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Abstract

:

A number of policy recommendations identify the general public as a key participant in environmentally sustainable pharmaceutical policies. However, research into pharmaceuticals-related environmental issues from the population perspective is scarce. We studied the awareness among Finnish adults (n = 2030) of pharmaceutical residues in Finnish waterways, their perceived environmental sources, views on pharmaceuticals-related environmental issues, and their association with background characteristics. Of the respondents, 89.5% were aware of the presence of pharmaceuticals in Finnish waterways. Wastewaters from the pharmaceutical industry were most frequently, and pharmaceuticals excreted by humans least frequently, considered a major environmental source of pharmaceuticals. The vast majority of the respondents were worried about the environmental and health impact of pharmaceutical residues and emphasized issues such as the importance of environmentally sustainable actions by pharmaceutical companies and the recyclability of the pharmaceutical packaging materials. Age, education, use of prescription medicines, and environmental attitude were associated with awareness of pharmaceutical residues, while gender, age, education level, and environmental attitude were associated most frequently with pharmaceuticals-related environmental considerations. These results indicate a need for improved communication about the environmental effects of pharmaceuticals and the significance of different pharmaceutical emission sources in order to promote a more environmentally friendly, effective pharmaceutical policy.
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1. Introduction


Even though pharmaceuticals play a key role in human well-being, they do have potential adverse effects on both individuals and the environment. Many pharmaceuticals have been found relatively recently to have adverse effects on the environment, and measured environmental concentrations of pharmaceuticals have been reported to an increasing extent from every continent [1]. In consequence, UNESCO has referred to pharmaceuticals as emerging pollutants among other potentially high-risk environmental contaminants [2]. The European Commission took part in the debate on the environmental role of pharmaceuticals when it published the Strategic Approach to Pharmaceuticals in the Environment [3]. The approach includes measures that require the authorities, the pharmaceutical industry, healthcare professionals, and water services as well as the general public to play a part in minimizing the environmental risks of pharmaceuticals during the whole life cycle of a pharmaceutical product. Such communications are an important step towards a more sustainable pharmaceutical sector as they form a common platform for actions and discussion by several stakeholders, including the general public.



To date, it is known from a few examples that pharmaceutical residues can have detrimental effects in the environment. Possibly the best-known examples of these are the destruction of a vulture population in the Indian subcontinent due to diclofenac residues in cattle carcasses, and the endocrine-disrupting effects of waterborne residues of synthetic estrogen in fish [4,5]. According to a report provided by BIO Intelligence Service for the European Commission, the recognized environmental sources of pharmaceuticals include those excreted by humans and animals, incorrect disposal of medicines, and effluents from the pharmaceutical industry [6]. The report states that 30% to 90% of the oral dose of a pharmaceutical is estimated to be excreted in a biologically active form, resulting in pharmaceuticals and their metabolites excreted by humans and discharged into sewers and further into water bodies constituting the main environmental burden of pharmaceuticals. Medicines incorrectly disposed of in sewers and mixed waste by households also constitute environmental emissions. However, precise figures reflecting the contribution from the general public to environmental emissions were not stated in the report as the contributions vary regionally. According to the report, in Europe and North America it is estimated that only 2% of the total emissions of pharmaceuticals to the environment is a direct consequence of pharmaceuticals’ manufacture. The rest of the emissions result from the use and inappropriate disposal of pharmaceuticals.



Globally, continuing environmental and biodiversity losses are resulting in different political decisions and further impacts on people’s everyday lives. At the same time, environmentally aware consumers are demanding responsible and environmentally friendly products, and consequently place great emphasis on environmental sustainability when considering purchases [7]. The pharmaceutical sector and researchers have contributed to meeting this demand and to improving public perception of the pharmaceutical industry by giving greater consideration to environmental issues and sustainability [8].



It is crucial that the ordinary use of medicines is recognized as the main source of pharmaceutical emissions into the environment, and that it is noted and specified as one of the main challenges to the environmental sustainability of the pharmaceutical sector. Although the general public has been identified as one of the key stakeholders in communications about the environmental impact of pharmaceuticals, existing research on the subject is scarce. Currently there is a lack of information on how the general public perceives the environmental effects of pharmaceuticals, how much people know about them, and what is the level of concern and worry on the issue. The population perspective on pharmaceuticals and the environment has been studied more in terms of medicine disposal practices and attitudes [9,10,11,12], and only a few studies have focused on the risk perception and level of knowledge among the general public [13,14,15].



According to Dohle et al. [14], among the general U.S. population (n = 640), older adults and women were more aware of the environmental consequences of pharmaceuticals than other respondents. The respondents also considered pharmaceuticals used in agriculture to have a greater environmental impact than human medicines. In the study, the severity of the illness concerned affected willingness to substitute a pharmaceutical for a product with a less negative environmental impact. For severe health risks, the willingness to substitute a pharmaceutical for a more environmentally friendly product was lower. In the study by Alajärvi et al. [13], among the Finnish population (n = 2104), women were more worried about the environmental impact of pharmaceuticals and considered pharmaceuticals to pose a risk to the environment more often than men. In the same study, women and older people were more often aware of the proper method of disposal of expired or unwanted medicines than other respondents. In the study among the German population (n = 2026) by Götz et al. [15], respondents considered wastewaters from the pharmaceutical industry to be the most significant source of pharmaceutical residues in the waterways, and pharmaceuticals excreted in urine to have the least significant role as a perceived environmental source of pharmaceuticals. The perceived role of the pharmaceutical industry as an environmental source of pharmaceuticals was rather unclear in the study by Alajärvi et al. [13], in which 37% of respondents considered wastewater effluents from the pharmaceutical industry to be a major source of pharmaceutical emissions to the environment, while 27% of respondents could not provide an answer. However, 79% of respondents agreed that pharmaceuticals end up in the environment mainly as a consequence of humans using medicines.



Perceived environmental risks may also be a rationale for human health worries, as has been shown by research based on the Modern Health Worries Scale introduced by Petrie et al. [16]. As a component of environmental pollution, the environmental effects of pharmaceuticals could be included under the concept of modern health worries. If the risks of pharmaceuticals in the environment are acknowledged, such modern health worries might prompt people to be more environmentally aware in their use of medicines. The impact of knowledge, attitudes, feelings, and personal values on pro-environmental behavior is a complex system that has been studied and modelled since the late 1970s [17]. Now in the 2000s, several internal factors (knowledge, feelings, values, attitudes), external factors (infrastructure, political, social, cultural, economic situation, etc.), and factors that discourage pro-environmental behavior have been identified for inclusion in the model. A meta-analysis by Whitburn et al. [18] found a positive correlation between people’s connection with nature and pro-environmental behavior, indicating a possibility that strengthening the connection with nature could motivate people to engage in pro-environmental behavior, making it a key factor in the complex system of pro-environmental behavior.



The aim of this study was to determine the awareness, perceptions, attitudes, and opinions towards pharmaceuticals-related environmental issues among the Finnish population. The specific research questions addressed were:




	
What is the level of awareness of pharmaceutical residues in Finnish waterways among the Finnish population, and what are the perceptions regarding the importance of different sources of emissions of pharmaceuticals into Finnish waterways?



	
How are familiarity, risk perception, and concern related to the environmental impact of pharmaceuticals among the Finnish population?



	
What are the attitudes and opinions on issues concerning environmentally friendly ways of using medicines and on a more environmentally sustainable pharmaceutical sector among the Finnish population?



	
How do age, gender, education level, health status, recent use of medications, and general environmental attitude of the respondent affect the questions posed above?








The study was conducted as part of the multidisciplinary SUDDEN (Sustainable Drug Discovery and Development with End-of-Life Yield) research project that aims at reducing the environmental hazards related to the life cycle of pharmaceuticals and supporting sustainable growth in the pharmaceutical sector [19].



This paper is structured as follows. Section 2 presents the materials and methods, i.e., study context, data collection, questionnaire design, statistical analysis, and ethical considerations. Section 3 presents the survey results; general environmental attitudes and pharmaceuticals-related environmental awareness, attitudes, and opinions are examined. In Section 4, a discussion of our study results is reported. The conclusions of our study are presented in Section 5.




2. Materials and Methods


2.1. Study Context


In 2019, Finland had approximately 5.5 million residents, the average age being 44.5 years for women and 41.8 years for men [20]. Everyone residing in Finland is guaranteed adequate healthcare services by the government, and the services are provided by each municipality so that they are equally accessible to all residents [21]. According to a nationally representative health examination survey among the Finnish population coordinated by the National Institute for Health and Welfare, 54.4% of the respondents reported having a long-term illness or health issue [22]. The figures were 51% for men and 57.7% for women.



Total sales of pharmaceuticals on the Finnish market in 2019 were 3460 million euros, of which prescription medicines in outpatient care accounted for 2284 million euros [23]. The 10 biggest-selling pharmaceuticals based on total sales at wholesale prices in Finland included chemotherapeutic medicines, antivirals, direct oral anticoagulants, immunoglobulin, and nicotine, which accounted for total sales of 450 million euros. Cardiovascular medications, analgesics, and proton pump inhibitors had the highest consumption rates in Finland as measured by defined daily doses (DDD). In 2019, Finland’s pharmaceutical imports were worth 1981 million euros and exports, 666 million euros [24]. Pharmaceuticals are sold only from registered pharmacies in Finland, and in 2019 there were 819 community pharmacies, making a total of one pharmacy for around every 6700 citizens [25]. In addition to distributing medicines, Finnish community pharmacies have traditionally had a major role in giving information on rational and proper use of medicines as well as in collecting and properly disposing of expired and unneeded medicines from the public. According to a survey of medicine disposal practices among Finnish residents in 2019 (n = 2030), 89% of respondents returned liquid medicines to a pharmacy and 93% returned solid medicines [26].



Like other Europeans, people in Finland value the environment highly, 95% of them personally consider protecting the environment to be very or fairly important [27]. The corresponding figure for Europeans as a whole is 94%. According to a survey carried out by Finland’s Ministry of the Environment and the Finnish Environment Institute in 2018, 90% of respondents (n = 1054) considered nature to be very important or important to them, and 67% spent time out in nature on a weekly basis [28]. According to the respondents, the highest perceived threats to nature were littering, climate change, and chemicalization of the environment.




2.2. Data Collection


Data were collected via an online survey among the Finnish adult population aged 18–79 years in December 2019. The Åland Islands, which constitute an autonomous and monolingual Swedish region of Finland, were excluded. Data collection was performed by an experienced market research company using its pre-recruited online research panel. The panel consists of approximately 40,000 members living in all regions of mainland Finland and voluntarily receiving invitations to participate in different surveys. Survey invitations were sent in six rounds by e-mail. The first round of invitations was sent on 3 December and the last on 19 December 2019. The invitation process was based on the expected and real-time, monitored response rates of different demographic groups. This enabled monitoring the demographic features of the sample and targeting new invitations at those demographic groups that were otherwise underrepresented in the sample. The first round of invitations was sent out based on the presumption of expected response rate, and for invitations to panelists from certain regions of Finland, gender and age were weighted. Since young people (<30 years old) are known to be more passive in participating in surveys, invitations to this age group were weighted when sending the following invitations to collect a representative sample of the Finnish population. In addition, a total of 5300 invitation reminders were sent specifically to the <30 years age group, and many of the panelists in this age group received 2–4 reminders. During the survey, a total of 12,999 invitations were sent to the panelists. Data collection was discontinued after reaching the target of 2000 respondents.




2.3. Questionnaire Design


The survey questionnaire included 26 structured and Likert-scale questions. The questions were designed to collect information on environmental values in general, as well as awareness, information received and information needed, opinions/attitudes, and valuations concerning the importance attached to pharmaceutical-related environmental issues. The questionnaire also included a discrete choice experiment section aimed at discovering respondents’ attitudes and monetary valuations regarding environmentally friendly pharmaceutical policy. The survey questions were designed based on the literature [15,27,29,30] and the expertise and considerations of the researchers (L.A., J.T., J.M.). As a part of the SUDDEN research project [19], the overall objective of this survey was to collect preliminary information about the awareness and perspective of the Finnish population towards ecological sustainability challenges in the pharmaceutical sector, and the questions were included to serve this purpose. Face validity testing was performed by five faculty members with prior expertise in designing and conducting questionnaire surveys. Thereafter, the questionnaire was piloted using convenience sampling of adult respondents (n = 25). Minor changes in the questionnaire were made as a result.



This study considered the questions designed to learn about the awareness of traces of pharmaceuticals in Finnish waterways, perceptions of the importance of different pharmaceutical emission sources for Finnish waterways, pharmaceuticals-related environmental attitudes and opinions, and a question including five statements concerning environmental opinions in general [27,30].



Awareness of the presence of pharmaceutical residues in waterways was investigated using the structured question “Were you aware that pharmaceutical residues have been found in Finnish waterways?”, with answer options “yes” and “no”. A similar question has been used by Kotchen et al. [29] in a study of attitudes towards an environmentally friendly medicines’ disposal program among citizens of Southern California. According to their study, respondents who were aware of pharmaceutical residues in treated wastewater and surface waters more frequently used a disposal method that prevents pharmaceutical emissions to the environment.



Respondents’ opinions concerning the importance of different pharmaceutical emission sources were measured using the question “How much of an impact do you think the following emissions sources have regarding medicinal agents ending up in Finnish waterways?” with a list of known sources of pharmaceutical emissions: “Hospitals and care institutions (human excretions ending up in sewers and disposal of medicines in drains or in mixed waste)”, “Households (disposal of medicines in drains or in mixed waste)”, “Wastewaters from the pharmaceutical industry”, “Excretions from treated farm animals”, and “Pharmaceuticals in human urine”. Respondents stated their opinions on each of the emission sources using a four-item, Likert-type scale list for the degree of impact: 1 = major impact, 2 = moderate impact, 3 = minor impact, and 4 = no impact. A similar question about emission sources was used by Götz et al. [15] in a study of risk perceptions of the environmental effects of pharmaceuticals by the general population in Germany. The study results indicated knowledge gaps regarding the sources of pharmaceuticals in the environment and a reason to engage with the general public in order to promote a more environmentally friendly pharmaceutical policy.



Familiarity, risk perception, and concern related to the environmental impact of pharmaceuticals; attitudes and opinions on issues concerning environmentally friendly ways of using medicines; and attitudes and opinions on a more environmentally sustainable pharmaceutical sector in Finland were measured using a list of 10 statements. The statements had a five-item, Likert-scale list for the degree of agreement: 1 = completely agree, 2 = somewhat agree, 3 = somewhat disagree, 4 = completely disagree, and 5 = I don’t know. Of these statements, two were used earlier by Götz et al. [15]: “Pharmaceutical residues in nature pose a risk to the environment” and “Physicians prescribing a medicinal product should consider the environmental impact of the product where possible”. The other statements were designed by the researchers for the objectives of the SUDDEN research project.



Our study used a set of sociodemographic factors as background characteristics. These factors were age, gender, education, health status, recent use of medicines, and area of residence as they have been found to affect the results in previous survey studies of environmental issues related to pharmaceuticals [13,14,29]. The market research company provided pre-collected background data on the respondents, of which gender, age, and level of education were used in our study. In addition, the questionnaire included structured questions regarding respondents’ possible long-term illnesses and use of prescription and over-the-counter (OTC) medicines during the past week. Moreover, respondents’ general environmental attitude was used as a background characteristic as it may reflect the attitudes and opinions towards the environmental impact of pharmaceuticals [14]. General environmental attitudes were defined based on statements previously used in the Special Eurobarometer by the European Commission [27,30]. These statements have been previously used to study the attitudes of European citizens towards the environment in 28 European Union countries. The statements were: “Protecting the environment is important to me”, “I am worried about the health effects of the chemicals in products that I use daily”, “I am worried about the environmental effects of the chemicals in products that I use daily”, “In terms of environmental protection, the actions of individual people matter in Finland”, and “The largest polluters should have the main responsibility for remedying the environmental damage they cause”. The respondents answered the statements using a five-item, Likert-scale list for their degree of agreement: 1 = completely agree, 2 = somewhat agree, 3 = somewhat disagree, 4 = completely disagree, and 5 = I don’t know.




2.4. Statistical Analysis


Frequencies and cross-tabulations were used to analyze and describe the data concerning the research questions. Differences between characteristics of the study population and the whole Finnish population were analyzed using Pearson’s chi-squared test for categorical characteristics (gender, age group, education level, area of residence). To compare our study population with the characteristics of the whole Finnish population, we used the statistical database provided by Statistics Finland [20]. Pearson’s chi-squared test was used to analyze differences between the answers of the respondents based on their sociodemographic characteristics (age group, gender, education level), long-term illness, and recent use of medicines. For descriptive statistics, the five-class, Likert-scaled questions about opinions and attitudes concerning pharmaceuticals and the environment were recategorized into three classes: “somewhat agree” and “completely agree” were combined into class “agree”, and “somewhat disagree” and “completely disagree” into class “disagree”.



Latent class analysis (LCA) was used to compress data to a single categorical variable by identifying latent, unobserved, qualitatively different subgroups of respondents with similarities in response patterns to the five Likert-scaled statements concerning general environmental attitudes. LCA is based on an assumption that latent subgroups, i.e., classes, exist and conditional independence between the statements is received given the identified classification. LCA assigns respondents to classes based on their probability of being in classes given the pattern of answers they have on the statements. LCA was selected because of its superiority as a model-based clustering method and because it is suitable for categorical data. LCAs were estimated using the EM algorithm and maximum likelihood. Respondents with Likert answers “I don’t know” to all of the statements were excluded from LCAs (n = 5). Models with 1–5 classes were iteratively fitted because the number of classes was not known a priori (Appendix A, Table A1). Akaike’s Information Criteria (AIC) and Bayesian Information Criteria (BIC) were used to compare alternative models with smaller values indicating better fit with data. Vuong–Lo–Mendell–Rubin and Low–Mendel–Rubin likelihood ratio tests with p-values less than 0.05 were considered to indicate better fit for an n-class model than for an n-1 class model. Entropy was used to guide the classification accuracy of the model, with higher values indicating better classification. In addition to these metrics, the interpretability of the model was used to guide selection of the final model. The selected model was replicated utilizing the initial value of starting value sets to ensure that the solution was for global maximum, not a local one.



Pearson’s chi-squared test was used to analyze the differences in the answers between the latent classes. Furthermore, a multivariate multinomial logistic regression model was used to examine associations between the extracted latent classes and sociodemographic characteristics.



LCAs were fitted using Mplus [31] Version 8. Other statistical analyses were performed using IBM SPSS Version 25.0 (SPSS, Inc., Chicago, IL, USA). A p-value less than 0.05 was considered statistically significant.




2.5. Ethical Considerations


The study setting and research process complied with national ethical instructions for research [32]. No ethical approval was required for the study. Participation in the survey was voluntary and responding to the questionnaire was interpreted as informed consent to participate in the study for research purposes.





3. Results


3.1. Study Population and General Environmental Attitudes


A total of 2030 responses were obtained. The mean (SD) age of the respondents was 50.0 (14.9) years and 53.9% of the respondents were women (Table 1). All regions of mainland Finland were represented in our survey demographics. Compared to the whole Finnish population, women, respondents aged 35–74 years, respondents from Southern Finland, and respondents with upper secondary education and tertiary education were overrepresented.



In terms of general environmental attitudes, 91.2% of the respondents considered environmental protection to be important to them, 68.9% were worried about the environmental effects of chemicals in everyday use, and 54.7% were worried about the health effects of chemicals in everyday products (Appendix A Table A2). Actions by individual people for environmental protection were considered meaningful by 87.4% of the respondents, and 94.4% agreed that the biggest polluters should be mainly responsible for remedying the environmental damage they cause.



Three latent classes, “pro-environmental”, “environmentally inclined”, and “moderates”, were identified based on the model diagnostics used (Appendix A Table A1). For the chosen LCA model, entropy 0.785 was close to the suggested minimum level of 0.8, and minimum average latent class posterior probability was 0.874. The classes differed in relation to general opinions and attitudes towards the environment (Appendix A Table A2). The largest number of respondents (39.6%) were in the “pro-environmental” class as they gave the keenest pro-environmental responses. The second largest class, the “environmentally inclined”, included 31.7% of the study population, representing intermediate pro-environmental responses, and 28.7% of the respondents belonged to the class “moderates” representing the least pro-environmental responses.



Of the respondents in the “moderates” class, 61.5% were men while 67.7% of respondents in the “pro-environmental” class were women (p < 0.001) (Appendix A Table A2). The mean age of the respondents in the “pro-environmental” class was 50.8 (15.6) years, in the “environmentally inclined” class 51.6 (14.8) years, and in the “moderates” class 47.0 (13.7) years. The highest level of education was most frequently upper secondary education in all three classes. Tertiary education was most common in the “pro-environmental” class, with elementary school most commonly being the highest level of education in the “environmentally inclined” class (p < 0.001). Having a long-term illness was most common in the “environmentally inclined” class and least common in the “moderates” class (p = 0.04). Based on the multinomial logistic regression model, females were less likely to belong to the “environmentally inclined” or “moderates” classes than to the “pro-environmental” class (Table 2). Older age was associated with lower odds of belonging to the “moderates” class than to the “pro-environmental” class. Furthermore, those with higher than elementary education were less likely to belong to the “environmentally inclined” class than to the “pro-environmental” class.




3.2. Pharmaceuticals-Related Environmental Considerations


3.2.1. Awareness of Pharmaceutical Residues in Finnish Waterways and Perceptions Regarding the Relative Importance of Different Sources of Pharmaceutical Emissions


Of the respondents, 89.5% were aware that traces of pharmaceuticals have been measured in Finnish waterways (Appendix A Table A3). Stated awareness was more common in the oldest age group (75–79 years) than in the youngest age group (18–34 years) (p < 0.001) and among those respondents with the highest level of education compared to the respondents with the lowest level of education (p < 0.001). Respondents with recent use of prescription medicines were more frequently aware than those without recent use of prescription medicines (p = 0.024) (Appendix A Table A4). The “pro-environmental” class was most frequently aware of the issue, and the “moderates”, least frequently aware (p < 0.001) (Appendix A Table A2).



Wastewaters from the pharmaceutical industry were most frequently (52.6%) considered to have a major impact as an environmental source of pharmaceutical emissions in Finland. However, pharmaceuticals excreted in human urine were least frequently (31.9%) considered to have a major impact (Figure 1). Of the respondents, women (p < 0.001) and the 75–79 years age group (p = 0.001) most frequently considered the pharmaceutical industry to have a major impact, whereas respondents with the highest education level most frequently considered the impact to be moderate or minor (p < 0.001) (Appendix A Table A3). Respondents who had recently used prescription medicines considered wastewaters from the pharmaceutical industry to have a major impact more frequently than respondents with no recent use of prescription medicines (p = 0.006) (Appendix A Table A4). Overall, respondents in the “pro-environmental” class most frequently considered the suggested source to have a major impact than those in the other two classes (Figure 1). Correspondingly, those who least considered these sources to have a major impact on pharmaceutical residues ending up in Finnish waterways were in the “moderates” class.




3.2.2. Opinions and Attitudes Concerning Pharmaceuticals and the Environment


Familiarity, risk perception, and concern related to the environmental impacts of pharmaceuticals were studied using four statements (Figure 2). The environmental impact of pharmaceuticals was regarded as new and unfamiliar by 26.2% of the respondents; 89.4% agreed that pharmaceutical residues pose an environmental risk; 79.7% were worried about the potential environmental effects of pharmaceuticals; 76.1% were worried about the human health effects of pharmaceutical residues.



The youngest age group (18–34 years) and those with the lowest level of education most frequently considered the environmental impact of pharmaceuticals to be new and unfamiliar (p < 0.001) (Appendix A Table A5). Women, the oldest age group (75–79 years), and respondents with the highest level of education most frequently agreed that pharmaceuticals pose an environmental risk (p < 0.001). Worry about environmental and human health effects was more common among women (p < 0.001) and the 60–74 and 75–79 years age groups than among younger respondents (p < 0.001). Respondents with long-term illnesses were more often worried about the human health effects of pharmaceutical residues in the environment than respondents without long-term illnesses (p = 0.033) (Appendix A Table A6).



Of the latent classes, the “moderates” most frequently considered the environmental impact of pharmaceuticals to be new and unfamiliar (p < 0.001) (Figure 2). The “moderates” disagreed most frequently that pharmaceutical residues in nature pose an environmental risk, and were least commonly worried about the impact on human health or the environment of pharmaceutical residues in the environment (p < 0.001).



The opinions of the respondents on practical issues concerning environmentally friendly ways of using medicines were measured using three statements (Figure 3). Of the respondents, 59.2% agreed that the environmental impact of a pharmaceutical should be considered when prescribing a medicine, 78.7% agreed that the package leaflet explains how to dispose of the medicine, and 86.3% of them considered it important that the packaging materials used for medicines are recyclable.



Women and the oldest age group (75–79 years) most frequently agreed with the statement about environmental considerations when prescribing a medicine (p < 0.001) (Appendix A Table A5). The oldest age group (75–79 years) most frequently agreed with the statement about the package leaflet describing the proper way to dispose of the medicine (p < 0.001). Women and respondents aged 60 years and older more frequently agreed with the statement about the importance of recyclable packaging materials than men and younger respondents (p < 0.001).



Of the latent classes, the “pro-environmental” class most frequently agreed with the statement about environmental considerations when prescribing a medicine (p < 0.001), and most frequently with the statement about the importance of recyclable packaging materials (p < 0.001) (Figure 3). The “environmentally inclined” most frequently agreed with the statement concerning the package leaflet describing the proper way to dispose of the medicine (p < 0.001).



Attitudes towards the roles of stakeholders and their efforts in ensuring an environmentally sustainable pharmaceutical sector in Finland were examined using three statements (Figure 4). Of the respondents, 82.4% considered it important that they can trust pharmaceutical companies to act in an environmentally sustainable way. Of the respondents, 27.6% agreed that current wastewater treatment prevents pharmaceuticals from ending up in natural waters, and 13.8% could not provide an opinion. Finland should set an example in reducing the environmental impact of pharmaceuticals according to 75.0% of the respondents.



Knowing that pharmaceutical companies act in an environmentally sustainable way was most frequently considered important by women and the oldest age groups (60–74 and 75–79 years) (p < 0.001) (Appendix A Table A5). Women were more frequently unable to express their opinion on the capacity of wastewater treatment to remove pharmaceuticals compared to men (p = 0.004). Of the different age groups, the oldest age group agreed with this statement most frequently (p = 0.002), and respondents with the highest education level least frequently agreed with this than those with lower levels of education (p < 0.001). Women and respondents with the highest level of education agreed with the statement that Finland should set an example in reducing the environmental impact of pharmaceuticals more frequently than men and respondents with lower education levels (p < 0.001). Of the age groups, the youngest and the oldest age groups agreed with this statement most frequently (p = 0.013). Respondents who had recently used OTC medicines more frequently agreed that Finland should set an example in reducing the environmental impact of pharmaceuticals than those without recent use of OTC medicines (p = 0.032) (Appendix A Table A6).



Of the latent classes, the “moderates” agreed most frequently that wastewater treatment ensures that no pharmaceuticals end up in natural waters (p < 0.001) (Figure 4). The “pro-environmental” most frequently agreed about the importance of knowing that pharmaceutical companies act in an environmentally sustainable way (p < 0.001), and that Finland should set an example in reducing the environmental impact of medicines (p < 0.001).






4. Discussion


According to this research, Finnish people are well aware of the presence of pharmaceuticals in the country’s environment. However, the root causes of their release are not familiar to the general public as the pharmaceutical industry is most frequently seen as having a significant environmental impact, while the pharmaceuticals excreted in human urine are least frequently considered to have a significant impact. Generally, worry over the environmental or human health effects of pharmaceutical residues was high among the respondents. Despite this, the opinions of the respondents on physicians prescribing more environmentally friendly medicines were clearly divided. The use of recyclable packaging materials for pharmaceuticals was a more preferred way to act environmentally friendly among the respondents. In this study, statistically significant differences in the awareness and perceived importance of different pharmaceutical emission sources into the environment and opinions and attitudes concerning pharmaceuticals-related environmental issues were found in relation to the respondents’ gender, age, education level, and environmental attitude. Long-term illnesses or recent use of medicines was statistically significantly associated in the responses in only in a few respects.



4.1. Awareness of Pharmaceutical Residues in Finnish Waterways and Perceptions Regarding the Relative Importance of Different Sources of Pharmaceutical Emissions


The respondents were widely aware of the presence of pharmaceutical residues in Finnish waterways. In this study, higher age, higher level of education, and recent use of prescription medicines were associated with the stated awareness. Of the latent classes, respondents in the class “pro-environmental” were most frequently aware of the issue. Despite generally being well aware of the issue, the root causes and their significance remain unclear among the population. Finnish people seem to overestimate the role of the pharmaceutical industry as a source of pharmaceutical pollution, and the roles of the other pollution sources considered in this study are not well known either. The role of pharmaceuticals excreted by humans was underestimated, even by the class “pro-environmental”, which has the largest proportion of highly educated respondents and which is most frequently aware of the presence of pharmaceutical residues in Finnish waterways. Even though most of the respondents were to some extent familiar with the environmental impact of pharmaceuticals, and though most saw pharmaceutical residues as a risk to the environment, the results indicate a lack of knowledge about the causes of the environmental effects of pharmaceuticals. Moreover, some previous studies have shown that the general public’s knowledge and beliefs regarding the roles of different sources of pharmaceutical emissions are in contrast with the current scientific consensus [13,15]. The studies indicate that the role of the pharmaceutical industry is largely overestimated or unknown, and our current results are in line with these findings of the public perspective. An important topic for future research is to identify the specific information needs, interests, and preferred information channels of the general public regarding the environmental aspect of pharmaceuticals.




4.2. Opinions and Attitudes Concerning Pharmaceuticals and the Environment


Women, older respondents, and those with a higher level of education most frequently agreed that pharmaceuticals pose a risk to the environment; women and older respondents also most frequently agreed that they are worried about the environmental or health impact of pharmaceuticals in the environment. These results are in line with earlier results, as women and older people have been found to be more aware of, and worried about, the environmental impact of pharmaceuticals [13,14]. Even though the role of pharmaceuticals as environmental pollutants raises concerns, the respondents were not particularly eager to take environmental issues into account when visiting a physician. This may be because people’s own role as the main source of pharmaceutical residues is unrecognized. Other factors could be that the idea of an environmentally friendly pharmaceutical policy is novel and, currently, few opportunities for patients exist to take environmental issues into consideration as users of medicines. We may not fully understand what considering environmental issues in these situations would mean in practice; no environmental classification system for pharmaceuticals has yet been introduced in Finland. However, such a classification system has been used by pharmacists, physicians, and the general public in Sweden since 2005, and different ways of introducing the system in Finland have been discussed [33]. In addition, we cannot ignore that people often consider treating health issues with medications as necessary, which can affect their environmental risk perception regarding pharmaceuticals. The benefits that the possible hazard offer to society are known to affect the judgment of perceived risk by the general public [34].



Users of medicines need appropriate information about ways to act in a more environment-friendly manner, without compromising matters such as treatment adherence. More than 65% of our respondents reported having a long-term illness or health problem diagnosed by a physician. The effect of long-term illness would be an obvious factor to influence the views and opinions of the respondents and thus the results of this study. However, except for one of the statements, no statistically significant differences among the responses of the respondents with or without a long-term illness emerged.



People in Finland are familiar with the proper recycling of different packaging materials, and, based on our study findings, this also applies to pharmaceutical packaging materials. In view of the many forms of pharmaceuticals, including tablets and capsules, the inner blister packaging usually contains aluminum and polyvinyl chloride. Blisters form the bulk of the medical packaging waste that currently ends up in mixed waste due to the lack of an effective process for aluminum recycling, even though aluminum can be recycled using only half of the energy required for primary aluminum production [35]. Our results demonstrate that the general public needs sustainability improvements of this kind in the pharmaceutical sector. Additionally, according to our study, the public is keen for the overall operations of pharmaceutical companies to be made more environmentally sustainable and for Finland to be a nation that works to minimize the environmental harm caused by pharmaceutical residues.



As demonstrated in this study, older age, female gender, and higher level of education are associated with a more pro-environmental attitude. This implies that a general environmental attitude might be one key factor determining how people perceive and consider pharmaceuticals-related environmental issues.



Overall, our study results indicate a high willingness of Finns to adopt environmentally friendly pharmaceutical policy measures. However, in order to achieve this, successful communication on both the causes of the environmental problem and the individuals’ possibilities for operating in an environmentally friendly manner are required. Such communication would encourage people to switch to more environmentally friendly pharmaceuticals when possible. Moreover, this successful communication would improve people’s perceptions of the roles of the pharmaceutical industry and the users of medicines as environmental sources of pharmaceuticals in Finland. In addition to informing people, the environmental aspect of pharmaceuticals should be considered to be included in the training of health care professionals. This would also facilitate the effective implementation of an environmental classification system of pharmaceuticals in Finland.




4.3. Strengths and Limitations of the Study


This research helps to offset the scarcity of existing studies of people’s perspective on the environmental effects of pharmaceuticals, giving practical insights for developing a more environmentally friendly pharmaceutical policy. From the perspective of the Finnish population, this study demonstrates the need for a more environmentally sustainable pharmaceutical sector. A total of 2030 respondents in a small country of 5.5 million residents can be considered to form a comprehensive sample; the demographics of the respondents covered adult respondents aged 18 to 79 years from all areas of mainland Finland and all education levels. This study also reviewed the results for a variety of background characteristics including the basic demographic variables, in addition to information about the respondents’ environmental attitude, health status, and use of medicines. To our knowledge, there are no previous studies using such an inclusive set of background characteristics to determine their association with awareness and views towards pharmaceuticals-related environmental issues and an environmentally sustainable pharmaceutical sector. General environmental attitude is a widely researched topic, but it has not so far been used in the context of the population perspective on pharmaceuticals and environmental sustainability. This study used LCA in the case of general environmental attitudes of the respondents. LCA enables information about several independent background characteristics to be incorporated into one characteristic. This avoided the need to perform several regression analyses when interpreting the effects of the characteristics on the responses, further simplifying the presentation of the results.



The respondents were recruited from the online panel of a market research company. Calculating the response rate of the survey in the usual way for sample surveys is not informative, as respondents are pre-recruited to receive research invitations regardless of the topic, and their response rates differ from the rest of the general population. In online panel surveys it is possible to assess the representativeness of the demographics of the study population compared to the original population of interest. Our sample is not fully representative of the entire Finnish adult population. As in many other questionnaire surveys in Finland, women, elderly people, and highly educated people were overrepresented, while in electronic surveys the overrepresentation of university graduates is typical [36,37,38]. In addition, people aged 80 and over, who represent approximately 6% of the Finnish population [20], were excluded from the data collection. Accordingly, the possible effects of these factors should be considered when interpreting and generalizing the results of this study to the entire Finnish population.



The questions used in this article were not validated, but some of them had been used earlier to study the public’s views on environmental issues [15,27,29,30]. In addition, the face validity of the questionnaire was verified by persons familiar with conducting surveys, and the questionnaire was piloted before the survey, thus improving the validity of the questions. Additionally, some of the questions of our survey were previously used by the European Commission in Eurobarometers, designed to study public opinion for policy development purposes [39]. This may be considered a limitation in scientific research of attitudes and opinions among the general public since, for example, several methodological concerns about the objectivity of the questions and statements of Eurobarometers in general have been discussed [40]. However, despite the possible methodological limitations of Eurobarometers, they provide an opportunity to generalize and compare the opinions of citizens across the EU.



As there is a lack of studies of population perspective towards pharmaceuticals-related environmental issues and environmentally friendly pharmaceutical policy, this study is rather exploratory with no a priori defined theoretical framework. However, a comparison of this research topic with theories emerging from the context of other consumer products or services may be irrelevant as pharmaceuticals are usually essential in the treatment of illnesses. In addition, as discussed in this study, only a few means currently exist for medicine users to act environmentally friendly, and the concept of environmentally friendly pharmaceutical policy is unprecedented to the Finnish public.





5. Conclusions


In this study we showed that the environmental friendliness of the Finnish population encompasses issues concerning pharmaceuticals and the environment. Despite the high level of awareness about pharmaceutical residues in Finnish waterways and worry regarding their environmental impact, understanding of the environmental significance of different pharmaceutical emission sources is insufficient. As a matter of fact, the most significant source of pharmaceutical emissions—the ordinary use of medicines and their release into the environment through sewage treatment plants—is perceived as the least significant source of emissions, while emissions from the pharmaceutical industry are perceived as the most significant source. Currently, Finns prefer recycling the packaging materials used for pharmaceuticals over opting for a more environmentally friendly pharmaceutical when visiting a physician as the means to mitigate the environmental impact of pharmaceuticals. The highly educated and elderly respondents of our study were aware of pharmaceutical residues in the environment more commonly than younger and less educated respondents. Higher age and education are also associated with greater concern about the environmental effects of pharmaceuticals. Therefore, advising young people and people with lower education levels about the environmental impact of medicines is particularly important. These results indicate a need for improved communications related to pharmaceuticals-related environmental issues and the significance of different pharmaceutical emission sources in order to gain public acceptance for a more environmentally friendly pharmaceutical policy, including the option to choose more environmentally friendly pharmaceuticals. In order to develop a successful, environmentally friendly pharmaceutical policy, more research is needed on specific information needs and preferred information channels concerning pharmaceuticals-related environmental issues.
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Table A1. Estimation results of latent class analysis models with 1–5 classes.






Table A1. Estimation results of latent class analysis models with 1–5 classes.





	
No. of Classes

	
Log-

Likelihood

	
No. of

Parameters

	
AIC

	
BIC

	
Entropy

	
VLMR-LRT

p-Value

	
LMR-LRT

p-Value

	
Class Proportions






	
1

	
−10,376.4

	
15

	
20,782.825

	
20,867.025

	
NA

	
NA

	
NA

	
100.0

	

	

	

	




	
2

	
−9447.492

	
31

	
18,956.984

	
19,130.997

	
0.752

	
<0.001

	
<0.001

	
53.4

	
46.6

	

	

	




	
3

	
−9139.575

	
47

	
18,373.150

	
18,636.976

	
0.785

	
<0.001

	
<0.001

	
39.6

	
31.7

	
28.7

	

	




	
4

	
−8937.175

	
63

	
18,000.350

	
18,353.990

	
0.808

	
0.3397

	
0.3417

	
39.4

	
30.0

	
23.9

	
6.7

	




	
5

	
−8791.756

	
79

	
17,741.512

	
18,184.965

	
0.812

	
0.7691

	
0.7692

	
27.6

	
23.7

	
23.1

	
16.4

	
9.1








Abbreviations: AIC, Akaike’s Information Criteria; BIC, Bayesian Information Criteria; LMR-LRT, Lo–Mendell–Rubin likelihood ratio test; NA, not available; VLMR-LRT, Vuong–Lo–Mendell–Rubin likelihood ratio test.
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Table A2. Comparison among latent classes and their demographics, long-term illnesses, medicine use, opinions, and attitudes to general environmental issues, and awareness of the presence of pharmaceuticals in Finnish waterways.
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All

	
Latent Classes

	
p-Value




	
n (%)

	
Pro-Environmental,

n (%)

	
Environmentally

Inclined, n (%)

	
Moderates, n (%)






	
Total

	

	
2030 (100.0)

	
801 (39.6)

	
642 (31.7)

	
582 (28.7)

	




	
Gender

	
Female

	
1094 (53.9)

	
542 (67.7)

	
327 (50.9)

	
224 (38.5)

	
<0.001




	
Age

	
18–34

	
393 (19.4)

	
158 (19.7)

	
106 (16.5)

	
128 (22.0)

	
<0.001




	
35–59

	
1020 (50.2)

	
363 (45.3)

	
312 (48.6)

	
343 (58.9)




	
60–74

	
532 (26.2)

	
236 (29.5)

	
201 (31.3)

	
93 (16.0)




	
75–79

	
85 (4.2)

	
44 (5.5)

	
23 (3.6)

	
18 (3.1)




	
Education level

	
Elementary school

	
166 (8.2)

	
48 (6.0)

	
72 (11.2)

	
44 (7.6)

	
<0.001




	
Upper secondary

education

	
1022 (50.3)

	
381 (47.6)

	
345 (53.7)

	
295 (50.7)




	
Tertiary education

	
842 (41.5)

	
372 (46.4)

	
225 (35.0)

	
243 (41.8)




	
Long-term illness

	
Yes

	
1326 (65.3)

	
521 (65.6)

	
443 (70.5)

	
361 (64.0)

	
0.04




	
Use of prescription medicines during the last week

	
Yes

	
1363 (67.9)

	
549 (68.7)

	
442 (69.5)

	
372 (64.9)

	
0.191




	
Use of OTC medicines during the last week

	
Yes

	
860 (42.7)

	
353 (44.2)

	
273 (42.9)

	
234 (40.6)

	
0.405




	
Aware of pharmaceutical residues

in natural waters

	
1817 (89.5)

	
753 (94.0)

	
570 (88.8)

	
491 (84.4)

	
<0.001




	
General environmental opinions and attitudes




	
Protecting the environment is important to me

	
Completely agree

	
1025 (50.5)

	
778 (97.1)

	
130 (20.2)

	
117 (20.1)

	
<0.001




	
Somewhat agree

	
839 (41.3)

	
18 (2.2)

	
493 (76.6)

	
328 (56.4)




	
Somewhat disagree

	
105 (5.2)

	
0 (0.0)

	
9 (1.4)

	
96 (16.5)




	
Completely disagree

	
38 (1.9)

	
1 (0.1)

	
6 (0.9)

	
33 (5.7)




	
I don’t know

	
23 (1.1)

	
4 (0.4)

	
6 (0.9)

	
8 (1.4)




	
In terms of environmental protection, the actions of individual people matter in Finland

	
Completely agree

	
943 (46.5)

	
736 (91.9)

	
7 (11.8)

	
131 (22.5)

	
<0.001




	
Somewhat agree

	
831 (40.9)

	
60 (7.5)

	
494 (76.9)

	
277 (47.6)




	
Somewhat disagree

	
185 (9.1)

	
1 (0.1)

	
56 (8.7)

	
128 (22.0)




	
Completely disagree

	
55 (2.7)

	
1 (0.1)

	
12 (1.9)

	
42 (7.2)




	
I don’t know

	
16 (0.8)

	
3 (0.4)

	
4 (0.6)

	
4 (0.7)




	
The biggest polluters should have the main responsibility for remedying the environmental damage they cause

	
Completely agree

	
1286 (63.3)

	
603 (75.3)

	
387 (60.3)

	
296 (50.9)

	
<0.001




	
Somewhat agree

	
632 (31.1)

	
169 (21.1)

	
233 (36.3)

	
230 (39.5)




	
Somewhat disagree

	
61 (3.0)

	
20 (2.5)

	
9 (1.4)

	
32 (5.5)




	
Completely disagree

	
19 (0.9)

	
5 (0.6)

	
0 (0.0)

	
14 (2.4)




	
I don’t know

	
32 (1.6)

	
4 (0.5)

	
13 (2.0)

	
10 (1.7)




	
I am worried about the health effects of the chemicals in products that I use daily

	
Completely agree

	
333 (16.4)

	
268 (33.5)

	
64 (10.0)

	
1 (0.2)

	
<0.001




	
Somewhat agree

	
777 (38.3)

	
364 (45.4)

	
368 (57.3)

	
45 (7.7)




	
Somewhat disagree

	
620 (30.5)

	
126 (15.7)

	
143 (22.3)

	
351 (60.3)




	
Completely disagree

	
202 (10.0)

	
19 (2.4)

	
10 (1.6)

	
173 (29.7)




	
I don’t know

	
98 (4.8)

	
3.0 (24)

	
57 (8.9)

	
12 (2.1)




	
I am worried about the environmental effects of the chemicals in products that I use daily

	
Completely agree

	
495 (24.4)

	
436 (54.4)

	
59 (9.2)

	
0 (0.0)

	
<0.001




	
Somewhat agree

	
904 (44.5)

	
340 (42.4)

	
545 (84.9)

	
19 (3.3)




	
Somewhat disagree

	
436 (21.5)

	
4 (0.5)

	
1 (0.2)

	
431 (74.1)




	
Completely disagree

	
116 (5.7)

	
0 (0.0)

	
0 (0.0)

	
116 (19.9)




	
I don’t know

	
79 (3.9)

	
21 (2.6)

	
37 (5.8)

	
16 (2.7)
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Table A3. Awareness among the Finnish population of the presence of pharmaceutical residues in Finnish waterways and perceptions regarding the importance of different sources of pharmaceutical emissions into Finnish waterways in relation to gender, age, and education level (n = 2030).
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Gender

	
Age

	
Education




	

	

	
All

	
Female

	
Male

	
18–34

	
35–59

	
60–74

	
75–79

	
Elementary School

	
Upper Secondary Education

	
Tertiary Education






	
Aware of pharmaceuticals in Finnish waterways

	
Yes

	
1817 (89.5)

	
977 (89.3)

	
840 (89.7)

	
334 (85.0)

	
903 (88.5)

	
497 (93.4)

	
83 (97.6)

	
139 (83.7)

	
898 (87.9)

	
780 (92.6)




	
No

	
213 (10.5)

	
117 (10.7)

	
96 (10.3)

	
59 (15.0)

	
117 (11.5)

	
35 (6.6)

	
2 (2.4)

	
27 (16.3)

	
124 (12.1)

	
62 (7.4)




	
p-value

	

	

	
0.748

	
<0.001

	
<0.001




	
How much of an impact do you think the following emissions sources have regarding medicinal agents ending up in Finnish waterways:




	
Hospitals and care institutions

	
Major impact

	
904 (44.5)

	
562 (51.4)

	
342 (36.5)

	
133 (33.8)

	
414 (40.6)

	
303 (57.0)

	
54 (63.5)

	
83 (50.0)

	
491 (48.0)

	
330 (39.2)




	
Moderate impact

	
793 (39.1)

	
402 (36.7)

	
391 (41.8)

	
182 (46.3)

	
414 (40.6)

	
172 (32.3)

	
25 (29.4)

	
56 (33.7)

	
382 (37.4)

	
355 (42.2)




	
Minor impact

	
298 (14.7)

	
120 (11.0)

	
178 (19.0)

	
72 (18.3)

	
171 (16.8)

	
49 (9.2)

	
6 (7.1)

	
21 (12.7)

	
135 (13.2)

	
142 (16.9)




	
No impact

	
35 (1.7)

	
10 (0.9)

	
25 (2.7)

	
6 (1.5)

	
21 (2.1)

	
8 (1.5)

	
0 (0.0)

	
6 (3.6)

	
14 (1.4)

	
15 (1.8)




	
p-value

	

	

	
<0.001

	
<0.001

	
0.001




	
Households

	
Major impact

	
893 (44.0)

	
561 (51.3)

	
332 (35.5)

	
189 (48.1)

	
427 (41.9)

	
237 (44.5)

	
40 (47.1)

	
72 (43.4)

	
446 (43.6)

	
375 (44.5)




	
Moderate impact

	
873 (43.0)

	
442 (40.4)

	
431 (46.0)

	
162 (41.2)

	
435 (42.6)

	
239 (44.9)

	
37 (43.5)

	
68 (41.0)

	
442 (43.2)

	
363 (43.1)




	
Minor impact

	
233 (11.5)

	
86 (7.9)

	
147 (15.7)

	
36 (9.2)

	
140 (13.7)

	
50 (9.4)

	
7 (8.2)

	
21 (12.7)

	
121 (11.8)

	
91 (10.8)




	
No impact

	
31 (1.5)

	
5 (0.5)

	
26 (2.8)

	
6 (1.5)

	
18 (1.8)

	
6 (1.1)

	
1 (1.2)

	
5 (3.0)

	
13 (1.3)

	
13 (1.5)




	
p-value

	

	

	
<0.001

	
0.135

	
0.710




	
Wastewaters from the pharmaceutical industry

	
Major impact

	
1067 (52.6)

	
664 (60.7)

	
403 (43.1)

	
180 (45.8)

	
520 (51.0)

	
312 (58.6)

	
55 (64.7)

	
93 (56.0)

	
583 (57.0)

	
391 (46.4)




	
Moderate impact

	
636 (31.3)

	
325 (29.7)

	
311 (33.2)

	
144 (36.6)

	
313 (30.7)

	
157 (29.5)

	
22 (25.9)

	
53 (31.9)

	
297 (29.1)

	
286 (34.0)




	
Minor impact

	
299 (14.7)

	
100 (9.1)

	
199 (21.3)

	
65 (16.5)

	
168 (16.5)

	
58 (10.9)

	
8 (9.4)

	
16 (9.6)

	
130 (12.7)

	
153 (18.2)




	
No impact

	
28 (1.4)

	
5 (0.5)

	
23 (2.5)

	
4 (1.0)

	
19 (1.9)

	
5 (0.9)

	
0 (0.0)

	
4 (2.4)

	
12 (1.2)

	
12 (1.4)




	
p-value

	

	

	
<0.001

	
0.001

	
<0.001




	
Excretions from treated farm animals

	
Major impact

	
702 (34.6)

	
457 (41.8)

	
245 (26.2)

	
137 (34.9)

	
334 (32.7)

	
199 (37.4)

	
32 (37.6)

	
50 (30.1)

	
341 (33.4)

	
311 (36.9)




	
Moderate impact

	
902 (44.4)

	
469 (42.9)

	
433 (46.3)

	
174 (44.3)

	
444 (43.5)

	
242 (45.5)

	
42 (49.4)

	
72 (43.4)

	
462 (45.2)

	
368 (43.7)




	
Minor impact

	
383 (18.9)

	
157 (14.4)

	
226 (24.1)

	
77 (19.6)

	
210 (20.6)

	
85 (16.0)

	
11 (12.9)

	
36 (21.7)

	
195 (19.1)

	
152 (18.1)




	
No impact

	
43 (2.1)

	
11 (1.0)

	
32 (3.4)

	
5 (1.3)

	
32 (3.1)

	
6 (1.1)

	
0 (0.0)

	
8 (4.8)

	
24 (2.3)

	
11 (1.3)




	
p-value

	

	

	
<0.001

	
0.021

	
0.049




	
Pharmaceuticals in human urine

	
Major impact

	
647 (31.9)

	
402 (36.7)

	
245 (26.2)

	
113 (28.8)

	
312 (30.6)

	
191 (35.9)

	
31 (36.5)

	
45 (27.1)

	
313 (30.6)

	
289 (34.3)




	
Moderate impact

	
899 (44.3)

	
472 (43.1)

	
427 (45.6)

	
162 (41.2)

	
457 (44.8)

	
241 (45.3)

	
39 (45.9)

	
75 (45.2)

	
463 (45.3)

	
361 (42.9)




	
Minor impact

	
430 (21.2)

	
202 (18.5)

	
228 (24.4)

	
105 (26.7)

	
220 (21.6)

	
91 (17.1)

	
14 (16.5)

	
38 (22.9)

	
222 (21.7)

	
170 (20.2)




	
No impact

	
54 (2.7)

	
18 (1.6)

	
36 (3.8)

	
13 (3.3)

	
31 (3.0)

	
9 (1.7)

	
1 (1.2)

	
8 (4.8)

	
24 (2.3)

	
22 (2.6)




	
p-value

	

	

	
<0.001

	
0.014

	
0.241
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Table A4. Awareness of the presence of pharmaceutical residues in Finnish waterways among the Finnish population, and perceptions regarding the importance of different sources of pharmaceutical emissions into Finnish waterways in relation to long-term illness and use of medicines (n = 2030).
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Long-Term Illness

	
Use of Prescription Medicines during the Last Week

	
Use of OTC Medicines during the Last Week




	

	

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No






	
Were you aware that pharmaceutical residues have been found in Finnish waterways?

	
Yes

	
1198 (90.3)

	
587 (88.4)

	
1238 (90.8)

	
567 (87.5)

	
759 (88.3)

	
1050 (90.8)




	
No

	
128 (9.7)

	
77 (11.6)

	
126 (9.2)

	
81 (12.5)

	
101 (11.7)

	
107 (9.2)




	
p-value

	

	
0.179

	
0.024

	
0.068




	
How much of an impact do you think the following emissions sources have regarding medicinal agents ending up in Finnish waterways:




	
Hospitals and care institutions

	
Major impact

	
606 (45.7)

	
279 (42.0)

	
627 (46.0)

	
272 (42.0)

	
382 (44.4)

	
521 (45.0)




	
Moderate impact

	
521 (39.3)

	
262 (39.5)

	
529 (38.8)

	
258 (39.8)

	
353 (41.0)

	
433 (37.4)




	
Minor impact

	
177 (13.3)

	
112 (16.9)

	
189 (13.9)

	
104 (16.0)

	
117 (13.6)

	
178 (15.4)




	
No impact

	
22 (1.7)

	
11 (1.7)

	
19 (1.4)

	
14 (2.2)

	
8 (0.9)

	
25 (2.2)




	
p-value

	

	
0.163

	
0.194

	
0.062




	
Households

	
Major impact

	
596 (44.9)

	
282 (42.5)

	
617 (45.2)

	
272 (42.0)

	
387 (45.0)

	
502 (43.4)




	
Moderate impact

	
568 (42.8)

	
288 (43.4)

	
583 (42.7)

	
280 (43.2)

	
368 (42.8)

	
497 (43.0)




	
Minor impact

	
145 (10.9)

	
84 (12.7)

	
145 (10.6)

	
86 (13.3)

	
93 (10.8)

	
140 (12.1)




	
No impact

	
17 (1.3)

	
10 (1.5)

	
19 (1.4)

	
10 (1.5)

	
12 (1.4)

	
18 (1.6)




	
p-value

	

	
0.585

	
0.282

	
0.780




	
Wastewaters from the pharmaceutical industry

	
Major impact

	
724 (54.6)

	
326 (49.1)

	
742 (54.4)

	
320 (49.4)

	
467 (54.3)

	
597 (51.6)




	
Moderate impact

	
405 (30.5)

	
217 (32.7)

	
424 (31.1)

	
205 (31.6)

	
270 (31.4)

	
360 (31.3)




	
Minor impact

	
182 (13.7)

	
110 (16.6)

	
187 (13.7)

	
108 (16.7)

	
112 (13.0)

	
184 (15.9)




	
No impact

	
15 (1.1)

	
11 (1.7)

	
11 (0.8)

	
15 (2.3)

	
11 (1.3)

	
16 (1.4)




	
p-value

	

	
0.088

	
0.006

	
0.318




	
Excretions from treated farm animals

	
Major impact

	
460 (34.7)

	
229 (34.5)

	
479 (35.1)

	
217 (33.5)

	
306 (35.6)

	
394 (34.1)




	
Moderate impact

	
602 (45.4)

	
282 (42.5)

	
605 (44.4)

	
290 (44.8)

	
391 (45.5)

	
503 (43.5)




	
Minor impact

	
237 (17.9)

	
141 (21.2)

	
256 (18.8)

	
124 (19.1)

	
152 (17.7)

	
229 (19.8)




	
No impact

	
27 (2.0)

	
12 (1.8)

	
24 (1.8)

	
17 (2.6)

	
11 (1.3)

	
31 (2.7)




	
p-value

	

	
0.307

	
0.574

	
0.086




	
Pharmaceuticals in human urine

	
Major impact

	
425 (32.1)

	
210 (31.6)

	
435 (31.9)

	
209 (32.3)

	
272 (31.6)

	
372 (32.2)




	
Moderate impact

	
586 (44.2)

	
296 (44.6)

	
602 (44.1)

	
286 (44.1)

	
367 (42.7)

	
525 (54.4)




	
Minor impact

	
281 (21.2)

	
141 (21.2)

	
293 (21.5)

	
135 (20.8)

	
198 (23.0)

	
231 (20.0)




	
No impact

	
34 (2.6)

	
17 (2.6)

	
34 (2.5)

	
18 (2.8)

	
23 (2.7)

	
29 (2.5)




	
p-value

	

	
0.998

	
0.970

	
0.380
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Table A5. Opinions and attitudes concerning pharmaceuticals and the environment in relation to gender, age, and level of education of the Finnish adult population (n = 2030).
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Gender

	
Age

	
Education




	

	

	
All

	
Female

	
Male

	
18–34

	
35–59

	
60–74

	
75–79

	
Elementary School

	
Upper

Secondary Education

	
Tertiary

Education






	
Pharmaceutical residues in nature pose a risk to the environment

	
Agree

	
1814 (89.4)

	
1025 (93.7)

	
789 (84.3)

	
355 (90.3)

	
889 (87.2)

	
488 (91.7)

	
82 (96.5)

	
132 (79.5)

	
917 (89.7)

	
765 (90.9)




	
Disagree

	
108 (5.3)

	
24 (2.2)

	
84 (9.0)

	
15 (3.8)

	
69 (6.8)

	
22 (4.1)

	
2 (2.4)

	
16 (9.6)

	
52 (5.1)

	
40 (4.8)




	
I don’t know

	
108 (5.3)

	
45 (4.1)

	
63 (6.7)

	
23 (5.9)

	
62 (6.1)

	
22 (4.1)

	
1 (1.2)

	
18 (10.8)

	
53 (5.2)

	
37 (4.4)




	
p-value

	

	

	
<0.001

	
0.018

	
0.001




	
The environmental impact of medicinal products is a new and unfamiliar thing to me

	
Agree

	
531 (26.2)

	
276 (25.2)

	
255 (27.2)

	
126 (32.1)

	
273 (26.8)

	
117 (22.0)

	
15 (17.6)

	
59 (35.5)

	
279 (27.3)

	
193 (22.9)




	
Disagree

	
1444 (71.1)

	
793 (72.5)

	
651 (69.6)

	
253 (64.4)

	
713 (69.9)

	
408 (76.7)

	
70 (82.4)

	
99 (59.6)

	
709 (69.4)

	
636 (75.5)




	
I don’t know

	
55 (2.7)

	
25 (2.3)

	
30 (3.2)

	
14 (3.6)

	
34 (3.3)

	
7 (1.3)

	
0 (0.0)

	
8 (4.8)

	
34 (3.3)

	
13 (1.5)




	
p-value

	

	

	
0.227

	
<0.001

	
<0.001




	
I am worried about the potential environmental impact of medicinal products

	
Agree

	
1617 (79.7)

	
949 (86.7)

	
668 (71.4)

	
306 (77.9)

	
779 (76.4)

	
454 (85.3)

	
78 (91.8)

	
127 (76.5)

	
807 (79.0)

	
683 (81.1)




	
Disagree

	
316 (15.6)

	
104 (9.5)

	
212 (22.6)

	
66 (16.8)

	
188 (18.4)

	
58 (10.9)

	
4 (4.7)

	
28 (16.9)

	
164 (16.0)

	
124 (14.7)




	
I don’t know

	
97 (4.8)

	
41 (3.7)

	
56 (6.0)

	
21 (5.3)

	
53 (5.2)

	
20 (3.8)

	
3 (3.5)

	
11 (6.6)

	
51 (5.0)

	
35 (4.2)




	
p-value

	

	

	
<0.001

	
<0.001

	
0.530




	
I am worried about the impact on human health of pharmaceutical residues in the environment

	
Agree

	
1545 (76.1)

	
898 (82.1)

	
647 (69.1)

	
271 (69.0)

	
753 (73.8)

	
446 (83.8)

	
75 (88.2)

	
121 (72.9)

	
792 (77.5)

	
632 (75.1)




	
Disagree

	
395 (19.5)

	
152 (13.9)

	
243 (26.0)

	
101 (25.7)

	
220 (21.6)

	
67 (12.6)

	
7 (8.2)

	
31 (18.7)

	
186 (18.2)

	
178 (21.1)




	
I don’t know

	
90 (4.4)

	
44 (4.0)

	
46 (4.9)

	
21 (5.3)

	
47 (4.6)

	
19 (3.6)

	
3 (3.5)

	
14 (8.4)

	
44 (4.3)

	
32 (3.8)




	
p-value

	

	

	
<0.001

	
<0.001

	
0.050




	
Physicians prescribing a medicinal product should consider the environmental impact of the product where possible

	
Agree

	
1202 (59.2)

	
697 (63.7)

	
505 (54.0)

	
216 (55.0)

	
552 (54.1)

	
368 (69.2)

	
66 (77.6)

	
94 (56.6)

	
598 (58.5)

	
510 (60.6)




	
Disagree

	
609 (30.0)

	
271 (24.8)

	
338 (36.1)

	
133 (33.8)

	
348 (34.1)

	
116 (21.8)

	
12 (14.1)

	
47 (28.3)

	
307 (30.0)

	
255 (30.3)




	
I don’t know

	
219 (10.8)

	
126 (11.5)

	
93 (9.9)

	
44 (11.2)

	
120 (11.8)

	
48 (9.0)

	
7 (8.2)

	
25 (15.1)

	
117 (11.4)

	
77 (9.1)




	
p-value

	

	

	
<0.001

	
<0.001

	
0.196




	
Package leaflets in medicine packs describe the correct way to dispose of the medicine

	
Agree

	
1598 (78.7)

	
847 (77.4)

	
751 (80.2)

	
278 (70.7)

	
784 (76.9)

	
459 (86.3)

	
77 (90.6)

	
131 (78.9)

	
827 (80.9)

	
640 (76.0)




	
Disagree

	
228 (11.2)

	
130 (11.9)

	
98 (10.5)

	
57 (14.5)

	
118 (11.6)

	
48 (9.0)

	
5 (5.9)

	
22 (13.3)

	
102 (10.0)

	
104 (12.4)




	
I don’t know

	
204 (10.0)

	
117 (10.7)

	
87 (9.3)

	
58 (14.8)

	
118 (11.6)

	
25 (4.7)

	
3 (3.5)

	
13 (7.8)

	
93 (9.1)

	
98 (11.6)




	
p-value

	

	

	
0.303

	
<0.001

	
0.083




	
It is important that I can recycle the packaging material of medicines (outer and inner packs) appropriately

	
Agree

	
1751 (86.3)

	
1019 (93.1)

	
732 (78.2)

	
337 (85.8)

	
847 (83.0)

	
488 (91.7)

	
79 (92.9)

	
141 (84.9)

	
870 (85.1)

	
740 (87.9)




	
Disagree

	
216 (10.6)

	
46 (4.2)

	
170 (18.2)

	
43 (10.9)

	
131 (12.8)

	
37 (7.0)

	
5 (5.9)

	
18 (10.8)

	
118 (11.5)

	
80 (9.5)




	
I don’t know

	
63 (3.1)

	
29 (2.7)

	
34 (3.6)

	
13 (3.3)

	
42 (4.1)

	
7 (1.3)

	
1 (1.2)

	
7 (4.2)

	
34 (3.3)

	
22 (2.6)




	
p-value

	

	

	
<0.001

	
<0.001

	
0.442




	
It is important that I know pharmaceutical companies act in an environmentally friendly way and in accordance with the conditions for sustainable development

	
Agree

	
1672 (82.4)

	
953 (87.1)

	
719 (76.8)

	
314 (79.9)

	
809 (79.3)

	
472 (88.7)

	
77 (90.6)

	
128 (77.1)

	
847 (82.9)

	
697 (82.8)




	
Disagree

	
235 (11.6)

	
79 (7.2)

	
156 (16.7)

	
54 (13.7)

	
136 (13.3)

	
40 (7.5)

	
5 (5.9)

	
23 (13.9)

	
115 (11.3)

	
97 (11.5)




	
I don’t know

	
123 (6.1)

	
62 (5.7)

	
61 (6.5)

	
25 (6.4)

	
75 (7.4)

	
20 (3.8)

	
3 (3.5)

	
15 (9.0)

	
60 (5.9)

	
48 (5.7)




	
p-value

	

	

	
<0.001

	
<0.001

	
0.391




	
Today, wastewater treatment ensures that no pharmaceuticals end up in natural waters from sewers

	
Agree

	
560 (27.6)

	
291 (26.6)

	
269 (28.7)

	
96 (24.4)

	
287 (28.1)

	
146 (27.4)

	
31 (36.5)

	
65 (39.2)

	
308 (30.1)

	
187 (22.2)




	
Disagree

	
1189 (58.6)

	
626 (57.2)

	
563 (60.1)

	
219 (55.7)

	
596 (58.4)

	
327 (61.5)

	
47 (55.3)

	
76 (45.8)

	
579 (56.7)

	
534 (63.4)




	
I don’t know

	
281 (13.8)

	
177 (16.2)

	
104 (11.1)

	
78 (19.8)

	
137 (13.4)

	
59 (11.1)

	
7 (8.2)

	
25 (15.1)

	
135 (13.2)

	
121 (14.4)




	
p-value

	

	

	
0.004

	
0.002

	
<0.001




	
Finland should set an example for other countries in reducing the environmental impact of medicinal products

	
Agree

	
1522 (75.0)

	
920 (84.1)

	
602 (64.3)

	
319 (81.2)

	
736 (72.2)

	
399 (75.0)

	
68 (80.0)

	
109 (65.7)

	
742 (72.6)

	
671 (79.7)




	
Disagree

	
367 (18.1)

	
101 (9.2)

	
266 (28.4)

	
49 (12.5)

	
203 (19.9)

	
101 (19.0)

	
14 (16.5)

	
40 (24.1)

	
204 (20.0)

	
123 (14.6)




	
I don’t know

	
141 (6.9)

	
73 (6.7)

	
68 (7.3)

	
25 (6.4)

	
81 (7.9)

	
32 (6.0)

	
3 (3.5)

	
17 (10.2)

	
76 (7.4)

	
48 (5.7)




	
p-value

	

	

	
<0.001

	
0.013

	
<0.001
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Table A6. Opinions and attitudes concerning pharmaceuticals and the environment in relation to long-term illness and use of medicines among the Finnish adult population (n = 2030).
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Long-Term Illness

	
Use of Prescription Medicines during the Last Week

	
Use of OTC Medicines

during the Last Week




	

	

	
Yes

	
No

	
Yes

	
No

	
Yes

	
No






	
Pharmaceutical residues in nature pose a risk to the environment

	
Agree

	
1193 (90.0)

	
593 (89.3)

	
1220 (89.4)

	
582 (89.8)

	
767 (89.2)

	
1039 (89.8)




	
Disagree

	
64 (4.8)

	
37 (5.6)

	
70 (7.1)

	
34 (5.2)

	
49 (5.7)

	
57 (4.9)




	
I don’t know

	
69 (5.2)

	
34 (5.1)

	
74 (5.4)

	
32 (4.9)

	
44 (5.1)

	
61 (5.3)




	
p-value

	

	
0.774

	
0.898

	
0.740




	
The environmental impact of medicinal products is a new and unfamiliar thing to me

	
Agree

	
338 (25.5)

	
185 (27.9)

	
358 (26.2)

	
166 (25.6)

	
238 (27.7)

	
287 (24.8)




	
Disagree

	
952 (71.8)

	
462 (69.6)

	
970 (71.1)

	
464 (71.6)

	
600 (69.8)

	
839 (72.5)




	
I don’t know

	
36 (2.7)

	
17 (2.6)

	
36 (2.6)

	
18 (2.8)

	
22 (2.6)

	
31 (2.7)




	
p-value

	

	
0.524

	
0.945

	
0.348




	
I am worried about the potential environmental impact of medicinal products

	
Agree

	
1059 (79.9)

	
535 (80.6)

	
1089 (79.8)

	
517 (79.8)

	
701 (78.4)

	
907 (78.4)




	
Disagree

	
207 (15.6)

	
99 (14.9)

	
216 (15.8)

	
96 (14.8)

	
192 (16.6)

	
192 (16.6)




	
I don’t know

	
60 (4.5)

	
30 (4.5)

	
59 (4.3)

	
35 (5.4)

	
58 (5.0)

	
58 (5.0)




	
p-value

	

	
0.919

	
0.501

	
0.227




	
I am worried about the impact on human health of pharmaceutical residues in the environment

	
Agree

	
1036 (78.1)

	
485 (73.0)

	
1057 (77.5)

	
479 (73.9)

	
677 (78.7)

	
860 (74.3)




	
Disagree

	
236 (17.8)

	
150 (22.6)

	
248 (18.2)

	
140 (21.6)

	
150 (17.4)

	
241 (20.8)




	
I don’t know

	
54 (4.1)

	
29 (4.4)

	
59 (4.3)

	
29 (4.5)

	
33 (3.8)

	
56 (4.8)




	
p-value

	

	
0.033

	
0.180

	
0.071




	
Physicians prescribing a medicinal product should consider the environmental impact of the product where possible

	
Agree

	
791 (59.7)

	
395 (59.5)

	
811 (59.5)

	
383 (59.1)

	
500 (58.1)

	
695 (60.1)




	
Disagree

	
392 (29.6)

	
204 (30.7)

	
404 (29.6)

	
197 (30.4)

	
268 (31.2)

	
338 (29.2)




	
I don’t know

	
143 (10.8)

	
65 (9.8)

	
149 (10.9)

	
68 (10.5)

	
92 (10.7)

	
124 (10.7)




	
p-value

	

	
0.733

	
0.916

	
0.627




	
Package leaflets in medicine packs describe the correct way to dispose of the medicine

	
Agree

	
1053 (79.4)

	
519 (78.2)

	
1078 (79.0)

	
509 (78.5)

	
653 (75.9)

	
938 (81.1)




	
Disagree

	
148 (11.2)

	
73 (11.0)

	
157 (11.5)

	
66 (10.2)

	
112 (13.0)

	
114 (9.9)




	
I don’t know

	
125 (9.4)

	
72 (10.8)

	
129 (9.5)

	
73 (11.3)

	
95 (11.0)

	
105 (9.1)




	
p-value

	

	
0.608

	
0.343

	
0.018




	
It is important that I can recycle the packaging material of medicines (outer and inner packs) appropriately

	
Agree

	
1157 (87.3)

	
572 (86.1)

	
1186 (87.0)

	
554 (85.5)

	
744 (86.5)

	
999 (86.3)




	
Disagree

	
130 (9.8)

	
74 (11.1)

	
138 (10.1)

	
74 (11.4)

	
94 (10.9)

	
119 (10.3)




	
I don’t know

	
39 (2.9)

	
18 (2.7)

	
40 (2.9)

	
20 (3.1)

	
22 (2.6)

	
39 (3.4)




	
p-value

	

	
0.631

	
0.654

	
0.529




	
It is important that I know pharmaceutical companies act in an environmentally friendly way and in accordance with the conditions for sustainable development

	
Agree

	
1094 (82.5)

	
554 (83.4)

	
1125 (82.5)

	
535 (82.6)

	
709 (82.4)

	
953 (82.4)




	
Disagree

	
155 (11.7)

	
71 (10.7)

	
155 (11.4)

	
77 (11.9)

	
100 (11.6)

	
134 (11.6)




	
I don’t know

	
77 (5.8)

	
39 (5.9)

	
84 (6.2)

	
36 (5.6)

	
51 (5.9)

	
70 (6.1)




	
p-value

	

	
0.804

	
0.831

	
0.993




	
Today, wastewater treatment ensures that no medicinal agents end up in natural waters from sewers

	
Agree

	
373 (28.1)

	
180 (27.1)

	
381 (27.9)

	
174 (26.9)

	
228 (26.5)

	
327 (28.3)




	
Disagree

	
780 (58.8)

	
389 (58.6)

	
793 (58.1)

	
389 (60.0)

	
502 (58.4)

	
682 (58.9)




	
I don’t know

	
173 (13.0)

	
95 (14.3)

	
190 (13.9)

	
85 (13.1)

	
130 (15.1)

	
148 (12.8)




	
p-value

	

	
0.707

	
0.717

	
0.285




	
Finland should set an example for other countries in reducing the environmental impact of medicinal products

	
Agree

	
985 (74.3)

	
517 (77.9)

	
1016 (74.5)

	
495 (76.4)

	
669 (77.8)

	
845 (73.0)




	
Disagree

	
247 (18.6)

	
108 (16.3)

	
253 (18.5)

	
110 (17.0)

	
143 (16.6)

	
221 (19.1)




	
I don’t know

	
94 (7.1)

	
39 (5.9)

	
95 (7.0)

	
43 (6.6)

	
48 (5.6)

	
91 (7.9)




	
p-value

	

	
0.211

	
0.643

	
0.032
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Figure 1. Presumed impact of different emission sources on pharmaceutical residues ending up in Finnish waterways as perceived by the Finnish population (n = 2030) and the identified latent classes. 
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Figure 2. Familiarity, risk perception, and concern related to the environmental impact of pharmaceuticals among the Finnish population (n = 2030) and the identified latent classes. 
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Figure 3. Opinions on practical issues concerning environmentally friendly ways of using medicines among the Finnish population (n = 2030) and the identified latent classes. 
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Figure 4. Attitudes towards the roles of stakeholders in ensuring a sustainable pharmaceutical sector in Finland among the Finnish population (n = 2030) and the identified latent classes. 
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Table 1. Study population (n = 2030) compared to the whole Finnish population (n = 5,495,408).
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Respondents

	
Finnish Population 1

	
p-Value 2




	

	
n

	
(%)

	
n

	
(%)

	






	
Gender




	
Female

	
1094

	
(53.9)

	
2,782,025

	
(50.6)

	
0.003




	
Male

	
936

	
(46.1)

	
2,713,383

	
(49.4)

	
0.003




	
Age




	
0–17

	
0 4

	
(0.0)

	
1,043,147

	
(19.0)

	




	
18–34

	
393

	
(19.4)

	
1,133,611

	
(20.6)

	




	
35–59

	
1020

	
(50.2)

	
1,736,436

	
(31.6)

	
<0.001




	
60–74

	
532

	
(26.2)

	
1,060,573

	
(19.3)

	
<0.001




	
75–79

	
85

	
(4.2)

	
210,889

	
(3.8)

	




	
80–

	
0 4

	
(0.0)

	
310,752

	
(5.7)

	




	
Area of residence




	
Southern Finland

	
917

	
(45.2)

	
2,359,178

	
(42.9)

	
0.041




	
Southwest Finland

	
266

	
(13.1)

	
696,093

	
(12.7)

	




	
Eastern Finland

	
191

	
(9.4)

	
547,782

	
(10.0)

	




	
Inland and Western Finland

	
457

	
(22.5)

	
1,230,058

	
(22.4)

	




	
Northern Finland

	
159

	
(7.8)

	
485,136

	
(8.8)

	




	
Lapland

	
40

	
(2.0)

	
177,161

	
(3.2)

	
0.001




	
Education level




	
Elementary school 3

	
166

	
(8.2)

	
1,053,534

	
(24.0)

	
<0.001




	
Upper secondary education

	
1022

	
(50.3)

	
1,875,301

	
(42.7)

	
<0.001




	
Tertiary education

	
842

	
(41.5)

	
1,465,863

	
(33.4)

	
<0.001








1 Åland Islands excluded, situation 31 December 2019; 2 only statistically significant p-values are presented; 3 or education unknown, 18 years and older, situation 31 December 2018; 4 age group excluded from the survey.
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Table 2. Adjusted, multivariable odds ratios (95% confidence intervals) for the association of characteristics with estimated classes. Pro-environmental class (n = 801) as a reference group.
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	Environmentally

Inclined (n = 642)
	Moderates (n = 582)





	
	OR (95% CI)
	OR (95% CI)



	Female
	0.51 (0.41–0.63)
	0.27 (0.21–0.34)



	Age
	1.00 (0.99–1.00)
	0.97 (0.97–0.98)



	Education
	
	



	Elementary school
	1 (reference)
	1 (reference)



	Upper secondary education
	0.63 (0.42–0.93)
	0.80 (0.41–1.27)



	Tertiary education
	0.42 (0.28–0.64)
	0.66 (0.41–1.05)
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