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Abstract

Pharmaceutical companies’ capital, influence, and labor force well equip
them to assume responsibility for public medication disposal programs.
Government- and industry-funded campaigns for medication disposal do
work, but responsibility often falls on local health care organizations to
provide education and services. Lack of public awareness about how to
dispose of medications and the ramifications of contaminating our
natural resources and ecosystems with pharmaceuticals suggest a need
for collaboration among pharmaceutical companies, government
officials, clinicians, and patients.

The American Medical Association designates this journal-based CME activity for a maximum of 1 AMA PRA
Category 1 Credit™ available through the AMA Ed Hub™. Physicians should claim only the credit
commensurate with the extent of their participation in the activity.

Pharmaceutical Waste

Global pharmaceutical spending has risen from $887 billion in 2010 to $1.27 trillion in
2020.1 The World Health Organization defines pharmaceutical waste as expired,
unused, and contaminated drugs and vaccines.? In the United States, unused
prescription medications cost the health care industry approximately $5.4 billion per
year for adults who take one prescription medication daily.3 Moreover, disposal of
regulated medical waste, including pharmaceuticals, costs 119% more per pound than
regular trash.4

As part of a recent shift toward a more environmentally conscious culture in global
health care, reducing the environmental impact of pharmaceuticals has become
imminently important to preserving soil and water quality and maintaining ecological
balance.> National research studies have revealed the presence of pharmaceuticals in
streams throughout the United States, including medicines from the following drug
classes: antidepressants (eg, fluoxetine), antibiotics (eg, ciprofloxacin),
antihypertensives (eg, lisinopril), and analgesics (eg, acetaminophen, ibuprofen), as well
as hormone modulators (eg, estradiol-containing drugs).6.7.8.9 Globally, 631 of 713
pharmaceuticals were found in concentrations above the detection limits, 16 of which
were found to be in surface, drinking, and ground water in some countries in Africa, the
Asia-Pacific region, Eastern Europe, Latin America and the Caribbean, and Western
Europe (including North America, Australia, and New Zealand).1° Diclofenac (a
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nonsteroidal anti-inflammatory drug) was among the top 5 most detected substances in
all the regions tested.10 Previously, Diclofenac was linked to critical endangerment of 3
species of vultures after causing widespread kidney failure.11

Designating responsibility for the source and removal of waste is challenging because
there are multiple levels of waste generation throughout the life cycle of a
pharmaceutical product—starting with manufacturing and extending through clinical use
and patient excretion of active drug compounds. Minimizing pharmaceutical waste and
increasing proper disposal involve collaborative efforts among stakeholders.
Manufacturers are liable for improving packaging and procurement strategies, while
governments must provide infrastructure and legislative enforcement. Lastly, clinicians
must be more conscious when prescribing and dispensing, and patients must be more
conscious when using pharmaceuticals. Throughout the pharmaceutical life cycle, all
stakeholders have a responsibility within the scope of their expertise to reduce waste
and pollution.

Packaging

A great deal of work is currently being done to reduce health care’s plastic wastage,
which constitutes approximately 30% of all health care waste.1213 Plastics used for
medical purposes, such as inhaler actuators and bottles, are predominantly made of
polypropylene (PP), which, due to its complicated composition, is seldom recycled (eg,
less than 3% of the total PP used).14.15 Updating current recycling standards from
incineration and landfilling to methods with less environmental harm, such as fast
pyrolysis and gasification, is crucial if plastic use continues.16

Pharmaceutical packaging is a growing industry that was valued at about $89 billion in
2019.17 Pharmaceutical packaging includes plastic stock bottles, unit dose blister
packs, medication delivery devices, and intravenous bags, among other items.
Promoting the use of plastics that are more readily recycled, such as polyethylene
terephthalate or high-density polyethylene, could improve the recyclability of
pharmaceutical packaging and reduce costs through the use of recycled plastics.1819
Novel ways to recover aluminum and polyvinyl chloride from blister packages have also
been explored using techniques such as electrohydraulic fragmentation, which can
recover 88% of the aluminum used in blister packs.2° Hydrometallurgy is another
technique that can achieve 100% separation and recovery of blister pack components.2?
Given their ability to be recycled effectively, blister packs have the potential to become a
sustainable alternative to dispensing medication in plastic bottles.

The optimization of product size based on clinical use offers another approach to
reducing wasteful packaging. In 2016, cancer drugs alone accounted for $1.8 billion in
wasted medication due to leftover drugs in single-dose vials.22 Differentiating between
outpatient and inpatient package sizes can also reduce wastage. Albuterol, a short-
acting beta-2 agonist used to manage asthma exacerbations, is manufactured to deliver
up to 200 doses per inhaler.23.24 In most states, once a multidose medication has been
opened for use in an inpatient setting, it cannot be given to patients to take home at
discharge (unless it has a proper prescription label),25> and, instead, discharged patients
are given a list of medications that they must fill at an outpatient pharmacy.2¢é Therefore,
a used inhaler in an acute hospital setting can be discarded with viable doses left over.
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Disposal

Stakeholder responsibility. The cradle-to-grave approach describing the life cycle of
pharmaceutical products—resource extraction, manufacturing, transport, consumption,
and disposal—supports the idea that pharmaceutical companies be held responsible for
disposal of medications.2” One successful manufacturer-led program, GlaxoSmithKline’s
Complete the Cycle program in the United Kingdom, recovered more than 2 million
inhalers from 2011 to 2020, amounting to the equivalent of the carbon dioxide
emissions produced by 8665 cars in one year.282° The program ended with a call to
other industry leaders to follow suit in creating long-lasting change.2°

Health care professionals are also responsible for proper disposal of medications
because they play an important role in patient education. Although most clinicians lack
knowledge of recommended disposal methods and drug take-back programs,3° the
impact of environmental health on patient health is becoming a growing concern.31 By
increasing awareness of disposal services, the amount of potential medical waste can
be reduced. Pharmacists, in particular, are uniquely positioned to educate the public on
medication disposal, given their medication expertise, accessibility, and service as the
usual last point of contact for patients.32 However, there are major barriers to promotion
of disposal services at the pharmacy, including cost, training, and workflow
challenges.33:34.35,36

Although patients are major contributors to improper medication disposal due to lack of
awareness or access to disposal services, misunderstanding of expiration dates, and
medication stockpiling,3” many patients are receptive to disposal services after learning
about them.38:39 Updating patients’ prescription labels to include information such as
disposal locations is worth exploring, as it has been reported that patients are interested
in learning more about their medications.4° However, doing so would require support
from regulatory bodies, such as the US Food and Drug Administration (FDA), to ensure
consistent enactment of policy.

The government can play a significant role in promoting proper disposal and should be
held responsible for providing infrastructure for disposal, supporting public education
campaigns to create awareness of disposal programs and to reduce waste, and
enforcing environmental mandates for manufacturing. In Australia, the government-
funded Return Unwanted Medicines (RUM) Project has collected unwanted medicine
since 1998.41 Utilizing pharmacists as the major workforce, the RUM Project collected
over 704 tons of medication in 2016.41 According to a 2016 survey, more than 82% of
people previously did not know of the RUM Project, but more than 90% who were
previously unaware stated they would use RUM after learning about it.41 Environmental
drug manufacturing mandates include the waste-minimizing packaging strategies
mentioned earlier in addition to updating drug development strategies to include green
chemistry techniques.42 The Sustainable Chemistry Research and Development Act of
2019 marks an important step toward innovative drug discovery research by aiming to
minimize environmental harm from emissions and harsh solvents, creating
biodegradable active pharmaceutical ingredients (APIs), and other measures.43 Although
the bill, passed as part of the National Defense Authorization Act, is promising, its
feasibility is questionable, as the law currently does not provide any federal research
funding for sustainable chemistry research.44

Government approved disposal methods. The Environmental Protection Agency
recommends that pharmaceuticals collected via take-back programs be incinerated at
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licensed facilities, but re-collected medication is currently not regulated under current
federal hazardous waste laws.45 Incineration is considered the most effective method
for API destruction and is regarded as safe, given that emission controls are in place.46
The FDA supports household disposal methods and offers general instructions to mix
drugs with a noxious substance (eg, cat litter, coffee grounds) before disposing of them
in a sealed container with normal trash.4” However, household disposal of medications
generally exposes drugs to the environment via landfill leachate, which can contaminate
water and soil systems.48

The FDA also endorses a list of medications that are safe to be flushed down the toilet,
given their high potential for diversion and unsafe ingestion.4® Current research on APIs
on the FDA'’s “flush list” indicates that there is negligible ecological risk associated with
their release into the environment; however, it is unlikely that this method can be
supported as a long-term solution.50 Innovative at-home technologies have been
developed, such as chemical degraders, which render APIs inert, but these options
suffer from cost and accessibility limitations.51

Conclusion

Pharmaceutical disposal is an emerging concern with both economic and environmental
implications.3 Much of our understanding of the environmental impact of
pharmaceuticals has come from recent advances in analytical technologies.2! However,
the low levels of pharmaceuticals in the environment being detected can also be
attributed to overestimating the efficacy of current methods put in place to control
waste. Treating waste as “out of sight, out of mind,” allows continued waste production
that may not stop until the problem becomes irremediable. Leaching of pharmaceuticals
into the environment from manufacturing sites has impacted aquatic ecosystems and
the health of communities around the world,5253 while the accumulation of
pharmaceuticals via trash and sewer drains has also led to traceable levels of
contamination in municipal waters.54.55.56

These findings suggest an important gap in stakeholders’ knowledge of pharmaceutical
pollution and their responsibility to reduce it. Overall lack of awareness among clinicians
and patients remains a major reason why household pharmaceuticals are disposed of
inappropriately.5” Encouraging pharmacist education on proper disposal could lead
pharmacists to think more critically about pharmaceutical waste productions8 while also
empowering patients to take part in protecting their ecological communities. Patient
education can be delivered by health care professionals at any stage of care, particularly
at the stage of dispensing of medication by pharmacists, as the medication experts.5®

All stakeholders have a responsibility to reduce pharmaceutical waste. Using innovative
solutions to reduce the amount of pharmaceutical packaging predestined for landfill or
incineration is a developing area that is the responsibility of pharmaceutical
manufacturers.21 Developing a better understanding of waste patterns through
information learned from disposal programs can be used to reform product
manufacturing, prescribing, and dispensing behaviors to improve safety and health
outcomes by reducing the risks associated with polypharmacy and accidental ingestion
when there are numerous drugs in the home.60.61 Although medications are commonly
disposed of via garbage, drains, or take-back programs,®2 returning medications to the
pharmacy is medically responsible and should be the most recommended option.
Governments should support disposal of pharmaceuticals as a medical service;
manufacturers should produce pharmaceuticals with waste minimization and disposal in
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mind; and health care professionals should feel confident in their knowledge and
training to carry out their role as stewards in reducing pharmaceutical waste. Given the
accumulating evidence of pharmaceuticals’ improper disposal and unintended
contamination of ecosystems,83.64.65 jt is imperative to create collaborative solutions and
to promote pharmaceutical stewardship to contain the problem while preventative
strategies can still be effective.
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