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Foreword

Pharmaceuticals are an important element of medical and veterinary practice, with beneficial effects on
human and animal health, food production and economic welfare. Despite these many benefits,
pharmaceuticals are a concern when they are discharged into the environment.

Pharmaceutical household waste from expired or unused medicine does not only offer zero therapeutic
benefit, but contributes to environmental pollution when disposed of via improper routes. When flushed in
household drains, these medicines can enter freshwater systems. lllegal dumping and landfills present
further pathways of possible environmental leakage of medicines disposed in municipal solid waste.

The adverse environmental impacts of improper disposal of pharmaceutical household waste are threefold.
First, evidence is growing that certain pharmaceuticals affect ecosystems. Observed impacts on wildlife
include mortality, changes to physiology, behaviour or reproduction. For instance, laboratory and field tests
show that traces of oral contraceptives can cause the feminisation of fish and amphibians, and residues of
psychiatric drugs can alter fish behaviour. In addition, improper disposal of antibiotics can contribute to the
development of antimicrobial resistant bacteria. Second, unused or expired medicines present a possible
public health risk of accidental or intentional misuse and poisoning if extracted from waste bins. Third,
unused or expired medicines constitute wasted healthcare resources and economic losses. These risks
are likely to be exacerbated in the future, as pharmaceutical usage is projected to continue to increase,
due to demographic, epidemiological and lifestyle changes, such as an ageing and growing population,
the rise of chronic health conditions and the availability of inexpensive generic treatments and changes in
clinical practice.

OECD’s legal instruments provide a strong rationale for policy intervention in this area. The OECD Council
Recommendation on the Environmentally Sound Management (ESM) of Waste calls for Adherents to
implement policies and/or programmes to ensure that waste be managed in an environmentally sound and
economically efficient manner. In addition, the OECD Council Recommendation on Water calls for
Adherents to prevent, reduce and manage all sources of water pollution, in surface and ground waters and
related coastal ecosystems, while paying attention to pollutants of emerging concern. Preventing
pharmaceutical household waste and ensuring the effective collection and environmentally sound
treatment of unavoidable waste is thus an important policy objective.

This report outlines measures to reduce the amount and impact of unused or expired medicine.
Policymakers will find in this report inspiration and pragmatic support to translate ambitions into actions
that improve health and protect the environment.

MANAGEMENT OF PHARMACEUTICAL HOUSEHOLD WASTE © OECD 2022
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Executive summary

Pharmaceuticals are essential for human and animal health, but they become an environmental concern
when their residues enter the environment. Pharmaceutical pollution can occur when residues are excreted
after consumption or when unused or expired medicine is discarded improperly.

A significant share of household medicine becomes waste, and the volumes are
steadily increasing due to trends in pharmaceuticals consumption

Household medicine can become waste for numerous reasons. Non-adherence, early recovery, therapy
changes or prescription and purchasing errors can all lead to medicine remaining unused or expiring in
households. Estimates of the share of household medication becoming waste vary from 3% to as high as
50%. In France, it was estimated that households disposed of 17 600 tonnes of unused or expired medicine
in 2018, equivalent to 260 g per capita.

Demographic, epidemiological and lifestyle changes such as an ageing and growing population, the rise
of chronic health conditions, the availability of inexpensive generic treatments and changes in clinical
practice have led to increased pharmaceutical prescription and usage in OECD countries. As a
consequence, the amount of unused medicine that becomes waste is also increasing, which makes their
environmentally sound management ever more important.

Improper disposal of unused or expired medicine is widespread and results in
significant environmental contamination and public health risks

Medicines flushed via sinks and toilets enter sewage waters and risk leaking into freshwater systems.
Conventional wastewater treatment plants are not designed to remove pharmaceuticals, resulting in
emissions into waterbodies in unchanged or metabolised form. Depending on the removal efficiency of the
conventional wastewater treatment plants, some pharmaceutical residues are removed to a limited extent
and collected in the sewage sludge. These may still enter environmental systems, when sewage sludge is
applied on land for agricultural use (“landspreading”) or composting, both common practices in most OECD
countries.

Pharmaceuticals disposed of in municipal solid waste can also enter the environment. When mixed
municipal solid waste is landfilled, pharmaceutical residues risk leaching into the environment if leachate
is not collected and treated properly.

The implications of improper disposal of unused or expired medicine are threefold. First, certain
pharmaceuticals have been proven to cause adverse effects to ecosystems when entering environmental
systems, including increased mortality in aquatic species and changes to physiology, behaviour or
reproduction. The discharge of antibiotics can also lead to mutations in animals and the development of
antimicrobial resistant bacteria. Second, there is a possible public health risk of accidental or intentional
misuse and poisoning if unused medicine is extracted from public or private waste bins. Third, unused
pharmaceuticals represent wasted healthcare resources and economic losses.

MANAGEMENT OF PHARMACEUTICAL HOUSEHOLD WASTE © OECD 2022



Policy interventions aimed at preventing and collecting unused medicines, as
well as better consumer information can help to avoid and better manage
pharmaceutical household waste

Various policy interventions can be taken across the lifecycle including source-directed, user-orientated
and waste management measures, to prevent medicine waste and reduce environmental leakage.

First, prevention measures such as improved disease prevention, personalised and precision medicine or
better dimensioning of packaging sizes can help avoid pharmaceutical waste. A study in the Netherlands
estimated that approximately 40% of pharmaceutical waste through unused or expired medicines could be
prevented. Marketplaces for and redistribution of unused close-to-expiry date medicines can also improve
the matching of supply and demand and prevent wastage. Resale and re-dispensing of unused medicines
is still a niche, due to concerns regarding counterfeits, quality assurance and consequent legal restraints,
but a number of initiatives exist.

Nevertheless, fully eliminating unused medicines is difficult. For instance, some patients may recover more
rapidly than foreseen, change their treatment or not adhere to prescribed treatments. Patients may also
preventively stock over-the-counter drugs, which expire before being completely utilised. Ensuring proper
collection and disposal of these unused or expired medicines is thus indispensable.

Collection and disposal of unavoidable pharmaceutical waste needs to be customised to the national
context and local challenges. Where there is a risk that medicine disposed in mixed waste can leach or be
misused, separate collection is recommended to reduce environmental and public health impacts.
Extended producer responsibility schemes have shown to be an effective approach to organise
environmentally sound separate collection and treatment. The four OECD countries with highest collection
ratios (i.e. France, Sweden, Portugal and Spain) have an extended producer responsibility scheme in place
with full and harmonised national coverage and with collection points at pharmacies. Alternative
approaches such as publicly financed take-back schemes can also be effective but do not implement the
polluter pays principle.

Finally, limited awareness of consumers about proper disposal routes and drug take-back schemes
weakens their impact in many countries. In Latvia, 60% of respondents admitted to not being aware of how
to dispose of unused or expired medicine properly. A survey conducted in the Netherlands concluded that
17.5% were unaware that liquid medicines should not be flushed. In order to increase the awareness of
citizens about proper disposal routes and/or the existence of drug take-back schemes, governments
should develop, or mandate producer responsibility organisations to set up well-focused communication
campaigns. In particular, liquids, ointments and creams tend to be discarded improperly, which highlights
that further information campaigns or behavioural nudges would be beneficial in many countries.

Additional approaches that can also lead to increased awareness and behavioural change include: special
instructions for appropriate disposal routes that appear on the outer packaging of medicinal products or in
the information leaflet, nudges such as ‘challenges’ or ‘saving accounts’ to return medication to pharmacies
or product ecolabelling to inform consumer choices. Awareness and informative tools for health
professionals can also help to strengthen environmental considerations in prescription practices and
disseminate the risk of inappropriate disposal routes among the population.

MANAGEMENT OF PHARMACEUTICAL HOUSEHOLD WASTE © OECD 2022
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Introduction

This chapter introduces the issue and provides on overview of the structure
of the report.
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Demographic, epidemiological and lifestyle changes such as an ageing population, the rise of chronic
health conditions and the availability of inexpensive generic treatments have been key drivers for increased
pharmaceutical usage in OECD countries (OECD, 20211;). About 4 000 active pharmaceutical ingredients
(APIs) are being administered worldwide in prescription medicines, over-the-counter therapeutic drugs and
veterinary drugs (Burns et al.,, 20182). Over the past two decades, per-capita consumption of lipid-
modifying agents has increased by a factor of nearly four and per-capita consumption of anti-diabetic and
anti-depressants has doubled (OECD, 20211)).

Pharmaceuticals are essential for human and animal health but become an environmental concern if their
residues enter freshwater systems. Aquatic pollution can occur when residues are excreted after
consumption or when unused or expired medicine (UEM) is discarded inappropriately. Pharmaceutical
residues are now ubiquitous in surface water, groundwater and seawater worldwide (OECD, 20193).
Pharmaceuticals have been found in 75 different countries and 771 substances have been detected in the
environment, sometimes above pollution thresholds (German Environment Agency, 2019)).

The health and environmental impacts of freshwater contamination vary strongly across the types of
pharmaceuticals. Some pharmaceuticals have an endocrine function, meaning that they affect the
hormone system. Endocrine-disrupting pharmaceuticals have been found to have adverse effects on
wildlife, even at very low concentrations. For example, steroidal hormones in contraceptive pills have been
proven to impair reproduction of exposed fish populations and psychiatric drugs were found to alter fish
behaviour (Brodin et al., 2013;5;; Nash et al., 2004). Furthermore, the discharge of antibiotics in water
bodies can be linked to the spread of pathogenic organisms that are resistant to antimicrobials, causing
an alarming public health threat worldwide (BIO Intelligence Service, 2013(7); Ferreira da Silva et al.,
2007s;; OECD, 20189)).

Unused pharmaceuticals also pose a health risk due to misuse and (un)intentional poisonings. In the US,
seven out of ten people who abuse prescription drugs get them from friends and family (Hughes et al.,
2016p107) and drug overdose has become the leading cause of accidental death in the US, before car
accidents (Trust for America’s Health, 2015(11}). According to the 2018 National Survey on Drug Use and
Health, 9.9 million US citizens misused controlled prescription drugs (SAMHSA, 2019j12)).

Additionally, UEM represents a wasted healthcare resource. Several studies estimate the costs of unused
or expired drugs to be in the order of billions of USD (Law et al., 2015p13;; Bach et al., 201614;; Trueman
et al., 2010p15)).

Various policy interventions can be taken across the lifecycle to reduce the environmental and health
impacts of UEM. Whilst waste prevention is critical, fully eliminating unused medicines is difficult. For
instance, patients may recover more rapidly than foreseen, change their treatment or not adhere to the
prescribed treatments. Patients may also preventively stock over-the-counter drugs, which expire before
being completely utilised. Proper collection and disposal of unavoidable UEM is therefore indispensable.

This report reviews pharmaceutical waste management systems in different OECD countries and is
structured as follows. Chapter 2 outlines the dominant sources and pathways of pharmaceuticals entering
the environment. Chapter 3 reviews estimated amounts and disposal practices of UEM in different OECD
countries. Chapter 4 provides an overview of the current policy landscape for pharmaceutical waste
management and reviews a selection of waste collection schemes. Chapter 5 concludes the analysis with
policy recommendations and considerations.
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Z Sources and entry-pathways of
pharmaceuticals into the
environment

This chapter describes the major sources and entry-pathways of
pharmaceuticals into the environment and the environmental implications.
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1.1. Sources

Pharmaceuticals and their metabolites can enter the environment during production, consumption and
disposal (Kimmerer, 2009p16;; Lapworth et al., 2012[17;). The following are the key sources.

2.1.1. Households

Excreted pharmaceuticals after consumption make up the largest source of household emissions. Between
30-90% of the oral doses of pharmaceuticals are generally excreted either as original compound or as
metabolite. Creams and ointments washed off skin may also end up in wastewater (BIO Intelligence
Service, 20137).

Medicine that expires or remains unused is a significant waste stream and when disposed of improperly
can also contribute to household emissions. An estimated 3-50% of pharmaceuticals become waste
(Chapter 3, Section 3.1). Unused or expired medicines that are disposed of via bathroom sinks and toilets
is one source of UEM emission to wastewater. Disposal of UEM via municipal solid waste destined for final
disposal in landfills can also lead to leaching of pharmaceutical residues over time, if this leachate is not
captured and treated appropriately (Masoner et al., 20141g)).

Box 2.1. Definition of household disposal and final disposal

Literature and legislation use the term “disposal” for two different practices, at different parts of the
waste value chain:

e Household disposal refers to the disposal practices of unused or expired drugs by
consumers and households (e.g. flushing, household bin, return to collection points,
dumping)

e Final disposal refers to the treatment practices of municipal solid waste in a given country
(e.g. landfilling or incineration of collected UEM)

Household . .
UEM disposal practices UEM collected Final disposal
accumulating in (e.g. return to collection and transported (e.g. incineration,

households

points, household bin, landfilling)

flushing, fly-tipping)

2.1.2. Hospitals

Hospitals, healthcare services and long-term care facilities are point sources of pharmaceutical substances
going into the sewage network. Whilst the pharmaceutical loading of their wastewater is high, their
contribution to the overall pharmaceutical contamination of wastewater varies per type of medicine.
According to studies in Sweden and Norway, contributions lie around 1-3% for most pharmaceuticals, as
much medication prescribed in hospitals is consumed at home and advanced care increasingly takes place
in private homes (Thomas et al., 200719;; Larsson and L&6f, 20161207)." Another study estimates the
contribution of hospitals to the environmental load in the EU at about 10% (Kimmerer and Hempel,
2010p1)). In Denmark’s Copenhagen region, an estimated 24% of the total antibiotic load originates from
hospitals. For hospital specific substances such as cytostatic or endocrine medicines or contrast media,
the contribution can be higher (BIO Intelligence Service, 20137)).
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2.1.3. Pharmaceutical production

Industrial chemical residues from manufacturing APIs and pharmaceuticals can enter the water cycle
through direct discharge (i.e. industrial wastewater) and indirect discharge (in case of leakage). Globally,
this source is considered low compared to the amount excreted by patients, but local hot spots can exist.

2.1.4. Veterinary pharmaceuticals

Pharmaceuticals for veterinary use, aquaculture and agriculture present an important source of
pharmaceuticals entering the environment. Similar to human consumption, 30-90% of the pharmaceutical
consumed by animals is excreted as original compound or metabolite in animal faeces. Veterinary
pharmaceuticals in aquaculture directly enter waterbodies, whereas the common reuse of livestock manure
leads to entry pathways into the soil, surface water and groundwater.?

Figure 2.1. Main sources and pathways of human pharmaceutical residues to the environment
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2.2. Entry pathways
The key entry pathways into freshwater and terrestrial ecosystems are the following.

2.2.1. Wastewater treatment plants (WWTP)

Conventional WWTPs are not designed to remove all pharmaceuticals, resulting in emissions into
waterbodies or land in unchanged or metabolised form, if refined water is reused for agriculture (Box 2.2)
(Behera et al., 201122;; Hollender et al., 200923); Melvin and Leusch, 201624); OECD, 20193)).

Box 2.2. End-of-pipe treatment for removal of pharmaceuticals and its limitations

The degree of pharmaceutical removal in WWTP highly varies depending on the physico-chemical
properties of the APIs and the treatment process. Advanced wastewater treatment processes, such as
adsorption (powered or granular) via activated carbon, ozonation, filtration by nanofiltration or reverse
osmosis membranes, have been demonstrated to effectively remove most pharmaceuticals. These can
achieve higher removal rates for pharmaceuticals in comparison to conventional secondary wastewater
treatment (activated sludge processes, or other forms of biological treatment such as biofiltration).

However, advanced treatment technologies are generally more cost-intensive than traditional
technologies and increase treatment costs by a factor of two to four, depending on technology and
WWTP size (Bui et al., 2016p25;). Consequently, these technologies are not so commonly used for public
WWTPs, though some countries have decided to upgrade some of their facilities. For instance,
Switzerland implemented advanced wastewater treatment on a large scale using ozonation and
granulated activated carbon technologies.

Decentralised point-source effluent management from hospitals, healthcare facilities, elderly homes
and pharmaceutical manufacturing sites may be another route for end-of-pipe treatment. The high
concentration of medicines, contrast media, cytostatics, antimicrobial resistant bacteria and pathogens?
in hospital discharges may provide a case for emission capture and treatment at source. Currently,
legislation rarely holds hospitals accountable for non-clinical wastewater discharges and excreted
pharmaceuticals. Nonetheless, several newly built hospitals, for instance in the Netherlands, installed
on-site treatment facilities on voluntary basis (Dutch Waste Sector, 20182¢)). Trials and pilot projects
are also underway in Germany, Ireland and Switzerland (EurEau, 2019p27).

Waste streams from pharmaceutical production facilities form another possible point-source of API
emissions.* In most OECD countries, this source is under regulatory scrutiny and proper end-of-pipe
treatment facilities are in place. However, in less developed countries, where appropriate regulatory
frameworks are less defined or insufficiently enforced, this may pose a serious source of contamination
that requires policy attention.

Some pharmaceuticals contained in wastewater are likely to be filtered out by WWTPs and collected in the
sewage sludge. Where sewage sludge is applied on land for agricultural use (“landspreading”) or used in
compost, pharmaceutical residues may still enter environmental systems. Landspreading and composting
are common practice in most OECD countries (Figure 2.2).
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Figure 2.2. Method of sewage sludge disposal in selected OECD countries
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Combined sewer systems that collect rainwater runoff, domestic sewage and industrial wastewater in the
same pipe pose a particular threat. These systems are designed to overflow occasionally and discharge
excess wastewater directly into nearby streams or other water bodies. In the event of strong rainfall,
combined sewer overflows lead to direct discharge of untreated human and industrial wastewater in water
bodies. Additionally, in areas where households are not connected to a sewage system, pharmaceutical
residues can enter the environment through discharge of wastewater from septic tanks.

2.2.2. Landfilled municipal solid waste

In OECD countries, landfill rates vary from around 90% in some countries to close to 0% in others
(Figure 2.3). In occasions where mixed MSW is landfilled, pharmaceutical residues risk leaching into
environmental systems if leachate is not collected and treated properly. Several studies found residues of
pharmaceuticals and their metabolites in landfill leachate across the United States (Masoner et al., 20141s;;
Masoner et al., 2015 29); Clarke et al., 20150]), Shanghai (Sui et al., 201731) and Taiwan (Lu et al,,
2016y32)). Collected landfill leachate is commonly discharged to WWTPs for treatment, where it was also
proven to contribute to the loading of wastewater influents (Masoner et al., 2020(33)).

Proper management of landfill leachate is critical to avoid dispersion of pharmaceutical residues. Globally,
dumpsites without proper infrastructure to manage leachate remain an important mode of MSW final
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disposal. Clearly, such practices create a significant risk of pharmaceutical residues entering
environmental systems (World Bank, 201834)).

Figure 2.3. Municipal waste fate in OECD countries
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2.3. Effects of pharmaceuticals in the environment

The vast majority of pharmaceuticals have not yet been evaluated for their long-term toxicity, occurrence
or fate in the environment. Nevertheless, certain pharmaceuticals have been proven to cause undesired
adverse effects on ecosystems, including increased mortality in aquatic species and changes to
physiology, behaviour or reproduction® (Table 2.1). For example, antidepressants have been shown to
alter fish behaviour; and contraceptive endocrine disrupting pharmaceuticals can interfere with fish
reproduction (BIO Intelligence Service, 20137;; Santos et al., 2010535;; Nash et al., 2004). The German
Environment Agency (UBA) estimates that 10% of the pharmaceutical products pose a potential
environmental risk. Of greatest concern are hormones, antibiotics, analgesics, antidepressants and
anticancer pharmaceuticals used for human health. Similar concerns apply for hormones, antibiotics and
parasiticides used for veterinary pharmaceuticals (Kuster and Adler, 20143¢]). The overuse and discharge
of antibiotics to water bodies can also lead to mutations in animals and the development of antimicrobial
resistant bacteria, posing severe risks to global health, livelihoods and food security.

MANAGEMENT OF PHARMACEUTICAL HOUSEHOLD WASTE © OECD 2022



18 |

Table 2.1. Examples of measured effects of certain pharmaceutical residues on aquatic organisms

in laboratory studies

Therapeutic Examples of Impact and effected organisms Examples of studies
group pharmaceutical
8;9;;” damage, reduced hatching SUCCSS ey nd et al., 2017;s7) (Mathias et al., 20185)
Xia, Zh d Zhou, 2017
Analgesics Diclofenac, Ibuprofen Genotoxicity, neurotoxicity and oxidative (Mla’ Ieng an | 23 1” 6 )
tress (mollusc) (Mezzelani et al., 140))
s (Efosa et al., 2017u1)
Disruption with hormones (frog) v e
Reduced growth (environmental bacteria,
L ) ) (Roose-Amsaleg and Laverman, 20162 (Guo,
Antibiotics algae and aquatic plants) Boxall and Selby, 20155) (Brain et al., 2008ias)
Cyclophosphamide?, (Cesen et al., 2016ys)) (Zounkova et al.,
Anti-cancer mitomycin C, fluorouracil, Ecotoxicity, genotoxicity 200746
cisplatin, doxorubicin (Araujo et al., 2019u7) (EC, 2016pus)
Antidiabetics Metformin Potential endocrine-disrupting effects (fish) (Niemuth et al., 2015p9; Crago et al., 2016ys0])2
Anti- Carbamazepine, Reproduction toxicity (invertebrates),

convulsants phenytoin, valproic acid

Antifungals Ketoconazole, clotrimazole
triclosan
Hydroxyzine,
Antihistamines fexofenadine,
diphenhydramine
Antiparasitics Ivermectin
Beta blockers Propranolol

Endocrine
active E2, EE2, levonorgestrel
pharmaceuticals

Fluoxetine, sertraline,
Psychiatric dugs = oxazepam, citalopram,

chlorpromazine

development delay (fish)

Reduced growth (algae, fish), reduced algae
community growth, disruption of hormones
(rats)

Behaviour changes, growth and feeding rate
(fish)

Behaviour changes and reproduction toxicity
(invertebrates)

Growth and reduced reproduction
(invertebrates)

Reproduction behaviour (fish), reproduction
toxicity (invertebrates)

Disruption with hormones causing
reproduction toxicity (fish, frogs)

Behaviour changes - feeding, boldness,
activity, sociality (fish)

Disruption with hormones (fish)

Behaviour changes - swimming and cryptic
(invertebrates)

Reproduction toxicity and disruption with
hormones (invertebrates)

(Martinez et al., 2018ys1j; Ferrari et al., 2003;52))

(Vestel et al., 2016ys3)) (Porsbring et al., 200954))
(Stoker, Gibson and Zorrilla, 2010;s5)

(Berninger et al., 2011se)) (Kristofco et al.,
2016557)
(Jonsson et al., 2014;ss;; Meinertz et al., 20109))

(Garric et al., 2007js07)

(Giltrow et al., 2009p1)) (de Oliveira et al.,
20162)

(Kidd et al., 2007s3)) (Kvarnryd et al., 2011e4))
(Gyllenhammar et al., 2009s)) (Armstrong
etal., 20166))

(Moore et al., 2016;57]) (Nelles, Hu and Prins,
2011j68)

(Brodin et al., 2014e9;; Brodin et al., 2013s)
(Kellner et al., 201670

(Schultz et al., 2011f71)

(De Castro-Catala et al., 2017p72)) (Di Poi et al.,
2014p3)

(Campos et al., 2016p4) (Lazzara et al.,
2012ps)

Note: 1) Transformation of Cyclophosphamide and Ifosfamide. 2) NB, Caldwell et al. (20197)) conclude the opposite; that metformin and its
transformation product guanylurea indicate no significant environmental risk.

Source: Adapted from (OECD, 2019;3)).
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§ Household disposal and collection
of unused pharmaceuticals

Improper household disposal of unused or expired medicine can contribute
to pharmaceutical leakage into the environment. This chapter reviews the
estimated amounts and disposal practices of unused or expired medicine in

OECD countries.
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3.1. Amount of pharmaceutical waste

The amount of medicine waste generated is affected by prescription and consumption practices.
Demographic, epidemiological and lifestyle changes such as an ageing and growing population, the rise
of chronic health conditions and the availability of inexpensive generic treatments and changes in clinical
practice have been key drivers for increased pharmaceutical prescription and usage in OECD countries
(OECD, 2021p1)).

The increase in the consumption of pharmaceuticals likely also increased the amount of UEM. Between
2000 and 2019, consumption of anti-hypertensive drugs in OECD countries increased by 65%, lipid-
modifying agents increased by a factor of nearly four and the use of anti-diabetic as well as anti-depressant
drugs doubled (OECD, 20211).

Pharmaceutical consumption per capita strongly varies between OECD countries. Expenditure data can
provide a rough proxy for the amount of drugs in circulation and the amount of medicine waste that may
be generated. In 2019, spending for retail pharmaceuticals averaged USD 571 per person across OECD
countries, adjusted for differences in purchasing power. Cross-country differences are marked, with
spending more than double the average in the United States, followed by Germany and Canada and lowest
in Mexico and Costa Rica (Figure 3.1).

Figure 3.1. Expenditure on retail pharmaceuticals per capita, 2019 (or nearest year)

USD PPP [ Prescription medicines Over-the-counter medicines I Total (no breakdown)
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Note: 1) Includes non-durable medical goods (e.g. first aid kits and hypodermic syringes), resulting in an overestimation of around 5-10%. 2) Only
includes private expenditure.
Source: OECD Health Statistics 2021.

There are many reasons why drugs can become waste:

e No-effect, adverse reactions and/or therapy change: Prescribed drugs prove to be unsuitable
for treatment and are consequently abandoned, or the treatment is changed.

e Non-adherence: Patients have a poor record in taking their medication.

e Recovery or deceased: Patients recover more rapidly than foreseen or decease.

e Stockpiling and/or expiring: Patients may stock pharmaceuticals for ‘just-in-case’, which leads
to medicines reaching their expiry date before being completely utilised (in particular over-the-
counter pharmaceuticals and non-prescription drugs). Stockpiling and potential expiry is not
only an issue in households but also in public buildings, hotels, marine vessels, societal
institutions, prison systems and military bases where drugs are commonly stored in case of
emergencies but only used infrequently (Ruhoy and Daughton, 200877).

e Prescription or purchasing error: Patients may be prescribed or may purchase the wrong
pharmaceuticals. Over prescribing can also lead to medicine waste.
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Estimates of the share of medication becoming waste vary from 3% to as high as 50%. According to the
European Federation of Pharmaceutical Industries and Associations (EFPIA), 3-8% of the medicinal
products sold remain unused.® In Finland, it has been estimated that 3-4% of medicines sold go unused
(by medicine price) (Finnish Pharmacy Association, 20167s)). Law et al. (201513)) assume that 42% of
dispensed medicines remain unused. In another US survey, six out of ten patients that got opioid painkillers
prescribed, report having leftover pills at home (Kennedy-Hendricks et al., 2016(79;). Bound and Voulvoulis
(2005(50]) assume 50% wastage for the United Kingdom and Musson and Townsend (2009s1)) estimate
that 11% of prescribed medicines become waste.

The volume of UEM generated is difficult to trace, but a study commissioned by the French PRO Cyclamed
estimated that households in France disposed of 17 600 tonnes of UEM or 259 g per capita in 2018 (2019s2)).
Overall, UEM amounts up to about 0.05% of overall household waste in France (Eurostat, 2020;s3;). Musson
and Townsend (2009;s1;) measured a concentration of 8.1 mg APls per kg of MSW in Orange County, Florida,
which they considered the lower bound of possible pharmaceutical contamination in MSW.

3.2. Household disposal practices and collection rates among OECD countries

Household disposal practices vary among (OECD) countries, critical drivers being the availability of drug
take-back systems and the public awareness of these systems. Whilst a share of UEM is returned to
pharmacies and collection points, disposing of UEM in solid waste bins or down household drains remains
common practice in most OECD countries. In some OECD countries, where most MSW is incinerated in
state-of-the-art facilities, disposal via solid household waste is one of the recommended disposal routes
(e.g. Germany). Disposal via the toilets and sinks, is commonly advised against.

Figure 3.2. Household disposal practices of unused or expired medicine in selected OECD countries
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Note: Year of study indicated in brackets. Some surveys included responses of storage for later use. These were excluded in this graph, which
leaves some entries <100%. “Others” includes inter alia household burning or handing to other users.

Source: Australia (Amanda J. Wheeler, Fiona Kelly, Jean Spinks, 2016s4); Ireland (Vellinga et al., 2014ss)); Israel (Barnett-ltzhaki et al.,
2016yse); Latvia (Methonen et al., 20205s7)); Korea (DSI, 2019;ss));Lithuania (Kruopiené and Dvarioniené, 2010s9)); The Netherlands (Reitsma
etal., 2013907); New Zealand (Braund, Peake and Shieffelbien, 20091)); Poland (Methonen et al., 2020j7)); Portugal (Winning Scientific
Management, 2018(s2)); Sweden (Persson, Sabelstrdm and Gunnarsson, 2009p3); UK (Bound and Voulvoulis, 2005;s0]); USA (Kennedy-
Hendricks et al., 201679)).

Sweden, Portugal and the Netherlands seem to achieve the highest shares of respondents stating to return
UEM to pharmacies or collection points (more than 50%). In addition, Cyclamed (2019s2]) estimates that
62% of all UEM are returned to pharmacies in France. In Lithuania, Israel and United Kingdom most
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participants stated to dispose UEM in household waste bins (Figure 3.2). Alnahas et al. (2020j94]) provide
a comprehensive review of the literature on household disposal practices of unused medication, where
additional results can be found for non-OECD countries.

Disposal practices differ depending on the type of medicine. Liquids tend to be more often discharged in
sinks or toilets, whereas solids (e.g. tablets and capsules) and semi-solid pharmaceuticals (e.g. creams
and ointments) tend to be more often disposed of in solid household waste (Figure 3.3). Additionally,
medicines considered to be more harmful, such as antibiotics, were more often returned to a pharmacy
than over-the-counter products (e.g. cough medicine) (Tong, Peake and Braund, 2011e5); Braund, Peake
and Shieffelbien, 200991); Paut Kusturica, Tomas and Sabo, 2016)).

Figure 3.3. Household disposal practices according to medicine type: the case of New Zealand and
Germany

Question: How do you dispose of your unused 1) Liquid medications 2) Tablets/capsules 3) Ointments/creams?
(n=452)

New Zealand (Liquid) I

0% 20% 40% 60% 80% 100%

Flush down the toilet or sink  ®Waste bin Return to pharmacy Other

Question: Do you flush medicine leftovers (unused or expired) down the toilet? (n=1 306)

Germany (Solid UEM)

Germany (Liquid UEM)

0% 20% 40% 60% 80% 100%
Yes, always Yes, often Yes, sometimes Yes, seldom Never

Source: (Braund, Peake and Shieffelbien, 2009;91); G6tz and Keil, 200797)).

In some OECD countries, home backyard burning of UEM together with other household waste also
remains occasional practice in rural areas. For instance, in a survey of Lithuanian countryside households,
50% of the respondents reported burning medication (Paut Kusturica, Tomas and Sabo, 2016g). Whilst
this practice can be considered rare in OECD countries, it may be more common in rural areas in emerging
economies. Leakage into the environment via household solid waste or the drainage are also likely to be
higher in countries with less developed waste management systems, especially if collected waste is
destined for uncontrolled dumpsites or households.
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4 Measures for minimising impacts of
unused pharmaceuticals

Various measures can be taken along the lifecycle to reduce the amount
and impact of unused or expired medicine. This chapter discusses
measures for waste prevention, effective collection and safe final disposal,
as well as the role of awareness campaigns.
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Various measures can be taken along the lifecycle to minimise impacts of unused or expired
pharmaceuticals. Table 4.1 depicts a number of policy interventions to reduce leakage, including waste
prevention, collection and safe final disposal of waste, as well as end-of-pipe wastewater treatment.

Table 4.1. Measures for minimising impact of unused or expired pharmaceuticals

Measure Description

Waste prevention Disease prevention Emission prevention through disease prevention.

Medication that is better targeted to patients’ needs can result in fewer and more
effective treatments.

Reducing packaging sizes (particularly for new drug treatments and starter

Personalised and precision medicine

Dimensioning packs) reduces risk of accumulation of unused or expired drugs in households.
Marketplace for unused A marketplace for unused close-to-expiry-date (unopened) medicines provides
pharmaceuticals better matching of supply and demand.

Collection in mixed municipal solid
waste and controlled final disposal

Separate collection: Drug take-back Take-back schemes prevent uncontrolled and improper household disposal of

Collection and safe Collection in mixed MSW and incineration in state-of-the-art incinerators.

final disposal of

waste

schemes unused or expired drugs.

Extended producer responsibility EPR puts the responsibility of the collection and end-of-life treatment of

schemes pharmaceuticals on the producer.

. . Education and information campaigns inform about optimal household disposal
Education campaigns
routes.

End-of-pipe Upgrade wastewater treatment plants Ulpgrade wastewgter treatment plants to capture emissions of excreted and
treatment discarded drugs in sewage.

4.1. Avoidance of pharmaceutical waste

Bekker et al. (2018y95)) estimate that approximately 40% of UEM generated in the Netherlands can be
prevented.” Improved disease prevention, personalised medication, precision medicine and improved
dimensioning of packaging sizes all reduce the risk of accumulation and improper disposal of unused drugs
in households. Each of these approaches, as well as possible policy measures, are discussed more
extensively in the 2019 OECD report on Pharmaceutical Residues in Freshwater (OECD, 20193)).

Marketplaces for unused close-to-expiry-date medicines provide better matching of supply and demand
and can thus prevent pharmaceutical wastage. Similarly, redistribution of unused medicines can avoid
waste and can lead to significant economic savings. Bekker et al. (20189s)) estimate that approximately
19% of UEM returned in the Netherlands would be eligible for re-dispensing.®

In most OECD countries, resale or re-dispensing of unused medicines is currently not practiced due to
concerns regarding counterfeits, quality assurance and consequent legal restraints, but a number of
initiatives exist (Box 4.1).
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Box 4.1. Examples of marketplaces of unused or close-to-expiry-date medicines in OECD
countries

PharmaSwap in the Netherlands allows certified pharmacists to sell unused/undamaged medicines
before they expire to other pharmacies who are in demand, often at reduced prices. The platform
currently connects eight hospital pharmacies, 551 community pharmacies and eight wholesalers. Since
its launch, it redistributed more than 3 500 packages and avoided procurement costs of more than
EUR 600 000 by making more efficient use of pharmaceutical stocks (PharmaSwap, 202299)).

Sirum and Prescription Promise are two US start-ups that aim to collect and redistribute unused drugs
to low-income patients and people in need. Donating patients and pharmacies can send in their unused
medicines. Others can apply for these drugs by submitting a prescription form (Prescription Promise,
2020r1005; Sirum, 2020p1017). Similarly, the catholic social service organisation Caritas in Italy holds
periodic collection events to collect unused medicines for redistribution to people in need.

In the Netherlands, a government-funded study is currently assessing the feasibility of implementing a
re-dispensing process for unused novel oral anticancer agents. The study will redistribute medication
that remains unused by oncology patients, and a first pilot includes 1 150 patients from four hospitals
(ZonMw, 20201102)).

4.2. Collection schemes and take-back systems for household pharmaceutical
waste

Separate collection systems help avoid environmental leakage caused by flushing UEM in the drainage or
by mixing UEM with solid household waste that is destined for landfill without leachate collection (Masoner
et al., 2014p1g)).

A variety of different collection schemes, take-back systems and stewardship programs are in place in
OECD countries that aim to recover and manage waste pharmaceuticals. These can differ in many ways,
including the scope of medicine waste covered, financing, collection routes, legislation and recovery
efficacies. On-site receptacles at pharmacies constitute the most common collection system. One-day
collection events or mail-back envelopes are also offered in some countries (e.g. United States). Some
programs rely only on government funding (e.g. Australia) while others are financed by contributions from
the pharmaceutical industry or from pharmacies that provide support on a voluntary basis or driven by
extended producer responsibility (EPR) legislation.

Notably, not all OECD countries have implemented separate collection schemes for UEM, either because
medicine disposal in households via mixed solid household waste is considered more cost-efficient (and
still environmentally sound) (Box 4.2), or because the collection system is not mature enough to cope with
additional small volume streams (see Annex A for a list of different collection schemes and approaches in
OECD countries).
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Box 4.2. Separate collection schemes — a necessity for environmentally sound management of
medicine waste?

The environmental necessity of separate collection of pharmaceutical waste depends largely on the
fate of mixed municipal waste (Figure 2.3). In countries where all mixed household waste is either
destined for incineration in facilities with proper air cleaning and ash treatment, or in sanitary landfills
with performant capture and treatment of the leachate, the risk for entry of active pharmaceutical
ingredients (API) in the environment is limited.

Nevertheless, even in mature waste management systems, throwing UEM in mixed household waste
could raise health concerns related to the risk of abuse by third parties accessing household bins. The
US Drug Enforcement Agency recommends to households in cases when no take-back programme is
available to mix medicines with undesirable substances, such as used coffee grounds or cat litter before
disposal in solid household waste to avoid misuse (DEA, 2020j103)).

The evaluation of environmental and health risks differs from country to country. Countries that deem
the risks sufficiently important typically introduce a separate collection scheme for unused medicine.
Other countries have decided that the limited environmental and health risks do not justify collecting
UEM separately. The overview in Annex A highlights the divergence of national policies.

In Europe, the EU List of Waste (2000/532/EC) only categorises cytotoxic and cytostatic medicines as
hazardous. Other unused medicines are not categorised as hazardous. The EU Directive 2004/27/EC,
Article 127b requires EU Member States to “ensure that appropriate collection systems are in place for
medicinal products that are unused or have expired.” (European Commission, 2004104)). It is left to
individual member states to determine whether separate collection through take back systems is
necessary to ensure appropriate disposal. Most EU countries have opted for separate collection, but
others such as Germany do not have a separate collection scheme at national level (Methonen et al.,
2020;87)).

In Germany drug return schemes are only in place in some local areas. At the national level, it is
recommended to dispose of pharmaceuticals in solid household waste, as all MSW is only landfilled
after prior thermal treatment (NaWaM, 2020;105)). This approach is accompanied with information and
awareness campaigns, informing citizens of safe household disposal routes in each region and
discouraging the flushing of UEM (UBA, 2018106)).

If separately collected, final disposal of UEM is ideally done by high temperature incineration (of at least
1 000°C), equipped with adequate flue gas cleaning, to ensure destruction or removal of the substances
of concern (Methonen et al., 20205s7;; EU JRC, 2019107;). However, some countries, where municipal solid
waste incineration is pervasive and households are instructed to dispose of UEM through mixed household
waste, consider that incineration at lower temperatures (typically 850°C or higher) is also safe. The EU
Waste Codes only classify two classes of medicines as hazardous wastes, cytostatic and cytotoxic
medicines (EWC code: 18 01 08) (European Commission, 2000¢108]). However, some EU countries go
beyond the European classification (e.g. Finland and Denmark classify all UEM as hazardous) and
consequently require high temperature incineration for a larger share of UEM (Methonen et al., 2020;s7)).

4.2.1. Voluntary collection schemes

In some countries, such as the Netherlands, drug take-back schemes are implemented in the form of
voluntary approaches. Pharmacies and the pharmaceutical industry implement these systems driven by
their corporate social responsibility commitments. Other motivating factors are pressure from consumers
or pre-empting regulatory requirements (Box 4.3).
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Box 4.3. Selected examples of voluntary drug take-back schemes

In the Netherlands, pharmacies are not legally obliged to take back leftover medicines from citizens.
However, many pharmacies voluntarily act as a collection centre on behalf of the municipalities. Once
collected, municipalities generally pick up the waste at the pharmacies and take care of its safe disposal
(KNMP, 2020;109]). Surveys indicate that a majority of the population (54%) use the return scheme and
dispose of unused medication via this channel (Reitsma et al., 201390j).

Similarly, in Finland pharmacies act as voluntary collection points. Municipalities provide waste
collection bins to pharmacies and organise further treatment. It is estimated that 60-80% of unused
medicines are returned to pharmacies by Finnish citizens (Methonen et al., 202057)).

In Poland, some municipal offices, health care centres or pharmacies voluntarily collect and dispose of
UEM in special disposal containers financed by local governments. But the availability of collection
points appears to be sparse, especially in smaller towns and rural areas (Rogowska et al., 20191107).

4.2.2. Government-funded collection schemes

In other countries, such as Australia, pharmaceutical waste collection is funded and organised by national
or local governments (Box 4.4).

Box 4.4. Selected examples of government-funded drug take-back schemes

In Australia, the National Return of Unwanted Medicines Scheme (NatRUM), established in 1999, is a
national program that collects unwanted medicine via pharmacies. While the pharmaceutical industry
is aware and supportive of the RUM project, the program is entirely financed by the Australian Health
Department. Collection rates have steadily increased and are now at around 60 tonnes per month
(32 g/capita per year) (NatRUM, 2020}111;). However, awareness and use of the scheme are still limited;
only 18% of respondents had heard of the NatRUM Project and the most common form of medicine
disposal reported by Australian consumers continues to be the household bin followed by toilets or
drains (Bettington et al., 2018112; Kelly et al., 2018113)).

In Switzerland, pharmaceutical waste is classified as hazardous waste and should not be disposed of
in normal household bins. UEM from households can be returned to the pharmacies or to designated
disposal points. The funding of these schemes differs per Canton. In some Cantons the scheme is
government-funded while in other Cantons pharmacies bear the cost, which can be passed on to the
consumer.

4.2.3. Extended producer responsibility (EPR) schemes for pharmaceutical waste

Several countries and provinces, such as France, Spain and Portugal have pursued an EPR approach to
managing household medication (Box 4.5). By obliging pharmaceutical companies to collect and destroy
unwanted pharmaceuticals that they have put on the market, EPR shifts the economic and organisational
burden of unused drugs collection and disposal from the government to the pharmaceutical industry. As a
result, EPR implements the “producer pays principle”, moving waste management costs from taxpayers to
producers. Companies can internalise these costs in the price and can, in theory, provide services more
cost-efficiently.
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EPR systems in pharmaceutical waste streams are commonly organised as collective producer
responsibility schemes (CPRs), where producers pay a contribution to a producer responsibility
organisation (PRO), which manages the collection and safe disposal of UEM (Figure 4.1).

Figure 4.1. Physical and financial flows for Collective Producer Responsibility (CPR) schemes
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Source: (OECD, 2016(114)).

Box 4.5. Selected examples of national and subnational EPR schemes for pharmaceutical waste

In France, pharmacies are obliged to collect unused medicinal products free of charge since 2007
(Legifrance, 20071115]). Since 2009, pharmaceuticals are included in the national framework for EPR.
Pharmaceutical companies finance the collection and disposal of unused drugs from households and
pharmacies act as collection points. The ministry of environment gives a six-year accreditation to a
PRO that organises the scheme. This mandate currently lies with Cyclamed (2022-27) (Legifrance,
20211116)). Because of the mandatory participation, the program has a 100% subscription rate for
pharmacies (22 000 pharmacies), pharmaceutical companies (191 companies) and pharmaceutical
wholesalers (195 agencies). According to Cyclamed, 78% of all patients participate in the scheme and
return unused medicines to collection points. In 2018, 10 827 (161 g/capita) tonnes of unused
pharmaceuticals were collected and sent for incineration with energy recovery (Cyclamed, 2019s2)).
The total cost of the collection scheme amounts to EUR 10 million and is financed by a contribution of
producers of EUR 0.0032 per medication pack excluding VAT. The amount of unused drugs
accumulating in French households has steadily decreased, from 878 g per capita in 2010 to 614 g per
capita in 2018 (CSA, 2018;117)).

Sweden has a long tradition (since 1971) of returning unused pharmaceuticals to pharmacies.
Originally, drug-return schemes were introduced by the Swedish monopoly pharmacy chain (Apoteket
AB) for health security reasons. In 2009, Sweden introduced an EPR scheme for pharmaceuticals
(SFS 2009:1031) including provisions for the take-back of left-over household pharmaceuticals.® Unlike
many other countries, the responsibility for financing and organising collection and safe disposal of
UEM lies entirely with the pharmacies. The scheme is supposed to be financed by trade margins,
though in some cases these are insufficient, and pharmacies carry the remaining costs.'® The scheme
functions well and has achieved a high public awareness. In 2020, the total amount of medicines
collected amounted to 1 400 tonnes (136 g/capita) (Swedish Pharmacy Association, 202111s;).

In Canada, pharmaceutical waste management is organised at the provincial level. The first provincial
EPR scheme was established in British Columbia in 1997 and similar programs have been developed
in Manitoba (2011), Ontario (2012) and on Prince Edward Island (2015) (Government Manitoba,
2010r1191; Government Ontario, 2014 1205; Prince Edward Island Government, 2015;121;; British Columbia,
20171122)). In the Canadian EPR systems, producers can either set up their own return program or sign
up with a PRO. In Canada, the Health Products Stewardship Association (HPSA) is the only PRO
currently managing pharmaceutical returns on behalf of pharmaceutical producers. The association is
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fully funded by brand-owners and contributions are based on market share. Retail pharmacies
commonly act as collection sites. The Association has currently over 148 member producers and close
to 5 746 retail pharmacies registered. It collected 433 tonnes of UEM in 2019 (20 g/capita) in these
provinces (HPSA, 2020;123)). In other provinces, take back is managed by voluntary programs, which
are funded by pharmacies, manufacturers or government agencies. For example, Nova Scotia’s
Medication Disposal Program is a voluntary system run by the pharmacy association (PANS, 2019124)).
In Quebec pharmacies are obliged to take back returned UEM, but no EPR regulation is in place that
secures the financing.

Similarly, the United States (US) does not have a national EPR drug take-back program, but an
increasing number of mandatory programs (EPR) can be found at the state or local level. As of 2018,
there were 25 local EPR laws in the US: 3 at state-level, 18 at county-level and 4 at city-level (New
York Department of Environmental Conservation, 2018;125)). All of these are mandatory EPR programs
and are funded by pharmaceutical manufacturers and run by MED-Project, the PRO, on behalf of
pharmaceutical companies. The United States also has a national voluntary drug take-back program.
The US Drug Enforcement Administration (DEA) organises biannual collection events, the “National
Take Back Days.” The last two events in April and October 2021, recovered 420 and 372 tonnes of
UEM (2.4 g/capita for 2021) (DEA, 2022;126]). Additionally, following a 2010 change in US federal law, !
DEA developed regulation allowing pharmacies to collect unwanted pharmaceuticals from households,
and allowing them to utilise mail-back envelopes. Where no take-back program exists, the US Food
and Drug Administration (FDA) provides guidelines on how to safely dispose drugs in household
waste'? (FDA, 2020127).

Table 4.2. Examples of pharmaceutical EPR systems in OECD countries

Country PRO Funding Collection points Additional information

An online search engine exists to find the
nearest collection point.

Pharmacies are responsible individually.
Sweden Pharmacies Pharmacies Pharmacies A loyalty program rewards customers when
medicines are returned.

An interactive online map shows the
nearest collection points.

Mexico SINGREM Pharmaceutical industry Pharmacies

Spain SIGRE Pharmaceutical industry Pharmacies

Portugal Valormed Pharmaceutical industry Pharmacies

Pharmacies and
Hungary Recyclomed Pharmaceutical industry notified collection
centres

A mobile application allows interaction with
France Cyclamed Pharmaceutical industry Pharmacies consumers and allows them to locate the
nearest collection points.

Belgium Bonusage Pharmaceutical industry Pharmacies

Note: See Annex A for a more comprehensive list of pharmaceutical waste management systems in OECD countries.

Collection rates differ among the schemes. For the countries where data was accessible, per-capita
collection rates seem to be highest in France and Sweden, followed by Portugal and Spain (blue columns
in Figure 4.2).

Pharmaceutical waste generation and collection rates also depend on the initial per-capita consumption.
The ratio of collected waste and expenditure can be used as a rough proxy to inform about the
effectiveness of different collection schemes (yellow dots in Figure 4.2)."® Sweden and France, with around
270 mg collected per USD spent, seem to be the most effective systems in collecting UEM. Portugal and
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Spain, with 200-220 mg/USD also perform relatively well. All four countries with high ratios have an EPR
system in place with full and harmonised national coverage and with collection points at pharmacies. In
Portugal, Spain and France, a producer responsibility organisation (PRO) collectively implements
responsibilities of producers and organises the pick-up and disposal of collected waste medicines as well
as the reporting, whereas in Sweden, pharmacies organise the collection individually. A share of the PRO
budget is dedicated to awareness campaigns aimed at waste prevention and better patient compliance.
Some countries (e.g. France) already witnessed a decrease in the collection rate due to waste prevention
measures such as reduced prescriptions, precision medicine and better patient compliance.

Figure 4.2. Per capita collection rates of pharmaceutical waste in selected OECD countries
[g/capita] (blue bars), compared to expenditure (yellow dots)
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Note: *Canada includes per-capita values for BC, MB, ON and PEI only. Per capita values were calculated from collection amount (nearest date)
and population data. Expenditure values are dated 2019.

Source: Australia (NatRUM, 2020(111)),Belgium (Belgian Pharmacy Association, 201612s]), Canada (HPSA, 2020123)), France (Cyclamed,
2019;821), Hungary (Recyclomed, 2019129]), Mexico (Singrem, 20181307), Portugal (VALORMED, 2020131), Slovak Republic, Spain (Survey data),
Sweden (Swedish Pharmacy Association, 202111s)), Expenditure (per capita): OECD Health Statistics 2021.

In most countries PROs are financed by contributions of pharmaceutical companies (producers) through
EPR fees. The fees are charged based on market share, but methodologies and rates differ depending on
national contexts. In countries where a per-package fee is charged and where this data was available,
these ranged from 0.14 EUR cents per package in Hungary and 0.607 EUR cents per package in Spain.
In some OECD countries additional EPR fees arise for outer packaging.
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Figure 4.3. EPR fees of producer responsibility organisations in selected OECD countries

Hungary (2019) [N 0.0025
France (2020) | 0.0032
Portugal (2019) | 0.00512

Spain (2018) | — 0.00607

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
EPR fee (EUR/package)

Source: Author own, based on questionnaires and interviews.

Assessing the efficiency and effectiveness of the systems in different countries is challenging due to the
disparate conditions. Nonetheless, some good practices for a well-functioning pharmaceutical waste
management system can be identified.

A sustainable source of funding is required to ensure the long-term operation of a scheme. Many countries
structure funding responsibility along the “producer pays principle”, in form of an EPR scheme, with
financial contributions from the pharmaceutical industry. In other cases, public entities (either municipalities
or national governments) cover the cost of collection and treatment.

The responsibility for all costs should be clearly allocated. For example, clarifying who should carry the
costs related to the role of pharmacies as collection points (dedicating commercial space, administrative
costs and possibly also costs of disposal of packaging) is needed. '

Coherence of communication and harmonisation of systems is important to achieve compliance of users
(citizens) and adherents (the industry). Since some countries manage pharmaceutical waste at the sub-
national or municipal level, the multitude of different schemes can lead to confusion. For instance, in
Canada some provinces have EPR schemes whereas others do not. In the United States a total of
23 different schemes currently exist at the state, county or city level. In the EU single market, each country
sets its own approach.

Additionally, EPR systems should foresee mechanisms to deal with the risks of online sales of medicines.
Online sales are creating free-riding opportunities as consumers are able to buy more easily from sellers
in other regions/countries that do not always respect local EPR obligations. The use of mail-order
medicines and online pharmacies (ePharmacies) has increased and the global ePharmacy market is
projected to more than triple between 2018 and 2026 (Business Fortune Insights, 2019p132). If no
appropriate legislation is in place, ePharmacies could avoid producer/retailer/distributor obligations (and
costs), whilst adding to the waste stream, undermining the financial stability of the EPR system.®

4.3. Awareness campaigns

The limited awareness of consumers about proper disposal routes and drug take-back schemes weakens
their impact on disposal practices in many countries (Box 4.6) (Paut Kusturica, Tomas and Sabo, 20169s)).
In a US survey, 45% of the respondents did not recall receiving information on proper disposal practices
(Kennedy-Hendricks et al., 201679)). In Portugal, almost half of the respondents consider the current
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dissemination to be insufficient and would like to receive more information about existing disposal options
(Winning Scientific Management, 201892)). In Latvia, 60% of respondents admitted to not being aware of
how to dispose of UEM properly (Methonen et al., 2020js7;) and a survey conducted in the Netherlands
concluded that 17.5% were unaware that liquid medicines should not be flushed (Dutch Sustainable
Pharmacy Coalition, 2020;133)).

Box 4.6. Evidence of limited awareness of existing drug-return schemes in OECD countries

In Lithuania, awareness about the legal obligation of pharmacies to act as a collection centre for UEM,
is limited and awareness campaigns are only scarcely available (Kimmerer and Hempel, 2010p21;). As
a result, citizens often dispose of medicines along with their household waste (89% in towns, 50% in
the countryside) or by flushing down the drain (8% of town residents). In the countryside open burning
of pharmaceutical waste also remains common practice (Kruopiené and Dvarioniené, 2010;s9)).

In Israel there is no mandatory legislation regarding the collection and disposal of household pharmaceutical
waste, nor are there campaigns conducted to educate citizens about the safe disposal of pharmaceutical
waste. Whilst UEM can be returned to pharmacies on a voluntary basis, only 6% of the interviewed citizens
make use of this option, probably due to limited awareness (Barnett-ltzhaki et al., 2016s)).

Information campaigns can increase the awareness and use-rate of take-back schemes (Box 4.7). When
developing effective awareness campaigns the following considerations are important:

e Target group: Identify the target group to customise the design and communication channels
of the campaign. Elderly (>65 years) are the age group with the highest rates of medicine
prescription and possibly also the age group where most drugs accumulate and/or expire.
Additionally, Cyclamed, the French PRO, identified that motivating young people is a particular
challenge as they tend to have relatively few drugs stored and visit pharmacies less frequently.

e Information gap: The reasons for a lack of participation should be analysed before designing
the awareness campaign. For instance, whereas solid pharmaceutical waste is more
commonly returned to pharmacies, liquid drugs and creams seem to be more often disposed
of via toilets and sinks (Braund, Peake and Shieffelbien, 200991)).

Box 4.7. Examples of awareness campaigns in OECD countries

The #Medsdisposal campaign is a European initiative jointly co-ordinated by several European supply
chain and healthcare organisations. The initiative aims to combat the negative impacts of mismanaged
pharmaceuticals on the environment by informing customers about disposal routes and available take
back systems in different European countries. This is complemented by media campaigns in different
languages (MedsDisposal, 2021(134)).

The DUMP (Disposal of Unwanted Medicines Properly) Campaign conducted in New Zealand has been
considered effective in educating the general public about the safe disposal of UEM. The Project is
supported by different health agencies in New Zealand (SaferX, 2017135)).

The German education campaign: “No pharmaceuticals down the toilet or sink!” is also considered a
cost-efficient and effective information campaign (UBA, 2018;10g).

Other approaches can also lead to increased awareness and behavioural change. For example: special
instructions for disposal that appear on the outer packaging of medicinal products or in the information
leaflet; nudges such as ‘challenges’ or ‘saving accounts’ to return medication to pharmacies; and product
ecolabelling to inform consumer choices (Table 4.3).
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Doctors and pharmacists have a key role in prescribing and informing the public about safe medicine
disposal practices. Therefore awareness campaigns and the availability of customised tools for health
professionals can improve the overall awareness of the population. For example, advanced practitioner
trainings and environmental classification schemes help practitioners to prescribe medication taking into
account environmental criteria. The Swedish Association of pharmaceutical industry developed such a
scheme, which so far covers around 200 APIs. There is interest to extend this initiative within the EU.

Table 4.3. Possible measures to increase awareness and induce behaviour change

Measure

Description

Example initiative

Information campaigns

Incentives for returning
medication to pharmacies

Product information
provision

Product ecolabelling

Environmental
classification schemes

Information campaigns can increase the awareness
and use-rate of take-back schemes. They can be
financed and managed by public authorities, the
private sector, NGOs or be an accompanying
requirement in the design of EPR schemes.

Incentives for returning medications to collection
points, such as refunds or other rewards to nudge
consumers to adopt appropriate disposal practices.

Special instructions for disposal that appear on the
outer packaging of medicinal products, in the patient
information leaflet or on the medication label can lead
to greater awareness and behaviour change of
consumers.

Ecolabels on the environmental impact of different
medicines and other product information systems can
inform consumer choice, selection and awareness and
assist doctors in decision making when prescribing
medication.

Similar to product ecolabelling, environmental
classification schemes allow doctors to make informed
prescription choices.

The Medsdisposal campaign, a joint initiative
between European healthcare, industry and
pharmacist’s associations, aims to provide
information on how to dispose of UEM
appropriately in different EU countries.

In Sweden most pharmacy chains offer bonus
credit points to consumers for returning UEM to
collection points.

In the EU, providing this information is
mandatory.!

In the Stockholm Region in Sweden, a ‘wise
list’ was created, which provides medication
recommendations based on scientific
documentation regarding efficacy and safety,
pharmaceutical effectiveness. This list is
distributed to doctors and made publicly
available (Janusinfro, 2022(13¢)).

The Swedish Association of pharmaceutical
industry (Lakemedelsindustriféreningens
Service AB) developed an environmental
classification scheme, which so far covers ca.
200 APIs. Pharmaceutical companies can
voluntarily enter information, which is then
made accessible online for consumers and
prescribers (FASS, 2020p137).

Note: 1) The EU Directive 2004/27/EC (Article 54;) states that “reference to any appropriate collection system in place shall appear on the outer
packaging of medicinal products or, where there is no outer packaging, on the immediate packaging”.
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5 Policy recommendations

This final chapter concludes with a set of policy recommendations on the
effective management of pharmaceutical household waste.
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Policies to address pharmaceutical waste should take a lifecycle approach, including source-directed,
user-orientated and waste management focused measures, targeting the full range of stakeholders and
using a combination of voluntary, economic and regulatory instruments.

Recommendation 1: The first priority is to prevent unused or expired medicine. A number of
approaches can help avoid the generation of pharmaceutical waste, such as improved disease
prevention, precision medicine and improved dimensioning of packaging sizes.®

Recommendation 2: Marketplaces and redistribution platforms for unused close-to-expiry-date
medicines provide better matching of supply and demand and contribute to waste prevention
and economic savings. Countries should assess possibilities for redistribution. Initiatives in the
Netherlands and the United States have highlighted the potential of these measures.

Recommendation 3: The collection of unused medication has to be customised to the national
context and local challenges. Separate collection of UEM is useful to control the impacts on
the environment and public health by:

o Lowering the risk of abuse or accidents by third parties accessing household bins to recover
UEM.

o Reducing the risk of UEM, in particular liquids, creams and ointments, being flushed down
the drain and contaminating waterways.

o Avoiding entry of active pharmaceutical ingredients (API) into the environment, via other
pathways, such as solid waste, particularly in countries, regions or municipalities where
state-of-the-art household waste incineration is not widespread.

Recommendation 4: If a separate collection system is deemed relevant, EPR schemes have
shown to be an effective approach to organise environmentally sound collection and
treatment.'” Alternative approaches such as publicly financed take-back schemes can also be
effective but do not implement the polluter pays principle.

Recommendation 5: If an EPR scheme is implemented, monitoring and prosecution of
freeriding by ePharmacies, online sales and postal deliveries should be set up in order to
maintain a level playing field for industry and to ensure long-term financing of the scheme.®

Recommendation 6: The following considerations can further support the design of separate
collection systems:

o Drug take-back should be available to consumers all year-round at convenient collection
points and free of charge to minimise transaction costs compared to other disposal routes.
Pharmacies have shown to be suitable collection points.

o Targets and regular review periods can ensure an economically efficient functioning of
producer responsibility organisations (PROs) in EPRs. For instance, the French EPR law
accredits PRO mandates in a five-year cycle.

Recommendation 7: The limited awareness of consumers about proper disposal routes and/or
the existence of drug take-back schemes induces improper household disposal. In order to
increase the awareness, governments and PROs should foresee well-focused communication
campaigns. Key elements for impactful communication are:

o Identify the target group and the optimal communication channel. Set up indicators and
benchmark to monitor the effectiveness of the campaign.

o Focus on liquid pharmaceuticals, since studies indicate that this product group is still often
discarded via the sink or toilet.

o Visible sorting instructions on the packaging contributes to the awareness about take-back
facilities.®

o Nudging is a strong tool for behavioural change. Programs such as ‘bonus points’ given by
pharmacies in Sweden motivate citizens to return UEM to pharmacies.
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Annex A. List of pharmaceutical waste management systems in OECD
countries

National drug collection

Country Legislation Collection method Funding Source
programme
) State-funded national programme Collection at community pharmacies Government (Australian Health
RUSIEE (NatRUM) (voluntary participation) Department) LR 20
- . . (Oesterreich.gv.at,
Austria Voluntary collection by pharmacies Unused r.“ed""”e shoyld be re_turned_ o Collaborative funding by Iopal 2022p13g;; Stadt Wien,
pharmacies or to public collection points governments and pharmacies 2022/139)

National EPR scheme, infrastructure Funded by pharmaceutical

Belgium and costs negotiated by region Mandatory legislation in place . yp
: industry and wholesalers

(Wallonia, Flanders, Brussels)

Canada Four provincial EPR programs Provincial legislation in place Retal pharmaues commonly act as Industry
collection sites
No legislation and drug take-back system
. in place. Recommendations to safely
Gl dispose in sealed package in household (Vargas, 2018jt40)
waste

Czech Pharmacies are required to take back  National legislation issued by the State Pharmacies Funded by the state through (State Institute For Drug
Republic unused medicine Institute of Drug Control regional authorities Control, 2007141))
Denmark Locally organised collection programs ~ Mandatory legislation in place E;ng;ﬂii;ﬂ:eggnated i) Local government (Methonen et al., 202057))

Mandatory take back collection Pharmacies finance the waste
Estonia systems via pharmacies and Waste Act, and municipal waste handling ~ Pharmacies and hazardous waste collection process, (Methonen et al., 20207)

municipal collection points

rules

collection points

municipalities partially finance
local collection
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Finland

France

Germany

Hungary

Iceland

Ireland

Israel

Italy

Japan

Korea

Latvia

Lithuania

Collection systems via pharmacies
and collection points. Municipalities
are responsible for collection,

transportation and disposal of UEM

National EPR scheme (Cyclamed)

Some voluntary take-back schemes
on local level

National EPR scheme (Recyclomed)

National level programme

Pharmacies are expected to accept
any medicines returned

National EPR scheme (Assinde)

Some voluntary take-back schemes

on local level or within businesses

National voluntary programme

Voluntary collection by pharmacies

Collection by Pharmacies

Pharmaceutical waste produced by
households is classified as hazardous
waste and must be collected separately
(Waste Act)

Article 32 of the law n°2007-248

Generally, it is recommended to dispose
pharmaceutical waste via the household
bin, as MSW is incinerated

National system for the collection and
disposal of household pharmaceuticals
since 2005 (20/2005. [VI.10])

Mandatory obligation of pharmacies to
participate in the take-back scheme

Retail Pharmacy Businesses Regulations
2008

No legislation for pharmaceutical waste in
place

Decree D.P.R. 254/2003 specifies that
expired drugs, as well as cytotoxic and
cytostatic drugs must be collected and
incinerated, financed by producers

No legislation in place

Community pharmacies are obliged to
accept UEM and send them for safe
disposal (Farmacijos istatymas nustato
2006/6/22 d. No. X 709, Official Gazette,
2006, Number: 78-3056)

Community pharmacies and municipal
collection points

Mandatory EPR-scheme, Retail
pharmacies act as collection sites

Collection bins at pharmacies and other
medicine outlets (e.g. petrol stations)

Pharmacies

Via pharmacies and take back initiatives
(DUMP - Dispose of Unused Medicine
Properly)

Pharmacies are expected to accept
medicines from the public.

Collection bins are available in
pharmacies, healthcare centres, on streets
or at hazardous waste collection sites

Voluntary take-back by some pharmacies

Pharmacies and hazardous waste
collection centres

Pharmacies

Local municipality

Industry

EPR, financed by the
pharmaceutical industry, as a
percentage of sales proportion
of the previous year

Largely by pharmacies

Government (Israeli Ministry of
Health)

Pharmaceutical industry. In
addition, some municipalities
organise their own collection
systems

Self-funded by pharmacies

Pharmacies cover costs of
collection. Government
responsible for financing
disposal.
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(Methonen et al., 2020s7])

(RiSKWa, 2016142)

(Health Care Without
Harm, 2013143))

(Pharmaceutical Society
Ireland, 2017144))

(Barnett-ltzhaki et al.,
201616))

(PGEU, 2021j145)

(Methonen et al., 2020s7))

(Methonen et al., 2020p7))
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Luxembourg

Mexico

New
Zealand

Norway

Poland

Portugal

Slovakia

Slovenia

“Superdreckskéscht”: collection
system in co-operation with
pharmacies

"SNGREM" take-back scheme in 25
out of 32 states

Voluntary programme by community
pharmacies

National drug take-back system

Voluntary collection points in some
pharmacies, otherwise municipal
offices and health care centres

National collection system (SIGREM)

Mandatory legislation in place

Compulsory take back system

Article 28 of waste prevention law
(LGPGIR - 2006) requires the
pharmaceutical industry to define and
execute a waste management plan for
UEM

Mandatory legislation for pharmacies to
receive drugs at no costs to the consumer

Act on Maintaining Municipalities Clean
and in Order of 13 September 1996, i.e.
(Journal of Laws of 2020 item 1439, as
amended)

National legislation since 2001

Decree on the management of waste
medicine (Official Gazette RS, Nos.
105/08 and 84/18 - ZIURKOE)

Waste can be returned to community
pharmacies, to mobile collection centres
from the Ministry of Environment, or to
recycling centres directly

Waste can be returned to waste collection
points or pharmacies

Pharmacies

Pharmacies are required to take back
unused medicine and hand it to the State
Institute for Drug Control, which deals with
its proper treatment and disposal.
Municipalities need to provide information
on the system

UEM can be returned to municipal
collection centres for hazardous waste,
pharmacies or during collection campaigns

Government funded treatment
facilities

Organised and financed by the
National Chamber of the
Pharmaceutical Industry
(CANIFARMA)

Pharmacies, sometimes
compensated by district health
boards

Municipalities are required to
collect UEM at least in civic
amenity sites

Funded through an EPR by the

pharmaceutical industry

Financed by the State Institute
for Drug Control

Medicine wholesaler is liable to
fund treatment of UEM

(SuperDrecksKéscht,
2020[146))

(Singrem, 2018130))

(Anthony Roberts,
2015p147))

(Helsenorge, n.d.j14¢)

(Rogowska et al.,
2019110))

(Health Care Without
Harm, 2013143))

(State institute for drug
control, 2020149))

(Official Gazzette of the
Republic of Slovenia,
2008150))
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Spain

Sweden

Switzerland

The
Netherlands

Turkey

United
States

United
Kingdom

National EPR scheme (SIGRE)

National EPR scheme (financed and
organised individually by retail
pharmacies)

Return scheme in place (depending
on Canton)

Locally organised voluntary collection
by pharmacies

Voluntary collection by pharmacies
(through CEKOOP)

25 local EPR laws in the US; 3 at
state-level, 18 at county-level and 4
at city-level

Pharmacies are obliged to take back
and sort unused medicine and return
them to National Health Services

Pharmaceutical waste shall be collected
separately

Environmental Management Act: declares
that municipalities are responsible for the
collection and processing of medical
waste

No legislation in place

The National Health Service
(Pharmaceutical and Local
Pharmaceutical Services) Regulations,
2013

Pharmacies

Mandatory EPR-scheme, retail
pharmacies commonly act as collection
sites and organise collection
independently

Pharmacies or designated disposal points

Collection points in pharmacies

Either voluntary programs by firms or
governments, or mandatory programs
through EPR

Collection in Pharmacies and through local
collection events

PRO funded by
pharmaceutical companies.

Pharmacies are considered the
“producer” in the Swedish EPR

In some Cantons the system is
government-funded, in others
pharmacies bear the cost

Municipalities generally cover
the cost of disposal, though in
19 out of 355 municipalities
(6%) pharmacies still bear the
costs

Governmental, firms or by
industry

Local government funds the
treatment process
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(SIGRE, 2018151))

(Federal Office for the
Environment, 2021152))

(KNMP, 2020(1097)

(Paut Kusturica, Tomas
and Sabo, 201619s)
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Notes

" Nevertheless, hospital effluents may play an important role in the introduction of pathogens into public
wastewaters, especially concerning multi-resistant bacteria. To date, most hospitals are not specifically
equipped with wastewater treatment infrastructure to immediately treat their highly concentrated effluent
after discharge.

2 Note that this report focuses on discharge from human pharmaceuticals. However, pharmaceuticals for
veterinary use, aquaculture and agriculture form an important source of pharmaceutical residues in the
environment and are included here for completeness.

3 Many of the antimicrobial resistant bacteria emerge in hospitals and their presence in hospital effluents
is thus disproportionate (Rizzo et al., 2013[153;; Hocquet, Muller and Bertrand, 2016154)).

4 In some countries, studies have identified high concentrations of APIs in the discharge vicinities of
pharmaceutical production facilities (LUbbert et al., 2017}155; Larsson, 201415¢)).

5 See (OECD, 2019y3) for a more detailed discussion of proven and potential environmental and health
effects of pharmaceuticals.

6 A recent report cites this value (BIO Intelligence Service, 2013[), which was initially given by a
representative of the pharmaceutical industry, during the Workshop on the presence of medicinal products
in the environment held in Brussels by BIO IS on behalf of EAHC, on 19 September 2012.

" UEM was considered preventable when 1) larger amounts of medication were prescribed than needed
for the expected duration of use; 2) excessive medication amounts were prescribed for a terminal patient;
3) a pharmacist dispensed more than the prescribed amount; 4) in case of a prescription error (e.g. wrong
strength prescribed); 5) a refill that was no longer needed was dispensed; or 6) patients had side effects
or insufficient effect of treatment at the moment of a refill, but still collected the medication.

8 In the study, returned medicines were considered eligible for re-dispensing when all of the following
criteria were met: 1) the package was unopened; 2) the package was undamaged; and 3) there was at
least 6 months between the return date and the expiry date.

9 Some pharmaceuticals, such as cytostatic and cytotoxic pharmaceuticals are classified as hazardous
waste and are not covered by the scheme. Municipalities are responsible for collection, transport and
disposal of hazardous wastes from households.

0 Based on an interview with the Swedish Pharmacy Association.
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" The 2010 “Drug Disposal Act” made it possible for public and private entities to develop secure and
convenient collection and disposal systems and encourages them to do so on a voluntary basis (US
Government, 2010157)).

2 The “FDA flush list” indicates a list of 13 active pharmaceutical ingredients that can be disposed by a
household by flushing if no drug take-back program is available. Flushing in these instances is endorsed
to limit accidental poisoning and potential exposure to children and pets. According to FDA the risk of
accidental exposure outweighs the environmental harm of flushing for all pharmaceuticals on the list (FDA,
2020r1271). The FDA maintains that the best disposal option for all pharmaceuticals, including those on the
flush list, is via drug-take-back programs.

13 Uncertainty exists about how much of the medicines bought are entering the waste stream. This indicator
thus needs to be interpreted with caution.

4 For instance, in the Netherlands, municipalities generally cover the costs of disposal for pharmacies,
though in 19 out of 355 Dutch municipalities (6%), pharmacies need to bear the costs themselves (KNMP,
2020r109)).

15 See the OECD Working Paper Extended Producer Responsibility (EPR) and the Impact of Online Sales
for more specific guidance on this topic (Hilton et al., 201915g)).

16 Each of these approaches and possible policy initiatives are discussed more extensively in the OECD
report on Pharmaceutical Residues in Freshwater (OECD, 2019y3)).

" The OECD Updated EPR Guidance for Efficient Waste Management provides more specific guidance
on designing EPR systems (OECD, 2016114)).

'8 The OECD Working Paper Extended Producer Responsibility (EPR) and the Impact of Online Sales
provides more specific guidance on this topic (Hilton et al., 201915s)).

1% |n the EU, Directive 2004/27/EC (Article 54j) states that “reference to any appropriate collection system
in place shall appear on the outer packaging of medicinal products or, where there is no outer packaging,
on the immediate packaging”.
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Management of Pharmaceutical Household Waste

LIMITING ENVIRONMENTAL IMPACTS OF UNUSED OR EXPIRED
MEDICINE

Pharmaceutical household waste from expired or unused medicine does not only offer zero therapeutic benefit,
but also contributes to environmental pollution when disposed of via improper routes. Medicines discarded

in sinks and flushed down toilets enter sewage waters and, if not filtered out, leak into aquatic systems. Disposal
of unused or expired medicines via solid household waste can also result in pharmaceutical residues entering
the environment if this waste is illegally dumped, or destined for landfills. In addition to environmental risks,
unused or expired medicine not only constitutes wasted healthcare resources, but also presents a possible
public health risk of accidental or intentional misuse and poisoning if extracted from waste bins.

Preventing pharmaceutical household waste and ensuring the effective collection and environmentally sound
treatment of unavoidable waste is thus an important policy objective. This report provides an overview

of available data on pharmaceutical consumption and disposal practices across OECD countries, reviews
existing collection schemes and provides recommendations to best prevent, collect and treat unused or expired
medicines in order to avoid their leakage into the environment.
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