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Abstract
Background Pharmaceutical waste (PW) generated in health facilities includes expired or unused medications, 
contaminated materials, and other pharmaceutical residues from diagnosis, treatment, immunization, compounding, 
and manufacturing. PW management (PWM) is critical for environmental protection and public health. Therefore, this 
study aimed to evaluate management of PW at hospitals and community pharmacies in Bahir Dar and Gondar cities, 
Ethiopia.

Methods A facility-based cross-sectional study was conducted in hospitals and private pharmacies in Gondar 
and Bahir Dar cities from July 2023 to September 2023. Hospitals and pharmacies were selected based on their 
significance as major urban centers in the Amhara region of Ethiopia. About 208 pharmacies and drug stores, both 
public and private, that were open during the data collection period and one pharmacy professional from each 
dispensary were included in the study. SPSS version 26.0 was used for analysis. Descriptive results are reported as the 
means with standard deviations (SDs), frequencies, and percentages. Binary logistic regression was used to identify 
predictors of PWM knowledge. A P value of 0.05 was considered statistically significant during the data analysis.

Results Most participants (59.6%) had good knowledge about PWM. Experience (AOR = 2.86, 95% CI: 1.26, 6.48) and 
regular PWM training (AOR = 3.60, 95% CI: 1.73, 7.49) were significantly associated with good knowledge about PWM. 
PWM practices were rated similarly by the participants, with good and poor scores of 52.9% and 47.1%, respectively. 
Experience (AOR = 3.33, 95% CI: 1.49, 7.47) and working at a hospital (AOR = 5.19, 95% CI: 1.95, 13.83) were significantly 
associated with good practices toward PWM. Most participants’ facilities had different infrastructures for PWM, such 
as PW collection containers (90.9%), clean containers (88%), color-coded and labeled containers (73.6%), burial pits 
without liners (54.8%), personal protective equipment (79.3%), and access to municipal-level landfills (62%). However, 
only 47.6% of the participants’ facilities had an incinerator for the disposal of ashes.

Conclusion Most participants had good knowledge and practices related to PWM. Experience with and training 
about PWM were significantly associated with the good knowledge of participants about PWM. Additionally, 
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Introduction
Pharmaceutical waste management (PWM) has become 
a global concern due to the environmental and public 
health risks posed by improper disposal practices. Phar-
maceuticals, including expired, unused, and contami-
nated drugs, can enter the environment through various 
pathways, leading to pollution of water sources, soil, and 
even food chains [1]. In developed nations, robust sys-
tems for managing pharmaceutical waste (PW) have been 
established, supported by strict regulations and advanced 
infrastructure. For example, the European Union’s Direc-
tive 2004/27/EC mandates member states to implement 
safe disposal measures, ensuring minimal environmental 
impact [2].

In contrast, developing countries face significant chal-
lenges in managing PW, including the high cost of proper 
disposal, inadequate infrastructure, insufficient regula-
tory frameworks, and limited public awareness, leading 
to contamination of water supplies and environmental 
degradation [3]. Ethiopia, for instance, grapples with 
similar challenges. Although the Ethiopian Food and 
Drug Authority (EFDA) has introduced guidelines for 
PWM, enforcement remains weak, and awareness among 
healthcare providers is limited [4].

Internationally, multiple guidelines address the 
management of PW. The World Health Organization 
(WHO) developed “Guidelines for Safe Disposal of 
Unwanted Pharmaceuticals in and after Emergencies,” 
which emphasize the importance of proper disposal, 
particularly in resource-limited settings [5]. Agenda 21, 
adopted at the 1992 Rio Earth Summit, also underscores 
sustainable waste management, including hazardous 
waste like pharmaceuticals, to protect human health 
and the environment [6]. The Sustainable Development 
Goals (SDGs), especially SDG 3 (good health and well-
being) and SDG 12 (responsible consumption and pro-
duction), further highlight the importance of effective 
PWM for public health and environmental sustainabil-
ity [7].

PW, which is generated by health facilities during the 
use of pharmaceuticals during diagnosis, treatment, 
immunization, compounding, and manufacturing, can 
be dangerous, eco-toxic, flammable, non-flammable, 

not-pharmaceutically active, and/or hazardous [8–11]. 
The improper disposal of these wastes causes environ-
mental pollution, may enter the water system, and may 
harm the aquatic system [12, 13]. Moreover, pharmaceu-
tical residues in water sources can lead to the develop-
ment of antibiotic-resistant bacteria, compromising the 
effectiveness of treatments for human diseases [14]. Since 
disposal differs greatly from that of conventional garbage, 
specific precautions must be taken to dispose of PW. 
Except for some agents that need to be burned in a waste 
incinerator, PW is often drained [15].

If a landfill is unsecured, children and scavengers can 
get their hands on PW. Expired medications may be 
diverted into the market for resale and abuse because of 
theft from a stockpile of trash drugs or during sorting 
[10]. Separating materials such as food trash and recy-
clables from typical hospital waste would also help with 
effective waste management because it would make it 
possible to recycle paper and cardboard and create bio-
mass from food waste. Properly recycling medical blister 
packing could lead to increased sustainability. The cost of 
the disposal of healthcare waste and factors such as con-
tamination and pollution must be considered when this 
type of waste is being stored and transported, and deci-
sions are being made on the correct technology for dis-
posal. Color coding and recorded seals have proven to be 
efficient processes, and they follow the protocol of many 
legislations and policies that prevent the negative impact 
of healthcare waste on the environment [12]. Patients, 
waste workers, healthcare employees, and the public can 
all experience severe issues because of improper waste 
management in the healthcare industry. The provision 
of healthcare is affected by increased danger of medical 
waste and a lack of waste separation knowledge [13].

The main causes of improper management of infectious 
waste include a lack of information regarding waste col-
lection and segregation, a lack of risk awareness, unsafe 
waste disposal, and a lack of financial resources [16]. 
Medical professionals who work in recycling companies, 
government administrations, policy development, qual-
ity assurance, etc., face a dilemma regarding managing 
PW effectively. Waste disposal is handled by all parties 
involved in the healthcare system, including doctors, 

experience and working in hospitals were also significantly associated with the good practices of participants toward 
PWM. Participants who had more exposure to PWM practices demonstrated better adherence, and those working 
in hospitals exhibited superior PWM practices compared to those in community pharmacies. Improper disposal 
of pharmaceutical waste threatens environmental health, contaminating water and soil, harming ecosystems, and 
posing risks to vulnerable populations. To address this, regular training for pharmacy personnel on safe disposal and 
segregation is essential. Additionally, investing in infrastructure like incinerators and proper landfills is crucial for 
sustainable PWM, mitigating associated public health risks.
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pharmacists, and nurses. The government, NGOs, and 
the public should collaborate with them to lessen the 
burden of PW in the environment [15, 16].

Africa has a wide range of economic and disposal strat-
egies, such as color coding and recorded seals, which 
have been shown to be effective techniques, and they 
adhere to many laws and regulations that stop the harm-
ful effects of medical waste on the environment. Despite 
studies on PW-related variables, the body of knowledge 
is still poorly synthesized and fragmented [17].

A systematic mechanism to retrieve damaged, expired, 
unused, and leftover medications from the downstream 
supply chain system has not yet been established in Ethi-
opia. Nevertheless, the Ethiopian government recently 
announced its intention to use reverse logistics. To 
develop strategies to advise stakeholders on how to write 
off toxic PW, it is crucial to study the level of awareness, 
practice, and understanding of the safe disposal practices 
of PW among consumers and practitioners [18]. There-
fore, this study aimed to evaluate management of PW at 
hospitals and community pharmacies in Bahir Dar and 
Gondar cities, Ethiopia.

Methods
Study design, setting and period
A facility-based cross-sectional study was conducted in 
public and private pharmacies and drug stores in Gon-
dar and Bahir Dar cities from July 2023 to September 
2023. Gondar city is situated in the Amhara regional 
state’s central Gondar administrative zone, 750  km 
northwest of Addis Ababa and 185  km from Bahir-Dar. 
The Gondar population is projected to be approximately 
227,100, according to data from the 2007 National Cen-
sus. Approximately 500,000 individuals in the town of 
Gondar are served by 78 community pharmacies and 
two public hospitals with 20 pharmacies. Bahir Dar is the 
capital city of the region, which is situated 565 km from 
Addis Ababa, the capital city of the country. The popu-
lation of Bahir Dar was estimated to be approximately 
339,683, and that of Gondar was 362,000 in 2020.

The University of Gondar Referral and Comprehensive 
Specialized Hospital has a bed capacity of approximately 
960 beds and serves over 13  million people, managing 
more than 400,000 outpatient visits and 30,000 admis-
sions annually. Ayra Hospital in Gondar has a capacity 
of 400 beds. In Bahir Dar, Felege Hiwot Comprehensive 
Specialized Hospital has 500 beds, Tibebe Ghion Special-
ized Teaching Hospital has 459 beds, and Addis Alem 
Primary Hospital has 47 beds. The range of medications 
that pharmacies and drug stores are permitted to stock or 
dispense, as well as the credentials of professionals who 
oversee retail locations, varies in Ethiopia. A licensed 
pharmacist with a minimum bachelor’s degree in phar-
macy oversees the pharmacy, and a licensed druggist or 

pharmacy technician with a minimum diploma in phar-
macy runs the drugstore. The community drug retail 
locations provide patient-centered services such as treat-
ing symptoms, completing prescriptions, and provid-
ing counseling to patients. The two cities were chosen 
because they are the most populated cities in the region 
with better health care practices and availability and bet-
ter access to health care information.

Population
The source population for the study consists of all phar-
macy professionals working in both hospital and commu-
nity pharmacies located in the urban areas of Bahir Dar 
and Gondar cities, Ethiopia, and involved in PWM dur-
ing the study period from July to September 2023. The 
study population consists of pharmacy professionals who 
were working in selected public and private pharmacies 
in Bahir Dar and Gondar cities during the data collection 
period. This includes those who were available and will-
ing to participate in the survey, covering professionals 
from both hospital and community pharmacies.

Inclusion and exclusion criteria
Every pharmacy that was open on the day of data col-
lection was included, as were any practitioners who 
consented to take part in the research. Nevertheless, 
pharmacy professionals who did not voluntarily agree to 
participate in the study and pharmacies that were closed 
during data collection were not included in the study.

Sampling and sampling technique
There were a total of 239 pharmacies and drug stores in 
the two cities. From these, there were 28 hospital phar-
macies, 47 community pharmacies, and 32 drug stores 
in Gondar city, and there were approximately 35 hospi-
tal pharmacies, 56 community pharmacies, and 41 drug 
stores in Bahir Dar city. All pharmacy dispensaries in 
the two cities that were open during data collection were 
included in the study, and one pharmacy professional 
from each pharmacy dispensary was selected to par-
ticipate in the study, resulting in the participation of 208 
pharmacy professionals from the two cities (Fig. 1).

Data collection procedures
A semi-structured, pretested, self-administered question-
naire was used to collect the required data. The PWM 
questions were adapted from another study that was used 
to collect data on PWM [13]. It came in four pieces. The 
study participants’ sociodemographic characteristics 
were covered in the first section; questions evaluating the 
participants’ knowledge of medicine disposal practices 
for PW were covered in the second section; questions 
addressing medicine disposal practices were covered in 
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the third section; and questions about the availability of 
infrastructure for PWM were included in the last section.

Data quality control
To ensure the cultural adaptability and internal consis-
tency of the tools, the researcher aimed to verify their 
reliability via Cronbach’s alpha coefficient. For every 
variable, the Cronbach’s alpha coefficient was greater 
than 0.7, indicating a satisfactory level of internal 

consistency. Pretesting of the data collection instru-
ments was performed in a sample of pharmacies outside 
the study area, which were chosen at random. Approxi-
mately 10% of all units were undergoing pretesting. 
Some modifications were made following the pretest in 
accordance with the objectives. The modifications made 
after pre-testing included rewording some questions 
for clarity, simplifying the language for respondents, 
and adjusting response options based on feedback. The 

Fig. 1 Sampling procedure

 



Page 5 of 13Limenh et al. BMC Health Services Research          (2025) 25:379 

study’s objectives and significance were explained by the 
principal investigator during a two-hour training ses-
sion for the data collectors on how to obtain pertinent 
information. Each day’s data collection was overseen 
by all the investigators, who also checked the question-
naires’ accuracy at the conclusion of the day. Incomplete 
surveys were excluded, and the data collectors were 
instructed to assist respondents who needed an expla-
nation. The information collected by the pretest was not 
included in the main study.

Data analysis
All the data were entered into Epi Data version 4.2 before 
being exported to SPSS version 26.0 for additional anal-
ysis. Descriptive results are reported as the means with  
standard deviations (SDs), frequencies, and percentages. 
Binary logistic regression was used to identify predictors 
of PWM knowledge and practices. A P value of 0.05 was 
considered statistically significant during the data analysis.

Operational definition
Knowledge
The respondents were asked 10 questions about PWM, 
such as the environmentally hazardous effect of dumped 
pharmaceuticals; the need to collect expired pharma-
ceuticals separately from sellable stock; the relationship 
between the development of resistance to antibacterial 
compounds and unsound PWM; the effect of PW on 
effective sewage treatment in the environment; the con-
sideration of the return of unsold pharmaceuticals to 
suppliers as a good way to minimize PW; the burial of 
PW prevents the pollution of water sources with phar-
maceutical compounds; the burning of PW may lead to 
the production of harmful persistent organic pollutants 
(POPs); the encapsulation of PW is necessary before 
landfilling during the disposal process; the inertization 
reduces the release of active pharmaceutical compounds 
into the aqueous environment; and the use of PPE is 
necessary during PW handling. Each correct response 
received one point, whereas incorrect responses received 
zero points. Owing to the normal distribution of the 
data, the sum was divided into good and poor categories 
according to the mean score. The mean score was 8.13. 
Study participants were deemed to have good knowledge 
if they received a score of the mean and above on the 
questions.

Practice
The respondents were asked 11 practice questions about 
PWM, such as having any guideline or policy regarding 
PWM that every worker at the pharmacy follows, having 
a separate container for storage of expired or damaged 

pharmaceuticals in their pharmacy, practicing having 
a color-coded or labeled container for PW collection, 
treating PW by burning, regularly treating PW by incin-
erating it, regularly disposing of PW by burying, prem-
ises connected to a septic tank, regularly wearing PPE 
during PWM, regularity of returning unsold stocks to 
your suppliers, practices of throwing PW on municipal 
trucks (noninfectious), and premises connected to the 
municipal sewage system. For each reported instance of 
improper and proper PWM, the respondents received 0 
or 1 point, respectively. The data were normally distrib-
uted, and we used the mean to classify the practices into 
good and poor. The practice questions had a mean score 
of 6.63. Well-practiced study participants were those who 
received equal or greater than the mean value.

Pharmacy
It is an established retail medicine that is managed by 
a pharmacist registered with a relevant legal body and 
licensed to dispense prescribed and compounded medi-
cines for humans [9].

Drug store
It is a medicine retail establishment managed by a drug-
gist (a pharmacy professional with a diploma level of 
qualification) who is registered and licensed to dispense 
medicines for humans [7].

Pharmaceutical
They are substances used in the diagnosis, treatment, or 
prevention of disease and for restoring, correcting, or 
modifying organic functions. These may include chemi-
cal products, supplies, reagents, or packages [11].

Pharmacy professional
They are classified as druggists (with a diploma in phar-
macy) or pharmacists (with a degree and above in phar-
macy) based on the Ethiopian context. To accommodate 
both, the term “pharmacy professional” is used instead of 
“pharmacy pharmacist” throughout the document [10].

Pharmaceutical wastes
These are all wastes that are generated by health facili-
ties during the use of pharmaceuticals during diagnosis, 
treatment, immunization, compounding, and manufac-
turing. They include pharmaceuticals that are expired 
or no longer needed, dispensed drugs that are unwanted 
or discontinued, and contaminated medicines. It also 
includes discarded objects that are significantly contami-
nated when handling medications, such as gloves, masks, 
and connecting tubing, as well as bottles, vials, and boxes 
that contain pharmaceutical residues [7–12].
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Landfill
The act of directly disposing of untreated PW at a land 
disposal site, which is the most popular method of dis-
posal of pharmaceuticals [19, 20].

Encapsulation
Encapsulation is the process of immobilizing pharmaceu-
tical materials in a solid block inside a cleaned plastic or 
steel drum that is not used to contain explosive or dan-
gerous materials. One-third of the capacity of drums is 
occupied by pharmaceutical items, with the remaining 
space being filled with cement, a mixture of cement lime, 
or bituminous sand [20].

Inertization
In a variant of encapsulation known as inertization, 
medications are ground and mixed with water, cement, 

and lime to form a homogenous paste. A concrete mixer 
truck then turns this into a liquid, and once it solidifies, it 
can be disposed of with municipal solid waste [20].

Sewer
Certain liquid medications, such as syrups and intra-
venous fluids, can be flushed into sewers in relatively 
small amounts over time and diluted with water without 
endangering the environment or public health. Disposing 
of undiluted antiseptics, disinfectants, or antineoplastics 
should not be performed with this method [20, 21].

Incineration
Incineration is a purpose-built process that breaks down 
the organic content of wastes by using thermal decom-
position at high temperatures (usually 900 °C or higher). 
This technique allows for a 90% reduction in volume and 
a 70% reduction in mass [20, 22].

Results
Sociodemographic characteristics of the participants
We used 208 pharmacy professionals for our study. Most 
participants (54.3%) were in the age range of 20–29. The 
female participants were the majority (56.3%) in our 
study. The qualification of most participants (48.6%) 
was a degree, followed by a diploma (38.5%). Most par-
ticipants (68.3%) had 10 years of experience or less. 
Approximately 72.6% of the participants worked as 
employees, and 20.2% of the participants were owners 
of the study facilities. Most participants’ facilities (50%) 
were established in the past five years. The participants’ 
facilities were dominated by community pharmacies 
(42.8%), followed by drug stores (33.7%). Only 47.6% 
of the participants had received regular training about 
PWM (Table 1).

Participants’ knowledge of pharmaceutical waste 
management
The responses to the items in the questionnaire revealed 
that the majority of the participants understood the 
following statements: dumped pharmaceuticals are 
environmentally hazardous (97.1%); they are neces-
sary to collect expired pharmaceuticals separately from 
sellable stock (95.2%); the relationship between the 
development of resistance to antibacterial compounds 
and unsound PWM (56.7%); the effect of PW on effec-
tive sewage treatment in the environment (77.9%); the 
return of unsold pharmaceuticals to suppliers as a good 
way of minimizing PW (72.6%); the burying of PW pre-
vents the pollution of water sources with pharmaceuti-
cal compounds (69.7%); the burning of PW may lead to 
the production of harmful POPs (77.9%); the encapsu-
lation of PW is necessary before landfilling during the 
disposal process (80.8%); the inertization reduces the 

Table 1 Sociodemographic characteristics of the participants 
(n = 208)
Variables Frequency 

(n)
Percentage 
(%)

Age in years 20–29 113 54.3
30–39 67 32.2
≥ 40 28 13.5

Gender Female 117 56.3
Male 91 43.8

Marital status Married 89 42.8
Single 110 52.9
Divorced 6 2.9
Widowed 3 1.4

Qualification Diploma 80 38.5
Degree 101 48.6
Master 27 13.0

Experience ≤ 10 years 142 68.3
Above 10 years 66 31.7

Ownership Owner 42 20.2
Partner 15 7.2
Employee 151 72.6

Years of facilities since 
establishment

0–5 years 104 50.0
6–10 years 40 19.2
11–15 years 32 15.4
> 15years 32 15.4

Type of facility respon-
dents work in

Drug store 70 33.7
Community 
Pharmacy

89 42.8

Hospital pharmacy 49 23.6
Weekly working hours 1–16 28 13.5

17–31 29 13.9
32–40 50 24.0
> 40 101 48.6

Regularity of medical 
education

Yes 99 47.6
No 109 52.4
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release of active pharmaceutical compounds into the 
aqueous environment (89.9%); and PPE is necessary 
during PW handling (95.7%) (Table 2).

Most participants (59.6%) had good knowledge about 
PWM, whereas approximately 40.4% of the participants 
had poor knowledge about PWM (Fig. 2).

Factors associated with participants’ knowledge of 
pharmaceutical waste management
In the bivariate analysis, qualification, experience, year 
since establishment, type of facility, and regularity of 
training about PWM were the candidate variables for 
multiple logistic regression (p < 0.2). In the multiple logis-
tic regression, experience and regularity of training about 
PWM were significantly associated with PWM knowl-
edge (p < 0.05). The participants who had more than ten 
years of experience were 2.86 times (AOR = 2.86, 95% 

CI: 1.26, 6.48) more likely to have good knowledge of 
PWM. Additionally, participants who had taken regular 
PWM training were 3.60 times (AOR = 3.60, 95% CI: 1.73, 
7.49) more likely to have good knowledge about PWM 
(Table 3).

Practices of participants toward pharmaceutical waste 
management
The responses to the items in the questionnaire revealed 
that most of the participants had practiced the state-
ments. With any guideline or policy regarding PWM, 
every worker at the pharmacy follows (66.3%), has a 
separate container for the storage of expired or dam-
aged pharmaceuticals in the pharmacy (79.3%), prac-
tices having a color-coded or labeled container for PW 
collection (67.8%), treats PW by burning (53.8%), reg-
ularly treats PW by incinerating it (61.1%), regularly 

Table 2 Responses to the items related to the participants’ knowledge of PWM (n = 208)
Knowledge of PWM Yes N (%) No N (%)
1. Are dumped pharmaceuticals environmentally hazardous? 202 (97.1) 6(2.9)
2. Is it necessary to collect expired pharmaceuticals separately from sellable stock? 198 (95.2) 10(4.8)
3. Is there any relationship between development of resistance to antibacterial compounds and unsound management of PW? 118(56.7) 90(43.3)
4. Is there any effect of PW to effective sewage treatment in the environment? 162(77.9) 46(22.1)
5. Do you consider return of unsold pharmaceuticals to the suppliers a good way of minimizing PW? 151(72.6) 57(27.4)
6. Does burying of PW prevent pollution of water sources with pharmaceutical compounds? 145(69.7) 63(30.3)
7. Does burning of PW may lead to production of harmful POPs? 162(77.9) 46(22.1)
8. Is encapsulation of PW is necessary before landfilling during disposal process? 168(80.8) 40(19.2)
9. Does inertization reduce/delay the release of active pharmaceutical compounds into the aqueous environment? 187(89.9) 21(10.1)
10. Is PPE is necessary during PW handling? 199(95.7) 9(4.3)

Fig. 2 Knowledge scores of the participants (n = 208)
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disposes of PW by burying (53.8%), premises connected 
to a septic tank (69.2%), and regularly wears PPE during 
PWM (83.7%). However, the responses to some of the 
items in the questionnaire revealed that the participants 
had not commonly practiced the following statements: 
regularity of returning unsold stocks to their suppliers 
(44.2%), practices of throwing PW on municipal trucks 
(noninfectious) (47.1%), and premises connected to the 
municipal sewage system (35.6%) (Table 4).

PWM practices were rated similarly by the partici-
pants, with good and poor scores of 52.9% and 47.1%, 
respectively (Fig. 3).

Factors associated with participants’ practices related to 
pharmaceutical waste management
In the bivariate analysis, age, qualification, experience, 
year since establishment, type of facility, and regular-
ity of training about PWM were the candidate variables 
for multiple logistic regression (p < 0.2). Multiple logistic 
regression revealed that experience and working in the 

hospital were significantly associated with good PWM 
practices (p < 0.05). The participants who had more than 
ten years of experience were 3.33 times (AOR = 3.33, 95% 
CI: 1.49, 7.47) more likely to have good PWM practices. 
Additionally, participants who had worked at hospital 
pharmacies 5.19 times (AOR = 5.19, 95% CI: 1.95, 13.83) 
were more likely to have good practices toward PWM 
(Table 5).

Availability of infrastructures used for pharmaceutical 
waste management
Most participants’ facilities had different infrastructures 
for PWM. Approximately 90.9% of the facilities had PW 
collection containers; 88% of facilities had clean contain-
ers; 73.6% of the facilities had color-coded and labeled 
containers for PW segregation; 54.8% of the facilities had 
burial pits without liners; 79.3% of the facilities had PPE; 
and 62% of the facilities had access to municipal-level 
landfills. However, only 47.6% of the participants’ facili-
ties had an incinerator for the disposal of ashes (Fig. 4).

Table 3 Associations of participants’ pharmaceutical waste management knowledge with sociodemographic characteristics (n = 208)
Variables Knowledge COR (95% CI) AOR (95% CI)

Good Poor
Qualification Diploma 33 (41.3) 47 (58.8) 1 1

Degree 72 (71.3) 29 (28.7) 0.96 (0.38–2.43) 0.95 (0.32–2.82)
Master 19 (70.4) 8 (29.6) 3.38 (1.32–8.65) 1.52 (0.50–4.63)

Experience 10years and below 69 (48.6) 73 (51.4) 1 1
above 10years 55 (83.3) 11 (16.7) 5.29 (2.56–10.94) 2.86 (1.26–6.48)*

Year since establishment 0–5 51 (49.0) 53 (51.0) 1 1
6–10 24 (60.0) 16 (40.0) 0.59 (0.18–1.91) 0.47 (0.13–1.74)
11–15 26 (81.3) 6 (18.8) 1.70 (0.63–4.62) 1.71 (0.51–5.68)
> 15 23 (71.9) 9 (28.1) 2.66 (1.12–6.28) 1.71 (0.62–4.67)

Type of the facility Drug store 27 (38.6) 43 (61.4) 1 1
Pharmacy 59 (66.3) 30 (33.7) 1.76 (0.79–3.92) 1.09 (0.42–2.82)
Hospital pharmacy 38 (77.6) 11 (22.4) 5.50 (2.41–12.56) 1.94 (0.72–5.22)

Regularity of training about PWM Yes 80 (80.8) 19 (19.2) 6.22 (3.31–11.68) 3.60 (1.73–7.49) **
No 44 (40.4) 65 (59.6) 1 1

Abbreviations: COR crude odds ratio, CI confidence interval, AOR adjusted odds ratio

Note: *p < 0.05 and **p < 0.01

Table 4 Participants’ practices of pharmaceutical waste management (n = 208)
PWM practices Yes N (%) No N (%)
1. Do you have any guideline/Policy regarding PWM which every worker at the pharmacy follows? 138 (66.3) 70(33.7)
2. Do you have a separate container for storage of expired or damaged pharmaceuticals in your pharmacy? 165(79.3) 43(20.7)
3. Practices of having color coded or labeled container for PW collection 141(67.8) 67(32.2)
4. Do you or your pharmacy regularly return unsold stocks to your suppliers? 92(44.2) 116(55.8)
5. Do you or your coworker usually treat PW by burning it? 112(53.8) 96(46.2)
6. Practices of throwing PW on municipal truck(noninfectious) 98(47.1) 110(52.9)
7. Do you or your pharmacy regularly treat PW by incinerating it? 127(61.1) 81(38.9)
8. Do you or your coworker regularly dispose of PW by burying it? 112(53.8) 96(46.2)
9.Is your premises connected to municipal sewage system? 74(35.6) 134(64.4)
10. Is your premises connected to a septic tank? 144(69.2) 64(30.8)
11. Do you regularly wear PPE during PW handling? 174(83.7) 34(16.3)
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Discussion
The knowledge and practice of pharmacy professionals 
with respect to PW are essential to performing effec-
tive PWM because the improper disposal of unused 
medicines is a growing problem throughout the world. 
Pharmacists can use a range of approaches to stock 
management, including effective purchasing, prepara-
tion of medication, and dispensing processes. In addi-
tion, PW can be mitigated in the leftover stage via the 

re-dispensing of unopened medication packages. The 
automated expiration date checks, followed by accel-
erated dispensing of medication close to its expiration 
date, minimize PW. Moreover, exchanges with other 
pharmacies could help prevent PW that are not often 
distributed [23].

Our participants responded that dumped pharma-
ceuticals were environmentally hazardous (97.1%, 95% 
CI: 94.7, 99), which is higher than that reported in a 

Table 5 Associations of participants’ pharmaceutical waste management practices with sociodemographic characteristics (n = 208)
Variables Practices COR (95% CI) AOR (95% CI)

Good Poor
Age 20–29 50 (44.2) 63 (55.8) 1 1

30–39 37 (55.2) 30 (44.8) 3.73 (1.27–10.99) 2.54 (0.76–8.54)
≥Above 40 23 (82.1) 5 (17.9) 5.80 (2.06–16.33) 2.95 (0.91–9.55)

Qualification Diploma 33 (41.3) 47 (58.8) 1 1
Degree 56 (55.4) 45 (44.6) 2.81 (1.05–7.56) 2.90 (0.89–9.44)
Master 21 (77.8) 6 (22.2) 4.99 (1.81–13.70) 1.80 (0.54–6.03)

Experience 10years and below 59 (41.5) 83 (58.5) 1 1
above 10years 51 (77.3) 15 (22.7) 4.78 (2.46–9.31) 3.33 (1.49–7.47) *

Years since establishment 0–5 years 44 (42.3) 60 (57.7) 1 1
6–10 years 21 (52.5) 19 (47.5) 1.16 (0.40–3.40) 0.93 (0.25–3.41)
11–15 years 22 (68.8) 10 (31.3) 2.31 (0.86–6.22) 2.09 (0.59–7.42)
> 15 years 23 (71.9) 9 (28.1) 3.49 (1.47–8.26) 2.19 (0.76–6.37)

Type of the facility Drug store 15 (21.4) 55 (78.6) 1 1
Pharmacy 58 (65.2) 31 (34.8) 1.65 (0.75–3.61) 1.13 (0.46–2.78)
Hospital pharmacy 37 (75.5) 12 (24.5) 11.31 (4.76–26.88) 5.19(1.95–13.83) *

Regularity of training about PWM Yes 69 (69.7) 30 (30.3) 3.82 (2.14–6.80) 2.00 (0.96–4.19)
No 41 (37.6) 68 (62.4) 1 1

Note: *P < 0.01

Fig. 3 Practice scores of the participants (n = 208)
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study performed in India, which revealed that 79.3% of 
respondents correctly identified that improper disposal 
of pharmaceuticals can have negative implications for 
planetary health due to contamination of soil and water 
supplies [24]. Our result is also higher than that of a 
study performed in Tamil Nadu, which revealed that 
67% of hospital pharmacists were aware of the environ-
mental hazards caused by improper disposal of medi-
cines, but only 32% of community pharmacists were 
aware of the same [25]. This percentage is also higher 
than that reported in a study performed in Jimma city, 
Ethiopia, which revealed that 41.7% of the participants 
reported that safe disposal of damaged or expired medi-
cines would prevent environmental pollution [18].

In our study, the explanation for the relationship 
between the development of resistance to antibacterial 
compounds and the unsound management of PW was 
56.7% (95% CI: 50.0, 63.5), which was lower than that 
reported in a study conducted in Tamil Nadu, which 
showed that unsafe disposal of medicines could lead 
to antibiotic resistance. Approximately 67% of hospi-
tal pharmacists and 33% of community pharmacists 
answered positively [25].

Our study revealed that greater consideration of the 
return of unsold pharmaceuticals to suppliers was a good 
way of minimizing PW (72.6%, 95% CI: 66.3, 78.4) than 
a study performed in Tamil Nadu, which revealed that 
approximately 65% of hospital pharmacists and only 30% 
of community pharmacists stated that returning drugs to 
the source was the best method of unwanted drug dis-
posal [25]. This number is also higher than that reported 

in a study performed in the United Arab Emirates, where 
more than a quarter of the participants reported return-
ing these drugs to distributors [26].

In our study, 44.2% (95% CI: 37.0, 51.0) of the respon-
dents returned unsold stocks to suppliers, and 47.1% 
(95% CI: 39.9, 53.8) of the participants returned PW 
on municipal trucks (noninfectious), which was lower 
than that reported in a study conducted in Nepal, which 
revealed that the majority of pharmacists (94.1%) had 
practices of returning unsold and expired pharmaceu-
ticals to suppliers and that 76.5% of pharmacies threw 
their noninfectious PW on municipal trucks [7].

Our participants’ practice of regularly wearing PPE 
during PWM was 83.7% (95% CI: 78.4, 88.5) lower than 
that reported in a study performed in Phuket, Thailand, 
which reported 93.6% regular use of PPE [16].

Approximately 53.8% (95% CI: 47.1, 60.1) of our par-
ticipants treated PW by burning and burying, which was 
higher than that reported in a study conducted in Jimma, 
Ethiopia, in which approximately 38.2% of the respon-
dents reported burning separately and 19.5% reported 
burying underground [18].

Proper PWM requires separating and storing waste 
at the point of generation. In our study, approximately 
79.3% (95% CI: 73.6, 85.1) of the participants had a sep-
arate container for the storage of expired or damaged 
pharmaceuticals, and approximately 67.8% (95% CI: 61.1, 
74.0) had a color-coded or labeled container for PW col-
lection, which was higher than that reported in a study 
conducted in Dessie, Northeast Ethiopia, which reported 
nearly two and one-third of the respondents’ labels 

Fig. 4 Availability of infrastructures used for pharmaceutical waste management (n = 208)
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and stores on PW, respectively [13]. Our findings were 
also greater than those of a study performed in Ghana, 
which revealed that most hospitals did not comply with 
the color-coding system and that there was no separate 
container for the collection of PW [27]. This percentage 
is also higher than that reported in a study performed in 
Abu Dhabi, UAE, where 46% of the waste handlers prac-
ticed waste segregation correctly and effectively; the non-
availability of proper color-coded containers affected the 
practice of segregating healthcare waste [28].

Our participants regularly treat PW by incineration 
(61.1%, 95% CI: 53.9, 67.3), which was better than the 
findings of a study performed in Ghana, which revealed 
that PW is disposed of at landfill sites where the waste 
materials are crushed and buried together with other 
solid waste and incinerated or open burning [27].

In our study, approximately 62% (95% CI: 54.8, 68.3) of 
the facilities had access to municipal-level landfills, which 
was comparable to the findings of a study conducted in 
Ghana, which revealed that disposal at dumping sites 
or landfills through the municipal authority is the most 
common method employed by hospitals in the disposal 
of PW [27]. In most developing countries, landfilling 
remains the main option for disposing of waste. Dis-
posal at dumping sites or landfills through the municipal 
authority is the most common method employed by hos-
pitals in the disposal of solid waste, i.e., infectious, gen-
eral, and pharmaceutical waste [27, 28].

In our study, only 47.6% (95% CI: 41.3, 54.8) of par-
ticipants’ facilities had an incinerator for the disposal of 
ashes, which was in line with a study performed in Ghana 
that showed that hospitals do not commonly use incin-
eration for PW disposal, which was attributed to the 
unavailability of incinerators and the danger of burning 
waste materials in the open air [27].

Multiple logistic regression revealed that experience 
and training were significantly associated with good 
knowledge about PWM (p < 0.05). The participants 
who had taken regular PWM training were 3.60 times 
(AOR = 3.60, 95% CI: 1.73, 7.49) more likely to have good 
knowledge about PWM. The participants who had more 
than ten years of experience were 2.86 times (AOR = 2.86, 
95% CI: 1.26, 6.48) more likely to have good knowledge 
of PWM. This result is comparable to that of a study per-
formed in the United Arab Emirates, where it was dem-
onstrated that pharmacists’ years of experience were 
correlated with their knowledge of accurate disposal 
practices (p < 0.05) [26]. Additionally, experience and 
types of facilities were significantly associated with PWM 
practices (p < 0.05). The participants who had more than 
ten years of experience were 3.33 times (AOR = 3.33, 95% 
CI: 1.49, 7.47) more likely to have good PWM practices. 
The participants who had worked at hospital pharmacies 
were 5.19 times (AOR = 5.19, 95% CI: 1.95, 13.83) more 

likely to have good practices toward PWM. This result 
was comparable with a study performed in Tamil Nadu, 
which showed that pharmacists practicing in the hospi-
tal pharmacy setting had significantly better practices for 
the safe disposal of unwanted medicines than those prac-
ticing in the community did (P < 0.005) [25].

PW has a negative impact on the environment and a 
significant effect on healthcare budgets. Therefore, one 
intriguing strategy to achieve sustainable medication 
supply and use is to stop medication from being unused 
throughout the pharmaceutical chain. By extending the 
shelf life of their products, selecting the most environ-
mentally friendly storage options, and modifying package 
sizes, manufacturers can help ensure a sustainable sup-
ply and use of pharmaceuticals. Distributors are respon-
sible for optimizing stock management and relaxing 
shelf-life regulations. Prescribers can respond by agree-
ing to rational prescribing practices, which include taking 
prescription quantity and shorter duration into account. 
Pharmacists can make a difference by redistributing 
unused medication, improving medication preparation 
procedures, and streamlining the dispensing process. To 
encourage thoughtful medication ordering and to foster 
the willingness to participate in waste-minimizing inter-
ventions, patients’ awareness of medication waste needs 
to be increased. Finally, by raising awareness and enforc-
ing waste-reduction policies, health authorities can sup-
port sustainability [21, 29, 30]. The main intervention for 
all pharmacy settings is education regarding the proper 
disposal of various types of medications [31].

The study’s findings highlight significant gaps in 
PWM practices, particularly in community pharmacies. 
The results suggest that targeted interventions such as 
increased training and investment in infrastructure could 
significantly improve PWM practices, thereby reduc-
ing environmental harm. The practical implication is 
that government bodies and healthcare facilities should 
focus on regular training programs and infrastructure 
improvements, such as the use of incinerators and proper 
disposal sites. These findings can be generalized to other 
urban areas in Ethiopia and similar developing nations, 
where PWM practices face comparable challenges.

Limitations of the study
The cross-sectional design of the study made it more 
difficult for us to determine whether the study vari-
ables were causally related. Information bias may have 
occurred because the results depended on the partici-
pants’ honesty and accuracy in their responses. A larger 
sample size is advised to generalize the results across 
Ethiopian pharmacies, even though the sample size was 
sufficient to achieve statistical power. The reliance on 
self-reported data may introduce bias, as participants 
may provide socially desirable responses or overestimate 
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their knowledge and practices regarding PWM. Com-
bining self-reported data with objective measures or 
observations could enhance the validity of the findings. 
Moreover, including additional variables, such as organi-
zational policies, regulatory frameworks, and community 
perceptions, could offer a more holistic understanding of 
the factors influencing waste management practices.

Conclusion
The study revealed that most participants (59.6%) 
demonstrated good knowledge of PWM, while 40.4% 
exhibited poor knowledge. In the multiple logistic regres-
sion analysis, factors such as professional experience 
(AOR = 2.86, 95% CI: 1.26, 6.48) and regular PWM train-
ing (AOR = 3.60, 95% CI: 1.73, 7.49) were significantly 
linked to higher levels of knowledge. Similarly, PWM 
practices were fairly balanced, with 52.9% showing good 
practices and 47.1% performing poorly. Notably, experi-
ence (AOR = 3.33, 95% CI: 1.49, 7.47) and employment in 
hospitals (AOR = 5.19, 95% CI: 1.95, 13.83) were key fac-
tors associated with better PWM practices. Most facili-
ties provided essential infrastructure for PWM, including 
waste collection containers, clean and color-coded bins 
for segregation, burial pits, PPE, and access to municipal 
landfills. However, only 47.6% of the facilities had incin-
erators and appropriate disposal systems for ash, high-
lighting an area for improvement in waste management 
infrastructure.

Recommendations
A practical, environmentally sustainable approach to 
PWM, with policies and guidelines as well as public 
awareness campaigns, is necessary to address the prob-
lem of safe waste disposal. The national drug regulatory 
bodies should conduct an environmental risk assessment 
resulting from the disposal of PW. Pharmacists should 
facilitate extensive training on sustainable drug use and 
proper PW disposal at all levels to reduce the risks asso-
ciated with improper disposal. Reducing PW generation 
at each step of the drug lifecycle and implementing take-
back options, collection at approved sites, and modern 
technology to treat wastewater are highly recommended 
to reduce the effects of unwanted pharmaceuticals on 
human health and the environment. Furthermore, the 
government should promote the reverse distribution 
network.
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