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l. INTRODUCTION:-

Pharmaceutical waste can result from
many activities and locations in a healthcare
facility. If you have a compounding pharmacy on
site, it generates drug waste. Anywhere medicines
are employed can be the site of spills, half-used
bottles, IV equipment with residual medicine on it.
Waste drugs or pharmaceuticals can pose a special
treatment and management challenge. Small
quantities at households can often be thrown away
in the municipal waste stream (perhaps with some
makeshift method of denaturing or making the
drugs undesirable to interlopers). Large quantities
kept at pharmacies, distribution centers, hospitals,
etc. must be managed to minimize the risk of
release or to exposure to workers and the public.
This category of waste includes expired, unused
and contaminated  pharmaceutical  products
including vaccines and biological products used for
therapy. Prescription and over-the-counter drugs
end up as pharmaceutical waste as does belongings
used in pharmacies: gloves, masks, bottles, etc.

In the past, medical facilities used to
routinely dispose of pharmaceutical waste by
flushing it down the drain. At that time, society was
unaware of the potential harm these drugs could
cause to the environment. Now, biologists have
discovered traces of pharmaceuticals remaining in
fish and aquatic ecosystems, highlighting the
negative consequences of improper drug disposal.
As responsible citizens and waste managers, it's
crucial to prioritize the principle of prevention.
While pharmaceutical wastes can be hazardous
under the Resource Conservation and Recovery Act
(RCRA), in many instances, they are not.

“Managing pharmaceutical waste is a vital
aspect of healthcare and  environmental
preservation. In a world where medical
breakthroughs have resulted in a multitude of
pharmaceuticals, the correct handling and disposal
of these substances have become increasingly
important.

Keypoints:- Pharmaceutical waste, Pollution,
Biomedical waste, Regulatory Bodies,
Management.

Overview on Pharmaceutical waste:-

Biomedical waste typically comprises
solid or liquid waste generated during the
diagnosis, treatment, immunization of human
beings or animals, research related to these
activities, or in the production and testing of
biological materials. According to the World
Health Organization (WHO), roughly 85% of
hospital waste is non-toxic, with about 10% being
infectious, and the remaining 5% being non-
infectious but containing hazardous chemicals like
methyl chloride and formaldehyde. The primary
concern with hospital waste lies in the transmission
of infectious diseases such as Hepatitis B or C
viruses, with syringes and needles posing the
highest health risk.Unfortunately, hospital waste
has often been inadequately managed and simply
disposed of. When hospital waste is improperly
disposed of, it can become hazardous, especially
when mixed with municipal solid waste and left in
uncontrolled or illegal landfills near residential
areas and slums. This improper disposal can
endanger human health by contributing to the
spread of diseases like AIDS, Hepatitis, plague,
cholera, and more. Waste generated in healthcare
facilities poses a higher potential risk of infection
and injury than any other type of waste.

Background :-

The Resource Conservation and Recovery
Act (RCRA) were enacted in 1976 and govern the
management of solid and hazardous waste
generated within the United States. In the previous
several years, the Environmental Protection
Agency (EPA) and state environmental protection
inspectors have determined that healthcare facilities
have not been managing hazardous waste in
compliance with  RCRA. A number of
pharmaceuticals and formulations of
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pharmaceuticals meet the definition of hazardous
waste under RCRA.EPA and some state
environmental agencies are now requiring
healthcare facilities to identify, segregate, contain,
and appropriately label, store, transport, and
dispose of these hazardous wastes in compliance
with RCRA regulations. As a result of this focus on
the part of regulators, surveyors for the Joint
Commission (JC) are also including pharmaceutical
waste management in their survey questions.

Purpose:-

These guidelines discuss categorizing
pharmaceutical waste, maintaining and updating an
inventory of Pharmaceutical waste streams,
managing waste storage sites throughout the
Military Treatment Facility (MTF), and disposing
of waste material. The determination of these
Guidelines is:

i. To provide policy and guidelines for MTFs
generating pharmaceutical waste and to
ensure the Implementation of Reference, 40
CFR 260-279, EPA Hazardous Waste
Management Regulations.

ii. To provide Best Management Practice
(BMP) guidelines for the management of
other non-RCRA Pharmaceutical waste
included in these guidelines.

Importance of Pharmaceutical Waste Disposal:

+» Almost everyone has been goes to a hospital or
a Clinic at some point during their lives. These
hospitals or clinics, even the smallest of them,
use hundreds or sometimes even thousands of
pharmaceuticals in a Day. Have you ever
wondered where much of this Pharmaceutical
waste goes?

+ Pharmaceutical waste is quite hazardous. It is
totally Different from regular waste and
therefore special Measures are required to
dispose of it properly. It is a combination of
different types of wastes.

Type of Pharmaceutical waste:-

Communal wastes and biomedical wastes are
known as “general health care wastes” and
“hazardous health care Wastes” or “health care risk
wastes” or “special wastes” respectively.

®,

«» Biomedical wastes are further classified as

follow:-
1) Infectious waste
2) Genotoxic waste
3) Chemical waste
4) Radioactive waste

5) Pathological waste
6) Waste with high content of heavy metals
7) Pharmaceutical waste

1) Infectious waste

Infectious wastes, containing pathogens
like bacteria, viruses, parasites, or fungi, can lead to
diseases in susceptible hosts when found in
detectable concentrations.

e Infectious wastes, also known as biomedical or
hazardous waste, refer to materials that have
the potential to carry infectious agents, which
can pose health risks to humans and the
environment. These materials are typically
generated in healthcare settings, research
laboratories, and other facilities where
biological or medical procedures are
conducted.

They are further including:-

» Microbial cultures, infectious agent stocks
from pathological labs, and waste generated
during procedures on infected patients (e.g.,
disposable towels, gowns, aprons, gloves, etc.).

» Tissues and materials or instruments that have

Been use during surgeries and autopsies on

Patients suffering from infectious diseases.

2)Chemical Waste
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This approach is primarily employed for
the treatment of liquid waste, such as blood, stools,
urine, potent antioxidants, aldehyde, and phenol
compounds. It effectively eliminates or deactivates
microorganisms. Chemical disinfection is also
applied to microbiological cultures, mutilated
sharps, and shredded solid materials. The
disinfectant’s effectiveness is influenced by the
duration of interaction with the waste, the
concentration of the chemical, and the type of
chemical used. However, chemical disinfection is
toxic, prohibiting discharge into surface water, and
restricting large quantities in sewers. Users must
exercise caution during the disinfection process due
to potential hazardous effects.

Chemical waste encompasses surplus,
unused, or undesired chemicals, particularly those
posing harm to human health or the environment. It
can be categorized as hazardous waste, non-
hazardous waste, universal waste, or household
hazardous waste.

4)Pathological waste

Pathological wastes encompass tissues,
human carcasses, blood, body fluids, body parts,
and human fetuses. Termed anatomical wastes,

they are typically categorized as a subset of
infectious wastes. Sharps, such as knives, broken
glass, hypodermic needles, and scalpels, are highly
hazardous due to their potential to cause cuts or
wounds, whether infected or not.

It is like a special category of garbage
from hospitals and labs. It includes things like
tissues, blood, and sharp objects. Handling and
throwing away these items need extra care because
they could be harmful. There are strict rules to
make sure it’s done safely, protecting both the
environment and people’s health. Think of it as a
way to keep everyone safe from the potentially
risky stuff used in healthcare.

5)Waste with high content of heavy metals

HEAVY METAL

TOXINS

Biomedical wastes, particularly those
containing heavy metals, originate mainly from
sources like garden pesticides, pharmaceuticals,
personal healthcare products, and mercury wastes
from broken clinical equipment. These wastes, rich
in heavy metals, are often highly toxic and can
leach into the soil, causing contamination with
metals such as lead, copper, and zinc. This poses
environmental concerns and emphasizes the need
for proper disposal and management practices to
prevent soil pollution.

High levels of heavy metals in waste, such
as lead, mercury, and cadmium, can harm
ecosystems and human health. Implementing strict
regulations, effective waste management practices,
and promoting cleaner industrial processes are
essential for minimizing the impact of heavy metal
pollution. Persistent exposure to heavy metals from
waste can lead to various health issues, including
neurological disorders, organ damage, and
developmental problems, especially in children. It
underscores the importance of adopting sustainable
practices to reduce heavy metal emissions and
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safeguard both the environment and human well-
being.

6)Pharmaceutical Waste

Proper disposal is necessary for expired
drugs, unused, spilt, or  contaminated
pharmaceutical items, including vaccines and sera
no longer in use. Pharmaceutical waste
encompasses packaging materials like glass bottles
and aluminum packs that have been in contact with
drug products. Ensuring responsible disposal is
vital to prevent environmental contamination and
safeguard public safety.

Inappropriate disposal of pharmaceutical
waste can lead to environmental pollution and
potential health risks. Therefore, healthcare
facilities, pharmacies, and individuals must adhere
to regulations and best practices to minimize the
impact on ecosystems and public health.Effective
pharmaceutical waste management involves raising
awareness, educating healthcare professionals, and
implementing efficient collection and disposal
systems. Additionally, promoting research and
development of eco-friendly packaging materials
and drug formulations can contribute to reducing
the environmental footprint of the pharmaceutical
industry.

Ultimately, a comprehensive approach to
pharmaceutical waste management is crucial for
maintaining environmental sustainability and
protecting communities from the potential hazards
associated with improper disposal practices.

Pharmaceutical waste consists of unused or expired
medications. Improper disposal, such as throwing
them in regular trash or flushing them, can have
adverse environmental and public health effects. To
address this, adhere to local guidelines for safe
disposal, often involving collection programs or
designated drop-off points. Responsible disposal
helps safeguard the environment and community
well-being.

Source of Pharmaceutica waste :-

Researchers have recently quantified

pharmaceutical wastes in the environment, despite

their presence for decades.

i. Wastes disposal from pharmacies

ii. Defective landfills causing leaching of drugs

iii. Direct and improper disposal of
unused/expired medications by patients in to
the waste and also through excretion of urine
or feces

iv. Drugs released from sources like aqua culture
medicated feed, molecular farming, pest
control drugs, etc.

v. Even in many developing countries like India
the physician samples which are given by
companies to medical representatives for sales
promotion purpose.

vi. Animal healthcare  facilities  produce
pharmaceutical waste from expired or unused
medications.

vii. Pharmaceutical manufacturing processes may
generate waste, including unused or rejected
products and by-products.

viii. Pharmaceutical waste can enter the
environment  through improper disposal
methods, such as flushing medications down
the toilet, leading to water contamination.

Method for management of waste
Pharmaceutical _Waste Management __and
Disposal Methods:-

The specified technologies for pharmaceutical
waste treatment and disposal in India’s
Pharmaceutical Waste Rules include:
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Pharmaceutical

Waste
Management

1)Incineration

Incineration serves as a disposal technique
wherein  solid wastes undergo combustion,
transforming them into gaseous byproducts and
residue. This method, also referred to as thermal
treatment, is valuable for managing solid waste,
including that found in wastewater. The process
typically reduces the volume by 20 to 30 percent.
Incinerators convert waste materials into heat, gas,
steam, and ash, and this method is employed on
both small and large scales by industries. While

2)Autoclaving Method
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Sand extraction ________
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Pre-heater
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recognized for handling hazardous waste,
incineration is controversial due to the emission of
gaseous pollutants. Not suitable for certain
materials like pressurized gas containers,
significant  chemical  wastes,  halogenated
chemicals, plastics with halogens, mercury and
cadmium-containing waste, and radiographic
waste, incineration requires careful disposal of
resulting ash in secure landfills. Skilled operators
are crucial for implementing this technique.
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In this method, biomedical waste comes
into direct contact with saturated steam in a
pressure vessel at specified time and temperature to
eliminate  pathogens. To ensure effective
disinfection, guidelines are set for minimum
temperature, pressure, and autoclave residence time
in biomedical waste management. Autoclaving
results in waste suitable for landfill disposal
alongside municipal waste. The process also
generates a wastewater stream, necessitating proper
disposal with regulated controls. Operating the

3)Microwaving Method

autoclave requires a qualified technician and
involves moderate investment and operating costs.
Autoclaving stands as a pivotal sterilization
technique, employing saturated steam in a
pressurized chamber. This method ensures the
thorough elimination of pathogens from biomedical
waste through carefully regulated time and
temperature parameters. Adhering to biomedical
waste management guidelines, autoclaves enforce
specific requirements for minimum temperature,
pressure, and residence time.
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Applying an electromagnetic field for the
conduction-based  destruction  of infectious
components in biomedical waste (BMW) is
effective when exposed to UV radiation. However,
this method is not suitable for human anatomical,
animal, chemical, pharmaceutical waste, and large
metal parts. The microwaving method demands
minimal electrical energy and allows for landfill
disposal of the generated waste. Economically
advantageous, it requires moderate investment and
incurs low operating costs. Nonetheless, drawbacks

S

include the need for qualified technicians and the
potential for frequent breakdowns in shredders.

On the other hand, the microwaving
method emerges as a viable alternative, demanding
minimal electrical energy and allowing for the
landfill disposal of the generated waste. One of its
primary advantages lies in its economic feasibility,
requiring a moderate investment and boasting low
operating costs.Despite these merits, it's crucial to
acknowledge the drawbacks associated with this
technology.
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4)Secure land filling

Waste deposition involves

typically
compaction for increased density and stability,
coupled with covering to deter vermin. Biomedical

waste guidelines mandate the secure landfill
disposal of discarded medicines, cytotoxic drugs,
solid chemical waste, and incineration ash. Secure
land filling, the method for solid waste and
hazardous substance disposal, is widely used
globally, often in remote, unused are

as away from cities. Properly designed and

managed landfills prove effective, hygienic, and
However,

economical. inadequate management

precipitation

5)Seware Method

Certain pharmaceuticals, such as liquids
like syrups and IV fluids, are diluted with water
and released into sewers in minimal amounts over
time, generally without significant impact on public
health or the environment. Diluted liquid
pharmaceuticals or antiseptics can be safely
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poses environmental hazards, with gas byproducts
like methane or carbon dioxide causing odor and
contributing to greenhouse gases. Modern landfill
techniques include leachate management and gas
extraction for electricity generation.

Landfill management is crucial for
handling waste effectively. Secure land filling, a
common method, involves compacting waste to
enhance density and stability while preventing
vermin attraction. Biomedical waste, including
discarded medicines and cytotoxic drugs, follows
strict rules for disposal in secure landfills,
safeguarding against environmental hazards..

Vegetation

Topsoil

m Gravel, sand
Liner

Clay

— P

/4
leachate collection pipes
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disposed of in fast-flowing watercourses. In cases
of damaged or deteriorating sewers, the expertise of
a hydrogeologist or sanitary engineer may be
necessary.In specific situations where sewers are in
disrepair or have been damaged due to various
factors, consulting a hydrogeologist or sanitary
engineer becomes crucial. Their expertise can aid
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in assessing potential risks and proposing solutions
to mitigate any adverse effects on the environment
or public health.It’s noteworthy that the disposal of
pharmaceuticals, even in diluted form, requires

careful consideration to prevent any unintended
consequences. The fast-flowing watercourses are
often chosen as a disposal method to facilitate
further dilution and dispersion.
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Biomedical Waste and it’s Classification

Biomedical waste, originating from the
diagnosis, treatment, or immunization of humans or
animals, as well as the production or testing of
biological materials, comprises solid or liquid
waste. According to the World Health Organization
(WHO), approximately 85% of hospital waste is
non-hazardous, with 10% being infectious and the
remaining 5% non-infectious but containing some
chemical components like methyl chloride and
formaldehyde. The primary concern with infectious
waste lies in the potential transmission of HIV and
Hepatitis B or C viruses, particularly through
needles and syringes. Health care facilities,
including wards, delivery rooms, emergency and
outpatient services, operation theaters, laboratories,
and pharmaceutical stores, are significant sources
of biomedical waste. Those at risk of exposure
include healthcare personnel, patients and visitors,
as well as waste management facility employees
and scavengers.

Biomedical waste in healthcare facilities
primarily emanates from wards, delivery rooms,
emergency and outpatient services, operation

theaters, laboratories, and pharmaceutical and
chemical stores. This poses exposure risks for
healthcare personnel such as doctors, nurses,
healthcare assistants, maintenance staff, and
support personnel involved in waste handling,
transportation, and laundry. Additionally, patients
and their visitors, as well as waste management
facility employees and scavengers, are also
susceptible to potential exposure due to biomedical
wastes.

Biomedical waste encompasses materials
generated during healthcare activities, and its
sources within healthcare facilities extend to
various departments. Wards, delivery rooms,
emergency and outpatient services, operation
theaters, laboratories, and pharmaceutical and
chemical stores are key contributors to the
production of biomedical waste. This waste poses
potential exposure risks to a range of individuals.

Classification of Biomedical Waste:-
1) Hazardous Waste
2) Non-Hazardous Waste
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Hazardous Waste Non Hazardous Waste
1) Hazardous waste is waste that harmful to human 1) Non Hazardous waste is waste which does not
health or the environment if improper disposed it.° directly harm to human health or the environment,
2) Hazardous waste contains Explosive, Flammable butit cannot dumpin sewer line because of risk”

3
4)
5)

6)

Liquids/Solids, Poisonous, Toxic, Ecotoxic, Infectious
Substances."

The Hazardous waste regulated under the Resource
Conservation and Recovery Act (RCRA).?

It can be produced from companies and households
as well as worksites,

There are two types of Hazardous waste:- Listed and
Characteristics waste.*

Examples:- pesticides, herbicides, paints, industrial
solvents, fluorescent light bulbs and mercury-
containing batteries.*

Il.  DISCUSSION

Potential Solution for Pharmaceutical Waste

To appropriately manage hazardous
pharmaceutical waste, healthcare institutions may
need to establish new waste categories. All
facilities should reassess existing policies to align
with  state and federal regulations for
pharmaceutical ~ waste and  environmental
compliance. Utilizing computerization, automation,
and bar-code scanning technology can enhance the
creation of secure and efficient pharmaceutical
waste management processes.

1. Waste Management Team:-

Establishing an interdepartmental,
multidisciplinary team is recommended for
ensuring compliance with RCRA and state
regulations. This team would assess current
practices, identifying gaps in pharmaceutical waste
management and promptly addressing them to
enhance compliance. Additionally, the team could
act as the facility’s point of contact with the
regional EPA office and potentially liaise with state

2) Non Hazardous waste contains paper, plastic,
metals, glass etc.’

3) The non Hazardous waste regulated under state and
local governments through the federal government.

4) This can be produced from general household waste
like food or bathroom rubbish and recycling, and
from industrial or agricultural sources."

5) Disposal method of non Hazardous waste is vary
because of different types of waste and various
regulations governing them.®

6) Examples: Agricultural  waste, Batteries,
Construction debris, Industrial waste, Medical
waste, Municipal solid waste, Scrap tires, Special
wastes.’

environmental or sanitary offices and external
consultants.

2.Inventory management:-

To reduce hazardous pharmaceutical
waste, healthcare facilities should maintain
minimum inventory levels, prioritize the use of
older stock, and employ strategies such as rotating
inventory. Additionally, minimizing unwanted or
expired medications, utilizing multidose vials,
preparing patient-specific oral syringes,
centralizing disposal of physician’s samples, and
avoiding unnecessary prescriptions, especially
antibiotics, are recommended practices. Items not
requiring special handling, like unit dose packaging
for non-P-listed items, empty medication vials with
non-P-listed  contents, and partially used
nonhazardous items, can be disposed of in the
municipal trash or sewer system. Empty containers
of nonhazardous items can also be discarded in the
trash.
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3.Reverse distribution:-

Pharmacies can reduce pharmaceutical
waste through reverse distribution, returning
unused  but  viable  pharmaceuticals  to
manufacturers for credit. The EPA exempts health
care facilities  from treating returned
pharmaceuticals as “discarded materials,” shifting
disposal responsibility to the reverse distributor,
subject to compliance with Return Industry
Association (RIA) standards. Pharmaceutical waste
handled through reverse distribution doesn’t
contribute to a facility’s hazardous waste generator
status.

4.State and county activity: -

Healthcare facilities should be aware that
certain states and counties have regulations more
stringent than federal RCRA standards. To
understand applicable requirements, it is advisable
for facilities to communicate with their state EPA
or relevant regulatory authority.

Pharmaceutical Waste Management in India
India’s economic growth results in a
significant increase in waste production, posing
environmental hazards. The Biomedical Waste
Management and Handling Rule of 1998, enacted
in July of that year, aimed to control and address
the issue. In 2016, the central government notified
the Biomedical Waste Management Rules, placing
responsibility on state pollution control boards to
enforce these regulations. These rules apply to

individuals involved in the generation, collection,
reception, storage, transportation, treatment,
disposal, or handling of biomedical waste in any
capacity.

The economic development in India has
led to a substantial surge in waste generation,
contributing to adverse effects on the environment.
To address this concern, the Biomedical Waste
Management and Handling Rule of 1998 was
implemented in July 1998. Subsequently, the
central government introduced the Biomedical
Waste Management Rules in 2016. State pollution
control boards are entrusted with the responsibility
of overseeing and enforcing these regulations. The
rules encompass all individuals engaged in the
various stages of biomedical waste management,
including generation, collection, reception, storage,
transportation, treatment, disposal, or handling in
any form. This regulatory framework seeks to
mitigate the environmental impact of biomedical
waste and ensure a systematic and responsible
approach to its management across the nation.
Pharmaceutical waste management in India faces
challenges related to improper disposal, lack of
awareness, and inadequate regulatory frameworks.
Efforts are being made to establish guidelines for
safe disposal and encourage responsible practices
within the pharmaceutical industry. Increasing
awareness among healthcare professionals and the
public is crucial for effective implementation of
waste management strategies.

> Different schedules and quidelines are mentioned in table given below;-

Table:-Schedule and guidelines

Schedule 1

Schedule 2

Schedule 3

> Requlatory  Bodies  that  Oversee
Pharmaceutical Waste Management:
1. Environmental Protection Agency (EPA)

Treatment and disposal of biomedical waste.

Generated waste is segregated into different
containers or bags.

Containers are labelled.

2. Department of Transportation (DOT)
3. Drug Enforcement Administration (DEA)
4. Occupational Safety and Health Administration
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(OSHA)

5. State Environmental Agencies,

6. State Pharmacy Boards, and

7. Local Publicly Owned Treatment Works
(POTW)

Minimizing Pharmaceutical Waste
While developing your pharmaceutical

waste management program, it’s important to
recognize constraints in substituting less hazardous
drugs due to the therapeutic effects of the
chemicals. Nevertheless, focusing on waste
reduction can help mitigate compliance challenges,
reduce costs, and minimize risks. Explore the
following section for various opportunities in waste
minimization.
1. Incorporating Lifecycle Impacts into the
Purchasing Process
2. Optimizing the Utilization of Opened
Chemotherapy Vials
3. Enforcing a Samples Policy
4. Properly Labeling Drugs for Home Use
5. Prudently Priming and Flushing IV Lines with
Saline Solution
6. Assessing Container Size in Relation to Usage
7. Substituting Prepackaged Unit Dose Liquids
with Patient-Specific Oral Syringes
8. Managing Controlled Substances
9. Ensuring Safe Delivery of Chemotherapy Drugs
10. Regularly Monitoring Expiry Dates on
Emergency Syringes
11. Fine-tuning Inventory Controls to Minimize
Outdated Products
12. Exploring Management Options
13. Preparing for Implementation

- Identifying Satellite Accumulation Areas

- Assessing Storage Accumulation Areas

- Initiating a Pilot Program

I11. CONCLUSION:-

Pharmaceutical and biomedical waste pose
hazards to human and animal health, as well as the
environment. Managing this waste is a challenge
for medical personnel, recycling industries,
government administrations, policy planners, and
quality assurance teams. Both governmental and
non-governmental  organizations are actively
addressing this issue, creating provisions for proper
waste disposal. Continuous development of new
classifications and effective techniques for medical
waste removal is crucial to reduce management
costs.  Healthcare  professionals,  including
physicians, pharmacists, and nurses, play a role in

waste disposal, and collaboration between
government, NGOs, and the public is essential to
alleviate the environmental impact of unused and
expired drugs. Overall, proper waste management
is vital for ensuring the safety of both health and
the environment.
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