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1. Introduction

1.1. Background on Pharmaceutical Waste

Pharmaceutical waste refers to expired, unused, or contaminated medications and related materials that require safe disposal.
This category of waste includes tablets, capsules, syrups, injectables, topical preparations, and packaging materials generated at
various points in the pharmaceutical supply chain—from production and distribution to healthcare facilities and households.
Unlike general waste, pharmaceutical waste poses unique hazards due to its biologically active compounds, which can persist in
soil and water systems if improperly discarded (Kusturica et al., 2020). Studies have linked the uncontrolled disposal of
antibiotics, hormones, and analgesics to the disruption of aquatic ecosystems and the emergence of antimicrobial resistance
(Tong & Peake, 2021). In many countries, improper practices such as flushing medicines down toilets or discarding them in
household garbage remain widespread, often due to limited awareness or lack of structured disposal mechanisms. With the global
expansion of pharmaceutical consumption, particularly in developing regions, the scale of waste continues to increase,
amplifying both environmental and public health risks (Eze & Adebayo, 2022). Addressing pharmaceutical waste requires
recognition of its multi-faceted impacts and the implementation of comprehensive strategies that integrate public health,
environmental management, and regulatory enforcement.
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1.2. Importance of Pharmaceutical Waste Management in
LMICs

Pharmaceutical waste management is particularly crucial in
low- and middle-income countries (LMICs), where
healthcare systems face multiple structural challenges. In
these settings, the absence of strong regulatory frameworks
often leads to unsafe disposal practices that contaminate
water bodies, reduce soil fertility, and expose communities to
toxic compounds (Okeke & Yusuf, 2023). Furthermore, the
prevalence of counterfeit and substandard drugs exacerbates
waste generation, as expired or recalled products are
frequently abandoned without proper treatment (Chukwu &
Balogun, 2024). A critical consequence is the acceleration of
antimicrobial resistance, which threatens to undermine global
health progress and places LMICs at disproportionate risk
due to limited access to advanced treatment options (Komi et
al., 2021). Beyond public health, unmanaged pharmaceutical
waste imposes significant economic costs by straining waste
management systems and reducing the long-term viability of
ecosystems that sustain agriculture and water resources.
Community education, coupled with infrastructure
development, has been shown to significantly improve safe
disposal practices, but these interventions remain unevenly
implemented across LMICs (Adebayo & Odogwu, 2024).
Therefore, effective pharmaceutical waste management is not
only an environmental and health imperative but also a driver
of sustainable development in resource-limited contexts.

1.3. Objectives and Scope of the Review

The primary objective of this review is to provide a
comprehensive analysis of the challenges and potential
solutions associated with pharmaceutical waste management
in low- and middle-income countries. The scope of the
review extends across multiple dimensions, including the
sources and types of pharmaceutical waste, the systemic
barriers that hinder effective disposal, and the innovative
strategies emerging to address these issues. The review also
draws on comparative insights from different regional
experiences, highlighting lessons that can be adapted and
scaled in diverse LMIC contexts. A central focus is placed on
exploring the intersection between environmental
sustainability, public health protection, and policy
development, recognizing that effective pharmaceutical
waste management requires a holistic and multi-sectoral
approach. By synthesizing existing literature, the review
seeks to identify both gaps in current knowledge and
opportunities for practical interventions. Ultimately, the
review aims to inform policymakers, healthcare providers,
and researchers by  presenting  evidence-based
recommendations that can shape sustainable waste
management practices tailored to the socio-economic
realities of LMICs.

1.4. Structure of the Paper

This paper is organized into five main sections for clarity and
logical flow. Following the introduction, Section 2 provides
a detailed analysis of the sources and types of pharmaceutical
waste, highlighting the unique risks posed by household,
healthcare, and industrial contributions. Section 3 examines
the challenges faced by LMICs in managing pharmaceutical
waste, with emphasis on regulatory, infrastructural, financial,
and socio-cultural barriers. Section 4 presents emerging
strategies and innovative solutions, ranging from policy
reforms and take-back programs to green pharmacy practices
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and community education initiatives. Within this section,
particular attention is given to case studies and collaborative
frameworks that demonstrate the potential for scalability in
resource-limited settings. Section 5 synthesizes the key
findings of the review, offering policy and practice
recommendations, identifying research gaps, and outlining
pathways toward sustainable pharmaceutical waste
management.  Together, these sections provide a
comprehensive review that underscores the urgent need for
multi-stakeholder  collaboration and  context-specific
solutions to address pharmaceutical waste challenges in
LMICs.

2. Sources and Types of Pharmaceutical Waste

2.1. Household and Community-Level Waste

Households and community settings represent critical nodes
in the generation of pharmaceutical waste, particularly in
low- and middle-income countries (LMICs). Improper
storage and disposal of unused, expired, or partially
consumed medicines often result in direct disposal into
domestic refuse, pit latrines, or open environments, leading
to significant public health and ecological risks (Adewoyin et
al., 2020; Abiola Olayinka Adams et al., 2020). Community-
level practices are shaped by weak waste segregation
systems, limited access to designated disposal points, and low
awareness of pharmaceutical hazards, amplifying the risks of
antimicrobial  resistance, accidental poisoning, and
contamination of water sources (Khan & Ahmad, 2020;
Kusturica & Tomas, 2021). For instance, antibiotics and
analgesics are frequently discarded with general household
waste, which, when combined with inadequate landfill
management, creates reservoirs of resistant microbial strains
and persistent organic pollutants (Chukwu et al., 2022; Eze
et al., 2022).

In many LMICs, community-level disposal patterns mirror
socio-economic and infrastructural realities. Studies indicate
that rural households rely heavily on informal waste burning
or open dumping, further exacerbating air and soil pollution
(Okoro & Umeh, 2023; Yusuf & Abiola, 2023). At the same
time, limited regulation and absence of household-level
collection programs hinder the adoption of environmentally
sound practices (Adewale & Odonkor, 2024; Nwankwo &
Hassan, 2024). Addressing these challenges requires
integrating circular economy principles into local waste
streams and embedding awareness campaigns into
community health systems (Abayomi et al., 2021; Ogunnowo
et al., 2021). Effective solutions include the establishment of
pharmaceutical take-back schemes, partnerships with local
pharmacies, and digital tracking of unused medicines to
reduce accumulation at the household level. These
interventions underscore the necessity of shifting from
passive disposal behaviors toward proactive, regulated, and
sustainable  community  engagement  models in
pharmaceutical waste management.

2.2. Hospital and Healthcare Facility Waste

Hospital and healthcare facility waste represents one of the
most pressing dimensions of pharmaceutical waste in LMICs,
where weak infrastructure, insufficient regulations, and
limited resources exacerbate the problem (Adenuga et al.,
2020; Khan et al., 2020). This waste stream includes expired
drugs, partially used vials, diagnostic chemicals, and
contaminated disposables such as syringes and 1V lines, all
of which pose significant environmental and public health
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hazards. Inefficient segregation practices within healthcare
facilities often result in the mixing of hazardous
pharmaceutical residues with general medical waste,
complicating disposal and increasing risks of antimicrobial
resistance and community exposure (Abiola Olayinka Adams
et al., 2020; Abayomi et al., 2021). In many LMIC hospitals,
open burning and uncontrolled landfilling remain common
practices due to inadequate incineration capacity, leading to
persistent soil and groundwater contamination (Chartier et
al., 2021; Chianumba et al., 2021).

Emerging research underscores the need for system-level
reforms to address these challenges. Innovative segregation
models and compliance-focused interventions are
increasingly proposed to enhance hospital waste management
(Adewoyin, 2022; Egbuhuzor et al., 2022). Predictive models
for hospital waste segregation, for example, have been shown
to significantly improve compliance and efficiency in low-
resource systems (Akintobi et al., 2023). Similarly, digital
transformation  strategies and project ~management
innovations offer scalable solutions to streamline waste
collection and disposal (Oluoha et al., 2023). Teaching
hospitals in Africa are now exploring integrated
pharmaceutical waste management models tailored to
resource constraints (Adeyemi et al., 2024), with particular
emphasis on reducing antimicrobial resistance through
improved disposal practices (Ezeh et al., 2024). Collectively,
these findings highlight that addressing hospital
pharmaceutical waste requires a holistic approach that
combines policy, technology, and behavior change across
healthcare facilities in LMICs.

2.3. Pharmaceutical
Contributions

The pharmaceutical industry and its supply chains
significantly shape the volume and type of waste generated
in low- and middle-income countries (LMICs). Production
inefficiencies, distribution bottlenecks, and poor regulatory
compliance result in the accumulation of expired medicines
and packaging waste. For instance, fragmented logistics
systems and inadequate inventory management have led to
overstocking in some LMICs, followed by mass disposal of
expired products, exacerbating environmental burdens
(Olufemi-Phillips et al., 2020; Odofin et al., 2020). Supply
chains in LMICs often rely on outdated procurement
practices, creating vulnerabilities to counterfeit and
substandard medicines, which further complicate disposal
challenges (Onaghinor et al., 2021; Ogunnowo et al., 2021).
Additionally, weak cold chain infrastructure in rural areas
accelerates the degradation of temperature-sensitive
pharmaceuticals, resulting in higher waste levels that are
rarely managed through safe disposal systems (Ogayemi,
Filani, & Osho, 2022).

Emerging solutions highlight how pharmaceutical industries
can contribute to better waste management by integrating
green supply chain practices and adopting reverse logistics
models. For example, lifecycle emission assessments and
market access optimization models in pharmaceutical
markets illustrate sustainable approaches to drug distribution
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and end-of-life management (Ogayemi, Filani, & Osho,
2022; Egbuhuzor et al., 2023). Recent frameworks in agile
procurement and predictive flow management demonstrate
how digital technologies can reduce inefficiencies and
mitigate waste (Esan, Uzozie, & Onaghinor, 2023;
Egbuhuzor et al., 2023). Moreover, advances in blockchain
and loT integration are enhancing traceability, offering
opportunities to combat counterfeit drugs and ensure the
proper handling of expired stock (Adeyemo, Mbata, &
Balogun, 2024). Studies further emphasize that global supply
chain interdependencies require stricter policy alignment, as
disruptions can cascade into LMICs, amplifying waste
burdens (Kelesidis et al., 2021; Jager & Meier, 2020).
Collectively, these contributions reveal that pharmaceutical
industry and supply chain inefficiencies remain both a root
cause of pharmaceutical waste and a key site for
implementing sustainable solutions tailored to LMIC
contexts.

2.4. Environmental and Public Health Risks Associated
with Pharmaceutical Waste

Pharmaceutical waste poses significant environmental and
public health risks, particularly in low- and middle-income
countries (LMICs), where weak regulatory systems and
inadequate disposal practices allow pollutants to accumulate
in soil, surface water, and groundwater. Antibiotics and
endocrine-disrupting compounds from improperly discarded
pharmaceuticals contribute to the emergence of antimicrobial
resistance and ecological imbalance, threatening both aquatic
and terrestrial ecosystems (Adenuga et al., 2020; Abiola
Olayinka Adams et al., 2020). Research underscores that
these residues bioaccumulate in food chains, exposing
populations to chronic health effects, including hormonal
disruptions, reproductive challenges, and increased cancer
risks (Kimmerer et al., 2020; Abayomi et al., 2021). The
infiltration of toxic pharmaceutical compounds into water
supplies also exacerbates healthcare inequalities in resource-
limited regions, where communities rely heavily on untreated
water sources (Adekunle et al., 2021; Adewoyin, 2022).
Beyond environmental degradation, pharmaceutical waste
intensifies socio-economic vulnerabilities by imposing
additional healthcare burdens on already strained systems.
Improper waste handling in hospitals, combined with
community-level disposal practices such as open dumping
and burning, releases hazardous emissions that directly
impact respiratory and cardiovascular health (Komi et al.,
2022; Nwaimo et al., 2023). Effluents discharged by
pharmaceutical industries in LMICs further contaminate
agricultural lands, reducing soil fertility and threatening food
security (Odetunde et al., 2023; aus der Beek et al., 2021) as
seen in Table 1. Recent scholarship highlights the urgent need
for sustainable waste governance frameworks that align with
circular economy models to minimize these risks and foster
long-term resilience (Ashiedu et al., 2024; Chukwuma-Eke
et al., 2024). Collectively, these findings underscore the
necessity for integrative solutions that bridge environmental
stewardship with public health protection.
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Table 1: Environmental and Public Health Risks Associated with Pharmaceutical Waste

Risk Category Description

Pathways of Exposure

Impacts

Water and Soil

L leads to accumulation in soil, surface
Contamination

water, and groundwater.

Improper disposal of pharmaceuticals |[Leaching from landfills, untreated
effluents, and runoff into rivers

Decreased water quality, loss of
biodiversity, and contamination of food

and lakes. chains.

Bioaccumulation of pharmaceutical
residues in ecosystems exposes
populations to chronic risks.

Human Health Threats

Consumption of contaminated |[Hormonal disruption, reproductive issues,
water and food, inhalation of
emissions from open burning.

antimicrobial resistance, respiratory and
cardiovascular diseases.

Agricultural and Food

Security Risks reduces soil fertility and contaminates

crops.

Discharge of pharmaceutical effluents | Irrigation with polluted water and
deposition of residues on

Decline in agricultural productivity, food

insecurity, and economic vulnerability.
farmland. y ty

Socio-Economic and | Weak regulatory systems and poor
Governance waste management increase exposure
Challenges risks.

Open dumping, burning of waste, | Additional healthcare burdens, inequality
inadequate hospital disposal

in access to safe water, and need for
sustainable governance frameworks.

practices.

3. Challenges of Pharmaceutical Waste Management in
LMICs

3.1. Weak Policy and Regulatory Frameworks

Weak policy and regulatory frameworks remain one of the
most critical barriers to effective pharmaceutical waste
management in low- and middle-income countries (LMICs).
Many LMICs lack comprehensive legal provisions that
define pharmaceutical waste, mandate segregation practices,
or establish clear accountability for disposal, resulting in
fragmented governance structures (Adenuga et al., 2020;
Abiola Olayinka Adams et al., 2020). Inadequate regulatory
enforcement exacerbates the challenge, as even where laws
exist, they are often poorly monitored or inconsistently
applied, leaving healthcare facilities and pharmacies with few
incentives to comply (Abayomi et al., 2021; Odetunde et al.,
2021). The absence of harmonized international standards in
these contexts also means that LMICs frequently adopt
donor-driven frameworks that are poorly aligned with local
realities, perpetuating weak oversight mechanisms
(Ferronato & Torretta, 2020).

The consequences of these policy gaps are visible in
unregulated disposal practices, including open dumping,
burning, and release of pharmaceuticals into water bodies,
which contribute to environmental degradation and
antimicrobial resistance (Adeyemi et al., 2022; Olajide et al.,
2022). Studies have shown that poor governance structures
hinder systematic collaboration between ministries of health,
environment, and local governments, limiting the integration
of pharmaceutical waste into broader health and
environmental policies (Akinyemi et al., 2023; Komi et al.,
2023). Emerging literature suggests that strengthening
regulatory institutions requires not only drafting new policies
but also building institutional capacity, providing adequate
funding, and creating mechanisms for transparency and
accountability in implementation (Daraojimba et al., 2024;
Uddoh et al., 2024). Furthermore, high-level advocacy in
global health policy highlights that only through robust
regulatory systems can LMICs align pharmaceutical waste
management with sustainable development and public health
protection (Kpokiri et al., 2022).

3.2. Inadequate Infrastructure and Funding

Pharmaceutical waste management in low- and middle-
income countries (LMICs) is severely constrained by
inadequate infrastructure and insufficient funding. The
absence of well-established treatment facilities, such as
incinerators or high-temperature autoclaves, leads to reliance
on unsafe disposal methods including open burning or
uncontrolled dumping, which amplifies environmental

contamination and public health risks (Adenuga et al., 2020;
Abiola Olayinka Adams et al., 2020). Many LMICs lack
centralized waste collection systems, resulting in fragmented
and inconsistent handling of pharmaceutical by-products
across regions. Infrastructure deficits are particularly acute in
rural areas where healthcare facilities often lack basic storage
and segregation systems for expired medicines, worsening
risks of antimicrobial resistance and water pollution
(Abayomi et al., 2021; Komi et al., 2021).

Financial constraints further exacerbate these infrastructure
challenges. National budgets in LMICs typically prioritize
immediate health service delivery over long-term investment
in waste management infrastructure, leading to chronic
underfunding (Ajayi et al., 2022; Okonkwo et al., 2022).
Donor funding and international aid often provide short-term
relief but rarely ensure sustainable systems. Public-private
partnerships have emerged as promising strategies for
mobilizing capital, yet they remain underutilized due to weak
governance frameworks and lack of investor confidence
(Hassan & Eze, 2023; Ibrahim et al., 2023). Innovative
financing models, including community-based cost-sharing
and international climate funds, have been suggested as
viable pathways, but require robust accountability
mechanisms to succeed (Bello & Ogedengbe, 2024; Umeh et
al., 2024). Global health organizations emphasize that
without adequate infrastructure and financial support, LMICs
will continue to face systemic barriers in achieving safe
pharmaceutical waste management (WHO, 2022; Jameton &
Pierce, 2021).

3.3. Low Awareness and Training Gaps among
Healthcare Providers and the Public

A persistent obstacle to effective pharmaceutical waste
management in LMICs is the inadequate awareness and
insufficient training among both healthcare providers and the
public. Healthcare workers, especially in rural and resource-
constrained settings, often lack formal education on safe
disposal practices, leading to improper handling and
uncontrolled environmental release of hazardous substances
(Abiola Olayinka Adams et al., 2020; Adewoyin et al., 2020).
Public  misconceptions—such as discarding unused
medications into household waste or water systems—further
exacerbate environmental contamination and antimicrobial
resistance (Patwary et al., 2020). Studies underscore that
without structured training and ongoing capacity-building
programs, even well-designed policies cannot translate into
effective ground-level implementation (Akpe et al., 2021;
Chianumba et al., 2021).

Recent research has highlighted that community education
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campaigns and professional workshops can significantly
reduce unsafe disposal behaviors (Daramola et al., 2022;
Ezeh et al., 2022). Nonetheless, these interventions remain
fragmented and underfunded, often reaching only urban
centers while neglecting peri-urban and rural populations
(Oladipo et al., 2023; Okeke et al., 2023). Moreover, public
health training rarely incorporates pharmaceutical waste
awareness, leaving a knowledge gap among frontline
workers. Emerging strategies, such as integrating waste
management modules into medical and nursing curricula, and
leveraging community-based awareness programs, show
promise in bridging these gaps (Adeola et al., 2024; Usman
et al., 2024). A multi-pronged approach that combines policy
reform with sustained awareness initiatives and professional
training is therefore crucial to address these systemic
deficiencies (Zorpas & Inglezakis, 2021).

3.4. Socio-Cultural and Economic Barriers
Pharmaceutical waste management in low- and middle-
income countries (LMICs) is strongly influenced by socio-
cultural and economic barriers that exacerbate existing
systemic inefficiencies. Cultural beliefs and practices often
shape perceptions of waste disposal, with many communities
perceiving unused medicines as valuable household assets
rather than hazardous materials, leading to unsafe storage and
eventual indiscriminate disposal (Adewoyin et al., 2020;
Khan & Chowdhury, 2021). Economic deprivation
compounds this issue, as households and healthcare facilities
frequently lack resources to implement safe waste
segregation and disposal systems, prioritizing immediate
financial survival over environmental health (Nwani et al.,
2020; Adewoyin, 2021). Gender roles and leadership norms
also affect waste management practices, with limited female
involvement in community decision-making structures
restricting the adoption of inclusive and sustainable strategies
(Onaghinor et al., 2021; Viladrich, 2022). These socio-
cultural factors intertwine with infrastructural inadequacies,
reinforcing a cycle of poor compliance with existing waste
regulations.

Economic barriers are equally critical, as LMICs often
operate under fragile healthcare financing models and
underfunded municipal waste systems. The lack of
investment in waste treatment technologies and reliance on
informal labor for waste handling results in unsafe practices
such as open burning and landfill dumping (Ajayi et al.,
2022; Kufile et al., 2022). Small-scale healthcare providers,
particularly in rural regions, are disproportionately affected
due to limited access to funding and technical expertise
(Adewale et al., 2023; Oluoha et al., 2023). Furthermore,
globalization  pressures intensify  disparities,  with
pharmaceutical industries in LMICs struggling to comply
with international waste management standards due to cost
constraints (Akinbola et al., 2024; Osho et al., 2024). These
economic limitations, compounded by cultural attitudes,
highlight the urgent need for context-specific interventions
that integrate

3.5. Case Studies Highlighting Regional Challenges

Case studies from low- and middle-income countries
(LMICs)  demonstrate  that  pharmaceutical — waste
management challenges are heavily influenced by local
socio-economic and infrastructural contexts. For example, in
sub-Saharan Africa, weak regulatory oversight and limited
waste treatment capacity exacerbate the risks of improper
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disposal of expired drugs, often resulting in open dumping or
uncontrolled  incineration,  which  contributes  to
environmental pollution and antimicrobial resistance
(Adeyemo et al., 2024; Komi et al., 2021). Similarly, in
South Asia, case studies reveal that healthcare facilities
frequently lack segregation protocols for pharmaceutical
waste, with medical and chemical waste often mixed in
municipal streams, leading to downstream contamination of
freshwater sources (Khan et al., 2021; Fekadu et al., 2019).
These cases underscore the systemic gaps in regulatory
harmonization and the absence of standardized operational
frameworks tailored to LMIC realities (Chianumba et al.,
2022; Omisola et al., 2020).

Latin America presents another set of challenges, where
economic pressures limit the adoption of advanced reverse
logistics models, and informal drug markets complicate
waste tracking and accountability (Mustapha et al., 2024;
Ajiga & Anfo, 2022). In parts of West Africa, empirical
assessments highlight cultural factors, including low public
awareness and resistance to returning unused medicines,
which hinder take-back initiatives (Ozobu et al., 2023;
Fiemotongha et al., 2023). Additionally, energy and
infrastructure constraints, such as unreliable electricity for
incineration plants, reduce the feasibility of safe
pharmaceutical waste destruction in rural areas (Adewoyin,
2021; Adewoyin et al., 2020). Collectively, these case studies
illustrate that regional disparities are not merely technical but
also  socio-political,  demanding  multi-stakeholder
approaches that integrate public health, environmental
sustainability, and cultural adaptability.

4. Emerging Strategies and Solutions

4.1. Regulatory Reforms and Policy Integration
Regulatory reforms and policy integration represent critical
steps toward strengthening  pharmaceutical — waste
management in low- and middle-income countries (LMICs).
Fragmented governance structures and inadequate
enforcement mechanisms often exacerbate unsafe disposal
practices. Countries that have integrated pharmaceutical
waste into broader environmental and health legislation have
seen measurable improvements in compliance and
accountability (Olasoji et al., 2020; Abayomi et al., 2021).
Policies that mandate standardized reporting, environmental
audits, and sector-wide monitoring align pharmaceutical
waste management with existing frameworks for industrial
safety, healthcare compliance, and environmental
sustainability (Odetunde et al., 2021; Adewoyin et al., 2020).
For instance, embedding pharmaceutical waste protocols
within national public health strategies not only minimizes
leakage into the environment but also addresses antimicrobial
resistance, a mounting global health concern (Hassan et al.,
2022; Komi et al., 2022).

Furthermore, global evidence highlights that regulatory
harmonization and transnational cooperation enhance policy
effectiveness. Case studies of reforms integrating
pharmaceutical waste into sustainable supply chain
governance illustrate the benefits of predictive analytics and
green logistics in reducing environmental footprints (Enyejo
et al., 2024; Jok & ljiga, 2024). Digital technologies—such
as business intelligence platforms and machine learning
systems—are increasingly used to improve transparency in
compliance and optimize enforcement strategies (Ajiga et al.,
2023; Ogeawuchi et al., 2023). Lessons from the broader
solid and hazardous waste management sector emphasize that
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successful  reforms  require  coordination  between
policymakers, industry, and communities, supported by clear
legal mandates and accessible enforcement mechanisms
(Kaza et al., 2018; Tong et al., 2018). Thus, regulatory
reforms anchored in policy integration are pivotal in aligning
LMICs with sustainable waste management practices and
ensuring public health protection.

4.2. Take-back Programs and Safe Disposal Mechanisms
Take-back programs and structured disposal mechanisms are
pivotal in addressing pharmaceutical waste challenges in
low- and middle-income countries (LMICs). These programs
provide structured avenues for households and healthcare
facilities to return unused or expired medications, preventing
their entry into landfills and water systems. Evidence from
policy modeling frameworks demonstrates how systematic
collection hubs enhance compliance while reducing
environmental contamination risks (Adenuga et al., 2020;
Abiola Olayinka Adams et al., 2020). Studies highlight that
inclusive program design and technology-driven data
systems can increase public participation, which is often
constrained by limited awareness and logistical barriers
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(Abayomi et al., 2021; Adekunle et al., 2021). Moreover,
global examples show that integrating take-back initiatives
with existing health infrastructure, such as pharmacies and
community health centers, fosters efficiency and accessibility
(Kusturica et al., 2020).

In LMICs, socio-economic conditions necessitate innovative,
low-cost mechanisms that remain robust under infrastructural
constraints. Digital health engagement models and
community-driven approaches have proven effective in
expanding participation in underserved regions (Adewoyin,
2022; Chukwuma-Eke et al., 2022; Komi et al., 2024).
Similarly, resilience frameworks adopted during crises reveal
that public-private collaborations can strengthen sustainable
safe disposal (Adewoyin et al., 2023; Onaghinor et al., 2023)
as seen in table 2. Advanced tools such as Al-optimized
digital twins and smart tracking of disposal flows are being
explored for efficiency monitoring (Uddoh et al., 2024).
Finally, educational interventions that target healthcare
providers and the public are critical to overcoming cultural
and behavioral barriers, complementing the infrastructural
solutions to ensure proper pharmaceutical waste disposal
(Hussain et al., 2021).

Table 2: Key Dimensions of Take-back Programs and Safe Disposal Mechanisms in LMICs

Focus Area Key Insights Implementation Approaches Outcomes/Benefits
Structured Centralized hubs reduce Use of pharmacies, hospitals, and Imoroved compliance and reduced
- improper disposal and community health centers as return P : P -
Collection U - environmental pollution.

contamination risks. points.
Public Awareness and access remain Inclusive program design, community Higher participation rates and
Participation major barriers in LMICs. engagement, and digital health platforms. equitable access.
Innovative Infrastructure constraints Adoption of digital tracking tools, Al- Enhanced efficiency. transparenc
. demand cost-effective, scalable optimized monitoring, and resilience lency, fransparency,
Mechanisms . and adaptability during crises.
solutions. frameworks.
Education & Cultural and behavioral barriers | Training healthcare providers and public | Strengthened safe disposal culture
Capacity Building hinder compliance. education campaigns. and long-term sustainability.

4.3. Role of Public-Private Partnerships and
International Organizations

Public-private partnerships (PPPs) and international
organizations are pivotal in addressing pharmaceutical waste
management challenges in low- and middle-income countries
(LMICs). PPPs serve as mechanisms for leveraging private
sector innovation, funding, and logistical capacity to
complement public regulatory oversight. For instance,
pharmaceutical take-back schemes in LMICs often thrive
where private companies co-finance infrastructure while
governments provide enabling policies (Oluoha et al., 2020;
Ozobu, 2020). International organizations such as the World
Health Organization (WHO) and the United Nations
Development Programme (UNDP) also establish global
frameworks that foster regulatory harmonization, technical
training, and cross-border funding to mitigate environmental
and public health risks linked to improper waste disposal
(World Health Organization, 2020; UNDP, 2021). By
integrating advanced data analytics and automation into
waste management systems, PPPs enhance accountability
and ensure transparent operations (Abayomi et al., 2021,
Adewoyin, 2021).

Moreover, international collaboration has enabled the scaling
of innovations across LMICs, particularly in the areas of
digital tracking systems and resilient supply chains. Recent
studies demonstrate that Al-driven frameworks for public
health management can be repurposed for pharmaceutical
waste monitoring, reducing leakages into the environment

(Akinade et al., 2022; Chianumba et al., 2022). International
donors and development agencies also facilitate sustainable
financing models, ensuring that interventions remain
functional beyond pilot phases (Gbabo et al., 2023; Kufile et
al., 2023). Furthermore, systematic reviews of health
education interventions underscore the importance of
community engagement as an element where international
agencies provide resources and private partners deliver last-
mile execution (Mustapha et al., 2024; Onaghinor et al.,
2024). Thus, PPPs and international organizations jointly
provide the financial, technical, and regulatory ecosystem
necessary for LMICs to establish sustainable pharmaceutical
waste management practices.

4.4. Community Engagement and Education Initiatives

Community engagement and education initiatives are critical
to addressing pharmaceutical waste management challenges
in low- and middle-income countries. By empowering local
populations with knowledge on safe drug disposal,
communities can play a direct role in minimizing
environmental and health risks (Abiola Olayinka Adams et
al.,, 2020; Adewoyin et al., 2020). Education campaigns
focusing on household waste segregation and medication
return systems increase public awareness and participation,
thereby reducing improper disposal practices. Evidence from
African contexts demonstrates that leveraging faith-based
organizations and grassroots advocacy has yielded
measurable improvements in safe disposal behaviors (Komi
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et al., 2021; Onaghinor et al., 2021). Similarly, participatory
community-driven models foster trust and sustainability,
ensuring that waste management strategies resonate with
cultural and social realities (Eze & Adebayo, 2022;
Olorunfemi & Nwafor, 2022).

Recent research highlights the integration of digital literacy
and health education to extend the reach of engagement
strategies (Hassan & Bello, 2023). Mobile applications,
social media platforms, and radio-based interventions have
proven effective in promoting proper disposal practices in
underserved communities (Okeke & Yusuf, 2023). For
instance, community-centered education programs in West
Africa significantly improved awareness of antimicrobial
resistance linked to pharmaceutical waste. Furthermore, case
studies demonstrate that locally tailored awareness
initiatives, when supported by national policy frameworks,
can strengthen long-term behavioral change (Chukwu &
Balogun, 2024; Adebayo & Odogwu, 2024). Global reviews
affirm that sustainable community education, supported by
policy reforms and healthcare infrastructure, remains a cost-
effective strategy for LMICs (Kusturica et al., 2020; Tong &
Peake, 2021).

5. Conclusion and Future Directions

5.1. Summary of Key Findings

The review highlights that pharmaceutical waste
management in low- and middle-income countries (LMICs)
remains a critical but underdeveloped area of public health
and environmental governance. Key findings show that waste
originates from multiple sources including households,
healthcare facilities, and pharmaceutical industries, with
households contributing significantly through the improper
disposal of unused or expired medicines. The absence of
robust regulations and standardized disposal systems
exacerbates the problem, resulting in environmental
contamination, water pollution, and growing concerns around
antimicrobial resistance. Limited infrastructure, weak
institutional coordination, and inadequate funding further
hinder effective management. Additionally, public awareness
remains low, and cultural attitudes toward drug use and
disposal practices create additional challenges. However,
promising strategies are emerging. Case studies indicate that
take-back  programs,  community-driven  awareness
initiatives, and integration of sustainable practices in
pharmaceutical production can reduce waste impacts.
International organizations and public-private partnerships
are beginning to play a role in providing technical and
financial support. Overall, the findings underscore that while
challenges are systemic and multifaceted, scalable and
context-sensitive solutions exist, particularly those rooted in
community engagement, regulatory innovation, and cross-
sector collaboration.

5.2. Policy and Practice Recommendations

For LMICs to advance pharmaceutical waste management,
policies must prioritize both preventive and corrective
approaches. A first recommendation is the development of
comprehensive national regulations specifically addressing
pharmaceutical waste, aligned with broader environmental
and health frameworks. Governments should establish clear
guidelines for drug collection, segregation, and
environmentally  sound  disposal, while enforcing
accountability among pharmaceutical producers and
distributors. Practice-oriented measures should include the

www.MultiPerspectivesJournal.com

institutionalization of drug take-back programs within
pharmacies and hospitals, supported by incentives for
compliance.  Strengthening intersectoral collaboration
between health, environment, and waste management
authorities is essential to reduce duplication and enhance
efficiency. Capacity-building initiatives targeting healthcare
workers, pharmacists, and waste handlers should be
prioritized, ensuring they are adequately trained in safe
handling and disposal practices. At the community level,
educational campaigns should be implemented to shift public
attitudes toward responsible medicine use and disposal.
International cooperation, particularly with donor agencies
and global health organizations, can provide technical
expertise, financial support, and knowledge transfer. In
addition, governments should encourage innovation in eco-
friendly pharmaceutical packaging and promote circular
economy principles to minimize waste generation. These
combined measures would create a more sustainable and
accountable  framework for pharmaceutical  waste
management in LMICs.

5.3. Research Gaps and Priorities for LMICs

Despite growing attention to pharmaceutical waste
management, significant research gaps persist in LMICs. One
major gap is the lack of reliable data on the scale and
composition of pharmaceutical waste at household and
institutional levels. Without such data, policymakers struggle
to design evidence-based interventions. Another critical gap
lies in understanding the links between pharmaceutical waste,
antimicrobial resistance, and public health outcomes, an area
that remains underexplored in LMIC-specific contexts.
Research is also limited on the socio-cultural factors
influencing disposal practices, particularly how traditional
beliefs, economic pressures, and health-seeking behaviors
shape community attitudes. Furthermore, technological
solutions such as cost-effective waste treatment systems,
biodegradable drug packaging, and environmentally friendly
production methods require more innovation tailored to
resource-constrained settings. Cross-country comparative
studies that document successful interventions and their
transferability to similar contexts are also scarce. Priorities
should focus on building interdisciplinary research agendas
that integrate environmental science, public health, and social
sciences. Strengthening local research capacity through
academic partnerships and regional networks will be vital.
Ultimately, addressing these gaps will equip LMICs with the
knowledge and tools necessary to implement context-
appropriate and sustainable solutions for pharmaceutical
waste management.

5.4. Towards Sustainable Pharmaceutical Waste
Management

Sustainable pharmaceutical waste management in LMICs
requires a holistic, multi-stakeholder approach that balances
environmental, social, and economic dimensions. The
foundation lies in integrating waste management into national
health and environmental policies, ensuring long-term
alignment with sustainable development goals. Building
resilient infrastructure for safe collection, transportation, and
treatment of pharmaceutical waste is essential, particularly in
urban and peri-urban areas where the burden is highest. At
the same time, community engagement must be scaled up,
emphasizing education programs that empower citizens to
adopt safe disposal practices. Technological innovations,
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such as affordable incineration units, decentralized treatment
systems, and eco-friendly drug packaging, offer practical
pathways for reducing environmental harm. Strengthening

producer

responsibility ~ through extended producer

responsibility (EPR) schemes can ensure pharmaceutical
companies contribute to the safe management of their
products throughout the lifecycle. International collaboration
should continue to provide both financial resources and
technical expertise, supporting LMICs in adopting best
practices. Ultimately, sustainability will depend on a culture
of accountability, where governments, industries, healthcare

providers,

and communities share responsibility for

minimizing risks. By embedding pharmaceutical waste
management within broader public health and sustainability
agendas, LMICs can protect ecosystems, improve health
outcomes, and promote long-term resilience.
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