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DESCRIPTION
The presence of pharmaceuticals in influent wastewater has 
become a growing concern worldwide, raising questions about 
the environmental and public health implications of these 
compounds entering water treatment facilities. Pharmaceuti-
cals, including prescription drugs and over-the-counter med-
ications, are designed to have therapeutic effects on humans, 
but their incomplete metabolism and excretion result in their 
presence in wastewater. This article delves into the occurrence, 
impact, and treatment of pharmaceuticals in influent waste-
water.
The discharge of pharmaceuticals into wastewater occurs pri-
marily through human excretion, improper disposal of unused 
medications, and manufacturing processes. When individuals 
take medications, their bodies absorb and utilize only a por-
tion of the pharmaceutical compounds, and the rest is excret-
ed, often in a biologically active form. Consequently, waste-
water treatment plants receive influent containing a complex 
mixture of pharmaceuticals 
Studies have shown that a wide range of pharmaceuticals can 
be detected in influent wastewater, including antibiotics, an-
algesics, anti-inflammatory drugs, hormones, and psychiatric 
medications. The ubiquity of these compounds in wastewater 
highlights the need for comprehensive monitoring and treat-
ment strategies to mitigate their environmental impact.
The presence of pharmaceuticals in influent wastewater rais-
es concerns due to their potential environmental and public 
health impacts. The continuous release of these compounds 
into water bodies can result in bioaccumulation in aquatic 
organisms, potentially disrupting ecosystems and leading to 
unintended consequences.
Pharmaceuticals in influent wastewater can adversely affect 
aquatic life, including fish, invertebrates, and algae. Chronic 
exposure to low concentrations of certain pharmaceuticals 
may disrupt endocrine systems in aquatic organisms, leading 
to reproductive abnormalities and population declines.
The presence of antibiotics in wastewater contributes to the 
development of antibiotic-resistant bacteria. The constant ex-
posure of bacteria to sub lethal concentrations of antibiotics 
creates a selective pressure, favoring the survival and prolifer-
ation of resistant strains. This poses a serious threat to public 
health as it diminishes the effectiveness of antibiotics in treat-
ing bacterial infections.
Although wastewater is treated before being discharged into 

natural water bodies, trace amounts of pharmaceuticals may 
still persist. In some cases, treated wastewater is reused for ag-
ricultural irrigation, potentially introducing pharmaceutical 
residues into the food chain. This raises concerns about long-
term human exposure to low levels of pharmaceuticals through 
the consumption of crops irrigated with treated wastewater.
Addressing the issue of pharmaceuticals in influent wastewater 
requires advanced treatment strategies to ensure the removal 
or degradation of these compounds. Several technologies and 
approaches have been developed to mitigate the environmen-
tal impact of pharmaceutical residues in wastewater.
Activated sludge processes, a common biological treatment 
method, utilize microorganisms to break down organic matter, 
including pharmaceuticals. This method is effective in reduc-
ing the concentration of pharmaceuticals in wastewater, but its 
efficiency may vary depending on the specific compounds and 
environmental conditions.
Advanced Oxidation Processes (AOPs) involve the generation 
of highly reactive hydroxyl radicals to oxidize and degrade 
pharmaceutical compounds. Techniques such as ozonation, 
UV irradiation, and photo-Fenton processes have shown po-
tential in breaking down a wide range of pharmaceuticals in 
influent wastewater
Membrane filtration technologies, including reverse osmosis 
and nanofiltration, can selectively remove pharmaceuticals 
based on their molecular size and charge. These methods are 
effective in producing high-quality effluent with reduced con-
centrations of pharmaceutical residues.
Constructed wetlands mimic natural wetland ecosystems and 
can be used for the treatment of wastewater containing phar-
maceuticals. Plants and microorganisms in the wetland help to 
absorb, adsorb, and break down pharmaceutical compounds, 
providing a sustainable and cost-effective treatment option.
BNR processes aim to remove both organic pollutants and 
nutrients from wastewater. These processes, which include de-
nitrification and phosphorus removal, can indirectly contrib-
ute to the removal of pharmaceuticals by creating conditions 
that favour the growth of specific microorganisms capable of 
degrading these compounds.
Advancements in biological treatment include the use of spe-
cialized bacteria and enzymes to target and metabolize specific 
pharmaceutical compounds. Engineered microbial consortia 
have capabillity in enhancing the degradation of pharmaceuti-
cals in wastewater treatment plants.
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Chemical precipitation involves the addition of chemicals that react 
with pharmaceutical compounds, forming insoluble precipitates that 
can be removed through sedimentation or filtration. This method is ef-
fective for certain classes of pharmaceuticals but may require additional 
treatment steps for comprehensive removal.
Pharmaceuticals in influent wastewater represent a complex challenge 
with implications for both the environment and public health. As our 
understanding of the occurrence and impact of these compounds ex-
pands, it is essential to develop and implement effective treatment strat-
egies in wastewater treatment plants.

CONCLUSION
Combining traditional methods such as activated sludge treatment 
with advanced technologies like AOPs, membrane filtration, and con-
structed wetlands can provide a multi-faceted approach to address the 
diverse range of pharmaceuticals present in influent wastewater. Ad-
ditionally, ongoing research and innovation in biological treatment 
methods are avenues for further improving the efficiency of pharma-
ceutical degradation in wastewater treatment processes.
Ultimately, a holistic approach that includes monitoring, regulation, 
and public awareness is crucial to mitigate the release of pharmaceuti-
cals into wastewater and safeguard both aquatic ecosystems and human 
health. As we strive for sustainable water management practices, ongo-
ing collaboration between researchers, policymakers, and wastewater 
treatment professionals will be essential to meet the challenges posed 
by pharmaceutical residues in influent wastewater.

REFERENCES
1. Plewka B, Waszyk-Nowaczyk M, Cerbin–Koczorowska M, Os-

małek T. The role of active learning methods in teaching pharma-
ceutical care–Scoping review. Heliyon. 2023.

2. Parfant TP, Skube T, Roskar R. A robust analytical method for 
simultaneous quantification of 13 low-molecular-weight N-Ni-
trosamines in various pharmaceuticals based on solid phase ex-
traction and liquid chromatography coupled to high-resolution 
mass spectrometry. Eur J Pharm Sci. 2023:106633. 

3. Patel A, Jin C, Handzo B, Kalyanaraman R. Measurement of 
moisture content in pharmaceutical tablets by handheld near-in-
frared spectrometer: Adopting quality by design approach to 
analytical method lifecycle management. J Pharm Biomed Anal. 
2023;229:115381. 

4. Zou L, Guo X, McElderry JD. Platform headspace gas chroma-
tography method for high-throughput determination of residu-
al solvents in pharmaceutical materials. J Pharm Biomed Anal. 
2023;229:115349.  

5. Hasan MH, Gouda AA, Hassan AE, Elsayed SG, Mousa HS. 
Implementation of analytical quality by design concepts for the 
optimization of quantitative 1H Nuclear Magnetic Resonance 
(1H-qNMR) method for quantitation of novel anti-COVID drugs 
(molnupiravir and favipiravir) in their pharmaceutical dosage 
forms. Microchem. J. 2023:109582. 

https://www.sciencedirect.com/science/article/pii/S2405844023004346
https://www.sciencedirect.com/science/article/pii/S2405844023004346
https://www.sciencedirect.com/science/article/pii/S0928098723002634
https://www.sciencedirect.com/science/article/pii/S0928098723002634
https://www.sciencedirect.com/science/article/pii/S0928098723002634
https://www.sciencedirect.com/science/article/pii/S0928098723002634
https://www.sciencedirect.com/science/article/pii/S0928098723002634
https://www.sciencedirect.com/science/article/abs/pii/S0731708523001504
https://www.sciencedirect.com/science/article/abs/pii/S0731708523001504
https://www.sciencedirect.com/science/article/abs/pii/S0731708523001504
https://www.sciencedirect.com/science/article/abs/pii/S0731708523001504
https://www.sciencedirect.com/science/article/abs/pii/S0731708523001188
https://www.sciencedirect.com/science/article/abs/pii/S0731708523001188
https://www.sciencedirect.com/science/article/abs/pii/S0731708523001188
https://www.sciencedirect.com/science/article/abs/pii/S0026265X23012018
https://www.sciencedirect.com/science/article/abs/pii/S0026265X23012018
https://www.sciencedirect.com/science/article/abs/pii/S0026265X23012018
https://www.sciencedirect.com/science/article/abs/pii/S0026265X23012018
https://www.sciencedirect.com/science/article/abs/pii/S0026265X23012018

