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ABSTRACT

Pharmaceutical waste management is an important part of the healthcare system that helps protect human health
and the environment. The pharmaceutical industry produces different types of waste, such as expired, unused,
contaminated medicines, and packaging materials. If these wastes are not disposed of properly, they can pollute
water, soil, and the environment, causing serious health risks. Effective pharmaceutical waste management
includes proper identification, segregation, storage, and safe disposal of hazardous and non-hazardous waste.
Healthcare facilities should provide staff training and follow standard guidelines issued by organizations such as
the World Health Organization (WHO) and the Environmental Protection Agency (EPA). In addition, promoting
safe medicine disposal, medicine take-back programs, recycling, and the use of advanced disposal technologies
can help reduce environmental pollution and support sustainable healthcare practices.

INTRODUCTION

Pharmaceutical waste management is an important part
of protecting both public health and the environment.
Proper disposal of pharmaceutical waste helps prevent
harmful effects caused by unsafe handling and disposal
practices. Pharmaceutical waste includes hazardous, non-
hazardous, and controlled substances generated from
hospitals, healthcare centers, pharmaceutical industries,
research laboratories, and households. If these wastes are
not managed properly, they can pollute water, soil, and
air, damage ecosystems, and contribute to the spread of
antibiotic-resistant microorganisms.

To address these issues, regulatory authorities have
developed guidelines for the safe handling, segregation,
transportation, storage, and disposal of pharmaceutical
waste. Following these regulations is essential to reduce
environmental pollution and health risks. Effective
pharmaceutical waste management involves proper
segregation at the source, correct labeling, secure
storage, and safe disposal methods. Healthcare
professionals have a significant responsibility in ensuring
that pharmaceutical waste is managed according to
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established guidelines, thereby protecting human health
and the environment.™

Pharmaceutical waste is produced in healthcare facilities
from expired, unused, spilled, or contaminated
medicines, vaccines, and sera that require safe disposal.
It also includes contaminated items such as medicine
bottles, boxes, syringes, gloves, masks, and drug vials.™?

Generally pharmaceutical waste may include

o Expired drugs

e Patients’ discarded personal medications

o Waste materials containing excess drugs (syringes,
1V bags, tubing, vials, etc.)

e Waste materials containing chemotherapy drug
residues;

e  Open containers of drugs that cannot be used;
e Containers that held acute hazardous waste drugs;
e Drugs that are discarded; and
e Contaminated garments, absorbents, spill clean-ups
material.l®)
1SO 9001: 2015 Certified Journal | 204


https://doi.org/10.5281/zenodo.21703159

Nimbalkar et al.

Sources of entry of pharmaceutical waste into the

society

e Waste from low-cost pharmaceutical manufacturing
industries, especially in countries like India and
China.

e Improper disposal of medicines by patients or the
general public.

o Disposal of waste from hospitals and healthcare

facilities.

e Expired or wunused medicines discarded by
pharmacies.

e Pharmaceutical waste from dairy and livestock
activities.

e Household sewage and solid waste mixed with
leftover medicines.

o Leakage of pharmaceutical waste from poorly
managed landfills.

e Disposal of carcasses of medicated or euthanized
animals.™!

Types of pharmaceutical wastes
1. Hazardous waste

2. Non-hazardous waste

3. Chemo waste

Hazardous waste

Hazardous waste is waste that can harm human health or
the environment. It is regulated by the Environmental
Protection Agency (EPA) under 40 CFR Part 261.
Hazardous waste may be in the form of liquids, solids,
gases, or sludge.

It is divided into two types

Listed waste — Includes pharmaceutical waste containing
commercial chemical products.
Characteristic waste — Waste that
corrosive, reactive, or toxic.

Waste that is not hazardous is treated as solid waste and
should be disposed of according to local and state
regulations.

is flammable,

Non-hazardous waste

Non-hazardous waste does not usually pose a significant
risk to human health or the environment because any
harmful substances are present in very small amounts.
However, its classification can change if it becomes
mixed with hazardous materials.

Some pharmaceutical products, such as normal saline
(sodium chloride) and dextrose solutions, are considered
pharmaceutically inert. These products may become
contaminated during use and should be assessed before
disposal to ensure they are managed safely.

Chemo Waste

Chemotherapy drugs are mainly used to treat cancer, and
most of them are cytotoxic, meaning they destroy cells.
Waste containing these drugs is considered hazardous
and is commonly generated in oncology and radiotherapy
departments. Although chemotherapy waste forms only a
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small portion of hospital waste, it requires careful
handling. It includes empty vials, syringes, IV sets,
tubing, gloves, and gowns contaminated with
chemotherapy drugs. The safest disposal method is high-
temperature incineration by authorized medical waste
disposal services.™

Sources of Pharmaceutical waste

1. Healthcare facilities

Healthcare facilities such as hospitals, clinics, and
pharmacies are major sources of pharmaceutical waste.
This waste includes expired or unused medicines,
partially used drug containers and vials, as well as
medical items like syringes, needles, IV bags, and other
disposable materials. Patient care units also generate
sharps waste, including needles, lancets, and similar
sharp objects. Proper management of pharmaceutical
waste in healthcare settings is essential to prevent
contamination, ensure the safety of healthcare workers,
and reduce harmful effects on the environment.®!

2. Pharmaceutical manufacturing

Pharmaceutical manufacturing produces different types
of waste during the drug production process. This
includes byproducts of raw materials, rejected or
defective batches, expired chemicals, and discarded
manufacturing equipment. Such waste may contain
active pharmaceutical ingredients (APIs) and other
hazardous substances that can pose risks to human health
and the environment. Therefore, effective waste
management practices are essential in pharmaceutical
industries to ensure the safe handling, treatment, and
disposal of waste while complying with regulatory
requirements.

3. Research laboratories and institutions

Research laboratories and educational institutions also
generate pharmaceutical waste during research, drug
development, and laboratory teaching activities. This
waste includes unused or expired chemicals, reagents,
laboratory samples, and materials used in experiments.
Animal research may also produce waste containing
pharmaceutical substances. Proper segregation, handling,
and disposal of these waste are essential to reduce health
hazards and prevent environmental.

4. Household disposal of pharmaceuticals
Households are another important source of
pharmaceutical waste due to the improper disposal of
unused or expired medicines. People may throw
prescription or over-the-counter drugs into household
garbage or flush them down toilets, allowing these
substances to enter landfills and water sources, which
can cause environmental pollution. Increasing public
awareness about safe medicine disposal methods and
encouraging the use of medicine take-back programs are
important steps in reducing pharmaceutical waste and
protecting the environment.!”
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5. Veterinary facilities

Veterinary  hospitals and clinics also produce
pharmaceutical waste during the treatment and care of
animals. This waste includes expired or unused
veterinary medicines, along with related medical supplies
and materials. Proper handling and disposal of veterinary
pharmaceutical waste should follow guidelines similar to
those used for human healthcare waste to protect public
health and prevent environmental pollution.

6. Pharmacy return and exchanges

Pharmaceutical wholesalers, distributors, and pharmacies
may accumulate unused, excess, or expired medicines
during storage and distribution. These products are
usually returned to manufacturers or authorized reverse
distributors for safe disposal. Proper management of
returned pharmaceutical products is essential to prevent
them from entering the general waste stream and to
ensure their safe and environmentally responsible
disposal.

Environmental impact on improper pharmaceutical
waste disposal

Improper disposal of pharmaceutical waste can
negatively affect the environment, ecosystems, and
human health. Medicines discarded in household trash or
flushed into toilets may enter water systems and cause
pollution. These pharmaceutical substances can
contaminate water bodies and may harm aquatic
organisms, making proper disposal practices essential.[®%]

Many wastewater treatment plants cannot completely
remove pharmaceutical compounds, allowing these
substances to remain in water sources and potentially
contaminate drinking water. Pharmaceutical residues in
rivers and lakes can also harm aquatic organisms by
affecting their growth, reproduction, and normal
behavior. These substances may accumulate in fish and
other aquatic animals, leading to bioaccumulation in the
food chain.*

Improper disposal of pharmaceutical waste can disturb
ecosystems, reduce biodiversity, and upset ecological
balance. Antibiotics released into the environment may
promote the development of antibiotic-resistant bacteria,
making infections more difficult to treat. Pharmaceutical
residues can also remain in soil, affecting soil
microorganisms and entering the food chain through
plants. Since many wastewater treatment plants cannot
completely remove these compounds, they may
eventually reach rivers and lakes, increasing
environmental pollution.!!

Best practices in pharmaceutical waste management

Pharmaceutical waste management is important for
protecting public health and the environment. Good
waste management practices help reduce pollution and
ensure compliance with regulations. Proper training
should be provided to healthcare workers, laboratory
staff, and the public so they can correctly identify,
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separate, and dispose of pharmaceutical waste. Standard
Operating Procedures (SOPs) should be followed to
ensure safe handling, storage, transport, and disposal of
waste. In addition, healthcare facilities and pharmacies
should encourage the use of medicine take-back
programs to safeI%/ collect and dispose of unused or
expired medicines.!*2**!

Pharmaceutical companies should collaborate with
authorized reverse distributors to safely collect and
dispose of expired, unused, or damaged medicines while
following regulatory requirements. Public awareness
should also be promoted by educating consumers about
proper medicine disposal and encouraging the use of
take-back programs or safe household disposal methods
to protect the environment.

The role of healthcare
pharmaceutical waste management
Healthcare professionals play an important role in the
safe management and disposal of pharmaceutical waste.
Their actions help protect patients, the environment, and
ensure compliance with regulations.

professionals in

Doctors, nurses, pharmacists, and healthcare
administrators all share responsibility for proper waste
management.

They should identify different types of pharmaceutical
waste and follow the correct disposal methods for each
category.[*!

Provide regular training on waste segregation, labeling,
storage, and disposal.

Separate  pharmaceutical waste into
containers at the point of generation.

appropriate

Correctly identify and
hazardous, and sharp waste.

classify hazardous, non-

Label waste containers clearly and maintain proper
disposal records.

Reduce waste by proper prescribing, accurate dosing,
and effective inventory management.

Follow all local and national pharmaceutical waste
management regulations.

Encourage patients to use medicine take-back programs
for safe disposal of unused or expired medicines.!*>*®!

Clinical trial design and implementation

Advances in pharmaceutical waste disposal technologies
have improved the safe and environmentally friendly
management of pharmaceutical waste. Modern high-
temperature incineration effectively destroys hazardous
and non-hazardous pharmaceutical waste while reducing
harmful emissions, and the heat produced can be used to
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generate energy. Advanced thermal methods such as
pyrolysis and gasification convert waste into useful
products like syngas and biochar while safely breaking
down harmful substances. In addition, chemical and
physical treatment methods use chemicals, heat, or
mechanical processes to neutralize hazardous materials,
degrade pharmaceutical compounds, and reduce waste
volume, making disposal safer and more sustainable.!*”

Biodegradation and bioremediation use microorganisms
and their enzymes to naturally break down
pharmaceutical waste into simpler and less harmful
substances, making them environmentally friendly
treatment methods. Nanotechnology also helps remove
pharmaceutical pollutants by using nanoparticles to
absorb, degrade, or neutralize harmful compounds. In
addition, emerging waste-to-energy technologies convert
pharmaceutical waste into useful energy, such as biogas
or electricity, through processes like anaerobic digestion,
providing both safe waste disposal and energy
production.

Pharmaceutical waste management in developing
countries

Pharmaceutical waste management is a major challenge
in developing countries due to limited resources, poor
infrastructure, and low public awareness. These factors
make the safe collection, treatment, and disposal of
pharmaceutical waste difficult. Many countries lack
proper waste collection and disposal facilities, leading to
unsafe practices such as open burning or dumping. These
methods can seriously harm the environment and public
health.

Limited financial and technical resources also restrict the
use of advanced waste treatment technologies and reduce
opportunities for proper training of healthcare workers.
Low awareness among the public and healthcare
professionals often results in improper disposal of
medicines, such as throwing them into household waste
or flushing them into drains. Improving healthcare
infrastructure and providing regular training to
healthcare staff can strengthen waste segregation,
storage, and disposal practices in healthcare facilities.

Governments should establish clear regulations and
guidelines for pharmaceutical waste management,
including proper segregation, labeling, transportation,
and disposal of waste. Developing countries can adopt
affordable and practical disposal methods, such as safe
incineration, chemical treatment, and community-based
waste collection programs. Public awareness campaigns
and collaboration with international organizations,
NGOs, and industry partners can provide funding,
technical support, and education.

Regulatory consideration and market access

Pharmaceutical waste management is continuously
improving with advancements in technology, updated
regulations, and increased awareness of environmental
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and health impacts. Future research will focus on
developing safer and more sustainable waste
management practices. Innovative technologies such as
nanotechnology, advanced oxidation processes, and
biodegradation are expected to play an important role in
improving  pharmaceutical ~waste treatment and
disposal.[*®!

Future pharmaceutical waste management will focus on
technologies that safely degrade medicines, reduce
waste, and minimize environmental pollution. The
circular economy approach encourages recycling and
recovering useful materials from expired medicines.
Research is also exploring better waste management for
personalized medicine to reduce unnecessary waste.
Technologies such as blockchain and the Internet of
Things (loT) can improve tracking of medicines
throughout their lifecycle, ensuring safe disposal. In
addition, green pharmacy practices promote sustainable
manufacturing, eco-friendly packaging, and responsible
disposal to reduce environmental impact.

Case study and success story of medical waste
management in Bhutan

This case study examines the waste management
practices and policies followed by government and
private healthcare facilities in Bhutan.

The aim of this case study is to show how effective
medical waste management in Bhutan can protect public
health and the environment.

The case study aims to establish the following points:

o Develop clear rules and practical methods for
medical waste management.

e Ensure the same waste management practices in
both public and private healthcare sectors.

e Improve healthcare workers’ knowledge through
training and awareness.

e Create a national system to record and report
medical waste.

e Promote cooperation among different sectors under
the guidance of the Ministry of Health.

Approach

In Bhutan, the National Environment Commission
(NEC) is responsible for developing waste management
policies and enforcing related laws. Between 2009 and
2016, it introduced several waste management acts and
regulations. The Ministry of Health manages medical
waste, while the Drug Regulatory Authority and
Narcotics Control Agency handle expired medicines.
The Royal Bhutan Police supports these agencies in
ensuring compliance  with  waste  management
regulations.™*!

RESULTS

Bhutan has 86 Basic Health Units and 50 hospitals, and
all of them follow medical waste management practices,
although the level of implementation varies. Healthcare
workers are trained in proper waste segregation at the
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source. Phuentsholing Hospital serves as a model for
medical waste management, and its practices have been
adopted by other hospitals. Bhutan has also introduced a
waste reporting system to monitor waste generation, and
it is being integrated with the Health Information System
for better tracking. The country’s waste management
approach is based on the 3Rs—Reduce, Reuse, and
Recycle, which help minimize waste and reduce the
amount sent to landfills, protecting the environment.

Success and lessons learned

Bhutan still faces challenges in waste segregation,
storage, and disposal. Proper waste segregation is not
effective without suitable storage facilities, so new
healthcare centers are being provided with waste storage
buildings. Different disposal methods, such as
incineration, autoclaving, encapsulation, and burial pits,
are used to manage medical waste. Since disposal
facilities are limited, waste often needs to be transported
to other locations. The Asian Development Bank (ADB)
is supporting the construction of waste storage facilities,
burial pits, and providing equipment for medical waste
management in eight districts of Bhutan.[*!

Future trends and research direction

Pharmaceutical waste management is continuously
improving due to advances in technology, updated
regulations, and greater awareness of its impact on
human health and the environment. Future research
focuses on developing safer and more sustainable
methods for managing pharmaceutical waste. New
treatment  technologies such as nanotechnology,
advanced oxidation, and biodegradation can help break
down pharmaceutical compounds, reduce waste volume,
and decrease environmental pollution. The circular
economy concept encourages recycling, reusing, and
recovering useful materials, including active ingredients
from expired medicines.

As personalized medicine becomes more common, new
waste management methods will be needed to reduce
waste from patient-specific treatments. In addition,
technologies such as blockchain and the Internet of
Things (I0T) can improve the tracking and monitoring of
medicines throughout their lifecycle, ensuring safer and
more efficient waste management.?”’

Technologies such as blockchain and 10T can track
medicines from manufacturing to disposal, improving
transparency and accountability. Green pharmacy
research focuses on reducing environmental impact
through sustainable raw materials, eco-friendly
packaging, and safe disposal practices.

CONCLUSION

Pharmaceutical waste management is an important
global issue that requires the combined efforts of
healthcare professionals, governments, industries, NGOs,
and the public. Improper disposal of medicines can harm
both human health and the environment. Safe disposal
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practices, public awareness, and proper patient
counselling by pharmacists can help reduce the risks
associated with unused and expired medicines.
Healthcare organizations should identify hazardous
pharmaceutical waste, separate it from other waste, and
dispose of it according to environmental regulations such
as the EPA’s Resource Conservation and Recovery Act
(RCRA). By working together and following proper
waste management practices, we can protect public
health, reduce environmental pollution, and promote
sustainable pharmaceutical waste management.
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