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Abstract

:

Plastic waste pollution in marine environments is considered a major environmental problem in coastal areas. Relative environmental problems are also recorded in protected wetlands. The National Park of Amvrakikos Wetlands, one of the largest wetlands of Greece, is studied in order to evaluate the influence of plastic waste in the protected area and its surroundings, according to the stakeholders’ views. The survey applied using the method of census addressing the key stakeholders in the area of interest and the use of a questionnaire; the data analyzed with the Statistical Package SSPS. The main findings reveal that waste management is not considered satisfactory in the broader area. Marine litter, pollution, overfishing, ecosystem degradation, agriculture and livestock activities, as well as the insufficiency of the municipal solid waste management and recycling system are listed as the most important environmental problems of the coastal area. The stakeholders’ participation is regarded as crucial for effective decision making. Therefore, special strategies should be designed involving Information and Communication Technology (ICT) to widely address the local communities and increase their awareness on the problem in order to reduce plastic waste pollution. It should be noted that environmental conditions are closely affiliated with the citizens’ quality of life.
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1. Introduction


The intensive use of plastic material in every aspect of life has generated a plastic waste stream and the so-called “plastic pollution crisis.” The shrinking landfill capacity and the dispersion of plastic debris in the environment further increase this crisis [1,2]. In 2018, global plastics manufacture reached almost 360 million tons with plastics production in Europe at 62 million tons. Post-consumer plastic waste generation across the European Union (EC) reached 29.1 million tons in order to be treated. In 2018, from the post-consumer collected plastic, 25% of waste was sent to landfills, 32% to recycling, and 43% to energy recovery. However, there is a non-collected fraction of plastics, which is not included in the treatment methods [3].



Commonly used plastics are not biodegradable, so they accumulate, rather than decompose, in landfills or in the natural environment. Within their value chain from useful products to becoming waste, plastics show different behavior and performance, so the collected plastic waste does not necessarily reflect the plastic usage on an annual basis [3].



Plastic waste which does not go to landfills for disposal has been found in all the compartments of the environment, threatening several ecosystems. Most plastic debris may be transported far away from their source and an estimated amount of 4 to 12 million metric tons (Mt) of plastic waste generated on land have ended up into the marine environment [4]. It should be noted that a lot of research has been performed for the distribution of plastics in the ocean, lakes, and rivers, while littleis known for the fate of microplastics in terrestrial ecosystems. Further research is needed to elucidate the transport mechanisms between land-generated plastics and the open sea.



Entanglement is one of the main consequences of plastic dispersion and can lead to death of marine organisms. Microplastics, which are particles smaller than 5 mm, are small enough to be consumed by bivalves, macro-invertebrates, seabirds, and even fish, earthworms, and insects [5,6,7,8]. Microplastics contamination has also an impact on health in aquatic and terrestrial plants [8]. Humans are affected by microplastics, via multiple sources such as edible animal food, inhalation of plastic dust, and to a lesser extent from oral drugs. Chemical additives released from plastic items such as phthalate and bisphenol A (BPA) are present in human population. Although the mechanism of toxicity of chemicals released from plastic in the human body is not precisely known, it seems to be correlated with endocrine disruption [9,10,11,12].



Key industries such as tourism and aquaculture fisheries are heavily influenced by plastic pollution. Coastal communities lose income derived from these activities. Cleanup activities, damage to fishing equipment, and removal of plastic debris from propellers and nets induce direct loss in economic value. Impact on biodiversity, aggravation of climate change through uncontrolled incineration as a disposal practice for plastic waste, depletion of natural resources, and invasion of alien species are some consequences considered as indirect loss [13,14,15].



Ideas including circular economy, material reuse, recycling alternatives, incentives to industry for biodegradable package design, orientation of industry, policy and consumer patterns are behaviors towards the protection of the environment and the need to describe local or national policy [16].



This paper aims to provide information on plastic waste stream in coastal zones of Amvrakikos Gulf and Lefkada, Greece, mainly focusing on the socioeconomic context and wetland values and the connection of management scenarios with resource efficiency. It also recorded different plastic waste streams related to local society, their recycling potential, and innovative management strategies. The main objective of this article is to investigate how the local stakeholders face the issue of plastic waste pollution and its connection with policies and activities.



1.1. Plastic Waste Characterization in Coastal Zones of Amvrakikos Gulf and the Island of Lefkada, Greece


Despite the national enforcement of an environmental fee aiming at the reduction of plastic bags, the adoption of extended producer responsibility schemes for more industries, and local industry efforts to follow sustainable methods, the leakage of plastic waste remains a critical problem in the battle against plastic pollution. Rural activities such as agriculture, aquaculture, fishing, and construction generate plastic waste in the field, which may escape from the established procedures for its collection and proper treatment. Local release pathways must be described, and local waste management plans must be tailored to socioeconomic and environmental parameters. For this purpose, monitoring on the beaches and small islands in the Gulf, or shorelines across the wetlands was held to address the current situation, zones of accumulation, and source apportionment of plastic debris. The period of monitoring was from October until December 2019.



The northern part of Amvrakikos Gulf, Greece, is the site formed by the delta of the Louros and Arachthos Rivers, where a mosaic of habitats synthesizes a unique landscape. Artificial land as arable land, perennial crops, orchards and groves, grassland, coastal lagoons, salt marshes, and dunes are encountered. It is a protected ecosystem, both by national legislation and international conventions, namely it a National Park and Ramsar Wetland respectively. Amvrakikos coastal community’s economy is heavily dependent on agriculture, aquaculture, and fisheries. A secondary sector in the area constitutes of processing units, of agricultural livestock, fisheries, and several local products of unique quality are produced for national and international markets. The tertiary sector in the area mainly includes the retail, trade, tourism, and services. Enterprises in the area are either medium or small local inter-municipal [17].



Wetlands as a land between terrestrial and open water ecosystems have proven to play a key role in trapping marine liter, including large items [7,18]. Rivers are an important pathway for plastic transport. High flow takes away large items towards the coast while during low flow, plastic waste is stranded on riverbanks. During high flow, thinner plastic bags are many times trapped from the overhanging vegetation at the bank of the rivers. Furthermore, plastic items on the river route are obstructed at dams.



As the river Arachthos flows through the city of Arta, household items that are concentrated near the banks often are taken away by the river especially during heavy precipitation and strong wind events (Figure 1).



An essential question is about the source of the discarded plastic items. It seems that they are coming from an old landfill site near the river and a turning point for transshipment of recycled materials. Recycled materials are exposed until their collection and this poses risk for their leakage on the river. Fertilizer sacks and empty agrochemical containers are monitored in proximity with cultivation area. Discarded plastic shotgun ammunition shells are an unwelcome feature in the wetland area. Solid waste distribution in the area was either scattered or concentrated at high densities in illegal dumping sites at riverbanks and the coast [19]. It should be noted that a lot of research has been performed for the distribution of plastics in the sea, lakes and river, while, little is known for the load of plastics and the generated secondary microplastics in the wetlands.




1.2. Agriculture Sector


Plastic production that is used in the agriculture sector represents almost 4% of the total plastic products that are consumed in Europe and the USA [3]. Agriculture plastics include greenhouse covering and tunnel films and nets, irrigation pipes and drippers, containers, bags, olive nets, agrochemical containers, and fertilizer sacks. Thus, in the literature often the term “plasticulture” is used to describe plastic material in agriculture. The studying area has become one of the leading regions of Greece in greenhouse cultivation and agriculture films are mainly used in protected cultivars as greenhouses, low tunnel, and mulching [20]. Most of the agricultural plastics are polyolefins, mainly linear low-density polyethylene (LLDPE). In several applications, they may also contain ethylene-vinyl-acetate (EVA) or ethylene-butyl-acrylate (EBA) copolymers. Irrigation pipes are usually made from, HDPE (high-density polyethylene) and/or PVC (polyvinyl chloride). Fertilizers are usually contained in sacks made from LDPE, HDPE, or PP(polypropylene). Plastic containers of HDPE with an internal coating of polyamide (PA) are used for the packaging of liquid agrochemicals [21].



The lifetime duration of agricultural plastic films varies from some months (mulching films) to 3–4 years (greenhouse films), while nets can last 5–10 years and rigid sheets more than 10 years [22]. Plastic wastes are generated during the whole year, but the period of collection of each different material depends on the seasonal production of the crops. Agrochemical containers are another part of the identified plastic waste in the field, which carry pesticide contamination residuals. This plastic material needs to be decontaminated before being incorporated into a material recycling stream. Plastic films exhibit a progressive degradation of their mechanical and spectro-radiometric quality mainly due to their exposition to solar radiation, pesticides, extreme temperatures, high relative humidity, strong wind, and rainfall events, and installation mode [23,24].



Deterioration of plastic films continues after their useful lifetime and it is dependent on the mode of disposal. Degradation occurs indifferent ways, which are happen successive or simultaneously. Fragmentation is the first stage of degradation and occurs by physical forces. Chemical degradation occurs through hydrolysis or oxidation and chemical reactions with agrochemicals. Biodegradation comes next and addresses the enzymatic action of microorganisms on substrates polymers. The variation of the ecosystem’s characteristics attribute different mechanisms by which degradation can take place. Polyethylene agriculture films are not listed as biodegradable polymers. Polyethylene material is hydrophobic with extremely resistant bonds. According to recent research, burying mulching films in the soil leaves material with no signs for biodegradation for a long period of time and poses risks to soil fertility [25]. The microplastics load is taken away with runoff precipitation and wind or may adhere to rocks or leach to the groundwater. Quantification of microplastic particles generation on the field is a difficult task [8]. Moreover, the kinetics of their transport as terrestrial systems may operate as a sink for small particles for time scale.



Uniformity of agriculture plastic waste (APW) makes an ideal material for anon-conventional management scenario such as recycling or energy recovery. PE film with pre-oxidants is degraded in small pieces and is not converted to the recycling stream. Mulching films have serious loss of their mechanical properties and are not easily recyclable. Recycling is a challenge for non-point source materials. The rural nature of farmers’ activities increases the energy intensive models in waste transportation and collection. Instead of the APW, if correctly collected and treated, it could be used as a secondary raw material (SRF/RDF). An application for the utilization of secondary raw materials is their use as energy sources such as fuel in cement kilns. The consequences of the disposal of APW in fields and landfills pose risks for aesthetic pollution and agronomic landscape degradation, threats to domestic and wild animals, blocking of water flow through drainage ditches, soil fertility undermining, and water pollution impact [19,26,27]. Challenges for sustainable APW management are focused on reducing plastic waste by agriculture activities, with the adoption of biodegradable material, and responsible use of APW through recycling and energy recovery processes. Special policies targeted to local farmers must be introduced [28,29,30,31].




1.3. Fisheries and Aquaculture Sector


Amvrakikos Gulf is a rich fishing ground which encompasses numerous lagoons and coastal fjords, making it an ideal habitat for aquatic organisms. It is characterized by a strong fishing tradition from the ancient times. This tradition continues to today and it confirms the strong linkage of local people with the wetland. Aquaculture and fisheries play an important role in the local economy.



Most professionals in the fishery sector use lines for their activities, or cages or nets suspended from buoyant structures, or fishing gears floats, nets, ropes, dredges, dredges, traps, and lures. The fishing activity encompasses plastic materials that are used in boat construction, including painting, antifouling coats, and boat maintenance. Once fish are caught, plastic fish boxes and industrial packing crates are used on vessels for the conservation and transportation of fish [32]. Ropes for mooring are made of HDPE, nylon, PE and PET (polyethylene terephthalate) and PVC as tubes in clam aquaculture. Nets and floats are made from a range of plastics, including PP, PE, PVC, PS (polystyrene), and PA, and the applied fishing method or aquaculture system is critical for the fate of plastic material after its lifetime on the environment [33,34]. Plastic exposed to sunlight receives mechanical tension from waves and chemical effect of salinity. Furthermore, plastic waste is weathered, and leaching monomers liberate secondary microplastic particles that are suspended in sea water and may be mistaken as a food by aquatic organisms. Furthermore, a serious threat for marine ecosystems seems to be the tendency of lost gear that is accidentally or illegally discarded at sea. Additionally, this equipment is usually washed onto the coastline (Figure 2).



Most of the fishing vessels in Amvrakikos Gulf are docked in nature reserves. There are various small ports in the area that constitute localized points, where the most remarkable quantities of plastic debris related to fishing activity, are generated. Plastic items as a tracker of aquaculture activities such as buoys, nets and ropes, are washed onto the coast. In addition, a large quantity of ropes is abandoned in the area. Mismanaged plastic waste such as plastic gloves, single-use plastic bags, food packaging, plastic bottles, cigarette filters, and rubber tires are also accumulated in small fishing ports in the wetlands of Amvrakikos. Microplastic such as plastic fragments, fibers, and foams have been monitored [19]. Large items are easily identified by visual inspection. For small items, which are scattered in the area, source identification was more difficult. This is due to the loss of identifying features, indicative of a long-term environmental exposure. The plastic waste accumulation, which exists in the land area of fishing ports, is a backlash of a long term “littering culture” and highlights capacity constraints of local waste collection systems. More interestingly, in tiny islands in the center of Amvrakikos Gulf, cameras revealed plastic items related to fishing activities had washed ashore.



It is a fact that marine litter is a universal problem, meaning special strategies are required to reduce aquatic, semi-aquatic, and terrestrial plastic pollution. These strategies should be based on the prevention of plastic waste disposal in marine environments, design of proper management plans with the engagement of key stakeholders, education for recycling and circular economy, abolition of single-use products, research for biodegradable materials, and the adoption of extended producer responsibility schemes. Wetlands constitute significant ecosystems serving as valuable assets for the preservation of the natural environment, resulting in a plethora of beneficial functions for the society such as local growth via sustainable tourism [35,36]. To this end, their efficient management should be listed as a top priority.





2. Materials and Methods


2.1. Study Area


The study area includes six Greek municipalities located in the surroundings of Amvrakikos Wetlands National Park (AWNP) and Lefkada’s Marine Protected Areas (LMPA). Namely, the Municipality of Arta, the Municipality of Nikolaos Skoufas, the Municipality of Preveza, the Municipality of Lefkada, the Municipality of Aktio-Vonitsa, and the Municipality of Amphilochia (Figure 3). These municipalities administratively belong to Region of Epirus (Municipality of Arta, the Municipality of Nikolaos Skoufas, the Municipality of Preveza), Region of Ionian Islands (Municipality of Lefkada), and Region Western Greece (Municipality of Aktio-Vonitsa, Municipality of Amphilochia).



The AWNP consists of a complex network of lagoons listing it as the largest wetland area in Greece. The park supports a diverse ecosystem that hosts over 296 different species of birds, 75 of which are considered endangered, several of these live year-round within the marshes of the gulf, the majority spend their winters here or come to mate and raise their offspring [37]. The AWNP is a protected area of both national and international interest [35], while it is protected by the Ramsar Convention. Moreover, the responsibility area of the AWNP includes four sites of the Natura 2000 Network (GR2110001, GR2110004, GR2310006 and GR2310014), while the LMPA has two sites of interest (GR2220003 and GR2240001). Due to several human activities, there are serious environmental problems. Intensive agriculture, animal husbandry, poaching, and illegal fishing are some of the national park’s most important environmental issues.




2.2. The Survey


Data were collected during 2019 with the use of personal interviews, which is regarded as the most effective method in sampling research [38]. For the data collection, face-to-face interviews were organized which included close-ended questions and Likert-scale questions. The questionnaire involved a significant range of topics in order to investigate the stakeholders’ views regarding their quality of life and environmental protection in the area as well as the existing environmental problems. Moreover, also examined were the stakeholders’ views concerning the problem of marine litter, the management of the natural environment regarding the responsible authority in order to implement protection measures, and their awareness on environmental issues including the sources they derive information. Finally, the last section included the demographic characteristics of the respondents. All the questions used in the survey are provided in Supplementary Materials.



In order to collect the data, the participation of the experts and key stakeholders on sustainable waste management issues in the coastal area was vital. Therefore, the first stage of the survey included the screening of the population. For this procedure, all the data for the stakeholders’ identification were requested and retrieved officially by the Management Agency of Amvrakikos Wetlands National Park and Lefkada Wetlands. In particular, the Management Agency is the organization responsible for the stakeholders’ engagement within a framework of “shared governance,” the so-called “co-management of the protected area with the local communities”. To this end, it was arranged that the population participating in the survey were the most appropriate ones in order to fulfill the aim of the study. Thus, in order to facilitate the data collection procedure, the identified stakeholders were examined as units. This means that in the screening procedure, there were selected organizations, agencies, and various potential participants of individuals and legal entities. Therefore, 48 units were identified including the municipalities and the respective regional authorities involved in the area of interest, such as aquaculture units, fishermen associations, environmental centers, development agencies, and higher education research institutes. A percentage of about 50% of the identified units participated in the survey. In particular, 23 questionnaires were collected while the procedure was characterized by low levels of refusal in responding (approximately below 5%). According to Barelos [39], in the broader area of Amvrakikos, the regional economy is mainly based on the primary (41%) and tertiary sector (40%) while almost one in five of the locals is occupied on the secondary sector. To this end the allocation of the questionnaires retrieved by the interviewed are considered as representative for the study area. The survey also included field data collection by videos and photographs for the inspection and evaluation of plastic waste allocation in the coastline and beaches of AWNP and LMPA. With the use of a drone, the authors and a trained operator of the University of Ioannina, accompanied by staff of the management Agency of AWNP and LMPA have organized several autopsies that took part within 8 hours in total flight of the drone. The survey took place before the introduction of the pandemic virus SARS–CoV-2 (COVID-19) in Greece, from October to December 2019 and the statistical package SPSS used for the data processing.





3. Results


3.1. The AWNP and LMPAStakeholders’ Profile


The stakeholders’ demographic characteristics were examined and according to the findings (Table 1) most of the respondents (73.9%) were male, older than 50 years old (60.9%), married (87%) with two children (52.2%), high school (26.1%) and university graduates (26.1%), and civil servants (52.1%) that reside in the Municipality of Preveza (26.1%).




3.2. The Quality of Life in the AWNP and LMPA


The stakeholders were asked about the provided quality of life and the existing situation in terms of environmental protection in the area of interest. Therefore, they provided their opinion about the quality of life in the broader area of Amvrakikos surroundings. Almost half of the stakeholders stated that they were satisfied with the quality of life (47.8%), while 21.7% are not at all to less satisfied with their quality of life in the area of interest (Table 2).



The stakeholders were also asked to express their satisfaction with the environmental protection status in the coasts of their area. It was observed that 43.5% were satisfied with the environmental protection status while almost half of them (47.8%) were less to not all satisfied with the existing environmental protection status (Table 3). According to Andrea et al. [40], there are several cases worldwide of inadequate protection measures in protected areas that led to serious environmental problems such as deforestation, illegal hunting, forest fires, and pollution.



The income satisfaction of respondents was then investigated. It was noticed that more than half were satisfied (34.8%) and very satisfied (21.7%) with their income, while 39.1% were not at all to less satisfied (Table 4). Gateway communities of protected areas adopt a certain attitude towards protection and consequently to the existence of the protected area which is closely affiliated with their dependence on the natural resources. Therefore, they hold a rather negative opinion if their economic activities are reduced due to the restrictions related with the implementation of the protection status. Recent research concludes that the existence of protected areas apart from the environmental scheme has also important impacts the socioeconomic status for the gateway communities [41]. Furthermore, the existing natural assets as well as the development of primary infrastructures for the facilitation of ecotourism growth are critical factors for improving of the residents’ quality of life [42].




3.3. Environmental Problems in the AWNP and LMPA


The stakeholders were asked to evaluate the main environmental issues in the natural environment of the coasts of the broader area. The environmental issues addressed are marine litter, pollution from sea accidents and sea traffic, the problem of overfishing and ecosystem degradation, pollution from agriculture and livestock activities, as well as the influence of fishing activities such as dumping of fishing equipment at sea and from aquaculture, the inadequacy of the urban sewage treatment system, the insufficiency of the municipal solid waste management and recycling system, and the pollution resulting from tourist activity and the density of visitors. They were also asked to assess the pollution related with transportation of plastics from a landfill or any other source that causes environmental problems at the coast. A major problem is recognized overfishing and ecosystem degradation, as almost 56.5% believe that is a very important to important local problem. Other significant problems that follow are the insufficiency of municipal solid waste management and recycling system (30.4% very important, 17.4% important), pollution related toagriculture and livestock activities (34.8% very important, 4.3% important) and pollution resulting from the transportation of plastics from a landfill (30.4% very important, 4.3% important). Another problem also closely affiliated with waste, this time with water waste, was indicated as being the inadequate treatment of urban sewage, as approximately 30.4% regard it as a very important and important environmental problem. A less important problem was pollution from sea accidents and sea traffic accidents according to the stakeholders’ opinion. Additionally, the contribution of fishing activity is considered as safe by the respondents. Indeed, pollution from fishing or aquaculture activities receives the lowest rankings (pollution from fishing activities not to less important 39.1%, pollution related with aquaculture activities not to less important 47.8%).



Then, the problem of marine litter was separately investigated with a focus on its basic pollutant, plastic waste. The respondents were asked to evaluate the problem of plastic waste atthe coasts of their area. Almost four out of ten noted that problem of plastic waste is a very important problem (8.7%) or an important problem (34.8%) (Table 5).



In what follows, the stakeholders were asked to provide more specific information on the plastic waste they find in the coastal environment of their area in terms of plastics distribution in place, physical conditions of the plastic material/product, and primary locations that this material/product is usually found. Concerning the usual distribution of plastic waste in the coastal environment, most of the respondents share the opinion that the major accumulation of plastic waste is observed along the coastal roads (60.9%) (Figure 4). This could be related with the unsocial behavior of citizens disposing waste on the street, enhancing the phenomenon of road littering [43].



Furthermore, in regards to the condition that plastic waste was found around the coastal environment in their area, 73.9% of the respondents answered that it was in its original formation, fully recognizable as material or product; while 56.5% claimed that it was found in smaller pieces but it was possible for them to recognize the plastic waste original formation. Plastic waste is claimed to be usually found in the marine environment as floating particles on the sea (82.6%); while almost three out of ten of the questioned stated to have found plastic waste in fishing equipment within the marine environment in their area.



Moreover, it was regarded as very useful to record the stakeholders’ views on the important categories of plastic waste that are closely affiliated with environmental problems in the marine environment, namely microplastics and single-use plastics. In regard to the existence of microplastics, more than half of respondents (56.5%) claim to have noticed microplastics in the coasts of their area yet 39.1% have not noticed any microplastics. More specifically, the stakeholders that claimed to have noticed microplastics in the coast of their area, were also asked on the existence of microplastics in certain locations. To this end, more than half of the respondents (56.5%) said that they have noticed the existence of microplastics but insist that these were noticed as particles over floating on the sea. 8.7% of the respondents that reported to have seen the microplastics in the coastal area of interest also noticed microplastics in fishing equipment.




3.4. Raising Awareness Issues


The alarming problem of microplastic in aquatic environments has raised a lot of attention over the last decade in the international research community. Due to this new threat accompanying plastic waste pollution in marine environments, the awareness of AWNP and LMPA stakeholders was investigated. The survey was focused on the possible impacts on microplastics on human health, on fish and marine mammals, and on the animals whose habitats are on the inland, while the questioned were given the option to report something else, or claim that they are not aware. The majority of the respondents considered (78.3%) claimed that microplastics cause problems in human health as well as on fish and marine mammals. Some 17% believe that inland animals are impacted by the existence of microplastics too.



Respectively, in regard to the single use plastics that are expected to be banned very soon in Europe (1st January 2021), they were asked to describe in what level they agreed with the ban of the single use plastics. Significantly, the vast majority (91.3%) agreed and strongly agreed that the single use plastics should be banned; which is evident with the aim of Figure 5.



In order to investigate the awareness needs of the stakeholders, they were asked who should be responsible for the efficient environmental management in the coasts of their area; and which sources of information they prefer in order to be informed about the coast environmental issues. The stakeholders were asked to evaluate the specific body responsibility by the use of 1–10 ranking scale where “1” showed less responsibility and “10” the most; while they could attribute the same rank to more than one option. Figure 6 reveals the “10 value ranking” of the most responsible bodies to manage the coastal area according to the stakeholders’ views. It is obvious the most popular bodies are the waste management body, the locals themselves, and the local administration. Indeed, in regard to the waste management body, 21.7% of the respondents stated that is the most important body responsible for the efficient environmental management in the coasts of their area. The local administration is considered by 30.4% as being the most responsible body for the efficient environmental management; while an important percentage of 34.8% believes that the locals themselves are responsible to properly manage the coastal area of their residence.



The sources of information that the respondents use to inform themselves about the existing problems of the coasts in their area were then examined. The vast majority (87%) answered that internet is the main source of information, while the TV and radio are the second most important source with a percentage of 60.9%, with newspapers and magazines (47.8%) and social media (39.1%) following. About three out of ten mention information from sources such as family and friends and the local administration. It should be noted that education holds a small percentage of 8.7%.





4. Discussion


In line with the aim of the study to evaluate the key stakeholders’ views on the problem of plastic waste in the surroundings of the AWNP and LMAP and suggest practical measures to reduce environmental pollution, important findings have arisen by this case study. Sustainable coastal management is one of the major goals of the European Blue Strategy. It is of utmost importance to create the proper framework in terms of policy planning and effective implementation of specific measures. In this case study, elaborative baseline research was conducted in order to identify key stakeholders that play a crucial role in decision making and in turn in efficient implementation of strategies, measures, and special activities for the sustainable coastal management of the AWNP and its surroundings.



The level of life quality is an issue of great interest, yet in the case of AWNP it was noticed that the stakeholders, whose residence is located in the northeast part of Greece, were rather satisfied with their quality of life. Majorly, in Lefkada island, tourism growth holds a strong position among the international tourism demand in Greek Islands. The existence of state-of-the-art infrastructures such as the international airport of Aktion in Preveza and also the Ionian and Egnatia highways serve as critical advantages for the development of the broader area. More specifically, accessibility is ensured by the airport of Aktion as it provides services on a seasonal basis and connections with various European destinations through several charter flights. The airport has been recently modernized and upgraded and there is a constant increase of passengers’ flow [44]. The latter, possibly passthrough Preveza to Lefkada in the touristic season. In addition, there is a continuous road network improvement in this part of Greece. There are already two highways connecting the broader area with all parts of Greece. Egnatia connects the study area with north Greece and the Ionia highway provides accessibility with the capital and the south part of the county. In addition, another important highway, the one of Amvrakia-Aktion is expected to be delivered within the next five years connecting the airport with Preveza, Lefkada with the western part of the country [45].



It is obvious that there is a need to enhance the implementation of the protection status in the broader area of AWNP and LMPA as almost half of the stakeholders are somewhat dissatisfied with the existing situation of the environmental status. There is also a low satisfaction of their incomes. According to Andrea et al. [46] the local people of this area consider that the existence of a unique natural resource, such as the national park and its natural environment, has a major impact on their quality of life. To this end, they opt for the development of sustainable tourism in the broader area serving as an important factor for local economic growth. Therefore, it seems that protection issues are also acknowledged by the stakeholders.



In regard to marine pollution, the European Environmental Agency [47] has indicated human activities as main sources of marine pollution in terrestrial and aquatic ecosystems. The existence of plastics and microplastics in marine environments is an important indicator of their environmental degradation. Therefore, the introduction of monitoring and prediction models on their pathways would provide fundamental information on their location and distribution in marine ecosystems [48]. The main sources of the aquatic ecosystem are proven to be uncontrolled waste disposal at sea, fishing aquaculture, shipping transport tourism, and coastal mining activities. Accordingly, the terrestrial sources are mainly from landfills, tourism deposits on the coast, industries, rivers, flooding benefits, and the insufficiency of the sewage system. The findings of the study point out that some of the most serious environmental problems in the natural environment of the coasts of the national park are closely affiliated with marine litter pollution, overfishing, and ecosystem degradation, agriculture and livestock activities, as well as the insufficiency of the municipal solid waste management and recycling system [49]. To this end, the protection status of the area should be focused on the primary sector including agriculture, livestock farming, and fishing as well as on the tertiary sector including tourism activities mainly arising from mass tourism models in the popular tourism destination of Lefkada. Priority should be also given in the improvement of the public services that the municipalities provide on the waste management framework.



Eventually, it was also proven that efficient planning should be based in stakeholders’ participation in decision-making procedures. In fact, there is a need to raise awareness among local groups and provide access in political decisions that affect them. It should take into account that participatory models will support efficient environmental management in the protected area and its surroundings. Locally based administrative authorities are regarded as responsible for the environmental protection and sustainable development in this area. Stakeholders share the view that the waste management bodies should improve their managerial strategies in order to preserve and better protect the AWNP and LMPA from plastic waste pollution. At the same time, personal engagement seems to be acknowledged by the respondents in order to face the problem of marine litter. To this end, special environmental communication programs should be designed by the waste management bodies of the management unit of the national park. It is highly recommended to address the locals in order to enhance their environmental performance on a personal basis. This means raising awareness on plastic waste prevention and recycling.



Moreover, as digital means such the internet, television, and the radio are mostly used to get informed on local sustainable coastal management issues, these tools should be exploited in communication and raising awareness programs. Special strategies of circular economy should be implemented in local economies providing examples of success and opportunities for change, not to mention that the creation for stakeholders’ networks will facilitate policy measures for alternative waste management. Additionally, the development of a forum is proposed for dialogue with society and the market as well as an electronic platform for the exchange of knowledge and information and for promoting best practices in regard to initiatives preventing waste generation, such as reuse and repair of products and development of corresponding services. Providing information about environmental issues and knowledge of how to act may be the most effective way to influence attitudes and increase environmentally responsible behavior.



It is highly recommended that future research focuses on the locals’ views, perceptions, and attitudes towards plastic waste management. In addition, as the deadline for the ban of single–use plastics is approaching, it would be useful to record the locals’ views regarding their intention to implement the measure, and also their patterns for replacing a basic category of plastics that is widely used in routine activities of everyday life. It is of utmost importance to shed light in the locals’ intentions as the preservation of the AWNP is a major objective for its managers. Along the same line, the research should address tourists, as Lefkada Island is a very popular destination for mass tourism in summer season.




5. Conclusions


The establishment of the basic infrastructures that secure accessibility in the area of the AWNP and LMPA, and the existence of the national park itself, have a positive impact for the stakeholders in their perceptions in regard to their quality of life.



Whereas it was evident that the nature of the existing environmental issues requires multilevel cooperation, within the local public services such as the municipalities that are responsible for the waste management systems both for solid and water waste, the management Agency of the Amvrakikos Gulf—Lefkada, agriculture/aquaculture and fishermen’s associations. In this effort, it should not be disregarded at all the importance of the local communities’ participation in decision making.



The study area constitutes a fragile ecosystem that plays a crucial role for local growth in several municipalities surrounding the Amvrakikos Gulf—Lefkada protected areas. Their economic activities seem to be in high dependence with the coastal zone. Primary production and tourism sector are the main development fields in the broader area. Therefore, proper management of plastic waste in its mainland means that single-use plastics and microplastics will be significantly reduced on the coasts of Amvrakikos and Lefkada.



The introduction of new methodologies towards raising awareness of both locals and tourists for plastic waste reduction and recycling is suggested in this area [50]. More specifically, Web-GIS for monitoring along special ICT applications that are accessible on-line should be designed in order to raise awareness on plastic waste pollution in the AWNP and provide alternatives that could be adopted on a personal basis [51]. Additionally, monitoring the plastics and microplastics pathways could potentially assist the local authorities in detecting the most harmful plastic pollution sources and in turn, in designing the proper measures for dealing with the problem more efficiently.



In regards to fishermen and farmers, special environmental programs should be designed in order to inform them of the threatening problem of marine waste pollution and its consequences on primary production. Yet practical solutions should address activities of their work field that will facilitate them in performing actions in crops of fishing industry that will be characterized by environmental consciousness.
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Figure 1. Illegal dumping site at riverside of Arachthos, near the city of Arta (Authors took the photo March 2020). 
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Figure 2. Plastic litter related with fishing activities washed at the side of Agrilos Lagoon (Source: the authors). 
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Figure 3. Study Area and the Amvrakikos Wetlands National Park (Source: Google Maps). 
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Figure 4. The stakeholders’ evaluation on the problem of plastic waste in the coasts of their area. 
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Figure 5. The stakeholders’ agreement level on the ban of single use plastics. 






Figure 5. The stakeholders’ agreement level on the ban of single use plastics.



[image: Jmse 08 00549 g005]







[image: Jmse 08 00549 g006 550] 





Figure 6. The responsible bodies to manage the coastal area according to the stakeholders’ views. 
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Table 1. The stakeholders’ demographic characteristics.
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Gender

	
Male 73.9%

	
Female 26.1%

	

	




	
Age

	
18 < (0%)

18–30 (0%)

	
31–40 (0%)

	
41–50 (39.1%)

	
>50 (60.9%)




	
Marital

	
Unmarried

	
Married

	
Divorced or widowed




	
Status

	
4.3%

	
87%

	
4.3%

	




	
Childhood

	

	

	

	




	
without children

	
One child

	
Two children

	
Three children

	
More than three




	
21.7%

	
4.3%

	
52.2%

	
13%

	
4.3%




	
Educational

	
Primary school

	
Secondary school

	
High school

	




	
Level

	
8.7%

	
4.3%

	
26.1%

	




	

	
Technical educational institute

	
University

	
Master

	
PhD




	

	
8.7%

	
26.1%

	
21.7%

	
4.3%




	
Profession

	

	

	

	




	

	
Private servant

	
Civil servant

	
Freelancer

	
Farmer




	

	
13.1%

	
52.1%

	
0.0%

	
0.0%




	

	
Stock breeder

	
Aquaculture

	
Free fisherman

	
Lagoon cooperative




	

	
0.0%

	
4.4%

	
8.7%

	
17.3%




	

	
Provider of tourism-related services

4.4%

	
Other

0.0%

	
Pensioner

0.0%

	
Housekeeper

0.0%




	

	
Student

0.0%

	
Unemployed

0.0%

	

	




	
Permanent residence

	
Municipality of Lefkada

	
Municipality of Arta

	
Municipality of Nikolaos Skoufas




	

	
8.7%

	
17.4%

	
13%

	




	

	
Municipality of Preveza

	
Rest of Epirus

	
Municipality of Amphilochia

	




	

	
26.1%

	
13%

	
13%

	




	

	
Municipality of Aktio-Vonitsa

4.3%

	
Rest of Western Greece

4.3%
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Table 2. Frequencies and percentages of the satisfaction with the quality of life according to the stakeholders’ views.
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	Level of Satisfaction
	Frequency
	Percent





	Absolutely satisfied
	1
	4.3



	Very satisfied
	6
	26.1



	Satisfied
	11
	47.8



	Less satisfied
	4
	17.4



	Not at all satisfied
	1
	4.3



	Total
	23
	100.0
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Table 3. Frequencies and percentages of the environmental protection status in the coasts according to the stakeholders’ views.
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	Level of Satisfaction
	Frequency
	Percent





	Very satisfied
	2
	8.7



	Satisfied
	10
	43.5



	Less satisfied
	8
	34.8



	Not at all satisfied
	3
	13.0



	Total
	23
	100.0
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Table 4. Frequencies and percentages of the stakeholders’ satisfaction with their income.
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	Level of Satisfaction
	Frequency
	Percent





	No answer
	1
	4.3



	Very satisfied
	5
	21.7



	Satisfied
	8
	34.8



	Less satisfied
	6
	26.1



	Not at all satisfied
	3
	13.0



	Total
	23
	100.0
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Table 5. Frequencies and percentages of the stakeholders’ evaluation on the problem of plastic waste in the coasts of their area.
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	Importance Level
	Frequency
	Percent





	No answer
	1
	4.3



	Not important
	2
	8.7



	Slightly important
	2
	8.7



	Neutral
	8
	34.8



	Important
	8
	34.8



	Very important
	2
	8.7



	Total
	23
	100.0











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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