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Abstract                                                                                                                                                   
Participatory approaches play a crucial role in understanding the complex nature of hazardous floods and their 
connections with human activities. Community-based approaches according to the methodology developed by the 
Red Cross, "Vulnerability and Capacity Assessment (VCA)" are used to evaluate Nature Based Solutions (NBS) 
in flood risk management of Kalloni basin (Lesvos). Groups of local stakeholders joined a series of five workshops 
and participated in the evaluation of nature-based solutions capable to mitigate flood risk. The participants 
highlighted NBS in terms of their expected effectiveness and changed their views on highly invasive technical 
projects. 
Keywords:  Floods, Nature-based Solutions, Public participation, Stakeholders, Vulnerability and Capacity 
Assessment. 
*Corresponding author: Kalli Aliki (alikikalli10@gmail.com) 

1. Introduction 
A growing body of literature proposes that participatory processes help to resolve conflicts and promote 

collaboration. Using information gathered with public participation, a stronger foundation can be created for 
problem solving and uncertainty can be reduced, by leading environmental management processes to better and 
more sustainable solutions (Heitz et al. 2009). Furthermore, through participatory processes, the public can be 
given the opportunity to control the direction of change in environmental and social issues (Dell’Ovo et al. 2015). 
In this way decision-making processes can be more objective and transparent and emphasize the complexity of 
human and environmental interactions (Finger et al. 2019). Participatory methods that concern environmental risk 
management, are based on a variety of community research tools. These tools are selected and implemented to 
evaluate nature-based solutions in the river basin of Kalloni (Lesvos). Nature based solutions (NBS) are measures 
and actions that are inspired by nature, to provide flood risk mitigation and proactive adaptation options. The 
examined measures, such as the creation of small ponds, dry stone retaining structures, maintenance of land 
terraces at high altitudes, flood-based farming systems and the creation of rainwater harvesting in Kalloni, could 
enhance the resilience to flooding and eventually replace the need for difficult and costly technical projects. 

2. Materials and methods 
The tools of the methodology VCA (Vulnerability and Capacity Assessment) of the Red Cross, that is 

applied worldwide in the assessment of risk from natural and man-made disasters were modified to be used in the 
current study. The methodology used in the case of Kalloni, was selected with the ultimate goal of answering 
individual research questions related to flood risk management and the assessment of proposed solutions by the 
community itself. The participatory processes consisted of two steps: (i) individual interviews and one pilot 
workshop in the research site (ii) four small workshops, with each one of them focusing on a specific group of 
interest (schoolteachers, farmers, municipality employees/community leaders and freelancers in the scientific and 
technical sector, such as engineers, geographers, environmentalists and geologists). The groups of interest were 
invited to discuss the current situation in a focus group and to collaborate in designing problem and solution trees. 
In the final stage of each workshop, participants evaluated NBS and the participatory processes, using a 
questionnaire. 
 
3. Results and Discussion  

In total 51 participants were involved in this research, 67% were male and 33% were female. The vast 
majority of them (≈67%) aged more than 50 years old and 48% were municipality employees and decision makers, 
21% were farmers, 19% were freelancers and 12% were schoolteachers. During the interviews, the participants 
expressed their anxiety about the phenomena and the lack of cooperation between residents and the municipality. 
They pointed to the extensive bureaucracy as a deterrent to the payment of compensation for damages that costed 
500-10,000 euros. It is noteworthy that most participants were well informed about the causes of the flood, both 
due to the topography of the area and the causes related to human interventions in the natural landscape. In the 
stage of group discussion and problem-solution tree designing, it was clear that participants shared common beliefs 
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regarding the causes that make the area vulnerable to flash floods. All agreed that topography and land use in the 
area in combination with management issues, play an important role in increasing risk. There were also common 
misunderstandings in the groups of municipality employees and farmers, as they believed that Natura 2000 areas 
are an obstacle to the adequate cleaning from debris. After a presentation of NBS by the team of researchers, 
participants were invited to complete a questionnaire and highlight flood protection measures. The order of priority 
to be given to each NBS, according to each group of interest, is illustrated in Figure 1. 
 

Figure 1. The order of priority to be given to each sector of NBS according to the groups of interest    
 

In terms of flood control, throughout the actions (interviews and workshops), except for the last two 
workshops with teachers and freelancers, there was a strong preference for large-scale interventions. Proposals by 
the participants, such as diversion of the river and construction of a dam seem to be repeated as solutions to the 
problem. Following the presentation of the proposed NBS by the team of researchers, the views differed, as other 
solutions became known that are implemented without major interventions. The projects highlighted by the 
participatory workshops are expected to be evaluated using hydrological and hydraulic models, to investigate their 
effectiveness in the area. The participatory processes were evaluated by the participants using a questionnaire, 
with the aim of their subsequent improvement. Thus, 95% of the participants answered that they felt very 
comfortable expressing their opinion during the workshops. Also, 90.5% responded that the content of the action 
was quite understandable and 9.5% moderately understandable. So, based on these percentages it can be considered 
that the workshops were completed successfully, as the largest percentage understood the process and expressed 
their opinion freely.  

 4. Conclusions 
During the implementation of VCA in Kalloni it was clear that the citizens were skeptical about the 

process in the beginning and tended to propose invasive solutions even if they did not clearly understand their 
function or appropriateness to the area. That quickly changed as they became familiar with the NBS proposed by 
the team. Public participation in flood risk management is at an early stage in Greece and especially in provincial 
areas and as a result, communities are not used to the involvement in decision making. The interaction between 
the public and scientists of different specialties, as well as the investigation of the social and environmental 
conditions that make an area vulnerable, is essential for the development and promotion of the effectiveness of 
participatory workshops related to protection against environmental hazards. 
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Abstract 
The Mygdonia basin is located in 10th Water Department of Central Macedonia with a surface area of 10.165 
km2 in which Mygdonia basin is occupying 2,060 km2. Human intervention has altered the landscape of the area. 
In particular, there is a degradation of water resources, both qualitatively and quantitatively, mainly in the lakes 
Volvi and Koronia. The DPSIR (Driver-Pressure-State-Impact-Response) management model was developed in 
order to investigate the main parameters that affect this ecosystem with the ultimate goal of finding effective 
response measures. The proposed answers were based on the Water Framework Directive (WFD) 2000/60/EC, 
being a useful tool for land-use planning and water protection decision-making. 
Keywords: DPSIR, GIS, Mygdonia, Lake Koronia, Lake Volvi, Management 
*Corresponding author: polypapamich@gmail.com 
 
1. Introduction 

In general, the Mygdonia basin is a single hydrological basin. However, for practical reasons it is 
divided into two sub-basins without a distinct boundary between them. One sub-basin is of the Lake Volvi and 
the other is of the Lake Koronia. The basin is characterized by intensive agricultural activities. Groundwater 
overexploitation via numerous boreholes has led in a decline of groundwater levels during the last decades. A 
large number of torrents, transient flow, are discharging in the two lakes throughout the basin. Although there is 
a large volume of water in the area, due to over-pumping of groundwater, there is a decline in the level of 
groundwater aquifers. The climate is a combination of Mediterranean and continental type with the Lake Volvi 
being its regulator (Ministry of Environment and Energy 2013). 

Methodologies have been applied with the aim of taking effective measures to protect and manage 
water resources with an emphasis on basins. These methodologies reflect all the parameters that affect these 
ecosystems. In this study, the DPSIR management model was applied (Figure 1). During the application of the 
methodology, the interaction of the five indicators is studied, the initials of which also compose its name: 
Driving Force, Pressure, State, Impact and Response (Kristensen 2004; Karageorgis et al. 2005). The results are 
visualized using Geographic Information Systems (GIS). 
 

 
Figure 1. Schematic diagram of the DPSIR framework (modified by Kristensen 2004). 
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2. Materials and Methods 
For the application of the methodology, the Driving forces were initially collected, including the main 

socio-economic conditions, which are parameters that strengthen or weaken the pressures in each environment. 
They include population trends, land uses, the development model of the area as well as natural and man-made 
processes that significantly shape the environment - such as natural runoff - or large-scale processes, the causes 
of which are located outside the study area. 

Furthermore, the Pressures, originating from the driving forces, were collected. They are the main 
causes of burden on the system as they are demarcated around the perimeter of the lakes Volvi and Koronia and 
the hydrographic network. They include the water needs as well as the energy requirements of the system as a 
whole. An important assessment factor is the total pollutant load (kg/day), which is calculated on the basis of 
coefficients set by Directive 91/271/EEC. Bibliographic data were collected for State of the area, which result in 
both the "poor" groundwater status and the "good" chemical status, despite the sources of burden and the intense 
population growth / activity around the lakes. It is paradoxical that according to the European Commission in the 
field of polluted water, the Mygdonia basin is largely characterized as Nitrate Vulnerable Zone, meaning that the 
inflow of water is charged with high concentrations of nitrates. Νonetheless, 24 species of fish have been 
recorded, especially in Lake Volvi. 

All the above result in the following Impacts. Although the population is declining in the basin region, 
the water balance of the region is in deficit. Surprisingly, the cultivated areas have increased, so the opening of 
more wells, combined with the reckless use of underground reserves, lead to falling water levels, deteriorating 
landscape, drought and a threat to the lake system. The lakes are affected by the use of agrochemicals, showing 
turbidity with a high pollution load even in the sediments, which are constantly increasing, due to the shallow 
nature of the lakes. The impact of these is the burden on the local flora and fauna. Specifically, Lake Koronia is 
the most degraded with only a scant presence of life. 

 
3. Results and discussion 

The DPSIR methodology is applied in order to note the pressures that the ecosystem receives in order to 
find the appropriate protection - management measures through the impact on the area and evaluating the 
"possibilities" of the system. The summary of the indicators, which were examined for the elaboration of the 
present study, in the context of the DPSIR methodology is presented below. Based on the results of DPSIR, a set 
of measures and appropriate policy responses are proposed (Figure 2). 

 
Figure 2. Proposed DPSIR method for the Mygdonia basin. 
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Abstract 
The aim of this study is to evaluate Hg content and possible sediment contamination. The objectives of the study 
are to determine, total and bioavailable content and the distribution of Hg in Volos harbor, Thessaly region and to 
monitor sediment quality. For this purpose, 20 sediment samples were collected on July 2020. Preparation of the 
samples included drying at 35-40 oC and sieving, using 1mm sieve. For the determination of total and bioavailable 
Hg content, the samples were diluted following 3050B method as recommended by the United States 
Environmental Protection Agency (USEPA) and method «0.5N HCl» respectively. The analysis was made using 
Cold Vapor Atomic Absorption Spectroscopy (CVAAS). Results were compared with ERM-ERL Sediment 
Quality Guidelines values. Hg total and bioavailable content was found among ERL and ERM values indicating a 
range within effects would occasionally occur. 
Keywords: Mercury, Sediments, Volos harbor, Greece 
*Corresponding author: Konstantinos Georgiou (kostasgeorgiou@uth.gr) 
 
1. Introduction 

Surface sediment is the final recipient and therefore a source of Hg exposure to organisms. The 
distribution of Hg in sediment may be heavily influenced by various geochemical variables, in particular the 
content of the organic matter and the particle size (Xiao et al. 2017). Mercury is an unnecessary trace element and 
at high concentrations it is considered toxic among all its forms both inorganic (Hg0, HgCl2, Hg2+, HgS) and 
organic compounds (CH3Hg+) and exposure of the organisms can cause adverse effects on their health (Driscoll et 
al. 2013). Transportation and mobility of Hg in the environment depends on the effects of various processes such 
as, oxidation, precipitation, dissolution, complexing and adsorption/desorption in aquatic ecosystems and these 
are crucial to the behavior of metal (Zhang 2006). 

2. Material and methods 
Sampling was carried out within the Commercial and Tourist harbor of Volos, Figure 1, in July 2020, by 

means of a Van Veen type sampler. Sediment samples were collected from the bottom surface from 18 points 
within the harbor and 2 outside as reference samples and the content of Hg was determined. The samples after 
drying, were sieved in a 1mm mesh sieve. For the determination of the total content, strong acid digestion (HNO3-
HCl), (USEPA, 1996) was performed, and the bioavailable fraction was obtained by extraction with «0.5N HCl». 
The analysis was made using Cold Vapor Atomic Absorption Spectrophotometry (CVAAS). 

 

 

 

 

 

 
 

 
 
Figure 1. Sampling locations in Volos’s harbor. 
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3. Results and Discussion 
Figure 2 shows the content of the total and bioavailable fraction of Hg in the sediment from the bottom 

of the harbor of Volos at the sampling points. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Total and bioavailable content of Hg at the sampling points. 
 

Figure 3 shows the distribution of total (a) and bioavailable (b) Hg, respectively. It appears that, the 
increased content of Hg may result from a point source of pollution caused by the urban sewage system, and from 
the disposal and dispersion of waste due to increased sea traffic. 

 
 
 

 
 

 
 
 
 
Figure 3. Spatial distribution of total (a) and bioavailable (b) Hg content in surficial sediments, Volos’s 
harbor. 
 

Table 1 shows the range and the mean for both total and bioavailable Hg content (ppm) and the 
international sediment quality guidelines values (Long & Morgan 1991). 

 
Table 1. Total and bioavailable range and mean values of Hg. 

Total Bioavailable SQGs 
Min Max Mean Min Max Mean ERL ERM 

0.193±0.01 0.586±0.03 0.38±0.02 0.145±0.7*10-2 0.473±0.02 0.234±0.01 0.15 0.71 
ERL: Effects range low, ERM: Effects range median  

 
Comparison showed that total and bioavailable Hg contents were among the corresponding SQGs values, 

indicating the prevailing sediment contamination and possible effects occurrence on aquatic benthic organisms. 
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Abstract 
This study examines the interactions between cetaceans and fishing boats in the area of Zakynthos Island, Ionian 
Sea, Greece. Relevant data were collected through interviews with local fishers between 2019 and 2020. The 
fishers who took part in these interviews identified two species, namely Tursiops truncatus and Globicephala 
melas, while it was noted that the main cause of interactions between cetaceans and fishing boats are due to food. 
Keywords: Fisheries, Interaction, Cetaceans, Tursiops truncatus, Globicephala melas 
*Corresponding author: Georgios A. Gkafas (gkafas@uth.gr) 
 
1. Introduction 

Interaction between dolphins and coastal fisheries is an important issue of increasing concern in the 
Mediterranean Sea. Due to their experience and knowledge fishers should be seen as an invaluable source of 
information in the study of fisheries’ complexity, and their voices should be taken into account in the design of 
relevant management strategies (e.g. Maynou et al. 2011). Although collisions between cetaceans and boats 
(tourist, cargo, fishing, to name a few) have been reported through the years in various parts of the world, such 
interactions are actually documented only in a very few areas (Laist et al.. 2001), whilst in the Mediterranean 
Sea and especially in Greece seems under-reported. In Greece and in the northern Aegean Sea, in specific, such 
interactions involve dolphins of the following species: common bottlenose dolphin (Tursiops truncatus), short - 
baked common dolphin (Delphinus delphis), Risso’s dolphin (Grampus griseus) and stripped dolphin (Stenella 
coeruleoalba) (Pardalou & Tsikliras 2018). For one year work has been done on dolphin - fisher interactions 
along the coastline of Zakynthos, Ionian Sea, to identify the factors that affect these incidents by monitoring the 
actual damage on fishing gear, along with the characteristics and target species of the gear, including the 
potential compensation of fishers for damage suffered and income lost. This area provides a suitable habitat for 
the common bottlenose dolphin Tursiops truncatus and the long-finned pilot whales (Globicephala melas).  
 
2. Materials and Methods 

The dynamic of Zakynthos as far as the professional fishing vessels concerned is approximately 20, of 
which seven (7) were selected to allow the margin of repetition with the rest vessels. Fishers’ empirical 
knowledge on human/dolphin interaction was incidentally collected during a summer research project focused on 
monitoring the damage caused by dolphins on the fishing gear. For this primary project 7 fishers were 
interviewed thoroughly and the damage to the fishing gear was recorded in detail during the summers of 2019 
and 2020. The surveyed fleet included small-scale coastal fishery vessels that operated nets (gill nets, trammel 
nets, combined nets) as primary or secondary registered gear. Throughout the primary project, additional data on 
the type of fishing activities were gathered in parallel. The discussions were informal, although based on a 
questionnaire. All fishers were shown an identification catalogue of the dolphin species known (provided by 
ARION-Cetacean Rescue and Rehabilitation Research Center) and were requested to distinguish the ones 
interacting with their fishing activities. 
 
3. Results 

Among the species present in the waters of the Ionian Sea, all fishers were able to distinguish common 
bottlenose dolphins and long-finned pilot whales in the identification catalogue, as the species that primarily 
interacting with fisheries. Indeed, according to the literature, common bottlenose dolphins interact with coastal 
fisheries because of their coastal distribution (Frantzis 2007) and catholic diet (Blanco et al. 2001), whilst it is 
the first time that long-finned pilot whales have been recorded to interact with fisheries in the Ionian Sea. 
According to fishers’ empirical knowledge dolphins tend to cause large holes or tears in the nets. Fishers operate 
with a range of gear types targeting the same species throughout the year but in multiple fishing grounds around 
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the island of Zakynthos variation depending on season, weather, fish stock as well as dolphin occurrences. They 
also claim that 6 out of 7 fishing activities are unsuccessful due to the damage caused by dolphins (Figure 1). 
According to fishers, the factors which mainly affect these conflicts are the target species and seasonality. 
Particularly, due to the high mobility of tourist vessels in the summer there are approximately 20 herds of 
dolphin in the area. Furthermore, dolphins were described as ‘picky choosers’, mainly because they feed on 
commercially important species.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Main factors which have been taken into consideration throughout this preliminary research 
according to the empirical knowledge shared by the fishers of the Ionian Sea (spoiled catches: n=7, 
seasonality: n=7, total damage of fishing gear: n=7, netting: n=7, species: n=7) 
 
4. Discussion 

Dolphins were described as notably intelligent animals by the fishers, and also able to distinguish 
between different engine sounds and get used to pingers which are ineffective because dolphins became 
habituated to the signals produced. All questioned fishers agreed that since nothing can be done, they endure the 
destruction by constantly repairing their fishing gear. Moreover, they claim that there is no possibility to change 
their fishing spots although they respect the fact that dolphins need to feed. They illustrated that maybe their 
problems lie in their bad relationship with the government and not with dolphins (damage of fishing gear).  
Similarly, they mentioned that if there was an extra fund for the repair of their equipment, which costs enormous 
amounts of money each year, their relationship with marine mammals would be more peaceful. In fact, it was 
clearly demonstrated that all the questioned fishers were keen on finding an ecological friendly solution in 
respect of the environment. Although this study is based on a very small number of questionnaires, and as a 
preliminary assessment the research outputs may be biased, collection of further data (aka more fishers and 
regions) are ongoing process in an effort to better understand and evaluate the interactions of cetaceans and 
fisheries. The future findings will be of great importance toward the improved assessment of the requirements of 
both fishers and cetaceans, filling data gaps that can better inform what has to be done in order to reduce the 
possibility of an ecological loss. 
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Abstract 
Floods have always been frequent, but in many parts of the world flood frequency and intensity are increasing, not 
only because of the atmospheric precipitation but also because of other factors that may affect natural disasters. Cyprus 
island is one of the countries facing such issues with the historical floods that have been recorded to be quite frequent. 
Τhere is a significant potential flood risk according to the flood risk maps made for each area following three different 
scenarios. These three scenarios involve low-probability floods with a 500-year recovery period, medium-probability 
floods with a 100-year recovery period, and high-probability floods with a 20-year recovery period. The study area 
that will concern us in the present work is the province of Larnaca in Cyprus, where the zones that are part of this 
province cover three areas, the area of Kamares-Larnaca, the area of Aradippou-Livadia and the area of Ormideia. This 
study estimates the buildings that will be damaged in the case of a flood, by flood risk maps, and the land registry for 
each hypothetical scenario. Analyzing the collected data, they are all gathered on maps and the damage curves are 
calculated with equations for each category separately. These categories relate to residential, commercial and industrial 
buildings, as well as transport, infrastructure/roads and agriculture. Finally, some preventive and regulatory ways to 
properly deal with the flood phenomenon are described. 
Keywords: Floods, Damage curve, European Policy, Larnaca City, Cyprus 
*Corresponding author: Theori Neofyta (mar16112@marine.aegean.gr) 
 
1. Introduction  

The main issue will concern us most in this study is the case of floods, this term refers to the condition of an 
area that usually is dry and over a period of time is covered by large amount of water. Furthermore, floods are based 
on the European Directive 2007/60/EC where the European Commission has recognized and established a new 
common framework for the calculation and monitoring of flood risks, with the main aim of reducing adverse impact 
on the environment, human health, cultural heritage and economic activities related to floods and directly to the 
community. The study area that will occupy us in the present work is Larnaca province. Larnaca is located in the 
southern part of Cyprus island and will have as its main objective the analysis and finding results presented in the flood 
risk maps of Cyprus at recovery time for 20, 100 and 500 years. Some of the data will be obtained from the Public 
Internet Service for flood risk (ERMIS-F), but also from google earth and other sources of remote sensing. At this 
study there is an effort to include: i) the estimation of buildings that will be affected by both land flood scenario 
according to flood defenses, ii) the creation of a prototype for the damage to the buildings due to floods, iii) the 
application of this prototype in the buildings of Larnaca and the damage curve that will be calculated and iv) suggestion 
of flood prevention and regulatory measures in this area. 
 
2. Material and Methods  

The island of Cyprus is located in the eastern part of the Mediterranean Sea, as a Member State of the 
European Union the European directive 2007/60/EC has been updated and incorporated into Cypriot Law with the 
Basic Law (Law 70 (I)/2010) that was submitted in 2010 and came into force in July of this year with the appropriate 
adjustments and in 2012 came into force the Amending Law (Law 153(I)/2012). According to the flood plans of 
ERMIS-F, the potentially high-risk zones in Cyprus are located in all the provinces of the island but we will focus and 
analyze more those which concern Larnaca province. The high-risk zones are divided into three areas, the first zone is 
located in Larnaca city called Kamares area. At the Kamares residential area there is an increase of risk due to the low 
terrain of the area and the small slope that exists in the riverbed. The type of flood that occurs this area is rapid flooding 
in combination with urban flooding. The river starts from the Aradipou settlement and passes through the northern 
area crossing the monument of Kamaron and the city north of Salt Lake and finally flows into the sea. The second 
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zone covers the Aradippou and Livadia Municipality, which belong to the Larnaca Province. Through this area passes 
the Archangelos, Kammitsis, Parapotamos rivers ~10km long and the type of flood is rapid flood that usually prevails 
in this area. The Kammitsi river after its intersection with the Archangelos river flows and passing a route north to the 
area of Aradippou urban zone exist. Then the river continues to flow throw agricultural zone and enters the Livadia 
residential and from there flows until reaching the sea. The third and last area is the smallest area compared to the 
previous ones that mentioned above. This zone covers the Ormidia area where it is crossed by the river with 3.6km 
long and with the rapid flood being the type of flood that prevails in the area. This river consists of the main department 
~4.5km long that starts south of Xylotympou high school, then passes through the Ormidia settlement and flows into 
the Dhekelia bay, while the secondary department starts from Vatainas dam, enters Ormidias settlement and joins the 
main department about 2.40km to the upper side of the estuary. 
 
3. Results and Discussion 

According to the flood risk maps (Water Development Department), the prevailing depth at all three study 
areas ranges from 0 to 7.4 meters. More specifically, the total number of buildings and infrastructure that may affected 
at the three study areas under the case of the three different scenarios (20,100 and 500 years) has been calculated. 
Furthermore, the total number of buildings for each category has been calculated separately. The categories that 
mentioned are single-story residence without basement (5A-1), two-story residence without basement (5A-2), three-
story residence without basement (5A-3), single-story residence with basement (6B-1), two-story residence with 
basement (6B-2), the capital letters A and B correspond to buildings that don’t have a basement and to those that do. 
Moreover, categories that are referred are the buildings with open pile foundation (7A), buildings with enclosed pile 
foundation (7B) and the category of "others" which mainly refers to churches, shops, schools, incomplete units etc. In 
addition, the damage curve for the categories that are mentioned above has been calculated and most likely, minimum 
and maximum damage curves are provided. One important finding is the role that presence or absence of a basement 
plays in developing damage curves. Finally, some possible remedies are suggested for flood prevention and control 
measures taking into account the hypothetical spatial planning scenario that have been created for Larnaca province. 
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Abstract The present study is a systematic review of the scientific literature that has been published up to 
31/10/2020 regarding the scientific research which has been conducted and concerns the evaluation of PAHs toxic 
effects towards marine primary producers such as microalgae. Based on the gathered information from the 
collected and classified articles, useful conclusions and observations are reported about research trends. At the 
same time, knowledge gaps and weaknesses in the current research are identified and highlighted. Furthermore, 
suggestions for future research on this topic are also discussed. 
Keywords: Petroleum Hydrocarbons, Ecotoxicological Assessment, Effects, Marine Microalgae, Inhibition  
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1. Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are unsaturated organic substances that exhibit high molecular 
weights and low water solubility. Their occurrence in the ocean and marine ecosystems is attributed to both 
anthropogenic sources (pyrogenic and petrogenic PAH’s) as much as to natural sources from oil regeneration 
processes. Petroleum hydrocarbons pollution is the most common type of marine pollution due to leakage from oil 
refineries or petrochemical factories, accidental spillage from tankers or/and through atmospheric fallout or 
waterway-transport from the land leading to a streak of negative effects for the marine environment. Marine 
microalgae are the primary producers of marine ecosystems, which have often been used for the evaluation of 
environmental effects and toxicity of a wide range of chemical pollutants due to their several different advantages, 
among which the small size, their rapid growth and reproduction, and finally their great sensitivity are included 
(Torres et al. 2008). For all the afore-mentioned reasons the scientific research focusing on the impacts of oil 
pollution towards these organisms that are the base of the marine food chain is a field that has been extensively 
researched worldwide in the scientific community. Therefore, the aim of the current systematic literature review 
is to summarize important information of the toxicity evaluation studies regarding PAHs towards marine 
microalgae species. According to the gained infrormation from the present review new areas for future studies can 
be highlighted and future research proposals in this scientific area are suggested. 

 
2. Methods and Materials 

The current systemic review was focused only on peer-reviewed journal articles that were published until 
31 October 2020. The retrieve of the relevant published scientific articles was achieved by using Scopus Search 
(abstract and citation database). The selection of studies was made by using 14 different combinations of selected 
terms, as depicted in Table 1. It is worth mentioning that only documents which were available in English were 
included in this analysis. Based on the full article review the selected articles that met the criteria of the 
bibliographic research and that were included in the present systemic review were summarized using the following 
information: author (date), location of the study, PAH analyzed, target microalgae species, population (sample 
size), method used, and primary conclusions. 

 
3. Results 

Based on the data found and processed in the present systematic literature review, which provided the 
latest evidence that microalgae are an important test organism of PAHs and petroleum hydrocarbon pollution. 
Some highlights of selected studies are summarized in Table 2 in chronological order. According to the obtained 
data a wide range of effects has been observed and reported in the available scientific bibliography, such as growth 
and biomass inhibition (Li et al. 2020), amino acids synthesis (Li et al. 2019), fatty acids composition (Liu et al. 
2019), gene mutations (Bopp & Lettieri 2007; Carrera-Martinez et al. 2011, 2010), etc. Moreover, based on the 
comparative studies that have been conducted it has been documented that the mainly toxic substances of PAHs 
towards selected marine biota are mostly the 2–5 rings containing molecules, whereas contradictory, PAHs with 
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>6 rings that have lower hydrophilic character and higher lipophilic capacity, are hardly dissolved in water and 
remain in water bodies for short times due to their volatility (Short, 2003; Li et al., 2019).   

 
Table 1. Peer-reviewed journal articles with combination of terms/keywords related to PAHs  

Combination of terms/keywords Number of found documents 
1. "Marine AND algae AND PAHs AND toxicity” 40 
2. “Phytoplankton AND PAHs AND toxicity” 36 
3. ‘’Phytoplankton AND PAHs AND effects’’ 61 
4. “Marine AND algae AND PAHs AND ecotoxicity” 6 
5. “Marine AND algae AND PAHs AND effects” 39 
6. ‘’Marine AND algae AND PAHs” 83 
7. “Marine AND algae AND PAHs AND bioassays” 11 
8. “Marine AND species AND PAHs AND algae” 25 
9. “Plankton AND PAHs AND toxicity” 17 
10. ‘’Plankton AND PAHs AND bioassays’’ 3 
11. “Plankton AND PAHs AND inhibition” 2 
12. “Algae AND PAHs AND stress” 24 
13. “Algae AND PAHs AND response” 71 
14. ‘’Algae AND PAHs AND effects’’ 139 
TOTAL 557 

 
Table 2. Some selected references and their highlights found and reviewed in present systematic review. 

Microalgae species Primary conclusions Reference 
Nitzschia closterium • Growth and development effects that could be detected by the 13C (carbon 

isotope ratios) value. 
Li N. et al. 2020 

Nitzschia closterium, and 
Heterosigma akashiwo 

• Toxic effects were explored by using amino acids (on synthesis mechanism of 
amino acids in microalgae).  

• Leucine δ13C in N. closterium increased with time, whereas decreased in H. 
akashiwo.  

• For Alanine, Threonine, and Methionine, δ13C values showed unexpected trend. 

Li N. et al. 2019 

Ulva pertusa • Inhibition of algae biomass.  
• Effect of oil spill stress on fatty acid stable carbon isotope composition. 

Liu et al. 2019 

Dunaliella tertiolecta • Cell gene mutations. Carrera-Martinez et al. 
2010 

Thalassiosira pseudonana  • Genes involved in the metabolism of studied microalgae are affected by PAHs. Bopp & Lettieri 2007 
 

Overall, the reviewed information provided a variety of numerous research approaches exploring the 
toxicity mechanism of primary producers under PAHs exposure and oil spill stress. Hence, it was shown that 
several successful research attemts have been made to monitor and evaluate the marine ecological risk of those 
persistent pollutants using marine algal species. Finally, marine phytoplankton is an effective and sensitive 
biomarker for the evaluation of PAHs’ toxicity in seawater ecosystems. 
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Abstract 
Ephemeral streams are typical Mediterranean fluvial systems with high risk of flooding. The present work 
describes the hydrological simulation of the ephemeral stream Sedounta, which passes through the settlement of 
Plomari in Eastern Lesvos. The wider area of Plomari often faces hazardous floods and disasters and therefore 
needs further investigation. The software Hec-GeoHMS at ArcMap is used to calculate the hydrological 
characteristics of the area and HEC-HMS for the hydrological simulation of the six scenarios with and without 
the dam and for return period 50, 100 and 1000 years. According to the simulation results, the outflow of the 
basin is 39.5 m3/s with return period 50 years and 90.5 m3/s with return period 100 years. Also, there is a slight 
decrease in discharge in the dam scenarios by 0.51%. Therefore, according to the research, it is observed that 
Plomari village is extremely vulnerable to flash floods. 
Keywords: Hydrological Simulation, HEC-HMS, ArcMap, IDF curve, Floods 
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1. Introduction 

Flooding is one of the major hazards in Mediterranean ephemeral streams (Camarasa-Belmonte 2016) 
and is controlled by a number of variables, one of which is rainfall intensity (Merz & Bloschl 2003). Floods 
cause significant damage, such as economic and environmental damage, and can potentially lead to loss of 
human life or health problems (Ohl & Tapsell 2000, WHO 2002, Hajat et al. 2003). The hydrological simulation 
determines the peak discharge of the sub-basins of a catchment area, thus helping to understand flood processes 
and suggest measures to mitigate flood risk. The objective of the current study is the hydrological analysis of the 
hydrological regime of the ephemeral stream of Sedounta, in Eastern Lesvos.  
 
2. Materials and Methods 

Hydrognomon software is used to calculate the Intensity-Duration-Frequency curve (IDF curve), which 
describes the relationship between rainfall intensity, rainfall duration, and return period. For the Sedounta stream 
in the wider area of Plomari, the IDF curve is calculated based on the 5-min precipitation from 2003 to 2020 of 
Agia Paraskevi meteorological station. Then, the Hec-GeoHMS is used to produce a series of spatial maps such 
fill sinks, flow direction, flow accumulation, stream definition, stream segmentation, catchment grid delineation, 
river length, river slope, basin slope. The hydrological software HEC-HMS is used to simulate the Sedounta 
stream. The SCS (Soil Conservation Service) unit routing model and the CN (Curve Number) are calculated 
using the land use and soil type maps. A total of 6 repetitive simulations were performed for the scenarios with 
or without the dam and for the return period of 50, 100 and 1000 years. For the scenarios with the dam, it is 
necessary to enter the Capacity-Height-Supply ratio of the Sedounta dam described in the technical plans of the 
Technical Works Service of the North Aegean Region for the study area. 
 
3. Results and Discussion 

According to the results of the digitization of the Sedounta catchment area, 7 sub-basins are delineated, 
as shown in Figure 1. The Figure also shows the location of the Sedounta dam in the basin. Figure 2 shows the 
IDF curve of Agia Paraskevi with return periods 50, 100 and 1000 years, which demonstrates that as duration 
rises, intensity gradually declines. Figure 3 shows the Peak Discharge of the outlet of the basin for the scenarios 
of the three return periods (50, 100 and 1000 years) and with and without the dam. For a return period of 50 the 
Peak Discharge is 39.5 m3/s and for 100 and 1000 yrs are 48.7 m3/s and 90.5 m3/s correspondingly. There is a 
slight reduction in discharge, in the dam scenarios only for low return periods of precipitation. For instance, 
peak discharge of the stream’s output of the model without the dam is 39.5 m3/s, while the model with the dam 
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is 39.3 m3/s, with precipitation of a return period of 50 years. 
 

  
Figure 1: Sedounta’s hydrographic network         Figure 2: IDF Curve of Agia Paraskevi in which y= 

intensity(i) and x=duration(d) 
 

 
Figure 3: Peak discharge of the outlet of the basin with return periods 50, 100 and 1000 years, with and 
without the dam. 

 
4. Conclusions 

According to the results, the lower sub-basins show higher peak flows in comparison to the upstream 
ones. Also, while return period significantly affects discharge, dam scenarios show only a small reduction in 
total outflow. Plomari village is greatly vulnerable to floods and significant measures must be taken. In this 
direction, flood defense works can be considered that can help the region in this problem: the construction of 
numerous small capacity dams in the stream, the diversion of a tributary of the stream or the construction of 
another dam that controls water discharge. 
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Abstract 
Fish farming, like nearly all forms of aquaculture and agriculture, generate significant amounts of waste, including 
nutrients, waste feed and fish feces. Monitoring and calculating N and P discharge from fish farms can be estimated 
using records of fish production and feed rate. Additionally the amount of N and P released by the fish farm can 
be estimated using feed conservation rates combined with chemical analyses of feed and fish and water. The aim 
of the present work is to compare estimated total nitrogen and phosphorus quantities with the previously mentioned 
methods, using data from Arctic char fish farms in Iceland. This analysis can be used to improve the ecological 
monitoring process and assess the validity of the aquaculture modeling. 
Keywords: Nutrient Loading, FTS land-based Aquaculture, Nutrient modelling. 
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1. Introduction 

Fish farming, like nearly all forms of aquaculture and agriculture, generate significant amounts of waste, 
including nutrients, waste feed and feces, and by-products such as chemical residues; thus, the impact of 
aquaculture on the surrounding environment and ecosystem is a function of several parameters, such as nitrogen 
(N) molecules (NHX, NOx, DON), and phosphorus (P/POX) (Wallace 1993; Klaoudatos 2001; Karakassis et al. 
2005; Coldebella et al. 2020). Changes in the surface and column of water ecosystems, as well as changes in the 
benthic ecosystems are exhibited due to aquaculture, reflecting changes in water quality and the ecosystem 
(Mavraganis et al. 2020). The FTS technology used in the Icelandic farms ranges from using only gravity flowing 
water to pumping water into tanks with oxygenation. Most of the Icelandic farms have limited or no treatment of 
the effluent water (Thorarensen et al. 2013). Monitoring and calculating N and P discharge from fish farms can be 
done using either records of fish production and feed used or feed conservation rates (FCR), such as FCR combined 
with chemical analyses of feed and fish (OSPAR 2000).  The approach to quantifying N and P discharge from 
aquaculture to surface waters is described in Guideline 2 (OSPAR 2000). The aim of the present work is to compare 
estimated total nitrogen and phosphorus quantities with measured ones using data from Arctic char fish farms. 
This analysis can be used to improve the ecological monitoring process and assess the validity of the aquaculture 
modeling. 
 
2. Material and Methods 

Samples from land-based FTS Arctic char farms were collected by the Icelandic Environmental Agency 
and the School of Fish Biology and Aquaculture at the Holar University College for their productivity parameters, 
the total nitrogen and phosphorus loading annually in 2015. The modelled quantities of total nitrogen and 
phosphorus were calculated by using the OSPAR 2000 model. ). The model for flow-through systems (FTS) is 
given as L= 0.01*(ICi- PCf) in which L is the quantity of P or N in a water body (tonnes/year), I is the feed used 
(tonnes/year), Ci is the phosphorus or nitrogen content in the feed (%), P is the production (tonnes/year), and Cf 
is the P or N content in the resulting organisms (%). All the quantities transformed to tonnes per year and the data 
tested for normality using the Shapiro testing methodology in R. None of the groups were not normally distributed 
(P<0.05). Two tailed Mann Whitney testing analysis was applied to estimate the comparison of the groups means 
found to be not statistically significant (U<0.05). 

 
3. Results and Discussion 

It can be seen in Figure 1 the total nitrogen estimated model values to be higher than the measured ones, 
besides for the farm no5. The same can be seen in Figure 2 for three farms from total phosphorus quantities, while 
two farms showed to have higher measured quantities. In Table 1 the results from the comparison of the measured 
total nitrogen and phosphorus with the model estimated values can be seen to be statistically not significantly 
different.  
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Figure 1. Measured total nitrogen and model estimated 
nitrogen quantities 

Figure 2. Measured total phosphorus and 
model estimated phosphorus quantities 

 
 
Table 1. Comparison of the measured total nitrogen and total phosphorus quantities along with the model 
estimated ones using two tailed Mann Whitney U testing. 
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Farm Loading U value Z-score
Total Nitrogen 42,5 -0,53
Total Phosphorus 36,5 -0,98
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Abstract 
Groundwater extraction is, in many cases, the predominant way of providing fresh water for serving the various 
water needs in a region. Any effort to minimize the energy consumed in this process has both environmental and 
financial benefits. In this perspective, the present paper studies the problem of minimizing the energy 
consumption during the abstraction of groundwater used for satisfying the water demands of the settlement of 
Simantra, located in Chalkidiki, Greece. The methodology followed herein consists of the linkage between a 
steady-state groundwater flow model developed to simulate the flow behavior in the aquifer under study and an 
iterative optimization algorithm used in order to find the optimal distribution of the well system flow rates. With 
regard to the optimization model, the energy losses due to friction that occurs within the pipes used for pumping 
and transporting water from the wells to a water tank were also taken into consideration. It turns out that the 
energy consumption is minimized when the stationary condition receives a common value for all managed wells. 
Keywords: Groundwater Management, Water-Supply Wells, Pumping Cost Minimization, Analytical Solution, 
MODFLOW, Nea Moudania Aquifer 
* Corresponding author: Karagiannopoulos Panagiotis (karagianp@civil.auth.gr) 
 
1. Introduction 

The problem of minimizing the energy consumption during groundwater abstraction is a frequent 
problem in the field of groundwater resources management. A common practice to deal with this problem is the 
linkage between simulation and optimization models. In this paper, an application of combining a simulation 
model with an optimization algorithm in the aquifer of Nea Moudania, Greece, is presented. The optimal 
solution is achieved when the stationarity condition is satisfied (Mallios & Tsiarapas 2021). 
 
2. Materials and Methods 

The problem considered in the present paper is to find the optimal distribution of the extracted flow 
rates of a system of six wells used for providing water in the settlement of Simantra, Chalkidiki, Greece. The 
optimal solution ensures the minimum energy consumption during both the pumping and transporting of water to 
a water tank that serves the water demands of the settlement. The general form of the objective function of the 
problem, which has to be minimized, is defined as the sum of the energy costs of all managed wells, i.e.: 

      𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡 = 𝜌𝜌 ⋅ 𝑔𝑔 ∙ 𝑡𝑡
1000 ⋅ 𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

⋅ [∑ ( 8𝑓𝑓𝑖𝑖
𝑔𝑔π2𝐷𝐷𝑖𝑖

5 ⋅ 𝑄𝑄𝑖𝑖
3 + 𝑄𝑄𝑖𝑖)

𝑛𝑛

𝑖𝑖=1
⋅ (δ𝑖𝑖 + ∑ 𝑟𝑟𝑖𝑖𝑖𝑖 ⋅ 𝑄𝑄𝑗𝑗

𝑛𝑛

𝑗𝑗=1
) + ∑ ( 8𝑓𝑓𝑖𝑖𝐿𝐿𝑖𝑖

𝑔𝑔π2𝐷𝐷𝑖𝑖
5 ⋅ 𝑄𝑄𝑖𝑖

3)
𝑛𝑛

𝑖𝑖=1
]       (1)   

where ρ is the water density, g is the acceleration of gravity, t is the duration of pumping, npump is the efficiency 
coefficient of the pumps (which is considered constant and equal for all pumps), Qi is the pumping rate of the ith 
well, fi is the friction factor, δi is the initial lift at location i, Li is the total length and Di is the diameter of the 
pipes used for pumping and transporting water to the tank, and, finally, rij is the response of the hydraulic head at 
each location to the applied pumping rates and is called response coefficient (Ahlfeld & Laverty 2015). The 
response coefficients rij were calculated using a steady-state model developed for the study area by Siarkos & 
Latinopoulos (2016), while considering constant transmissivity conditions (Ahlfeld & Laverty 2015). 
Mallios & Tsiarapas (2021) presented an analytical solution that considers the head losses occurring along the 
pipes used for pumping and transferring the water to a tank. This analytical solution leads to the following 
stationarity condition which is satisfied for the optimal pumping flow rates: 

                                 ∑
8𝑓𝑓𝑗𝑗

𝑔𝑔π2𝐷𝐷𝑗𝑗
5 ⋅ 𝑟𝑟𝑖𝑖𝑖𝑖 ⋅ 𝑄𝑄𝑗𝑗

3
𝑛𝑛

𝑗𝑗=1
+ 3 ⋅ 8𝑓𝑓𝑖𝑖

𝑔𝑔π2𝐷𝐷𝑖𝑖
5 ⋅ 𝑄𝑄𝑖𝑖

2 ⋅ (𝑠𝑠𝑖𝑖 + δ𝑖𝑖 + 𝐿𝐿𝑖𝑖) + 2 ⋅ 𝑠𝑠𝑖𝑖 + 𝛿𝛿𝑖𝑖 = 𝑐𝑐                                    (2)   

The settlement of Simantra belongs to the Nea Moudania basin, which is located in the southwestern 
part of Chalkidiki Peninsula, Greece (Figure 1). The settlement’s total water needs are estimated to be equal to 
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274.41 m3/day. This demand is satisfied from a system of six wells which pump water from the underlying Nea 
Moudania aquifer. As shown in Figure 1, the water is pumped from the aquifer and then transported to a water 
tank that serves the settlement’s needs. 
 

 
Figure 1. Study area location, along with the boundaries of the underlying aquifer, the wells (both 
irrigation and water supply wells) operating in the region, the water supply wells used for pumping 
optimization (managed water supply wells), the pipeline network and the water tank. 
 
3. Results and Discussion 

Table 1 presents the results of the optimization algorithm. More specifically, the table shows the flow 
rate of each one of the six managed wells, the initial lift at the location of each well, the length of the pipes that 
connect each well with the water tank, the drawdown at the location of each well, the head losses due to friction 
which occurs in the pipes used for transporting water to the tank, the value of the stationarity condition for each 
well, and the corresponding energy consumption. Based on the results, the calculated total energy consumption 
is 126.37 KWh per day, while the well pumping rates range from 28.54 (Well 3) to 61.69 m3/day (Well 5). 
 
Table 1: Optimal pumping flow rates distribution and the corresponding energy consumption 

Well Pumping, 
Q (m3/day) 

Initial 
lift, δi 
(m) 

Pipe length, 
Li (m) 

Drawdown 
si (m) 

Head 
losses, 
hf (m) 

Stationary 
condition Pi 

Electricity 
consumption 
E (KWh/d) 

1 59.57 112.98 569 1.74 3.73 127.661 27.47 
2 35.30 117.01 1040 1.99 2.22 127.661 16.66 
3 28.54 119.15 1114 1.93 1.55 127.661 13.62 
4 40.24 115.81 919 2.05 2.58 127.661 18.87 
5 61.69 104.60 1007 1.75 6.52 127.661 27.11 
6 49.07 113.40 840 2.00 3.54 127.661 22.65 

Totals 274.41      126.37 
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Abstract  
In this research we achieved the construction of a phylogenetic tree with snail species of Helicidae and Geomitridae 
families from Greece. Findings support that Helicidae species form polyphyletic group, with Theba pisana 
(Helicidae) to be phylogenetically closely to Geomitridae species, possible due to species ecology and behavior. 
Keywords: Molecular Phylogeny, Snail species, Maximum Likelihood Method, Species Conservation, Habitat, 
Morphology, South-East Europe, 
Corresponding author: Binia Maria (mbinia@uth,gr) 
 
1. Introduction  

Terrestrial gastropods have about 35.000 species and that makes them one of the most successful and 
diverse groups of terrestrial ecosystems (Barker 2001). Studies on snail species have been conducted, not only for 
geographic inference, but also to figure out how fitness related traits, such as morphology and behavior, correlates 
with the environment (Feher et al. 2013; Caro et al. 2019; Pfenninger et al. 2005). The aim of this study is the 
construction of a phylogenetic tree, including species of Greece, in order to describe the phylogenetic relations 
and use the data for future conservation analysis.  
 
2. Materials and Methods  

DNA from four different species were extracted using the phenol/chloroform protocol and Polymerase 
Chain Reaction for mitochondrial gene 16S was held, at annealing temperature of 50oC.  
Other species of Helicidae and Geomitridae families, that inhabit the region of Greece were searched at GBIF, and 
their 16S gene sequences were downloaded from NCBI database. Sequences were aligned using the program 
ClustalX. Maximum Likelihood tree (Figure 2) with 1,000 Bootstrap replications was constructed, using the 
General Time Reversable Model (GTR + I + G). 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Species and locations of the samples.  
 
3. Results  

This analysis involved 30 nucleotide sequences. There were a total of 1056 positions in the final dataset. 
Helicidae species formed a polyphyletic group, with T. pisana to be nested along with Geomitridae species. 
Moreover, Helix aspersa and Helix pelagonesica are paraphyletic compared to other Helix species. Helix schlaeflii 
and Helix vladika formed a sister group with 90% posterior probability and they are most distantly related to Helix 
aspersa which is closely related to Helix pelagonesica with 91% bootstrap probability value. Cochlicella Barbara 
formed sister groups with Cochlicella acuta with maximal support of their node (100%).  
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Figure 2: Maximum Likelihood tree, 1000 Bootstrap repetitions  

 
4. Discussion  

The probability that there are differences with respect to genetic mechanisms may increase the 
phylogenetic distance within a given family. This has been shown to other land snails’ lineages (e.g. Neiber & 
Hausdorf 2015), where fitness related-traits, such as banding polymorphism or foraging strategies (Baker et al. 
2012) may differ between species of the same Family. The adjustments they made over time to cope with the 
environmental pressure can be shown through phylogenetic relationships using mitochondrial genes and also by 
comparing other families’ species together.  
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Abstract 
Microplastics (MPs) in the marine environment have received increasing attention in recent years. In this study, 
the gastrointestinal tracts of 25 bogues (Boops boops) originating from the coastal area of Lesvos, were analysed 
to assess microplastic ingestion. Microplastics were detected in 80% of samples analysed. A total of 85 MPs 
were isolated, with fragments (61%) predominating over the fibers (39%). The size of the majority of ingested 
MPs was 400-1600 μm, while no correlation was found between the microplastic size and the fish body length 
(p> 0.05, ANOVA). The average of ingested microplastics was 4.25±0.59 MPs per fish. Statistical tests have 
shown that the ingestion of MPs does not depend on the sex of the fish (p> 0.05, Chi-squared test). 
Keywords: Microplastics, Boops boops, Gastrointestinal Tract, Lesvos  
*Corresponding author: Vogiatzis Georgios (g.vogiatzis80@yahoo.gr) 

1. Introduction 
Plastic litter accounts for 80% of marine debris from surface waters to deep-sea sediments, as a result of 

both land-based and sea-based human activities (GESAMP 2019). Microplastics (MPs) are produced either in a 
size of less than 5 mm or are derived from photolytic, mechanical and biological decomposition of larger plastic 
residues (Derraik 2002). The presence of MPs is widespread and ubiquitous in the marine environment causing 
harmful effects on marine life. Due to their small size, they are easily absorbed by organisms near the base of the 
ocean food chain, thus having the possibility of transporting these pollutants to human level (Gall & Thompson 
2015). For benthopelagic habitats, the species Boops boops was identified as the most suitable organism for 
monitoring the ingestion of MPs throughout the Mediterranean basin (Bray et al. 2019).  
The objective of the present study was to detect the presence and describe the characteristics of anthropogenic 
particles ingested by Boops boops specimens from the coastal area of Lesvos. 
 
2. Material and Methods 

Twenty five Boops boops specimens caught by local fishermen off Kalloni Bay on February 2019 were 
purchased from local marketplace in Mytilene and stored at -20 °C until further processing. In the lab, the 
morphological characteristics of each specimen were measured and then each fish was dissected to determine the 
sex and extract the gastrointestinal tract (GIT) for anthropogenic particle analysis. Each GIT, was weighted and 
then kept in the freezer. To degrade organic matter and enable detection of MPs, the GIT of each specimen was 
treated with 30% H2O2, 1:20 w/v and heated at 55-65°C on a hot plate, up to the point the tissue was completely 
degraded. After digestion, the remaining material was diluted with ultra clean water (Ultra-clearΤΜ TP, TWF 
device, EVOQUA®) and filtered on fiberglass filters (Whatman® GF/C, pore size 1.2 μm,). MPs on the filter 
were examined visually using a Nikon SM800 stereomicroscope with a built-in Tucsen True Chrome HD 
camera, photographed, counted and categorized to different types (i.e., fiber, fragment etc) according to the 
guidelines of Hanke et al. (2013). Blank samples were kept at each step of the process, while precautions were 
taken to avoid contamination of the samples by airborne microparticles at all stages of the procedure. The 
recorded data were organized into Excel sheets, categorized to different types and then statistical analyses were 
implemented with Excel using the Data Analysis ToolPak. 

 
3. Results and discussion 

Length and weight of bogues as well as the weight of GIT are reported in Table 1 (according to sex; 8 
males and 17 females). A total of 85 MPs were found in the GITs of bogues. It was found that 80% of the 
analyzed individuals (20 specimen) contained MPs in their GIT. Females showed the lowest ingestion of 
anthropogenic particles corresponding to a mean value of 3.69±0.66 items/individual, while the average number 
of microplastics ingested by the analysed specimen was 4.25±0.59 items/individual (mean ± SD; Table 1). 
Regarding the typology, fragments accounted for 61% (52 items), while fibers accounted for the rest 39% (33 
items) (Table 1). The results obtained in the current study are similar with those reported for bogues from other 
areas of the Mediterranean Sea (e.g., Nadal et al. 2016).  
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Table 1. Biological parameters, occurrence and abundance of ingested microplastics (MPs) in B. boops 
from Lesvos coastal area 

 N Body Length 
(cm) 

Body Weight 
(g) GIT (g) GITs with 

MPs 
MPs & MPs/individual 

Fibers  Fragments total  

Males 8 
15,4-18,6 
17,13±0,44 

47,58-110,53  
72,67±7,67 

0,97-4,89 
2,30±0,43 

7 
12 
3,00±0,71 

25 
5,00±1,67 

37 
5,29±1,13  

Females 17 
15,4-20,0 
17,85±0,33 

28,02-149,6 
93,09±7,97 

2,54- 5,99  
4,14±0,26 

13 
21 
2,33±0,41 

27 
2,45±0,56 

48 
3,69±0,66   

All 25 
15,4-20 
17,61±0,26 

56,37-149,6 
86,56±6,16 

0.97- 5.99 
3.60±0.11   

20 
33 
2,54±0,35 

52 
3,25±0,69   

85 
4,25±0,59   

 
Depending on the type of MPs found in their GITs, the 25 bogues specimen were divided into 4 

categories. Males and females were classified in these categories differently (Figure 1), however statistical 
analysis showed that the ingestion of MPs does not depend on the sex of the fish (p> 0.05, Chi-squared test).  

 
Figure 1. Percentage distribution of morphological types of microplastic particles (fragments and fibers) 
found in the GITs of male and female individuals examined. 
 

The size (maximum length) of the fibers found in the GITs of the analyzed bogues ranges from 0.163 to 
2.574 mm (average value: 0.10±1.06 mm), while the maximum length of the fragments varies between 0.024 and 
0.228 mm (average value: 0.92±0.01 mm). The most common size class of ingested MPs was 400-1600 μm. No 
correlation was found between the microplastic size and the fish body length (p > 0,05, ANOVA).  
In total 12 different colours were identified among the MPs. Fibers were classified in 9 colours and the most 
frequent one was green (28%), while fragments corresponded to 10 colours and the most common was brown 
(38%). Female bogues exhibited the largest colour variation of the ingested anthropogenic microparticles. 
Further investigation on bogues, as well as other commercial species, will contribute to identify the impact of 
MPs.  
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