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Abstract

Concerns about the increasing consumption of medicines have been raised due to their contribution to waste pollution and
environmental impacts. However, limited research addresses the profile and disposal practices of household medicines,
particularly in Latin America. Therefore, this study analyzes the consumption, waste, and disposal of medicines within
households in the commune of La Serena, Chile. Primary data were gathered through a semi-structured survey administered
directly to a random sample of 430 households. The results indicate that women play a central role in managing medicines
within households, with four therapeutic groups being most frequently used in medicines and generating waste: anti-inflam-
matory/analgesics, antihypertensives, lowering cholesterol, and antidiabetics. Ninety-six% of respondents were unaware of
the collection points for this waste, and they disposed of it mainly in household garbage (78%) and sewage (13%). However,
over 70% of them considered storing or disposing of medicines in household garbage or sewage to be “dangerous or very
dangerous.” Furthermore, 97% expressed support for collection campaigns. These results indicate the need for public poli-
cies to establish collection points for this waste and to inform consumers about the responsible use and proper disposal of
medicines, particularly for women and patients with chronic illnesses.

Keywords Household medicine - Expired medication - Household medical waste - Unused medicines - Consumption of
medicines - Medicine disposal

Introduction

The spread of the pharmaceutical market and clinical guide-
lines has facilitated access to medicines in many territories.
In households, these products become waste when they are
no longer wanted, either because they are expired or unused.
This is due to the exacerbated or inappropriate acquisition
of medicines; abandonment or change of treatment in the
face of symptom relief or perception of adverse effects;
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over-prescription by physicians; or over-selling medicines,
generally due to packaging with fixed quantities that make
fractioned purchases unfeasible (Lima et al. 2022). Further-
more, the literature reveals that in several countries, house-
hold pharmaceutical waste (HPW) is commonly disposed
of in household garbage or sewage (Al-jalehawi et al. 2023;
Althagafi et al. 2022; Chung and Brooks 2019; Pereira et al.
2019; Pérez et al. 2019; Rogowska et al. 2019; Shah et al.
2023). However, current water and municipal solid waste
treatment systems do not remove many of these persistent
pharmaceutical compounds (Sandoval et al. 2024), thus
favoring their continuous and diffuse arrival to aquatic and
terrestrial ecosystems. This has led to mandatory collection
and treatment programs for these wastes in several countries
(Felipe Fernandes et al. 2023; Rogowska et al. 2019; Veiga
et al. 2023). Despite this, there is still a need for more knowl-
edge about medicine consumption and disposal in house-
holds, which is crucial information for developing suitable
strategies for HPW management and reducing their impacts.

There is extensive global evidence of the presence of
human and veterinary medicines—analgesics, hormones,
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anti-inflammatories, antibiotics, stimulants, antihyperten-
sives, among others—in surface and groundwater, drinking
water, seabed sediments, soils, and wastewater and sewage
sludge, as well as in animal organisms, which can affect
the stability of ecosystems (Adeleye et al. 2022; Gworek
et al. 2020; Pivetta and Gastaldini 2019). In Latin America,
Sandoval et al. (2024) emphasize that the main products
detected in water bodies are atrazine, acenaphthene, caffeine,
carbamazepine, ciprofloxacin, diclofenac, diuron, estrone,
losartan, sulfamethoxazole, and trimethoprim. In Chile, hor-
mones and anti-inflammatory medicines have already been
detected in surface water, groundwater, affluent, and effluent
from water treatment plants (WTP) in the country’s central
region (Arismendi et al. 2019).

The negative impacts of these pollutants on ecosystems
are multiple. Some of them are sexual anomalies in fish
(Bain 2010) and frogs (Kvarnryd et al. 2011), resistance of
pathogenic microorganisms to antibiotics, development of
cancer (Bain 2010), metabolic disorders (Pivetta and Gastal-
dini 2019), and eco-toxicological risks (Adeleye et al. 2022;
Gworek et al. 2020). These impacts can be increased in ter-
ritories where there is no systematic process for collecting
HPW at the national level, such as Chile. To our knowledge,
there are no studies on the consumption of medicines in
households and the profile of HPW in Chile. Information
regarding the country’s knowledge, management, and final
disposal of these wastes was not found. Therefore, knowing
the situation of these wastes in Chile is relevant to reducing
the local and regional information gap and contributing to
the global perception of the problem of HFW in different
socio-cultural and economic contexts.

This study aims to analyze the consumption, waste, and
disposal of medicines in households in the commune of
La Serena, Chile. This is essential for developing strategic
actions to adequately manage expired or unused household
medicines and thus reduce their environmental impacts. For
this purpose, 430 semi-structured surveys were carried out
and applied directly in the urban and rural areas of the study
area, addressing four aspects: the socioeconomic profile of
the household representative, the consumption of medicines,
the method of disposal, and the perception of consumers
concerning the HPW problem.

Our study is the first approximation of the consumption
of medicines and their waste in Chilean households. This
information supports formulating public policies or specific
strategies aimed at the responsible consumption of medi-
cines in households and the minimization, collection, and
environmentally proper disposal of HPW.
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Methods
Study area

In Chile, the regions with the highest prevalence of use of
at least one medicine (over 63%) are Coquimbo, O’Higgins,
and Metropolitana (Passi et al. 2019). In Coquimbo region,
the cities of Coquimbo and La Serena likewise concentrate
45% of the 196,821 private households (PH) in the province
of Elqui (Instituto de Salud Pudblica de Chile (ISP), 2019).
However, in contrast to the city of Coquimbo, in La Serena,
the distribution of inhabitants in urban and rural (90.8% and
9.2%) areas is close to that of the province of Elqui and the
country (87.8% and 12.2%) (INE 2019). For this reason, the
commune of La Serena is chosen as the area of study to rep-
resent the characterization of medicine consumption, man-
agement, and disposal of HPW in one of the regions with the
highest medicine consumption. La Serena has an area of 129
km? and a population of 221,054 inhabitants, which corre-
sponds to 29.2% of the 757,586 inhabitants of the Coquimbo
region and 1.2% of the national total: 17,574,003 people
(INE 2017).

Population and sample determination

In 2017, La Serena presented 87,267 PH, corresponding to
99.8% of the type of households in the commune, being the
other collective households (INE 2017). Thus, the unit of
analysis under study is the PHs. According to INE (2017),
the PH is a property destined, totally or partially, to the per-
manent or temporary habitation of one or more persons. To
be considered such, it must have independent access for its
dwellers. The concept of property does not refer to legal
ownership but rather to a geographic space with recogniz-
able boundaries.

In this context, considering the large size of the popu-
lation of interest and the importance of saving time and
resources in gathering information, we opted for a proba-
bilistic sample applied to large (over 100,000 individuals)
and finite populations, calculated by using Eq. 1 (Hernandez
Sampieri et al. 2014):

Z*Nxpxgq
n=
AN -1 +2(p * )

ey

where n corresponds to the sample size; z is the value of
the standard normal table associated with the desired 95%
confidence level (1.96); p is the maximum variability of the
population (0.5); ¢ is equivalent to the proportion of indi-
viduals who do not possess that characteristic, i.e., 1-p (0.5);
N is the size of the universe of individuals (87,267 PH); and
e corresponds to the maximum accepted error (5%) (Paut
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Table 1 Sample of PH for survey application in La Serena

PSU Quantity* PSU ratio PH pro-
portional
sample

Urban blocks 2000 90.3% 380

Rural entities 214 9.7% 41

Total 2214 100% 421

“INE Data (2017)

Kusturica et al. 2016). From the above, a sample of 382 PH
was obtained, to which 10% was added to overcome incom-
plete or invalid data, totaling 421 PH.

The sampling frame used to identify the sample elements
(the PHs) is a list and map elaborated from the microdata
of the 2017 Census (INE 2017), where there are two types
of primary sampling units (PSU): 1—the blocks in the
urban area and 2—the entities in the rural area. Accord-
ing to Herndndez Sampieri et al. (2014), in studies with a
map sampling frame, the use of clusters/conglomerates is
applied, and stratification increases the precision of the sam-
ple by considering strata or categories that are relevant in the
population. Thus, the sampling of the units of analysis was
stratified (between urban and rural areas) and by clusters/
conglomerates (proportionally to the two types of PSUs)
(Table 1).

The PSUs were selected randomly using the “randbe-
tween” function of the Excel software, which uses an inter-
nal algorithm to generate a random number between two
specified values. In the selected PSUs, all the PH were vis-
ited for interviews until a number equal to or greater than
the calculated sample was completed: 421 PH.

Data collection and analysis

To reach the objective proposed, the study has a non-
experimental methodological design and a mixed approach,
with collection and analysis of quantitative and qualitative
data, as well as their integration and combined discussion
(Hernandez Sampieri et al. 2014). Nine stages were carried
out for data collection, executed for 16 months: June/2021
to September/2022 (Fig. 1). This included from the survey’
design to the review of the data tabulation by personnel
external to the research.

The instrument used to collect data was the semi-struc-
tured interview form, developed from the literature review
on medicine consumption and HPW generation (Dias-
Ferreira et al. 2016; Ministerio de Salud de Chile [MIN-
SAL] 2011). Government reports and studies available in
the ScienceDirect and Web of Science databases were used.
The terms “household medicine waste” and “pharmaceuti-
cal waste” were used as search engines, in addition to their
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Fig. 1 Process for obtaining primary data from May 2021 to Septem-
ber 2022. T, period of the activity; D, duration of the activity; P, num-
ber of people involved

respective equivalents in Portuguese and Spanish, to broaden
the literature base on the subject in Latin America.

The interview was designed for an application time of
approximately 15 min and consists of 2 open questions and
16 closed questions, including dichotomous and multiple-
choice questions, regarding three aspects: (1) socioeco-
nomic and demographic profile of the leading household
provider; (2) use, acquisition, and storage of medicines; and
(3) generation and management of HPW. The application
of this instrument was carried out directly in households in
the commune of La Serena through face-to-face interviews
with adults (aged 18 years or older), representatives of the
households, with knowledge about the medicines used in the
household. The exclusion criterion was people with cogni-
tive limitations.

The interview form was validated by five expert judges
from medicine, pharmacy, and environment, with experi-
ence from 12 to 52 years. The purpose was to ensure that
the form measures the variables of interest and has clear,
precise, and understandable questions and answer options.
Content validity was determined using the judges’ logical-
critical analysis of each question by applying the Content
Validity Coefficient (CVC) of Hernandez-Nieto (2011). The
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evaluation of each judge was independent and voluntary and
carried out through a content validity form (FVC).

The FVC had three sections: (1) judge’s profile, for
recording first and last name, academic degree, affili-
ation, and years of experience; (2) instructions on the
judge’s degree of agreement, on a 5-point Likert scale
(1 =strongly disagree; 2 =disagree; 3 =neither agree nor
disagree; 4 = agree; 5 = strongly agree); (3) judge’s evalu-
ation regarding the adequacy (clarity, response options,
logical order) and relevance of each question and response
items, plus the need for modifications, recommendations,
and reasons for such. The validation process was carried
out for two months, with a response time of approximately
one month from the judges.

Subsequently, a pilot test was conducted on 10 partici-
pants not included in the sample of interest to evaluate reli-
ability and application conditions, detect possible flaws, and
correct the form. After obtaining the final form, the research
was submitted for approval to the Ethical-Scientific Com-
mittee of the Universidad de La Serena (CEC-ULS) as the
study is applied in homes and involves the participation of
people. The CEC-ULS analysis lasted slightly over a month.

Parallel to the analysis of the CEC-ULS, a call for vol-
unteer interviewers was made through social networks and
advertisements on the ULS installations. At this stage, 27
interviewers were selected, including undergraduate stu-
dents and researchers of the project, who participated in a
2-h training on ethical, technical, and safety aspects for the
proper conduction of the interviews.

The interviews were conducted in June and July 2022.
They were conducted in pairs, preferentially a man and a
woman, outside the homes (at the door) to reduce possible
security problems. Initially, the interviewers were presented
wearing uniforms, credentials, and a project card with a
QR code that gave access to the university’s website with
information about the project to generate confidence in the
participants. After that, the interview began with the prior
written consent of the participants.

During the interviews, it was also asked if there was
HPW in the household and, if so, if the participant wanted
to deliver it to the project for subsequent characterization
and send it to the appropriate final treatment: incineration.
The waste received was stored in plastic bags and labeled
with a code corresponding to the respective household.
This same code was used to identify the interview forms
and anonymize confidential household information dur-
ing the data tabulation stage. Thus, the tabulation does not
contain participants’ names, household numbers, or other
data that would allow their individualization. The HPW col-
lected were characterized in terms of the type of packaging,
expiration date, pharmaceutical presentation (solid, liquid,
semisolid, ampoule, and aerosol), condition of sale, number
of doses, active ingredients, and pharmacological groups,
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according to the medicine’s technical data sheet. The mass
of these residues was also determined using a PTQ-A30
electronic balance, with a capacity of 30 kg and a resolu-
tion of 0.1 g.

Two researchers recorded the information obtained in a
database for 1 month. After this, a person external to the
research verified the data to determine if there were discrep-
ancies between the electronic information and that recorded
on the physical forms, correcting them before the descriptive
statistical analysis.

Results

This section is divided into four parts, beginning with
a profile of the members of the households studied and
their demographic and socioeconomic characteristics (the
“Interviews of household representatives” section). Next, it
describes the medicines frequently used in the household,
detailing their consumption, frequent diseases, way of acqui-
sition, active ingredients, and aspects related to their storage
and monitoring (the “Medications frequently used in house-
holds” section). The HPW collected during the interviews
are also described, specifying their mass and validity, among
others (the “Household pharmaceutical waste profile” sec-
tion). Finally, knowledge of collection points, ways of dis-
carding HPW, and the consumer’s perception of possible
actions to reduce the problem of this waste is addressed (the
“Household pharmaceutical waste disposal” section).

Interviews of household representatives

A total of 640 visits were made to homes located in the
urban and rural areas of La Serena (Fig. 2) during four Sat-
urdays between June and July 2022, from 9:00 A.M. until
6:00 P.M. This considering the greater presence of people in
their homes on non-working days in Chile. Each day of visits
had a group of 7 to 10 pairs of interviewers who collectively
executed about 100 interviews per day.

During the 640 visits, 430 interviews were conducted
(67%). Thus, the participation refusal rate was 33% (Fig. 3).
As for the profile of the household representatives inter-
viewed, a large number were women (274; 63.7%) and
adults (194; 45%) aged between 46 and 65 years (Fig. 3). In
general, about four persons lived in each household (x, SD,
median: 4; 2; 4).

In terms of educational level, more than 2/3 of household
breadwinners have completed secondary school (208; 48%)
or graduate education (102; 24%). Among the current occu-
pations, slightly more than half are professionals, scientists,
and intellectuals (90; 21%), unskilled workers in sales and
services, agricultural, forestry, or construction laborers (65;
15%), other unidentified groups, such as pensioners, retirees,
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Fig.2 Location of the study area. Left—urban zone, where selected blocks include the sectors of Centro, El Olivar, Las Compaiiias, La Florida,
La Pampa, San Joaquin, and Barrio Universitario; right—rural zone, being selected El Romero, El Rosario, and Pelicana
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Fig. 3 Interviews conducted in households in the commune of La Serena, Chile, during June and July 2022. Left—number of interviews con-
ducted and rejected in urban and rural areas; right—age group and sex of household representatives interviewed

and others (53; 12%), and workers in services and trade or
market sales (43; 10%).

Medications frequently used in households

The frequent use of medications was confirmed by 92%
of the representatives of the households interviewed. Of
these, the main pharmacological groups mentioned were
anti-inflammatory medicines, antihypertensives, hormones,
and antidiabetics, totaling 84 active ingredients (Fig. 4). Of
these active ingredients, 42.3% corresponded to paraceta-
mol and non-steroidal anti-inflammatory drugs (NSAIDs),
especially ibuprofen and diclofenac. Another relevant group

was drugs for continuous use, with particular emphasis on
antidiabetic drugs (49; 11.3%) such as insulin, and those for
cardiovascular control (79; 18.2%), mainly antihypertensives
and cholesterol-lowering drugs such as losartan, metformin,
atorvastatin, and others.

The above is consistent with the most frequent diseases
that occur in households, such as general complaints (538;
54%), hypertension, and other cardiac problems (163; 20%)
(Table 2). The acquisition of medicines occurs mainly in
commercial drugstores (339; 74.2%) and the public health
system (109; 23.9%), with little influence of neighbor-
hood businesses, small market, or free fairs (6, 1.3%). The
most frequent buying condition is through prescription
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Fig.4 Main medicines (a) and therapeutic groups (b) frequently used in households in the commune of La Serena, Chile, during June and July
2022

Table 2 Diseases and medicine acquisition in the households under
study

Frequency % Table 3 Storage and monitoring of medicines in the households
under study

Common diseases

Headache 303 36.1 Frequency %
Muscle, bone, and joint ailments 235 28.0 Medicine storage
Cardiac problems 38 4.5 No 209 48.6
Hypertension 125 14.9 Yes 217 50.5
Respiratory system ailments 66 7.9 NS/NC 4 0.9
Others 72 8.6 Quantity stored

Acquisition local (usual) 1-10 158 36.7
Commercial drugstores 339 74.2 11-20 29 6.7
Public health system (clinics/hospitals) 109 239 21-40 13 3.0
Neighborhood businesses, small market, 6 1.3 +40 7 1.6

or free fairs NS/NC 7 1.6

Others ! 0.2 Blank/no information 216 502
NS/NC 2 0.4

Reason for storage
Buying condition (usual)

They are not expired 74 15.1

By prescription 265 61.6 The package had more medicines than needed 48 9.8

Over the counter 149 347 Abandoned the treatment or forgot to take 33 6.7
NS/NC 16 3.7 them

Frequency of acquisition To face any eventuality (just in case) 88 18.0

Monthly 245 57.0 Blank/no information 212 43.4

When the ailment/discomfort is present, 108 25.1 Others 34 7.0

without medical advice Controlling frequency

Only when prescribed by a physician 18 4.2 <Once a month 123 286
NS/NC 6 1.4 Every 3 months 45 10.5
Others 3 12.3 Every 6 months 32 7.4
NS/NC, do not know or no answer Once a year 27 6.3
Consumption only 127 29.5

Others 76 17.7

NS/NC, do not know or no answer
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(265; 61.6%), while about a third indicated buying over the
counter (149; 34.7%). The acquisition frequency is mainly
monthly (245; 57%) or when an ailment or malaise occurs
(108; 25%), in the latter case, without medical advice.

Table 3 shows that medicine storage occurs in only half
of the households (217; 50.5%), most of which have between
1 and 10 primary packages of medicines (158; 36.7%). The
most common reasons for storage were to deal with an even-
tuality (88; 18%), products that are not expired (74; 15.1%),
and a package that had more medicines than required (48;
9.8%), considering that, in many cases, drugstores do not
sell at the retail level (Table 3). The group “others” includes
frequent use, change of treatment, or death of the patient.

83.7% (373) of the participants affirm that they check the
expiration date of the medicines. In general, this occurs at
consumption (127; 29.5%), every month (123; 28.6%), or
every 3 months (45; 10.5%).

Household pharmaceutical waste profile

Eleven percent (49) of the interviewees reported having
HPWs at the time of the interview. Of these, 36 agreed to
give their HPWs, while 13 refused. Thirty-nine percent of

(a) 14000
12,000
10,000
8,000
6,000
4,000
2,000

12,262

4

Mass (g)

Medicines + primary packaging Secondary packaging

Content

them had these HPWs due to abandonment of treatments or
storage to face some eventuality.

The HPW received was quantified regarding its mass and
packaging units. Regarding the mass of the medicines—
including primary and secondary packaging—a total of
13,036 g of HPW was received (Fig. 5a), which had an
asymmetric distribution among households: x 395.5, SD
1188.7, median 100, min. 7.2, and max. 6831.3. Of these,
94% (12,262 g) corresponds to waste in its primary pack-
aging, while the remaining corresponds to uncontaminated
secondary packaging composed of paper or cardboard boxes.

Regarding the number of packages—such as blister packs,
bottles, ampoules, aerosols, among others—a total of 535
primary packages of medicines were received (Fig. 5b), with
asymmetric amounts of primary packages per household: x
16, SD 22, median 7, min. 1, and max. 96. It is important to
note that 41.9% of them were valid, where May/2025 was
the most extended validity date, i.e., unused medicines suit-
able for consumption. On the other hand, 57% were expired
medicines, with May/2014 being the oldest expiration date,
which indicates low monitoring or elimination of medicines
unsuitable for consumption.
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224 (41.9%) 305 (57%)
No name or
validity date
6 (1.1%)

Fig.5 Mass (a) and validity (b) of HPWs collected during interviews conducted in households of the La Serena commune, Chile, during June
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Most of the HPW received is in solid form (84%) and
is sold by prescription (77%) (Fig. 6). Medications such as
ampoules, creams, and sprays were in tiny quantities.

However, considering that the primary packages were not
always complete of medicines and that this would lead to
an extrapolation in the number of medicines, the number of
doses in each package was counted. This was applied only
for medicines in solid form, considering their representative-
ness in this study, and because small volumes of liquids—
such as eye drops, for example—generated a discrepant total
of doses when compared with those in solid form or with
liquids with larger volume doses, such as syrups.

(a) Others (80 products) 15

Thus, HPW in solid form totaled 8127 doses distributed
among 96 products, of which three pharmacological groups
prevail: (1) anti-inflammatory/corticosteroid analgesics
(3,031; 37%), such as fluticasone propionate; (2) those that
act on the cardiovascular system (1434; 17. 6%), whether
cholesterol-lowering or antihypertensive, such as atorvasta-
tin, hydrochlorothiazide, and losartan; and (3) antidiabetics
(495, 6.1%), such as metformin hydrochloride (Fig. 7). Ant-
acids were not included as a predominant group of HPW in
the households because they were from a single household,
being originated from the change of treatment of a single
patient.
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Fig.7 Active ingredients (a) and pharmacological groups (b) of
HPWs, according to solid and liquid state, collected during interviews
conducted in households of the La Serena commune, Chile, during
June and July 2022. (1) In pharmaceutical products, it was considered

Fig. 8 Disposal routes for
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Household pharmaceutical waste disposal

Ninety-six percent of those interviewed were unaware of
HPW collection points, while only 1.9% were informed that
the Red Cross receives unused medicines with current valid-
ity. HPW is mostly disposed of in household garbage (336;
78%) and sewage (56; 13%) (Fig. 8).

However, it is important to highlight that 70% of those
interviewed consider it dangerous or very dangerous to store
medicines at home and dispose of them in household gar-
bage or sewage (Table 4). According to them, this is mainly
due to risks of accidents with children who may consume
these medicines and environmental contamination.

On the other hand, 97% of the participants stated that
they would participate in campaigns to collect expired or
unused medicines. For this, they highlighted three points as
the main motivating factors: more collection points in the
city (290/629; 46%), the nearness of these points to the home
(102/629; 16%), and knowledge that HPW would be appro-
priately managed (95/629; 15%). Other options mentioned
were access to more information on the danger of disposing
of medicines in the environment, getting economic incen-
tives, exchanging one medicine for another, making dona-
tions, and disposing of HPW at enterprise collection points.

Last, we also asked about a possible personal contribution
and that of other stakeholders to minimize the MW problem.
Most of the interviewees emphasized the individual need
to receive more information and knowledge on the subject,
as well as the responsible acquisition and consumption of
medicines, avoiding excess/leftovers. Regarding the other
stakeholders, they mentioned that the national government
and municipalities should establish public policies to install
permanent medicine waste collection points and promote
information campaigns in the communities.

Discussions
Interviews of household representatives
At the end of the application of the surveys, we observed

that the refusal rate obtained in this study (33%) is lower
than in other studies with data collection through telephone

Table 4 Participants’ perceptions about the risk of storing medicines
and disposing of them in household garbage or sewage

Not dangerous Dangerous Very dangerous N.A

Risk of storage  27.2% 41.2% 29.3% 2.3%
Dump disposal  16.3% 50.2% 26.5% 7.0%
Sewage disposal 14.4% 51.4% 25.3% 8.8%

N. A., no answer

interviews or self-administered forms, such as that of Paut
Kusturica et al. (2016), which received 62% refusal of tel-
ephone interviews after contacting 1008 people in their
homes, and that of Rogowska et al. (2019), which obtained
37% of non-responses from the 1000 forms left by HPW
collection points in Poland. We believe that applying forms
through face-to-face interviews contributed to obtaining
more responses despite their higher cost and execution time.
In addition, direct interviews have the advantage of ensuring
the reliability of the information collected by training the
interviewers to solve doubts and reduce ambiguities in the
participants’ answers.

Regarding the participants’ sex, women were prevalent in
all age groups, which indicates that women’s role in man-
aging household medicines is relevant. In addition, during
the interviews, men frequently mentioned, “The woman of
the home is the one who knows/handles the medicines. I
will call her.” Morales-Rojas et al. (2023) and Veiga et al.
(2023) also highlight the above in Mexican and Portuguese
households, respectively. These last authors also associate
women with correct HPW disposal practices.

It is important to highlight that the HPW problem was
presented as a cross-cutting factor at different socioeco-
nomic levels since most interviewees have a high education
level and a diverse range of occupations. At the same time,
almost all of them (96%) lack information about HPW and
dispose of it improperly. However, considering there are no
HPW collection points in the area under study, it is essen-
tial to reevaluate this aspect in areas where HPW collection
points exist.

Consumption of medicines in households

Medicines are regularly used in almost all (92%) households
studied. Furthermore, the frequent illnesses in the house-
hold (ailments in general or chronic diseases) coincided
with the pharmacological group of medicines regularly used
(NSAIDs and those of continuous use: antihypertensives,
cholesterol-lowering medicines, and antidiabetics). These
results show a similarity between the case study area’s situ-
ation and the national one since among the active ingredients
with the highest consumption in the country are, in the first
place, paracetamol (12.4%), acetylsalicylic acid (10.7%),
losartan (10.3%), metformin (9.5%), and atorvastatin (7.6%)
(Ministerio de Salud de Chile (MINSAL), 2018). Similar
findings were observed in Ethiopia, Indonesia, China, and
Poland, where analgesics and cold medicines were the main
medicines consumed in households (Bekele et al. 2023;
Chung and Brooks 2019; Rogowska et al. 2019; Septian-
ingrum et al. 2021). These findings may be related to the
easy access to medicines, such as NSAIDs that are low cost
and sold without prescription; the increasing prevalence of
obesity in many countries, which may contribute to diseases
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such as diabetes, hypertension, and dyslipidemia; increased
accessibility of pharmaceutical therapies; and the evolution
of clinical guidelines.

The medicine providers were mostly commercial drug-
stores, medical offices, hospitals, or the public health system
network. According to MINSAL (2018), 95% of the national
population also obtains medicines from these providers. This
puts drugstores and the health system as critical stakehold-
ers in informing and raising consumer awareness about the
responsible use and handling of medicines, from the acqui-
sition process to disposal at collection points. This health
professional-supplier—consumer relationship is fundamental
to improving HPW management, considering many consum-
ers purchase medicines monthly.

Despite using medicines in almost all households, only
half of the participants claimed to stock them. Therefore, we
believe that we obtained an underreporting of medicine stor-
age, mostly of up to 10 products and motivated by preventive
purchases or leftover packaging that had a higher quantity
than required. The denied storage is probably because the
participants considered it a negative response, or they relate
the storage to a first aid box where all medicines are stored,
which is often non-existent in households. Althagafi et al.
(2022), Correia and Marcano (2016), and Shah et al. (2023)
also reported that 49% (n=1100), 17% (n=1152), and
81.6% (n=676) of their study participants claimed to store
leftover medicines at home, respectively. Morales-Rojas
et al. (2023) warn that leftover medicines can be misused
and lead to risks for people, such as self-medication and
medicine poisoning, especially in children and older peo-
ple. These risks could be reduced through the retail sale of
medicines, favoring the purchase of medicines according to
the amount required by the consumer.

The expiration date of medicines is reviewed mainly
before consumption or for up to 1 month. The prevalence
of review in short periods favors the proper management of
products, such as monitoring of storage conditions (access,
humidity, temperature, and others) (Morales-Rojas et al.
2023), preference for the consumption of products with
earlier expiration dates, and donation of unwanted medi-
cines and medicines from completed or atypical treatments
to minimize their conversion into waste. Patient education
on properly handling of medicines at home is essential in
reducing the wastage of these products and reducing pos-
sible environmental damage.

HPW profile

Almost half of the HPW collected in this study were current
medications, a large part of which originated from storage
due to the abandonment of treatments or to deal with some
emergency. This indicates the importance of greater atten-
tion from (1) health professionals and patients for the control
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and adaptation of medicine treatments; (2) consumers to
avoid self-medication and excessive purchase of medicines;
and (3) suppliers to ensure retail sales, reducing sales in
quantities greater than those required by the consumer.

In addition, it is also important to disseminate the pos-
sibility of sharing unexpired medicines with third parties or
donating them to healthcare entities, such as the Red Cross,
whenever possible. In Chile, the donation of unexpired med-
icines to health facilities is regulated by D.S. 3/10 MINSAL
(Ministerio de Salud de Chile (MINSAL), 2010). Such dona-
tion is also lawful in Mexico, where unexpired medicines
in good condition are received in penal town halls, integral
family development, and establishments for older adults
(Pérez et al. 2019). Furthermore, in general, the donation
of medicines is welcomed by consumers, an example being
the study by Ong et al. (2020), where 68% of respondents
considered it a mistake to discard unused medicines in good
condition and expressed their willingness to donate them
before they expire; half of them would also share their excess
medicines with others. Finally, it is worth emphasizing some
of the benefits of donating medicines, such as supporting
low-income people in need of medicines, reducing medi-
cine waste, and minimizing environmental impacts and acci-
dents due to improper consumption of medicines, mainly
by children.

As for the pharmacological groups of HPWs, corticos-
teroid anti-inflammatory/analgesics and those acting on the
cardiovascular system predominated. These last ones are
similar to the profile of often-used medicines in the studied
households. However, they are different from those reported
by other studies, such as those conducted in China, South
Africa, and Iraq, where analgesics and anti-influenza medi-
cines are the most common medicine waste, with paraceta-
mol standing out (Al-jalehawi et al. 2023; Chung and Brooks
2019; Magagula et al. 2022).

This group of medicines also figures as emerging contam-
inants in the study by Wilkinson et al. (2022), who measured
active pharmaceutical compounds in rivers in 104 countries,
where among those detected in all continents are over-the-
counter (OTC) medicines, such as acetaminophen/paraceta-
mol (analgesic) with the highest concentration among the
compounds, 227 pg/L. Additionally, besides Antarctica,
other contaminants also detected globally are naproxen (anti-
inflammatory), atenolol (B-blocker), cetirizine and fexofena-
dine (antihistamines), lidocaine (anesthetic), metformin and
sitagliptin (anti-hyperglycemic), and others.

HPW disposal

The lack of knowledge about HPW collection points can
be explained by the fact that there are no HPW collec-
tion programs in the study area or at the national level
since this waste is not included as a priority product in
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the Chilean Extended Producer Responsibility (EPR) Law
(Ministerio del Medio Ambiente [MMA] 2016). Nowa-
days, Felipe Fernandes et al. (2023) reveal that HPW col-
lection in Chile is voluntary and occurs on an isolated
basis in some drugstores and communes in the central
region. Other 13 studies conducted in Africa and Asia also
show that only 3 to 33% of the public knew proper disposal
methods or had received/read instructions on this waste
(Hiew and Low 2024; Shah et al. 2023).

Inadequate disposal of HPW predominates in the house-
holds under study, where the main disposal routes are
household waste and sewage. Similar results were reported
in Brazil, China, Iraq, Mexico, Pakistan, Poland, Saudi
Arabia, and Venezuela, where disposal in household gar-
bage was 54 to 81% (Al-jalehawi et al. 2023; Althagafi
et al. 2022; Chung and Brooks 2019; Correia and Marcano
2016; Pereira et al. 2019; Pérez et al. 2019; Rogowska
et al. 2019; Shah et al. 2023). The latter reveals the inad-
equate disposal of HPW as a current practice in many
countries and continents, which lack effective actions to
enhance the collection of these wastes. Additionally, stud-
ies such as Wilkinson et al. (2022) reveal the contamina-
tion by pharmaceutical compounds in rivers across 104
countries in all continents, where Pakistan, Bolivia, and
Ethiopia present higher average cumulative concentrations
of these pollutants: 70.8 pg/L, 68.9 pg/L, and 51.3 pg/L.
Thus, the problem of HPW is especially worrisome in
territories with limited regulation of these emerging
pollutants and deficient water and solid waste treatment
infrastructures, increasing the risks to the ecosystem and
human health.

Household waste and effluents in the Coquimbo region
have different management forms and most favor the disper-
sion of HPW. This region does not have a selective collec-
tion of household solid waste or HPW; in addition, most of
its final waste disposal sites are landfills (9; 90%) are opera-
tional and receive almost half of the area’s waste (188,315
tons; 44%) (Subsecretaria de Desarrollo Regional y Admin-
istrativo de Chile (SUBDERE) 2024). This indicates that
inadequate disposal of solid household waste occurs in con-
siderable quantity and is scattered throughout the territory,
favoring the dispersion and impacts of HPW on the soil and
water bodies. On the other hand, domestic effluents are sent
to submarine outfalls (29,696,342 m>; 72%) used mainly
in the coastal area, such as in the urban areas of La Serena
city, while in inland and rural areas the effluents are usually
sent to activated sludge systems (1,220,909 m>; 3%) and aer-
ated lagoons (10,313,177 m>; 25%) (Aguas del Valle 2022).
These traditional methods of domestic effluent treatment do
not effectively remove pharmaceutical residues and favor
their dispersion in natural ecosystems (Sandoval et al. 2024).
One way to reduce the input of HPW into water and waste
treatment systems is to implement collection points and

promote environmental education among consumers about
the problem of this waste, encouraging its environmentally
sound disposal. In addition, the presence and concentration
of medicine wastes in local water bodies should be analyzed,
and based on this, the need for further implementation of
effluent treatments capable of removing these pollutants,
such as ozonation, advanced oxidation processes (AOP),
adsorption with activated carbon or membranes (Gworek
et al. 2020).

On the other hand, there is also a dissonance between
consumer knowledge, attitude, and practice (KAP) about
HPW, which has little knowledge, positive attitudes towards
collection programs, and inadequate disposal practices. Sim-
ilar results were observed in Hiew and Low (2024), where
most respondents agreed that there is a lack of information
and points for the safe disposal of medicines. These authors
explain that inadequate disposal of HPW, linked to a deficit
of information and accessible disposal facilities, is com-
pounded by insufficient guidance from health professionals.
In this context, it is essential to prevent the generation of
HPW. Medications should be used only when necessary, and
the health professional should provide guidance not only on
the use/posology of the medicine but also on the importance
of avoiding leftover medicines to reduce waste generation
(this type of guidance could be printed by default on medi-
cal prescriptions). At the same time, the medicine leaflet or
packaging should emphasize the correct storage and disposal
of the medicine in the same way as it does for information
on the composition, indications, dosage, interactions, and
others.

Participants of this study perceive the storage of medi-
cines as a risk of accidents with children who may consume
these products accidentally, as in some cases experienced
by them. Hiew and Low (2024) explain that contamination
and risks of accidents, especially with children, are the main
issues of the public concerning HPW. In Chile, acute medi-
cine poisonings have continuously increased in recent years,
a large part (85%) being due to suicide attempts, mainly
with clonazepam (14%) and paracetamol (10%) (Instituto
de Salud Publica de Chile (ISP) 2019). Paracetamol was
the most widely used active ingredient in the households in
this study, probably because it has a wide range of uses and
can be purchased over the counter. Additionally, Grabska
and Pilarska (2022) explain that medication poisonings are
frequent in accidents with children but also suicide attempts
among adolescents, with over-the-counter analgesics being
the most common cause of acute poisoning. Thus, it is
important to restrict children’s and adolescents’ access to
medicines stored in the home, using locked storage boxes.
Likewise, households should seek rational storage of these
products in quantities that comply with medical guidelines.
However, they should avoid too many surpluses, as they
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could be improperly used or become waste due to non-use
within the validity period.

Finally, it is essential to note that medicine users identify
that HPW management requires consumer and government
efforts. They highlight the responsible consumption of medi-
cines, the promotion of information through community and/
or mass media campaigns, and the establishment of collec-
tion points, preferably located near homes. The latter was
also an important factor in the study by Veiga et al. (2023),
where the distance between homes and drugstores with col-
lection points was a significant variable for HPW collection
in Portugal.

Final comments

The results show the importance of establishing points for
collecting HPW and raising consumer awareness on the
acquisition and responsible use of medicines, with infor-
mation from the health clinic to the medicine distribution
establishment. In the case of treatments prescribed by health
professionals, proper follow-up of the therapy is decisive to
avoid leftover medicines becoming waste, and if they exist,
they can be donated while they are still useful, following the
regulations of each country. Thus, the proper management
of HPW depends on the mutual responsibility of consumers
and public and private institutions.

In this study, no HPW for veterinary use was received,
and only a small part of the sample (7.4%) gave us their
HPW for later analysis. Therefore, for comparative pur-
poses, future studies can focus on collecting HPW from a
larger sample of households and consider the inclusion of
veterinary medicines, taking care to classify them and avoid
receiving waste that corresponds to more than one house-
hold or comes from health entities/services. This is because
some studies characterize HPW received directly at collec-
tion points, not at homes.

In addition, a limitation of the study was comparing the
data obtained with the existing literature, which mostly has
the primary package as the unit of analysis rather than the
number of doses. This highlights the importance of using a
unit of analysis (packaging, number of doses, mass, or other)
to provide reliable information about the collected HPW,
such as mass or pharmacological group. This is relevant to
avoid comparative biases in the data reported.

Conclusions

The study analyzed the consumption, waste, and disposal of
medicines in households of the La Serena commune, Chile.
This is the first approach to the subject in the country, and
although it is in a local context, the HPW issue is global.
Thus, these findings highlight common routes for policies
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and health campaigns in public and private institutions as
well as the practices of consumers and health profession-
als on properly managing medicines to prevent HPW and
minimize associated environmental impacts. The above,
mainly in countries where there is no legislation for the col-
lection and disposal of HPW, and it is more critical in ter-
ritories with reduced availability or quality of solid waste
and domestic effluent treatment systems.

Women’s role in managing household medications is
noteworthy, as well as the similarity between the phar-
macological groups of stored and wasted medicines. In
both groups, anti-inflammatories and analgesics, antihy-
pertensives, cholesterol reducers, and antidiabetics were
prevalent. Therefore, strategies and public policies for
HPW management should consider special attention to
the female public and patients with chronic diseases who
make continuous use of the pharmacological groups listed
above to avoid abandonment of treatment or medical rec-
ommendations, which causes their medicines to go unused
and become waste when they reach their expiration date.

Furthermore, the participant’s lack of knowledge about
environmental problems and the inadequate disposal of
HPW accentuates the need for efforts to inform them,
raise their awareness, and change their attitudes. In this
context, the actions of health professionals, health cent-
ers, and medicine distribution sites are essential. Like-
wise, it is important to promote permanent and periodic
campaigns—such as May 17, World Recycling Day—to
disseminate the importance of the responsible use of medi-
cines and the collection of HPW to generate an accentu-
ated and sustainable intervention towards the prevention
and appropriate management of this waste.
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