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Abstract-- The pervasive presence of active pharmaceutical 

ingredients in various environmental compartments 
necessitates robust waste management strategies to mitigate 

ecological and public health risks (Toma & Cri şan, 2018). This 

paper explores innovative techniques for pharmaceutical waste 

management, focusing on enhancing drug recovery and 
ensuring environmental sustainability within the 

pharmaceutical sector (Kumar et al., 2024). The 

pharmaceutical industry, despite its critical role in public 
health, generates substantial waste, including packaging 

materials, production by-products, and expired medications, 

which pose significant environmental and health challenges 
(Kumar et al., 2024). The improper disposal of these 

pharmaceutical products can lead to environmental 

contamination, affecting aquatic ecosystems and human health 

(Ruttanakorn et al., 2025).  
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I. INTRODUCTION 

The improper disposal of pharmaceutical waste has 

emerged as a significant environmental and public health 

concern in recent years, encompassing unused, expired, or 

unwanted medications that pose considerable risks if 

released into the environment or mishandled (Ingale et al., 

2023). This waste stream, originating from diverse sources 

such as healthcare facilities, households, and veterinary 

clinics, includes prescription drugs, over-the-counter 

medications, and veterinary pharmaceuticals (Ingale et al., 

2023).  

II. BACKGROUND AND SIGNIFICANCE OF 

PHARMACEUTICAL WASTE 

Pharmaceutical waste encompasses a broad category of 

undesirable materials, including expired or unused vaccines, 

biological products, and other pharmaceuticals, which can 

become toxic to humans and environmentally unsafe if not 

properly managed (Bhatt et al., 2025).  

The increasing demand for public health has led to 

significant pharmaceutical development, concomitantly 

increasing both the use and disposal of pharmaceuticals, 

thereby intensifying the challenges associated with their 

waste management (Bhatt et al., 2025). This issue is further 

compounded by the substantial quantities of pharmaceutical 

waste generated, with India alone producing approximately 

60 metric tons from pharmacies and households, much of 

which is improperly discarded into landfills or drains 

(Gitobu et al., 2022). Such practices can lead to severe 

environmental contamination, affecting soil, water, and 

aquatic life, as well as posing direct health risks to 

communities exposed to these pollutants 

(“10.51847/5D6KSJT,” 2000).  

III. SOURCES OF PHARMACEUTICAL WASTE 

These improper elimination methods result in 

pharmaceutical residues appearing in the environment, 

which can have adverse effects on ecosystems, communities, 

and public health (Ravinetto et al., 2025). For instance, 

pharmaceutical wastes often find their way into the 

surrounding environment through various pathways, 

including sewer lines, discharge of treated wastewater, 

seepage from landfills, and runoff from animal waste 

(“10.51847/5D6KSJT,” 2000). The presence of 

pharmaceutical and personal care products in water bodies 

due to improper disposal, such as flushing medications down 

toilets, highlights a critical pathway for environmental 

contamination (Boahen et al., 2025). This is especially 

problematic when considering that many active 

pharmaceutical ingredients are designed to be biologically 

active at low concentrations, meaning even small amounts 

can have significant ecological impacts (Ravinetto et al., 

2025).  

 

 

 

 

 

 

 

 

 

 



 
International Journal of Recent Development in Engineering and Technology 

Website: www.ijrdet.com (ISSN 2347-6435 (Online) Volume 15, Issue 03, March 2026) 

231 

 

Classification of Pharmaceutical Waste 

 

IV. ENVIRONMENTAL IMPACT OF PHARMACEUTICAL 

WASTE 

The environmental impact of pharmaceutical waste is 

extensive and multifaceted, primarily stemming from the 

continuous release of active pharmaceutical ingredients into 

various environmental matrices, which subsequently affects 

aquatic life and potentially human health (Luís et al., 2021). 

These impacts are exacerbated by the fact that many 

conventional wastewater treatment plants are not fully 

equipped to remove all types of pharmaceutical residues, 

allowing these compounds to persist and accumulate in 

aquatic ecosystems (Eapen et al., 2024; Ingale et al., 2023). 

For example, the disposal of pharmaceutical waste into 

household trash or by flushing it down toilets and drains 

leads to direct contamination of municipal sewerage systems 

and, subsequently, natural water bodies, posing significant 

risks to environmental integrity and public health (Han et al., 

2022; Ravinetto et al., 2025). Pharmaceutical effluents, 

particularly in the vicinity of industrial zones, directly and 

indirectly affect environmental health, necessitating a 

comprehensive understanding of their environmental fate 

and effects (“10.51847/5D6KSJT,” 2000).  

V. IMPACT ON HUMAN HEALTH 

The pervasive nature of pharmaceutical residues in the 

environment presents a direct and indirect risk to human 

health, as these contaminants can enter the human body 

through several exposure routes, including the consumption 

of contaminated drinking water and food products (Lunghi 

et al., 2024). Chronic exposure to low concentrations of 

pharmaceuticals in drinking water and food has been linked 

to potential endocrine disruption, genotoxicity, and the 

"cocktail effect" resulting from synergistic interactions 

between multiple contaminants (Verinda et al., 2024).  

For instance, pharmaceutical compounds, including 

antibiotics, endocrine disruptors, and other pharmaceutical 

products, have been identified in water, sediments, and 

aquatic organisms, causing reproductive issues and 

neurotoxic effects in both humans and aquatic life (Eapen et 

al., 2024).  

VI. CURRENT PHARMACEUTICAL WASTE MANAGEMENT 

PRACTICES 

Given the widespread environmental contamination and 

associated health risks, an examination of current 

pharmaceutical waste management practices reveals 

significant gaps and opportunities for improvement. Current 

approaches often lack comprehensive strategies for 

segregation, collection, and disposal, leading to the 

continued release of active pharmaceutical ingredients into 

the environment (Anbarasu & Devarajan, 2025). This issue 

is further compounded by the increasing global production 

and consumption of pharmaceutical products, which 

inevitably leads to a higher burden of residues in surface 

waters, soil, and groundwater, sometimes even detectable in 

treated drinking water (Anbarasu & Devarajan, 2025; 

Lunghi et al., 2024). The widespread presence of these 

compounds, even in trace to ultra-trace amounts, across 

various environmental niches including soils, groundwater, 

and wastewater treatment facilities, underscores the urgent 

need for more robust and effective waste management 

protocols (Belle et al., 2025).  

1. Regulatory Frameworks and Policies: While some 

regions have initiated regulatory measures to address 

pharmaceutical waste, a globally harmonized and 

consistently enforced framework is largely absent, which 

hinders effective control and mitigation (Lunghi et al., 

2024).  
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    The fragmentation of policies across different 

jurisdictions means that pharmaceutical residues 

frequently cross national borders, necessitating 

international collaboration and standardized guidelines to 

address this transnational environmental challenge 

effectively (Aziz et al., 2025).  

2. Treatment and Disposal Technologies: Conventional 

wastewater treatment plants are often not designed to 

remove complex pharmaceutical compounds effectively, 

allowing their release into receiving waters, which 

highlights the necessity for advanced treatment 

technologies (Rogowska & Zimmermann, 2022). 

Developing nations, in particular, face substantial 

challenges in upgrading their infrastructure to manage 

pharmaceutical waste effectively, leading to higher 

contamination levels compared to high-income countries 

(Gupta et al., 2024; Lunghi et al., 2024).  

3. Economic and Logistical Challenges: The high costs 

associated with advanced treatment technologies, coupled 

with the logistical complexities of collecting and 

transporting diverse pharmaceutical waste streams, 

frequently impede the implementation of comprehensive 

waste management strategies, especially in resource-

constrained settings.  

4. Public Awareness and Behavioral Challenges 

5. Limited public awareness regarding the environmental 

impact of improper pharmaceutical disposal and 

behavioral patterns, such as flushing unused medications 

down the toilet, significantly exacerbate the challenge of 

mitigating pharmaceutical pollution (Limenh et al., 2025).  

6. Technological and Infrastructure Gaps: Even in 

developed nations, existing infrastructure often lacks the 

necessary advanced technologies for complete removal of 

pharmaceutically active micropollutants, leading to their 

persistence in aquatic environments (Gupta et al., 2024).  

➢ Strategies for Sustainable Pharmaceutical Waste 

Management: Addressing the multifaceted challenges of 

pharmaceutical waste necessitates the implementation of 

comprehensive, integrated strategies that span the entire 

lifecycle of pharmaceutical products, from design and 

manufacturing to consumption and disposal. This 

includes exploring innovative source reduction strategies, 

enhancing collection and disposal mechanisms, and 

investing in advanced treatment technologies to minimize 

environmental impact.  

 

 

 

1. Waste Minimization and Prevention: Proactive measures, 

such as green chemistry initiatives and sustainable 

manufacturing processes, are crucial for reducing the 

generation of pharmaceutical waste at its source, thereby 

minimizing the subsequent environmental burden.  

2. Extended Producer Responsibility (EPR): Implementing 

Extended Producer Responsibility schemes can 

incentivize pharmaceutical manufacturers to take greater 

accountability for the entire lifecycle of their products, 

including their end-of-life management and disposal 

(Desai et al., 2022).  

3. Advanced Treatment Technologies: Further 

advancements in wastewater treatment technologies, such 

as advanced oxidation processes, membrane filtration, 

and activated carbon adsorption, are essential for 

effectively removing recalcitrant pharmaceutical 

compounds that conventional methods fail to address 

(Gupta et al., 2024).  

4. Public Engagement and Education: Public awareness 

campaigns are crucial to inform individuals about the 

risks associated with improper medication disposal and to 

promote the utilization of designated collection points, 

such as take-back programs, thereby reducing 

environmental contamination (Nehme et al., 2023).  

5. Case Studies and Best Practices: Examining successful 

regional initiatives and innovative technological 

applications can provide valuable insights into scalable 

and effective strategies for mitigating pharmaceutical 

pollution globally (Pinto et al., 2022).  

6. Local and Regional Initiatives: Furthermore, localized 

initiatives, such as community-led collection drives and 

partnerships between healthcare facilities and waste 

management companies, play a pivotal role in 

augmenting broader efforts by tailoring solutions to 

specific demographic and infrastructural contexts 

(Mudgal et al., 2013).  

VII.   CONCLUSION 

This comprehensive review underscores the urgent need 

for a multi-faceted approach to mitigate the environmental 

impact of pharmaceutical waste, integrating technological 

advancements with policy reforms and public education 

(Golakoti et al., 2023; Rodríguez‐Mozaz & Weinberg, 

2010).  
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Ultimately, addressing this pervasive issue requires 

concerted efforts from governments, pharmaceutical 

industries, healthcare providers, and the general public to 

foster a circular economy approach for pharmaceuticals, 

thereby minimizing their ecological footprint and protecting 

human health (Aryal et al., 2022; Bean et al., 2016). A 

proactive stance, embracing green chemistry principles and 

innovative waste disposal technologies, is imperative for 

safeguarding both environmental integrity and public well-

being against the escalating threat of pharmaceutical 

contamination (Eapen et al., 2024).  
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