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ABSTRACT 

Pharmaceutical waste management is a critical issue that intersects environmental 

sustainability and ethical responsibility. The improper disposal of pharmaceuticals 

can lead to significant environmental harm, including water pollution and biodiversity 

loss. Many active pharmaceutical ingredients (APIs) remain biologically active even at 

low concentrations, potentially disrupting aquatic ecosystems and affecting wildlife. 

Furthermore, these contaminants can enter the human water supply, raising concerns 

about the long-term implications for public health. Effective waste management 

practices, such as take-back programs and incineration, are essential to mitigate 

these environmental hazards and ensure that discarded medications do not 

contribute to broader ecological issues. In addition to environmental impacts, the 

ethical considerations surrounding pharmaceutical waste management cannot be 

overlooked. Pharmaceutical companies, healthcare providers, and consumers all 

share a responsibility to minimize waste and ensure medications are properly 

disposed of to protect public health and the environment. Ethical dilemmas arise 

when considering the balance between access to medications and the potential risks 

associated with their disposal. Stakeholders must collaborate to develop and 

implement policies that prioritize responsible waste management, foster 

environmental stewardship, and uphold the principle of "do no harm." Engaging in 

community education and awareness initiatives can also promote responsible disposal 

habits among consumers, ensuring that the public plays an active role in mitigating 

the risks associated with pharmaceutical waste.  

KEYWORDS: Pharmaceutical waste management, environmental sustainability, ethical 

considerations, improper disposal, active pharmaceutical ingredients, contamination, public 

health, waste management practices, take-back programs, incineration, ecological hazards, 

stakeholder responsibility, policy development, environmental stewardship, community 
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1. Introduction 

Pharmaceutical waste management has emerged as a critical area of focus for both 

environmental sustainability and public health. With the increase in pharmaceutical 

production, consumption, and disposal, society faces unique challenges posed by the 

waste generated from these substances. Pharmaceutical waste includes not only 

expired medications but also unused or partly used products, as well as contaminated 

materials resulting from pharmaceutical manufacturing processes, healthcare 

activities, and veterinary practices. As the global population continues to expand, so 

does the burden of diseases, resulting in an increasing demand for medications and 

consequently, a surge in pharmaceutical waste [1].  

The environmental impact of pharmaceutical waste is profound and multifaceted. 

Improper disposal practices, such as flushing medications down toilets or discarding 

them in household trash, can lead to contamination of water sources, soil, and 

ecosystems. Pharmaceuticals are designed to be biologically active; thus, even in 

minute concentrations, they can disrupt aquatic ecosystems, affect the reproductive 

systems of wildlife, and contribute to the development of antibiotic-resistant bacteria 

[2]. Research indicates that significant levels of pharmaceutical residues have been 

detected in rivers, lakes, and groundwater sources, raising alarms about their long-

term implications on food safety, drinking water quality, and ecosystem health. As 

pharmaceuticals enter the environment, they pose threats not only to wildlife but can 

also significantly impact human health, particularly vulnerable populations that rely 

on natural water sources [3]. 

Furthermore, the issue of pharmaceutical waste is compounded by the challenges 

surrounding regulatory frameworks and public awareness. Many countries still lack 

stringent regulations and guidelines for the disposal of pharmaceutical waste. 

Existing frameworks often fail to address the complexities of waste segregation, 

treatment, and final disposal, leading to lax practices among healthcare facilities, 

pharmacies, and households. Inadequate public education about proper disposal 

methods further exacerbates the situation. As a result, pharmaceutical waste may 

often be mishandled, fostering an environment where environmental degradation 

becomes inevitable. Collaborative efforts involving governments, healthcare 

institutions, and individuals are crucial in establishing effective waste management 

systems, improving regulatory measures, and raising awareness around the 

responsible disposal of pharmaceutical products [4]. 

In addition to the environmental considerations, the ethical dimensions of 

pharmaceutical waste management cannot be overlooked. The production and 

consumption of pharmaceuticals are inextricably linked to questions of equity, 

access, and responsibility. From an ethical standpoint, there is a moral imperative to 

ensure that the health benefits afforded by pharmaceuticals do not come at the cost of 

environmental degradation and public health risks. The pharmaceutical industry has 

a collective responsibility not only to create effective medications but also to 

minimize the adverse effects associated with their use and disposal [5]. This ethical 

obligation extends to healthcare providers, policymakers, and consumers who play a 

role in the lifecycle of pharmaceuticals. The notion of corporate social responsibility 

(CSR) has gained traction, compelling pharmaceutical companies to adopt 
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sustainable practices and contribute positively to society by investing in eco-friendly 

product designs, waste reduction strategies, and community education initiatives [6]. 

Moreover, the increasing trend of pharmaceutical take-back programs emphasizes 

the importance of community engagement in mitigating waste-related challenges. 

Such initiatives encourage consumers to return unused or expired medications to 

designated collection sites, effectively preventing the improper disposal of drugs. 

These programs not only provide a safe and environmentally sound alternative for 

disposal but also foster a sense of awareness and accountability within communities. 

By empowering individuals to understand the consequences of pharmaceutical waste 

and encouraging responsible practices, these programs can enhance public 

participation and ultimately cultivate a culture of sustainability [7]. 

Types of Pharmaceutical Waste:  

Pharmaceutical waste can arise from various sources, including hospitals and clinics, 

pharmacies, research laboratories, manufacturing facilities, and patients’ homes. The 

disposal and waste management practices for pharmaceuticals are crucial due to 

potential health risks associated with improper handling, including contamination of 

water supplies, harm to wildlife, and the development of drug-resistant pathogens. 

As a result, regulatory bodies around the world have established guidelines and 

regulations to ensure safe and responsible management of pharmaceutical waste [8]. 

Hazardous pharmaceutical waste comprises substances that pose significant risks to 

human health or the environment. According to the Resource Conservation and 

Recovery Act (RCRA) in the United States, hazardous waste is defined as any waste 

that exhibits hazardous characteristics, including ignitability, corrosivity, reactivity, 

and toxicity. Pharmaceutical wastes that are classified as hazardous include various 

categories [9]: 

1. Expired Medications and Controlled Substances: Certain medications 

become hazardous once they expire. This includes drugs that are controlled 

substances, such as opioids and narcotics, which can pose a potential risk for abuse if 

improperly discarded. Expired medications may also degrade into toxic byproducts 

that are harmful to human health and ecosystems [7]. 

2. Chemotherapy and Antineoplastic Drugs: These medications, used 

extensively in cancer treatment, are characterized by their toxicity and potential harm 

they can inflict on living cells. The management of waste generated from these drugs 

typically adheres to stringent regulations due to their hazardous nature [10]. 

3. Therapeutic and Diagnostic Agents: Some pharmaceutical agents, including 

hormones and certain diagnostic imaging agents, can exhibit toxicological properties. 

These materials must be handled as hazardous waste to prevent adverse effects on 

human health and the environment [8]. 

4. Disinfectants and Sterilants: Often used in healthcare settings, certain 

chemical disinfectants can also fall under the umbrella of hazardous pharmaceutical 

waste. Inappropriate disposal can lead to chemical exposure for workers and 

contamination of water sources [2]. 

Characteristics of Hazardous Pharmaceutical Waste: Hazardous waste is defined by 



Pharmaceutical Waste Management: Environmental and Ethical Considerations  

714 
 

 

its specific characteristics, such as [11]: 

• Toxicity: Hazardous pharmaceutical waste can be toxic to humans and 

wildlife, leading to health complications and ecological damage. 

• Corrosivity: Some pharmaceutical wastes can corrode materials and cause 

chemical burns, presenting physical hazards during handling and disposal. 

• Reactivity: Certain pharmaceuticals can react with other substances, 

potentially leading to violent chemical reactions under improper conditions. 

In contrast, non-hazardous pharmaceutical waste includes materials that do not pose 

a significant risk to human health or the environment when disposed of properly. 

This classification usually includes [12]: 

1. Unused Medications: While these medications may no longer be needed or 

desired, they do not exhibit hazardous characteristics. Common examples can 

include expired over-the-counter pain relievers or antihistamines. 

2. Packaging and Containers: Pharmaceutical packaging, such as drug blister 

packs or bottles—provided they are free from contamination—typically fall under 

non-hazardous waste. These materials can often be recycled as appropriate. 

3. Personal Care Products: Items like lotions or ointments that do not contain 

hazardous materials can be classified as non-hazardous pharmaceutical waste, 

assuming they do not carry specific risks associated with their components. 

Characteristics of Non-Hazardous Pharmaceutical Waste: The defining 

characteristics of non-hazardous waste primarily include [13]: 

• Non-toxic: These wastes do not pose a significant toxic threat to human 

health or ecosystems. 

• Stability: Non-hazardous pharmaceutical waste does not react dangerously 

with other substances or materials. 

• Less Risk of Environmental Impact: Non-hazardous pharmaceuticals are 

usually subject to different disposal methods since they present a lower risk to the 

environment upon disposal. 

Managing pharmaceutical waste is governed by various regulations depending on 

jurisdiction. In the United States, the Environmental Protection Agency (EPA) 

provides guidelines for hazardous waste management, while local and state laws can 

add additional layers of oversight. Hospitals, clinics, and pharmacies must follow the 

RCRA's guidelines alongside specific regulations set forth by the Drug Enforcement 

Administration (DEA) regarding controlled substances [14]. 

In contrast, non-hazardous pharmaceutical waste typically has more lenient disposal 

regulations, depending on local waste management protocols. However, even non-

hazardous waste is often subject to guidelines ensuring that it is disposed of in an 

environmentally friendly manner [15]. 
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Environmental Impacts of Improper Disposal: 

The improper disposal of pharmaceutical waste is increasingly recognized as a 

critical environmental issue. One of the most concerning consequences is the 

contamination of water bodies. Wastewater treatment plants are not designed to filter 

out pharmaceuticals effectively, allowing these substances to enter rivers, lakes, and 

oceans. As a result, aquatic ecosystems experience significant stress due to the 

presence of active pharmaceutical ingredients (APIs) that disrupt biological 

processes in aquatic life [16]. 

For instance, endocrine-disrupting chemicals found in certain medications can lead 

to reproductive and developmental problems in fish and other aquatic organisms. 

Studies have documented feminization in male fish exposed to estrogenic 

compounds, resulting in altered population dynamics and a decline in biodiversity. 

Besides fish, the effects can cascade through the food chain, impacting various 

species, including birds and mammals that rely on aquatic habitats for sustenance 

[17]. 

Furthermore, the bioaccumulation of pharmaceuticals in larger predators can have 

dire consequences for ecosystems, leading to decreased reproductive success, 

increased mortality rates, and, ultimately, species decline. This disruption is not 

confined to aquatic ecosystems; terrestrial ecosystems also bear the brunt of 

pharmaceutical waste when contaminants leach into the soil, potentially affecting 

plant growth and health [18]. 

The repercussions of improper pharmaceutical disposal extend beyond ecological 

consequences to human health. Contaminated water supplies can pose significant 

risks to communities, particularly in areas relying on untreated water sources. The 

presence of pharmaceuticals in drinking water raises concerns about chronic 

exposure to low-level doses of these substances, contributing to an array of health 

issues ranging from antibiotic resistance to hormone-related cancers [19]. 

Antibiotic residues in the environment can foster the development of antibiotic-

resistant bacteria, a phenomenon recognized by the World Health Organization as 

one of the gravest threats to global health. The proliferation of antibiotic-resistant 

strains can render common infections untreatable, leading to increased morbidity and 

mortality rates. This phenomenon not only raises healthcare costs but also strains 

medical systems, as physicians must resort to more expensive and less effective 

treatment options [20]. 

Moreover, the psychological and physiological effects of exposure to 

pharmaceuticals, particularly during vulnerable periods such as pregnancy or early 

childhood development, remain poorly understood. There is emerging evidence that 

prenatal exposure to specific medications can lead to developmental disorders, 

behavioral issues, and other health complications in offspring. As the healthcare 

system continues to evolve, it becomes crucial to understand the long-term effects of 

pharmaceutical waste on public health [21]. 

Addressing the issue of pharmaceutical waste requires a multifaceted approach that 

encompasses policy, public awareness, and community engagement. First and 

foremost, governments must enact and enforce regulations governing the proper 
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disposal of pharmaceutical products. This includes establishing take-back programs 

that provide safe and convenient options for consumers and healthcare facilities to 

dispose of unused medications. Such programs have proven successful in reducing 

pharmaceutical waste in various regions [19]. 

Additionally, public education campaigns are essential for informing communities 

about the dangers of improper pharmaceutical disposal. Increasing awareness 

regarding the appropriate disposal methods can empower individuals to take 

responsibility for their waste and participate in community initiatives aimed at 

reducing environmental contamination [22]. 

Pharmaceutical manufacturers also have a role to play in mitigating waste 

generation. By adopting sustainable practices in the production and packaging of 

medications, companies can minimize the environmental footprint of their products. 

Moreover, investing in the development of more biodegradable pharmaceuticals can 

help reduce the ecological impact of waste over time [22]. 

Laws and Regulations Governing Pharmaceutical Waste Management at National 

and International Levels: 

Pharmaceutical waste encompasses unused, expired, contaminated, or unrecoverable 

drugs, including solid and liquid forms. Proper management is crucial due to several 

reasons [23- 25]: 

1. Health Risks: Improper disposal of pharmaceutical waste can lead to 

contamination of water supplies, soil, and air, potentially exposing the public to 

hazardous substances. 

2. Environmental Impact: The introduction of pharmaceutical substances into 

ecosystems can disrupt local wildlife and contribute to biodiversity loss, as certain 

drugs can affect reproductive systems, behavioral patterns, and overall health of flora 

and fauna. 

3. Regulatory Compliance: Organizations face legal and financial 

repercussions if they fail to comply with established waste disposal regulations. 

4. Social Responsibility: Corporate social responsibility emphasizes an 

organization’s duty to contribute positively to the environment and society. Effective 

waste management practices can enhance a company’s public image and stakeholder 

trust. 

In the United States, the management of pharmaceutical waste is governed primarily 

by the Resource Conservation and Recovery Act (RCRA), which is administered by 

the Environmental Protection Agency (EPA). The RCRA provides a framework for 

the proper handling, transportation, and disposal of hazardous waste, classifying 

certain pharmaceuticals and their residues as hazardous if they exhibit specific 

characteristics, such as toxicity or ignitability [26]. 

Key provisions include: 

1. Identification of Hazardous Waste: Under the RCRA, pharmaceuticals must 

be evaluated to determine if they fall under the definition of hazardous waste. This 

includes considerations for active ingredients, their concentrations, and their 
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potential effects on human health and the environment [18]. 

2. Generator Standards: Pharmaceutical waste generators are classified into 

small and large quantity generators, subjecting them to different regulatory 

requirements depending on the volume of waste produced [22]. 

3. Manifest System: All hazardous waste shipments must be accompanied by a 

Uniform Hazardous Waste Manifest, ensuring traceability and accountability in 

transportation [27]. 

4. Treatment and Disposal: The RCRA establishes guidelines for the treatment 

and disposal methods allowed for hazardous pharmaceutical waste, including 

incineration and, when appropriate, alternative methods [27]. 

5. Standard Operating Procedures: Facilities must maintain documentation of 

their waste management practices, including employee training, waste identification, 

and recordkeeping [27]. 

In addition to federal regulations, states may impose their own stricter regulations 

concerning pharmaceutical waste management. Compliance with state-level 

regulations is critical, as failure to adhere can lead to penalties, fines, and operational 

disruptions [4]. 

Internationally, various organizations and agreements guide pharmaceutical waste 

management. The World Health Organization (WHO), the Basel Convention, and the 

European Union (EU) have established comprehensive frameworks for managing 

pharmaceutical waste to mitigate its impacts [4]. 

1. World Health Organization (WHO): WHO emphasizes safe management 

practices for the handling and disposal of healthcare waste, including 

pharmaceuticals, particularly in developing nations. Guidelines published by WHO 

encourage the formulation of national policies and programs that prioritize waste 

management in healthcare settings [28]. 

2. Basel Convention: The Basel Convention on the Control of Transboundary 

Movements of Hazardous Wastes and Their Disposal seeks to reduce the movement 

of hazardous waste between countries, especially from developed to developing 

nations. This international treaty requires countries to ensure that hazardous waste, 

including pharmaceutical waste, is managed in an environmentally sound manner 

[29]. 

3. European Union (EU): The EU's Waste Framework Directive lays the 

groundwork for waste management policies across member states. It categorizes 

pharmaceutical waste and requires member states to create national strategies. The 

EU also addressed specific pharmaceutical waste issues through the EU’s 

Pharmaceutical Strategy for Europe, which aims for a circular economy by 

promoting more sustainable production and waste management processes [30]. 

4. REACH Regulation: The Registration, Evaluation, Authorisation, and 

Restriction of Chemicals (REACH) regulation mandates that any substance used in 

pharmaceuticals be evaluated for potential risks to human health and the 

environment. This includes pharmaceutical waste, requiring manufacturers to 
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demonstrate safe lifecycle management practices [31]. 

Compliance with the regulatory framework is crucial for several reasons: 

1. Legal Obligations: Non-compliance can result in severe legal ramifications, 

including fines, suspension of operations, and in severe cases, criminal charges 

against responsible individuals or entities [32]. 

2. Public Health Protection: Effective compliance ensures that emissions and 

disposals do not endanger public health or contribute to systemic health issues linked 

to pharmaceutical contamination [33]. 

3. Environmental Safeguard: Adhering to regulations protects the environment 

from harmful pharmaceutical pollutants that can lead to long-term damage [34]. 

4. Reputation Management: Organizations that prioritize compliance can 

enhance their reputation and foster trust among consumers, investors, and regulatory 

bodies [35]. 

5. Continuous Improvement: A culture of compliance fosters continuous 

improvement in waste management practices, contributing to operational efficiencies 

and sustainability efforts [35]. 

Innovative Solutions for Waste Reduction:  

1. Inventory Management and Optimization: One of the foundational 

strategies for reducing pharmaceutical waste lies in effective inventory management. 

Just-in-time (JIT) supply chains can minimize excess stock, thereby reducing the 

amount of expired medication. By adopting sophisticated inventory tracking 

systems, healthcare facilities can monitor usage rates and demand patterns, allowing 

for more accurate ordering that aligns with actual patient needs. Furthermore, regular 

audits can help identify slow-moving drugs, enabling timely adjustments in 

procurement [36]. 

2. Formulary Management: Healthcare institutions often maintain a 

formulary—a list of approved medications. Regularly updating and optimizing the 

formulary to exclude rarely used medications can reduce pharmaceutical waste. 

Collaboration among healthcare providers, pharmacists, and administrators is vital to 

ensuring that only essential drugs are stocked, thus preventing surplus. Additionally, 

therapeutic interchange programs can facilitate the substitution of high-cost or low-

use medications with more commonly used alternatives, effectively reducing waste 

[36]. 

3. Education and Training: Training healthcare workers on responsible 

pharmaceutical waste management is a critical component of waste reduction 

strategies. By increasing awareness about the environmental impact of 

pharmaceutical waste and incorporating educational materials into ongoing 

professional development, healthcare organizations can foster a culture of 

sustainability. Ensuring that staff are knowledgeable about proper disposal methods 

and the importance of minimizing waste can lead to more conscientious practices 

[37]. 

4. Return and Reuse Programs: Some healthcare facilities have implemented 
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medication return programs that encourage patients to return unused or expired 

medications for safe disposal. In certain cases, drug take-back initiatives can also 

allow for the appropriate redistribution of medications that are unused but still within 

their shelf life, especially for chronic disease management. These programs reduce 

the amount of pharmaceutical waste entering the ecosystem while also providing 

patients with a safe and responsible option for disposing of medications [38]. 

5. Technological Solutions: Emerging technologies play a pivotal role in 

addressing pharmaceutical waste. Automated dispensing systems can help in tightly 

monitoring medication usage and inventory levels, reducing overstock and 

minimizing expired products. Mobile applications and digital platforms can facilitate 

patient medication management, providing reminders for refills and adherence, 

thereby reducing the likelihood of patients disposing of unused drugs. Moreover, 

technologies such as blockchain can enhance transparency and traceability in the 

pharmaceutical supply chain, enabling better resource allocation and waste tracking 

[39]. 

Innovative Disposal Technologies 

1. Chemical Deactivation Systems: These systems are designed to neutralize 

pharmaceutical agents, rendering them non-hazardous before disposal. Adopting 

technologies that break down active pharmaceutical ingredients safely ensures that 

waste does not contribute to the ecological footprint. Facilities can invest in on-site 

chemical deactivation devices that transform medications into an inert form, making 

them safe for landfill disposal [40]. 

2. Incineration with Waste-to-Energy Conversion: Traditional incineration, 

when performed under high-temperature controlled conditions, can manage 

pharmaceutical waste effectively without the release of toxic emissions. Some 

advanced incineration technologies convert pharmaceutical waste into energy, thus 

generating power while eliminating hazardous substances. This dual benefit not only 

helps in waste processing but also contributes to energy sustainability [41]. 

3. Advanced Composting Technologies: Although composting is typically 

reserved for organic waste, advancements in technology have allowed for the safe 

composting of non-hazardous pharmaceutical materials (such as packaging). 

Facilities can look into integrating these composting solutions, particularly for 

biodegradable packaging materials, to reduce their waste footprint significantly [42]. 

 

2. Conclusion: 

In conclusion, effective pharmaceutical waste management is a critical issue that 

intersects environmental sustainability and ethical responsibility. The growing 

volume of pharmaceutical waste, exacerbated by increased consumption and 

inadequate disposal practices, poses significant risks to ecosystems, public health, 

and biodiversity. As outlined in this study, the inappropriate disposal of medications 

can lead to environmental contamination, contributing to the emergence of drug-

resistant pathogens and threatening aquatic life. 

Ethical considerations further underscore the responsibility of stakeholders—
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including pharmaceutical manufacturers, healthcare providers, and consumers—to 

ensure that waste is managed in a manner that prioritizes human health and 

environmental integrity. This involves adopting best practices for waste segregation, 

implementing regulatory compliance, and investing in innovative solutions that 

reduce waste at the source. 

While current regulations provide a framework for managing pharmaceutical waste, 

there remain gaps that necessitate further research and collaboration among various 

sectors. Future efforts should focus on enhancing public awareness, improving waste 

management technologies, and fostering a culture of sustainability within the 

pharmaceutical industry. 

Overall, addressing pharmaceutical waste management is not only a regulatory 

obligation but also a moral imperative that demands immediate and coordinated 

action to safeguard our planet for future generations. By embracing sustainable 

practices and promoting ethical responsibility, we can mitigate the adverse effects of 

pharmaceutical waste and contribute to a healthier, more sustainable world. 

References 
Kagashe GA, Makenya FB, Buma D. Medicines Wastage at a Tertiary Hospital in Dar Es 

Salaam Tanzania. Journal of Applied Pharmaceutical Science. 2014;4(6):98–102. doi: 

10.7324/JAPS.2014.40615 

Shalini S, Harsh M, Mathur B. Evaluation of bio-medical waste management practices in a 

government medical college and hospital. Natl J Community Med. 2012;3:80–4. 

Kutyabami P, Tumwine Y, Odoi RA, Kalyango JN. Availability and expiry of essential 

medicines and supplies during the ‘pull’ and ‘push’ drug acquisition systems in a rural 

Ugandan hospital. Tropical Journal of Pharmaceutical Research. 2010;9(6). 

Nwachukwu NC, Orji FA, Ugbogu OC. Health care waste management – public health 

benefits, and the need for effective environmental regulatory surveillance in federal 

Republic of Nigeria. Current Topics in Public Health: InTech; 2013. doi: 10.5772/53196 

Law AV, Sakharkar P, Zargarzadeh A, Tai BWB, Hess K, Hata M, et al. Taking stock of 

medication wastage: unused medications in US households. Research in Social and 

Administrative Pharmacy. 2015;11(4):571–8. doi: 10.1016/j.sapharm.2014.10.003 

Sweileh WM, Sawalha AF, Zyoud S, Al-Jabi SW, Bani Shamseh F, Khalaf HS. Storage, 

utilization and cost of drug products in Palestinian households. International journal of 

clinical pharmacology and therapeutics. 2010;48(1):59. doi: 10.5414/cpp48059 

Fentie M, Addisie Fenta FM, Oumer H, Belay S, Sebhat Y, Atinafu T, et al. Availability of 

Essential Medicines and Inventory Management Practice in Primary Public Health 

Facilities of Gondar Town, North West Ethiopia. Journal of Pharma Sci Tech. 2015;4:54–

6. 

International Committee of the Red Cross. Medical Waste Management. Geneva, 

Switzerland. November 2011. 

Cameron A, Ewen M, Ross-Degnan D, Ball D, Laing R. Medicine prices, availability, and 

affordability in 36 developing and middle-income countries: a secondary analysis. The 

Lancet. 2009;373(9659):240–9. 

Romero A, editor. Managing medicines in the hospital pharmacy: logistics inefficiencies. 

Proceedings of the World Congress on Engineering and Computer Science; 2013. 

Chartier Y. Safe management of wastes from health-care activities: World Health 

Organization; 2014. 

Teferi Gedif Fenta Bethelhem Gulelat, Assefa Tamrat, Teshome D. Outcomes of Auditable 

Pharmaceutical Transactions and Services (APTS) Implementation: Assessment Report. 

Submitted to the Federal Ministry of Health (FMOH), Ethiopian Pharmaceutical 



Abdullah Salem Alharbi, Khalid Abdullah Alsefri, Mohammed Ayed Alsefri, Morad Ayed Alsefri, Sultan Fahad 
Al Saedi, Ahmed Mousa Alghamdi, Khalid Ibrahim Al ayaffy, Fahad Suliman K Alharbi, Najah Falah AlAzmi  

721 
 
 

Association (EPA), and Systems for Improved Access to Pharmaceuticals and Services 

(SIAPS). Addis Ababa: FMOH, EPA, and SIAPS. 2016. 

West LM. Medication wastage: the current situation. J Malta College of Pharmacy Practice. 

2015;21:25–8. 

Rushton L. Health hazards and waste management. British Medical Bulletin. 2003;68(1):183–

97. doi: 10.1093/bmb/ldg034 

Susan W, Joseph O. An Assessment of the Effects of Inventory Management Procedures on 

Performance of Kengen. International Journal of Scientific and Research Publications 

2015; 5(10). 

World Health Organization. Waste from health-care activities. Fact Sheet no. 253. Geneva: 

World Health Organization. 2011. Nov. 

Kadam A, Patil S, Patil S, Tumkur A. Pharmaceutical Waste Management An Overview. 

Indian Journal of Pharmacy Practice. 2016;9(1):3. 

World Health Organization. Management of solid health-care waste at primary health-care 

centres: A decision-making guide. Management of solid health-care waste at primary 

health-care centres: a decision-making guide: WHO; 2005. 

Amin R, Gul R, Mehrab A. Hospital Waste Management; Practices in different hospitals of 

Distt. Peshawar. Professional Medical Journal. 2013;20(6). 

Ferreira V, Ribau Teixeira M. Assessing the medical waste management practices and 

associated risk perceptions in Algarve hospitals. Portugal. 2009. 

Harhay MO, Halpern SD, Harhay JS, Olliaro PL. Health care waste management: a neglected 

and growing public health problem worldwide. Tropical Medicine & International Health. 

2009;14(11):1414–7. 

Manojlović J, Jovanović V, Georgiev AM, Tesink JG, Arsić T, Marinković V. Pharmaceutical 

Waste Management in Pharmacies at the Primary Level of Health Care in Serbia-Situation 

Analysis. Indian Journal of Pharmaceutical Education and Research. 2015;49(2):106–11. 

Bataduwaarachchi VR, Weeraratne CL. Global medication waste management practices: 

challenges and opportunities in developing countries. International Journal of Basic & 

Clinical Pharmacology. 2018;5(6):2290–4. 

Population Census Commission. Summary and statistical report of the 2007 population and 

housing census. Population size by age and sex. 2008. 

USAID Deliver Project. Logistics Indicators Assessment Tool (LIAT). Task Order. 2008. 

Arlington, VA: USAID. 

World Health Organization. Safe management of wastes from health-care activities: a 

summary. 2017. 

Gusca J, Kalnins SN, Blumberga D, Bozhko L, Khabdullina Z, Khabdullin A. Assessment 

method of health care waste generation in Latvia and Kazakhstan. Energy Procedia. 

2015;72:175–9. 

Habash M, Zubi A. Efficiency and effectiveness of medical waste management performance, 

healthcare sector and its impact on environment in Jordan applied study. World Applied 

Sciences Journal. 2012;19(6):880–93. 

Aditya S, Singh H. Safe medication disposal: Need to sensitize undergraduate students. 

International Journal of Pharmacy & Life Sciences. 2013;4(3). 

Rachmania IN, Basri MH. Pharmaceutical inventory management issues in hospital supply 

chains. Management. 2013;3(1):1–5. 

Meleko A, Adane A. Assessment of Health Care Waste Generation Rate and Evaluation of its 

Management System in Mizan Tepi University Teaching Hospital (MTUTH), Bench Maji 

Zone, South West Ethiopia. Ann Rev Resear. 2018;1(4):555566. 

Jovanović V, Manojlović J, Jovanović D, Matic B, Đonović N. Management of 

pharmaceutical waste in hospitals in Serbia–challenges and the potential for improvement. 

Indian Journal of Pharmaceutical Education and Research. 2016;50(4):695–702. 

EFMHACA. National Essential Medicine List. Fifth Edition, Addis Ababa. November, 2014. 

Azage M, Kumie A. Healthcare waste generation and its management system: the case of 



Pharmaceutical Waste Management: Environmental and Ethical Considerations  

722 
 

 

health centers in West Gojjam Zone, Amhara Region, Ethiopia. Ethiopian Journal of 

Health Development. 2010;24(2). 

Tadesse E. Assessment of medicines wastage and its contributing factors in selected public 

health facilities in South West Shoa Zone, Oromia Regional State, Ethiopia. June 2017. 

Debere MK, Gelaye KA, Alamdo AG, Trifa ZM. Assessment of the health care waste 

generation rates and its management system in hospitals of Addis Ababa, Ethiopia, 2011. 

BMC Public Health. 2013;13(1):28. 

Almeida MARd, Wilson AMMM, Peterlini MAS. Evaluating pharmaceutical waste disposal 

in pediatric units. Revista da Escola de Enfermagem da USP. 2016;50(6):922–8. 

World Health Organization. Drug financing in Ethiopia. September 2007. 

Renukadevi R. A study of inventory control practices in the department of stores of a tertiary 

care hospital, 2010. 

Desalegn AA. Assessment of drug use pattern using WHO prescribing indicators at Hawassa 

University teaching and referral hospital, south Ethiopia: a cross-sectional study. BMC 

Health Services Research. 2013;13(1):170. 

Dwivedi S, Kothiyal P. Inventory management: A tool of identifying items that need greater 

attention for control. The Pharma Innovation. 2012;1(7, Part A):125. 

Federal Ministry of Health of Ethiopia. Health Sector Development IV (HSDP IV /2010-

2015) plan. Addis Ababa, Ethiopia. October, 2010. 

 


