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Abstract

:

Pharmaceutical residues end up in surface waters, impacting drinking water sources and contaminating the aquatic ecosystem. Pharmacists can play a role in reducing pharmaceutical residues, yet this is often not addressed in pharmacy undergraduate education. Therefore, we developed the educational module “Reducing Pharmaceuticals in Water” for pharmacy students; this was integrated in our pharmacy simulation game for third year Master of Pharmacy students at the University of Groningen. In this study, we aim to evaluate the effects of the module on students’ knowledge of pharmaceutical residues in water, to describe students’ experiences in taking the module, and to explore their attitudes towards green pharmacy education in general. This mixed-methods study included quantitative measurements, before and after students took the module (intervention group) and in a control group which did not receive the module. Data were collected between February 2023 and June 2023. Overall, 29 students took the module and 36 students were in the control group. The knowledge score of students in the intervention group (N = 29) increased significantly from 9.3 to 12.9 out of 22 (p < 0.001). The knowledge score of the students in the control group was (8.9 out of 22). Students found the e-learning and the patient cases the most exciting part of this module. Students also recognized the need to including environmental issues in pharmacy education. In conclusion, the module contributes towards improved knowledge and increased awareness of the impact of pharmaceuticals found in water. It represents a promising strategy to strengthen pharmacist’s role in mitigating the amount and the effect of pharmaceuticals on water and the environment in the future.
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1. Introduction


There is a global trend of increasing production and consumption of pharmaceuticals, which is tightly related to new research and technology developments, but also to the aging of the population. Increased concentrations of pharmaceuticals or their transformation products are found in various environmental matrices such as water (waste-, surface, ground-, drinking water, or sediments), the soil (agricultural soil or land fields), or the air, raising concerns about their potential impact on eco-systems, aquatic life and human health [1,2,3]. A study undertaken in five UN regions (71 countries around the world) showed the presence of 16 pharmaceuticals or their transformation products indicating urban wastewater as the dominant emission pathway [4]. Moreover, pharmaceutical production and usage sites (industry and hospitals), wastage from unused pharmaceuticals by patients and excretion by patients are seen as the main sources of pharmaceutical residues. The current wastewater treatment plants are not designed to remove pharmaceutical residues with removal percentages around 60%, ranging from 0 to 100% depending on the specific substance [1]. Various factors influence the effectiveness of removing the pharmaceuticals from the wastewater. These include, for example, the substance properties (how soluble, absorbent or stable the substance is), the nature of the substance (organic or non-organic origin, temperature, pH values), substance concentration, wastewater treatment plant characteristics (what kind and how advanced the removal technology is) and finally how these all are regulated by the local or national governance in one geographical area. As this may vary from one place to another, a combination of techniques and approaches may be required to address this complex issue properly. Current treatment methods mainly include processes such as sedimentation, chlorination or activated slop. These processes work well for oxygen-binding substances, phosphates and nitrogen, but have not been further proven optimal for removing all pharmaceutical substances that end up in wastewater, as we can witness the increased impact of the pharmaceuticals on the living world in surface water. There are also some more advanced methods, including oxidation processes with ozonation, active carbon adsorption, membrane filtration, UV treatments, or biodegradation [5]. In the Netherlands, there is an initiative that will test new methods such as the REGAIN project that investigates the removal of medicine residues from treated sewage at the Garmerwolde treatment plant, and at the same time examines how this treated wastewater can serve as a source of industrial water [6]. Nevertheless, the above-mentioned processes cannot guarantee the complete removal of the pharmaceuticals ending up in water. In fact, during these processes transformation products are formed that might pose a bigger danger to the aquatic system [7]. This is a novel area that requires further research and attention in practice and in the education of pharmacy students and professionals. A recent study investigating samples of rivers in 104 countries found pharmaceutical residues in all but 2 countries [8] and the highest concentrations in countries where pharmaceuticals can be afforded by the population but sanitation is still limited.



Pharmaceutical residues impact the water world in various manners. For example, analgesics have been found to damage fish tissue and cause geno-/neurotoxicity to molluscs; hormones cause endocrine disruptions in frogs and induce sex changes in some fish; antipsychotics alter fish and invertebrates’ behavior; antibiotics may lead to antimicrobial resistance gene spread [9,10,11]. Moreover, when concentrations of pharmaceuticals increase along the food chain towards elevated levels in top predators in a trophic level, they are potentially consumed by humans as well [12]. In the Netherlands, a study found environmental risks for almost 20 different pharmaceutical residues, ranging from analgesics and hormones to anti-epileptics [1]. Studies indicated that the direct discharge of unused pharmaceuticals is limited to less than 10% compared to the human excretion in entering wastewater [13]. This implies that measures should be taken along the whole chain from medication production, prescription, use and, finally, the disposal of medication [14]. This is in line with the recommendations in the report of the Organization for Economic Co-operation and Development (OECD) which stresses the need for a collective approach of the stakeholders involved along the whole life cycle of medicines [9]. The current project has been initiated as part of the work of the Dutch network “Medicijnresten uit water Noord-Nederland”. This consortium is a great example of a broad cross-sector collaboration between the healthcare and the water sector in working together towards decreasing the effects of pharmaceuticals in water from various perspectives. See Box 1 for further details about this network, participating partner organizations and initiatives [15].





Box 1. The Dutch network “Medicijnresten uit water Noord-Nederland”.






The network “Medicijnresten uit water Noord-Nederland” was established in 2019. Currently, this network brings 47 parties together. The broad cross-sector collaboration between the healthcare and water sector makes this network unique and also the largest in the Netherlands in combating the issue of pharmaceuticals in water.



Through ideas, initiatives and innovations, this cross-sectoral and multidisciplinary collaboration aims to use the strong position of the Northern Netherlands to become a leader in reducing medicines in water. A total of 19 parties from the network have developed 11 practice-oriented interventions during the past year and a half within the framework of an European Regional Development Funds (ERDF/REACT-EU) grant. These interventions support the problem from different perspectives, for example through education, product innovation and research. The education module “Reducing Pharmaceuticals in Water” is one of the 11 interventions, aimed at creating awareness among healthcare professionals.







To be able to provide optimal advice and service to patients, healthcare professionals including pharmacists should be aware of the facts of how medicines impact the environment, particularly water, but so far this has not often been addressed in undergraduate education. Therefore, we developed a module for pharmacy students about environmental issues focusing on the pharmaceutical contamination of water. We have integrated this module in our pharmacy simulation game [16]. In brief, the pharmacy game simulates community pharmacy practice where students learn to make clinical and professional decisions in an authentic and safe environment that closely simulates real-world practice. Groups of students run their own simulated community pharmacy completing tasks such as setting up the mission and vision of their pharmacy, making a business and strategic plan, handling inspections and unexpected situations, processing prescriptions and counselling patients (played by actors). The whole course is managed using a web-based platform where the module “Reducing Pharmaceuticals in Water” was added as e-learning.



The aim of this study was to evaluate the effects of this module on students’ knowledge of pharmaceutical residues in water, describe students’ experiences in taking the module and explore their attitudes towards green pharmacy education in general.




2. Materials and Methods


2.1. Module Development and Description


Expert group meetings were held in the period between November 2022 and September 2023 to set up learning goals, a structure, content, a plan of implementation, use, and evaluation of the educational module “Reducing Pharmaceuticals in Water”. The group consisted of experts on the environment (n = 2), water technology (n = 1), higher education in the field of pharmacy (n = 2), pharmacy practice education (n = 2), and education program development (n = 1). This group of experts is part of a large consortium (Box 1) that combines various disciplines to work together towards mitigating the effects of the pharmaceutical residues found in water. The module was developed using the constructive alignment framework by Biggs and Tang [17]. One educational module is aligned when assessment and activities in the course support the learning objectives. In our module, we use Bloom’s taxonomy [18] to write down the learning objectives that reflect the highest cognitive level that is expected after finishing the course.



The module consisted of an e-learning component with practical tasks which was integrated into the innovative educational tool “The Pharmacy Game” [16], and taught to third year Master’s students in Pharmacy at the University of Groningen. The complete module structure is given in Figure 1.



The learning goals of the module were: (1) solve patient cases in the community pharmacy context to ensure the best patient outcome with an emphasis on water contamination and (2) become future healthcare leaders by developing strategies and considering collaboration with stakeholders to reduce drug contamination in water. To achieve these learning goals, various educational videos were created (total video length of 2 h). In the videos, experts gave lectures to provide a thorough knowledge base of the problem of pharmaceuticals in water to the students. Other videos were interviews with various stakeholders to provide perspectives on how to mitigate the problem of contamination. A particular focus was on the role of pharmacists in the processes by interviewing a community and a hospital pharmacist.



2.1.1. Short Description of the Educational Video Materials


The lecture, representing the public health perspective, focuses on four domains: (1) Pharmaceuticals in the environment, explaining the occurrence of pharmaceuticals in most aquatic systems and the effects they have there; (2) Environmental risk assessment of pharmaceuticals, explaining what risk is, what a hazard is, how we determine these, and what happens afterward; (3) Legislative aspects, marketing authorization and the Dutch chain approach, explaining which legislative aspects are relevant to this issue, how the marketing authorization process works, and providing a focus on the Dutch chain approach to pharmaceuticals in the environment; and (4) Risk mitigation, explaining the risk mitigation measures and what we do when there is a risk of pharmaceuticals in the environment.



The following lecture, “Sustainable Water Systems—the Pharmaceutical Challenge”, brings water technology into perspective. Herewith, the lecturer discusses aspects of pharmaceuticals in domestic wastewater, their behavior during wastewater treatments, and the central perspective for improving water treatments. Pharmaceuticals can end up in surface water in various ways. For example, pharmaceuticals are prescribed, consumed, excreted via urine and feces, and transported with wastewater into the sewer system. This system brings the content into a sewage treatment plant. When the hydraulic capacity is overloaded, some wastewater ends up in the surface water before being treated because of combined sewer overflow, and it poses environmental risks and is a significant source of, for example, antibiotic-resistant genes. Of note, each pharmaceutical has a different removal rate from the sewage treatment plants, which can give pharmacists some idea about their potential impact on the environment or concretely on the water. It is based on the compound characteristics or ability of absorption and biodegradation. While sewage treatment plants are not made specifically to remove pharmaceuticals, some pharmaceuticals are effectively removed, such as paracetamol.



The perspective of a governing body is given through an interview video held with a representative of a local municipality. Their representative explains that the water systems’ quality, purification, and maintenance standards are the responsibility of the governing bodies or the municipalities. Besides maintaining their local initiatives, the municipalities are open to collaborative projects where stakeholders can learn from each other and contribute toward better protection of the pharmaceuticals in the water systems.



Another interview video included in the module was made with an environmental expert who shared information on current European and Dutch environmental initiatives that address pharmaceuticals in the waters. The Green Deal in Europe is an integrated plan that covers all large sustainable challenges in the future. At the same time, the Green Deal in the Netherlands represents agreements between the government and individual sectors or regions. It recognizes the need for collaboration between hospitals, other healthcare sectors, and organizations to achieve the best patient care and protect the environment. An example of collaborative practices is the project where the concentration of pharmaceuticals is measured in wastewater to realize the potential impact and ensure undertaking future preventive measurements. This unites three stakeholders: the hospital (sample provider), the municipality (analyses and policy), and a private company (performing the testing and the analyses).



The following video interview is carried out with a general practitioner (GP) as the prescriber of medication in primary care. In the interview, the GP reflects on whether the prescribers are aware of the pharmaceutical impact, what they are doing to prevent pharmaceuticals from ending up in the water, and what can be done in the future. It is also identified that GPs should become more familiar with this issue, start with initiatives in their practices, and try to disseminate those in the regional and national meetings for exchanging best practices. According to the interviewed GP, more attention should be given to the need for prescribing and following up on the proper utilization of and need for further treatments.



Furthermore, a community pharmacist is interviewed, as the first line of care in direct contact with the patient. They therefore represent crucial health workers for protecting the environment and water from medical residues. In the interview, the community pharmacy specialist shares practical experiences. The community pharmacists emphasized the increased interest in the topic among their colleagues, but also the need for more specific information. That resulted in a focus on collecting unused medicines in the community pharmacy, as current practices and insurance policies in the community pharmacy are areas for improvement.



The final interview is carried out with a hospital pharmacist as these are essential in patient care and medication management within hospitals. The highly toxic residues disposed of in medical centers and hospitals imply potential environmental hazards and risks. The hospital pharmacist-clinical pharmacologist-epidemiologist shares experiences gained over the years and highlights recent examples of thinking green in hospital settings. This video interview brings into perspective some initiatives and models from the hospital, including the Green Deal initiative, reducing unnecessary medication use, reusing medication, preventing inappropriate disposal, and using medicines with a lower impact on the surface water.




2.1.2. Short Description of the Assignments


After watching the videos, students had to complete two assignments which were integrated in the pharmacy simulation game course [16]. The two assignments of the new module created to address the learning goals were:




	(1)

	
Solving patient cases (N = 4): (1) antibiotics for pertussis, (2) selective serotonin reuptake inhibitors (SSRI) effects on flora and fauna in the surface water, (3) hormone-free contraception, and (4) residues of painkillers, e.g., diclofenac in the environment. The medicines used in the cases were chosen from published lists [2,19]. An illustration of a case is given in the Supplementary Materials. Students’ advice to the simulated patients was assessed (content and communication skills as previously established and put into practice within the Pharmacy Game course at the University of Groningen [16]). This was an individual assignment.




	(2)

	
Writing a strategic plan on how to reduce pharmaceuticals in water from their pharmacy perspective: Each group of students had to prepare a strategic plan of a maximum of 400 words comprising ideas about reducing pharmaceuticals in the water in line with the mission and vision of their pharmacy. In the plan, they had to consider the stakeholders, the activities, and the patient impact. This assignment was assessed based on a rubric assessment that is standardized to allow answers on the assigned tasks and gives them freedom to be creative in their written feedback. Four areas were assessed: (1) Inclusion of innovation element; (2) If the strategic plan is in line with mission and vision of the pharmacy; (3) Which stakeholders are included and how are they involved; (4) Patient inclusion. Each of these areas brought from −10 to +10 points, to total a maximum of 40 points [16].











2.2. Study Design


This was a mixed-methods study including quantitative measurements before and after students took the module (intervention group) and a single measurement in a control group, which did not receive the module. Ethical clearance was not requested as outlined in a corresponding statement given in the Supplementary Materials.



2.2.1. Participants


The study population consisted of students enrolled in the Master of Science in Pharmacy at the University of Groningen, the Netherlands. We recruited students participating in the pharmacy simulation game [16] in the third year of the Master. The intervention group (N = 29), was composed of students taking the course in May–June 2023. The students taking this course in January–February 2023 served as a control group (N = 36).




2.2.2. Measurement Instruments


We created a questionnaire to assess students’ knowledge. The questionnaire consisted of: (1) Introduction/consent for participation, (2) General information about the respondent/demographic information (open and closed questions), and (3) Knowledge about reducing pharmaceuticals in water (22 multiple choice questions). Questions were developed by the expert group responsible for the module development, described in Section 2.1, and in line with the current directions for developing high-quality multiple choice questions [20].



The questionnaire can be found in Supplementary Materials (Table S1). The questionnaire took around 15 min to complete. By design, participants were not identifiable and consented to participate in this study.



We used a course evaluation questionnaire [21], which was further adjusted by two researchers (T.F. and K.T) to describe students’ experiences in taking the module. The adjustments deemed necessary for capturing the novel aspects of the developed module included the design of the module (e-module), its specific (video) content and the specially designed assignments for this module, the patient cases and the strategic plan. A five-level Likert-scale [22] was used to collect students’ opinions, from “completely disagree” to “completely agree” on the different parts of the module. An open question was added at the end of this questionnaire to allow students to provide additional remarks. The complete evaluation form is given in the Supplementary Materials (Table S2).



The attitudes of the pharmacy students towards green pharmacy education were explored using the questionnaire developed in Finland by Siven et al., 2020 [23]. The authors gave permission to use their questionnaire consisting of four closed and one open question.




2.2.3. Data Collection


The students’ knowledge (22 multiple choice questions, Supplementary Materials, Table S1), based on the video materials described in Section 2.1.1, was assessed twice in the intervention group, first in May 2023 and second in June 2023, which was after completing the module. The knowledge was also assessed in the control group, in one measurement (February 2023). These students did not receive the module. The questionnaire on the attitudes of the pharmacy students towards green pharmacy education was also completed twice by the intervention group and once by the control group. The course experience questionnaire was completed only once by the students in the intervention group after completing the module. The questionnaires were completed on paper to avoid using the internet to search for correct answers. Overall, data collection was conducted from February 2023 to June 2023.




2.2.4. Data Analysis


Demographic characteristics were assessed descriptively. To determine students’ knowledge, the sum score was calculated for each respondent by adding the scores of the different questions of the questionnaire (1 = correct answer; 0 = incorrect answer); the total possible score was therefore 22. A t-test was performed to compare the mean sum score of the first and second measurement for the intervention group. If assumptions for a t-test were not met, i.e., normal distribution and similar variance of the two measurements [24], a Mann–Whitney U-test was performed. A significance level of α = 0.050 was used for both the t-test and the Mann–Whitney U-test [24]. All other data were presented using descriptive statistics.






3. Results


In total, 29 students followed the module. Students showed the best performance related to the case “effects of SSRI on flora and fauna of the surface water” and worst related to the “antibiotics for pertussis” case (Supplementary materials, Table S3). An example of a strategic plan developed by one group of students is given in Supplementary Materials (Table S4). A total of 36 students were recruited as the control group. Demographic information of the responders to the questionnaires is given in Table 1.



3.1. Effects of the Module on Students’ Knowledge of Pharmaceutical Residues in Water


The knowledge score of students in the intervention group increased significantly from 9.3 to 12.9 (p < 0.001). The knowledge score of the students in the control group was 8.9 out of a total maximum score of 22.




3.2. Students’ Experiences in Taking the Module


A total of 27 out of 29 students completed the course experience questionnaire (93%). The majority of the students found the topic and the patient cases interesting. The module was easy to follow in its given form. According to the students, this module is less likely to improve their skills as team members and leaders, and about a third found that the work load was too high. Notably, a considerable proportion of students neither agreed nor disagreed with many statements. The complete evaluation results are given in Figure 2.



A total of 11 out of 27 students answered the open question of the course experience questionnaire (40%). The majority of the students expressed the necessity to add a lecture before the module that will bring more concept to the topic. A few students found some videos too long, while some indicated preferences for the videos with practical examples within a pharmacy or general practitioner practice. The complete descriptions of these results are given in Supplementary Materials (Table S5).




3.3. Pharmacy Students’ Attitudes towards Green Pharmacy Education


The majority of the control group (69.4%) and the first measurement of the intervention group (55.5%) stated that green pharmacy topics were insufficiently included in the education. This percentage was reduced to 18.5% in the intervention group after following the module (Table 2). Furthermore, the majority of pharmacy students were in favour of integrating the topic into selected courses (Figure S1a,b); they also stated that the studies must contain environmental issues (Figure S1c), and the majority (Figure S1d) consider that drug developers and manufacturers should consider sustainability and environmental viewpoints.





4. Discussion


4.1. Main Findings


We developed a module to teach pharmacy students about pharmaceutical residues in water. The module consisted of educational videos and assignments which were integrated into the Pharmacy Game educational platform. Students were significantly more knowledgeable about the topic after completing the module. Students found the deliverable form (e-learning) and the patient cases the most noteworthy part of this module. Students wished to have more green pharmacy content in their undergraduate education.




4.2. Interpretation


There is a need for implementing environmental sustainability and addressing the ecological impact of pharmaceuticals in pharmacy education [23,25]. This is also stated by the EU Pharmaceutical Committee, who mandated an ad hoc working group to ”Explore, in cooperation with relevant stakeholders, how environmental aspects could become part of medical training and professional development programs” [26]. Some examples of how this has been addressed include learning session within the clinical pharmacology subject in the Faculty of Pharmacy at the University of Helsinki, where students discussed a patient case at the beginning and end of the course, a module in the P-Scribe system [27] of Maastricht University, and a module for continuous education of doctors and pharmacies [14]. More extended education has been implemented in Spain, where the University offers an 8-month postgraduate course on pharmaceutical pollution, intended for healthcare professionals [28]. Recently, a unique international Master in sustainable drug discovery has been set up [29]. These examples comprise short lectures to complete programs, showing that depending on the target audience, the level of detail in a course may differ. Assessment methods were also diverse, including discussion or a knowledge test about a patient’s case. We have created a short module which teaches knowledge and enhances skills and attitudes of the students focusing on pharmaceuticals in water; this is suitable for pharmacy undergraduate students, but may also be used for other groups such as practicing pharmacists or other health professionals.



A recent study investigating students’ knowledge of the issue of pharmaceuticals in the environment reflected relatively poor knowledge among the 186 tested pharmacy students at the University of the Basque Country [30]. Their study used 13 questions with the possibility of yes/no, or scaled answers. Three of the questions overlap with the ones we used in our research, two discussing the Environmental Risk Assessment for the authorization of new medicines in Europe [31], and one concerning the impact of antibiotics. We tested the knowledge with 22 multiple choice questions based on the video materials of our module. The students’ knowledge was lower before than after following the module. Despite the differences between the Spanish and our study, both highlight the need to provide education on the environmental aspects of pharmaceuticals. Lack of knowledge was also demonstrated in a Chinese study looking into knowledge of ecopharmacovigilance in practicing pharmacists, which showed a knowledge score of 3.85 out of 10 [32]. An Australian (interview-based) study in a hospital pharmacy workspace showed similar results [33]. Moreover, an international survey study conducted among community and hospital pharmacists to explore the pharmacists’ activities for reducing medication waste showed higher scores for the importance of such activities rather than their visibility in practice [34]. All of the latter studies indicate the need for improving the knowledge among pharmacists in practice.



The results of the course experience questionnaire show the elements which were appreciated by the students and the elements which can be improved. The students liked the videos which were available online through the educational platform. They also appreciated the student engagement tasks with the reflection questions and summaries after the videos. However, students found some videos too long (45 min) and less interesting than others. Therefore, we will update some of the video lectures accordingly. The four patient cases were much appreciated by the students. Course teachers saw a variation in student’s performance when playing the case and in the strategies that students wrote. Nevertheless, the aspect of applying the knowledge by playing the patient cases and writing the strategy is an important part of the module and we will keep these two activities. We initiated two changes. First, an introductory lecture will be organized to guide the students through the module content and assignments, and how those reflect the learning goals. Second, a group session will be held to reflect on each other’s roles and participation in this module. Finally, we will continue to investigate students’ experience using the questionnaire.



We used the same questionnaire as Sivén et al. [23] to investigate our students’ attitudes about green pharmacy education in general. Slightly more than half of our students indicated that environmental aspects are insufficiently addressed in the current pharmacy curriculum. This is in between 75% and 33% reported by Sivén et al. in their studies in 2015 and 2019, respectively, showing differences in the degree to which these topics have been integrated in the Finnish curriculum. In line with the Finnish students, our students prefer to integrate it in selected courses rather than introduce separate courses on the topic. To this end, the results give guidance on the next steps to integrate the subject in our curriculum further.




4.3. Strengths and Limitations


Our study adds to the growing body of literature on how to integrate environmental aspects in pharmacy education in describing the development and evaluation of a complete module that addresses the issue of pharmaceuticals in water. Creating this module involving different stakeholders is unique as it combined forces from a large consortium (Box 1). It was developed using state-of-the-art didactical methods such co-alignment and co-creation with stakeholders [17]. We were able to integrate the module in an existing course using a unique teaching method combining simulation and gaming [16,35].



Module evaluation results should be treated with caution as not all students watched the video lectures, because they gave neutral answers to the questions related to the videos. Another limitation is the study design. We measured knowledge before and after in the intervention group, but were only able to obtain knowledge scores once in the control group. In the absence of validated measurement instruments to assess knowledge about the environmental aspects of pharmaceuticals, we developed our own knowledge questionnaire, based on the educational materials. Our study provides important information on the further development of our module. It also informs future endeavors of more rigorous evaluations of education.




4.4. Future Implications for Education and Research


We implemented the module in the frame of the existing compulsory course, the Pharmacy Game [16], but the module is comprehensive enough (about one European Credit Point) to be used as an independent module for pharmacy students. Thereby the module is suitable to be integrated in other curricula. Possibly only small adaptations are needed to make this module fit for other countries and health care systems. Research on the international level may contribute towards improving the module content, but also towards greater awareness outside Dutch borders. Furthermore, the module is potentially suitable for postgraduate education for pharmacists. The module can be a part of the “Planetary Health” curriculum [36]. How to connect the module with other parts of green pharmacy education to achieve a complete and comprehensive education for undergraduate pharmacy students should be further explored.





5. Conclusions


“Reducing Pharmaceuticals in Water” is a comprehensive module for pharmacy students to improve knowledge and increase awareness about the environmental impact of pharmaceuticals. The survey research further informed us about the need to address the issue of pharmaceuticals in water more profoundly in pharmacy education. Interventions like the educational module we developed can help in that matter. Increasing knowledge and awareness among healthcare professionals, accompanied by concrete actions from multiple stakeholders, is a promising strategy to mitigate the impact of pharmaceuticals on water and the environment in the future.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/pharmacy12010028/s1, Table S1: Questionnaire; Table S2: Module evaluation form; Table S3: Students’ performance of the pharmaceuticals in water related patient cases; Table S4. Example of strategic plan developed by one of the teams, participating in the Pharmacy Game course at the University of Groningen May–June 2023; Table S5: Student responses in regard to the module improvements through the additional open question; Figure S1a: Students’ responses to question How should the green principles and environmental viewpoints regarding medicines be presented in studies? (Multiple choices are possible; 65 responders from the baseline measurements of the control and intervention group); Figure S1b: Students’ responses to question Which courses should contain green pharmacy contents (Open question; 65 responders from the baseline measurements of the control and intervention group); Figure S1c: Students’ responses to question In the following, you will find selected statements. Please, select the ones that you consider relevant in curriculum reform and future progress towards green pharmacy practices in education. (Multiple choices are possible; 65 responders from the baseline measurements of the control and intervention group); Figure S1d: Students’ responses to question Which are the stakeholders that should consider sustainability and environmental viewpoints regarding medicines? (Multiple choices are possible; 65 responders from the baseline measurements of the control and intervention group); A short description of the patient case “Hormone-free contraception” used in the module; and Ethical clearance statement.





Author Contributions


Conceptualization, T.F. and K.T.; methodology, T.F. and K.T.; data analysis, T.F. and L.C.M.S.; writing—original draft preparation, T.F.; writing—review and editing, T.F., C.T.A.M., P.v.d.M., C.D.-W., G.H.L., A.S., L.C.M.S., E.H. and K.T.; supervision E.H. and K.T. All authors have read and agreed to the published version of the manuscript.




Funding


This educational module was financially supported by the European Regional Development Funds (ERDF/REACT-EU) and the Ministry of Economic Affairs of the Netherlands, awarded by SNN, funding number OPSNN0389.




Institutional Review Board Statement


Not applicable. This study did not directly concern humans or animals. An appropriate statement for ethical clearance is provided as Supplementary Materials.




Informed Consent Statement


Not applicable.




Data Availability Statement


The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.




Acknowledgments


We would like to acknowledge the valuable input of: Sipke Visser and Jugoslav Pavlovic for the technical support of building and testing the e-learning platform for the education module; Enisa Sehagic for creating one of the patient cases and extracting the results for the students’ performances; Christa de Vries-Vingerling and Kirsten van Apeldoorn for their contributions in creating patients’ cases; Nynke Schuiling-Veninga, Wilma Heesen, Nanda Boekhout, Yael Benjamins and Liset van Dijk for distributing the questionnaires among the control group; Valentina Lok, Sjoerd Prins, Ellen van Loon and Patricia van den Bemt for contributing towards the creation of the educational videos. We also want to acknowledge the input of all students and pharmacists from the practice who took part in the study by answering the questionnaires.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Moermond, C.; Montforts, M.; Roex, E. Medicijnresten en Waterkwaliteit: Een Update; Rijksinstituut voor Volksgezondheid en Milieu RIVM: Utrecht, The Netherlands, 2020.

	



van der Aa, N.G.F.M.; van Vlaardingen, P.L.A.; van Leeuwen, L.C.; Post, M. Assessment of Potential Risks of 11 Pharmaceuticals for the Environment; National Institute for Public Health and the Environment’ (RIVM): Utrecht, The Netherlands, 2011. [Google Scholar]

	



Ismanto, A.; Hadibarata, T.; Kristanti, R.A.; Maslukah, L.; Safinatunnajah, N.; Kusumastuti, W. Endocrine Disrupting Chemicals (EDCs) in Environmental Matrices: Occurrence, Fate, Health Impact, Physio-Chemical and Bioremediation Technology. Environ. Pollut. 2022, 302, 119061. [Google Scholar] [CrossRef]

	



aus der Beek, T.; Weber, F.-A.; Bergmann, A.; Hickmann, S.; Ebert, I.; Hein, A.; Küster, A. Pharmaceuticals in the Environment--Global Occurrences and Perspectives. Environ. Toxicol. Chem. 2016, 35, 823–835. [Google Scholar] [CrossRef] [PubMed]

	



Medicijnresten Uit Water. Available online: https://medicijnresten.org/ (accessed on 28 January 2024).

	



REGAIN. Available online: https://www.nationaalprogrammagroningen.nl/projecten/regain/ (accessed on 28 January 2024).

	



Majumder, A.; Gupta, B.; Gupta, A.K. Pharmaceutically Active Compounds in Aqueous Environment: A Status, Toxicity and Insights of Remediation. Environ. Res. 2019, 176, 108542. [Google Scholar] [CrossRef] [PubMed]

	



Wilkinson, J.L.; Boxall, A.B.A.; Kolpin, D.W.; Leung, K.M.Y.; Lai, R.W.S.; Galbán-Malagón, C.; Adell, A.D.; Mondon, J.; Metian, M.; Marchant, R.A.; et al. Pharmaceutical Pollution of the World’s Rivers. Proc. Natl. Acad. Sci. USA 2022, 119, e2113947119. [Google Scholar] [CrossRef] [PubMed]

	



OECD. Pharmaceutical Residues in Freshwater: Hazards and Policy Responses; OECD Studies on Water; OECD: Paris, France, 2019; ISBN 978-92-64-77633-3. [Google Scholar]

	



Sathishkumar, P.; Meena, R.A.A.; Palanisami, T.; Ashokkumar, V.; Palvannan, T.; Gu, F.L. Occurrence, Interactive Effects and Ecological Risk of Diclofenac in Environmental Compartments and Biota—A Review. Sci. Total Environ. 2020, 698, 134057. [Google Scholar] [CrossRef] [PubMed]

	



Fong, P.P.; Ford, A.T. The Biological Effects of Antidepressants on the Molluscs and Crustaceans: A Review. Aquat. Toxicol. 2014, 151, 4–13. [Google Scholar] [CrossRef] [PubMed]

	



López-Pacheco, I.Y.; Silva-Núñez, A.; Salinas-Salazar, C.; Arévalo-Gallegos, A.; Lizarazo-Holguin, L.A.; Barceló, D.; Iqbal, H.M.N.; Parra-Saldívar, R. Anthropogenic Contaminants of High Concern: Existence in Water Resources and Their Adverse Effects. Sci. Total Environ. 2019, 690, 1068–1088. [Google Scholar] [CrossRef]

	



Vissers, M.; Stokje, R.; Witteveen, S.; Morgenschweis, C.; Vierwind, A. Rapport-Bijdrage van Ziekenhuisafvalwater aan de Emissie van Medicijnresten naar Oppervlaktewater. 2020. Available online: https://www.stowa.nl/sites/default/files/assets/PUBLICATIES/Publicaties%202020/STOWA%202020-14_medicijnresten%20defdef.pdf (accessed on 28 January 2024).

	



Moermond, C.T.A.; de Rooy, M. The Dutch Chain Approach on Pharmaceuticals in Water: Stakeholders Acting Together to Reduce the Environmental Impact of Pharmaceuticals. Br. J. Clin. Pharmacol. 2022, 88, 5074–5082. [Google Scholar] [CrossRef]

	



Slotbijeenkomst Project “Medicijnresten in Water Noord Nederland”. Healthy Ageing Network. Available online: https://www.hannn.eu/nieuws/slotbijeenkomst-project-medicijnresten-in-water-noord-nederland (accessed on 12 December 2023).

	



Fens, T.; Dantuma-Wering, C.M.; Taxis, K. The Pharmacy Game-GIMMICS® a Simulation Game for Competency-Based Education. Pharmacy 2020, 8, 198. [Google Scholar] [CrossRef]

	



John, B.; Catherine, T. Teaching for Quality Learning at University; McGraw-Hill Education: London, UK, 2011; ISBN 978-0-335-24275-7. [Google Scholar]

	



Bloom’s Taxonomy. Available online: https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/ (accessed on 29 January 2024).

	



Fan, H.; Wang, Y.; Liu, X.; Wang, Y.Y.L.; Kazmi, S.S.U.H.; Ohore, O.E.; Liu, W.; Wang, Z. Derivation of Predicted No-Effect Concentrations for Thirty-Five Pharmaceuticals and Personal Care Products in Freshwater Ecosystem. Front. Mar. Sci. 2022, 9, 1043792. [Google Scholar] [CrossRef]

	



Gottlieb, M.; Bailitz, J.; Fix, M.; Shappell, E.; Wagner, M.J. Educator’s Blueprint: A How-to Guide for Developing High-Quality Multiple-Choice Questions. AEM Educ. Train. 2023, 7, e10836. [Google Scholar] [CrossRef] [PubMed]

	



Griffin, P.; Coates, H.; Mcinnis, C.; James, R. The Development of an Extended Course Experience Questionnaire. Qual. High. Educ. 2003, 9, 259–266. [Google Scholar] [CrossRef]

	



Allen, I.E.; Seaman, C.A. Likert Scales and Data Analyses. Qual. Prog. 2007, 40, 64–65. [Google Scholar]

	



Sivén, M.; Teppo, J.; Lapatto-Reiniluoto, O.; Teräsalmi, E.; Salminen, O.; Sikanen, T. Generation Green—A Holistic Approach to Implementation of Green Principles and Practices in Educational Programmes in Pharmaceutical and Medical Sciences at the University of Helsinki. Sustain. Chem. Pharm. 2020, 16, 100262. [Google Scholar] [CrossRef]

	



Agresti, A. Statistical Methods for the Social Sciences; Pearson: Bloomington, MN, USA, 2018; ISBN 978-1-292-22031-4. [Google Scholar]

	



Orive, G.; Lertxundi, U.; Brodin, T.; Manning, P. Greening the Pharmacy. Science 2022, 377, 259–260. [Google Scholar] [CrossRef] [PubMed]

	



European Commission. Health and Food Safety Directorate-General, Pharmaceutical Committee Revised Mandate of the Ad-Hoc Working Group to Focus on the EU Strategic Approach on Pharmaceuticals in the Environment. Available online: https://health.ec.europa.eu/system/files/2021-11/wg_pharmaceuticals-environment_mandate_en_0.pdf#:~:text=The%20Pharmaceutical%20Committee%20endorsed%20in%20the%20March%202020,fall%20under%20the%20competence%20of%20the%20Member%20States (accessed on 10 October 2023).

	



Pscribe—Home—Welkom. Available online: https://www.pscribe.nl/nl-NL/Entrance/Home/Index (accessed on 10 October 2023).

	



Farmacontaminación—Títulos Propios—UPV/EHU. Available online: https://www.ehu.eus/es/web/graduondokoak/experto-universidad-farmacontaminacion (accessed on 10 October 2023).

	



Sustainable Drug Discovery—International Master. Available online: https://sustainabledrugdiscovery.eu/ (accessed on 29 November 2023).

	



Domingo-Echaburu, S.; Abajo, Z.; Sánchez-Pérez, A.; Elizondo-Alzola, U.; de la Casa-Resino, I.; Lertxundi, U.; Orive, G. Knowledge and Attitude about Drug Pollution in Pharmacy Students: A Questionnaire-Based Cross Sectional Study. Curr. Pharm. Teach. Learn. 2023, 15, 461–467. [Google Scholar] [CrossRef]

	



European Medicines Agency. Guideline on the Environmental Risk Assessment of Medicinal Products for Human Use; European Medicines Agency: Amsterdam, The Netherlands, 2006.

	



Liu, J.; Wang, J.; Hu, X. Knowledge, Perceptions, and Practice of Ecopharmacovigilance among Pharmacy Professionals in China. Environ. Monit. Assess. 2017, 189, 552. [Google Scholar] [CrossRef]

	



Singleton, J.A.; Lau, E.T.L.; Nissen, L.M. Waiter, There Is a Drug in My Soup—Using Leximancer® to Explore Antecedents to pro-Environmental Behaviours in the Hospital Pharmacy Workplace. Int. J. Pharm. Pract. 2018, 26, 341–350. [Google Scholar] [CrossRef]

	



Bekker, C.L.; Gardarsdottir, H.; Egberts, A.C.G.; Bouvy, M.L.; van den Bemt, B.J.F. Pharmacists’ Activities to Reduce Medication Waste: An International Survey. Pharmacy 2018, 6, 94. [Google Scholar] [CrossRef]

	



Fens, T.; Hope, D.L.; Crawshaw, S.; Tommelein, E.; Dantuma-Wering, C.; Verdel, B.M.; Trečiokienė, I.; Solanki, V.; van Puijenbroek, E.P.; Taxis, K. The International Pharmacy Game: A Comparison of Implementation in Seven Universities World-Wide. Pharmacy 2021, 9, 125. [Google Scholar] [CrossRef] [PubMed]

	



Blom, I.M.; Rupp, I.; de Graaf, I.M.; Kapitein, B.; Timmermans, A.; Weiland, N.H.S. Putting Planetary Health at the Core of the Medical Curriculum in Amsterdam. Lancet Planet. Health 2023, 7, e15–e17. [Google Scholar] [CrossRef] [PubMed]








[image: Pharmacy 12 00028 g001] 





Figure 1. Structure of the educational module “Reducing Pharmaceuticals in Water”; PG—Pharmacy Game; SSRI—Selective serotonin reuptake inhibitors. 
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Figure 2. Students’ evaluation of the education module “Reducing Pharmaceuticals in Water”. GIMMICS® (Groningen Institute Model for Management in Care Services). 
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Table 1. Demographic information of responders.






Table 1. Demographic information of responders.





	Characteristics
	Control Group

Total N = 36
	Intervention Group

Total N = 29





	Age in years, mean (SD; range)
	24.6 (2.1; 12)
	24.9 (1.5; 7)



	Gender
	N, %
	N, %



	Female
	26, 72.2%
	22, 75.9%



	Male
	9, 25.0%
	7, 24.1%



	Prefer not to disclose
	0, 0.0%
	0, 0.0%



	Other
	1, 2.8%
	0, 0.0%










 





Table 2. Opinions on the question if the green principles and environmental viewpoints are presented in pharmacy education.
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Control Group

Measurement

Total N = 36

	
Intervention Group




	
First Measurement

	
Second Measurement




	
Total N = 29

	
Total N = 27






	
Responses

	
N, %

	
N, %

	
N, %




	
Adequately

	
1, 2.8%

	
0, 0.0%

	
3, 11.1%




	
To some extent

	
10, 27.8%

	
13, 44.8%

	
19, 70.4%




	
Not enough

	
25, 69.4%

	
16, 55.2%

	
5, 18.5%




	
Total

	
36, 100%

	
29, 100%

	
27, 100%
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Through the education module, I developed my problem-solving skills.
The course load of this teaching module in the Pharmacy Game, GIMMICS, was too high.

The education module has strengthened my analytical skills.

I usually had a clear idea of what I wanted to accomplish and what was expected in this
education module.

This teaching module has made me feel more confident in tackling unfamiliar problems.
It was often difficult to figure out what was expected of me in this teaching module.
Overall, I was given enough time to understand what I needed to learn.

The video materials used in this module were clear.

The reflection questions after the videos helped me remember the main points.

The summaries of the videos helped me understand the videos better.

I found the topics within the education module interesting.

The role-play case on pharmaceuticals in water during the Pharmacy Game, GIMMICS,
helped me to increase my knowled ge on this topic.

Through this education module, I improve