
                                                                                                                     e-ISSN: 2582-5208 

International Research  Journal  of  Modernization  in Engineering  Technology and  Science 
( Peer-Reviewed, Open Access, Fully Refereed International Journal )  

Volume:07/Issue:04/April-2025                        Impact Factor- 8.187                              www.irjmets.com                                                                     

www.irjmets.com                              @International Research Journal of Modernization in Engineering, Technology and Science 

[4418]  

PHARMACEUTICAL WASTE MANAGEMENT AND ITS ENVIRONMENTAL 

IMPACT: A COMPREHENSIVE REVIEW 

Vijay Kumar Rana*1, Ravichandran KS*2, Dr. Kavitha PN*3 
*1,2,3K R College of Pharmacy, Bengaluru, India. 

Corresponding Author: Ravichandran K S. 

Email: Ranavijaykumarji@gmail.com 

ABSTRACT 

Pharmaceutical waste, produced throughout the entire drug lifecycle—from production to consumer usage—

presents considerable challenges to both environmental integrity and public health. Inadequate disposal and 

ineffective waste management practices result in the contamination of water, soil, and food chains, which in 

turn exacerbates issues such as antimicrobial resistance (AMR), toxicity in aquatic organisms, and disturbances 

in ecosystems. This review examines the various types and sources of pharmaceutical waste, their impacts, and 

the current global practices in waste management, emphasizing the urgent need for sustainable policies and 

innovative approaches to disposal and recycling. 

I. INTRODUCTION 

The rising consumption of pharmaceuticals has resulted in a corresponding increase in pharmaceutical waste. 

This waste encompasses expired, unused, or contaminated medications, along with byproducts from 

manufacturing and healthcare settings. Since most traditional wastewater treatment facilities lack the capability 

to eliminate pharmaceutical substances, their buildup in the environment has emerged as a significant issue.   

II. SOURCES AND CATEGORIES OF PHARMACEUTICAL WASTE 

2.1. Sources 

Households: Medications that are either unused or have expired. 

Healthcare Facilities: Disposed pharmaceuticals, syringes, and intravenous fluids. 

Pharmaceutical Manufacturing: Byproducts from production processes and contaminated water. 

Veterinary Practices: Medications for animals. 

Research Laboratories: Chemicals utilized in the development of drugs. 

2.2. Categories 

Solid Waste: Tablets, capsules, and their packaging. 

Liquid Waste: Injectable medications and intravenous fluids. 

Hazardous Waste: Cytotoxic medications and controlled substances. 

Non-Hazardous Waste: Over-the-counter medications and dietary supplements. 
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III. ENVIRONMENTAL IMPACT 

3.1. Water Pollution   

Pharmaceutical residues are often found in both surface and groundwater as a result of improper drug disposal 

or excretion. These chemicals can adversely affect aquatic organisms by disrupting their hormonal systems and 

reproductive capabilities. 

3.2. Soil Contamination   

Inadequate disposal methods at landfills can lead to the leaching of pharmaceuticals into the soil, which may 

harm microorganisms and potentially infiltrate the food chain. 

3.3. Antibiotic Resistance   

The presence of antibiotics in the environment fosters the emergence of antimicrobial resistance (AMR), posing 

a significant threat to global health. 

3.4. Toxicity to Wildlife   

The accumulation of substances such as non-steroidal anti-inflammatory drugs (NSAIDs) and antidepressants 

in wildlife has resulted in fatalities and altered behaviours, especially among aquatic species. 

IV. CURRENT WASTE MANAGEMENT PRACTICES: 

4.1. Incineration   

Incineration at high temperatures effectively manages hazardous waste, although it is expensive and may emit 

toxic pollutants. 

4.2. Landfilling   

This method is prevalent in low-income nations and often leads to contamination of soil and water resources. 

4.3. Take-back Programs   

Countries like the USA, Canada, and various European nations have implemented programs that enable 

consumers to return unused medications for safe disposal. 

4.4. Advanced Treatment Technologies   

Methods such as activated carbon adsorption, ozonation, and membrane filtration are increasingly utilized to 

eliminate pharmaceutical contaminants from wastewater. 

V. REGULATORY FRAMEWORK 

5.1. WHO Guidelines   

The World Health Organization provides overarching recommendations for the management of healthcare 

waste. 

5.2. Country-specific Laws   

USA: The Drug Enforcement Administration (DEA) and the Environmental Protection Agency (EPA) oversee 

drug disposal and hazardous waste management.   

EU: The Waste Framework Directive and the Water Framework Directive govern waste management practices.   

India: The Biomedical Waste Management Rules, 2016, regulate the handling of biomedical waste. 

Despite the existence of these regulations, the enforcement and public awareness surrounding them remain 

inconsistent. 

VI. CHALLENGES IN MANAGING PHARMACEUTICAL WASTE 

Insufficient public awareness. 

Lack of adequate infrastructure in developing nations. 
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High expenses associated with advanced treatment technologies. 

Weaknesses in regulatory enforcement. 

Insufficient data regarding long-term environmental impacts. 

VII. SUSTAINABLE AND INNOVATIVE SOLUTIONS: 

7.1. Green Pharmacy 

Creating medications that are easily biodegradable in the environment. 

7.2. Bioremediation 

Employing microorganisms to break down pharmaceutical pollutants. 

7.3. Eco-friendly Packaging 

Utilizing biodegradable or recyclable packaging for medications to minimize solid waste. 

7.4. Education and Awareness Initiatives 

Promoting responsible medication use and disposal practices among consumers. 

VIII. CONCLUSION 

The issue of pharmaceutical waste presents an increasing threat to both environmental integrity and public 

health. Effective management necessitates a blend of robust policies, technological advancements, public 

involvement, and global collaboration. A sustainable, multidisciplinary strategy is crucial for alleviating the 

long-term consequences of pharmaceutical pollution. 
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