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Improper medicine disposal practice has become a major concern in South Asian countries. Many healthcare
professionals are not aware of safe medicine disposal practices. This survey study aimed to assess the knowledge,
attitude, and practice (KAP) of unused and expired medicines among doctors and nurses in Dhaka City. A
questionnaire-based, cross-sectional survey was conducted among 150 respondents. Respondents were classified
into two categories: doctors = 100, and nurses = 50. Data collection was done using a pre-validated, structured
questionnaire. Collected data were added to the MS Excel spreadsheet and analyzed by Statistical Package for Social
Science version 23.0. Two-thirds of the nurses kept expired medicines in their houses as they did not want to waste
them whereas 50% of doctors had expired medicines. Remarkably, 42.86% of nurses responded to immune system
deficiencies resulting from improper medicine disposal, while it figured 28.16% among doctors. Alarmingly, 95.46%
of nurses disposed of medicines via flush in the toilet/basin or dump in the dustbin, and 69.79% of doctors followed
similar practices. 27.43% of doctors and 13.85% of nurses recommended reducing the number of medicines from
prescription. It has been suggested that health policymakers work together with healthcare professionals and general

people by launching public awareness campaigns.

INTRODUCTION

Progressive technological advancement in the
pharmaceutical field has increased medication use over
the past few decades [1]. Approximately 4.5 trillion doses
of pharmaceuticals were used all over the world in animal
and human healthcare [2]. The emergence of numerous
pharmaceutical companies and the availability of over-the-
counter (OTC) or prescribed medicines at cheaper rates are the
triggering factors behind the higher consumption of medications
in in Bangladesh [3,4]. Development healthcare also depends
on an increase in the volume of pharmaceutical waste. In many
cases, prescribed medicines may go unused because of the
patient’s early recovery from the disease. Mismanagement of
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expired medicines, inappropriate disposal of medicines, and
open-place waste dumping extend the risk to public health and
environmental hygiene [5]. Several studies [6—9] manifested the
presence of pharmaceutical effluents in groundwater, surface
water, recipient water, and aquatic environments. The basic
principle of medicine disposal practice involves minimum risks
to public health and the environment [10]. Though people are
becoming more concerned about the safe use of medicines, they
need to become more aware of the safe disposal of medications.
In contrast, proper medicine disposal is imperative for the safety
of the household and the environment [11]. Pharmaceutical
waste management and disposal practice relates to its harmful
impact on human health, the environment, water, air, food
chain, and the ecosystem [3,12—14]. Disposed medicines
reach the environment in many ways, including inappropriate
disposal of medicine in the sink, toilets/basins. When a
patient disposes of medicines, it excretes in surface water, and
improper disposal causes deposition in the groundwater and
soil. In this way, pharmaceutical substances may reach the
water bodies and drinking water which can pollute the water
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[15]. Due to that, it creates a deleterious effect on human
health, and the environment, and interacts with the ecosystem
(Fig. 1). If medicines like steroid hormones, antibiotics, and
oral contraceptive pills are disposed of inappropriately, they
have the potential to cause environmental harm [11]. Studies
set the seal that the presence of improperly disposed antibiotics
in the environment has significant repercussions on antibiotic
resistance [16,17]. The global consumption of antibiotics
increased by 65% last decade [18].

Regarding expired medicine management, there
are different guidelines and policies for proper medicine
disposal. The medicine take-back system is well-established
in developed countries like Canada, Australia, the United
States, the United Kingdom, and Sweden [19-21]. However, in
comparison to Western Europe and North American countries,
there is limited information on the disposal of pharmaceuticals
in Asian or African countries [22]. Many developing countries
have reported lacking combustion capability and, in general,
have no well-known, established comprehensive medication
waste management policy up to this time [23,24]. Medical
waste is not a censorious issue in these countries. The World
Health Organization conducted research in 22 developing
countries showing the presence of healthcare facilities that did
not follow proper hospital waste disposal, and the procurers
ranged from 16% to 62% [25]. In Bangladesh, the PRISM
Bangladesh Foundation (a nongovernmental organization)
controls medical waste management systems in a few cities
in Bangladesh [5]. However, the directorate general of drug
administration and the Government still have not issued such
proper guidelines and launched some medicine take-back
programs regularly to reduce medicinal wastage. Adequate
guidance on proper medicinal disposal will elevate safer
disposal practices, a predominant feature of public health

[26]. To ensure appropriate medicine disposal, necessary steps
should align with the specific guidelines given by healthcare
policymakers [3]. More importantly, public awareness about
proper medicines disposal will also be advantageous. As far as
improper medicine disposal practices are concerned, adequate
knowledge, attitude, and practice (KAP) of doctors and nurses
are fundamental in reducing so. Because doctors are involved
in prescribing the medications, nurses are the last person who
can closely monitor the medicine intake by patients. Checking
the expiration date of medicines is another primary task for the
nurses while giving them to the patient.

Numerous studies in recent years from different
countries evaluated the existing knowledge and practices
regarding unused and expired medicines among healthcare
workers. Researchers explored the disposal practices among
university students [3,26,27], healthcare professionals [28—-30],
and households [11,31,32]. From Bangladesh’s perspective,
doctors and nurses stand as major stakeholders in the healthcare
sector and are involved in the process of medicines selection,
prescription, patient guidance, and counseling. They could play a
pivotal role in educating patients about environmentally friendly
medicine disposal practices. To the best of our knowledge
from the literature review, this is the first study to assess the
KAPs of unused and expired medications among healthcare
professionals and nurses in Bangladesh. No previous study
was conducted to address this specific issue in Bangladesh’s
perspective. Literature shows a lack of availability of public
data about the safe and effective disposal knowledge and
practices towards expired medication. This study was therefore
planned with the aim to report the current knowledge, practices,
and attitudes of the doctors and nurses towards the disposal of
unused and expired medicines in the capital Dhaka city. In the
context of Bangladesh, these kinds of research [3,11,33] need to
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Figure 1. The schematic diagram illustrates: (a) Key factors contributing to the accumulation of unused and expired pharmaceuticals, (b) Common disposal practices,
(c) Associated environmental and human health risks, (d) Strategies for mitigation and prevention, and (e) Future research directions.
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be conducted more frequently to get more data about improper
medicines disposal practices.

MATERIALS AND METHODS

Study design

This was a questionnaire-based, descriptive, and
cross-sectional assessment. The study was conducted for
a period of 3 months in 15 different hospitals, where 6 were
government and 9 were private hospitals in Dhaka, Bangladesh.
Data collection was done with the paper-based printed
questionnaire using convenience sampling. Convenience
sampling is a widely used sampling technique in which study
populations are generally selected considering some criteria
such as willingness to participate, availability at a given time,
and so on. [34] The study population was chosen irrespective
of gender, which included doctors and nurses. A total of 150
respondents were classified into two categories: doctors =
100, and nurses = 50. The calculation of the sample size was
performed using G*Power version 3.2. Based on a statistical
power of 80% and an acceptable alpha error rate of 5%, the
minimum sample size required for this study was calculated
to be 118 participants. Eventually, a total of 150 patients who
satisfied the specified inclusion criteria and provided their
informed consent were included in this study. Doctors having
FCPS/FRCP/MRCP/MRCS/MD/MS  postgraduate degrees
were included in this study. Since there were very few B.Sc.
nurses in those selected institutions, the number of nurses
was less than the doctors in this study. Ethical approval was
acquired from the Institutional Ethics Committee of BIRDEM
General Hospital, Dhaka, Bangladesh (project code: BADAS-
ERC/EC/19/00282) and this research study was carried out in
conformity with the ethical principles of the Declaration of
Helsinki. During the interview, individuals assigned to collect
the responses first explained the purpose and importance of the
study to the potential respondents, and their informed consent
was obtained.

Questionnaire design

The questionnaire was classified into two sections.
The first questionnaire section was comprised of personal
information like sex, age, profession, reasons for keeping
expired medicines in the house, and their different classes. The
second one was designed to assess unused and expired medicine
disposal knowledge. It included their approach to leftover
medicines—whether they knew the proper disposal method,
the consequences of improper medicine discarding practices
and their hazardous effects, and their recommendations to
minimize leftover medications in houses. In this second section,
a questionnaire to assess KAP was employed. The study tool
questionnaire was prepared after extensive reviewing of
questionnaires used in previous studies that assessed the KAP of
expired and unused medications among different populations.
The questionnaire was developed with the guidance of previous
related global studies conducted in the first world countries
[35,36]. Participants were given a maximum of 10 minutes to
complete the questionnaire without being given any assistance
to fill it. Finally, this questionnaire was reviewed for content

validity by an expert in the field of study who subjected it to
face and content validation. The questionnaire’s reliability was
evaluated through a pilot study, which involved the analysis of
Cronbach’s alpha [37]. The pilot study was conducted with 10
randomly selected doctors and nurses, and Cronbach’s alpha
coefficient was 0.70 indicating that the questionnaire could be
used to conduct the study. This analysis was conducted among
a small sample of doctors and nurses, who were randomly
selected for the study.

Data collection, sampling, and analysis

Individuals who were assigned to collect the responses,
first, explained the purpose of the study to the respondents, and
their informed consent was obtained. Respondents were also
assured that their information would be considered anonymous
and confidential. After obtaining appropriate informed
permission, we randomly approached 180 participants who
were provided with a questionnaire (in English) to fill up, of
whom 158 responded. Following the receipt of 158 responses,
we retained 150 responses for data analysis, those who filled out
the form completely, while excluding incomplete forms. All the
participants in the pilot study were also excluded from the main
study. After completing the questionnaires, the responses were
collected for statistical analysis.

Collected data were added to the Microsoft Excel
spreadsheet dataset and transferred to Statistical Package for
Social Science version 23.0 for analysis using descriptive
statistics. The statistical technique was the estimation of a
simple percentage used for the analysis of collected data. By
carefully reviewing the questions in order to assure clarity, we
fixed the number of participants to get an approximate result.
Responses with multiple answers were defined in multiple
response sets before descriptive statistical analysis.

RESULTS

One hundred and fifty respondents participated in
this study. Respondents were divided into two categories, 100
were doctors, and the remaining 50 were nurses. The response
rate was 100% as every respondent approached successfully.
Among the total respondents, 91 (60%) were male, while 59
(40%) were female. Within the group of 50 nurses, there were
16 males (32%), and a higher proportion of 34 females (68%),
as in Bangladesh perspective, the nursing profession is much
popular with females. Among the doctors, 75 were male, and
the remaining 25 were female. Of the total respondents, the age
below 27 years old was 43 (28%), and 107 (72%) were above
27 years old. (Table 1). In the questionnaire, the ages ranged
from below 18 years, 18-22 years, 2327 years, and 27 years
and above 27 years.

Figure 2 illustrates the respondents’ data regarding
the reasons for expired medicines in houses, according to
doctors and nurses. As per the study, almost two-thirds
(66.67%) of nurses said they did not want to waste expired
medicines. Moreover, 19.04% of nurses reported that they
did not have adequate knowledge of what to do, and few
nurses (14.29%) stored medications for future use. Besides,
the data of doctors revealed that half of them brought more
medicines, which eventually led medicines to expire. 38%
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Table 1. Demography of study population (n = 150).

Variable and categories Number of responses

(%)
Classification Doctors 100 (67%)
Nurses 50 (33%)
Gender Male 91 (60%)
Female 59 (40%)
Age Below 27 years 43 (28%)
27 and above 27 years 107 (72%)
00
RYF
19.04%
14.29%
ey Na
= [ |
For future use Do not want o Do not know — Brought more  Course ended Didn't Advised docto
waste what to do medicimes admmister presenbed more
properly medicines
Nurses mDoctors

Figure 2. Reasons for the presence of expired medicines in houses.

of participants confirmed that because of course ended, they
had expired medications. Also, 4% of total doctors did not
administer medicines properly (as per required dose or missed
the dose), and 8% of them were prescribed more medicines by
the physician pursuant to the study. As a consequence, expired
medicines were present in their houses.

This study included (Fig. 3) the different common
classes of leftover medicines in houses by the respondents.
Considering the facts of nurses, they were reported to have
leftover antibiotics (18.84%), antihistamines (10.14%),
antipyretics (11.59%), and vitamins (11.59%). In comparison,
the percentage of vitamins (30.11%) represented the highest
number of leftover medicines as far as doctors’ points of view
were concerned. This amount was 6.25%, 13.07%, and 28.98%,
respectively, for antihistamines, antipyretics, and antibiotics.
Not surprisingly, the highest number of leftover medicines
was found in antibiotics by doctors and nurses, with an overall
47.82%, as antibiotics’ prescriptions and uses are gradually
increasing. If unused post-expiry date medicines are disposed
of inappropriately, they may further increase the threat to the
environment as such medicines may have different safety
profiles. Moreover, 33.33% and 9.66% of other classes of
medicines were reported to be leftovers by nurses and doctors,
respectively.

Findings from this study depicted (Fig. 4) that more
than 50% of both doctors (56.25%) and nurses (56.82%) disposed
of their expired medicines by dumping them in the dustbin. By
flash in toilet/basin, 13.54% of total doctors discarded pills,
which was very high for the nurses (38.64%). Another common
fate of unused/expired medicines was reported to return to the
pharmacy, which was done by 20.83% of the doctors and 2.27%
of nurses.

Knowledge regarding the effect of improper
management and disposal of unused/expired medicines among

47.82%
41.70% 42035
33.33%
28.98%
24.66%
18.84%
16.39%
10.14% 11. 11.59% 9
5(7
Antibiotics Antihistamins Antipyretics Vitamins Others
Nurses mDoctors mOverall
Figure 3. Different classes of leftover medicines in houses.
. . 56.82%
Dump in dustbin _3) < ’
56.25%
38 649
Flush in toilet/basin - 38.64%
227%
Return it to the pharmacy
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%
Nurses mDoctors

Figure 4. Fate of expired medicines.
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Figure 5. Knowledge about harmful effects of medicine disposal.

doctors and nurses was also reflected in this research (Fig. 5).
Where 20.63% of total nurses have knowledge about the effects
of expired medications contributing to water pollution. It
reduced the immune system (42.86%), was harmful to aquatic
animals and the environment (19.04%), and contaminated
plants (17.46%), according to nurses. Besides, nearly a similar
percentage of doctors reported about knowing the effects of this
on water pollution (28.76%) and immune deficiency (28.16%).
Also, effects on the aquatic animals, environment (17.82%),
and plant contamination (25.29%) were known to the doctors.
The figure mentioned above revealed that nurses might have
more information about immune deficiency because of unused/
expired medicines.

Unearthing Figure 6 suggested some recommendations
on how to minimize the leftover medicines and their hazardous
effects. The highest percentage of total nurses (41.54%)
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59.24%
Awareness by launching related campaigns 17.70%

41.54%

41.28%
Reducing less specific medicines from prescription 27.43%

13.85%

24.73%
Donating the unused medicines 18.58%

6.15%

mCombined mDoctors = Nurses

Figure 6. Recommendations on minimizing leftover medicines and their
hazardous effect.

recommended creating awareness by initiating medicines
disposal-related campaigns, whereas this percentage seems to
be much less in terms of doctors (17.70%). 27.43% of doctors
suggested diminishing less selective, less specific medicines from
the prescription, and 13.85% of nurses were found to recommend
so. Findings from this also showed that the lowest percentage of
total nurses (6.15%) and 18.58% of doctors proposed donating
unused medicines to reduce leftover medications and their
hazardous effects. When some common questions were asked to
the doctors, and nurses about their knowledge concerning unused/
expired medicine disposal practices (Table 2), encouragingly,
there was a good percentage of nurses (84%) regarding awareness
of expired medicines disposal, whereas, only 4% of nurses were
informed about the ‘Medicines Take Back’ program as compared
to doctors (37%).

DISCUSSION

Although the study was conducted in Dhaka city,
Bangladesh, the implications of this study apply to the entire
Bangladesh, South Asian regions, and also the whole world. The
rapid growth of the pharmaceutical industry, and during the COVID
period and post-COVID period, the increased consumption of
pharmaceutical products has led to their increasing presence in the
environment with diverse biological effects. This is a challenge
and is receiving increasing attention [38-40].

This study explored the KAP among doctors and
nurses about expired medicines and their disposal in Dhaka
city. In this research, from the total respondents, the age below
27 years old was 43 (28%), and 107 (72%) were above 27
years old (Table 1). Several studies included information about
the ethnicity (28) and locality (12,29) of the corresponding
participants in South Asian regions, contrasting our findings.
It is worth mentioning that our research included data from
both doctors and nurses regarding their KAPs toward unused
and expired medicines. More importantly, our sampling was
carried out in 15 different hospitals including government and
private hospitals, which has represented a better real scenario
regarding the issue. In the Bangladesh context, though research
focused on the medicine disposal habits of students [3] and the
general population [10], there still exists notable gaps as no
comprehensive study has been conducted on the practices of
doctors and nurses in this regard.

Table 2. General knowledge of respondents concerning unused/
expired drug disposal (n = 150).

Variable, categories and responses Number of responses (%)

Knowing about the Doctors Yes 44%
disposal of expired Nurses Yes 84%
medicines
Knowledge about Doctors Yes 37%
the ‘Drug Take Nurses Yes 4%

Back’ program

Storing expired medications at house can lead to
intentional or accidental consumption, which may lead to a
severe health crisis [41]. The most common reason for having
unused medications is ‘in case they are needed later’ [42].
According to the data given in Figure 2, common reasons for
having expired medicines in houses as affirmed by nurses; the
highest % of nurses (66.67%) did not want to waste medicines.
What is more, they deposited medicines for future use. Besides,
doctors either brought more medicines or the course ended, so
they reported having expired medication in their house. A recent
study conducted in India [28] found that nearly half of healthcare
professionals store leftover medicines at home as their medical
conditions improve. This survey incorporated medical officers,
medical and dental students, paramedical students, and staff.
Another recent research study in Malaysia [43] confirmed that
the dominant reason for unused medications was nonadherence
in terms of chronic illness. Participants who did not take or
forgot to take their medicines as prescribed were considered
nonadherent. Considering acute illness, the leading cause of
having unused medications was because consumers’ medical
conditions got eased, and they did not need all the prescribed
medicines. Another research indicated that the main reasons
why the respondents keep unused medications at home were
that their treatment was changed by their doctor (28.6%) and
they felt better (25.1%) [44]. The research proved that unused
medicine for acute illness was higher in % than that for chronic
disease [43]. There can also be other reasons for having leftover
medications, including changed treatment, unclear instructions,
inconvenience, and an excess supply of medicines [45]. This
excess of remedies in houses has potential implications for
accidental childhood ingestions [46].

One of the significant findings from our research was
the illustration of some of the different common classes of
medicines that were frequently leftover in the houses of doctors
and nurses in Dhaka city (Fig. 3). Antibiotics (47.82%) were
predominant in that list, followed by vitamins (41.70%), which
combined the overall data of doctors and nurses. The list of other
leftover medicines included antihistamines, antipyretics, and
some other classes of medicines. Our finding shows similarity
to another study conducted in Yogyakarta [47], where unused
or expired antibiotics (59.51%) followed by vitamins (11.88%)
were leftover in households. Compared to these studies,
research done in Gujarat, India [48] recorded that analgesics
(26.5%) were the most common classes of unused medicines
stored. The findings of our study also showed how often the
interviewee doctors and nurses were using antibiotics, even
though they were supposed to be more aware. It is noteworthy
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that exposure to degraded or expired tetracycline has been found
to cause renal tubular damage [49]. Antibiotic use and resistance
research conducted in 30 EU/EEA countries in 2019 highlighted
the importance of healthcare workers playing a critical role in
the use of antibiotics and educating patients to minimize the
spread of infection in a healthcare setting, particularly when
they are inextricably linked in prescribing, dispensing and
administration of medicines [50]. The fate of expired medicines
is a critical issue that affects both healthcare providers and
patients [51]. Our findings revealed that 56.25% of doctors and
56.82% of nurses disposed of expired medications by dumping
them in the dustbin. Also, 20.83% of doctors returned these
medicines to the pharmacy, whereas 2.27% of nurses did so
(Fig. 4). Medicine disposal practices in the households of Dhaka
Metropolis [11] exposed that some of the most common fates
of unused and leftover medicines were dumping in dustbins
(47%), followed by returning to the pharmacy for a refund
(21%) and throwing through the window (19%). However,
a 2022 study (26) found that 42.5% of pharmacy students
at Centro Escolar University—Manila discarded unused
and expired medicines by placing them in a zip-lock bag or
resealable plastic container. Another way of discarding unused
and expired medicines, according to our findings, was flushing
in the toilet/basin (nurses-38.64%, doctors-13.54%), which is
indistinguishable from medication disposal through sink or
toilet (31.6%) in households in South Africa [3 1] by the patients.
However, a study in Johannesburg [52] announced “disposal in
the garbage can” as the most common method. Contemporary
research in 2022 in Quetta, Pakistan [12] reported the same
medicine disposal methods as our study and they showed that
27.3% of the general population did not take any action (kept
expired medicines at home). Some studies in Asian countries
showed other medicine disposal practices. Studies conducted
in Saudi Arabia [53] (nursing students-74.2%) and Malaysia
[44] (health care professionals-84.9%) showed that the highest
% of medicine consumers disposed of expired medicines by
discarding them in household garbage. Locating containers
inside pharmacies within Saudi government hospitals and
polyclinics can efficiently collect unwanted medications [54].

Our findings showed that doctors might have been more
informed about water pollution (28.76%) than nurses (20.63%),
whereas 19.04% of nurses and 17.82% of doctors responded to
environmental pollution due to improper medicine disposal (Fig.
5). It is essential to properly educate doctors and nurses about
the proper disposal practices of unused and expired medications.
Because study reported a significant fact that of people who
received information concerning the appropriate disposal of
medicines, 85% did not dispose of unused or expired medications
in household garbage [55].

Along with our findings, a study in Karachi [56]
reported that 82.7% of participants were well-informed about
these matters. Another research work in 2021 in the Dhaka
Metropolitan area [11] resulted in 26% of respondents having
an idea about medicine pollution because of irrational disposal
practices. It also mentioned that 91% of participants checked
medicines’ expiry dates, unlike our study. Findings from Ain
Shams University Hospitals, Cairo [29] mentioned that the
overall percentage of physicians with a satisfactory knowledge

score in terms of medicine waste disposal (68.3%) was higher
than nurses (60.9%). Besides, our research outcome identified
a surprising fact that 42.86% of nurses were aware of immune
system deficiency due to inappropriate medicine disposal; on
the other hand, 28.16% of doctors were aware. It is known that
medicines have afterlives as environmental pollutants and that
most water treatment plants and septic systems are not equipped
to remove pharmaceuticals from wastewater [57]. A study
on undergraduate pharmacy and other discipline students in
Bangladesh [3] ensured that 157 respondents out of 250 knew
about the environmental hazards due to improper medicine
disposal. Research at a tertiary care hospital in Ahmedabad, India
[48] displayed similarity to our study, and it confirmed that 16%
of respondents showed awareness considering the necessity
of safe medicine disposal to prevent environmental pollution.
Additionally, plant contamination due to unconditional and
irrational medicine disposal was known by 25.29% of doctors
and 17.46% of nurses. Improper medicine disposal practices
affect the health system as well as the environment. Poisoning
cases are reported worldwide because of accidental exposure to
leftover medicines and their inappropriate disposal in houses
[58]. So, proper medicine disposal knowledge is necessary to
encounter these circumstances.

To reduce the possible number of expired medicine
stocks, practicing First-Expiry-First-Out can be done while
arranging and selling the stocks in community pharmacies [14].
A prodigious finding of our study revealed some considerable
recommendations to minimize leftover medications and
how their hazardous effects can be controlled according to
doctors’ and nurses’ points of view (Fig. 6). Here, 17.70% of
doctors and 41.54% of nurses suggested launching awareness-
related campaigns. Reducing fewer specific medicines from
prescription can also be effective, according to 27.43% of
doctors and 13.85% of nurses. Furthermore, donating unused
medication (24.73% of doctors and 18.58% of nurses showed
in Figure 6) can be a choice to minimize leftover medicines. It
may include medicine take-back, returning unused medicines
to the pharmacy, or donating to friends and relatives. A study
in Tamil Nadu [30] also proved similar results, where 13.6%
of doctors and 22.2% of nurses suggested lowering the number
of prescribed medicines, and 7.2% of doctors and 14.1% of
nurses agreed to donate the medication. As a result, it may
reduce hazardous effects because of leftover medicines. Also,
short-term dispensing, educating people, and redistribution of
medicines can minimize medicinal wastage and its dangerous
effects [57]. Exploration from a study conducted in South India
[59] displayed a shocking result that only 18.3% of doctors and
13.4% of nurses were aware of the environmental hazards due
to improper medicine disposal. Several studies mentioned that
creating awareness to minimize leftover or expired medicines
can be done through newspapers, TV, and social media, as well
as with the help of the health ministry and the pharmaceutical
industry [3,33,52].

The study visualized that the responses about expired
medicine disposal were higher in % for nurses than doctors.
Besides, the medicine take-back program was more familiar
to doctors (37%) compared to nurses (4%) (Table 2). This is
a noticeable information for both professionals as they are the
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Figure 7. Recommended steps to discard the “Non-Flush List” medicines in the household garbage. Derived from Food and Drug Administration (FDA).

most crucial person in the healthcare system. 84% of nurses
were recorded to be conscious about expired medicines disposal
in our research, and a similar study [30] confirmed that almost
all nurses (98%) checked the expiry date of the medicines
before using them, as they are the one who dispenses medicines
to the patients. Also, this study demonstrated closeness to our
findings in terms of medicine take-back programs’ awareness
with 23%, whereas, our data [Table 2.] figured 37%. According
to many studies [13], the medicine take-back program is an
excellent way to remove expired or unused medicines from
houses. Our study findings emphasized the need to develop
programs and policies to ensure unused and expired medicine
collection from doctors and nurses. Also, disposal methods
were a significant issue in our studies. According to the Food
and Drug Administration (FDA), the best option for managing
unused and expired medicines is to find a medicine take-back
location [60]. Usually, the medicine take-back location is a local
pharmacy or a hospital. Another important and concerning issue
is antibiotic resistance because of the inappropriate disposal of
antibiotics, manifested in research [61]. Antibiotics have been
detected in the surface water and wastewater of many countries
like China [62], Vietnam [63], Croatia [64], Pakistan [65], and
other countries [66], which is a huge concern.

Recommendations to minimize unused and expired medicines
in household garbage

From our study findings, the participant doctors
and nurses supported some recommendations like launching
awareness-related campaigns, reducing less specific medicines
from prescription, donating unused medication, medicine take-

back (returning unused medicines to the pharmacy), or donating
OTC medicines to friends and relatives.

The disposal of pharmaceuticals collected from medicine
take-back programs have mostly relied on incineration [67]. The
U.S. Environment Protection Agency recommended incineration
as the preferred method of disposing of household pharmaceuticals
collected through medicine take-back programs [68]. If the unused
or unwanted medication is not on the flash list, consumers would
through them in the trash following the recommended steps for
household disposal of medicines. (Fig. 7) [63]. Together with
this, minimization and recycling efforts usually offer the most
sustainable approaches to pharmaceutical waste management [67].
Though pharmacy reuse is a complex issue especially concerning
safety and liability, controlled reuse of medicines can be a way
to reduce their negative environmental impact [69]. Recovery
of active pharmaceutical ingredients (APIs) is another important
feature in the management of proper medicine disposal. A
contemporary finding reported that most of the active ingredients
in commonly discarded medicines continue to be in stable form for
many years after their expiration dates printed on product labels
[70]. The solvent extraction method for recovery of APIs from
expired or unused medications is the most studied technique [59].
As a whole, recovering active ingredients is economically more
profitable than synthesizing those ingredients from scratch owing
to the simplicity of medicine ingredients in many products [71,72].

LIMITATIONS

This study has some limitations. Though two
prominent healthcare professionals were involved in this
study, it could not include other healthcare professionals’
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pharmacists and did not reach the general public regarding
their approaches towards medicine disposal practices.
Different medicine formulations like solid, liquid, and semi-
solid were not taken into consideration in this particular
study. Additionally, this research was Dhaka city-oriented. It
could not go further to include other metropolitan cities in the
country.

Further participation of respondents on a large scale
is recommended in order to obtain more information about
unused and expired medicines disposal practices.

CONCLUSION

The majority of the study respondents’ doctors, and
nurses dispose of unused and expired medications by dumping
them in a dustbin, toilet/basin. This practice contradicts the
recommended guidelines established by the FDA and national
policies. Such practices pose potential risks to public health and
the environment [73]. This study tried to generate preliminary
evidence on leftover and household medicine disposal patterns
and knowledge of the consequences of it. Findings from this
study can help to assist in creating awareness about appropriate
medicine disposal practices in households and trigger interest
and attention among policymakers about formulating relevant
regulations. Implementing public awareness-related campaigns
in public—private partnership programs in Bangladesh will
be beneficial in reducing inappropriate disposal methods of
medications. Last, but not least, it is our responsibility to make
sure proper medicine disposal practices to protect people and
the ecosystem.

ACKNOWLEDGMENT

To the authority of the BIRDEM General Hospital,
Dhaka, Bangladesh, and Dr. Sirajul Islam Medical College and
Hospital, Dhaka, Bangladesh.

AUTHOR CONTRIBUTIONS

All authors made substantial contributions to
conception and design, acquisition of data, or analysis and
interpretation of data; took part in drafting the article or revising
it critically for important intellectual content; agreed to submit
to the current journal; gave final approval of the version to be
published; and agree to be accountable for all aspects of the
work. All the authors are eligible to be an author as per the
International Committee of Medical Journal Editors (ICMJE)
requirements/guidelines.

FINANCIAL SUPPORT
There is no funding to report.

CONFLICTS OF INTEREST

The authors report no financial or any other conflicts
of interest in this work.

ETHICAL APPROVALS

The study protocol was approved by the Institutional
Ethics Committee of BIRDEM General Hospital, Dhaka,
Bangladesh (Approval Number: BADAS-ERC/EC/19/00282)

and this research study was carried out in conformity with the
ethical principles of the Declaration of Helsinki.

DATA AVAILABILITY

All data generated and analyzed are included in this
research article.

PUBLISHER’S NOTE

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of the
publisher, the editors and the reviewers. This journal remains
neutral with regard to jurisdictional claims in published
institutional affiliation.

USE OF ARTIFICIAL INTELLIGENCE (AI)-ASSISTED
TECHNOLOGY

The authors declares that they have not used artificial
intelligence (Al)-tools for writing and editing of the manuscript,
and no images were manipulated using Al

INFORMED CONSENT STATEMENT

Informed consent was obtained from all subjects
involved in the study.

REFERENCES

1. Al-Naggar RA, Alareefi A. Patients’ opinion and practice toward
unused medication disposal in Malaysia: a qualitative study. Thai J
Pharm Sci. 2010;34(3):117-23.

2. Weber FA, aus der Beek T, Bergmann A, Carius A, Griittner G,
Hickmann S, et al. Pharmaceuticals in the environment-the global
perspective. Environ Toxicol Chem. 2016 Apr;35(4):823-35.

3. Shakib FAF, Sadat N, Ahmed S, Nipa NY, Rahman M, Uddin MB.
Unused and expired drug disposal practice and awareness among
undergraduate students from pharmacy and other disciplines:
Bangladesh perspective. Pharm Edu. 2022;22(1):573-83.

4.  Islam A, Biswas T. Health system in Bangladesh: challenges and
opportunities. Am J Health Res. 2014;2(6):366—74.

5. Haque MM, Biswas A, Rahman MS, Zaman KB, Asiquzzaman
M. Medical waste management system in Bangladesh hospitals:
practices, assessment and recommendation. IOSR J Environ Sci
Toxicol Food Technol. 2021;15(6):30-8.

6. Sanusi 10, Olutona GO, Wawata IG, Onohuean H. Occurrence,
environmental impact and fate of pharmaceuticals in groundwater
and surface water: a critical review. Environ Sci Pollut Res.
2023;30(39):90595-614.

7.  Papai M, Benedek T, Tancsics A, Bornemann TL, Plewka J,
Probst AJ, et al. Selective enrichment, identification, and isolation
of diclofenac, ibuprofen, and carbamazepine degrading bacteria
from a groundwater biofilm. Environ Sci Pollut Res. 2023;30(15):
44518-35.

8. LeeHJ,KimKY, Hamm SY, Kim M, Kim HK, Oh JE. Occurrence and
distribution of pharmaceutical and personal care products, artificial
sweeteners, and pesticides in groundwater from an agricultural area
in Korea. Sci Total Environ. 2019;659:168-76.

9.  Praveena SM, Shaifuddin SNM, Sukiman S, Nasir FAM, Hanafi Z,
Kamarudin N, ef al. Pharmaceuticals residues in selected tropical
surface water bodies from Selangor (Malaysia): Occurrence and
potential risk assessments. Sci Total Environ. 2018;642:230—40.

10. Purohit K, Kumar V, Vardhan G, Dhamija P. A cross-sectional
assessment of knowledge, attitudes, and practices of safe drug
disposal practices in pharmacies. Natl J Physiol Pharm Pharmacol.
2022;12(7):1027.



210

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Shakib et al. / Journal of Applied Pharmaceutical Science 2025;15(04):202-211

Begum MM, Rivu SF, Hasan MMA, Nova TT, Rahman MM, Alim
MA, et al. Disposal practices of unused and leftover medicines in the
households of Dhaka metropolis. Pharmacy. 2021;9(2):103.

Shoaib M, Raziq A, Igbal Q, Saleem F, Haider S, Ishaq R, et
al. Disposal practices of unused and expired pharmaceuticals
among the general public in Quetta city, Pakistan. PLoS One.
2022;17(5):€0268200.

Nipa N, Ahmed S, Shahariar M, Rahman M, Haider B, Uddin M.
Improper management of pharmaceutical waste in South and South-
East Asian regions. J Environ Stud. 2017;3(1):7.

Chong KM, Rajiah K, Chong D, Maharajan MK. Management
of medicines wastage, returned medicines and safe disposal in
malaysian community pharmacies: a qualitative study. Front Med.
2022;9:884482.

Suarez S, Carballa M, Omil F, Lema JM. How are pharmaceutical and
personal care products (PPCPs) removed from urban wastewaters?
Rev Environ Sci Bio/Technol. 2008;7:125-38.

Gyesi JN, Nyaaba BA, Darko G, Mills-Robertson FC, Miezah K,
Acheampong NA, et al. Occurrence of pharmaceutical residues
and antibiotic-resistant bacteria in water and sediments from
major reservoirs (owabi and barckese dams) in Ghana. J Chem.
2022;2022:1-14.

Sharma M, Kumar K, Dubey KK. Disposal of unused antibiotics as
household waste: a social driver of antimicrobial resistance. Environ
Qual Manag. 2021;30(4):127-40.

Kumar V, Bansal V, Madhavan A, Kumar M, Sindhu R, Awasthi MK,
et al. Active pharmaceutical ingredient (API) chemicals: a critical
review of current biotechnological approaches. Bioengineered.
2022;13(2):4309-27.

Bergen PJ, Hussainy SY, George J, Kong DC, Kirkpatrick CM. Safe
disposal of prescribed medicines. Aust Prescr. 2015;38(3):90.

Wu M, Janssen S. Dosed without prescription: a framework for
preventing pharmaceutical contamination of our nation’s drinking
water. Washington, DC: ACS Publications; 2011.

Persson M, Sabelstrom E, Gunnarsson B. Handling of unused
prescription drugs—knowledge, behaviour and attitude among
Swedish people. Environ Int. 2009;35(5):771-4.

Gwenzi W, Simbanegavi TT, Rzymski P. Household disposal of
pharmaceuticals in low-income settings: practices, health hazards,
and research needs. Water. 2023;15(3):476.

Jha N, Kafle S, Bhandary S, Shankar PR. Assessment of knowledge,
attitude, and practice of disposing and storing unused and expired
medicines among the communities of Kathmandu, Nepal. PLoS One.
2022;17(8):¢0272635.

Naser AY, Amara N, Dagash A, Naddaf A. Medications disposal and
medications storage in Jordan: a cross-sectional study. Int J Clin
Pract. 2021;75(3):e13822.

Organization WH. Management of solid health-care waste at primary
health-care centres: a decision-making guide. Geneva, Switzerland:
WHO; 2005.

Gatmaitan TMB, Bigay TKG, Bravo FMF, Brillon AMS, Calaycay
AC, Casiber MKRB, et al. Assessment of the knowledge, attitude,
and practice of proper medication disposal of pharmacy students
in Centro Escolar University-Manila. GSC Biol Pharm Sci.
2022;19(3):270-8.

Shuleta Qehaja S, Kelmendi N. Pharmacy and nursing students’
knowledge and practices concerning the disposal of unused and
expired medicines in Kosovo. Pharmacy. 2022;10(6):145.

Kumari A, Alam MS, Kujur M, Kumar S. The pattern of disposal
practices of unused and expired medications among healthcare
professionals: a cross-sectional survey in Rajendra Institute of
Medical Sciences, Ranchi, Jharkhand. Cureus. 2022;14(8):e27555.
Hakim S, Mohsen A, Bakr I. Knowledge, attitudes and practices of
health-care personnel towards waste disposal management at Ain
Shams University Hospitals, Cairo. East Mediterr Health J. 2014 Jun
9;20(5):347-54.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Raja S, Mohapatra S, Kalaiselvi A, Rani RJ. Awareness and
disposal practices of unused and expired medication among health
care professionals and students in a tertiary care teaching hospital.
Biomed Pharmacol J. 2018;11(4):2073-8.

Mabhlaba KJ, Helberg EA, Godman B, Kurdi A, Meyer JC. Patients’
knowledge and practice on disposal of medicines kept in households
in South Africa: findings and implications. J Res Pharm Pract.
2022;11(1):13.

Insani WN, Qonita NA, Jannah SS, Nuraliyah NM, Supadmi W,
Gatera VA, et al. Improper disposal practice of unused and expired
pharmaceutical products in Indonesian households. Heliyon.
2020;6(7):¢04551.

Labu Z, Al-Mamun M, Harun-or-Rashid M, Sikder K. Knowledge,
awareness and disposal practice for unused medications among the
students of the Private University of Bangladesh. J] Biomed Pharm
Res. 2013;2(2):26-33.

Etikan I, Musa SA, Alkassim RS. Comparison of convenience
sampling and purposive sampling. Am J Theoretical Appl Stat.
2016;5(1):1-4.

Braund R, Peake BM, Shieffelbien L. Disposal practices for unused
medications in New Zealand. Environ Int. 2009;35(6):952-5.
Glassmeyer ST, Hinchey EK, Boehme SE, Daughton CG, Ruhoy
IS, Conerly O, et al. Disposal practices for unwanted residential
medications in the United States. Environ Int. 2009;35(3):566-72.
Cronbach LJ. Coefficient alpha and the internal structure of tests.
Psychometrika. 1951;16(3):297-334.

Morales Paredes CA, Rodriguez Diaz JM, Boluda Botella N.
Pharmaceutical compounds used in the COVID-19 pandemic: a
review of their presence in water and treatment techniques for their
elimination. Sci Total Environ. 2022;814:152691.

Muflih SM, Al-Azzam S, Karasneh RA, Bleidt BA, Conway BR,
Bond SE, ef al. Public knowledge of antibiotics, self-medication,
and household disposal practices in Jordan. Expert Rev Anti-infect
Therap. 2023;21(4):477-87.

Kahssay SW, Hammeso WW, Getachew D, Woldeselassie BD.
Prevalence and determinants of household medication storage during
the COVID-19 outbreak in Southwest Ethiopia. Drug, Healthc
Patient Saf. 2023;15:1-11.

Nepal S, Giri A, Bhandari R, Chand S, Nepal S, Aryal S, et al. Poor
and unsatisfactory disposal of expired and unused pharmaceuticals:
a global issue. Curr Drug Saf. 2020;15(3):167-72.

Perry LA, Shinn BW, Stanovich J. Quantification of an ongoing
community-based medication take-back program. J Am Pharm
Assoc. 2014;54(3):275-9.

Wang LS, Aziz Z, Chik Z. Disposal practice and factors associated
with unused medicines in Malaysia: a cross-sectional study. BMC
Public Health. 2021;21:1-10.

Azmi Hassali M, Shakeel S. Unused and expired medications
disposal practices among the general public in Selangor, Malaysia.
Pharmacy. 2020;8(4):196.

Azad MAK, Akhtaruzzaman MRHAM, Al-Mamun SM, Uddin M,
Rahman M. Disposal practice for unused medications amongthe
students of the International Islamic UniversityMalaysia. J Appl
Pharm Sci. 2012;2(7):101-6.

Franklin RL, Rodgers GB. Unintentional child poisonings treated in
United States hospital emergency departments: national estimates
of incident cases, population-based poisoning rates, and product
involvement. Pediatrics. 2008;122(6):1244-51.

Kristina SA. A survey on medicine disposal practice among
households in Yogyakarta. Asian J Pharm. 2018;12:3-6.

Sonowal S, Desai C, Kapadia JD, Desai MK. A survey of knowledge,
attitude, and practice of consumers at a tertiary care hospital regarding
the disposal of unused medicines. J Basic Clin Pharm. 2016;8(1):4.
Gidey MT, Birhanu AH, Tsadik AG, Welie AG, Assefa BT.
Knowledge, attitude, and practice of unused and expired medication



50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Shakib et al. / Journal of Applied Pharmaceutical Science 2025;15(04):202-211 211

disposal among patients visiting Ayder Comprehensive Specialized
Hospital. BioMed Res Int. 2020;2020:9538127.

Ashiru Oredope D, Hopkins S, Vasandani S, Umoh E, Oloyede
O, Nilsson A, et al. Healthcare workers’ knowledge, attitudes and
behaviours with respect to antibiotics, antibiotic use and antibiotic
resistance across 30 EU/EEA countries in 2019. Eurosurveillance.
2021;26(12):1900633.

Alshehri D, Banjar H. Increasing awareness of proper disposal
of unused and expired medication using a knowledge-based disposal
management system. J Environ Public Health. 2022;2022:1797440.
Mashiane M. Disposal practices for unwanted medicines from
households. Johannesburg, South Africa: Diplomska naloga
University of the Western Cape; 2017.

Bashatah A, Wajid S. Knowledge and disposal practice of leftover
and expired medicine: a cross-sectional study from nursing and
pharmacy students’ perspectives. Int J Environ Res Public Health.
2020;17(6):2068.

Abahussain E, Waheedi M, Koshy S. Practice, awareness and opinion
of pharmacists toward disposal of unwanted medications in Kuwait.
Saudi Pharm J. 2012;20(3):195-201.

Alhomoud FK, Alsadiq Y, Alghalawin L, Alhifany A, Alhomoud F.
Pharmacy students’ knowledge and practices concerning the storing
and disposal of household medication in Saudi Arabia. Curr Pharm
Teach Learn. 2021;13(1):5-13.

Khan A, Jaffar N, Razaak S, Zeeshan F, Shabbir A, Ishaque SM.
Knowledge, attitude and practices of pharmaceutical waste disposal
in community pharmacies of Karachi. Ann Jinnah Sindh Med Univ.
2020;6(2):54-9.

Aditya S, Rattan A. Minimizing pharmaceutical waste: the role of the
pharmacist. J Young Pharm. 2014;6(3):14.

Radhakrishna L, Nagarajan P, Vijayanandhan SS, Ponniah T.
Knowledge, Attitude and practice (KAP) towards disposal of
medicines: a qualitative study among health care professionals in
South India. Wld J Pharm Res. 2014;3:1955-63.

Sharma M, Kumar A, Chaudhary A. Reuse API (active pharmaceutical
ingredients) from expired dosage form. Int J Eng Res Technol.
2019;8(6):276-98.

Costanzo SD, Murby J, Bates J. Ecosystem response to antibiotics
entering the aquatic environment. Marine Pollut Bull. 2005;51(1-
4):218-23.

Yin Z. Distribution and ecological risk assessment of typical
antibiotics in the surface waters of seven major rivers, China.
Environ Sci Proc Impacts. 2021;23(8):1088—100.

Thai PK, Binh VN, Nhung PH, Nhan PT, Hieu NQ, Dang NT, et al.
Occurrence of antibiotic residues and antibiotic-resistant bacteria in
effluents of pharmaceutical manufacturers and other sources around
Hanoi, Vietnam. Sci Total Environ. 2018;645:393-400.

Bielen A, Simatovi¢ A, Kosi¢-Vuksi¢ J, Senta I, Ahel M, Babi¢ S,
et al. Negative environmental impacts of antibiotic-contaminated

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

effluents from pharmaceutical industries. Water Res. 2017;126:
79-87.

Khan GA, Berglund B, Khan KM, Lindgren PE, Fick J. Occurrence
and abundance of antibiotics and resistance genes in rivers, canal
and near drug formulation facilities—a study in Pakistan. PLoS One.
2013;8(6):e62712.

Larsson DJ, de Pedro C, Paxeus N. Effluent from drug manufactures
contains extremely high levels of pharmaceuticals. J Hazard Mat.
2007;148(3):751-5.

Han J. Barcoding drug information to recycle unwanted household
pharmaceuticals: a review. Environ Chem Let. 2022;20(5):2989—
3003.

Rudzinski S. Recommendation on the disposal of household
pharmaceuticals collected by take-back events, mail-back, and other
collection programs. Official memorandum Washington, DC: US
Environmental Protection Agency; 2012. Available from: https://
rerapublic epa gov/files/14833 pdf.

Rogowska J, Zimmermann A. Household pharmaceutical waste
disposal as a global problem—a review. Int J Environ Res Public
Health. 2022;19(23):15798.

Mari¢ S, Joci¢ A, Krsti¢ A, Momc¢ilovi¢ M, Ignjatovi¢ L, Dimitrijevié
A. Poloxamer-based aqueous biphasic systems in designing an
integrated extraction platform for the valorization of pharmaceutical
waste. Sep Purif Technol. 2021;275:119101.

Sriram A, Kalanxhi E, Kapoor G, Craig J, Balasubramanian R, Brar
S, et al. State of the world’s antibiotics 2021: global analysis of
antimicrobial resistance and its drivers. Center for Disease Dynamics,
Economics & Policy: Washington, DC, USA. 2021:1-115.

Food U, Administration D. Drug Disposal: Dispose “Non-Flush
List” Medicine in Trash. 2021.

Pratama DE, Hsieh WC, Elmaamoun A, Lee HL, Lee T. Recovery
of active pharmaceutical ingredients from unused solid dosage-form
drugs. ACS omega. 2020;5(45):29147-57.

Uddin MB, Al Samir R, Pantho GG. Practice of expired and unused
drug disposal in South Asian and Southeast Asian Countries. London,
UK: IntechOpen; 2024

How to cite this article:
Shakib FF, Ratul T, Uddin MB. Knowledge, attitude, and
practice of doctors and nurses about the disposal of expired
and unused medicines in Dhaka city. J Appl Pharm Sci.
2025;15(04): 202-211.






