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Abstract: Antibiotic contamination of natural resources and the receiving environment is of great concern. This brief 
discussion consists of the sources regarding antibiotic contamination and the analysis of several viable methods of 
removing antibiotic substances. The sources include domestic discharges, agricultural runoff, and pharmaceutical 
manufacturing effluents. Antibiotics are classified as emerging contaminants attributed to their persistence in the 
environment. Antibiotics and their metabolites enter the environment through human and animal urine and faeces. 
Persistent pollutants are introduced to aquatic ecosystems as they pass the wastewater treatment process. The overuse 
of antibiotics has led to the emergence of bacteria and genes resistant to antibiotics in the environment. This study 
provides a descriptive overview of antibiotic sources in the environment, their harmful effects, analytical techniques 
for its detection in wastewater, related challenges in monitoring antibiotic contamination in water, and recently used 
techniques for its removal from wastewater and problems associated with current strategies. The study also 
underscores the importance of understanding the sources and learning how to successfully apply methods to minimise 
the effects of antibiotic contamination in wastewater. 
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1. Introduction 

Water is a finite yet renewable resource that is necessary for both the sustainability of the environment 
and human life. Chemical contamination of surface waters, primarily from emissions from agriculture and 
industry, is a major concern in some developing countries (Rehman et al. 2015). Most developing countries 
use water and pathogen management to address public health protection needs (Zhu et al. 2013). Antibiotics 
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are considered the most important medications for treating and preventing infections in hospitals. These anti-
biotics end up in water bodies due to improper disposal practices (Chen et al. 2018). Prolonged exposure to 
sub-inhibitory concentrations of antibiotics can lead to bacterial resistance against multiple antibiotics, re-
sulting in multidrug-resistant bacteria that disrupt the bio-geo-chemical cycle in addition to causing re-
sistance (Chen et al. 2014, Aghdam et al. 2016). In addition to hospital waste, one of the largest "hotspots" 
for antibiotics is thought to be municipal wastewater (Segura et al. 2009, Alsubih et al. 2022). The main 
ways that antibiotics and antibiotic-resistant bacteria enter aquatic ecosystems are through human and animal 
faeces and carcasses. These bacteria can pass their genes to waterborne pathogenic microbes, leading to re-
sistance (Sapkota et al. 2007, Qiao et al. 2018). Antibiotic resistance thus has the potential to become a major 
problem in modern medicine because it can lead to disastrous epidemics (Wu et al. 2016). Ensuring suffi-
cient processing of these substances before their release into the environment is crucial, as failure may result 
in severe pollution and disruption of the natural equilibrium. However, getting rid of antibiotics from 
wastewater is a difficult task (Lyu et al. 2020). Chemical precipitation, ion exchange, biosorption, reverse 
osmosis, nanofiltration, etc., are the most often utilised conventional techniques for eliminating these antibi-
otics (Gadipelly et al. 2014, Shafi et al. 2024). The characteristics of each process, combined with environ-
mental factors, water quality conditions, biological and chemical oxygen demand, and other factors, all affect 
the efficiency of antibiotic elimination (Larsson 2014). Despite this, antibiotics are not entirely removed in 
wastewater treatment plants because they can still be found in surface water, groundwater, municipal and 
hospital sewage, stagnant wastewater ponds, and surface water (Kümmerer 2009, Justino et al. 2016). Cur-
rently, membrane technology is considered a promising way to get rid of antibiotics from wastewater (Lyu et 
al. 2020). Either directly or indirectly, an effective treatment or conservation strategy would have a favoura-
ble effect and be crucial in providing notable advantages in terms of economic development (Li et al. 2008). 
To help prevent the emergence of antibiotic-resistant genes and bacteria that give rise to new diseases, as 
well as to help combat their detrimental effects on humans and the environment, this review outlines various 
sources of antibiotics and the various strategies for their removal. 

2. Sources of Contaminated Antibiotics 

Wastewater contaminated with antibiotics is a major environmental problem affecting public health. Soil, 
water resources, and sewage include antibiotic-based pollution (Ebrahimi et al. 2020). Its presence must be 
immediately addressed since it harms ecosystems and human health. It also leads to bacterial resistance, 
which renders therapy for infections useless. These antibiotic-resistant bacteria can potentially infect people 
and other animals by contaminating water or food. Once inside the host, they can alter the gut microbiota and 
cause various illnesses (Kumar et al. 2020, Sun et al. 2020). The largest and most varied populations of mi-
cro- and macroorganisms are found in municipal wastewater, which promote the creation of organisms re-
sistant to drugs. Antibiotic-resistant traits are unsurprising in these organisms, including commensals, patho-
gens, environmental bacteria, protozoa, or fungi (Kumar & Pal 2018, Teixeira et al. 2020). The three main 
sources of antibiotic contamination covered in this paper are runoff from agriculture, hospital and pharma-
ceutical industry effluents, and domestic wastewater. It is essential to comprehend the sources of antibiotic 
pollution to create mitigation strategies that work.  
 Effluent from homes. 
 Effluents from hospitals and the pharmaceutical industry. 
 Runoff from agriculture. 

2.1. Effluent from homes 

The main source of antibiotic contamination is domestic wastewater, which comes from homes and other 
residential areas. The excretion of antibiotics by humans and improper disposal of unused medications and 
personal care products are the main causes of these substances found in household sewage. Research has 
demonstrated that various antibiotics can be found in household wastewater, indicating the common usage 
and disposal of pharmaceuticals in daily life. (Ternes et al. 2004). Determination of pharmaceuticals in bio-
solids by pressurised liquid extraction and liquid chromatography-mass spectrometry. 

2.2. Effluents from hospitals and the pharmaceutical industry 

Hospital and pharmaceutical manufacturing plant effluents mostly cause antibiotic contamination. Antibi-
otics are discharged into wastewater from healthcare facilities by patients' excretion and discarding leftover 
medication. Moreover, large amounts of antibiotics are produced during the pharmaceutical manufacturing 
process and are dumped into wastewater, which presents a serious environmental risk (Larsson et al. 2007, 
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Khan et al. 2023). Hospitals' contribution to the pharmaceutical consignment in wastewater is difficult to 
assess because most people use medications and contraceptives. Numerous programs are currently being per-
formed to evaluate and shelter hospitals, investigating their possible role as reservoirs for medications and other 
materials that can give rise to germs resistant to multiple medicines (Escher et al. 2011, Mumtaj et al. 2024). 

2.3. Runoff from agriculture 

Agricultural practices cause antibiotic contamination in water bodies, specifically using antibiotics in crop 
production and veterinary medicine. This leads to runoff into water bodies. Antibiotics given to animals or 
crops have the potential to seep into the soil and surface water, after that they may end up in agricultural 
runoff. The potential for the emergence of antibiotic-resistant bacteria in the environment makes this source 
concerning (Kim et al. 2012). Therefore, various sources, such as veterinary waste, human waste streams, 
livestock husbandry waste, stored animal faces, etc., are introducing antibiotics into the environment. These 
resources can potentially release antibiotics into surface and groundwater, often initiated by moderate to 
heavy precipitation. According to Samrot et al. (2023), this has consequently emerged as the primary source 
of environmental antibiotic contamination. Table 1 indicates the sources of antibiotics in wastewater. 
 
Table 1. Sources of contaminated antibiotics 

Source Description Reference 

Domestic Wastewater 
Disposal of unused or metabolised antibiotics by house-
holds 

Jones et al. 2021 

Hospital Effluents  
and disposal of Expired 
Medications 

Discharge of pharmaceuticals and antibiotics from medi-
cal facilities. Also, inappropriate disposal leads to leach-
ing of antibiotics into the environment 

Smith 2020 
Wu et al. 2022 

Pharmaceutical Industry 
Effluents 

Release of antibiotics during manufacturing processes Brown et al. 2020 

Agricultural Runoff 
Runoff from fields with antibiotic-laden fertilisers and 
manure 

Gupta et al. 2019 

Aquaculture Effluents 
and Aquatic Discharge 
from Sewage Treatment 
Plants 

The misuse of antibiotics for fisheries and aquaculture; 
particularly used in fish and shrimp cultures. Also, Ef-
fluents from wastewater treatment plants containing 
residual antibiotics 

Wang et al. 2022 
Li et al. 2018 

Veterinary Waste 
Disposal of unused or excreted antibiotics from animal 
healthcare 

Zhang et al. 2021 

Landfill Leachate  
and Urban Storm water 
Runoff  

Dispersal of antibiotics from waste pharmaceuticals to 
landfill repositories. Also, transport of antibiotics from 
impervious surfaces to water bodies 

Tanaka et al. 2023 
Chen et al. 2023 

3. Routes Via Which Antibiotics Enter Wastewater 

There are several ways that antibiotics get into wastewater, and knowing these paths is crucial to solving 
the problem of antibiotic pollution in aquatic environments. These are a few important routes: 
 Pharmaceutical Manufacturing Discharges: During the production processes in pharmaceutical manu-

facturing plants, antibiotics are introduced into wastewater. These facilities' discharges greatly increase 
the antibiotic burden on the environment (Larsson et al. 2007). 

 Healthcare Facility Effluents: When patients excrete or throw away unused or expired medication, hos-
pitals and other healthcare facilities release antibiotics into the wastewater. Antibiotics can be found in 
wastewater from major sources, including healthcare facility wastewater (Rodriguez-Mozaz et al. 2015). 

 Household Disposal: When people dispose of unused medications by washing them down the sink or 
flushing them down the toilet, antibiotics end up in wastewater. Household wastewater contains antibiot-
ics due to improper disposal practices (Ternes et al. 2004). 

 Agricultural Runoff: Particularly in areas with intensive farming practices, antibiotics used in agricul-
ture, either as veterinary medications or for crop protection, can find their way into wastewater through 
runoff from fields and animal facilities (Kim et al. 2012). 
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4. Antibiotic Contamination's Effect on the Environment 

The issue of antibiotic contamination in the environment has gained significant attention and significant 
ramifications. The present study explores the complex ramifications of antibiotic pollution, with particular 
attention to its effects on aquatic ecosystems, the emergence of antibiotic-resistant bacteria, and ecology. 
 Repercussions on the environment. 
 Bacteria that become resistant to antibiotics. 
 Impacts on aquatic environments. 

4.1. Repercussions on the environment 

Contamination with antibiotics has serious ecological repercussions that impact different ecosystem com-
ponents. Antibiotic exposure can disturb soil microbial communities, resulting in imbalances in the cycling 
of nutrients and overall ecosystem functioning. Research has indicated that the presence of antibiotic resi-
dues in the surroundings can change the variety and makeup of soil microorganisms, affecting important 
ecological functions. (Cycoń et al. 2019). Figure 1 indicates repercussions on the environment. 

 

 

Fig. 1. Repercussions on the environment affecting important ecological functions and soil microorganisms 
 
Moreover, introducing antibiotics into plant tissues and agricultural produce may have a domino effect on 

higher trophic levels, affecting herbivores, omnivores, and eventually predators. This disturbance of ecologi-
cal interactions could jeopardise the stability and resilience of entire ecosystems. 

4.2. Bacteria that develop antibiotic resistance 

The emergence and spread of antibiotic-resistant bacteria is one of the most important and concerning ef-
fects of antibiotic contamination. Sub-lethal antibiotic concentrations in the environment exert selective pres-
sure, which is fertile ground for the emergence of resistance mechanisms. The effectiveness of antibiotic 
treatments is diminished by this phenomenon, which has grave implications for human and animal health. 
Figure 2 indicates bacterial antibiotic resistance implications for human and animal health. 

Numerous studies have found antibiotic-resistant genes in environmental samples, underscoring the sig-
nificance of environmental antibiotic contamination in the spread of resistance. The risk of incurable infec-
tions is further increased by transferring resistance genes between environmental bacteria and pathogens 
(Martinez 2009). 

4.3. Impacts on aquatic environments 

Antibiotic contamination poses a serious threat to aquatic ecosystems, especially those that are found in 
surface water bodies. Antibiotics are introduced into rivers, lakes, and oceans through wastewater discharge 
from pharmaceutical plants, hospitals, and urban areas (Alsubih et al. 2022). Aquatic organisms may be ex-
posed to antibiotics for an extended period due to their persistence in these environments. Figure 3 indicates 
the consequences of antibiotics on the aquatic environment. 
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Fig. 2. Bacterial antibiotic resistance implications for the health of both human and animal 
 
 

 

Fig. 3. Antibiotics negative impacts on aquatic environments 
 
Research has indicated that antibiotic exposure can negatively affect fish, invertebrates, and algae. These 

effects can include altered behaviour, stunted growth, and interference with reproductive processes. In addi-
tion, the use of antibiotics in aquatic environments fosters the growth of bacteria resistant to the drugs, estab-
lishing a source of resistance genes that human pathogens can inherit. (Gao & Sui 2020). Wastewater treat-
ment plants are hotspots for the evolution of antibiotic resistance because of the diverse spectrum of bacteria, 
antibiotics, metals, and other toxins that interact with the surrounding bacteria (Cacace et al. 2019, Sharmaa 
& Sharmab 2020). 
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5. Antibiotic Monitoring and Detection in Wastewater 

Due to the growing concern over antibiotic contamination in wastewater, strong monitoring and detection 
techniques are required to determine the scope of this environmental problem. This paper addresses the diffi-
culties in tracking antibiotic contamination and summarises the analytical techniques used to find antibiotics 
in wastewater. Figure 4 indicates the antibiotics detection analytical techniques in wastewater. 

 

 
Fig. 4. Antibiotic detection analytical techniques 

 
Antibiotic detection analytical techniques: In recent years, several rapid, precise, and focused analytical 

techniques for figuring out how many antibiotics are in complicated biological conditions have been used in 
routine lab situations. These methods are necessary to produce repeatable outcomes that can be applied in 
clinical studies to raise the efficacy of antibiotic therapy. Because antibiotics can have a wide range of chem-
ical characteristics and concentrations, many analytical techniques have been developed to identify and 
measure these compounds in wastewater. The range of antibiotics being studied, sensitivity, and specificity 
all influence the method of choice. In addition to these techniques, HPLC, GC-MS, LC-MS, SPME, TLC, 
and CE are also available. To monitor antibiotic residues in food products, considerable efforts have been 
made to develop reliable analytical methods using a combination of techniques, such as tandem mass spec-
trometry (LC-MS/MS) and high-performance liquid chromatography (HPLC) coupled with mass spectrome-
try (MS). Food products may include antibiotic residues, which are frequently hard to find because they are 
linked to matrices that obstruct the examination of the residues (Farouk et al. 2015). In novel analytical tech-
niques, capillary electrophoresis (CE) is utilised. CE and HPLC are widely applicable techniques frequently 
used to track antibiotic concentrations. However, successful drug extraction from the biological matrix and 
sensible parameter selection for chromatographic separation and detection is vital for procuring reliable con-
sequences with monitored medicines. 

5.1. High-Performance Liquid Chromatography (HPLC) 

Since HPLC has a high sensitivity and specificity, it is a commonly used technique for analysing antibiot-
ics. It makes it possible to identify and measure specific antibiotics in intricate wastewater matrices. When 
mass spectrometry (MS) and HPLC are combined, detection capabilities are improved, and multiple antibi-
otic residues can be identified simultaneously (Gros et al. 2013). After the antibiotic was extracted liquid-
liquid (dichloromethane), the components were examined using HPLC equipped with a fluorescence detector 
(HPLC-FL). The analysis employed a 150 cm long HPLC column with an internal diameter of 4.6 mm and 
a particle size of 5 µm. 
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5.2. Liquid chromatography- Mass spectroscopy (LC-MS) 

LC-MS is an important analytical method for determining the structure and chemical characteristics of 
various molecules and for identifying, separating, and quantifying known and new chemicals. Absorption 
processes remove antibiotics and pharmaceutical compounds, whereas biodegradation removes pharmaceuti-
cal compounds and antibiotics (Munjanja 2017, Ajala et al. 2023). 

5.3. GC-MS (Gas- chromatography- Mass spectroscopy) 

Although GC is best suited for analysing non-polar and volatile substances, it can also be used to analyse 
pharmaceuticals at low concentrations by adding a derivatisation step. This is a crucial step for which there 
have been numerous optimisation attempts because analyte losses may occur and impact the method's accu-
racy (Fatta-Kassinos et al. 2011). Gas chromatography (GC) is another method used to determine the pres-
ence of antibiotics in biological fluids in addition to thin-layer chromatography. However, the GC method is 
rarely employed because medications and their metabolites must be converted into thermostable derivatives 
(Ahuja 1976). 

5.4. Solid-phase microextraction (SPME) 

A solid phase extraction (SPE) method is used to compare the performance of the SPME method. A novel 
and sensitive solvent-free sample preparation technique is solid phase microextraction (SPME). Using the 
solid phase microextraction (SPME) technique, wastewater containing antibiotics and pharmaceutical com-
pounds can be simultaneously collected (McClure & Wong 2007). 

5.5. TLC (Thin liquid chromatography) 

This technique can be used to find the chemicals that thin-layer chromatography (TLC) separated: chemi-
cal (substances' coloured reactions when separated and exposed to visualising reagents), biological (using bio 
detectors), physical (substance's unique fluorescence in UV light) (Pyka 2014). The UV radiation at wave-
lengths between 190 and 400 nm was used to identify the antibiotics. The method's accuracy, represented as 
a recovery percentage, ranged from 95.08% to 100.6%. According to Jain et al. (2007), the method satisfies 
the validation acceptance requirements and could help determine the concentration of minocycline in human 
plasma. 

5.6. Capillary electrophoresis (CE) 

Common methods for performing capillary electrophoresis include optical methods (fluorescence and ab-
sorption). Capillary electrophoresis is a commonly used technique for biomolecule analysis, biopharmaceutical 
characterisation, and impurity profiling of medications with stereo-chemical centres in their structures. Howev-
er, capillary electrophoresis is a more cost-effective option for creating less complex and costly analytical 
methods (Kappes & Hauser 1999). Furthermore, capillary electrophoresis has also been developed throughout 
the last ten years. These advanced techniques won't completely replace the conventional plate counting tech-
niques that rely on cultures and microscopes, but neither will their development nor application continue. 

5.7. Enzyme-Linked Immunosorbent Assay (ELISA) 

ELISA offers a quick and affordable way to check for antibiotics in wastewater. This immunological 
method targets antibiotics based on the specificity of antibodies. Even though ELISA is less precise than 
chromatographic techniques, it is still useful for making initial determinations about the presence of antibiot-
ics in big sample sets (Hashemi et al. 2017). 

5.8. Polymerase Chain Reaction (PCR) 

One of the most significant, if not the most significant, advances in the biological and chemical sciences 
was the discovery of Polymerase Chain Reaction (PCR). In developing other molecular techniques, PCR is 
still the most popular technique in clinical and experimental laboratories. It can detect two different target 
sequences in the tested DNA or the PCR-positive control DNA in a single tube. Real-time PCR (RT-PCR) is 
a variation of the PCR method that can be performed in specialised equipment with appropriately prepared 
starters and allows for the measurement of the sample's fluorescence during the reaction, which is propor-
tionate to the product produced. Antibiotic resistance genes linked to antibiotic presence are primarily found 
using molecular techniques like PCR. These techniques shed light on the genetic potential for antibiotic re-
sistance in wastewater-associated microbial communities (Jahan et al. 2014). 
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6. Challenges in Monitoring Antibiotic Contamination 

Antibiotic residue measurements in the environment give important information about the potential harm 
these substances could do to ecosystem function, animal health, and human health. Antibiotic exposure and 
ecological risk analysis require predictive approaches due to the high expense of national and regional moni-
toring programmers. It has been demonstrated that integrating exposure data with geographic information 
systems, geology and hydraulic databases, and monitoring programmers is a potent, affordable substitute for 
determining and ranking the environmental dangers connected to antibiotics. At-risk soils and water bodies 
for antibiotics and other biologically active emerging contaminants have been identified on a landscape scale 
using these modelling strategies (de la Torre et al. 2012, Iatrou et al. 2014, Wajsman & Ruden 2006, Schow-
anek & Webb 2002, Wajsman & Ruden 2006, Williams et al. 2009). Several models have been put forth to 
make it easier to anticipate the risks and environmental toxicity of pollutant mixtures (Aga et al. 2016). Even 
with improvements in analytical methods, several obstacles still make accurate assessments more difficult to 
monitor antibiotic contamination in wastewater. 

6.1. Matrix Interference 

Matrix interference is one of the major problems encountered when sampling antibiotics from 
wastewater. Wastewater is a source of a wide range of carbon-containing compounds, including natural or-
ganic matter, heavy metals and other interferences that can mask or suppress the signal in the analysis of 
antibiotics. Sample preparation methods and cleanup procedures are adequate to selectively extract the anti-
biotics from other matrix interferences to overcome this challenge. Mass spectrometry (MS) techniques used 
in LC-MS include solid-phase extraction (SPE) and liquid-liquid extraction (LLE) methods that help reduce 
the matrix effects and enhance the accuracy and reliability of the measurements. This can cause difficulties 
in identifying the target analytes by modern methodologies and a potential underestimation of the driving 
concentrations of antibiotics in wastewater samples due to poorly prepared samples (Carvalho et al. 2014). 

6.2. Multi-Class and Multi-Residue Analysis 

Another challenge is the fact that there is a need to develop methods that can analyse various classes of 
compounds at once, and also in trace levels amount. In general, wastewater can present a broad spectrum of 
antibiotics of various classes: beta-lactams, tetracyclines, sulfonamides, and fluoroquinolones. Therefore, 
analytical methods are needed to determine the mentioned antibiotics in a single run. However, this is tech-
nically not easy to realise since the chemical and physical properties of different classes of antibiotics are 
very different from each other. This has, however, been made difficult by the existence of multiple antibiot-
ics, which have been made easier by the development of LC-MS/MS. Nevertheless, the precise tuning of 
these methods for optimal sensitivity and specificity as applicable to several classes of antibiotics continues 
to be very challenging. 

6.3. Low Concentrations and Detection Limits 

Accordingly, antibiotics are usually present in the wastewater at a trace concentration, necessitating their 
analysis and determination. Because of the low concentrations detected, there is a need to use sophisticated 
analytical methods that can detect the elements at very low levels. Therefore, it is necessary to develop 
methods capable of detecting antibiotic residues at a very low level to determine the extent of their occur-
rence and possible impact on the environment. Among the common analytical methods, HPLC coupled with 
MS has been widely used due to its high sensitivity and usefulness when analysing antibiotic trace levels. 
Since antibiotic contamination at trace levels impacts ecology and human health, proper detection is critical. 
It also helps in strategies for monitoring and controlling the above contaminants in the environment (Petrović 
et al. 2005). 

6.4. Emerging Contaminants 

It can be difficult to maintain current monitoring techniques due to the ongoing development of new anti-
biotics and the appearance of transformation products. For thorough monitoring, the capacity to modify 
techniques in order to identify new compounds is crucial. Adding micro-pollutants to an ecosystem is ongo-
ing and is typically influenced by factors like manufacturing, population density, and other factors. In gen-
eral, human influences have the potential to accelerate the pace at which organic pollutants disperse. Using 
synthetic organic compounds in personal care and health-related items has resulted in an unprecedentedly 
harmful concentration of these compounds in the environment (Liu & Wong 2013a). 
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7. Techniques for Removing Antibiotics from Wastewater 

Traditional techniques for treating wastewater include (a) biological, physical and chemical, and (b) ad-
vanced treatment technologies; UV radiation, membrane filtration, and ozonation, and (c)Difficulties and 
restrictions with the methods used now 

Effective removal strategies during wastewater treatment are necessary due to the serious threat that anti-
biotic contamination in wastewater poses to the environment and public health. The strengths, drawbacks, 
and difficulties of the conventional and cutting-edge treatment techniques used to remove antibiotics from 
wastewater are covered in detail in this report. Full sulfuric acid antibiotic extraction is impossible with con-
ventional activated sludge treatment processes. However, the pace of microbial metabolism may slow down 
due to exposure to antibiotic-contaminated wastewater, which could impair the efficacy of the biological 
treatment of the sewage. Employing technologies such as ozonation to pre-treat antibiotic effluent is a good 
strategy to minimise the biological unit's disposal challenges. 

7.1. Conventional Wastewater Treatment Methods 

Antibiotics can be found in wastewater in both source and washbasin forms. Antibiotics in wastewater 
and the incapacity of conventional wastewater treatment plants (WWTPs) to handle them have become more 
prevalent in recent years. Various technologies have been proposed to degrade these pollutants to attain safe 
levels for environmental protection, given their persistence (Christofilopoulos et al. 2019). These biological 
methods, like secondary wastewater treatment and artificial wetlands, are examples of biological disinfection 
techniques. Chemical processes include advanced oxidation technology, chlorination, ozonation, and ultravi-
olet (UV) irradiation. 

7.1.1. Biological Treatment 

Removing antibiotics from wastewater largely depends on biological treatment techniques, such as acti-
vated sludge processes and biological nutrient removal. Microorganisms can more easily remove antibiotics 
from activated sludge systems because they can metabolise or adsorb them. However, depending on the par-
ticular antibiotic compound and the degree of adaptability of the microbial community, the effectiveness of 
biological treatment can differ (Xia et al. 2023). Pharmaceuticals cannot be completely removed during con-
ventional activated sludge treatment (CAS). Numerous substitute approaches, such as membrane biological 
reactors (MBRs), membrane filtration technologies, and advanced oxidation processes, have been proposed 
to eradicate pharmaceuticals (Radjenović et al. 2009). 

7.1.2. Physical and Chemical Treatment 

Antibiotics are eliminated by precipitation or adsorption using physical and chemical treatment tech-
niques like sedimentation, flocculation, and coagulation. Furthermore, hydrogen peroxide or chlorine chemi-
cal oxidation processes can break down some antibiotic compounds. However, the antibiotics' unique charac-
teristics and the wastewater's makeup affect these techniques' effectiveness (De Cazes et al. 2014).  

7.2. Advanced Treatment Technologies 

7.2.1. Ozonation 

Ozonation is a sophisticated oxidation technique that uses ozone to break down antibiotics. Antibiotics' 
chemical structures are broken down, and their concentration decreases when ozone interacts. Ozonation can 
effectively eliminate many antibiotics, which is especially helpful for substances resistant to biological ther-
apy (Alsager et al. 2018). Under perfect conditions, including exposure durations and ozone dosage, the ozo-
nation process directly targets the bacterial cellular wall while also averting possible bacterial regeneration 
(Michael-Kordatou et al. 2018, Mecha & Chollom 2020). On the other hand, the rate of reaction is relatively 
low in other organic molecules, including inactivated aromatic (Chen & Wang 2019). 

7.2.2. Fenton 

When combined with additional techniques, Fenton oxidation produces superior removal outcomes, and 
100% all antibiotics removal except clarithromycin with 91%. However, the best efficiencies are reached by 
applying photo-Fenton in an antibiotic solution since it achieves better outcomes in less time, turning this 
into more efficiency inside a wastewater due to the potential of treating a high flow rate in a short time 
(Zúñiga et al. 2022). 
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7.2.3. Ultrasound 

Acoustic cavitation is used in ultrasound implementation to degrade pollutants. This phenomenon occurs 
when acoustic waves are delivered into a liquid body and cause micro-bubbles to emerge that are filled with 
steam or gas. One benefit of this technology is that it may be used under ambient temperature and pressure 
settings and does not require oxidising agents. On the other hand, the energy expenditures associated with 
creating waves with this method are relatively significant (Zúñiga et al. 2022). 

7.2.4. Electrochemical 

Utilising electrodes and electrolytes to facilitate the electrochemical process, which generates radicals ca-
pable of oxidising contaminants and creating CO2 and H2O, is what makes electrochemical processes possi-
ble. Since 1978, this approach has been extensively studied; this documentation has grown exponentially in 
the past five years, resulting in 266 papers overall (Zúñiga et al. 2022). 

7.2.5. Absorption with activated carbon 

During this process, the soluble material is placed on a solid media (activated carbon). In this manner, an-
tibiotics are absorbed by activated carbon without producing harmful byproducts (Prados 2010).  This is 
made feasible by claiming and physically or chemically activating the carbon, which changes its porosity and 
makes it possible for pollutants to be extracted by adsorption the process in which the carbon binds to other 
molecules – and makes this possible (Zúñiga et al. 2022). 

7.2.6. Membrane Filtration 

By physically removing antibiotics from wastewater, membrane filtration techniques such as ultrafiltra-
tion and nanofiltration can effectively eradicate antibiotics. Membrane filtration is especially effective at 
getting rid of bigger particles and microbes, which lowers the concentrations of antibiotics (Wang & Wang 
2016). Membrane bioreactors with an additional value, microorganisms, or a combination of aerobic and 
anaerobic processes are used to demonstrate the removal of antibiotics. Conventional methods such as filtra-
tion, flocculation, sedimentation, and so on are used by pharmaceutical companies and wastewater treatment 
facilities, however they are ineffective in getting rid of antibiotics (Nqombolo et al. 2018). 

7.2.7. UV Irradiation 

Because UV irradiation causes photolysis and produces reactive oxygen species, which break down anti-
biotic molecules, it is a promising method for antibiotic degradation (Rahman et al. 2020). Antibiotics re-
sistant to biological processes respond well to UV treatment, which can be incorporated into already-existing 
wastewater treatment facilities. (Hübner et al. 2022, Ahmad 2021). Table 2 shows the treatment techniques 
of antibiotic removal in wastewater with their removal efficiency. 

 
Table 2. Techniques for Removing Antibiotics from Wastewater 

Treatment Method Description 
Removal  

efficiency (%) 
Reference 

Biological Treatment 
 Activated Sludge Process 
 Trickling Filter 

Utilises microorganisms  
to break down pollutants 

10-80% 
Smith 2020,  
Al-Wasify et al. 2023 

Microbial flocs digest organic 
matter 

50-80% 
Chen & Wang 2019,  
Al-Wasify et al. 2023 

Wastewater trickles  
over microbial film 

45% 
Wang et al. 2021,  
Al-Wasify et al. 2023 

Physical and Chemical 
Treatment 
 Coagulation-Flocculation 
 Sedimentation 

Involves physical processes  
and chemical reactions 

50-70% 
Brown et al. 2018,  
Al-Wasify et al. 2023 

Chemicals induce particle  
aggregation 

50-100% 
Jones et al. 2023,  
Al-Wasify et al. 2023 

Gravity separation of particles 
from water 

up to 45% 
Gupta et al. 2019,  
Al-Wasify et al. 2023 
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Table 2. cont. 

Treatment Method Description 
Removal  

efficiency (%) 
Reference 

Advanced Treatment  
Technologies 
 UV Radiation 
 Membrane Filtration 
 Ozonation 

Employ sophisticated processes 
for enhanced removal 

10-100% 
Zhang et al. 2023,  
Al-Wasify et al. 2023 

Inactivates microorganisms 
through UV light 

50-70% 
Li et al. 2018,  
Al-Wasify et al. 2023 

Uses semi-permeable  
membranes to filter impurities 

15-55% 
Tanaka et al. 2019,  
Al-Wasify et al. 2023 

Oxidises pollutants with ozone 70-90% 
Wu et al. 2022,  
Al-Wasify et al. 2023 

7.3. Problems and Restrictions with Current Strategies 

Despite the success of these therapeutic approaches, problems and restrictions still exist. Certain antibiot-
ics might not break down, which would leave them incompletely removed. Furthermore, it is concerning that 
during treatment, antibiotics can change into potentially more hazardous metabolites. Furthermore, there are 
financial obstacles to the widespread adoption of advanced treatment technologies because of their high en-
ergy requirements and operating costs. 

The selection and optimisation of treatment strategies are further complicated by the emergence of new 
antibiotics and the variability in wastewater composition. In addition, questions concerning the long-term 
effectiveness of these methods are raised by the possible emergence of antibiotic-resistant bacteria in treated 
effluents. Antibiotic removal from wastewater necessitates a multimodal strategy that combines traditional 
and cutting-edge treatment techniques. Although biological treatment is still the mainstay, newer technolo-
gies such as membrane filtration, UV irradiation, and ozonation present promising paths for improved re-
moval. Long-term solutions must consider the difficulties and constraints posed by these approaches To re-
duce the negative effects of antibiotic contamination in wastewater on the environment. 

8. Emerging Challenges in Antibiotic Contamination 

8.1. Antibiotic-Resistant Microbes 

Recent studies have established that antibiotics in wastewater have a strategic role in developing antibi-
otic-resistant organisms. Once these antibiotics are released into the environment, they alter the environment 
in a way that favours the growth of resistant strains of microbes. This is especially true in wastewater sys-
tems where different microbial communities are subjected to low concentrations of antibiotics that enhance 
the likelihood of exchanging resistance genes among bacteria. The proliferation of antibiotic resistance, in-
cluding resistance genes in the environment, is a dynamic process triggered by various factors such as con-
centration, type of antibiotics or the microbial community and environmental factors. This increasing level is 
dangerous for public health since the bacteria may reach a stage where they cannot be eradicated by present-
ly used antibiotics. Knowledge regarding the factors that lead to the development of antibiotic resistance and 
its spread is significant in creating strategies to prevent it. This ranges from enhancing wastewater treatment 
to lowering the amounts of antibiotics and regulating the level of antibiotics that go into the environment 
(Pruden et al. 2013). 

8.2. Transformation Products 

Another emerging issue is the conversion of antibiotics during wastewater treatment, which has made it 
difficult to predict the fate of these substances. Concerning the effectiveness of the antibiotics, it is important 
to note that antibiotics can transmute chemically or biologically during treatment processes; this results in the 
formation of metabolites or transformation products. These byproducts may often be more hazardous to tox-
icity and more persistent in the environment than the parent substances. General information regarding these 
transformation products must also be ascertained to determine the behavioural implications on ecosystems 
and human health. Despite improvements achieved by the known wastewater treatment methods for reducing 
bacterial resistance of parent antibiotics, residual concentrations of these compounds are still noteworthy. 
They can settle in water bodies and become dangerous to aquatic life; sometimes, they may even get into the 
human life system. However, some of the transformation products may still possess antibiotic activity, add-
ing to the resistance problem. Thus, it is imperative to know the mechanisms by which antibiotics are trans-
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formed in wastewater treatment processes, as well as the characteristics of the resulting transformation prod-
ucts, to develop effective and efficient strategies to counteract the effects of antibiotics, which may include 
the promotion of new methodologies on antibiotic elimination in wastewater treatment processes and actions 
that may prevent the further emission of antibiotics to water utilities (Michael et al. 2013). 

9. Future Directions and Recommendations 

Antibiotic contamination in wastewater is a dynamic environmental challenge with evolving complexi-
ties. This report discusses emerging challenges, identifies areas for future research, and proposes policy rec-
ommendations and best practices to guide efforts towards sustainable solutions. Chemical therapeutic agents, 
often known as pharmaceutical products, are used to treat infectious diseases in humans, plants, and animals. 
However, a sizable portion of antibiotics produced each year are utilised globally for purposes other than 
therapy (Chattopadhyay 2021). Most of it is used not for therapy connected to infections but as growth pro-
moters (Oliver et al. 2011). It has been shown that electrochemical sensing techniques developed using na-
nomaterial technologies operate better, detecting antibiotics more quickly, accurately, and sensitively. Anti-
biotics are frequently used in medical treatments, which release them into the environment through farm 
waste. The environment still contains antibiotics (Ezzariai et al. 2018). The process of extracting and/or de-
toxifying pollutants using live organisms is known as bioremediation. Although antibiotics have been in the 
environment for a long time, negative effects have recently been noted. Their individual and combined health 
consequences are unknown, even though their acute and long-term effects on flora, wildlife, and humans 
have been documented in countless articles. It is necessary to have a deeper comprehension of the environ-
mental fate, impact, and potential dangers associated with these antibiotics. Therefore, more research should 
be done to determine how well environmental medications biodegrade and how to stop the spread of illness-
es that are resistant to antibiotics. Antibiotic research should, therefore, be ongoing, persistent, and con-
sistent. More affordable technology is required for faster implementation and more economical outcomes. 
Pharmacological exposure to the environment may have dangers related to eco-toxicological consequences 
and disruption of the ecosystem process. Considering the risks to public health, environmental antibiotics 
must be eliminated. Although adopting an antibiotic prohibition is a defensive tactic, it is not the best course 
of action because it may harm public health (Phillips et al. 2004). Legislation should, therefore, be estab-
lished with the adverse effects of an antibiotic ban in mind. 

10. Conclusion 

This paper discusses the complex phenomenon of antibiotic presence in wastewater by presenting the 
sources, processes, consequences, and potential remedies for this problem. These revelations show the ubiq-
uity and complexity of antibiotic pollution and its origins in residential homes, hospitals, pharmaceutical 
factories, and farms. The paper gives detailed insight into the transportation of antibiotics within the 
wastewater systems, the direct discharge, the different processes in the treatment system, and the major bar-
riers to eradicating the pollutants.  

The study shows the concern for the environment and human health caused by the misuse of antibiotics, 
which lead to the creation of antibiotic-resistant bacteria and toxic effects on aquatic life. Some treatments 
have been effective, though limited to biological and physical-chemical treatment. Some advanced treatment 
methods like membrane filtration, UV irradiation, and ozonation also exist. However, these strategies con-
tinue to be threatened with the following challenges, implying a need for more studies on the researched 
strategies and very flexible measures. Therefore, eradicating antibiotics in polluted wastewater could be best 
addressed by applying novel treatment processes, strict legal provisions, and robust monitoring mechanisms. 
Future research and interdisciplinary cooperation are critical to address antibiotic pollution's environmental 
and health consequences and to design new solutions to tackle the problem. 
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