resistance, we should aware88,89 some prescribed 
rules: I) Patients should stop90 the taking of improper 
of drug and doses. People should follow the WHO91 

Five Keys to Safer Food, avoiding close contact with 
sick people. II) Policymakers should control the 
spread of antibiotic resistance, by the following 
steps92: i) Enforcement of regulations: Policymakers 
play a vital role in enforcing laws and regulations 
related to antibiotic use; a) Restrict non-prescription 
antibiotic sales: Ensuring that antibiotics are only 
used under the guidance of trained healthcare 
providers. b) Monitor and regulate antibiotic 
p roduc t ion : Imp lement ing  s tandards  fo r 
pharmaceutical manufacturers to minimize 
contamination during production. c) Promoting 
Sustainable Practices: Policymakers can incentivize 
sustainable practices in agriculture, aquaculture, and 

waste  management  to  reduce ant ib io t ic 
contamination. d) Supporting Research and 
Surveillance: Funding research on antibiotic 
contamination and supporting surveillance programs 
to monitor resistance patterns and environmental 
contamination.93 III) Healthcare Professionals also 
must obey some rules75: i) Appropriate Prescribing 
Practices: Healthcare professionals should a) 
Prescribe antibiotics judiciously: Avoid unnecessary 
prescriptions and choose narrow-spectrum 
antibiotics when possible, b) Educate patients: Raise 
awareness about responsible antibiotic use and the 
risks of contamination, c) Infection Prevention and 
Control (IPC): Implement IPC measures to prevent 
the spread of resistant bacteria in healthcare 
settings, and d) Reporting and Surveillance: 
Healthcare professionals can report cases of 
antibiotic-resistant infections and contribute to 
surveillance efforts. Veterinary professionals should 
be aware not to use antibiotics for growth promotion 
and work closely with farmers to ensure proper 
antibiotic use in animals. IV) Agriculture sector 
should follow the following steps to reduce 
contamination94: i) Responsible antibiotic use in 
livestock and aquaculture: a) Withdrawal Periods: 
Implement appropriate withdrawal periods to prevent 
antibiotic residues in animal products. ii) Waste 
management: a) Manure Handling: Properly manage 
animal waste to prevent antibiotic runoff into soil and 
water. b) Crop Fields and Aquaculture: Implement 
standards for treating and managing discharge from 
farms. iii) Sustainable Farming Practices: a) Reduce 
antibiotic dependency: Explore alternatives to 
antibiotics, such as probiotics and vaccines. b) 
Integrated pest management: Use practices that 
minimize the need for antibiotics. c) Crop rotation 
and soil Health: Maintain healthy soil ecosystems to 
reduce the need for antimicrobial. d) Organic food 
production: promote about the growing of organic 
food. V) Water should be antibiotic free95,96 Huge 
antibiotics are consumed by humans and animals’ 
excretion via urine and goes into sewage systems 
and treatment plants. VI) The dominant antibiotic 
contaminants include sulfamethazine, trimethoprim, 
oxolinic acid, ciprofloxacin, and others should be 
analyzed and prevalence of antibiotic resistance 
genes is essential.97 VII) People has lack of 
knowledge of effects and resistance of antibiotic.98 
Some prevention we should take to control the 
antibiotic resistance by 1) choice of Antibiotic and 
2) drug factor is important. Less toxic antibiotic is 
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preferred because it impacts on central nervous 
system.99 So, we are looking for the natural path of 
antibiotic treatment from all researchers now100 to 
reduce resistance.  Otherwise, antibiotic would affect 
ecology system.15,101 So, we can take some 
prevent ive measures to control  ant ibiot ic 
contamination based on relevant sources102: i) 
Standard Precautions for controlling antibiotic 
contamination: a) Risk Assessment: Health workers 
should assess the risk of exposure to blood, body 
fluids, and contaminated surfaces. Prevention 
measures should be based on this assessment. b) 
Hand Hygiene: Promote handwashing with soap or 
provide alcohol-based hand rub at the point of care. 
c) Personal Protective Equipment (PPE): Train health 
workers on correct PPE use. Ensure continuous 
access to high-quality PPE. d) Respiratory Hygiene 
and Cough Etiquette: Display visual alerts for 
respiratory hygiene. Provide hand hygiene supplies 
and masks in waiting areas. e) Environmental 
Cleaning: Maintain a clean and hygienic environment. 
Train cleaning staff on proper practices and 
disinfection products. ii) Environmental Health 
Practices to Prevent Antimicrobial Resistance 
(AMR): a) Water, Sanitation, and Hygiene (WASH): 
1) Ensure access to safe water. 2) Properly contain, 
treat, and dispose of human excreta and wastewater. 
3) Promote personal hygiene practices (e.g. 
handwashing) to prevent the spread of resistant 
microorganisms. b) Solid Waste Disposal: Dispose 
of unused and expired antimicrobial properly to 
prevent unnecessary exposure in the environment. 
c) Food Hygiene and Safety: 1) Ensure adequate 
antimicrobial withdrawal periods for animal products. 
2) Grow vegetables on unpolluted soil. i i i) 
Contamination Control Strategies: a) Risk 
Assessment: Understand the sterile product 
manufacturing process. Assess process variables 
and sources of contamination. b) Acceptance Criteria 
and Metrics: Set achievable criteria for contamination 
prevention. c) Monitor ing and Adjustment: 
Continuously monitor performance and adjust 
strategies as needed. These measures emphasize 
responsible antibiotic use, proper waste management, 
and hygiene practices to safeguard both human 
health and the environment. Antibiotic contamination 
generally removed by either waste water treatment 
(ultrafiltration, microfiltration, nanofiltration, 
membranous biological reactor treatment) or using 
alternatives of antibiotics. These membrane-based 
techniques can effectively remove antibiotics. 

Combining biological processes with membranes 
enhances removal efficiency. Advanced Oxidation 
Process (AOP; AOPs break down antibiotics using 
chemical reactions), Reverse Osmosis (RO; RO 
membranes remove antibiotics) and Nano 
sorbents(Nanomaterials can adsorb antibiotics 
effectively) etc.70a,96 Another way is to take alternatives 
to antibiotics, if there is no severe infection. There 
are several alternative antibiotic therapy103-106: i) 
Probiotics: Probiotics are live microorganisms 
(usually bacteria or yeast) that provide health 
benefits when consumed in adequate amounts. The 
mechanism of action of probiotic are as follows: a) 
Probiotics can restore and maintain gut microbial 
balance. b) By colonizing the gut, they compete with 
harmful bacteria, preventing their growth. c) Some 
probiotics produce antimicrobial compounds that 
inhibit pathogenic bacteria. It has immense impact 
on Antibiotic Resistance and Contamination: 1) 
Probiotics can enhance our immune system and 
compete with harmful bacteria, reducing the need 
for antibiotics by promoting overall health and 
preventing infections. 2) When used alongside 
antibiotics, probiotics may help minimize antibiotic-
associated diarrhea and maintain gut health. 3) By 
supporting the gut microbiome, probiotics indirectly 
contribute to reducing antibiotic resistance. Probiotics 
are commonly found in yogurt, kefir, and dietary 
supplements. ii) Phage Therapy: Phage therapy 
involves using bacteriophages (viruses that infect 
bacteria) to treat bacterial infections. The mechanism 
of action of this therapy are as follows: a) 
Bacteriophages specifically target and infect specific 
bacterial strains. b) They replicate within the bacterial 
host, leading to its destruction. c) Phages do not 
harm human cells. This therapy also has good impact 
on antibiotic resistance and contamination: 1) Phage 
therapy offers an alternative to antibiotics, especially 
when bacteria are resistant to multiple drugs. 2) It 
can target specific pathogens, reducing the risk of 
resistance. 3) Phages are environmentally friendly 
and do not persist in the ecosystem. Phage therapy 
is still in research and development but holds 
promise for combating antibiotic-resistant infections.  
iii) Antiseptics and Disinfectants: Antiseptics (like 
hydrogen peroxide or iodine) and disinfectants (such 
as alcohol) can help prevent infection without relying 
on antibiotics only for external use. iv) Herbal 
Remedies: Some herbs and plants have natural 
antimicrobial properties. e.g. garlic, honey, oregano 
oil, and tea tree oil. v) Silver Nanoparticles: It has 
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shown antibacterial properties and can be used as 
an alternative to antibiotics.107 vi) Immune-Boosting 
Foods and Supplements: a) Consuming foods rich 
in vitamins (especially vitamin C and zinc) can 
strengthen the immune system. b) Supplements like 
echinacea and elderberry may also help. vii) Limiting 
Antibiotic Use: Proper hygiene, vaccination, and 
avoiding unnecessary antibiotic prescriptions can 
reduce reliance on antibiotics. The choice of 
alternatives depend on the specific situation, type 
of infection, individual health, and consultation of 
healthcare professionals for personalized advice. 

CONCLUSION

 Antibiotic use is the strong weapon in 
these days. So, public (included general practitioner, 
pharmacist and patient also) should be concern 
about the use of antibiotic correctly and carefully. As 
research is going on the control of diseases, the use 
of antibiotics in the future will undoubtedly change. But 
we can use the alternative antibiotics if severe situation 
does not arise. A collaborative  and constant efforts 

involving policymakers, healthcare professionals, in the 
agricultural sector, and alternative medicines by experts 
are to be developed. Natural antimicrobial108 may be 
introduced in food against multidrug-resistant bacterial 
infections’ therapy. Antibiotic contamination should be 
addressed in various sectors, awaking people of its 
in-control use, proper responsible disposal practices, 
enforcing regulations, and vigorous wastewater 
treatment to protect the health of the environment and 
humans. Everyone should remember to take antibiotics 
as prescribed, complete the full course, and discuss 
with doctors if any severe side effects arise.
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