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ABSTRACT

Our aim was to obtain information from users regarding the disposal location for unused or expired
household medications. A descriptive, cross-sectional and prospective study was conducted with 451
patients from primary health care centres in Aracatuba, SP, Brazil. The respondents answered a pre-
validated questionnaire, composed of objective questions. For data analysis, we used the chi-square
association test and chi-square with Yates’ correction, with a significance level of 5%. Age is associated
with the location chosen to dispose of medications, while receiving guidance on the correct place
modifies certain disposal habits, with 95% confidence. Most people believe that improper disposal
of medications can cause harm to the environment and to human and animal health; however, the
most common way to dispose of medications is to throw them in the household waste. Consumer
knowledge and practices regarding medication disposal need to be improved.

Keywords: Medications. Disposal. Health. Environment.

RESUMO

O objetivo é obter informagdes dos usudrios acerca do destino dado aos medicamentos domiciliares néGo
utilizados ou vencidos. Um estudo descritivo, transversal e prospectivo foi realizado com 451 pacientes
de Unidades Bdsicas de Satide em Aragatuba/SP. Os entrevistados responderam um questiondrio pré-
validado, composto por questées objetivas. Para andlise dos dados, utilizamos o teste de associagéGo
Qui-Quadrado e Qui-Quadrado com corregdo de Yates, com nivel de significdncia de 5%. A idade tem
associa¢do com o destino escolhido para o descarte do medicamento, e receber orientagcdo quanto ao
destino correto interfere em alguns hdbitos de descarte, com 95% de confianga. A maioria das pessoas
acredita que o descarte indevido de medicamentos pode causar danos ao meio ambiente e a saude
humana e animal, porém, a maneira de descarte de medicamentos mais praticada é jogar no lixo
domeéstico. O conhecimento e as prdticas dos consumidores em relagdo ao descarte de medicamentos
precisam ser aprimorados.

Palavras-chave: Medicamentos. Descarte. Saude. Meio ambiente.

1 INTRODUCTION

Patient safety is a current strategic priority for modern health, such that the elimination or reduction of
harm is a major growing global public health challenge. It requires actions that include the involvement
of patients, families and civil society organisations, in order to “reduce the number of deaths and
illnesses from hazardous chemicals and air, water and soil pollution and contamination” (WHO SDG
Target 3.9, 2021).

Unsafe storage of medications in home pharmacies increases the risk of toxicity (Kalyango et al., 2012),
suicide (Kristinsson et al., 2008), and accidental poisoning in childhood (Alghadeer et al., 2018). Home
storage of medications is usually the result of self-medication practices (Huang et al., 2019), non-
adherence to treatment (Costa et al., 2015; Faure et al., 2014; Hussain et al., 2019) and storage in
cases of need (Hussain et al., 2019). Disposing of these products through non-recommended means is
associated with soil and water contamination, and concentrations measured in these locations indicate
a high risk to aquatic organisms (Arun et al., 2020).

The way in which medications are disposed of at home has been the subject of numerous discussions in
different parts of the world, as shown by research conducted in Kuwait, Malta, Serbia, the United States
and the United Kingdom, where people expressed concerns about this issue (Kusturica et al., 2017).
However, good knowledge regarding the disposal of medications often contrasts with bad practices
(Aluko et al., 2022; Ariffin et al., 2019; JHA et al., 2021).
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Given this scenario, it is important and urgent to develop and implement public policies aimed at the
use and proper disposal of household medications, considering that the main routes used are still
household waste and sewage systems (Amoabeng et al., 2022; Ayele; Mamu, 2018; Constantino et al.,
2018; Jafarzadeh et al., 2021; Jankie et al., 2022).

User awareness and practices regarding pharmaceutical waste disposal are the structural basis of
future strategies to reduce the release of active pharmaceutical products into ecosystems (Dias-
Ferreira et al., 2016). Pharmacists and other health professionals should assume the role of educators
for medication users, addressing the health and environmental risks caused by the accumulation of
discarded medications in household waste and sewage systems (Barnett-ltzhaki et al., 2016; Bashaar
et al., 2017; Huang et al., 2019). Furthermore, those responsible for producing medications should
include specific instructions on the disposal of a specific medication on their labels and inserts (Barnett-
Itzhaki et al., 2016).

Thus, our aim was to obtain information from users of primary health care centres in a Brazilian city
concerning their knowledge and practices on the disposal of unused and/or expired medications at home.

2 METHODOLOGICAL PROCEDURES

This research was approved by the Research Ethics Committee of the School of Dentistry, Aracatuba
campus, of Sdo Paulo State University, in report no. 4,854,162.

This cross-sectional, descriptive, quantitative, prospective study was conducted with 451 adult patients
(18 or over) attended at primary health care centres (PHCCs) — 17 urban and three rural centres —in the
municipality of Aracatuba, State of Sdo Paulo, Brazil. The city has 200,124 inhabitants, according to the
last demographic census conducted in 2022 (IBGE, 2022).

The data collection instrument was adapted and modified from studies previously published by Bashaar
et al. (2017) and Wang et al. (2021). This instrument consisted of objective questions containing
independent variables such as: demographic, employment and academic information of patients,
and dependent variables such as: guidelines on the disposal of home pharmacy medications and
knowledge of reverse logistics. The following disposal options were listed: the household waste, the
sewage system, surface water, soil and return to the pharmacy. Some questions allowed only one of the
proposed alternatives to be selected, while others accepted more than one answer. The questionnaire
was reviewed by experts and pre-tested with 12 respondents. No changes were necessary, and the
pilot questionnaire was added to the sample.

We used convenience sampling, in which all patients present at the PHCCs on the days visited by the
researcher were invited to answer the questionnaire. Those under 18 years of age and those who
refused to sign a term of free informed consent were excluded. The interviews were conducted on
random days, from Monday to Friday, during the day, from July to November 2022.

For statistical analysis of the data, the association tests chi-square and chi-square with Yates’ correction

were applied, at a significance level of 5%, using Microsoft Excel version 2010 and Jamovi version
1.6.23 software.

3 RESULTS

The sample consisted of 74.3% women and 25.7% men, aged between 18 and 81 years, with an
approximate mean of 47 years and an approximate standard deviation of 14 years. With regard to the
respondents’ education, 68.3% had completed primary education, secondary education or technical
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school, followed by those who had not completed primary education (19.51%), those who attended
higher education (8.7%), and illiterate adults (3.6%).

Regarding the use of medications, we found that most of the respondents used them frequently (58.8%)
and usually purchased them both at PHCCs and at pharmacies or commercial drugstores (50.6%). With
95% confidence, we are able to affirm that age is related to the frequency of medication use; older
adults tend to consume medications more frequently than younger adults and sex and education
do not significantly alter the frequency of use. The place where the medications are purchased is
significantly associated with age, sex and education (p < 0.05). A higher percentage of 18 and 19-year-
olds (50.0%) and respondents who studied higher education (41.0%) only purchase their medications
at commercial pharmacies/drugstores. In contrast, women purchase medications at both PHCCs and
commercial pharmacies/drugstores with greater frequency (54.6%).

The majority of respondents (91.6%) do not use expired medicines and, considering a significance level
of 5%, this behaviour is similar for the different age groups, sexes and levels of education (Table 1).

Table 1 — Respondents’ profile versus habits related to medication use

Age Rarely Sometimes Always P-Value®
18 or 19 years old 12.5% 87.5% 0.0%
20 or 59 years old 14.0% 34.8% 52.2% <0.001%*.
60 years old 5.3% 10.4% 84.3%
Sex Rarely Sometimes Always P-Value*
Female 11.3% 28.7% 60.0%
0.659
Male 12.9% 31.9% 55.2%
Education Rarely Sometimes Always P-Value®
Illiterate 18.8% 12.4% 68.8%
Primary not 12.5% 22.7% 64,8%
completed
Primary completed 8.0% 30.9% 61.1%
0.290
Secondary / 12.6% 32.7% 54.7%
Technical school
Higher education 17.9% 33.3% 48.8%
Total 11.8% 29.5% 58.8%
PHCC PHCC &
Age only Pharmacy only pharmacy P Value?
18 or 19 years old 25.0% 50.0% 25.0%
20 to 59 years old 17.4% 33.2% 49.4% 0.040%*
60 years old or over 24.3% 20.0% 55.7%
PHCC PHCC & P
Sex only Pharmacy only pharmacy P Value
Female 17.9% 27.5% 54.6%
0.013*
Male 23.3% 37.9% 38.8%
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. PHCC PHCC & 2
Education only Pharmacy only pharmacy P Value
llliterate 37.5% 6.3% 56.3%
5::1‘;'2;2? 21.6% 13.6% 64.8%
Primary completed 23.5% 29.5% 47.0%
<0.001*
Secondary / 12.6% 39.6% 47.8%
Technical school
Higher education 18.0% 41.0% 41.0%
Total 19.3% 30.2% 50.6%
Age No Yes PValue!
18 or 19 years old 75.0% 25.0%
20 to 59 years old 93.0% 7.0% 0.085
60 years old or over 88.7% 11.3%
Sex No Yes P Value?
Female 91.6% 8.4%
0.930
Male 91.4% 8.6%
Education No Yes P Value*
Illiterate 100.0% 0.0%
Primary not 90.9% 9.1%
completed
Primary completed 92.6% 7.4%
0.715
Secondary / o o
Technical school 90.6% 9.4%
Higher education 89.7% 10.3%
Total 91.6% 8.4%

PHCC, primary health care centre.
1 Chi-square test with Yates’ correction.
2 Chi-square test.
* Significant at a level of 5%.

Source: The authors (2023).

Regarding the reasons for storing medications not being used, the main one was to take them when
necessary (97.3%). In addition to this reason, some users have medications in stock because they
stopped taking them on doctor’s orders (11.5%), stopped taking them because they chose to (8.7%), or
stockpiled expired medications (4.4%).

Most people (70.7%) dispose of medications in the household waste, a few bury them in the ground or
burn them, while none of the respondents said they throw them in streams, rivers or lakes (Table 2).
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Table 2 — Disposal location of unused medications

Throw them in the household waste 319 70.73%
Return them to the health centre 76 16.85%
Throw them down the toilet 57 12.64%
Give them to neighbours/friends/relatives 44 9.76%
Throw them in the bathroom/kitchen sink 41 9.09%
Throw them in the recyclable waste 13 2.88%
Return them to the pharmacy/drugstore 12 2.66%
Bury them in the ground 6 1.33%
Burn them 2 0.04%
Throw them in streams, rivers or lakes 0 0.00%

Source: The authors (2023).

With 95% confidence, we are able to affirm that the percentage of respondents who discard expired or
unused medicine in the household waste is higher among 18 and 19-year-olds (87.5%). In contrast, the
percentage of respondents who return expired or unused medications to a PHCC is higher among older
adults (28.7%). Only 16.9% of the respondents had returned medications to a PHCC; among these,
6.6% stated that the PHCC refused to accept the medications. We observed that 12.6% of respondents
have the habit of discarding expired or unused medicine down the toilet, and, with 95% confidence,
this practice is more common among women (14.9%) than among men (6.0%). There are also those
who have the habit of giving unused medications to neighbours, friends or relatives (9.8%) or disposing
of them in the bathroom or kitchen sink (9.1%). Respondents’ profile (age, sex and education) is not
associated with these practices, considering a significance level of 5% (Table 3).

Table 3 — Respondents’ profile versus the disposal habit of expired or unused medications

Age No Yes P Value*
18 or 19 years old 12.5% 87.5%
20 to 59 years old 25.3% 74.7% 0.002
60 years old or over 41.7% 58.3%
Sex No Yes P Value?
Female 30.7% 69.3%
0.241
Male 25.0% 75.0%
Education No Yes P Value*
Illiterate 18.7% 81.3%
Primary not 38.6% 61.4%
completed
Primary completed 28.8% 71.2%
0.223
Secondary / Technical 27.0% 73.0%
school
Higher education 23.1% 76.9%
Total 29.3% 70.7%
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Age No Yes P Value*
18 or 19 years old 100.0% 0.0%
20 to 59 years old 86.9% 13.1% <0.001*
60 years old or over 71.3% 28.7%
Sex No Yes P Value?
Female 84.8% 15.2%
0.117
Male 78.4% 21.6%
Education No Yes P Value!
Illiterate 87.5% 12.5%
Primary not 80.7% 19.3%
completed
Primary completed 80.5% 19.5%
0.659
icer(]:ggldary / Technical 85.59% 14.5%
Higher education 87.2% 12.8%
Total 83.1% 16.9%

Age No Yes P Value*
18 or 19 years old 100.0% 0.0%
20 to 59 years old 86.6% 13.4% 0.467
60 years old or over 88.7% 11.3%
Sex No Yes P Value?
Female 85.1% 14.9%
0.013*
Male 94.0% 6.0%
Education No Yes P Value*
Illiterate 93.8% 6.2%
Primary not 88.6% 11.4%
completed
Primary completed 86.6% 13.4%
0.708
:;::ggldary / Technical 85.5% 14.5%
Higher education 92.3% 7.7%
Total 87.4% 12.6%

Age No Yes P Value?
18 or 19 years old 100.0% 0.0%
20 to 59 years old 94.8% 5.2% 0.091
60 years old or over 88.4% 11.6%
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Sex No Yes P Value?
Female 89.0% 11.0%
0.117
Male 94.0% 6.0%
Education No Yes P VALUE*
Illiterate 81.3% 18.7%
Primary not 90.9% 9.1%
completed
Primary completed 91.9% 8.1%
0.704
?:ﬁggrlary/Techmcal 89.3% 10.7%
Higher education 89.7% 10.3%
Total 90.2% 9.8%
Age No Yes P Value*
18 or 19 years old 75.0% 25.0%
20 to 59 years old 91.2% 8.8% 0.287
60 years old or over 91.3% 8.7%
Sex No Yes P Value?
Female 89.6% 10.4%
0.089
Male 94.8% 5.2%
Education No Yes P Value!
Illiterate 93.8% 6.2%
Primary not 86.4% 13.6%
completed
Primary completed 89.9% 10.1%
0.159
Secondary / Technical 91.8% 8.2%
school
Higher education 100.0% 0.0%
Total 90.9% 9.1%

! Chi-square test with Yates’ correction.
2 Chi-square test.
* Significant at a level of 5%.

Source: The authors (2023).

Only 77 respondents (17.3%) had received guidance on how to dispose of expired or unused
medications. Among these, guidance came mainly from the media (55.8%), followed by pharmacists
(11.7%), community health agents (10.4%), family members or friends (10.4%), nurses (9.1%) or doctors
(2.6%). Older adults received the most guidance.

With 95% confidence, we found that among respondents who dispose of medications in the household

waste, the majority did not receive guidance on correct disposal. Among those who take medications
to a PHCC or pharmacy/drugstore, the majority received guidance (Table 4).
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Table 4 — Respondents’ habits concerning medication disposal versus having received guidance on correct disposal

Yes 89.7% 10.3%

<0.001*
No 65.9% 34.1%

Yes 87.7% 12.3%

0.284
No 82.0% 18.0%

Yes 88.6% 11.4%

0.273
No 82.1% 17.9%

Yes 92.7% 7.3%

0.076
No 81.7% 18.3%

Yes 100.0% 0.0%

0.094
No 82.2% 17.8%

Yes 30.3% 69.7%

<0.001*
No 93.3% 6.7%

Yes 25.0% 75.0%
No 84.3% 15.7% <0.001*
tOTAL 82.7% 17.3%

* Chi-square test with Yates’ correction.
2 Chi-square test.

* Significant at a level of 5%.
Source: The authors (2023).

Only 2.7% of respondents have the habit of checking information concerning the disposal of medicines
on their packaging. This practice has no significant association with an interviewee’s profile, considering
a significance level of 5%.

The majority of respondents (83.6%) believe that the improper disposal of medications can cause harm

to the environment and to human and animal health; however, 6.3% said there was no relationship,
and 11.8% were unable to form an opinion on this matter.
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4 DISCUSSION

In recent years, we have observed a technical and scientific focus on the disposal of medications in
home pharmacies due to the impacts that improper disposal can have on the environment and on the
health of people and animals. Thus, this study was conducted with users of primary health care centres
to verify their practices and knowledge regarding the disposal of these medications.

Different locations for expired and/or unused household medications were mentioned by the
respondents, mainly throwing them in the household waste, down the toilet, in the bathroom or
kitchen sink, or returning them to a health centre. Direct disposal of medications in household waste
is considered inappropriate and can have a negative impact on the lives of people, animals and the
environment, because they can be intentionally or accidentally reused by people or animals. Moreover,
if they remain as waste, they can be absorbed by the soil and dissolved in waterways, constituting
environmental contaminants. Improper disposal of pharmaceutical waste was the option indicated by
more than half of those interviewed in studies conducted in recent years in several countries: Saudi
Arabia (Al-Shareef et al., 2016), Ethiopia (Ayele; Mamu, 2018), Malaysia (Ariffin; Zakili, 2019) and
Pakistan (Shoaib et al., 2022). The option of disposing of medicines by flushing them down toilets or
kitchen and bathroom sinks contaminates watercourses and harms the development of aquatic beings
(Silva et al., 2023). Such harm can include hormonal interference in fish, genotoxicity, carcinogenicity in
laboratory animals, endocrine disruption and immunological toxicity. All these can be caused in humans
and aquatic organisms, even at concentrations as low as nanograms per litre (ng/L) (Mortensen et
al., 2014; Voloshenko-Rossin et al., 2015). Antibiotic pollution represents a major global threat, since
their metabolites in the aquatic environment are exerting a negative impact on all organisms. The easy
migration of antibiotics in drinking water causes serious microbial resistance to these drugs, which
poses an environmental risk in view of their residual release into the ecosystem (Kumar et al., 2019;
Szymanska et al., 2019).

Water and soil contamination influences the structure of the ecosystem in a vital way, and waste
management is crucial for its control. Different solid waste management strategies are used around
the world: landfills are the cheapest and the most method practiced; open dumping is also a common
practice, in which solid waste is dumped in swamps and low-lying areas (Al-Salem; Lettieri, 2009);
together with burning and incineration methods (Josep et al., 2018). The worst effect of waste disposal
on the environment can be expected in countries where landfills and open-air garbage dumps are
predominant and are not properly regulated. In both cases, the entry of pharmaceuticals into the
aqueous medium, both in surface and groundwater, is inevitable (Tong; Peake; Braund, 2011).
Unfortunately, incorrect disposal remains a reality, promotes the contamination of environmental
matrices and is often not removed by wastewater treatment plants, which leads to interference in the
balance of ecosystems (Silva et al., 2023).

There is statistical evidence that the age of the respondents impacted these decisions, with younger
adults tending to use household waste for disposal more frequently than older adults, while a
higher proportion of older adults normally dispose of these products at PHCCs. Among those who
received guidance on the correct disposal of expired and/or unused household medications, there is
a significantly higher percentage of those who do not dispose of these products in household waste,
preferring to return them to PHCCs or pharmacies. Returning expired and/or unused medicines to
health centres was one of the main options indicated by studies conducted in Poland (Rogowska et al.,
2019) and Portugal (Dias-Ferreira; Valente; Vaz, 2016).

However, the number of people who use inappropriate methods to dispose of these pharmaceutical
products remains significant. It can be assumed that a lack of guidance contributes to such practices,
since 82.7% of respondents have never received guidance, and 97.3% have never looked for information
on the medication packaging. Among those who have received guidance, a few indicated health
professionals (doctors, nurses, pharmacists and community health agents) as a source of information.
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A Brazilian study showed that only a small portion of pharmacists have the habit of always advising
customers on the proper disposal of unused and expired household medications. Moreover, consumers
rarely or never request information on this subject (Michelin et al., 2024). It can be assumed that these
professionals are not prepared to guide users. Thus, it is clear how important professional training and
continuing education programmes are to promote knowledge on the subject (Bashaar et al., 2017;
Fernandes et al., 2020). In addition to acquiring knowledge, the health team must adopt innovative ways
to provide guidance to users of health services (Alhomoud et al., 2021; Mahlaba et al., 2022). In Turkey,
a study showed that although medications are still disposed of inappropriately, respondents reported
having improved their behaviour compared with previous times following educational programmes
(Akici et al., 2018), indicating that, among other actions, interventions in people’s education can yield
positive results.

Household medications and their packaging, whether expired or unused, manufactured or compounded,
should be returned to their source through a reverse logistics process currently being implemented,
with collection points in commercial pharmacies (Brasil, 2020). Pharmacies in the public health
network receive medications independently, at no cost to the user. User education must be in line
with government programmes established for the collection of this waste and its respective collection
points, at no cost to the population, preferably based on return to the source (Sapkota et al., 2021).

In Brazil, Law no0.12.305/10, regulated by Decree no. 10.936/22, established the National Solid
Waste Policy, which provides for the objectives, instruments and guidelines related to the integrated
management and administration of solid waste, including hazardous waste, the responsibilities
of generators and the government and the applicable economic instruments. Chapter | highlights
that “in the management and administration of solid waste, the following order of priority must be
observed: non-generation, reduction, reuse, recycling, treatment of solid waste and environmentally
appropriate final disposal of waste”. Furthermore, article 33 of the law requires the organisation and
implementation of reverse logistics systems, through the return of products after use by the consumer.
This law was regulated by Decree no. 10.388/20, which establishes the reverse logistics system for
expired and unused household medications for human use, both manufactured and compounded, and
their respective packaging following disposal by consumers.

Some pharmaceutical companies and pharmacy chains have implemented medication collection
programmes, allowing consumers to return unused products, preventing them from being disposed of
inappropriately, and avoiding the harm caused to public health and the environment. According to the
Monitoring and Performance Group (Grupo de Acompanhamento e Performance), in 2023, 448,000 kg
of medications were collected at 6,294 points distributed across 648 municipalities (Brasil, 2024).

5 CONCLUSIONS

The knowledge of users of primary health care centres in Aracatuba, SP, concerning the correct ways to
dispose of expired and/or unused household medications needs to be improved, since only 17.3% of
respondents have ever received guidance, and the majority (97.3%) have never looked for information
on this subject on medication packaging. The guidance received came mainly from the media (55.8%)
rather than health professionals (33.8%) or family and friends (10.4%).

Unfortunately, the lack of knowledge is reflected in the disposal practices of these pharmaceutical
products, since a significant number of people use inappropriate methods, such as throwing them in
the household waste (70.73%), throwing them down the toilet (12.63%), or in the bathroom or kitchen
sink (9.09%), even though the majority (83.6%) believe that such practices can have negative effects on
the environment and human and animal health.
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Given this scenario, it is important that actions are taken, including educating the population on rational
consumption and the proper disposal of expired and/or unused medications, promoting environmental
education actions to create socio-environmental empathy, increasing the number of collection points
for these products and conducting health surveillance actions.
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