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Background Improper disposal of unused or expired medications presents a serious
threat to both environmental and public health.

Aim This study aimed to conduct an initial assessment of the knowledge, attitudes,
and disposal practices related to medications among an online, convenience sample of
the Libyan population.

Methods A descriptive cross-sectional online survey was conducted from Decem-
ber 13-22, 2024, using a structured, 20-item questionnaire. The tool, adapted from a
validated bilingual questionnaire, comprised four sections: demographics, knowl-
edge, attitudes, and disposal practices. Knowledge was assessed via three items
scored as correct (2 points), uncertain (1 point), or incorrect (0 points), with total
scores (0-6) categorized as poor (0-2), moderate (3-4), or high (5-6) knowledge.
Disposal practices were evaluated through two items, where a correct response
scored 2 points and an incorrect response 0 points, categorizing a total score of 4 as
positive practice and a score of 0 to 2 as negative practice. Data were analyzed using
SPSS version 23, employing descriptive statistics and chi-square tests to examine
associations.

Results The sample of 478 respondents was predominantly female (66.7%), young
(56.9% aged 18-25 years), and highly educated (79.7% holding a university degree).
Among 478 participants, 81% demonstrated a high level of knowledge about medica-
tion safety and expiration. Positive attitudes toward proper disposal were expressed by
55.6%, and were significantly associated with being female and employed. However,
only 5.0% of respondents followed the recommended practice of returning expired
medications to a pharmacy. No significant associations were found between disposal
practices and demographic variables.

Conclusion This study highlights widespread unsafe disposal practices despite
relatively high levels of knowledge. These findings highlight the urgent need for
national policies that establish clear guidelines, promote public education, and provide
accessible systems for safe medication disposal in Libya.
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Introduction

Improper disposal of unused or expired medications
presents significant risks to public health and the environ-
ment.' These practices can result in contamination of
water and soil, harming vital microorganisms and wildlife,
while also contributing to the spread of antibiotic resistance.
Consequently, they not only impact human and animal
health but also increase morbidity, mortality, and medical
expenses.*>

Globally, the consumption of both prescription and over-
the-counter medications is on the rise. By 2020, an estimated
4.5 trillion doses were projected to be consumed, a 24%
increase over the preceding 5 years.®’ However, a substan-
tial portion of these medications goes unused or expires
before they are consumed. The relative magnitude of this
portion is influenced by various factors, including patient
behavior, health care practices, and the shelf life of the
medications.®8

The persistence of pharmaceutical waste in aquatic envi-
ronments is particularly concerning. Medications released
from wastewater treatment plants have been detected in
rivers, groundwater, and seawater, causing ecological harm,
spreading antibiotic resistance, and disrupting endocrine
systems.g’10 The Mediterranean Basin, due to its semien-
closed geography and diverse socioeconomic conditions, is
especially vulnerable.!"12

Despite growing global awareness of pharmaceutical
waste, many regions continue to struggle with challenges
such as low public awareness, weak policy frameworks,
and inadequate disposal systems.'>'# Many people con-
tinue to store unused or expired medications at home,
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which increases the risk of misuse and accidental over-
doses, and diminishes drug effectiveness due to improper
storage."®1® Lack of public knowledge regarding safe dis-
posal methods exacerbates these problems, contributing
to poisoning, rising health care costs, water pollution,
and degradation of the environment.'”:' This study aimed
to conduct an initial assessment of the knowledge, atti-
tudes, and disposal practices related to medications
among an online, convenience sample of the Libyan
population.

Methods

Study Design and Setting

This cross-sectional study evaluated public knowledge,
awareness, and proper disposal of medications in Libya.
Data were collected during December 13-22, 2024, and
covered the northeastern, northwestern, and southern
regions of the country. Participants were recruited through
an electronic survey link posted on various social media
platforms. The purpose and objectives of the study were
clearly explained to the respondents before the beginning of
the questionnaire.

Sample Size

Sample size was calculated with the Raosoft online calculator
(http://www.raosoft.com/samplesize.html) for a confidence
level of 95% and a 5% error margin, which yielded 385 as the
minimal sample size. To ensure an adequate safety margin, a
total of 504 responses were collected.


http://www.raosoft.com/samplesize.html
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The Study Tool

A structured, self-administered questionnaire was prepared
in Google Forms. We adapted the English version of a
bilingual, validated questionnaire,* and had it reviewed by
pharmacy experts. It consists of 20 items assembled with
yes/no or multiple-choice questions grouped in four
sections.

» Section 1 was for demographic information: gender, age,
educational level, region of residence, and occupational
status.

 Section 2 covered knowledge of proper medication dis-
posal practices, verification of expiration date before use,
opinions on the use of expired medications, and beliefs
regarding the variability of expiration periods among
different medications. Knowledge regarding medication
safety and expiration was assessed with three yes/no/not
sure response options. A correct response was scored 2, an
incorrect response 0, and an uncertain response as 1.
Thus, the maximum total score ranged from O to 6. Scores
of 0 to 2 indicated poor knowledge, 3 and 4 moderate
knowledge, and 5 and 6 high knowledge.

 Section 3 addressed attitudes toward medication dispos-
al, including whether the participant had received infor-
mation on safe disposal methods, perceived
environmental impact of improper disposal, or percep-
tions of responsibility for raising public awareness.

* Section 4 addressed medication storage and disposal
practices at home, including locations, presence of ex-
pired or unused medications, types of medications kept,
and methods used for disposal. Medication disposal was
assessed through two questions with yes/no response
options. A correct answer was scored as 2 and an incorrect
answer as 0, giving a maximum total score from O to 4.
Scores of 0 to 2 indicated negative practice, while a score
of 4 indicated positive practice.

Data Quality Control

To ensure accuracy of responses and attentiveness of partic-
ipants, the questionnaire included a multiple-choice atten-
tion-check question placed among the main study items. The
heading of this question read: “Leave this Question
Unanswered.”

All other items in the survey were mandatory; partici-
pants could not submit the form unless every question was
completed, except for this particular item, which was delib-
erately left optional. Although the answer options were
relevant to the study topic, respondents were instructed
not to choose any of them. Those who selected an answer
were excluded from the final dataset. After applying this
criterion, 478 valid responses were retained for analysis.

Data Analysis

Data were cleaned, coded, and organized in Microsoft Excel.
They were analyzed descriptively in Statistical Package for
the Social Sciences (SPSS version 23). Associations between
variables were analyzed with the chi-square test or Fisher’s
exact test, as appropriate. A p-value of < 0.05 was considered
statistically significant.
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Results

Out of the total responses collected, 26 responses (5.15%)
were excluded because the control question was answered,
indicating inattentive or random completion. The final anal-
ysis was therefore based on 478 valid responses.

Most respondents (66.7%) were females and more than
half (56.9%) were aged 18 to 25 years. Most (79.7%) held a
university degree, and 0.4% had no formal education. Partic-
ipants were geographically distributed across Libya, with
41.6% residing in the northwestern region, 31.6% in the
northeastern region, and 26.8% in the southern region;
46.7% were students and 44.4% were employed (~Table 1).

Based on the scoring of knowledge items (=Table 2), only
1 participant (0.2%) demonstrated low knowledge, 90 par-
ticipants (18.8%) showed a moderate level, while the majori-
ty, 387 participants (81.0%), exhibited high knowledge.
Specifically, 79.9% knew that medication shelf-life depends
on the drug identity, and 74.9% reported regularly checking
expiration dates before use. However, 11.1% believed that
expired medications are safe or were unsure about the
associated risks.

Females had significantly more knowledge about medi-
cation safety and expiration than males (p < 0.008). Knowl-
edge scores varied significantly by region (p <0.013), with
the southern region (71.9% high knowledge) scoring lower
than the northwestern (84.9%) and northeastern (83.4%)
regions. Knowledge showed no significant association with
age, education, or employment status (=Table 3).

Positive attitudes to proper disposal were expressed by
55.6% of the respondents. Over half of the participants
(55.6%) agreed that improper medication disposal
could negatively affect the environment, while 33.7%
were uncertain, and 10.7% did not perceive any environ-
mental risk.

When asked who is responsible for raising awareness, the
most common single choices selected by participants were
health care institutions (29.5% of the total sample), the media
(10.5%), and pharmacies (10.5%). However, a combined 46.7%
of participants selected either two or three options from the
list, indicating divided or overlapping perceptions of respon-
sibility (~Table 4).

Males and employed individuals showed more positive
attitudes compared with other participants (p =0.041 and
p=0.002, respectively), but no significant associations were
found with age, education, or region (~Table 5).

Most participants (77.6%) stated that they did not keep
expired medications at home, whereas 22.4% did. Half (51%)
reported keeping unused medications at home (=Table 6).
When asked how they disposed of expired medications, most
participants (76.6%) reported using more than one method,
combining both appropriate and inappropriate practices.
Among those who selected a single method, unsafe behaviors
were common: 8.2% disposed of medications in the toilet,
4.2% kept them at home, 2.9% used them until finished, 1.7%
threw them in household trash, and 1.5% gave them to
others. Only 5.0% of respondents returned expired medica-
tions to a pharmacy, the recommended and safe practice
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Table 1 Demographic characteristics of participants
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Variable Category Frequency (n) Percentage (%)
Gender Male 159 333
Female 319 66.7
Age group (y) 18-25 272 56.9
26-35 111 23.2
36-45 51 10.7
> 45 44 9.2
Educational level No formal education 2 0.4
Less than high school 13 2.7
High school diploma 46 9.6
University degree 381 79.7
Master’s or Doctorate 36 7.5
Region of residence Northeastern Libya 151 31.6
Northwestern Libya 199 41.6
Southern Libya 128 26.8
Employment status Student 223 46.7
Employed 212 44.4
Retired 3 0.6
Unemployed 40 8.4

(=Table 6). No significant associations were found between
disposal methods and demographic variables (all p > 0.05).

Discussion

This study assessed the Libyan public’s knowledge, attitudes,
and practices in medication use, storage, and disposal.
Although awareness of medication shelf life and the risks
of expired drugs was relatively high, important deficiencies
were evident in disposal practices and risk perception. These
findings are consistent with observations from other coun-
tries in the region.*'>'° For example, in the United Arab
Emirates, knowledge and practices were not significantly

influenced by gender or education, though occupational
differences were noted.* By contrast, our results demon-
strate a significant association with gender and geographic
region, with females and respondents from the northwestern
area generally having better knowledge. This pattern may
reflect unequal access to health care services across Libya,
suggesting the need for interventions tailored to specific
regions.

Attitudes toward the environmental risks of improper
disposal were mixed. Just over half of respondents (55.6%)
recognized the potential harm, but one-third was unaware.
Comparable findings have been reported elsewhere, such as
in an Indonesian study, in which more than half of the

Table 2 Participants’ responses regarding medication safety and expiration

Statement Response Frequency (n) Percentage (%)
Do you believe that some medications have No 19 4.0
a longer shelf life than others? Not sure 77 16.1
Yes 382 79.9
Do you check the expiration date before taking a medication? No 17 3.6
Sometimes 103 21.5
Yes (always) 358 74.9
Can medications be used after their expiration date? Yes 22 4.6
I do not know 31 6.5
No 425 88.9
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Table 3 Association between sociodemographic factors and knowledge levels

Demographic Participant group Frequency | Percentage | Knowledge | Knowledge | Knowledge | p-Value
characteristic (n) (%) level 1 level 2 level 3
Gender Male 159 333 1 40 118

Female 319 66.7 0 50 269 0.008°
Age (y) 18-25 272 56.9 1 55 216

26-35 111 233 0 22 89

36-45 51 10.7 0 11 40

> 45 44 9.2 0 2 42 0.103
Educational level No education 2 0.4 0 1 1

Less than high school | 13 2.7 0 1 12

High school 46 9.6 0 8 38

University degree 381 79.7 1 70 310

Master’s or doctorate | 36 7.5 0 10 26 0.456
Region of residence | Northeast Libya 151 31.6 0 25 126

Northwest Libya 199 41.6 0 30 169

South Libya 128 26.8 1 35 92 0.013°
Employment status | Student 223 46.7 1 47 175

Employee 212 44.4 0 37 175

Retired 3 0.6 0 3

Unemployed 40 8.4 0 0 34 0.687

?Statistically significant.

participants were unaware of the environmental consequen-

es.'® These results point to a broader global challenge:
public awareness remains insufficient to drive environmen-
tally responsible behavior.

In this study, a clear gap was observed between knowl-
edge and practice. Although most participants were aware of
safe disposal methods, only 5.0% returned expired medica-
tions to pharmacies, whereas 76.6% reported using multiple
disposal practices that included both correct and incorrect
methods. The tendency of many participants to select more
than one disposal method indicates inconsistent or uncertain
behavior, reflecting a lack of clear understanding of proper
disposal practices. This finding aligns with a study conducted

in Saudi Arabia, where 79.7% of respondents acknowledged
the risks of improper disposal yet only a few followed the
correct procedures.'?

Evidence from Libya supports this pattern: a study con-
ducted in Sebha, in the southwest region, found that more
than half of participants (52.2%) considered disposal in
household garbage to be appropriate, and more than 80%
reported discarding unused or expired medicines in this
way.20 Despite widespread recognition of environmental
risks, both studies reveal that safe disposal practices remain
uncommon.

These findings indicate that unsafe disposal practices
represent a widespread problem in Libya and cannot be

Table 4 Participants’ attitudes toward medication disposal and its environmental impact

Attitude statement Participants’ response Frequency (n) Percentage (%)
Do you think disposing of expired medications No 51 10.7
in the trash has negative environmental effects? Maybe 161 337
Yes 266 55.6
In your opinion, who is responsible for raising Media 50 10.5
awareness about proper medication disposal? Medical institutions 121 205
Pharmacies 50 10.5
Other 14 2.9
Selected two options 163 34.1
Selected three options 60 12.6
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Table 5 Association between demographic factors and participants’ attitudes to medication disposal

Demographic Participant response Frequency Percentage Level 1 Level 2 p-Value
characteristic (n) (%) attitude attitude
Gender Male 159 333 60 99

Female 319 66.7 152 167 0.041
Age (y) 18-25 272 56.9 132 140

26-35 111 23.2 44 67

36-45 51 10.7 22 29

> 45 44 9.2 14 30 0.126
Education status No education 2 0.4 1 1

Less than high school 13 2.7 8 5

High school 46 9.6 21 25

University degree 381 79.7 169 212

Master’s or Doctorate 36 7.5 13 23 0.608
Region of residence Northeast Libya 151 31.6 66 85

Northwest Libya 199 41.6 94 105

South Libya 128 26.8 52 76 0.503
Employment status Student 223 46.7 113 110

Employee 212 44.4 75 137

Retired 3 0.6 1 2

Unemployed 40 8.4 23 17 0.002

addressed by awareness campaigns alone. Evidence from this
study and the Sebha survey points to the same conclusion:
the urgent need for a coordinated national strategy.’? Such a
strategy should integrate public education with a practical
infrastructure, including pharmacy-based take-back sys-
tems, region-specific awareness initiatives, and stronger
involvement of health care providers in guiding patients
toward safe practices. Implementing these measures and
drawing on successful experiences such as the Return Un-
wanted Medicines (RUM) program in Australia would offer

Table 6 Key medication storage and disposal practices (N=478)

Libya a sustainable framework to reduce environmental risks
and safeguard public health.

Limitations

The study used a convenience sampling approach through
social media platforms. This method may have resulted in a
higher proportion of younger and more educated partici-
pants who are accustomed to using the internet. Neverthe-
less, respondents represented all main regions of Libya, and

Practice variable | Category Number %
Storage
Keeps expired medications at home Yes 107 22.4
Keeps unused medications at home Yes 244 51.0
Most common disposal methods reported®
Uses multiple disposal methods 366 76.6
Disposes in toilet/sink 39 8.2
Keeps at home 20 4.2
Returns to pharmacy 24 5.0
Most common expired medication categories stored®
Pain relievers 41 8.6
Antibiotics 31 6.5

?Participants could select multiple methods. The most prevalent single methods reported among the total sample are listed.
b«Other medications” is the most cited category (53.8%) but is nonspecific. The most common specific categories are listed.
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their distribution was generally consistent with the national
population pattern, providing reasonable geographic cover-
age. The results should be interpreted in the context of the
studied sample and are not intended to reflect the entire
Libyan population. Although the use of a convenience sample
is acceptable for exploratory research, future investigations
should include more diverse populations to obtain findings
that are more representative at the national level.

Conclusion

This study offers meaningful insight into public knowledge,
awareness, and practices concerning medication use and
disposal across Libya. While a majority demonstrated high
awareness, particularly in relation to expiration dates and drug
safety, a notable minority held misconceptions or uncertainty,
underscoring the need for targeted educational efforts. Signif-
icant differences by gender and region further suggest that
public health messaging should be tailored accordingly.

Although over half of the respondents expressed positive
attitudes toward proper disposal and environmental risks, a
considerable share remained indifferent or unsure. The lack
of consensus on which institutions should lead awareness
efforts reflects broader gaps in public engagement with
pharmaceutical waste issues.

Medication disposal practices were generally suboptimal.
The frequent retention of unused or expired medications in
households, alongside the adoption of unsafe disposal meth-
ods, reflects a broader structural challenge. Importantly,
these behaviors showed no significant correlation with de-
mographic characteristics, suggesting that the issue is wide-
spread and not confined to specific population subgroups.

Overall, the findings underscore the urgency of imple-
menting national strategies that combine public education,
regulatory clarity, and accessible infrastructure for safe
disposal. Such efforts are critical to promoting responsible
medication practices and mitigating potential risks to both
human health and the environment.
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