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Abstract: With the rapid development of the pharmaceutical industry and constant growth of drug
usage, ecopharmacovigilance (EPV) has emerged as a way of coping with and minimizing the effects
that drugs have on the environment. EPV concerns and describes unwanted effects that the use of a
specific drug could have on the environment. The US, EU and Cananda are the improving position
of EPV, both in legislation and practice. EPV requires further development as previous studies have
shown that neither the general population nor healthcare professionals have enough knowledge
about the subject. Improving awareness and knowledge about this topic is a key task for the future of
EPV. The main objective was to determine students’ level of knowledge about ecopharmacovigilance
and to examine ways of storing and disposing of unused and expired drugs. Students’ knowledge
and habits were examined by a previously published survey. The survey contains twenty questions
divided into three parts and the possibility of writing an additional note. There was no difference in
the level of knowledge between the students of different studies. Also, students who had a family
member working as healthcare professional did not show a higher level of knowledge compared
to the others. Pharmacy students had a greater intention to educate their environment about EPV
when compared to students of the other studies. This is in the line with a previous study which
showed that the general public expects that pharmacists and physicians educate them about EPV.
Medicine and dental medicine students will become prescribers after finishing their studies, and as
such, they should be informed about eco-directed sustainable prescribing (EDSP) as part of an EPV
strategy. More than half of the participants reported good adherence to prescribers’ instruction, which
decreased the amount of unused drugs. Most of the students found that the drug expiration date
was legible, but they did not check it often. In comparison with similar studies, Croatian students
had more knowledge and better practices concerning EPV and drug disposal. Structured learning
strategies and curriculum implementation for EPV are much needed for further raising awareness
about the subject among healthcare professionals and the public.

Keywords: ecopharmacovigilance; drugs disposal; antibiotic resistance; eco-directed sustainable
prescribing; unused drugs

1. Introduction

Climate change, environment-care and ecology are everyday topics. This is entirely
deserved given the speed at which changes are happening in our surroundings and the
consequences they entail [1]. The negative impact of humans on existing ecosystems is not
questionable but measurable, tangible, and, above all, long-lasting [2]. Often, in an attempt
to improve the quality and duration of life, people forget or neglect other organisms in
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their environment. An excellent example of this is the development and application of
medications, which we know contribute to the longevity and quality of life. Medications
are the foundation of today’s medical care, a tool with which we fight and prevent various
diseases. The availability of necessary medication is the right of every human being [3].

In recent years, the pharmaceutical industry has increased its focus on the impact
of pharmaceutical products in the environment. Medications can enter the environment
at all stages of their life cycle, from production to consumption and waste disposal [4].
In the environment, they often manifest some unwanted and unforeseen effects. While
the adverse effects of drugs in humans have been classified and investigated since the
thalidomide crisis of the 1960s and categorized under pharmacovigilance, until recently,
there has been no global discussion of these effects on the environment [5,6]. However, the
harmful effects of drugs, their metabolites, and APIs (active pharmaceutical ingredients)
are ubiquitous and increasingly well researched and documented.

In the context of all the above, EPV (ecopharmacovigilance) has emerged. EPV was
first mentioned by G.P. Velo in 2007 [7]. The World Health Organization (WHO) describes
pharmacovigilance as “the science and activities relating to the detection, assessment
understanding and prevention of adverse effects or any other possible drug related prob-
lems” [8]. When talking about EPV, it is only reasonable to implement that definition to
the environment so that EPV can “describe the science and activities associated with the
detection, evaluation, understanding and prevention of adverse effects of pharmaceuticals
in the environment” [9]. EPV is used to describe the unforeseen consequences that APIs
can have on the environment [5]. EPV promotes sustainability, rational consumption, the
disposal of unused medicines, and the minimization of residues in production [10]. EPV
strategies should be targeted for drugs that have already been proven to have adverse
effects on the environment. Serious pollution problems and high-risk areas should be the
focus [11]. The implementation of EPV in practice has already begun. In the EU, an ERA
(environmental risk assessment) is required for the launch of a drug on the market [9]. The
EMA (European Medicines Agency) implemented guidelines on ERAs, which state that
every medicinal product for human use should have an ERA prior to its market release. It
also states that an ERA should be updated for every major change regarding the product
(indication, way of application, etc.) [12]. The US, EU and Canada are world leaders in
EPV legislation [4]. Some EU pharmaceutical companies, such as AstraZeneca, have de-
veloped ERMPs (environmental risk management plans) for easier environmental impact
management [13].

The global EPV system has a lot of room for improvement. Low-income countries often
do not have any strategy for collecting and disposing pharmaceutical waste, and even when
they have one, it is mostly reserved for larger facilities and manufacturers, not available
to common households. EU countries should have a clear unused and unwanted drug
collection policy. In some countries (including Croatia), pharmacies are obliged to collect
pharmaceutical waste, other countries organize said collection through non-profit agencies
(Portugal) and there are still a number of countries that do not have clear guidelines about
said problem (Poland and Romania). In the US, the Drug Enforcement Administration
(DEA) published the Final Rule on the Disposal of Controlled Substances in 2014, which
gives patients the option to either hand over unused drags at take-back events or to mail
them to an authorized collector with appropriate labeling [14].

Clearer roles and the division of labor between regulatory agencies, an organized
system of technical support, education strategies, and financial support are needed [15].
EPV combined with a drug take-back program and further engagement from drug manu-
facturers both logistically and financially is needed to properly address the pharmaceutical
waste issue [16]. The results of various studies on the perception of EPV among healthcare
professionals and the general population have shown the need for the implementation of a
clear education strategy on this topic [15].

One study conducted in China showed that general population expects education
about pharmacovigilance from healthcare professionals, preferably pharmacists and physi-
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cians [17]. Pharmacists could play an important role in the education of the elderly, while
the younger population can be reached through social media [14]. Also, the Pharmaceutical
Committee of the European Commission, Health and Food Safety Directorate—General in
its document “Revised mandate of the ad-hoc working group to focus on the EU strategic
Approach on pharmaceuticals in the environment” highlighted the need for the education
of healthcare professionals in this subject: “Explore, in cooperation with relevant stakehold-
ers, how environmental aspects could become part of medical training and professional
development programs” [18]. There are already examples of the EPV being implemented
into the formal education of future health workers. At the University of Groningen phar-
macy students participated in a module called “Reducing Pharmaceuticals in Water” [19].
In Spain, there is even a postgraduate course on pharmaceutical pollution and four EU
universities started a 2-year study program called “Sustainable Drug Discovery” [20,21].

With formal education on EPV already being integrated into the curricula at several
universities, and numerous previous claims highlighting the need for a clearer and more
structured educational strategy, this study aims to assess the current knowledge level
of students regarding this important topic. These students, who will hopefully become
healthcare professionals in a few years, are particularly significant to the study as they will
soon be expected not only to apply this knowledge in their professional practice but also
to educate the general population on the EPV topic. Healthcare professionals, especially
prescribers and dispensers, play a crucial role in promoting a rational prescribing system
that ensures the safe and effective use of pharmaceuticals, with a particular emphasis
on the responsibilities of the prescriber. It is equally important for future healthcare
professionals to guide and educate their senior colleagues, as this field is rapidly evolving.
The importance of understanding EPV cannot be overstated, given its impact on public
health and environmental sustainability.

The primary objective of this study is to contribute to the development of a compre-
hensive educational strategy on EPV in Croatia. By identifying gaps in student knowledge
and examining their behaviors and attitudes towards the use and disposal of medicines,
this research seeks to establish a baseline from which educational interventions can be
designed and implemented. Understanding how students currently manage pharmaceuti-
cal products in their personal lives provides valuable insights and highlights areas where
further education and training are needed. In summary, by assessing both the knowledge
and practices of students regarding EPV, this study aims to set the groundwork for a formal
educational strategy about EPV that will ensure that healthcare professionals serve as both
enforcers of the EPV and educators about the topic.

2. Materials and Methods

The University of Split School of Medicine, consists of 4 programs: Pharmacy, Dental
Medicine, Medical Studies and Medical Studies in English. All students enrolled at the
University of Split School of Medicine during the academic year 2022/2023 were considered
eligible for participation in the study, except for those in the Medical Studies in English
program. As the questionnaire was in Croatian, it was not administered to students in
the Medical Studies in English program. To administer the questionnaire to the Medical
Studies in English, it needed to be distributed in the English language, and most of Croatian
students were fluent in English. The study was completely anonymous and voluntary, so
by distributing questionnaire only in Croatian language, study tried to avoid possibility of
double participation of Croatian students. Notably, EPV is not included in the curriculum
of any of programs at the University of Split School of Medicine (Supplementary Materials).

A cross-sectional study was carried out to assess the knowledge and perceptions of
students at the University of Split School of Medicine, regarding EPV. This study utilized
an anonymous questionnaire administered during May and June of 2023. Data collection
was conducted through an online survey using Google Forms. Students of medicine, dental
medicine and pharmacy received the survey link via their respective year representatives.
As mentioned in the questionnaire’s introduction section, participation in the study was
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voluntary and anonymous, and students received no incentives for their participation. The
research protocol received approval from the Ethics Committee of the University of Split
School of Medicine.

The survey used in the study was based on research completed by Jha et al. [22]. It was
subsequently translated from English to Croatian and then back into English by a native
speaker. To guarantee its suitability for students, the original questionnaire was reviewed
by four professors from diverse fields at the University of Split School of Medicine (USSM).
The questionnaire is divided into three sections. The first section asked about participants’
demographic information. The next section contained questions about medicine storage
and disposal, with an emphasis only on medicinal products and not on dietary supplements.
In this section, participants’ knowledge was evaluated, as correct answers were scored as
‘1’ and incorrect answers as ‘0’. The last section of the questionnaire contained questions
about participants’ habits on medicinal product storage and their disposal. It also included
a space where students could leave additional feedback regarding unused drugs in their
respective homes.

The first component collects sociodemographic information about the students, in-
cluding their field of study, academic year, gender, age, and place of living. Multiple-choice
questions with one correct answer make the second component of the survey. It assesses
students’ understanding of how to store unused and expired drugs, as well as their envi-
ronmental impact. It also investigates the education obtained by healthcare professionals
and the general public regarding safe disposal techniques for these medications. The final
component of the questionnaire looks into the students’ habits, such as how often they
take medications, their tendency to examine dates of expiration, and how they handle
expired medicine.

The study results were reported as both whole numbers and percentages. The question-
naire data were exported to a Microsoft Office Excel 2021 spreadsheet, where a descriptive
statistical analysis was carried out. Statistical analysis was carried out with the MedCalc
program (v.11.5.1.0, MedCalc Software, Ostend, Belgium), which used the Chi-square test
for categorical variables. Where Chi-square was not appropriate due to its limitation,
Fischer’s exact test was used. The normality of data distribution was determined using the
Kolmogorov–Smirnov test. p-values < 0.05 were considered statistically significant. Addi-
tionally, knowledge scores were calculated by summing relevant responses and examined
using the Kruskall–Wallis test. The results were reported as the median and interquartile
range. The highest possible score was set at 11.

3. Results

The study included 80 students from the University of Split School of Medicine. All of
the participants who had enrolled in the study completed it accordingly. Table 1 shows the
demographic characteristics of the participating students. A large percentage of students
were female (83.7%), with only 16.3% being male. Half of the students were from the field
of medicine, with the smallest percentage being first- and fourth-year students.

Table 1. The demographic characteristics of the participants.

Total Pharmacy Medicine Dental
Medicine

N = 80 N = 27 N = 39 N = 14

Gender
Male 13 (16.3%) 5 (18.5%) 6 (15.4%) 2 (14.3%)

Female 67 (83.7%) 22 (81.5%) 33 (84.5%) 12 (85.7%)
The data are presented as whole numbers (percentages).

When asked if they had used medication in the previous six months, the vast majority
of students answered affirmatively: 24 pharmacy students (88.9%), 35 medical students
(89.7%), and 11 dental medicine students (78.6%).
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In terms of where students reside, 46 (57.5%) reported living with family, 30 (37.5%) in
private accommodation, and 4 (5.0%) in university dormitories.

Table 2 shows that students almost never buy medications without a prescription, but
they are inclined towards self-medication. Specifically, 33.7% of students stated that they
engage in self-medication constantly, and 35.0% do so often.

Table 2. Students’ responses on listed questions.

Always Often Sometimes Rarely Never

12. How often do you check the
expiration date of the medications?

17
(21.2%)

20
(25%)

24
(30%)

14
(17.5%) 0

14. How often do you take your
medications based on advice from
physician/pharmacist?

25
(31.2%)

24
(30%)

12
(15%)

17
(21.2%)

2
(2.5%)

15. Whenever multiple medications
are prescribed to me/my family
members, I/we use only some
of them.

0 3
(3.7%)

7
(8.8%)

23
(28.7%)

47
(58.7%)

16. How often do you practice
self-medication for milder diseases
like flu or headache?

27
(33.7%)

28
(35%)

16
(20%)

9
(11.3%) 0

17. How often do you buy
prescription drugs without a
prescription?

1
(1.3%)

2
(2.5%)

6
(7.5%)

11
(13.8%)

60
(75%)

The data are presented as whole numbers (percentages).

Students were also asked “What do you do with any quantity of purchased medicine
remaining unused at your home/hostel?” Most of the students stated that they keep drugs
at home until they expire (41 student, 51.20%). In addition, 21 of them (26.20%) said that
they threw their drugs into the garbage, and 16 of them (20.00%) returned the drugs to the
pharmacy.

Students’ answers regarding whether medicine dosage forms have dates clearly and
legibly indicated are shown in Table 3. In general, 68.7% of students gave an affirmative
response, and there was no discernible variation between study fields (p = 0.069).

Table 3. The expiration dates are very clear and legible on the medication dosage forms.

Pharmacy Medicine Dental
Medicine

Total p *

N = 27 N = 39 N = 14 N = 80

Yes 24 22 9 55 0.053
(88.9%) (56.4%) (64.3%) (68.7%)

No 1 7 3 11
(3.7%) (17.9%) (21.4%) (13.8%)

I don’t know 2 10 2 14
(7.4%) (25.6%) (14.3%) (17.5%)

The data are presented as whole numbers (percentages). * Fischer’s exact test.

Most students—37 or 36.63% (42.90% of dental medicine students, 37.0% of pharmacy
students and 53.80% of medicine students)—cited forgetfulness as the barrier preventing
them or their family members from using prescription drugs. Furthermore, 20 (19.8%)
students (35.70% of dental medicine students, 33.30% of pharmacy students and 15.40% of
medicine students) mentioned unfavorable drug side effects, 9 (8.91%) students (21.40% of
dental medicine students, 3.70% of pharmacy students and 12.80% of medicine students)
mentioned medication ineffectiveness, and 35 (34.65%) students (57.10% of dental medicine
students, 44.4% of pharmacy students and 41.00% of medicine students) cited improve-
ments in their health as justifications. When asked if students have ever educated their
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friends/family members about safe medication disposal, 14 (51.9%) pharmacy students,
8 (20.5%) medical students, and 3 (21.4%) dental medicine students responded affirma-
tively. Pharmacy students had the highest percentage of affirmative responses, showing a
significant difference among the fields of study (p = 0.018).

Table 4 shows the percentage of the correct answers in the second section of the
questionnaire by the field of study. Total knowledge was shown as the total number of the
correct answers in the questionnaire. The results of the Kruskal–Wallis test comparing total
knowledge scores by the field of study (median and interquartile range) were as follows:
pharmacy 8 (7.25–9), medicine 9 (7–9), and dental medicine 9 (8–9). The p-value was 0.534,
indicating that there was no significant difference in knowledge among students based
on their field of study. Additionally, knowledge was compared among students based on
whether they have a family member (father, mother, or sibling) in healthcare. Participants
with a healthcare professional in the immediate family achieved a score of 8 (7–10), while
participants without a family member in healthcare achieved a score of 9 (7–10). There was
no significant difference in knowledge between the groups (p = 0.254). Table 4 shows how
many students of respected study answered a specific question correctly. As seen, only
question number 1 had a significantly different proportion of correct answers as pharmacy
students had the most correct answers out of the three groups.

Table 4. Display of the number and proportion of correct answers by field of study.

Pharmacy Medicine Dental
Medicine p *

N = 27 N = 39 N = 14

1. 24 (88.9%) 27 (69.2%) 7 (50.0%) 0.024
2. 26 (96.3%) 37 (94.9%) 13 (92.9%) 1.000 **
3. 27 (100%) 36 (92.3%) 14 (100.0%) 0.284 **
4. 26 (96.3%) 37 (94.9%) 13 (92.9%) 1.000 **
5. 5 (18.5%) 2 (5.1%) 4 (28.6%) 0.048 **
6. 26 (96.3%) 32 (82.1%) 13 (92.9%) 0.228 **
7. 19 (70.4%) 33 (84.6%) 11 (78.6%) 0.380
8. 18 (66.7%) 33 (84.6%) 12 (85.7%) 0.168
9. 27 (100.0%) 36 (92.3%) 14 (100.0%) 0.285 **
10. 21 (77.8%) 36 (92.3%) 14 (100.0%) 0.083 **
11. 2 (7.4%) 5 (12.8%) 4 (28.6%) 0.704 **

The data are presented as whole numbers (percentages). * Chi-square test. ** Fischer’s exact test.

The comments in Table 5 reflect students’ concerns about rational medication use, the
proper disposal of expired medications, and the need for comprehensive education for both
healthcare professionals and the general public to raise awareness about the implications
of unused medications at home.

Table 5. Students comments on unused medication at home.

“I think it’s important to have rational prescribing of medications, educate patients about the
medication itself, and what to do if they stop taking the medication (e.g., due to side effects) and if

the medication expires, what to do with it. This education should involve all healthcare
professionals and the media.”

“Unused medications in my household are usually some over-the-counter pain relievers,
rarely/never antibiotics or other nonsteroidal anti-inflammatory drugs.”

“Pharmacies should educate people more about disposing of expired medications.”
“There is no consideration of the consequences of accumulating unused medications, nor is there

awareness about it.”
“I believe education on this topic is necessary, both for the general population and healthcare

professionals, because nobody has clearly informed us about such issues personally.”
Table 5 contains all of the participants’ comments.
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4. Discussion

This study found no significant difference in the knowledge about EPV between
students at the University of Split School of Medicine, based on their field of study. Also,
it showed no significant differences in knowledge between students who had healthcare
professionals in their family and those who did not. It was expected that students whose
family members were health professionals would have had a higher level of knowledge
about EPV when compared to the other students. A higher level of knowledge was also
expected from pharmacy students, considering their study is focused mostly on drugs and
the disposal of expired and unused drugs is defined as a key task of pharmacists [23].

It is interesting to note that pharmacy students more often than students of other
studies tend to educate their family and friends about the correct ways to dispose expired
medications. Research on the general population has also shown positive attitudes on this
topic, but again, with a low level of knowledge among respondents. Respondents were
aware of the harmful consequences of the improper disposal of unused medicines and
expired medicines but did not know how to dispose of them properly [17,24]. European
studies had similar results. In most of the countries that examined this problem, only
a quarter of the study participants returns expired drugs to the pharmacy [25]. Similar
research was conducted in Croatia. It showed that collecting unused medicines was below
the European average and the service of collecting unused medicines had a lot of oversights,
for example, the lack of privacy when disposing of medicines, the financial burden for
pharmacies, etc. [23].

As it was stated before, a Chinese study showed that the general public expects
pharmacists and physicians to educate them about EPV [17]. One of our participants also
stated something similar: “Pharmacies should educate people more about disposing of
expired medications.” It is promising that more than half of the pharmacy students have
already educated their close ones about some aspects of this topic. Pharmacists are one
of the most important sources of information regarding medications and generally public
health [26]. Their availability and knowledge make them the potential focal point of an EPV
education strategy. Another research study has shown that pharmacists have very little
knowledge about EPV. The mentioned study showed that only 20% of them had read any
literature on the subject [27]. This highlights the need to educate healthcare professionals
properly and continuously before they proceed to educate the general population. A
recent study in Saudi Arabia is more encouraging. It states that around three quarters of
community pharmacists returned unused medication to distributors, around 15% disposed
of it in a medicine bin and the rest, approx. 10%, disposed of it incorrectly [28].

After completing their studies, medicine and dental medicine students will become
prescribers, and their role in promoting EPV will become significant. Prescribers should also
play a significant role in implementing EPV strategies [5]. EDSP (eco-directed sustainable
prescribing) consists of two segments: prescribing low doses of drugs and prescribing drugs
with an environmentally friendly excretion profile [29]. Information about the excretion
profiles of drugs are not always the most available ones. For instance, only Sweden of
all European countries has an official database that maps the environmental impact of all
drugs used in the country [30]. Research in China has shown that prescribers have positive
attitudes towards EPV and EDSP but currently do not consider the environmental impact
of drugs when prescribing, while research in India has shown that prescribers often do
not adhere to guidelines proposed by relevant institutions [29,31]. Although medicine
and dental medicine students showed the same level of knowledge about this topic as
pharmacy students, they are less inclined to educate others about it. Since EDSP is not
included in any subjects’ curriculum at the School of Medicine, it would be beneficial to
implement learning about their role in EPV in their respective studies, and it is encouraging
that some of them share this view: “I believe education on this topic is necessary, both for
the general population and healthcare professionals, because nobody has clearly informed
us about such issues personally.”
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The majority of students (61.2%) answered the question “How often do you take your
medications based on advice from physician/pharmacist?” with “Always” or “Often”. This
is especially interesting in the context of using antibiotics since they are one of the most
prescribed drugs in Croatia [32]. A particular danger is the presence of antibiotics in the
environment, which has been proven in various studies all over the world [33–36]. Antibi-
otic resistance is becoming an increasingly common obstacle to treatment, and the growing
concentrations of antibiotics in the environment further contribute to the emergence of
resistance. This makes antibiotic resistance one of the main topics of EPV [37]. Adherence
to the instructions given by prescribers vastly decreases the amount of the medical waste
that is produced [25]. It is interesting that a large part of the participants (approx. 40%)
do not often adhere to the prescribers’ instructions, which is particularly indicative in the
context of they themselves becoming prescribers in a few years. Participants in this study
also stated that their families, themselves included, tend to adhere to drug therapy, even in
cases where multiple drugs are prescribed to them. However, in future research, it would
be of value to expand the questionnaire with questions such as “How often do you take
your medications based on advice/advertisement from the internet, TV etc.” to obtain
more insight on what drives individuals to choose certain medications or demand certain
medications from their physicians that they may not even need and that may end up in
communal waste.

Drug production, prescription and consumption is soaring worldwide [25]. Drugs
are becoming more available to patients directly. The majority of our participants also
stated they practice self-medication for milder diseases, and also, they stop treatment when
they are feeling better, which is often before the whole drug package has been used. This
often leads to drugs expiring. As one of the participants said, “Unused medications in my
household are usually some over-the-counter pain relievers, rarely/never antibiotics or
other nonsteroidal anti-inflammatory drugs.”. Previous research has shown that expired
drugs lose their therapeutic effect and can cause side effects both to patients and the
environment. Most people will throw expired medicine in common garbage cans [25,38].
Most of the students said that the drug expiration date is clearly and legibly written on
packages, but less than half of them said that they check the expiration dates of medicines
they keep at home more frequently than “Sometimes”. Patients in previous studies often
reported that the drug expiration date is not clearly legible, but students that participated
in this study are on their way to becoming healthcare professionals and they are coming
across medicine packages through their education, and they are probably more prepared to
find wanted information about any kind of medicine [39].

A similar research study to this one was conducted in Nepal, where medical and dental
students were surveyed on the topic of medical waste disposal and leftover medicines.
Students do not cover these topics in the curriculum. It was found that only 10% of students
disposed of unused and expired medicines properly [22]. Another study was conducted in
Ethiopia among pharmacy students. Just over half of the questioned students were aware
of the negative impact of improper drug disposal on the environment, and only 20% of
the students had heard of the term EPV. Although the majority of the students showed a
positive attitude towards EPV, more than 60% of them threw unused medications in the
trash [40]. A Nigerian study from 2023 compared knowledge about drug disposal between
students of various biomedicine studies such as pharmacy, medical laboratory science,
medicine, nursing, etc. The aforementioned study did not find significant differences in the
knowledge about drug disposal between the participants based on the field of study, as
was the case in our study [41]. In these studies, different questionnaires were used, so the
results are not directly comparable, but Croatian students showed an admirable level of
knowledge about this topic as was expected due to differences in socio-economic status and
healthcare system organization. In comparison with a high-income country, a survey in
Saudi Arabia showed that 67% of pharmacy students considered returning unused drugs
to the pharmacy as the best practice, but it was unclear how many of them actually did it,
while our study showed that 20% of students followed this practice [42]. Another Saudi
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Arabian study showed that 78.9% of the pharmacy students included threw away expired
medicine in the garbage or flushed it in the toilet or the sink. Only around 7% returned
expired drugs to the pharmacy, which was a significantly lower percentage compared to
our study [43].

Students at the University of Split School of Medicine, further highlighted the need
for the constant education of healthcare professionals. Even though their knowledge level
was satisfactory, they did not follow it up in practice, with only a small number of them
disposing unused medicine in the correct way. A great example of the implementation of
EPV into the curriculum of biomedical studies is a project at the University of Groningen,
where third-year master’s students in Pharmacy were introduced to an educational module
called “Reducing Pharmaceuticals in Water”. Students learned about pharmaceutical
pollution and ways to prevent it from different perspectives (pharmacists, prescribers,
legislation, etc.). The module was interactive and consisted of multiple videos and cases that
students solved. With this type of education, we could encourage students to implement
the theoretical knowledge they have [19].

As there is no mention of EPV in the curriculum of any biomedicine study in Croatia,
the next steps would be to use the results that this study gathered to create a proper
EPV educational strategy. This study assessed the baseline knowledge of students about
drug disposal and their general behavior regarding using and disposing of medicine. The
collected data showed that prior to implementing EPV-related subjects and diving into the
more complex examples of the relationship of medications and the environment, education
should focus on improving the personal habits and preferences of biomedicine students in
context of their drug usage and disposal. Since only one-quarter of students had a habit of
returning unused drugs to the pharmacy and students did not show a strong commitment
to further educate their friends and families, it is crucial to emphasize the importance of
setting their own example that other people can follow as stated before when numerous
studies identified healthcare professionals as designated EPV educators.

The biggest limitation of this study is the small number of participants, followed
by the narrow time window in which it was carried out. Given that it involves a survey
questionnaire, one limitation is response bias, where answers may not always reflect the
actual behavior of the respondents. Another significant limitation of the questionnaire is the
reliance on the participants’ memory. Respondents may not accurately recall past events,
behaviors, or experiences, leading to potential inaccuracies in their responses. Furthermore,
additional analyses of the factors influencing the habits of using and disposing of medi-
cations are needed, which could not be conducted in this study due to the small number
of participants. Additionally, since the questionnaire was conducted among students of
the University of Split School of Medicine, the results do not reflect the knowledge and
attitudes of the general population regarding ecopharmacovigilance, and further research
is needed to explore this area.

5. Conclusions

This study showed that future healthcare professionals have a knowledge foundation
about EPV to further build on. One encouraging fact is that they were aware of the subjects’
importance and had a desire to learn more about it. Education strategies about EPV are
much needed for both healthcare professionals and the public. One of the first steps
towards educating people about EPV should be implementing it into the curriculums of
study subjects for healthcare and medicine students. Special emphasis should be placed on
EDSP in context of EPV and antibiotic resistance. Future prescribers should have a higher
level of knowledge coming into the practice than they have now. Future studies testing
current healthcare professionals’ knowledge of EPV would give an even better perspective
about the state of things.
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data curation, D.R. and J.B. (Josipa Bukić); writing—original draft preparation, T.D., N.Š. and D.R.;
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