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1. INTRODUCTION 

 
1.1. The issue at stake 

 

Rivers represent the major pathways of litter from land-based sources to the marine 

environment (Schmidt et al., 2017). As riverine inputs are highly variable between 

different rivers and periods due to the different characteristics of rivers and their 

catchment area, this also leads to differences in the amount of litter contained in river 

basins and transported to the sea. Although the increasing accumulation of 

anthropogenic litter in the marine environment has received considerable attention 

over the last decade, the occurrence and distribution of litter in rivers remain 

comparatively underexplored. Despite the recognised importance of riverine inputs, 

there is still a lack of comprehensive quantitative data on the specific amounts and 

types of litter conveyed by rivers to marine environments. Particularly little information 

is available about the quantity and type of riverine anthropogenic macro-litter entering 

marine environments in the Mediterranean Basin. 

Rivers transport a wide variety of waste materials, including plastics, textiles, metals, 

and glass, derived from numerous origins. Plastic is the most prevalent material found 

in both rivers and coastal environments, due to its buoyancy, persistence, and 

widespread use in consumer products (Harris et al., 2021). Other types of litter, such as 

glass and cigarette butts, are often attributed to direct dumping or non-riverine 

sources. Generally, anthropogenic macro-litter in rivers originates from 

mismanagement of urban waste, sewage outlets from wastewater treatment plants, 

illegal dumping, and loss of products from industrial and agricultural activities. 

However, natural processes, such as floods, winds or currents, can also bring deposited 

litter from banks into rivers. 

Plastic pollution, in particular, has emerged as a widely acknowledged and 

extensively discussed global issue. Recognised as an environmental concern since at 

least the 1990s, plastic pollution has become increasingly urgent over recent decades 

(Worm et al., 2017). While plastic is an important and ubiquitous material that 

addresses many societal challenges, current methods of plastic production, use, and 

disposal do not support a circular economy. Instead, they damage the environment 

and fail to leverage the economic potential of reusing and recycling (Fortibuoni et al., 

2023). The detrimental effects on ecosystem services pose a threat to the well-being of 

individuals, societies, and economies. Plastic waste is not merely an aesthetic problem; 

it poses a significant threat to wildlife through entanglement and ingestion, which can 

also enter the food web and potentially impact human health. Economic losses caused 

by plastic waste are substantial, particularly for sectors and communities that rely 

heavily on marine products. Only 5% of the value of plastic packaging remains in the 

economy - the rest is literally thrown away, highlighting the urgent need for effective 

recycling and re-use strategies (EU Parliament, 2018). 
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The consequences of today’s single-use, throw-away plastic culture are visible 

across ecosystems worldwide, including coastal and marine environments. The input 

of litter from human activity significantly contributes to the increasing amount of waste 

in coastal waters, estuaries and oceans. This not only represents an aesthetic problem 

but also a potential threat to littoral areas, marine wildlife and the socio-economic 

activities linked to these regions. Until recently, researchers have primarily focused on 

litter already present in the marine environment, particularly in coastal waters near 

urban areas. It is estimated that between 4.8 and 12.7 million tonnes of plastic enter 

the oceans annually (Jambeck et al., 2015). Some studies suggest that riverine litter can 

contribute up to 90% to all marine litter input, significantly impacting litter abundance 

in the marine environment, including on coastal beaches. Although most litter entering 

the marine environment is assumed to come from land-based sources, the exact 

quantities remain largely unquantified. 

 

1.2. TETHYS4ADRION in a nutshell 
 

Plastic pollution poses a significant threat to Mediterranean biodiversity (Compa et 

al., 2019), with the Adriatic-Ionian region being a hotspot, as documented in various 

projects and reports over the last decade (e.g., the IPA Adriatic DeFishGear project; 

Vlachogianni et al., 2017). Rivers represent a significant pathway for waste to reach the 

marine environment in the Mediterranean Sea, with an estimated 40-50% originating 

from land-based sources (REF). Rivers can also act as a reservoir for plastic pollution. 

Factors such as hydrological processes and characteristics of the river basin, including 

land use, vegetation and river shape, influence the dynamics of plastic mobilisation and 

transport into the sea or retention (van Emmerik et al., 2022). There is therefore a need 

to investigate the contribution of rivers to marine plastic pollution and to define and 

implement mitigation measures targeting these inputs. 

The overarching aim of the TETHYS4ADRION project is to investigate the role of 

rivers in contributing to marine plastic pollution in the ADRION region and to develop 

and deploy mitigation strategies aimed at addressing riverine litter inputs. Specifically, 

the project will focus on facilitating the implementation of harmonised riverine litter 

monitoring in the ADRION countries by adopting novel and cutting-edge 

methodologies and conducting coordinated pilot monitoring on selected rivers. 

Furthermore, the project will focus on testing and upscaling solutions that prevent and 

mitigate riverine litter pollution and restore degraded freshwater habitats from plastic 

pollution through targeted, environmentally sound actions. This will establish a 

comprehensive policy framework and groundwork for developing a sustainable and 

effective plan to manage and reduce riverine litter in the Adriatic-Ionian region. 

Ultimately, the project will contribute to minimising the detrimental impact of riverine 

litter on the marine environment and biodiversity of the ADRION region by fostering 

cross-border cooperation, promoting multi-stakeholder dialogue and implementing 
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multi-level actions. By building new knowledge and establishing a community of 

experts in the ADRION region, the project will pave the way for the adoption of a 

comprehensive and coordinated approach toward cleaner and healthier river 

ecosystems. 

 

The main project outputs include: 

• Jointly adopted Guidelines for riverine litter monitoring in the Adriatic-Ionian 

region. 

• A Blueprint on how to operationalise best practice solutions to address riverine 

plastic litter. 

• A Regional Roadmap towards zero plastics released at sea in the Adriatic- 

Ionian region. 

• A Regional Group of stakeholders committed to eliminating riverine litter 

inputs. 

 

Community engagement lies at the heart of the TETHYS4ADRION project’s mission. 

The project actions will raise public awareness about the impacts of riverine litter 

through dynamic campaigns, interactive workshops, and comprehensive educational 

programs tailored for individuals, communities, schools, and businesses. Through 

volunteer programs, clean-up efforts, and river restoration initiatives, the project will 

empower local communities to take proactive steps toward cleaner rivers, fostering a 

strong sense of ownership and responsibility among all members. 

 

1.3. Scope of the report 
 

Tracing marine litter back to the rivers and finding solutions upstream to reduce the 

amounts of litter entering the river represent an important step in combating it. 

Riverine transport is highly influenced by the morphological and hydrological 

characteristics of the catchment area, which can affect the amount of waste discharged 

into the sea. These characteristics, combined with factors such as human population 

densities and urban development in the catchment area, determine the amount of 

mismanaged waste that can directly or indirectly end up in the rivers (van Emmerik and 

Schwarz, 2020). Additionally, natural events associated with climatic and 

meteorological conditions, such as strong winds, rainfall, or floods, can exacerbate litter 

transport within the catchment area (van Emmerik, 2024). Therefore, determining the 

sources of riverine litter and its connection to mismanaged waste requires a complex 

study of the river areas, focusing on hotspots and potential sources, such as urban 

centres and wastewater treatment plants. 

Although it represents a significant share of marine litter, riverine emissions of 

plastics and other types of litter into the seas are poorly researched and understood. 
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There is a lack of comprehensive data on the amount of waste entering the Adriatic 

and Ionian Seas from rivers. Increased human impact in the Adriatic-Ionian region 

makes it highly vulnerable to river pollution and previous research has identified four 

rivers among the top 10 contributors of marine litter to the Adriatic basin; the Po River 

(13.5%), the Buna/Bojana River (5.8%), the Neretva River (2.8%) and the Adige River 

(1,9%) (Liubartseva et al., 2016). Together, these rivers account for 24% of the total litter 

input. Additionally, 20% of the total input comes from the shipping lanes, 12,5% from 

five larger cities and the remaining 43,5% from 41 other cities and 58 rivers. Various 

sources contribute to the influx of riverine litter, including direct deposition on 

riverbanks, illegal dumping, inadequate waste management, discharges from boats, 

runoff from urban and rural areas, sewage and wastewater from treatment plants. 

Additionally, areas with high urban and recreational activities further exacerbate and 

contribute to this problem. Accurate data collection and analysis are crucial, as they are 

paramount to understanding the scale and impact of riverine litter, especially in cross- 

border or transboundary rivers, where coordinated monitoring is even more essential. 

Transnational cooperation allows for the sharing of data and research findings among 

countries, facilitating a deeper understanding of the sources, transport patterns, and 

ecological consequences of riverine litter. 

By addressing the information gaps about plastic waste inputs and based on needs 

identified within the MSFD context, this report/deliverable aims to collect all 

information on the sources, accumulation, and retention of riverine litter in the selected 

rivers. The additional objective is to identify the gaps and needs in order to establish a 

monitoring protocol to address riverine litter. The gathered data will also be used to 

select locations for pilot monitoring in Activity 1.3. The pilot riverine areas for this study 

include rivers Isonzo, Neretva, Buna-Bojana, Reno and Alfeios. 

 

1.4. Methodology overview 
 

This document compiled a comprehensive overview of various environmental, 

ecological, and socioeconomic characteristics of selected river basins, with a focus on 

identifying pollution sources, plastic litter accumulation and retention zones, and the 

estimated impacts on ecosystems and biodiversity. To achieve this, all available and 

relevant information was collected through an extensive literature review, drawing from 

peer-reviewed research articles, conference proceedings, monographs, books, grey 

literature, web-based resources, and technical reports. The primary aim of this review 

was to gather reliable data on the hydrological, ecological, and anthropogenic context 

of each river basin in order to understand the broader environmental setting and 

potential drivers of plastic pollution. 

To ensure a more comprehensive and context-sensitive understanding of each river 

system, supplementary methods were also employed. Interviews with local residents, 

stakeholders, and relevant authorities were conducted to incorporate local knowledge, 



10 | P a g e 

 

 

 

 

 

 

 

identify undocumented sources of pollution, and understand site-specific patterns of 

litter transport and accumulation. These qualitative insights supported and 

complemented the information extracted from academic and technical literature. In 

parallel, visual assessments and field-based observations were carried out to validate 

findings and provide direct evidence of litter presence and accumulation. 

The field component of the methodology was essential for capturing spatially explicit 

data and identifying areas where plastic litter tends to accumulate or become retained 

within the riverine environment. A combination of modern technologies and direct 

observations was used for this purpose; particularly high-resolution orthophoto maps 

generated by drone surveys and satellite imagery. 

Field monitoring activities were structured to detect the litter presence and generation 

in retention and accumulation areas, but also along riverbanks. Visual observations 

from vessels allowed for the documentation of floating litter, while riverbank on-foot 

inspections helped quantify litter accumulation at the edges of the watercourse. Drone 

filming was especially used to survey sections of the river that were otherwise 

inaccessible by foot or boat, ensuring comprehensive spatial coverage. All data 

collected from these various activities were georeferenced and compiled into a spatial 

database. This integrated dataset forms the basis for understanding the dynamics of 

plastic pollution within river systems and will support identification of appropriate 

locations for riverine litter monitoring activities. 

 

1.5. Study area overview 
 

The Adriatic-Ionian region is a functional area primarily defined by the Adriatic and 

Ionian Seas basin, which are part of the larger Mediterranean basin (Figure 1.1). 

Covering also an important terrestrial surface area, it treats the marine, coastal and 

terrestrial areas as interconnected systems. This transnational area includes parts of 

eight countries: Albania, Bosnia and Herzegovina, Croatia, Greece, Italy, Montenegro, 

North Macedonia, and Slovenia, of which only North Macedonia is not part of this 

project. The region stretches from north-eastern Italy down to western Greece, 

encompassing a strategic corridor between Central and South-eastern Europe. 

This semi-enclosed area faces significant anthropogenic pressures from intensive 

agriculture, urbanisation, and industrial activities. Urbanisation and population density 

in the region vary significantly between countries and between coastal and inland 

areas. The total population of the Adriatic-Ionian region is estimated to be 

approximately 70 million people, although this number fluctuates depending on the 

definition of the region (Salvador, 2019). Population density is higher in urban coastal 

areas, while mountainous and inland regions are more sparsely populated. Different 

countries also exhibit distinct demographic characteristics. Nevertheless, the Adriatic 

and Ionian coasts have experienced significant urban growth over the past decades. 

This rapid urbanisation has led to the conversion of natural and agricultural lands into 
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urban developments, raising concerns about environmental sustainability and land 

degradation. Additionally, due to tourism, coastal areas experience a dramatic increase 

in their temporary population, ranging from 20 to 150% during the summer months 

(https://podaci.dzs.hr/hr/). Those heightened human impacts make the region highly 

susceptible to pollution, especially to marine and riverine litter. 
 

 

Figure 1.1. Map of Adriatic-Ionaian region (source: https://www.adriatic-ionian.eu/) 

 

Litter, whether marine or riverine, does not respect national borders. Plastic litter 

can travel long distances and end up in neighbouring countries. Improving waste 

management to reduce land-based sources of plastic is one of the main priorities of 

this project, alongside the implementation of upstream preventative measures. 

Considering the breadth and transboundary nature of plastic pollution, only 

transnational coordinated action is key to halting its further spread. In addition to rivers 

that flow entirely within a single country, the research area includes rivers that traverse 

multiple countries, making it impossible for any single nation to tackle the problem 

alone. 

Given that river length, catchment size and characteristics, population density, 

meteorological and climatic differences, and the level of river management influence 

the amount and type of litter found and transported within their river basins, the pilot 

rivers have been carefully selected for their relevance and representation of diverse 

contexts. 

https://podaci.dzs.hr/hr/
http://www.adriatic-ionian.eu/)
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Reno River is a significant watercourse in the Emilia-Romagna and Tuscany regions of 

northern and central Italy. A 210 km long river supports agricultural activities in its 

basin, where around 60% of the agricultural land is irrigated, supporting crops such as 

maize, onions, potatoes and vineyards. 

Isonzo (in Italian) or Soča (in Slovenian) is a 137 km long river of western Slovenia (95 

km) and north-eastern Italy (42 km), which forms a large delta before entering the Gulf 

of Trieste (North Adriatic Sea). 

Neretva is a 215 km long river, with its source located deep in the hinterland of Bosnia 

and Herzegovina, and the last 22 km of its course are in Croatia, where it flows into the 

Adriatic Sea. It is well-known for its delta, a significant wetland area that also supports 

agriculture and is vital for local fisheries. 

Bojana (in Montenegrin) or Buna (in Albanian) is a 41 km long river that forms a natural 

border between the two countries, flowing out of Lake Skadar and emptying into the 

Adriatic Sea. The river carries the waters of a large part of both countries, as one of the 

branches of the River Drin flows into it. Bojana ranks second among all tributaries to 

the Adriatic Sea, just after the Po River, with an average annual discharge of 1,540 m³/s. 

Alfeios River, the main river of the Peloponnese in Greece, is about 113 km long and 

flows into the Ionian Sea near Pyrgos. Today, it differs significantly from its historical 

form due to damming, embankments, water diversion, gravel mining, and pollution 

from wastewater, fertilisers, and pesticides. 
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2 PILOT RIVER 1: RENO 

 
2.1 Description of river features 

 

2.1.1 Environmental features 
 

The Reno is one of Italy's most important rivers, stretching 210 kilometres. It is 

situated in Northern Italy. It originates in Tuscany, in the locality of Prunetta (a hamlet 

of San Marcello Piteglio in the province of Pistoia) and flows into the Adriatic Sea south- 

east of the Valli di Comacchio (which it borders to the south and connects with in the 

last stretch via reclamation canals), near the Torre di Bellocchio. It features a wide 

estuary mouth, with a course approximately 120 m wide that runs in a S-N direction 

over the last 2 km, separated from the sea by a sandy coastal strip (Figure 1). As the 

main river of the Emilia-Romagna region after the Po River and the sixth largest 

nationally by basin size, it covers a catchment area of 5,965 km². It drains both 

mountains and plains, receiving many tributaries from the Apennines and artificial 

channels crossing the plains. Its network includes eight major rivers, 12 secondary 

rivers, and 600 torrents (Meli and Romagnoli, 2022; Pavanelli et al., 2019). The 

hydrographic basin, spanning 4,628 km², develops mainly between the right tributaries 

from the nearby Panaro to the west and the artificial bend near Sant'Agostino to the 

east. It traverses the provinces of Pistoia, Prato, Florence, Bologna (almost the entire 

province), Modena, Ferrara, and Ravenna. The river is named Reno in the province of 

Pistoia at 745 m above sea level, where the two branches of the Reno di Prunetta (about 

4 km long, originating at an altitude of 1,045 m between Poggi Piaggette and Castello 

in the Le Lari massif, within the municipality of San Marcello Piteglio, which is 

considered the true source branch) and the Reno di Campolungo meet at Le Piastre (at 

the Poggiolo pass, in the municipality of Pistoia). In the mountain section, from Pracchia 

(a mountain hamlet in Pistoia) to Ponte della Venturina (a hamlet in Alto Reno Terme), 

where it marks the border between Emilia-Romagna and Tuscany, the river crosses a 

wild, heavily wooded gorge rich in water year-round, over a distance of more than 14 

km. 

Main Reno river features: 

Length: 210 km 

Elevation drop: several hundred km to 0 m at mouth. 

Catchment area: 4,628 km² 

Major towns along the river: Sasso Marconi, Casalecchio di Reno, Bologna, Cento, 

Argenta, Comacchio. 

Main left tributaries: Silla, Samoggia. 
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Main right tributaries: Right: Limentra di Sambuca, Limentra orientale, Setta, Idice, 

Sillaro, Santerno, Senio. 

Mouth: Adriatic Sea, near Casal Borsetti, SE of Valli di Comacchio (Italy). 
 

Figure 2.1. Map of the Reno River. The red line identifies the Reno River sub-basin. 

 

From a geomorphological perspective, it is crucial to observe that the initial stretch of 

approximately 10 km, from the sources to Pracchia, distinctly differs from the second 

intermountain segment of about 15 km, running from Pracchia to Ponte della 

Venturina, owing to the markedly different appearance of the basin: the first segment 

features gentle humps and is geologically quite stable, while the second is harsh, wild, 

steep, prone to landslides, yet still densely wooded (notably, the Reno Valley is the 

woodland area with the highest percentage of woods in the entire Northern 

Apennines). This discrepancy appears to result from a capture phenomenon (regressive 

erosion of the slopes) that took place in remote geological times, whereby the Reno, 

originally sourcing near the Setteponti di Pracchia, from the confluence of the Orsigna 

and the Forra di Faldo (which flows perennial from Mount Pidocchina over about 4 km 

and should be regarded as the largest, almost torrent-like, among the roughly 600 

gorges and streams leading into the Reno mountain basin), gradually retreated its 

basin, "capturing" the upper basin of the Ombrone Pistoiese, which also encompasses 

the Maresca-Bardalone basin. Consequently, just after leaving the gorge at Ponte della 

Venturina, the Reno maintains an average gradient of 0.8% until Vergato (which halves 

in the subsequent stretch to Sasso Marconi) and receives, sequentially: from the right, 

the Limentra di Sambuca; from the left, the Rio Maggiore at Porretta Terme; and shortly 

after, the Silla river, descending from Corno alle Scale, its largest left tributary. At Riola 

di Vergato, after passing the famous church of Santa Maria Assunta, designed by the 
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renowned Finnish architect Alvar Aalto (1898-1976), and after receiving the modest 

inflow of the Marano torrent from the left, it then takes in the significant contribution 

from the eastern Limentra torrent, which ranks as the second tributary in length, 

average flow, and basin size within the mountain stretch. At Vergato, from the left, it 

also receives the smaller Vergatello torrent and its tributary, Àneva. Subsequently, from 

the left, it receives the Rio Groara, the Venola torrent, and the Rio del Piantone at 

Marzabotto. At Sasso Marconi, from the right, it accepts the Rio Molinello, and in a 

broad gravel field nearly 1 km wide, it receives the largest mountain tributary: the Setta, 

along with its tributaries Gambellato, Brasimone, and Sambro. The mountain section of 

the Reno River is conventionally regarded as ending at Chiusa di Casalecchio di Reno, 

approximately 60 metres above sea level. Downstream from this point, however, the 

Reno’s course has changed multiple times over recent centuries (partly due to human 

intervention), as well as in earlier historical periods, at times becoming a tributary of 

the Po (alone or alongside the Panaro), flowing into the sea, or ending in marshes near 

Ferrara, until it became, as it is now and has been since the mid-18th century, the 

primary collector of the Cispadane plain flowing into the sea. 

Among the tributaries of the Reno, the only two streams that pass through 

Bologna also merit mention, both of which originate from small (perennial) springs on 

the hills above the city: Ravone (with a course of about 12 km), which flows outside the 

historic centre, mainly with a buried and canalised riverbed in the urbanised area and 

ends near Trebbo di Reno, flowing into the river from the right; Aposa, also known in 

ancient times as Avesa (a 10 km long course, with its source near Roncrio), which is the 

true "river of the city", passing through the oldest part of the historic centre (it laps the 

Two Towers, near which the ancient Roman Via Emilia - now buried - crosses it with an 

underground bridge of fine craftsmanship) and flows into the complex system of 

underground canals in the centre of Bologna, mixing its waters with those of the Savena 

and the Reno. Both streams are prone to significant flooding, especially the Aposa, 

which collects a considerable share of the city's rainwater. After thorough reclamation 

and restoration of its riverbed towards the end of the 20th century, the Aposa can also 

be easily visited in its underground course through a considerable part of Bologna’s 

historic centre. 

In the plain stretch, the Reno receives from the left, just upstream of Cento, only 

the Samoggia (with its tributary Lavino). Meanwhile, the largest tributaries come from 

the four longest tributaries, all from the right, in order: the Idice torrent (its largest 

tributary by basin size), with its tributaries Zena, Savena, and Quaderna; the Sillaro 

torrent (which flows into the Reno almost simultaneously with the Idice), with its 

tributaries Sabbioso and Sellustra; the Santerno river (its longest and with the greatest 

average flow at the confluence), with its tributaries Diaterna and Sanguinario; and 

finally, the Senio river with its tributary Sintria. In the plain, it also receives the direct 

and indirect tributaries of numerous reclamation canals from the Bologna and Ravenna 

plains, partly through the Navile canal (which flows into it at Passo Segni) and the 
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Savena canal (which flows in at Gandazzolo), not forgetting the Riolo canal, the Lorgana 

canal, and the Botte canal. 

 

2.1.2 Ecological characteristics 

 

In the Reno River sub-basin, there are 27 underground water bodies, 10 river 

water bodies, and 1 lake water body intended for drinking water production. The Po 

River Basin Authority, based on data collected during the 2014–2019 six-year period, 

defined the status of the Reno River in 2021 using three descriptors: ecological 

status/potential, chemical status, and environmental status (ADBPO, 2022). The 

ecological status/potential, assessed on a five-class scale from bad to high, is mostly 

rated as sufficient and good along the upper stretch of the river and in two other 

segments with more natural characteristics. The chemical status is good throughout 

the entire course of the Reno River. The environmental status mirrors the trend of the 

ecological one, generally not being good, except in the upper stretch and the two 

more natural segments, where it is rated as good or high. 

In the Reno River sub-basin, there are 50 sites designated within the Natura 2000 

Network (Table 2.1), including 21 ZSC (Special Conservation Areas), 5 ZPS (Special 

Protection Areas), and 24 ZSC-ZPS, which highlight priority habitats and species for 

conservation (Figure 2.2). The sub-basin does not contain a National Park, but it does 

include eight Regional Parks, all situated in the Emilia-Romagna Region (Table 2.2). 

Other Protected Areas consist of Regional Reserves, three in the Emilia-Romagna 

Region and one in Tuscany, with specific regulations that prohibit or restrict activities 

such as construction, intensive agriculture, or resource extraction to preserve the 

habitats (Table 2.3). 

 

Table 2.1. Nature 2000 sites located within the Reno River sub-basin (excluding sites 

with a surface area less than 2%). ZSC = Special Conservation Areas; ZPS = Special 

Protection Areas. 
 

 

 

Type 

 

 

Code 

 

 

Name 

 

Biogeographic 

region 

 

 

Region 

 

Sup total 

(kmq) 

% in the 

sub-basin 

of the 

Reno River 

ZSC IT4050003 Monte Sole Continental 
Emilia- 

Romagna 
64.8 100.0 

 

ZSC 

 

IT4050004 
Bosco della 

Frattona 

 

Continental 
Emilia- 

Romagna 

 

3.9 

 

100.0 
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ZSC 

 

IT4050011 
Media Valle del 

Sillaro 

 

Continental 
Emilia- 

Romagna 

 

11.1 

 

100.0 

 

ZSC 

 

IT4050015 
La Martina, 

Monte Gurlano 

 

Continental 
Emilia- 

Romagna 

 

11.1 

 

100.0 

ZSC IT4050016 
Abbazia di 

Monteveglio 
Continental 

Emilia- 

Romagna 
8.8 100.0 

 

ZSC 

 

IT4050018 

Golena San 

Vitale e Golena 

del Lippo 

 

Continental 
Emilia- 

Romagna 

 

0.7 

 

100.0 

 

 

 

ZSC 

 

 

 

IT4050027 

Gessi di 

Monte 

Rocca, 

Monte 

Capra e 

Tizzano 

 

 

 

Continental 

 

 

Emilia- 

Romagna 

 

 

 

2.3 

 

 

 

100.0 

 

 

ZSC 

 

 

IT4050028 

Grotte e 

Sorgenti 

pietrificanti di 

Labante 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

0.0 

 

 

100.0 

ZSC IT4070017 Alto Senio Continental 
Emilia- 

Romagna 
10.1 100.0 

 

ZSC 

 

IT4070024 
Podere 

Pantaleone 

 

Continental 
Emilia- 

Romagna 

 

0.1 

 

100.0 

 

 

ZSC 

 

 

IT4050020 

Laghi di 

Suviana 

e 

Brasimo 

ne 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

19.0 

 

 

99.9 

 

ZSC 

 

IT4060009 

Bosco di 

Sant’Agostino o 

Panfilia 

 

Continental 
Emilia- 

Romagna 

 

1.9 

 

99.6 

 

 

ZSC 

 

 

IT4070025 

Calanchi 

pliocenici 

dell'Appen 

nino 

faentino 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

11.0 

 

 

70.3 
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ZSC 

 

 

IT4070016 

Alta Valle 

del 

Torrente 

Sintria 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

11.7 

 

 

49.9 

 

 

ZSC 

 

 

IT5140001 

Passo della 

Raticosa, Sassi 

di San Zanobi 

e della 

Mantesca 

 

 

Continental 

 

 

Tuscany 

 

 

22.1 

 

 

100.0 

 

ZSC 

 

IT5140002 

Sasso di 

Castro e 

Monte Beni 

 

Continental 

 

Tuscany 
 

8.1 

 

100.0 

ZSC IT5140003 
Conca di 

Firenzuola 
Continental Tuscany 23.4 100.0 

ZSC IT5130009 
Tre Limentre - 

Reno 
Continental Tuscany 93.6 93.0 

ZSC IT5140004 
Giogo - Colla di 

Casaglia 
Continental Tuscany 61.1 91.9 

ZSC IT5150003 
Appennino 

pratese 
Continental Tuscany 41.9 39.1 

 

 

ZSC 

 

 

IT5130006 

Monte 

Spigolino - 

Monte 

Gennaio 

 

 

Continental 

 

 

Tuscany 

 

 

4.9 

 

 

9.7 

 

 

ZPS 

 

 

IT4050026 

Bacini ex- 

zuccherificio 

di Argelato e 

Golena del 

Fiume Reno 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

3.1 

 

 

100.0 

 

ZPS 

 

IT4050030 

Cassa di 

espansione 

Dosolo 

 

Continental 
Emilia- 

Romagna 

 

0.6 

 

100.0 

 

ZPS 

 

IT4070019 
Bacini di 

Conselice 

 

Continental 
Emilia- 

Romagna 

 

0.2 

 

100.0 

 

ZPS 

 

IT4070023 
Bacini di Massa 

Lombarda 

 

Continental 
Emilia- 

Romagna 

 

0.4 

 

100.0 
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ZPS 

 

IT4060017 

Po di 

Primaro e 

Bacini di 

Traghetto 

 

Continental 

 

Emilia- 

Romagna 

 

 

14.3 

 

 

18.2 

 

 

ZSC- 

ZPS 

 

 

IT4050001 

Gessi 

Bolognesi, 

Calanchi 

dell'Abbadess 

a 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

43.0 

 

 

100.0 

ZSC- 

ZPS 

 

IT4050012 
Contrafforte 

Pliocenico 

 

Continental 
Emilia- 

Romagna 

 

26.3 

 

100.0 

ZSC- 

ZPS 
IT4050013 Monte Vigese Continental 

Emilia- 

Romagna 
6.2 100.0 

 

ZSC- 

ZPS 

 

 

IT4050014 

Monte 

Radicchio, 

Rupe di 

Calvenzano 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

13.8 

 

 

100.0 

 

 

ZSC- 

ZPS 

 

 

IT4050023 

Biotopi e 

Ripristini 

ambientali 

di Budrio 

e 

Minerbio 

 

 

Continental 

 

 

Emilia- 

Romagna 

 

 

 

8.7 

 

 

 

100.0 

ZSC- 

ZPS 

 

IT4050029 

Boschi di San 

Luca e Destra 

Reno 

 

Continental 
Emilia- 

Romagna 

 

19.5 

 

100.0 

ZSC- 

ZPS 

 

IT4050032 

Monte dei 

Cucchi, Pian 

di Balestra 

 

Continental 
Emilia- 

Romagna 

 

24.5 

 

100.0 

 

 

ZSC- 

ZPS 

 

 

 

IT4070027 

Bacino 

dell’ex- 

fornace di 

Cotignola e 

Fiume 

Senio 

 

 

 

Continental 

 

 

Emilia- 

Romagna 

 

 

 

0.2 

 

 

 

100.0 

ZSC- 

ZPS 

 

IT4050022 

Biotopi e 

Ripristini 

ambientali 

di 

 

Continental 

 

Emilia- 

Romagna 

 

40.2 

 

100.0 
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  Medicina e 

Molinella 

    

ZSC- 

ZPS 

 

IT4060001 

 

Valli di Argenta 

 

Continental 
Emilia- 

Romagna 

 

29.0 

 

99.9 

 

 

 

ZSC- 

ZPS 

 

 

 

 

IT4050024 

Biotopi e 

Ripristini 

ambientali di 

Bentivoglio, S. 

Pietro in 

Casale, 

Malalbergo e 

Baricella 

 

 

 

 

Continental 

 

 

 

Emilia- 

Romagna 

 

 

 

 

32.0 

 

 

 

 

99.7 

ZSC- 

ZPS 
IT4070002 Bardello Continental 

Emilia- 

Romagna 
1.0 98.9 

ZSC- 

ZPS 

 

IT4070021 

Biotopi di 

Alfonsine e 

Fiume Reno 

 

Continental 
Emilia- 

Romagna 

 

4.7 

 

98.7 

ZSC- 

ZPS 

 

IT4070011 
Vena del Gesso 

Romagnola 

 

Continental 
Emilia- 

Romagna 

 

55.4 

 

89.9 

ZSC- 

ZPS 

 

IT4050002 
Corno alle 

Scale 

 

Continental 
Emilia- 

Romagna 

 

45.8 

 

59.8 

 

 

ZSC- 

ZPS 

 

 

IT4070001 

Punte 

Alberete, 

Valle 

Mandrio 

le 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

9.7 

 

 

43.8 

 

 

ZSC- 

ZPS 

 

 

 

IT4070005 

Pineta di 

Casalborset 

ti, Pineta 

Staggioni, 

Duna di 

Porto 

Corsini 

 

 

 

Continental 

 

 

 

Emilia- 

Romagna 

 

 

 

5.8 

 

 

 

33.9 

 

 

ZSC- 

ZPS 

 

 

IT4050031 

Cassa di 

espansione 

del 

Torrente 

Samoggia 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

1.4 

 

 

26.2 
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ZSC- 

ZPS 

 

IT4070003 

Pineta di San 

Vitale, Bassa 

del Pirottolo 

 

Continental 
Emilia- 

Romagna 

 

12.2 

 

16.4 

 

ZSC- 

ZPS 

 

 

IT4070004 

Pialasse 

Baiona, 

Risega e 

Pontazzo 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

15.9 

 

 

15.5 

 

 

 

ZSC- 

ZPS 

 

 

 

IT4060003 

Vene di 

Bellocchio, 

Sacca di 

Bellocchio, 

Foce del 

Fiume Reno, 

Pineta di 

Bellocchio 

 

 

 

Continental 

 

 

 

Emilia- 

Romagna 

 

 

 

 

22.4 

 

 

 

 

12.5 

 

ZSC- 

ZPS 

 

 

IT4060016 

Fiume Po da 

Stellata a 

Mesola e 

Cavo 

Napoleonico 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

31.4 

 

 

7.9 

 

ZSC- 

ZPS 

 

 

IT4040003 

Sassi di 

Roccamalatina 

e di 

Sant’Andrea 

 

 

Continental 

 

Emilia- 

Romagna 

 

 

12.0 

 

 

6.8 

ZSC- 

ZPS 

 

IT4060002 
Valli di 

Comacchio 

 

Continental 
Emilia- 

Romagna 

 

167.7 

 

2.0 

 

Table 2.2. Regional Parks located within the Reno River sub-basin (excluding parks with 

surface areas less than 2% of the entire sub-basin). 
 

Region Type of 

area 

protected 

Name Entity 

manager 

Sup 

total 

(kmq) 

% in the 

Reno 

River sub- 

basin 

Emilia- 

Romagna 

Regional Park Parco regionale 

Abbazia di 

Monteveglio 

n.d. 8.8 100.0 

Emilia- 

Romagna 

Regional Park Parco regionale 

Corno alle Scale 

n.d. 47.0 58.4 



23 | P a g e 

 

 

 

 

 

 

 

Emilia- 

Romagna 

Regional Park Parco regionale 

Delta del Po 

n.d. 552.5 12.2 

Emilia- 

Romagna 

Regional Park Parco regionale 

Gessi Bolognesi 

e Calanchi 

dell'Abbadessa 

n.d. 48.0 100.0 

Emilia- 

Romagna 

Regional Park Parco regionale 

Laghi Suviana e 

Brasimone 

n.d. 37.2 99.9 

Emilia- 

Romagna 

Regional Park Parco regionale 

storico Monte 

Sole 

n.d. 62.7 100.0 

Emilia- 

Romagna 

Regional Park Parco regionale 

Sassi di 

Roccamalatina 

n.d. 23.0 21.8 

Emilia- 

Romagna 

Regional Park Parco regionale 

Vena del Gesso 

Romagnola 

n.d. 60.6 90.7 

 

Table 2.3. Regional reserves located within the Reno River sub-basin (excluding areas 

protected with a surface cover of less than 2% of the entire sub-basin). 
 

 

Region 

Type of 

area 

protected 

 

Name 
Entity 

manager 

Sup 

total 

(kmq) 

% in the 

Reno River 

sub-basin 

Emilia- 

Romagna Regional Reserve 
Riserva naturale 

speciale Alfonsine n.d. 0.1 100.0 

Emilia- 

Romagna 

Regional Reserve Riserva naturale 

orientata Bosco 

della Frattona 

 

n.d. 

 

0.2 

 

100.0 

 

Emilia- 

Romagna 

Regional Reserve 
Riserva naturale 

generale 

Contrafforte 

Pliocenico 

 

 

n.d. 

 

 

7.9 

 

 

100.0 

Toscana 
Regional Reserve 

Riserva regionale 

Acquerino-Cantagallo n.d. 18.6 29.0 
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The Reno River and its surrounding wetlands offer habitats for a variety of bird 

species and other wildlife, making them a valuable area for birdwatching and wildlife 

observation. They provide various ecosystem services, including water storage, water 

purification, and habitat for many species. However, climate change, with its effects on 

temperature and precipitation patterns, has been shown to influence its discharge and 

sediment yield. 
 

Figure 2.2. Map of the Natura 2000 Network (green areas) in the Reno river basin. 

 

The mouth of the Reno River holds particular ecological importance, comprising 

coastal wetlands, dunes, and beaches that are vital for migratory birds and coastal 

species. The value of these wetlands along the Reno River is recognized through the 

designation of Ramsar sites, which play an essential role in supporting the river's 

biodiversity and riparian ecosystem. It is an area of significant natural and 

environmental worth. The vegetation is typical of coastal regions and wetlands, 

featuring reeds of Phragmites australis (common reeds), willows, tamarisks, and other 

plants adapted to saline and humid conditions. These plants create an ideal habitat for 

many bird and animal species and are fundamental in maintaining the ecological 

balance of the area. The vegetation varies across the region, ranging from more open 

terrains to wooded and reedy areas. The fauna within this reserve is very rich and 

diverse, serving as a stopover and nesting site for numerous migratory and resident 

birds. The reserve is also home to a variety of fish, including eels and other brackish 

and freshwater species, as well as insects such as dragonflies and butterflies that 

flourish in the wetlands. This reserve is a vital habitat for many species and plays a 

crucial role in conserving the biodiversity of coastal and river ecosystems. 
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At the local level, it is worth mentioning the Reno River Park that stretches along 

the river, crossing numerous villages, and safeguarding the banks, wetlands, and 

resting spots for many bird and plant species. It serves as a vital habitat for river and 

riparian biodiversity. In the Park, you can find a variety of plants typical of wetlands and 

riverbanks, including willows, tamarisks, reeds, and other species adapted to brackish 

and humid conditions. These plants play a key role in maintaining ecological balance, 

protecting the banks from erosion, and providing habitats for various animal species. 

The vegetation varies depending on the area, ranging from more wooded zones to 

reed beds and open areas of tall grass. It is an essential resting and nesting site for 

numerous migratory and resident birds. Among the most common species are herons 

and egrets, which find refuge among the reeds, with seasonal appearances of 

flamingos, along with storks, kingfishers, night herons, and waterfowl. Besides birds, 

the reserve also hosts fish such as eels and other brackish and freshwater species, as 

well as insects like dragonflies and butterflies that thrive in the wetlands, and small 

mammals such as water rats and moles. 

 

2.1.3 Socioeconomic context 

 

The Reno River has a history that dates back to ancient times. It was an essential 

waterway for trade and transport during the Roman period. The Reno was used to 

move goods and people, due to its significance as a route for communication and 

trade. Over the centuries, communities along the river have developed agricultural, 

industrial, and navigational activities, utilizing its waters to irrigate fields, power mills, 

and support transport. Therefore, it can be said that the exploitation of the Reno in 

Emilia began in ancient times and grew over time as human activities expanded and 

infrastructure along its course developed. 

In 43 BC, on a small island in the Reno near the Roman colony of Bononia, the 

founding pact of the Second Triumvirate was signed. In the town of Sacerno, located 

14 km northwest of Bononia (now a hamlet of Calderara di Reno), a stone column was 

erected in the 18th century to commemorate the event. During the Early Middle Ages, 

the Reno was a tributary of the Po, sometimes flowing alongside the Panaro. In the Late 

Middle Ages, a series of catastrophic floods caused the Ferrara countryside to become 

marshy on several occasions. In 1457, following a disastrous breach at the Bisana di 

Castello d'Argile, the river infiltrated between the towns of Cento and Pieve di Cento, 

cutting off road links. In 1522, the river's course was extended up to the area of Ferrara 

(Porotto hamlet). The people of Bologna took advantage of this, as their lands were no 

longer flooded. Conversely, the people of Ferrara suffered severe damage. In 1604, the 

river was permanently separated from the Po; its course was diverted towards the 

ancient border between Ferrara and Bologna, at Torre Verga and Torre dell'Uccellino 

(as shown on contemporary maps), and routed through the valleys of San Martino. The 

Reno then became the primary tributary of the Padusa Valley. 
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In the 18th century, during the pontificate of Benedict XIV (the Bolognese 

Cardinal Prospero Lambertini, 1740-1758), works were undertaken that led to a 

fundamental change in the hydraulic system: the river was diverted again and fed into 

a newly constructed artificial canal. The canal, known as Cavo Benedettino, starts near 

Sant'Agostino and flows for 30 kilometres eastward, reaching Argenta. The Reno, now 

fully embanked, no longer flooded the Ferrara plain. However, Ferrara lost its outlet to 

the sea; at Argenta (in the Traghetto area), the river was fed into the bed of the dead 

Po of Primaro. In its final 40 km, the Reno runs in the bed of the ancient river, ultimately 

entering the Adriatic Sea. In the second half of the 18th century, the Canale Navile di 

Bologna and the Idice torrent were channelled into the Reno. Finally, in 1782, the course 

of the river from Bastia to Madonna del Bosco (12.5 km) was straightened (Drizzagno 

di Longastrino) to protect the villages of Filo and Longastrino from flooding. With the 

same purpose, the stretch alongside the village of Argenta was also straightened. In 

1849, the first wooden bridge was built at Bastia, spanning the river at that location. It 

was replaced in 1912 by a reinforced concrete bridge. Destroyed by bombing during 

the Second World War, it was later rebuilt with some modifications. During the war, the 

Reno River became a strategic frontline during the Battle of the Senio, a key phase of 

the Allied offensive to free northern Italy from German occupation. The course of the 

Reno today exhibits a characteristic pattern: it first flows from the south (the Apennines) 

to the north (the Po Valley). Then, after a sharp bend near Sant'Agostino, it travels 

sharply from west to east, until the last stretch of about 1 km, where it bends sharply 

northwards after skirting the Valli di Comacchio. 

The Reno River catchment exemplifies the environmental and human-induced 

changes that have taken place in the central and northern Apennines of Italy. Human 

activity, from Etruscan and Roman times to the present, has significantly influenced the 

hydrology and landscape of this region. Agriculture exploited natural resources, and 

forests were heavily deforested for grazing and energy needs, nearly until the Second 

World War. Up to that point, the area had an average population density of 85 

inhabitants per square kilometre, primarily engaged in agroforestry and pastoral 

pursuits. Today, the density has fallen to nearly 25 inhabitants per square kilometre 

(Pavanelli and Capra, 2014). The river winds through scenic landscapes, including lush 

valleys, quaint villages, and productive farmland. Along the Reno River, there are 

historic towns and villages. The surrounding countryside attracts nature lovers, hikers, 

and outdoor enthusiasts. Cycle paths and trails follow the course of the river. 

The Reno River is also a popular fishing spot. With the development of 124 km 

of embankments—some of the tallest and most impressive in the Po Valley—the 

hydraulic system of the Reno has been modified. It was once a right tributary of the Po, 

but it has now been transformed into a watercourse with its own independent basin. 

Its waters are diverted into artificial canals, such as the Reno Scolmatore (Cavo 

Napoleonico), the Reno Canal, and the Savena Canal. The latter, drawing water from 

the Reno (at the Chiusa di Casalecchio) and the Savena (at the Chiusa di San Ruffillo), 

returns them to the Reno in its plain section. Even in the mountain region, many 
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canals—used until recently for local industries—still exist. For example, the paper mills 

at Maglio (in Borgonuovo di Sasso Marconi), which are served by the Pila canal, and 

that of Marzabotto, in the hamlet of Lama di Reno. These artificial canals, which first 

take water from the river and then return it after a few kilometres, remain active and 

are planned for hydroelectric use, as seen with the Pila canal, where the former turbine 

hydroelectric power plant of the Maglio paper mill was entirely rebuilt in winter 2012- 

2013 by Geo Energy s.r.l. of Padua. 

The Reno is a watercourse extensively used for various purposes (drinking, 

irrigation, industrial, etc.) and serves as a vital water resource for the densely populated 

and industrialised areas it traverses. About 8 km from the mouth, in the locality of Volta 

Scirocco, the Reno is obstructed by a dam over 120 metres long (Figure 2.3), which 

aims to create a freshwater reservoir upstream with a free surface level of roughly 150 

cm above mean sea level, preventing the rising tidal water from reaching it, so that the 

Ravenna aqueduct can draw from this reservoir. Although downstream of Argenta the 

size of the riverbed and flow rate could support navigation, even with vessels of modest 

size, the river, apart from a few ferries (for instance, the one at Sant'Alberto), is not 

utilised for this purpose; not even the large estuary, owing to its distance from 

inhabited centres or industrial settlements. 
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Figure 2.3. Map and photography of the Volta Scirocco dam on the Reno River near the river mouth. 
 

2.2 Sources of pollution 

 

2.2.1 Local factors influencing litter 

 

Many local factors can influence the dispersion and generation of litter within 

the Reno River sub-basin. The most common pressures on river water bodies are those 

resulting from punctual events, including urban discharges, flood spillways, industrial 

plants, landfills, and aquaculture facilities. Diffuse pressures are associated with the 

washing away of urban surfaces, agriculture, transport, and discharges not connected 

to the sewer system. Hydromorphological alterations of various types also hold some 

significance. 

This watercourse has experienced significant human alterations throughout its 

history (see paragraph 2.1.3), as well as within the surrounding landscape, which is 

mainly characterised by agricultural land use, with 63% of the area dedicated to 

farming. About 601 km² of the sub-basin, which makes up 12.2% of its total surface, is 

designated as a Nitrate Vulnerable Zone under regulations related to pollution from 

farming and livestock. The urban fabric, both continuous and scattered, covers roughly 

3% of the Reno River sub-basin and includes 82 municipalities. Overall, these areas 

show a relatively low population density in the southern part of the sub-basin, which 
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gradually rises moving north and east, towards Bologna and the Ferrara plain. Within 

the Reno River sub-basin, there are 123 river water bodies, of which 81 are natural, 20 

are man-made—covering a total length of 1,064 km—and 22 are heavily modified. 

More than half of these water bodies have been altered by human activity, directly 

affecting their morphology and hydrology, which in turn changes the dynamics and 

flow patterns of the rivers impacted by these modifications. This can also influence the 

spread of litter. 

In addition to these structural elements, there is also a vulnerability stemming 

from extreme weather events, which in the past two years have caused floods and 

emergencies that have also affected waste management. 

 

2.2.2 Sources of pollution, especially of plastic litter 

 

Based on the available information (ADBPO, 2022; Arcangeli et al., 2024; Dodaro 

et al., 2023; Ferronato et al., 2013; Schirinzi et al., 2020), it is possible to identify a range 

of pressures that may contribute to litter inputs, both indirectly (through tributaries or 

artificial water bodies connected to the Reno River system) and directly (from sources 

located along the Reno River itself). Among indirect sources, the main potential 

contributors to litter input include: flood spillways, industrial facilities, landfills, surface 

runoff from urban areas, transport-related activities, and untreated discharges not 

connected to the sewer network. 

Monitoring results of floating macrolitter collected at the mouth of the Reno 

River under the Marine Strategy Framework Directive (2022–2023) show that 92.2% of 

the items recorded were plastic, mostly single-use. These findings align with previous 

studies, especially those carried out under the RIMMEL project (González-Fernández 

and Hanke, 2017). For 74.3% of the items, the source activity could not be identified. 

However, 15.9% of the litter was related to food uses, 6.1% to agricultural activities, 

and plastic fishing gear was only seen during spring, making up about 1% of the total 

items recorded across the year (Arcangeli et al., 2024). An important finding from this 

assessment is that the summer season alone contributed over 40% of the annual litter 

load in the Reno River. This is probably due to increased tourist numbers and 

recreational use during that time. Other potential sources of litter include urban 

discharges and combined sewer overflows (Po River Basin Authority, 2021). 

The only data on macrolitter on the riverbanks come from the citizen science 

monitoring conducted by the Association for Social Promotion (ASP) Legambiente in 

April 2022 in Casalecchio (Fortibuoni et al., 2025). The density of river litter recorded 

was 294 items/100 m (0.12 items/m2). The most common items found were, in 

decreasing order: plastic pieces 2.5 cm > < 50 cm; crisps packets/sweets wrappers; 

shopping bags incl. pieces; small plastic bags, e.g. freezer bags incl. pieces; and drink 

plastic bottles > 0.5 l. 
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During the initial visual survey conducted as part of the TETHYS4ADRION project 

in June 2025, the amount of macrolitter along the riverbank (on riparian vegetation on 

top of the water) was assessed directly from the river using an inflatable paddlecraft 

and a mobile recording app (Figure 4). The surveyed river section—our transect—was 

7 kilometres long, extending from the dock area of the small river ferry crossing 

(Traghetto Sant'Alberto) to a point approximately 300 metres before the river dam- 

weir (Volta Scirocco), which is located 5 kilometres from the river mouth. On the right- 

hand riverbank, the linear litter density was 2.25 items (larger than 2.5 cm) per 100 

meters. Of these items, 87% were plastic and 3.8% were glass (mainly bottles). Among 

the plastic items, 32% were classified as single-use plastics, while 38% were plastic 

fragments. Particularly, the majority of both plastic and glass containers were found in 

the second half of the transect. 

These initial data indicate that the primary direct sources of litter in the Reno 

River are associated with the agricultural sector, recreational use, the food industry, 

and, to a lesser degree, the fisheries sector. 
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Figure 2.4. Photographs taken during the first visual survey conducted in May 2025 on the 

Reno River. 
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2.3 Accumulation and retention of litter 

 

2.3.1 Factors influencing accumulation and retention 

 

The retention of litter along river systems is heavily influenced by the river's 

morphological (i.e., river bars and exposed sections of the riverbed) and hydrological 

characteristics, the structure and extent of riparian vegetation, human interventions 

related to river management, and by the presence of hydraulic and anthropogenic 

infrastructures along the river course (like bridges, Figure 2.5). 
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Figure 2.5. Litter accumulation at bridges and on riverbanks along the Reno River. 

 

An analysis conducted by the Po River Basin Authority highlights several relevant 

pressures affecting the Reno River sub-basin, including: 



34 | P a g e 

 

 

 

 

 

 

 

• Physical alterations of the river channel/bed (morphological modifications). 

• Physical alterations of the river channel/bed/riparian zone for flood protection 

purposes (morphological modifications). 

• Alterations in water levels or volume (hydrological modifications). 

• Dams, barriers, and weirs, including those used for hydropower production 

(morphological modifications). 

These interventions, implemented throughout the historical development of the sub- 

basin, are primarily linked to the anthropogenic exploitation of water resources and 

the need to protect urban areas from flooding, as previously discussed in paragraph 

2.1.3. In both cases, the modifications have either altered the river’s transport capacity 

or introduced structures that effectively impede or trap floating litter along the river 

course. 

Riparian vegetation is another critical factor influencing the river’s ability to retain litter. 

The structure, density, and continuity of riparian zones play a key role in intercepting 

floating debris and enhancing retention, particularly during periods of high flow or 

flooding. 

 

2.3.2 Identified accumulation and retention areas 

 

To identify potential accumulation and retention areas in the Reno River, especially for 

litter, we need to consider the river's hydro-morphological, geological, and 

anthropogenic features. Some possible accumulation and/or retention areas along the 

Reno River include Reno Scolmatore (Cavo Napoleonico), Chiusa di Casalecchio, Chiusa 

di San Ruffillo, and Volta Scirocco dam (Figure 3). The main sites of solid litter 

accumulation along the Reno River are in flat lowland stretches, where informal 

encampments may result in significant dumping. Retention areas of natural debris are 

generally found near barriers, river bends, or tributaries (e.g., Bosco della Panfilia, 

Limentra), where wood and sediment tend to build up, affecting water flow and quality. 
 

2.4 Impact of litter 

 

2.4.1 Effects on the ecosystem and biodiversity 

 

Litter accumulation in Reno—particularly plastic, metal, glass, and organic waste—has 

several measurable and potential impacts on the ecosystem and biodiversity. 

Microplastic ingestion in cyprinids and other benthic fish has been observed (Galafassi 

et al., 2021), a pattern likely reflected in Reno tributaries. Amphibians (e.g., Italian 
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stream frogs Rana italica) are sensitive to changes in water clarity and oxygen levels 

and may be affected by litter (Gene et al., 2025). Litter accumulation near wetlands or 

retention basins can reduce spawning success or cause deformities. Litter can impact 

macroinvertebrates (insect larvae, molluscs) by altering substrate composition, 

smothering gravel beds, and decreasing habitat quality, leading to a shift towards 

pollution-tolerant taxa (e.g., chironomids, tubificids). Waterfowl and wading birds (e.g., 

grey heron, moorhen, mallard) can become entangled in fishing lines or plastic rings. 

They may mistake small plastics for food, resulting in intestinal blockage or starvation. 

Litter physically blocks sunlight and can smother native riparian plants (e.g., Salix, 

Populus, Carex spp.), reducing germination and survival (Gallitelli et al., 2023). 

Accumulated plastic and debris may alter soil permeability and compaction, affecting 

seedbeds. The presence of urban litter can facilitate colonisation by invasive plants 

(e.g., Robinia pseudoacacia, Ailanthus altissima) by disrupting native competition and 

modifying soil nutrients. 

 

2.4.2 Other ecological risks 

 

Large litter (e.g., tires, shopping carts, metal sheets) can create physical barriers in 

channels or side arms, fragmenting aquatic habitats. Accumulated debris slows the 

flow, alters sedimentation, and causes unnatural pooling or erosion, especially near 

urban zones or wooded retention areas, such as Bosco della Panfilia. Stagnant, litter- 

clogged water can attract mosquitoes or promote the growth of pathogens (e.g., 

Leptospira), with the potential for zoonotic transfer to wildlife and humans. 
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3 PILOT RIVER 2: ISONZO/SOČA 

 

3.1 Description of river features 

 

The Soča is considered one of the most beautiful Alpine rivers, known for its 

emerald-green colour, fast flow, and exceptional biodiversity. It flows through a 

geomorphologically diverse area, influences regional ecology, and holds both historical 

and economic importance. In this deliverable, we provide a comprehensive overview 

of its natural development, course, current state, and the role of human influence on 

the river landscape. 
 

 

Figure 3.1. The Soča River in its upper course. 

 

3.1.1 Environmental features 

 

The Soča is an Alpine river approximately 138 km long. It originates in the Julian 

Alps within the Triglav National Park, below the peak of Velika Dnina (elevation 990 m), 

and flows into the Adriatic Sea (Gulf of Trieste) in Italian territory near Monfalcone (0 m 

elevation). The total catchment area is around 3,400 km² (Slovenia ~1,550 km²; Italy 

~1,849 km²). The river flows through the glacially shaped Trenta Valley (Julian Alps), 
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then across the Bovec Basin, past Kobarid (under the Napoleon Bridge), and Tolmin. It 

continues through a narrow valley to Most na Soči, flows under the Solkan Bridge, and 

then enters the Friulian Plain near Gorizia, where it reaches the sea (Bizjak et al., 2005). 

Main Soča river features: 

Length: 138 km (96 km in Slovenia, 42 km in Italy). 

Elevation drop: from 990 m to 0 m (approx. 990 m). 

Catchment area: ~3,300–3,400 km² 

Major towns along the river: Bovec, Kobarid, Tolmin, Kanal ob Soči, Nova Gorica, 

Gorizia. 

Main left tributaries: Tolminka (at Tolmin), Idrijca (at Most na Soči), Vipava (at 

Nova Gorica). 

Main right tributaries: Koritnica (at Bovec), Učja, Boka (from the Kanin massif), 

Ter and Nadiza (in Italy). 

Mouth: Gulf of Trieste, Adriatic Sea, near Monfalcone (Italy). 

The river is also known by its Italian name, Isonzo, and the surrounding region is 

referred to as the Soča Valley (Posočje), forming part of the natural and cultural border 

between Slovenia and Italy. The Soča River basin lies partially within the Julian Alps and 

partially on the karstic Friulian lowlands. Its upper course runs through a glacially 

carved valley, characterised by Alpine features: high mountains, narrow valleys, and 

gravel floodplains. Between Bovec and Tolmin, the river cut deeply into limestone 

bedrock, forming scenic gorges such as the Great and Small Soča Gorges, the Tolmin 

Gorges, and Kozjak Waterfall. As the river enters the Gorizia area, it transitions to the 

Friulian Plain, where alluvial deposits and gravel beds dominate. Geologically, the 

riverbed is a mix of Alpine glacial sediments and karstic carbonate bedrock: upstream 

of Tolmin, the river runs over fluviolacustrine deposits, while downstream it meanders 

through more consolidated limestone deposits. 

The Soča exhibits a typical Alpine torrential regime. Due to snowmelt and frequent 

rainfall, the river's flow peaks in spring (March–April) and autumn (October– 

November), while low flows occur in summer and winter. The river is regulated by 

several dams and reservoirs for hydropower, with the Solkan Reservoir (built in 1984, 

20 m deep, ~8 km long) being the most significant. 

• Source/mouth elevation: 990 m/0 m. 

• Average discharge: approx. 80–90 m³/s (ARSO Solkan: 89.8 m³/s). 
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Upper Course (Trenta – Bovec) 

In its upper course, the Soča is fed by several tributaries. Near Bovec, it is joined from 

the right by the Koritnica River, which forms an extensive alluvial fan, expanding the 

Soča’s floodplain to up to 600 meters in width. Two powerful torrents—Glujn and 

Boka—emerge from beneath Mount Kanin, with the Boka Waterfall being the most 

powerful in Slovenia, measuring 106 meters in height. This represents a unique 

geomorphological feature of the upper Soča. 

 

Middle Course (Bovec – Solkan) 

The river then makes an almost complete 360-degree bend around the Polovnik massif, 

where it is joined from the right by the Učja River, which originates in Italy. This section 

also receives numerous karst torrents from the Polovnik and Stolov mountain ranges, 

contributing to flow variability. Between Kobarid and Solkan, the Soča flows through a 

broad valley, which narrows sharply into a gorge-like formation at Most na Soči, 

indicating tectonic control over valley constriction. 

Major tributaries in this section include: 

• The Tolminka River at Tolmin. 

• The Idrijca River, along with the Bača, at Most na Soči, as well as several 

smaller torrents. 

 

Lower Course (Solkan – Italy) 

After passing Nova Gorica, the Soča enters a flysch plain and continues its flow into 

Italy. In this stretch, it is joined by: 

• The Vipava river from the left, a significant karst watercourse. 

• The combined torrents of the Ter and Nadiža Rivers from the right. 

An important hydrological phenomenon in this region is the system of Timava Springs 

(in Italy), which is predominantly fed by Soča groundwater, especially during periods 

of low water. The delta of the river (Foce dell'Isonzo in Italian) in Italy is marshy and 

surrounded by lagoons. As a habitat for many species of birds and other organisms, it 

is protected as a nature reserve, together with the last part of its course from Tržič 

onwards, under the name Isola della Cona. Although the Soča River is a popular 

summer destination for visitors due to its exceptionally clear water and striking white 

gravel beds, low water temperatures limit its suitability for swimming. During the 2014- 
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2020 bathing seasons, average and maximum recorded water temperatures at key 

locations were (ARSO, 2020): 

• Čezsoča: average 10.5 °C, maximum 13.8 °C. 

• Tolmin: average 12.0 °C, maximum 15.1 °C. 

• Kanal: average 15.3 °C, maximum 21.3 °C. 

• Solkan: average 14.3 °C, maximum 18.8 °C. 

These persistently low temperatures are primarily due to the continuous input of cold 

karst springs along the river’s course up to Solkan. In addition, the high elevation of 

the source and the shaded Alpine setting further reduce the river’s thermal gain during 

the summer months. The table below shows the distinct torrential character of the Soča 

River. The torrential character of the Soča River is clearly demonstrated by the extreme 

variability in discharge. In the upper reaches, the ratio between the maximum and 

minimum flows exceeds 150-fold, and this variability becomes even more pronounced 

downstream. At the Solkan gauging station, for example, the discharge difference 

reaches a factor of 370, underscoring the river's rapid response to precipitation events 

(ARSO, 2020). 

Table 3.1. Water metering stations on Soča river with min, max and average annual flow. 
 

Water 
metering 
station 

Minimum flow 
(m3/s) 

Maximum flow 
(m3/s) 

Average annual flow 
(m3/s) 

Kršovec 1.68 286 11.2* 

Log Čezsoški 3.29 571 23.7 

Kobarid I 4.59 778 33.4 

Solkan I 5.58 2508 91.7 

 

In the downstream section of the Soča River, a portion of the river’s flow is artificially 

channelled into two artificial canals, primarily built to support agricultural irrigation and 

hydroelectric power generation. These diversions illustrate the integration of natural 

hydrological resources into regional water management and energy production 

systems. The first canal, known as the Canale Agrocormonese, extends approximately 

7.7 km west of the Soča River. It originates at the Gorizia dam and rejoints the Soča 

River upstream of Gradišče ob Soči. This canal supports irrigation and provides water 

to several small-scale hydroelectric plants. The second canal, referred to in Italian as Il 

Canale De Dottori and locally as Canale Valentinis near Tržič, runs approximately 12 km 

east of the Soča. It begins at Zagra, traverses the areas of Sredipolje and Ronke, and 

ultimately discharges into the Gulf of Trieste at Tržič (Bizjak et. al., 2005). This canal 
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similarly facilitates irrigation and feeds eight small hydroelectric power stations, 

contributing to the region’s renewable energy system (SENG, 2020). 

Hydropower plants on the Soča River and its tributaries represent a significant part of 

the historical development of energy production in the Alpine region of western 

Slovenia (SENG, 2020). Small hydroelectric plants were constructed on the Soča’s 

tributaries even before the First World War. These plants sufficiently met the energy 

demands of surrounding areas (e.g., Idrija, Log pod Mangartom, Hubl) with limited 

capacity primarily for local communities. Following the Italian occupation, larger Italian 

companies took control over electrification efforts, limiting competition from smaller 

local entrepreneurs. 

 

Doblar Hydro Power Plant 

A 40-meter-high diversion dam was built at Podsel, creating a reservoir approximately 

5 km long, reaching nearly to the mouth of the Tolminka River (water is conveyed to 

the plant through a 3.5 km-long tunnel). 
 

Figure 3.2. Ajba Hydro Power Plant. 
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Plave Hydro Power Plant 

A concrete diversion barrier was constructed near Ajba, from which water is directed 

through a 5.6 km-long tunnel to the plant on the right bank of the Soča River 

downstream of Plave. 

Solkan Hydro Power Plant 

Solkan HPP is a classic run-of-river power plant, with the first project ideas dating back 

to 1899, but construction only started after the Osimo Agreements in 1979. Over the 

decades, many studies were carried out, including geological, geomechanical, and 

hydraulic research, as well as environmental impact assessments on the river, reservoir, 

and nearby infrastructure. Special attention was given to protecting the Mrzlek and 

Prelesje water intakes, which supply drinking water to the Brda region, and two years 

of monitoring confirmed the dam would not affect groundwater. In 1980, it was 

decided to install three identical units, each handling 60 m³/s of water flow. The plant 

is automated and remotely operated from the Soške Elektrarne control centre in Nova 

Gorica. 
 

Figure 3.3 Solkan Hydro Power plant near Nova Gorica. 

 

Following the end of the Second World War, the Doblar and Plave hydroelectric power 

plants came under the jurisdiction of Yugoslavia. For several years thereafter, they 

remained the largest and most technologically advanced hydropower facilities in 
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Slovenia, forming the backbone of the national electricity system. In the 1960s, 

preparatory work began for the construction of three additional large hydropower 

plants: Trnovo, Kobarid, and Solkan. However, due to intense public opposition— 

largely influenced by growing environmental awareness and the emergence of early 

conservation movements—plans for the upstream Trnovo and Kobarid projects were 

ultimately abandoned. Between 1971 and 1975, a smaller hydro power plant was 

constructed at the Ajba dam, designed to exploit surplus water during high-flow 

conditions. This marked a shift toward optimising existing infrastructure to maximise 

energy potential. Between 2004 and 2010, Slovenia saw the completion of its first and 

only pumped-storage hydro plant, the Avče Pumped Storage Plant, a pioneering 

project aimed at enhancing grid flexibility and energy security (installed power in all 

hydropower plants are listed below) (SENG, 2020). 

 

Table 3.2: List of hydropower plants on river Soča and its installed power. 
 

Hydro power plant 
Installed power 

(MW) 
Date of start 

Management 
authority 

Doblar 1 30 1939 SENG 

Doblar 2 40 2002 SENG 

Plave 1 15 1940 SENG 

Plave 2 20 2002 SENG 

ČHE Avče 185 2010 SENG 

Solkan 32 1984 SENG 

 

The Soča River is generally recognised for its exceptional water quality. According to 

environmental data of the Slovenian Environment Agency (ARSO), the river is classified 

in very good or good chemical and ecological condition. Specifically, the Bovec–Tolmin 

section exhibited good chemical status, as did the section near the Solkan hydro power 

plant. Ecologically, the upper reaches of the river are considered to be in very good 

condition, while the Solkan section maintains a very good to good ecological status. 

Mercury input from the Idrijca river 

One significant naturally based environmental concern is the input of mercury from the 

Idrijca River, which contributes approximately 890 kg of mercury per year to the Soča. 

This is primarily due to both the natural geochemical composition of the bedrock and 

historical mercury mining in Idrija, which spanned over 500 years (Vreča et. al., 2006). 

However, only a small fraction of this mercury is converted into methylmercury, the 

more toxic and bioavailable form that can accumulate in aquatic organisms and enter 

the human food chain. In flowing waters, the conversion rate remains relatively low. By 

contrast, lakes (such as those behind hydro power plants) create more favourable 
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conditions for methylation due to slower water movement and sediment accumulation, 

allowing mercury to persist in the aquatic environment over time (Žibert et. al., 2008). 

A large portion of the mercury load is transported by the Soča River into the Adriatic 

Sea, where it settles in sediments in the delta and on the seafloor of the Gulf of Trieste. 

Given mercury’s high molecular mass, it tends to remain immobile in sediment layers, 

resulting in limited release into the overlying water under undisturbed conditions. 

However, disturbance of the seabed—such as during construction activities (e.g., gas 

terminals), anchoring, dredging, etc.—can resuspend mercury-laden sediments, 

potentially releasing new quantities of mercury into the marine environment. Such 

events could pose serious ecological and human health risks, requiring careful 

environmental planning and monitoring. 

Hydropower and flow alteration 

Hydro power plant development, with eight small-scale plants along artificial canals 

and larger facilities like Doblar, Plave, Solkan, and Avče, has significantly modified the 

natural flow regime of the river Soča (Bizjak et. al., 2005). These constructions have 

altered discharge patterns, reduced peak flows, and increased low-flow stability, 

disrupting natural floodplains essential for species recruitment and sediment transport. 

Reservoirs and retention structures (e.g., dams, diversion tunnels) have fragmented 

river connectivity, deteriorating fish migration pathways - especially for species like the 

endemic marble trout (Salmo marmoratus)—and modifying sediment dynamics, 

channel morphology, and riparian habitat processes. 

Sediment and erosion impacts 

While gravel transport remains high in the river's torrential upper streams, dams trap 

materials, leading to sediment starvation downstream. This can cause channel 

deterioration, especially near structures, and loss of gravel habitats vital for fish 

spawning and vegetation. Artificial riverbed stabilisation via hydrotechnical structures 

further limits the river’s capacity to dynamically shape natural channels, with long-term 

implications for biodiversity. 

 

3.1.2 Ecological characteristics 

 

Due to its pristine Alpine environment and clear water, the Soča River supports 

remarkable biodiversity. Notably, it is home to the endemic marble trout (Salmo 

marmoratus), a rare and protected species of the northern Adriatic basin. Other species 

include brown trout, grayling, and various non-native species. Amphibians such as 

newts and frogs, as well as birds like the spoonbill, white stork, and white-tailed eagle, 

inhabit the riverbanks. Several protected areas preserve this ecological richness. The 
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river's source and upper reaches lie within Triglav National Park, Slovenia’s only national 

park (TNP, 2022). In the river’s delta lies the Isola della Cona Nature Reserve (Italy), 

encompassing approximately 2,338 hectares. It is part of the Natura 2000 network and 

serves as an important wetland for migratory and nesting bird species such as the 

glossy ibis and black-winged stilt (ZRSVN, 2015). 

The river is recognized as a critical conservation area under the Natura 2000 network 

and national legislation due to its endemic fauna and unique habitats. The river Soča 

is well known for its biodiversity, namely for endemic and native species such as: 

• Marble trout (Salmo marmoratus): A flagship endemic species of the Adriatic 

basin. Populations are severely threatened by hybridization with introduced 

brown trout (Salmo trutta), habitat alteration, and pollution 

• Adriatic grayling (Thymallus aeliani): Once widespread in the Soča system, it has 

largely been replaced or hybridized with the Danubian grayling (Thymallus 

thymallus). 

In rich river Soča environment, there are also other fish assemblages can be found, 

namely brown trout (native and introduced), rainbow trout (Oncorhynchus mykiss; 

stocked but infertile), bullhead (Cottus gobio), Italian barbel (Barbus plebejus), chub 

(Squalius cephalus), gudgeon (Gobio gobio), spirlin (Alburnoides bipunctatus), tench 

(Tinca tinca), and South European nase (Protochondrostoma genei). 

The river hosts diverse benthic macroinvertebrate communities such as: 

• Caddisflies (Trichoptera): Sensitive indicators of pristine water quality, forming a 

critical component of the trophic network. 

• Crayfish: The Atlantic stream crayfish (Austropotamobius pallipes) is present in 

tributaries but under threat from invasive crayfish and disease. 

• Lepidopteran species such as the Jersey tiger moth (Euplagia quadripunctaria) 

and coleopterans including stag beetles are also associated with riparian 

habitats. 

River Soča watershed offers appropriate environment for numerous other mammals 

and birds. Mammals include otter (Lutra lutra), red deer (Cervus elaphus), roe deer 

(Capreolus capreolus), chamois (Rupicapra rupicapra), and wild boar (Sus scrofa). Large 

carnivores such as the lynx (Lynx lynx) and brown bear (Ursus arctos) occasionally 

traverse the surrounding Triglav National Park. A characteristic bird resident of fast- 

flowing Soča stream are white-throated dipper (Cinclus cinclus), Common kingfisher 

(Alcedo atthis) and European bee-eater (Merops apiaster). In adition occasional 

sightings of migratory species, including greater flamingos (Phoenicopterus roseus), 

have been reported near the estuarine zone in Italian part of river. 
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3.1.3 Socioeconomic context 

 

The Goriška Statistical Region in Slovenia exhibits distinct demographic and 

socioeconomic characteristics compared to national averages, particularly in terms of 

population ageing, education levels, labour market indicators, and household income. 
 

Demographics and economy 

In 2023, the average age of the region's population was 45.6 years, exceeding the 

national average by 1.5 years. Among all Slovenian regions, only the Pomurje region 

reported a higher average (46.6 years). The proportion of the population aged 65 and 

above was 24.3%, the second highest nationwide. Of the working population residing 

in the region, 17.6% commuted to other regions, primarily (60%) to Central Slovenia. 

However, 82.4% of the employed population worked within their region of residence, 

placing Goriška second behind Central Slovenia (89.6%) in this regard. The average 

monthly net earnings amounted to EUR 1,400, ranking fifth highest across regions. The 

Goriška region contributed 5% to Slovenia’s gross domestic product (GDP). The GDP 

per capita was EUR 27,187, approximately 10% below the national average. The Goriška 

region demonstrates a stable socioeconomic environment marked by high 

employment, good educational outcomes, and demographic ageing. While economic 

productivity lags behind the national average, household income levels remain 

competitive (SURS, 2023). 

Key economic sectors (SURS, 2023): 

• Industry and manufacturing. Goriška has a strong industrial base, especially 

in metal processing, electronics, mechanical engineering, and the production of 

furniture. The city of Nova Gorica serves as an economic centre with several 

successful companies operating in high-tech and export-oriented industries. 

• Cross-border trade and services. Due to its proximity to Italy, the region 

benefits from cross-border economic cooperation. Many businesses operate in 

logistics, commerce, and services that cater to both the Slovenian and Italian markets. 

• Tourism. The region is known for its natural beauty, cultural heritage, and wine 

tourism, particularly in the Vipava Valley and Goriška Brda. Eco-tourism and outdoor 

activities like hiking, cycling, and paragliding also attract visitors. 

• Agriculture and wine production. Agriculture, especially viticulture, plays a 

vital role in the local economy. The region produces high-quality wines and other 

agricultural products, which are both consumed domestically and exported. 

• Innovation and development. Goriška is also investing in research and 

innovation, with collaborations between industry and educational institutions, 

including the University of Nova Gorica. 



47 | P a g e 

 

 

 

 

 

 

 

Cultural heritage 

The Goriška region, located in the western part of Slovenia along the border with Italy, 

is a unique cultural and historical crossroads where Slavic, Romance, and Germanic 

influences have blended for centuries. Its diverse heritage is reflected in architecture, 

language, traditions, and cuisine. Goriška boasts a rich architectural legacy, including 

medieval castles, churches, and Venetian-style buildings. One of the most prominent 

landmarks is Kromberk Castle, a Renaissance manor house near Nova Gorica, which 

now serves as a museum. Štanjel, a hilltop village, is renowned for its stone architecture 

and the work of architect Max Fabiani. Vipavski Križ, a former walled town, offers a 

glimpse into medieval urban planning. The region has numerous historic churches, 

monasteries, and pilgrimage routes. The Monastery of Kostanjevica above Nova Gorica 

is especially notable—it is the final resting place of the last members of the French 

royal family, the Bourbons (Bizjak et. al., 2005). The Sveta Gora (Holy Mountain) is a 

pilgrimage site with panoramic views and deep religious significance. Goriška was a 

central front during the First World War, particularly along the Soča (Isonzo) Front. 

Numerous memorials, cemeteries, and museums, such as the Kobarid Museum, 

commemorate this period and preserve the memory of the soldiers who fought there 

(Kobarid Museum, 2023). The region is famous for its viticulture, especially in the Vipava 

Valley and Brda areas. Indigenous wine varieties such as Zelen, Pinela, and Rebula are 

grown here. Traditional cuisine combines Mediterranean and Alpine flavours, featuring 

dishes like žlikrofi (stuffed pasta), cured meats, etc. The area is home to a rich tapestry 

of dialects and bilingual communities, with Slovenian and Italian spoken side by side. 

Folk customs, costumes, music, and dances are preserved by cultural societies and 

during local festivals, such as Šempeter Days or Cherry Festival in Brda (Bizjak et. al., 

2005). Nova Gorica and the Italian town of Gorizia form a unique cross-border urban 

area that reflects the region's complex history and cultural cooperation. In 2025, the 

two towns will jointly hold the title of European Capital of Culture, highlighting the 

importance of cross-cultural dialogue and heritage. 

 

3.2 Sources of pollution 

 

3.2.1 Local factors influencing litter 

 

The Goriška Region, located in western Slovenia along the border with Italy, has a 

diverse industrial base. Key sectors include metal processing, mechanical engineering, 

electronics, food production (notably wine and dairy), construction materials, and 

tourism-related manufacturing. The proximity to Italy and well-developed 

infrastructure contributes to strong cross-border trade and export-oriented 

production. Nova Gorica, the region’s main urban centre, plays a central role in 

economic and industrial development. Key environmental threats include air pollution 
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with particulate matter (PM10) (ARSO, 2023), especially in urban valleys, degradation 

of water resources due to municipal and agricultural discharges, and climate change- 

related risks such as droughts, heatwaves, and increasingly frequent extreme weather 

events. Areas such as the Soča Valley, Trnovsko-Banjšice Plateau, and Idrija Hills are also 

prone to natural hazards like landslides and erosion. 

Although the region has transitioned from heavy industry to more sustainable 

economic sectors, spatial challenges persist due to urban sprawl and tourism 

development. Intensive agriculture, particularly in the Vipava Valley and Goriška Brda, 

contributes to soil and water contamination through the use of phytopharmaceuticals 

and plastics. Tourist pressure, especially during the summer in the Upper Soča Valley, 

places high pressure on ecosystems and public infrastructure. An ageing population 

and youth outmigration from remote mountainous areas pose a long-term challenge 

to the sustainability of local communities (Municipality of Nova Gorica, 2023). Limited 

access to quality public services, especially in healthcare, education, and public 

transport, further increases the social vulnerability of certain parts of the region, also 

from a waste management perspective. 
 

Figure 3.4. The Solkan Bridge near Nova Gorica – the world’s largest stone arch railway bridge. 

Human impact on the Soča River 

The Soča has been significantly altered by human activity: bridges, dams, and urban 

development have modified its natural flow. The most iconic structure is the Solkan 

Bridge near Nova Gorica – the world’s largest stone arch railway bridge (85 m span), 
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part of the historical Bohinj railway line connecting the Alps with the Adriatic (Bizjak et. 

al., 2005). 

Reservoirs such as those at Solkan and Most na Soči regulate flow and sedimentation, 

but also alter habitats. In the lowlands, the riverbanks are increasingly urbanised (Nova 

Gorica, Gorizia), and flood control infrastructure have been constructed. 

Tourism and recreational pressure 

The Soča is a major tourism hotspot in Slovenia, popular for kayaking, rafting, fishing, 

and hiking. While recreation supports local economies, it also leads to: 

• Disturbance of sensitive riverine habitats. 

• Shoreline trampling and compaction of gravel riverbanks. 

• Localised pollution (e.g., litter, release of sunscreen, fuel). 
 

Figure 3.5. Kayaking on the Soča River. 

Land use and agriculture 

Irrigation canals, such as Canale Agrocormonese and Il Canale De Dottori, divert water 

for agriculture, reducing natural discharge and affecting wetlands and associated 
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protected areas. Agricultural runoff can carry nutrients and pesticides, potentially 

impacting water quality in the plain sections downstream.  

Climate change considerations 

Although projections of climate change impact are still emerging/under development, 

the Soča is likely vulnerable to climate-induced hydrological changes, including: 

• Reduced snowpack and altered melt regimes. 

• Extreme precipitation events. 

• Prolonged summer droughts increasing evapotranspiration. 

These changes may exacerbate existing flow alteration and water quality concerns, 

with long-term impacts on both ecosystem health and hydropower operations. 

 

3.2.2 Sources of pollution, especially of plastic litter 

 

Information on pollution sources and litter in the Soča River was collected using several 

approaches, including the review of national and regional reports, scientific studies, 

and municipal documents, as well as field visits along the upper, middle, and lower 

Soča. In the wider Goriška region, pollution has many sources, with litter and 

contaminants originating from anthropogenic, industrial, and agricultural activities, the 

main contributors being (SURS, 2023): 

Municipal and household waste 

Despite relatively high rates of waste separation and recycling in Slovenia, improperly 

discarded solid waste remains prevalent, particularly along transportation corridors and 

in peri-urban areas. Commonly observed litter includes polyethylene terephthalate 

(PET) bottles, aluminium cans, and cigarette filters composed of cellulose acetate. 

These materials exhibit low biodegradability and contribute to both terrestrial and 

aquatic microplastic contamination. 

Seasonal increases in tourism, particularly in natural attractions such as the Soča Valley, 

result in temporary but significant litter input. The primary waste types are single-use 

packaging and plastic food containers, frequently left in ecologically sensitive areas, 

thereby posing risks to local flora and fauna through potential ingestion and 

entanglement (ZRSVN, 2023). 
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Intensive agricultural practices contribute to point and diffuse source pollution through 

the improper disposal of agrochemical containers, plastic mulching films, and nutrient 

drift runoff. Elevated concentrations of nitrogen and phosphorus from livestock 

manure and synthetic fertilisers promote eutrophication in nearby water bodies 

(ZRSVN, 2023). Additionally, the absence of centralised wastewater treatment 

infrastructure in some rural settlements leads to direct discharge of untreated effluent, 

further degrading water quality. 

Historical industrial activities have introduced persistent pollutants into the region's 

soil and sedimentary systems. Notably, mercury contamination from historical mining 

operations in Idrija and asbestos residues from cement production facilities in Anhovo 

(Salonit Anhovo) represent long-term environmental hazards (Salonit Anhovo, 2022). 

These legacy pollutants exhibit bioaccumulative and carcinogenic properties, 

respectively, and may be mobilised into aquatic systems through erosion and 

hydrological processes. 
 

Figure 3.6. Illegal dumpsites in the Soča River basin (Ecologists without Borders, Ministry for 

natural resources and spatial planning, 2023). 
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Unauthorised dumping of construction and demolition waste and household refuse is 

frequently documented in remote and low-surveillance areas (MNVP, 2023). This 

practice results in localised soil contamination and increased risk of invasive species 

establishment due to disturbed land conditions. In recent years, NGO Ecologists 

without Borders, in cooperation with the Ministry for Natural resources and Spatial 

Planning, conducted a mapping of existing illegal dumpsites across the whole country. 

Interactive map is accessible at: 

https://www.geopedia.world/?locale=sl#T313_L3246_x1694779.6324282794_y577904 

7.771661576_s9_b362 

 

3.3 Accumulation and retention of litter 

 

3.3.1 Factors influencing accumulation and retention 

 

The accumulation and retention of waste along the Soča River is the result of a 

combination of natural river dynamics and human intervention. The key factors 

influencing this are the river's morphology, hydrology, riparian vegetation, and the 

presence of anthropogenic structures, all of which together influence the retention or 

displacement of waste along the river system (IWRS, 2023). 

The morphological characteristics of the Soča River, such as channels, torrents, and 

alternating sections, play a central role in determining where riverine litter is likely to 

accumulate. In particular, meanders and side channels act as natural traps that slow 

down the flow and allow floating waste to settle. 

The hydrological regime of the Soča River, characterised by seasonal snowmelt and 

variable rainfall patterns, causes fluctuations in flow velocity and water level. These 

fluctuations affect the transportation of litter. During high waters, especially during 

snowmelt in spring or after heavy rainfall, litter from the upper valley reaches is usually 

transported to the lower parts of the river. 

The vegetation along the Soča River increases its ability to retain litter. Overgrown 

riverbanks and forests act as physical barriers that retain floating litter, especially during 

floods. 

Human activities play an important role in waste retention. Bridges and other 

infrastructure along the Soča River can obstruct the natural flow and create conditions 

in which waste accumulates (Figure 3.7). 

https://www.geopedia.world/?locale=sl&T313_L3246_x1694779.6324282794_y5779047.771661576_s9_b362
https://www.geopedia.world/?locale=sl&T313_L3246_x1694779.6324282794_y5779047.771661576_s9_b362
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Similar to other river systems, the lower reaches of the Soča River, where the river's 

slope flattens and the flow energy decreases, are more prone to litter accumulation. 

Seasonal tourism also contributes to increased amounts of litter, especially in 

recreational areas during the summer. 

 

3.3.2 Identified accumulation and retention areas 

 

The section of the Soča River extending from its source to the synergy with the 

tributaries Idrijca River is legally designated as a protected area. Within this reach, 

activities such as gravel and sand extraction, hydrological modification, and 

construction are strictly prohibited. These protective measures maintain natural 

hydromorphological processes, ensuring the persistence of sediment deposition zones 

and floodplain retention capacity. Accumulation and retention areas on river Soča play 

critical roles in sediment transport regulation, flood attenuation, and ecosystem 

functioning. In recent years, attention has expanded beyond sediment retention to 

include litter retention—the trapping of plastics and other anthropogenic waste in 

riverine environments. 
 

 

Figure 3.7. Bridge on the river Soča acting like a waste retention object (IWRS, 2025). 
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Floating and submerged litter, particularly plastics, accumulates in zones where 

hydraulic complexity promotes deposition. These include: 

• Large woody debris jams (Figure 3.7) that trap floating waste. 

• Backwaters, eddies, and side channels, where reduced velocities promote litter 

deposition. 

• Floodplains and riparian vegetation, where litter is deposited during overbank 

flooding events. 

• Braided gravel bars in the middle reaches, which trap both sediments and 

anthropogenic litter. 

• Tributaries influence, such as at the Idrijca and Tolminka, where hydrodynamic 

sorting concentrates debris. 

• Reservoirs and artificial barriers (e.g., at Solkan), where reduced flow velocities 

enhance litter retention. 

 

3.4 Impact of litter 

 

3.4.1 Effects on the ecosystem and biodiversity 

 

Littering has significant negative effects on ecosystems and biodiversity, and the 

Goriška region of Slovenia—known for its natural beauty, rivers like the Soča, alpine 

meadows, forests, and diverse wildlife—is particularly vulnerable. Below is a detailed 

overview of the effects of litter on the ecosystem and biodiversity in the Goriška region 

(ZRSVN, 2023). 

Litter has an impact on several environmental components such as: 

1) Threats to wildlife 

Ingestion and entanglement: animals such as birds (e.g., golden eagle, owls), fish, 

amphibians, and small mammals may ingest litter or become entangled, leading to 

injury, starvation, or death; 

Habitat disruption: litter accumulation can degrade nesting areas and food sources for 

species like chamois, lynx, and native insects. 

2) Invasive species and plant damage 

Transport medium: litter can act as a vector for invasive plant seeds or non-native pests, 

which then outcompete local flora. 

Suppression of vegetation: accumulated litter (especially plastics) can block sunlight 

and water from reaching native plants, stunting their growth. 
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3) Biodiversity loss 

Decline in species richness: long-term pollution reduces the number and diversity of 

plant and animal species, especially those sensitive to environmental changes. 

Food web disruption: toxins from litter can bioaccumulate in food chains, affecting top 

predators like birds of prey and reducing overall ecosystem resilience. 

4) Aesthetic and economic impacts 

Ecotourism decline: Goriška relies on clean natural areas for tourism (e.g., Triglav 

National Park, Soča Valley). Litter can impact the tourism sector by deterring visitors 

and reducing local income. 

Loss of ecosystem services: healthy forests and rivers provide flood control, clean water, 

and air. Litter compromises these services, leading to higher long-term management 

costs. 
 

3.4.2 Other ecological risks 

 

While litter pollution is a localised but growing issue in the area, several other 

ecological risks related to litter are emerging, especially in natural and semi-natural 

areas such as: 

1) Karst topography sensitivity 

• The Goriška region has karst terrain, especially around the Trnovski gozd and Vipava 

Valley. 

• Litter, especially hazardous waste (e.g., oil, paint, batteries), can leach into porous 

limestone and contaminate underground aquifers. 

• Groundwater contamination can affect drinking water and spring-fed ecosystems. 

2) Agricultural area contamination 

• Improper disposal of agrochemical containers and plastics (e.g., silage wrap) poses a 

risk resulting in soil contamination, ingestion by livestock, and microplastic build-up. 

3) Forest and mountain trail littering 

• Tourism and recreation in areas like Triglav National Park (nearby) and Nanos Plateau 

bring litter such as wrappers, bottles, and cigarette butts. 

• Fire risk from improperly discarded cigarette ends or glass. 

• Wildlife (e.g. deer, foxes) can ingest or become entangled in litter. 

4) Roadside and transit corridor litter 

• Major roads (like those connecting Nova Gorica and Ajdovščina) are litter hotspots. 

• Direct harm to small animals, chemical runoff into ditches and farmland. 
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4 PILOT RIVER 3: NERETVA 

 
4.1 Description of river features 

 

4.1.1 Environmental features 

 

The Neretva River is the largest karst river in the entire eastern part of the Adriatic 

Sea basin and the 5th largest Mediterranean river, ranked by annual water discharge 

(Ludwig et al., 2009). The total length of the river is about 230 km, of which 22 km flows 

through Croatia, forming a wide alluvial delta, where it discharges into the Adriatic Sea, 

belonging to the Adriatic River watershed. The Neretva River originates in the Dinaric 

karst region of Bosnia and Herzegovina, between the slopes of Mt. Zelengora and Mt. 

Lebršnik. Its exact source is considered a cluster of at least five main springs located on 

the Gredelj mountain ridge, at the highest elevation of 1,227 meters above sea level 

(Figure 4.1). The total area of the Neretva watershed is 10,380 km2, including the 

Trebišnjica river watershed, of which 10,110 km2 is in Bosnia and Herzegovina and 280 

km2 is in Croatia. The Trebišnjica river basin is included in the Neretva watershed due 

to the physical link of the two basins by porous karst terrain (Filipović et al., 2022). 
 

Figure 4.1. Source of the Neretva River in the locality of Jabuka, in a part of the Zelengora 

mountain, at an altitude of 1,227 meters, Bosnia and Herzegovina (Source: https://naj- 

portal.com/najhladnija-rijeka-na-svijetu-vodimo-vas-na-izvoriste-neretve-bozijeg-dara-i- 

hercegovackog-nila/). 

https://naj-portal.com/najhladnija-rijeka-na-svijetu-vodimo-vas-na-izvoriste-neretve-bozijeg-dara-i-hercegovackog-nila/
https://naj-portal.com/najhladnija-rijeka-na-svijetu-vodimo-vas-na-izvoriste-neretve-bozijeg-dara-i-hercegovackog-nila/
https://naj-portal.com/najhladnija-rijeka-na-svijetu-vodimo-vas-na-izvoriste-neretve-bozijeg-dara-i-hercegovackog-nila/


58 | P a g e 

 

 

 

 

 

 

 

Main Neretva river features: 

Length: 230 km (208 km in Bosnia and Herzegovina, 22 km in Croatia). 

Elevation drop: from 1227 m at source to 0 m at mouth. 

Catchment area: 10,380 km² 

Major towns along the river: Konjic, Jablanica, Mostar, Čapljina, Metković. 

Main tributaries: 

Left: Buna, Bregava, Krupa, Mostarska Bijela. 

Right: Rakitnica, Rama, Trebižat. 

Mouth: Adriatic Sea, forming the Neretva Delta near Ploče (Croatia). 
 

Geographically and hydrographically, the river is divided into three sections: upper, 

middle and lower Neretva. The upper and middle parts have the characteristics of a 

mountain river with a steeper gradient, many rapids, and narrow valleys, while the lower 

course is much richer in water and has the characteristics of a plain river. The upper 

course is 84 km long and stretches from a vast area around the spring to the town of 

Konjic. It is characterised by numerous streams and well-springs, three major glacial 

lakes near the river and more scattered ones across the mountains of Treskavica and 

Zelengora. Right below Konjic, there is a large Jablaničko Lake, artificially formed after 

the construction of HPP Jablanica. The Middle Neretva begins from the confluence of 

the Neretva and the Rama River between Konjic and Jablanica (Figure 4.2). 

After leaving Jablaničko Lake (Figure 4.3), the river abruptly shifts southward, 

entering its largest canyons. It flows through the steep slopes of the Prenj, Čvrsnica, 

and Čabulja mountains, ranging from 80 to 1200 meters in height. Between the cities 

of Jablanica and Mostar, there are three more hydroelectric power plants (HPP 

Grabovica, HPP Salakovac and HPP Mostar) that have turned the river course of the 

karst river into accumulation lakes. Lower Neretva River refers to the 36 km long part 

that begins after Počitelj with the exit from the canyon and widens into the valley, 

where the confluences of the tributaries Trebižat and Bregava are located. The alluvial 

delta covers 20,000 hectares, of which 7,411 hectares are the lowland area of Hutovo 

Blato with the Krupa watercourse in Bosnia and Herzegovina. Towards the mouth, the 

Neretva is calm, wide and deep, and meanders with a large number of oxbows. 
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Figure 4.2. Middle Neretva River near Jablanica (Bosnia and Herzegovina) (Source: Dženad 

Džino,https://www.putokaz.me/priroda/2169-neretva-smaragdna-lhepotica-hercegovine-bih- 

i-hrvatska). 

 

 

 

Figure 4.3. Jablanicko Lake in the middle Neretva River (Bosnia and Herzegovina) (Source: 

Dženad Džino, https://www.putokaz.me/priroda/2169-neretva-smaragdna-lhepotica- 

hercegovine-bih-i-hrvatska). 

https://www.putokaz.me/priroda/2169-neretva-smaragdna-lhepotica-hercegovine-bih-i-hrvatska
https://www.putokaz.me/priroda/2169-neretva-smaragdna-lhepotica-hercegovine-bih-i-hrvatska
https://www.putokaz.me/priroda/2169-neretva-smaragdna-lhepotica-hercegovine-bih-i-hrvatska
https://www.putokaz.me/priroda/2169-neretva-smaragdna-lhepotica-hercegovine-bih-i-hrvatska
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Waters of the Neretva catchment area have hydrological characteristics of karstic 

waters that often have intermittent surface watercourses as well as numerous sinkholes 

and underground watercourses. Also, due to its karst composition to the south and 

east, and dolomitic composition to the north, the Neretva has hydrological specificity. 

There are more than 30 tributaries, from its source to its mouth, flowing into the river 

from both sides. The right tributaries have longer courses with sources at higher 

elevations, while the left tributaries are short, water-rich, with sources just a few dozen 

meters above the river level, and a series of springs along the Neretva riverbed. With 

its 32 km length, Rakitnica is the main tributary of the Upper Neretva. The river has 

carved a long canyon that stretches between the mountains southeast of Sarajevo. 

Main tributaries of the lower Neretva are Trebižat, Bregava, Buna and Krupa, and this 

area also includes the Trebisnjica river basin (Figure 4.4). Therefore, this lower course 

of the river is characterised by particularly complex hydrography, which determines the 

river's flow. The water levels are the result of multiple factors: the influx of large 

amounts of water from upstream sections of the basin, rising sea levels due to tides 

and waves, water flow from springs along the valley's edge, and, to a lesser extent, the 

influx of rainwater into the area. 
 

Figure 4.4. Bunski channel after confluence of Neretva and Buna River in the lower Neretva 

River, Bosnia and Herzegovina (Source: https://furaj.ba/bunski-kanali-tamo-gdje-se-grle- 

buna-i-neretva/). 

https://furaj.ba/bunski-kanali-tamo-gdje-se-grle-buna-i-neretva/
https://furaj.ba/bunski-kanali-tamo-gdje-se-grle-buna-i-neretva/
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The general geographical location, proximity to the Adriatic Sea and the Dinaric 

mountains, as well as variations in elevation, all play a significant role in shaping the 

climate of the region. These factors contribute to a complex and uneven temperature 

and precipitation regime. Areas near the coast exhibit characteristics of a 

Mediterranean climate with mild, rainy winters and hot, dry summers. In contrast, 

regions further inland and at higher altitudes experience a moderately continental 

climate with cold winters characterised by heavy snowfall, rainy springs and autumns 

and warm summers. The Neretva is considered one of the coldest rivers in the world, 

primarily due to the high altitude of its source and the heavy snowfall in the region. 

The river's cold temperatures are found in the Upper Neretva, where the water averages 

just above freezing and typically reaches around 7°C during the summer months. In 

the middle course of the Neretva, around Mostar, summer water temperature is usually 

around 15°C, while further downstream in the lower course, especially in the shallower 

branches, it often exceeds 20°C. 

Another key aspect of the region’s climate is the dynamic nature of the Neretva 

River’s discharge. Fluctuations of the flow throughout the year are largely influenced 

by precipitation levels. Precipitation from the watershed flows toward the sea 

depending on the morphology and hydrogeological conditions of the basin. Generally, 

in the Upper Neretva, runoff occurs through a widely branched network of surface 

watercourses that flow into the river itself, while in the Middle and Lower Neretva, due 

to the high permeability of the limestone, the runoff is mostly underground toward the 

river and the sea. The wet season typically begins in November and lasts until May, 

with peak precipitation levels occurring in November and March (Figure 4.5), as a result 

of heavy rainfalls and snow melt, respectively. 

During this period, the river Neretva experiences high flows that can lead to 

flooding of the surrounding areas. Conversely, the dry season, which usually runs from 

June to October, is characterised by significantly lower precipitation levels, leading to 

reduced water levels and a more placid flow. Average annual discharge at the profile 

station of Žitomislići in Bosnia and Herzegovina is 233 m3/s, and at the mouth in Croatia 

is 341 m3/s. 

Significant changes have occurred in the middle and lower course of the Neretva 

River over the past two centuries. Due to its considerable hydroelectric potential, five 

hydroelectric power plants (Jablanica, Rama, Grabovica, Salakovac, and Mostar) were 

built, with large dams and storage reservoirs, mostly in the middle part of the river. 

Additionally, in the lower part, marshlands were drained and converted into arable land 

for intensive agricultural production, and the river was regulated to allow navigation 

for larger vessels up to Metković. These changes, on one hand, enabled the regulation 
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of river flow and improved management of high-water events, but on the other hand, 

they reduced the Neretva’s natural retention areas, especially in its lower course. The 

influx of fresh water from the springs along the valley's edge has been significantly 

reduced, especially during summer when it is most needed for irrigation. During this 

dry period, due to the reduced influx of fresh water, saltwater intrusion into the inland 

basin increases, both through surface watercourses and underground via the karst 

fracture system and valley alluvium. As a result, the water in surface watercourses, 

especially in the Neretva riverbed, as well as the groundwater, becomes highly saline. 

This saltwater wedge can extend all the way to Metković, 22 km from the mouth. 
 

 

 

 

Figure 4.5. Neretva River monthly flow (2010–2019). Dots represent monthly river flow values 

across the 10-year period; the red line indicates the 10-year average flow pattern (Source: 

https://www.fhmzbih.gov.ba/latinica/HIDRO/godisnjaci.php#). 

 

The Neretva Delta is a unique landscape shaped by tectonic activity, sea-level 

fluctuations, and climatic changes. It consists of three main zones: karstic margins full 

of sinkholes and caves, the river valley with karst hummocks emerging from alluvial 

deposits, and the coastal zone. Geologically, the Delta lies within the Outer Dinarides 

and is composed of Mesozoic carbonates, part of the Adriatic carbonate platform. 

Tectonic uplift during the Tertiary formed NW–SE faults, one of which the Neretva 

follows. The central Delta consists mainly of Pleistocene clay, sand, and pebbles 

deposited by the river. The Delta began forming after the last glacial maximum 

(~18,000 years ago), when sea levels rose by around 120 meters due to glacial melt. As 

the sea flooded coastal karst areas, the Neretva's mouth shifted inland. Once sea levels 

https://www.fhmzbih.gov.ba/latinica/HIDRO/godisnjaci.php
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stabilised (~8,000–6,000 years ago), the river deposited sediments, gradually forming 

the wetland landscape seen today (Juračić, 1998). Soil types reflect the area’s 

hydrology: alluvial soils (fluvisols) dominate along watercourses, while amphigley soils 

appear in broader areas affected by both rainfall and groundwater. Surrounding hills 

are mostly covered with calcicambisol (‘brown’ soil on carbonates) and fertile mould 

(‘black’) soils. 

 

4.1.2 Ecological characteristics 

 

The Neretva Delta is an ecologically significant area due to its biodiversity, 

geodiversity and landscape diversity. Recognised at international, European and 

national levels for its value in nature protection, it has been designated as a Ramsar 

site - an internationally important wetland. Seven sites within the delta are protected 

under the Nature Protection Act (Official Gazette, No. 80/2013, 15/2018, 14/2019 and 

127/2019), including special ornithological reserves (Pod Gredom, Prud, Orepak, 

Modro oko and Lake Desne, Kuti), special ornithological-ichthyological reserve (Ušće 

Neretva) and significant landscape (Predolac-Šibenica). The ecological network of the 

Neretva Delta also extends to the special marine reserve of Mali Ston Bay, contributing 

to the overall protection of this area. Hydrodynamic processes of the Neretva River and 

the Mali Ston Bay create a dynamic estuarine ecosystem with wetlands, marshes, and 

lagoons that foster biodiversity. 

The Neretva Delta has been recognised as a very important freshwater wetland 

habitat in the Mediterranean karst area of Croatia (Mrakovčić et al., 1995; Smith and 

Darwall, 2006) and Bosnia and Herzegovina (Glamuzina et al., 2017), providing a rich 

habitat for a highly diverse fish community, including numerous endemic species 

(Mrakovčić et al., 1996; Bogutskaya and Zupančič, 2003; Kovačić, 2005; Buj et al., 2010) 

and supporting important commercial fisheries. The delta is recognised for its role in 

supporting migratory bird populations, particularly as a resting and wintering site 

(Stumberger and Schneider-Jacoby, 2010). However, the area faces challenges such as 

uncontrolled introduction of freshwater (Dulčić et al., 2011; Dulčić and Tutman, 2015; 

Dulčić et al., 2017) and marine non-native species (Onofri et al., 2008; Despalatović et 

al., 2013), environmental challenges due to modified salinity regimes, recurrent 

droughts, and increased urban pollution. 
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Figure 4.6. Map of protected areas in the Neretva delta (Source: www.bioportal.hr). 

 

The river is teeming with life, supporting rich biodiversity with species such as the 

Adriatic and softmouth trout, Mosor rock lizard, white-clawed crayfish, golden eagle, 

otter, lynx, and many others. In fact, recent scientific studies done in the upper part of 

the river have confirmed the presence of more than 1.300 animal and plant species, 

making the Neretva one of the most biodiverse rivers in Europe. 

The Neretva and its tributaries are exceptionally rich in fish species. Out of almost 

150 species that use watercourses and/or estuary in some stage of their life, 49 are 

freshwater fishes, and out of them, 19 are endemic to the Eastern Adriatic catchment 

area, while four are endemic to Croatia and Bosnia and Herzegovina. Due to its high 

biological production, the Neretva mouth is a feeding ground for many kinds of fish. 

The delta, lagoons and bodies of brackish water present spawning sites and nurseries 

for fish and crayfish, which spend the rest of their lives in fresh or salt water. These 

waterbodies are important for many species concerning their migrations, like the 

European eel (Anguilla anguilla). Neretva Delta is surrounded by karst hills rich with 

underground water that supplies numerous springs, streams and lakes. More than 80 

registered caves and other underground habitats in these karst surroundings are home 

to rich fauna with many threatened and endemic taxa. Especially important are 

http://www.bioportal.hr/
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underground species dependent on water habitats like the Olm (Proteus anguinus), 

Dinaric cave clam (Congeria kusceri) and Dinaric tube‐worm (Marifugia cavatica). 

The Neretva delta covers 196 km2 and is considered part of a larger transboundary 

wetland area, extending from Hutovo Blato in Bosnia and Herzegovina to the river’s 

mouth. Hutovo Blato has been protected as a nature park and inscribed in the Ramsar 

list since 1995. With its natural and artificial lakes hosts significant numbers of 

migratory and wintering waterbirds. Neretva delta with Hutovo Blato represents a 

unique ecological zone with interconnected wetland habitats where the same birds use 

both sites during migration, wintering and even breeding, like the Pygmy Cormorant 

(Phalacrocorax pygmeus). Given the overlap in bird populations, a combined evaluation 

of the two sites under the Ramsar criteria as one transboundary area would be more 

appropriate. 

In addition to the parts of the delta already protected in Croatia, over 3,000 hectares 

of wetland habitats remain unprotected. There are plans to designate the Neretva Delta 

as a nature park, in line with the Physical Planning Strategy of the Republic of Croatia 

and the National Strategy and Action Plan for the Protection of Biological and 

Landscape Diversity (Official Gazette No. 143/08). 

 

4.1.3 Socioeconomic context 

 

The Neretva River has long served as a vital link between the Adriatic Sea and the 

inland regions, playing a significant role in the historical and cultural development of 

both Bosnia and Herzegovina and Croatia. Its valley has been continuously inhabited 

since prehistoric times, with evidence of human settlement dating back as far as 11,000 

B.C. Throughout the ages, a variety of civilisations have left their mark along the 

Neretva. In the Iron Age, Illyrian tribes established early communities, drawn by the 

fertile lands and strategic location of the valley. By the 4th century B.C., the ancient 

Greeks recognised the importance of this area and founded a trading port—or 

emporium—which later evolved into the Roman town of Narona, which became a key 

centre of commerce and transportation in the region. Located near today’s town of 

Metković, in the village of Vid, Narona's position along the river made it an ideal hub 

for trade, serving as a gateway between the coast and the interior of the Balkans. Over 

the centuries, the Neretva Valley continued to serve as a cultural crossroads, influenced 

by a succession of empires, including the Romans and Ottomans, each of which 

contributed to the rich heritage visible today in the architecture, traditions, and 

historical sites. 

In modern times, the Neretva River remains a defining feature of the region’s 

geography and demographics. The majority of the river flows through the 

Herzegovina-Neretva Canton in Bosnia and Herzegovina, which includes the cities of 
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Mostar and Konjic, as well as seven other municipalities. According to the 2013 census, 

this canton had just over 222,000 inhabitants, with roughly half residing in Mostar, the 

region's cultural and economic centre. In the Croatian part of the lower Neretva, there 

are seven municipalities, including the cities of Metković, Opuzen, and Ploče. As of 

2021, this area had a total population of approximately 31,250 residents. The region 

continues to be shaped by its historical legacy and natural environment, with 

agriculture and river-based livelihoods remaining central to local communities. 

The Neretva Delta is one of the most distinctive and ecologically significant 

landscapes in Europe, shaped by centuries of human interaction with the wetlands and 

the river’s dynamic water regime. Situated along the otherwise rocky and arid Croatian 

Adriatic coast, the Delta stands out due to its rich alluvial soils, which have allowed for 

the development of intensive agriculture, particularly following major land reclamation 

efforts in the 1960s. Water from the Neretva River is essential not only for irrigation but 

also for supplying nearby settlements, while the wetlands serve as natural flood 

retention areas, absorbing excess water during high flows and playing a crucial role in 

flood control. In addition to surface water, numerous underground karst springs and 

streams in the surrounding limestone terrain contribute to the region’s complex 

hydrological system, which is central to maintaining the diversity of habitats and 

species in the area. 
 

 

Figure 4.6. Neretva Delta agricultural fertile area, lower Neretva in Croatia (Source: Vojko 

Basic/Cropix; https://dubrovacki.slobodnadalmacija.hr/dubrovnik/zupanija/neretva/hutovo- 

blato-i-dolina-neretve-pred-isusivanjem-nestaju-mocvarna-stanista-poljoprivreda-ali-i- 

malostonske-kamenice-1362088). 

 

The Delta is the largest and most productive agricultural region along the Croatian 

coast, with around 40% of households involved in agricultural production—a figure 

https://dubrovacki.slobodnadalmacija.hr/dubrovnik/zupanija/neretva/hutovo-blato-i-dolina-neretve-pred-isusivanjem-nestaju-mocvarna-stanista-poljoprivreda-ali-i-malostonske-kamenice-1362088
https://dubrovacki.slobodnadalmacija.hr/dubrovnik/zupanija/neretva/hutovo-blato-i-dolina-neretve-pred-isusivanjem-nestaju-mocvarna-stanista-poljoprivreda-ali-i-malostonske-kamenice-1362088
https://dubrovacki.slobodnadalmacija.hr/dubrovnik/zupanija/neretva/hutovo-blato-i-dolina-neretve-pred-isusivanjem-nestaju-mocvarna-stanista-poljoprivreda-ali-i-malostonske-kamenice-1362088
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that rises to 60% near the river mouth. Traditional methods of creating arable land 

involved digging canals and piling the excavated wet soil into raised plots, forming a 

patchwork of small fields separated by water channels (Figure 4.6). These channels, 

called “jendeci,” give the Delta its distinctive appearance and allow movement by small 

wooden boats: the “trupa,” designed for one or two people, and the larger “lađa,” used 

to transport agricultural goods and livestock. These boats remain in use today and are 

an enduring part of local tradition. 

While the traditional landscape persists in some parts, much of the Delta has been 

transformed into large expanses of intensively managed farmland, especially dedicated 

to fruit cultivation. The most common crop is the tangerine, grown extensively on 

meliorated land near the river mouth. Smaller parcels are still cultivated using mixed- 

use practices, combining agriculture with natural vegetation, while new greenhouses 

for vegetable production continue to appear across the region. Traditional crops such 

as vineyards and olive groves have largely disappeared since the land reclamation 

works of the mid-20th century. Beyond agriculture, the inland marshes, waterways, and 

open water bodies are used for activities such as fishing and hunting, though some of 

these areas are also subject to illegal land conversion for greenhouses and unregulated 

farming. These watercourses have also become a draw for eco-tourism, particularly 

through guided boat tours known as “photo safaris,” which showcase the Delta’s rich 

biodiversity and scenic wetlands. 

Traditionally, alongside agriculture, fishing and bird hunting were central to local 

livelihoods in the Neretva Delta. The region was especially renowned for its eel fishing, 

which held both economic and cultural importance. However, over recent decades, a 

marked decline in bird and fish populations has led to a reduction in these traditional 

practices. Legal restrictions have since been introduced to regulate and limit their 

impact, leading to a diminished role of hunting and fishing in the local economy and 

daily life. Despite these challenges, the Neretva River still offers opportunities for 

nature-based recreation, particularly in fly fishing, which has gained popularity among 

enthusiasts. The river provides designated areas ideal for this form of sport, with some 

zones—like the one in the heart of the city near the Old Stone Bridge—frequently 

hosting national and international competitions. Another well-known fly-fishing 

location is Glavatičevo (NE from Mostar), celebrated for its unspoiled natural beauty, 

peaceful surroundings, and excellent conditions, attracting visitors in search of both 

sport and serenity. These areas demonstrate the ongoing potential for sustainable, low- 

impact recreation that respects the region’s natural heritage while contributing to its 

tourism offer. 

The Neretva Delta is also a region of exceptional cultural and historical significance, 

with a rich heritage spanning from prehistoric times to the modern era. Archaeological 

remains from the ancient Greeks and Romans are scattered across the area, including 

fortifications, Roman villas, and mosaics. The most notable site is in the village of Vid, 

where the remains of the Roman town Narona and the Augusteum temple—built 

around 10 B.C.—have been discovered. Today, these remarkable finds are preserved in 
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the Narona Archaeological Museum, Croatia’s only in situ museum, showcasing 12 

marble statues of Roman emperors, including a striking three-meter-tall figure of 

Augustus. The region's cultural identity also includes its maritime history. In the 7th 

century, Croats settled the area and founded the Principality of Neretva, whose skilled 

sailors became known as the Neretva pirates. Their traditional wooden boats are still 

used today, primarily in tourism. These boats are central to the Maraton lađa, a 22.5 

km rowing race held annually since 1998 between Metković and Ploče, attracting over 

400 touristic boats and thousands of spectators, making it the largest maritime sports 

event in the region. 

Tourism in the Neretva Delta is growing, though still largely driven by local 

initiatives. Visitors can enjoy boat tours through the wetlands, often combined with 

traditional meals, or explore the river through rafting, kayaking, rowing, and kitesurfing, 

depending on the location. The Ornithological Collection in Metković, with over 340 

bird specimens, adds to the area's appeal for nature lovers. 

Further downstream, the shallow marine areas, lagoons, intertidal flats, and salt 

marshes form another vital ecological zone, especially important for fish and bird 

populations. Although much of this area is protected under international conventions, 

it remains under threat from human pressures. Recreational activities like beach use, 

kite surfing, bait collecting, illegal camping, fishing, and hunting continue to impact 

sensitive habitats. This coastal zone is currently the most endangered part of the Delta, 

with ongoing activities threatening to undermine its ecological value and long-term 

sustainability. Despite these challenges, the Neretva Delta remains a remarkable 

example of how human livelihoods and natural ecosystems have been interwoven over 

millennia, creating a landscape that is both culturally rich and biologically diverse. 

Despite the increasing interest in tourism, it is important to note that the economic 

impact of tourism in the Neretva Valley is modest compared to the more developed 

southern areas of Dubrovnik-Neretva County. While the county’s GDP per capita was 

around 18,000 euros in 2022, this figure is largely driven by tourism revenues from the 

Dubrovnik area and does not accurately reflect the economic situation of the Neretva 

region, where tourism remains an emerging and underutilised sector. 

 

4.2 Sources of pollution 

 

4.2.1 Local factors influencing litter 

 

Pollution in the Neretva River Basin arises from multiple anthropogenic sources, 

most notably from municipal, industrial, and agricultural activities. One of the most 

pressing issues is the uncontrolled disposal of solid municipal waste and the lack of 

adequate wastewater treatment facilities. Many towns and cities along the Neretva (like 
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Mostar, Jablanica, Konjic, and Čapljina) face challenges in handling waste properly due 

to poor or outdated waste collection and disposal systems. A significant problem is the 

illegal dumping of household waste, construction debris, and other materials directly 

along the riverbanks, often dangerously close to watercourses, which increases their 

vulnerability to flooding. During high water events or snowmelt, large quantities of 

plastic and mixed waste are washed downstream into the lower Neretva region, 

significantly contributing to plastic pollution in the delta. The transport and disposal 

infrastructure for solid waste in the region is in poor condition, and many landfills are 

not managed according to environmental standards. As a result, plastics and other 

durable pollutants enter the aquatic ecosystem, where they persist for long periods 

and accumulate in sensitive habitats. Another major concern is the discharge of 

untreated wastewater directly into the Neretva, leading to persistent water quality 

degradation. Even where wastewater treatment plants are in place, many are outdated 

or operating at reduced capacity. 

Agricultural pollution is also a significant issue, particularly in the lower Neretva 

basin and delta (Croatia), which is heavily impacted by intensive agriculture. Farmers 

often use plastic films for soil protection or to cover crops, as well as plastic irrigation 

tubing, which are sometimes disposed of improperly and end up in the river or on its 

banks. Additionally, the excessive use of pesticides and fertilisers leads to 

eutrophication, which can cause algae growth, oxygen depletion, and harm to aquatic 

life. These substances enter the river system through surface runoff, particularly during 

heavy rains, severely affecting both water and soil quality. 

Small and medium industries along the Neretva also contribute to littering, often 

due to poor waste disposal practices. Historically, Mostar had heavy industrial activity, 

and although many factories have closed or downsized, contaminated sites and waste 

dumps remain a concern. Waste from food processing plants, textile industries, and 

chemical factories, often in the form of plastic packaging materials, is sometimes 

discarded improperly and ends up in the river. Construction waste from development 

projects along the river, especially in rural or underregulated areas, can also be a 

significant source of pollution. Old mining operations (e.g., in the upper basin and 

around Jablanica) can lead to acid mine drainage, polluting the river with harmful heavy 

metals such as arsenic, cadmium, and lead. 

Tourist and recreational areas, such as Mostar and the Neretva Delta, often see high 

amounts of litter, as tourists leave waste like plastic bottles, cans, and food packaging 

behind, especially in areas where waste bins are inadequate or absent. 

The presence of hydropower plants and dams along the river, while not a direct 

source of pollution, exacerbates the problem by altering sediment flow, increasing 

downstream erosion and trapping litter behind dams. These structures can act as 
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barriers that accumulate waste over time, often consisting of plastic waste and organic 

debris. During rainy seasons, flooding can wash a large amount of litter that has 

accumulated in the reservoirs, on the riverbanks or in surrounding areas into the river. 

Similarly, strong winds in certain seasons can blow waste from land-based sources, 

especially from illegal dumpsites near urban and recreational zones, into the river. 

Several settlements in the region, in Bosnia and Herzegovina, but also Metković on the 

Croatian side, are particularly affected during high water events when waste and plastic 

litter from upstream regions are transported downstream. Urban expansion, land use 

changes, and the development of large-scale transport infrastructure have led to 

habitat loss and increased pressure on already-strained waste management systems. 

Combined with a lack of enforcement and environmental regulation, illegal dumping 

continues to be a persistent issue, further compounding the pollution problem in the 

region. Additionally, the region’s karstic hydrogeological structure aggravates 

pollution, as its porous terrain allows for rapid infiltration of pollutants into 

groundwater systems, which then discharge directly into the Neretva River. This creates 

an unfiltered pathway for pollutants, particularly during rainfall events that mobilise 

litter from illegal dumpsites. 

In summary, pollution in the Neretva River Basin is a complex and multifaceted 

issue, involving waste mismanagement, agricultural runoff, industrial contamination, 

and inadequate infrastructure. Addressing these challenges requires comprehensive 

solutions, including improved waste collection systems, better wastewater treatment, 

stricter regulation of agricultural practices, and more effective pollution enforcement. 

 

4.2.2 Sources of pollution, especially of plastic litter 

 

In the lower Neretva River in Croatia, no wastewater treatment plants are currently 

in operation. All connected entities discharge wastewater directly into the Neretva River 

without any treatment, using a combined (mixed) public system with four outlets at 

different locations. Additionally, approximately 2,100 households that are not 

connected to the public drainage system rely on cesspools that are emptied upon user 

request, with the collected waste routed to the discharge manhole and then released 

untreated into the river. 

The Neretva River faces pollution from a variety of sources, both point-source (e.g., 

wastewater treatment plants) and diffuse (e.g., agricultural runoff) pollution. In this 

sense, agricultural activities and urban areas can be singled out as the main 

contributors to pollution in this area. Furthermore, illegal landfills and irresponsible 

waste disposal along riverbanks make an almost equal contribution. Given the collapse 

of the industry because of recent war activities, industrial pollution has now been 

reduced to a minimum. 
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Figure 4.7. Location of the existing discharge points in Metković, Croatia. 

 

4.3 Accumulation and retention of litter 

 

4.3.1 Factors influencing accumulation and retention 

 

Accumulation of litter, particularly plastic debris, is most evident in the lower 

reaches of the Neretva River, especially near Metković and other urban areas close to 

the delta. These regions act as natural retention zones, where river currents slow down 

and materials transported from upstream are deposited. The problem is amplified 

during spring floods and snowmelt, which mobilise large volumes of waste from 

upstream areas, particularly from illegal landfills in Bosnia and Herzegovina. The river’s 

deltaic characteristics and relatively flat topography contribute to the accumulation of 

debris, particularly in wetland and marsh areas. 

A combination of natural and human-induced factors influences the accumulation of 

litter in the Neretva River system. These include: 

• Hydrological dynamics: seasonal variations in water levels, influenced by 

precipitation, snowmelt, and dam operations, affect the timing and volume of 

litter transport. 

• River morphology: the shape and structure of the river, including its meanders, 

bends, and floodplains, determine where materials settle. 
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• Dam operations: sudden releases of water from upstream hydropower 

reservoirs can cause surges that move and deposit waste downstream, often in 

ecologically sensitive areas. 

• Urban proximity: areas near settlements like Čapljina and Metković are prone to 

accumulation due to their location at transition zones between high-energy and 

low-energy river segments. 

 

4.3.2 Identified accumulation and retention areas 

 

In the lower course of the Neretva River in Croatia, plastic accumulation tends 

to occur along riverbanks dominated by reeds and sedges, especially at river bends. 

Notably, no significant retention areas are observed in this part. In contrast, the 

situation in Bosnia and Herzegovina is reversed; because of the steep and narrow 

geomorphological profile of the riverbanks, accumulation sites are scarce. However, 

four hydroelectric dams along the river (Jablanica, Grabovica, Salakovac, and Mostar) 

serve as major retention areas for floating litter. The catastrophic floods that struck the 

region in 2024 caused extensive damage to auxiliary infrastructure at these 

hydroelectric facilities and led to massive waste accumulation within the reservoirs. It 

is estimated that the Grabovica reservoir alone now contains approximately 50,000 

cubic meters of waste, with a continuous influx of new debris. 

Riverine litter, particularly soft plastics like shopping bags, packaging wraps, and 

bottles, can be effectively blocked and retained by riparian vegetation along the lower 

Neretva River, influencing both the flow and distribution of this waste. This blocking 

effect is more pronounced during periods of high river discharge, when litter is 

transported downstream and tends to accumulate where dense vegetation creates 

greater resistance. Practically every meandering part of the lower Neretva, where 

vegetation is abundant, serves as a potential accumulation zone (Figure 4.8). This 

retention potential is even higher in areas of overhanging tree branches, especially 

acacias, which bend toward the river, physically trapping floating debris. This is most 

visible in the lower part of the flow, where several bends are heavily overgrown with 

reeds and individual trees that capture large quantities of plastic litter. The presence of 

deeply embedded plastic within reed stands indicates long-term accumulation. These 

deposits primarily consist of soft plastic items such as packaging material, plastic film, 

plastic bags – most commonly originating from food and agricultural use. This evidence 

suggests that a significant portion of riverine litter is retained along vegetated 

riverbanks and remains there over extended periods, rather than being transported to 

the Adriatic Sea. Hydrological forces, particularly strong flows, are the main drivers of 

this lateral transport, pushing floating plastics from the river channel into the riparian 

vegetation where they become trapped; however, they can also remobilise previously 

retained litter and carry it further downstream. 
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Figure 4.8. Plastic litter accumulation points in the lower Neretva River. 

 

4.4 Impact of litter 

 

4.4.1 Effects on the ecosystem and biodiversity 

 

The accumulation of plastic litter and other pollutants in the Neretva River and Delta 

has profound implications for ecosystem health and biodiversity. Aquatic organisms 

are particularly vulnerable to ingestion of microplastics and entanglement in larger 

debris. Several species of fish and invertebrates are already under stress due to water 

quality deterioration, and some aquatic plants and animals are disappearing 

altogether. 

The salinisation of soil and water in the delta, driven by reduced freshwater inflow and 

sea water intrusion, exacerbates the problem by transforming habitats and making 

them uninhabitable for many native species. The drying out of springs and wetlands 

due to upstream hydrological changes further diminishes biodiversity. Protected areas 

have been established to conserve what remains of the region's rich biological heritage, 

but these efforts are undercut by continued pollution. 
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Dam operations, especially rapid changes in water level, disrupt spawning grounds for 

endemic fish species, while the loss of flooded meadows due to poor water 

management has reduced available habitat for migratory and nesting birds. 

 

4.4.2 Other ecological risks 

 

The disturbance of the water regime caused by hydropower infrastructure— 

including the five large hydropower plants in the upper and middle Neretva and the 

Trebišnjica hydropower system—has created a cascade of negative environmental 

impacts. These include: 

• Reduced sediment transport, leading to coastal and riverbed erosion. 

• Loss of wetland productivity, due to sediment trapping and nutrient depletion. 

• Changes in riverbed depth and structure, primarily due to excessive sand and 

gravel extraction in the 1970s and 80s, which continues to affect aquatic 

habitats. 

• Increased vulnerability of agricultural soils to salinisation and erosion. 

Furthermore, the lack of monitoring and enforcement regarding municipal and 

industrial wastewater has allowed pollution to persist. Although industrial output 

decreased after the 1991–1995 war, leading to some temporary improvements in water 

quality, current conditions remain poor, particularly due to unregulated discharges and 

insufficient infrastructure for waste processing. 

The combined pressures of pollution, hydrological alteration, habitat loss, and 

unsustainable land use make it increasingly difficult to maintain acceptable ecological 

conditions in the Neretva River Basin. Without integrated transboundary management 

and enforcement of environmental regulations, the situation is expected to deteriorate 

further. 
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5 PILOT RIVER 4: BUNA/BOJANA 

 
5.1 Description of river features 

 

Although the Bojana River is relatively short (40 km), its hydrologic regime is highly 

complex, depending on a number of natural and anthropogenic factors. The main 

natural factors are linked to the hydrologic regime of the Skadar Lake and its tributaries, 

particularly the Drim River. Up to the middle of the nineteenth century, the hydrologic 

regime of the Bojana River depended solely on the regime of the Skadar Lake out of 

which it flows (Petković and Sekulić, 2019). The study of the hydrologic and 

morphologic regimes of the Bojana River is increasingly becoming important over time, 

as this river has a dominant effect on the coastal area. This is particularly true for the 

Delta and the so-called Ada Bojana - an island formed by deposition of sediment that 

the Bojana River has been delivering to the Adriatic Sea for centuries. The sustainability 

of this island, which has become one of the best-known tourist attractions in 

Montenegro, is directly dependent on the sediment supply from the Bojana River. 

Ecological issues are important as well. The Bojana River Delta is a unique ecosystem 

in Europe, and the “Designation Act of the Bojana River Delta as a Protected Area” 

classifies it as the most important wetland in the Eastern Mediterranean (Dömpke et 

al., 2008). Conservation of its biodiversity and habitats of some endangered species 

emerges as a task of the highest priority. 
 

Figure 5.1. Buna/Bojana River delta 
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Plastic pollution poses a major threat to the biodiversity of the Mediterranean, 

particularly in the ADRION region, which stands out as a plastic pollution hotspot. 

Rivers are the main plastic pathways from land towards the sea, and in the Adriatic- 

Ionian region, various rivers are shared among countries or flow along countries’ 

borders. Thus, addressing riverine inputs of marine litter is a common territorial 

challenge, as also reflected in the recent efforts of the European Commission and the 

Barcelona Convention towards harmonised approaches. 
 

5.1.1 Environmental features 

 

The Buna/Bojana River has a length of 44 km, from its source in the village of Samrisht 

to its outflow into the Adriatic Sea close to the town of Ulcinj (Montenegro) (DCM 849, 

2020). It is a hydrologically significant watercourse in southeast Europe and flows along 

the southwestern segment of the Albanian-Montenegrin border (DCM 849, 2020). The 

Buna/Bojana River is the second-largest freshwater tributary to the Adriatic Sea, after 

the Po River, and has the third-largest discharge among rivers flowing into the 

European Mediterranean, following the Rhone and Po rivers (GWP-Med, PAP/RAC, 

UNESCO-IHP, 2015; Barbieri et al., 2015). The river originates from Shkodra/Skadar 

Lake, between Taraboshi Mountain and the Rozafa Castle hill. It is primarily fed by the 

Morača River from Montenegro and the Cemi River from Albania (Dhora et al., 2001). 

The Buna/Bojana River flows along the fields of Bregu i Bunës, including the Field of 

Ana e Malit on the right side and the Field of Trushi and Field of Velipoja on the left 

(Figure 5.2). Approximately 1.3 km from its source, the Buna /Bojana River joins the 

Drin River, which has a total length of 285 km. The Drin River once discharged directly 

into the Adriatic Sea near Lezha, but following a major flood in the mid-nineteenth 

century, splits into two branches, one of which began flowing into the Buna/Bojana 

River The primary tributaries of the Drin River are: the Shala River originating from the 

Albanian Alps; the Valbona River from northeastern Albania; the White Drin from 

Kosovo; and the Black Drin from North Macedonia. In its lower course, the Drin also 

receives water from the Kir River, which flows from the Dukagjini Highlands. During 

periods of low water levels in Shkodra/Skadar Lake, the flow of the Buna/Bojana River 

can reverse direction (DCM 849, 2020). 

Main Bojana river features: 

Length: 44 km. 

Elevation drop: from ~6 m above sea-level (Lake Shkodër) to 0 m at mouth. 

Catchment area: 5,187 km² 

Major towns along the river: Shkodër 

Main tributaries: Drin River 

Mouth: Adriatic Sea, forming a delta delimited by Ada Bojana Island 
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Figure 5.2. Buna/Bojana River Bridge, Albanian part. 

 

The Buna/Bojana River is part of a complex and expansive hydrological system that 

spans nearly 20% of the Balkan Peninsula, drawing water from Albania, Montenegro, 

Kosovo, North Macedonia, and Greece (Dhora et al., 2001). This makes it one of the 

most interconnected river systems in the region. The river is navigable by small vessels 

that can pass through its mouth. The river may even be navigable to the lake during 

higher water levels. The total catchment area is 5,187 km², of which approximately 

1,025 km² lies within Albanian territory (DCM 849, 2020). The Bojana River is known for 

its slow flow (due to a small slope of 1.2 m/km) and numerous meanders. Its watershed 

spans parts of Montenegro and Albania, and includes the drainage areas of the Morača 

and other surrounding rivers. The Buna/Bojana River's average width is 200 m, and its 

depth varies from 3 to 5 meters, and in some parts, it is above 8 meters (Dömpke, 2008; 

Mandić, 2021). It is a shallow river, especially 12 km upstream, where there are some 

islands (DCM 849, 2020; http://drincorda.iwlearn.org/drin-river-basin/buna-bojana- 

river-sub-basin). 

http://drincorda.iwlearn.org/drin-river-basin/buna-bojana-river-sub-basin
http://drincorda.iwlearn.org/drin-river-basin/buna-bojana-river-sub-basin
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Figure 5.3. General map of the studied area, highlighting the hydrogeological systems from the 

Buna/Bojana Delta area to the Shkodra/Skadar Lake. 

 

The Buna/Bojana River mouth represents a rare example of a natural delta on the East 

Adriatic coast (Vlachogianni and Vogrin, 2012). Over the past century, the delta has 

expanded by 1 to 1.5 kilometres, a slower rate compared to other Mediterranean 

deltas. Within the delta, Ada Island was formed, splitting the river into two branches as 

it approaches the Adriatic Sea. The island was artificially created by long-term 

deposition of sediment around two river banks, which is how a triangular island at the 

mouth of the Bojana, geographically separated from the mainland, was formed. The 

right branch and Ada Island are part of Montenegro, while the left one is common, and 

its axis represents the border between Montenegro and Albania (Franz Joseph Island 

and a nearby unnamed island belong to Albania). The Buna/Bojana Delta has a surface 

area of about 90,7 km², and it is river-dominant according to classification in terms of 

its processes: clayed (clay and silt) according to its sedimentary structure and ribbed 

according to its geometry (Özşahin, 2012; Schneider-Jacoby et al., 2006a). The water 

regimes of Shkodra/Skadar Lake, the Drin River, and the Buna/Bojana Delta influence 

the water regime of the Buna/Bojana River. The first survey of the Bojana River channel 

was undertaken in 1928. Later data collected in 1965 showed the aggradation of the 

riverbed due to significant sediment inflow from the Drim River. It was estimated that 

about 2.5 million m3 of sediment had been deposited between 1928 and 1965 

(Jovanovic and Djordjevic, 1974). 

The river draws water from the lake at an average flow rate of 320 m³/sec, but upon 

merging with the Drin River, the total water flow capacity increases to 680 m³/sec. 

Indeed, 54% of the Buna/Bojana River’s discharge originates from the lake outflow, 
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while 46% comes from the Drin River (http://drincorda.iwlearn.org/drin-river- 

basin/buna-bojana-river-sub-basin; del Val Alonso et al., 2019). The average annual 

discharge of the Buna/Bojana River and Drin River is 21.19 km³/year (Bogdani, 1996). 

The inter-annual distribution of discharge in the Buna/Bojana River presents two peaks, 

one in winter (December) and one at the end of spring (April–May), with minimum 

discharge occurring in August. The maximum/minimum flow ratio in the Buna/Bojana 

River is 5.3 (Cullaj et al., 2005). 

During periods of exceptionally high-water levels, the lake’s outflow can be blocked, 

resulting in the lake reaching its maximum capacity. Consequently, the Buna/Bojana 

River may overflow, causing floods in adjacent agricultural areas. This flooding 

phenomenon was more pronounced in the past, when the lake's maximum capacity 

exceeded 7,500 m³/sec. In addition, Lake Shkodra/Skadar receives groundwater from 

various sublacustrine springs (locally known as vrulje), which usually appear along 

karstic lakeshores (Sekulić et al., 2014a). The total mean annual inflow of groundwater 

into Lake Shkodra/Skadar amounts to around 55 m3/s (Radulović et al., 2015). 

The large waters of the river threaten in Montenegro: the Vladimirsko and Sukobinsko 

field, the Šasko lake zone and the Ulcinj field. The embankments built along the Bojana 

largely prevent large waters from entering deep into the land, but spills still occur in 

the most downstream areas because the inundation area is not wide enough, the 

embankment lacks sufficient height, and the embankment's maintenance is poorly 

regulated. 

For many years, the Bojana River was talked about as a significant natural resource and 

a habitat for a large number of plant and animal species. However, this picture was 

changed by floods at the end of December 2009 and at the beginning of 2010, and in 

January 2011, which affected the shores of Lake Skadar and the rivers Bojana and 

Drima. They were created as a result of both intense rainfall and changes in 

morphological and hydraulic conditions at the mouth of the Bojana into the Adriatic 

Sea caused by the influence of the Drim River. 

However, the construction of hydropower stations on the Drin River has significantly 

reduced the occurrence of these floods. 

The sediment transport by the Buna/Bojana River is crucial in shaping the 

geomorphology of the coastal zone, particularly along the Velipojë shoreline, an area 

currently facing significant coastal erosion. Historical reports describe the Buna/Bojana 

Delta as an expansive, ecologically rich wilderness (University of Sapienza, 2016). 

However, like other Mediterranean wetlands, the delta has undergone extensive 

anthropogenic transformation in recent decades (DCM 849, 2020). Between 1947 and 

1980, approximately 36 km² of swampland and marshes were converted into 

agricultural land, compared to only 2 km² before this period. In 1963, the Buna and 

Drin Rivers were artificially connected to mitigate flooding in the Zadrima plain and the 

town of Lezha. Further hydrological alterations occurred during the early 1970s with 

the construction of drainage and irrigation canals, the installation of multiple pump 

http://drincorda.iwlearn.org/drin-river-basin/buna-bojana-river-sub-basin
http://drincorda.iwlearn.org/drin-river-basin/buna-bojana-river-sub-basin
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stations, followed by the construction of three large hydropower dams along the Drin 

River in the 1980s (University of Sapienza, 2016). These interventions have substantially 

altered the hydrogeological regime and land-use patterns of the area. Consequently, 

the frequency and magnitude of flooding events in the Buna/Bojana River basin have 

significantly diminished, and much of the former floodplain has been transformed into 

agricultural land. Until 1991, the region maintained a degree of ecological preservation 

due to its status as a militarised border zone. Following the change in political status, 

the area saw the onset of rapid development, particularly the expansion of tourism 

infrastructure along the Velipojë coast, a process that continues to accelerate 

(University of Sapienza, 2016; Antonakopoulou, 2017). 

The river’s hydrological regime is extremely complex because it depends on a variety 

of natural and anthropogenic factors. The hydrological complex of Lake Skadar and the 

Bojana River represents a very complex system, given that the Drim River flows into the 

Bojana directly downstream from Skadar. So, together, the Skadar Lake basin, Bojana 

and Drim make up an area of about 20,000 square kilometres. Enormous amounts of 

water that reached Bojana from Drim almost completely blocked the outflow of water 

from Lake Skadar, and even part of the waters of Drim entered Lake Skadar. This, along 

with the high flows of all the tributaries of Lake Skadar, caused large floods along its 

coast. In the last ten years, a dramatic silting up of the right arm of Bojana has been 

observed, so there is a justified fear that this arm could be completely covered with 

sand and that Ada Bojana could disappear, because it would merge with the beach 

“Velika plaža”. Due to the intensive dredging of the precipitated sediment, on the 

critical sections of the right branch of the Bojana, the backfilling process was partially 

stopped for a while. However, the sediment deposition process in the right branch 

continues, with the Bojana bifurcation zone and the contact zone of the river and the 

sea being particularly threatened. The hydrological characteristics of the Bojana River 

are extremely complex because they actually depend on the hydrological 

characteristics of Lake Skadar and its tributaries, and especially on the hydrological 

characteristics of the Drim River, which flows into the Bojana. An integral management 

system must be provided for such a complex hydrological complex, especially since the 

downstream section of the Bojana is an interstate watercourse. 

The river often experiences flooding during periods of heavy rainfall or snowmelt, as 

well as due to a new bed cut by the Drim River, affecting surrounding agricultural areas 

(Sekulić et al., 2014b). The water quality in the Bojana River can vary, impacted by both 

natural processes and human activities. This includes pollution from agricultural runoff, 

waste disposal, and other industrial activities (Antonakopoulou, 2017). 

The Buna/Bojana River involves two primary hydrogeological units: a) Mesozoic 

limestone ridges that run parallel to the coast, distinguished by a thrust fault structure, 

and b) Quaternary deposits linked to the fluvial-deltaic plain of the Drin River and 

coastal processes (del Val Alonso et al., 2019). The main hydrological units in the 

Albanian section of the river are: the mesozoic karstified limestones,



82 | P a g e 

 

 

 

 

 

 

 

the alluvial sediments of the Drin River, and the fluvial-deltaic sediments of the 

Buna/Bojana River. 

The Buna /Bojana hydrogeological system was formed during the Quaternary period 

by the post-tectonic deposits around the Shkodra/Scadar Lake and the lower Drin River 

catchment. 

The groundwater system of the Buna/Bojana River basin is defined by two principal 

aquifers: 

• The Quaternary porous (friable) alluvial aquifer in the river plain. 

• The karstic fissured aquifer in the Taraboshi and Renc-Kakarriqi anticlines. 

The Buna /Bojana alluvial aquifer spans across the plain region of the Buna /Bojana 

River and lies on permeable rocks. It consists mainly of gravel and sand sediments, 

often overlain by siltstone layers of varying thickness. Its formation is influenced by 

various geomorphological processes, including fluvial, fan, littoral, and marine 

processes. Additionally, it is shaped by the pre-Quaternary paleo-relief and geological 

structures such as the Renci anticline. The thickness of the siltstone cover varies across 

the basin, ranging from 4–10 meters near the Drini River to 20–30.5 meters in the 

central Velipojë plain. It is characterised by high hydraulic conductivity and an 

estimated dynamic water resource of up to 330 l/s, with about 150 l/s currently being 

utilised in the Albanian territory. In contrast to the alluvial aquifer, the karstic fissured 

aquifer is more limited in extent but holds significant groundwater potential. It is 

primarily located within the Taraboshi and Renc-Kakarriqi anticlines, where karst 

formations interact with impermeable layers. The average discharge of these springs is 

typically around 25 l/s. While the karstic aquifer is not as expansive as the alluvial 

aquifer, its potential for water storage and discharge is notable, particularly in areas 

where karst features are most developed. In addition, the pre-Quaternary paleo-relief, 

particularly the Renci structure extension, played a significant role in aquifer 

development. These alluvial sediments are primarily found on the Albanian left bank of 

the Buna River and extend to the right bank near Obliqë and Dodaj in Albania. 

Even though the Bojana River is, after the Po River, the second largest tributary of the 

Adriatic Sea, its hydrological characteristics are little known. The erosion and 

sedimentation processes in the Bojana River channel have not been monitored in detail 

or corroborated by measurement. However, historical records of changes in the basins 

of the Skadar Lake and the Drim River can be used to shed some light on the 

morphodynamics of the Bojana River (Petković and Sekulić, 2019). 

The Buna /Bojana River basin experiences a sub-Mediterranean climate characterised 

by mild, wet winters and hot, prolonged summers. The mean annual air temperature 

ranges from 16°C to 18°C, with January being the coldest month (2.3°C–8.3°C) and July 

being the hottest (19.8°C–25.0°C). There are typically 110 to 130 days annually with 

temperatures exceeding 25°C. Climatic data from nearby areas like Shkodra and Lezhë 

show average annual temperatures of 14–15°C and precipitation levels between 1,500– 
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2,500 mm, with up to 4,500–5,000 mm in the northern mountainous areas. Mean annual 

precipitation in Albania is around 2,089 mm (Bogdani, 1996). 
 

5.1.2 Ecological characteristics 

 

The wetlands of the Buna/Bojana River Delta of Albania are considered among the 

most significant in the Eastern Mediterranean in terms of their ecological value. The 

region encompasses a vast array of geological types, geographies, and habitats, 

ranging from low karst ridges and coastal dunes to forests that extend into the larger 

Buna River–Velipojë Protected Landscape (BRVPL). BRVPL is a designated protected 

area that covers 23,027 hectares, representing approximately 5% of Albania's overall 

protected areas. It is bordered by the Adriatic Sea to the south, Lake Shkodra/Skadar 

to the north, and the Republic of Montenegro to the west (Vasili, 2018; Kromidha et al., 

2020; DCM No 682, 2015). The establishment, usage and management of protected 

areas in Albania is governed by Law No. 8906, dated 06.06.2002 for Protected Areas, 

and as subsequently amended by Law No. 9868 dated 04.02.2008. The BRVPL, 

renowned for its rich biodiversity, was designated as a protected landscape by Decision 

of the Council of Ministers (DCM) No. 682, dated 02.11.2005 (DCM No 682, 2015). The 

BRVPL has been recognised as one of 45 Important Plant Areas (IPA), one of 25 

potential Emerald Sites, and one of 15 Important Bird Areas (IBAs). It is included within 

a larger transboundary conservation landscape, Lake Shkodra Managed Natural 

Reserve (26,535 ha) in Albania and the Skadar Lake National Park (40,000 ha) in 

Montenegro. The BRVPL will also play a significant role in the establishment of the 

Balkan Regional Ecological Network (BREN), the European Greenbelt, and the Pan 

European Ecological Network (PEEN). Additionally, it contributes to globally recognised 

priority conservation zones as acknowledged by WWF (Global 200 Ecoregions) and 

CEPF (Hotspots and Key Biodiversity Areas). The protected area includes three main 

zones: the Core Zone, the Traditional Development Zone and the Transition Zone 

(classified in certain levels of protection according to Law No. 8906, dated 06.06.2002, 

"On Protected Areas,") (GWP-Med, PAP/RAC, UNESCO-IHP, 2015; DCM No 682, 2015; 

Polis University et al., 2017). The zoning framework imposes rigorous conservation 

measures, supports ecological restoration efforts, and prohibits activities that 

compromise biodiversity or the integrity of natural habitats (Directorate of 

Environment and Renewable Energy, 2024). 

On February 02, 2006, the regions of "Shkodra/Skadar Lake" and "Buna/Bojana 

River" were included in the Ramsar List of Wetlands of International Importance, as 

internationally significant habitats, particularly for aquatic birds. The Albanian part of 

Lake Shkodra/Skadar, including a limited section of its shoreline, together with the 

Buna /Bojana River, its delta, associated coastal zones, and an adjoining stretch of the 

Adriatic coastline, constitute the Lake Shkodra/Skadar and River Buna /Bojana Ramsar 

Site (Ramsar Sites Information Service, 2006). 
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This protected landscape, which includes the Buna/Bojana River, along with its 

adjacent wetland ecosystems, including the Buna Delta, Domni Marsh, and Viluni 

Lagoon, is demarcated by the following boundaries (DCM No 682, 2015; Polis 

University et al., 2017): 

 

Table 5.1. Boundaries of the protected landscape of Buna/Bojana river 
 

Boundaries 

To the North Defined by the line connecting the outflow of the Buna /Bojana River from 

Shkodra Lake to the northern boundary with the Republic of Serbia– 

Montenegro 

To the West By the international border along the Buna /Bojana River with the Republic of 

Montenegro; 

To the East By the line extending from the outflow of the Buna /Bojana River from Lake 

Shkodra to Rana e Hedhun, traversing mountainous terrain 

To the South By the coastal stretch from Rana e Hedhun to the mouth of the Buna /Bojana 

River 

 

The BRVPL covers a total area of 23,027 hectares, consisting of (DCM No 682, 2015; 

Polis University et al., 2017): Forested and shrub-covered areas – 7,799 ha; Lagoon areas 

– 346 ha; Sand dunes and coastal areas – 496 ha; Saline soils – 252 ha; Other surfaces 

(agricultural land, inhabited areas) – 14,134 ha. 

The Buna/Bojana River, along with the wetland areas linked to the river, boasts a diverse 

array of habitats, communities, and landscapes which support a rich variety of flora and 

fauna, making this area one of the most diverse and abundant sites in the South 

Balkans and along the Adriatic coast. Rare and endangered species predominate in 

these aquatic and wetland ecosystems. The riparian zones along the Buna/Bojana River 

support a biodiversity of considerable ecological value, primarily dominated by Willows 

(Salix spp.), Poplars (Populus spp.), and Black locust (Robinia pseudoacacia), with lesser 

representation of Elm (Ulmus spp.), Dogwood (Cornus spp.), and other associated 

species (Shkodra Municipality et al., 2016). 

One of the most important features of the Buna/Bojana River is its role as a migration 

corridor for aquatic animals between the Adriatic Sea and the hydrographic network 

of the southwestern Balkans, as well as for the avifauna of the wetland areas around 

the river and Shkodra/Skadar Lake (Beqiraj and Dhora, 2007). According to EuroNatur 

(2006b), a total of 143 freshwater fish species have been documented within the 

interconnected aquatic systems of Shkodra/Skadar Lake, the Buna/Bojana River, the 

adjacent Adriatic coastal waters, and Viluni Lagoon (Schneider-Jacoby et al., 2006b). 

Also, approximately 50 marine fish species have been recorded in the estuarine and 

nearshore coastal zones of the Buna/Bojana River Mouth, further enriching the regional 

ichthyofaunal diversity. (Antonakopoulou, 2017; Polis University et al., 2017; Beqiraj and 

Dhora, 2007; Shkodra Municipality et al., 2016). The Buna/Bojana River region is an 
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appropriate habitat for a diverse community of terrestrial mammals, primarily 

distributed across forested areas and marshy habitats within the riverine floodplain. 

(Beqiraj and Dhora, 2007; Shkodra Municipality et al., 2016; Bego, 2003). A key aquatic 

species in the region is the Eurasian otter (Lutra lutra), a globally threatened mammal, 

that has been recorded multiple times over the past decades. 

Buna/Bojana River, together with its adjacent aquatic and wetland habitats, are located 

along one of the three major migratory flyways of Europe, highlighting the regional 

importance of the Buna/Bojana River corridor for migratory birds (GWP-Med, PAP/RAC, 

UNESCO-IHP, 2015; Polis University et al., 2017; Shkodra Municipality et al., 2016). More 

than 76% of avian species recorded in the Buna Delta are migratory, approximately 

29% of bird species in the delta are known to be nesting species, while numerous 

passerines utilise the area as a resting and feeding ground during seasonal movements 

(GWP-Med, PAP/RAC, UNESCO-IHP, 2015). Among the species regularly observed is 

the Dalmatian pelican (Pelecanus crispus), a species of conservation concern. The BRVPL 

supports a diverse and ecologically significant bird community, with a strong 

representation of waterbird species. According to EuroNatur (2006), a total of 238 bird 

species have been documented within the BRVPL (Schneider-Jacoby et al., 2006b). 

Critically, nearly half of the waterfowl species found in the Buna/Bojana Delta are listed 

as threatened or endangered at local, regional, or global levels. Examples include the 

Ferruginous duck (Aythya nyroca) and the Pygmy cormorant (Phalacrocorax pygmeus), 

both recognised as globally threatened (Antonakopoulou, 2017). 

BRVPL and the surrounding marshes, ponds and canals and the catchment area of 

Buna/Bojana River are ideal habitats for reptilian and amphibian fauna (Schneider- 

Jacoby et al., 2006b; Beqiraj and Dhora, 2007). A total of 19 reptile species (listed in the 

IUCN Red List of Threatened Species (2009 edition)) and 11 amphibian species (each 

of them included in the 2012 IUCN Red List) have been documented within the BRVPL 

(Schneider-Jacoby et al., 2006b). Available data on invertebrate diversity within the 

BRVPL remain limited. According to Beqiraj and Dhora (2007), the BRVPL is home to 

three globally threatened mollusc species: Unio elongates, Unio crassus, and 

Microcondylaea compressa. 

 

5.1.3 Socioeconomic context 

 

The Albanian part of the Buna/Bojana River features a unique cultural landscape 

and is home to approximately 36,000 residents. The local economy is primarily driven 

by agriculture, fishing, tourism, and trade, which employ most of the population. The 

region attracts around 400,000 tourists each year, exhibiting a significant seasonal 

influx during the summer months (GWP-Med, PAP/RAC, UNESCO-IHP, 2015). In the 

Buna River Velipojë Protected Landscape, the economy mainly relies on crop and 

livestock production, including irrigated pastures for grazing animals. Tourism also 

plays an important role, while fishing contributes modestly to the local livelihoods. 
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Agricultural land within the BRVPL is highly fragmented, with average farm sizes 

ranging from 1.0 to 1.9 hectares across municipal units. Large-scale farm holdings 

account for less than 5% of all farms in the region. Structural constraints and minimal 

access to agricultural credit significantly hinder investment in mechanisation and 

irrigation infrastructure. 

Approximately 50% of the cultivated land is dedicated to fodder production, while the 

remaining area supports a diverse mix of cereals, vegetables, fruit trees, and olives. The 

livestock population consists predominantly of cattle (circa 13,000), sheep (circa 

20,000), and goats (circa 3,000), which serve as key sources of meat, dairy, and cheese 

products. Due to most agricultural enterprises' small-scale and subsistence-oriented 

nature, integration into broader markets remains limited. As a result, much of the 

production is consumed at the household level or sold through informal, direct-to- 

consumer channels (https://www.livingbuna.org/en/buna). 

Within the BRVPL, Shkodra/Skadar Lake serves as the principal fishing ground, 

supplemented by fishing activities in the Buna/Bojana River, the adjacent marine 

environment, and the surrounding wetland systems, most notably the Viluni Lagoon. 

Historically, a concession was granted for mussel cultivation in Viluni Lagoon; however, 

following the 2010 flood events, this activity was abandoned in favour of mullet and 

eel harvesting. All catches are marketed locally, raising concerns about the potential 

impact of environmental contaminants on product quality. Fishing supports both 

commercial and subsistence livelihoods in numerous communities along the 

riverbanks, such as Obot, Samrisht, Reç, and Pulaj, as well as along the Velipoja coastline 

and within the Viluni catchment (GWP-Med, PAP/RAC, UNESCO-IHP, 2015). 

The Buna/Bojana River region, shared by Albania and Montenegro, is rich in natural 

beauty and cultural heritage, offering significant potential for tourism-driven economic 

development. The area is home to approximately 53,000 people (Antonakopoulou, 

2017), with the Albanian side experiencing population growth. Seasonal tourism 

significantly increases the local population during summer months, placing added 

pressure on infrastructure and environmental resources. 

Tourism in the Albanian part of the watershed is predominantly concentrated in 

the Velipojë municipality, which covers around 300 hectares of designated tourist 

zones. The area attracts between 80,000 and 400,000 visitors annually 

(https://www.livingbuna.org/en/buna). This model of high-volume, low-expenditure 

tourism generates substantial strain on local services and waste management systems, 

while also contributing to unregulated urban expansion. Overall, the quality of tourism 

services remains relatively low (Antonakopoulou, 2017; National Agency of 

Environment and Ministry of Tourism and Environment, Albania, 2024). 

https://www.livingbuna.org/en/buna
https://www.livingbuna.org/en/buna
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Figure 5.4. Fishing activity in the Buna/Bojana River. 

 

5.2 Sources of pollution 

 

5.2.1 Local factors influencing litter 

 

An increase in anthropogenic activities in the Buna/Bojana River Basin, primarily due to 

uncontrolled coastal development, population growth, increased economic activities, 

agricultural practices, the presence of hydropower facilities, the discharge of 

contaminated urban and rural waters, and poor management of urban waste and 

wastewater, is placing additional pressures on the watershed, adversely affecting both 

nature and human well-being. Apart from the problems acknowledged in the area, it 

should be emphasized that the upstream activities and water body conditions of the 

Drin River and Shkodra/Skadar Lake directly influence the status of the watershed. 

Municipal solid waste disposal, wastewater discharge, and industrial waste dumping 

are the main contributors to water pollution and pressure on the river. Solid waste 

management in the area is characterized by a lack of waste collection sites, inadequate 

transportation systems, a shortage of treatment facilities, and insufficient designated 

disposal locations. Additionally, the absence of wastewater treatment and collection 

areas significantly increases the risk of water pollution in Shkodra and the surrounding 

river areas. Currently, all areas manage their solid waste through improvised dumpsites, 

often located near riverbanks, which leads to the contamination of the Drin– 

Buna/Bojana River Basin and its waters. Although Shkodra is one of the few regions 
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with a sanitary landfill, it still contains four inappropriate solid waste disposal sites 

(DCM 849, 2020). Additionally, decreased river flow and the narrowing of the riverbed 

at its mouth, caused by sediment deposits and relatively shallow depths, intensify the 

effects of pollution. It has been reported that the untreated wastewater from Shkodra 

municipality, discharged directly into the Drin and Buna/Bojana Rivers, the dumping of 

rubbish and the erosion of the riverbed lead to elevated contaminants on both surface 

and groundwater, especially during summer (Dushi, 2020). The pollution in the area is 

intensified by waste from the Drin, Kir, and Përroi i Thatë Rivers, which residents 

frequently use for dumping. During rainy periods, these rivers carry polluted water into 

the Buna/Bojana River. 

Agricultural and livestock activities are the main activities in the area, contributing 

significantly to the accumulation of plastic waste in rural and peri-urban areas, where 

plastics are frequently burned, buried, or left in open fields, eventually degrading into 

microplastics that contaminate both soil and water bodies (Rochman et al., 2013). 

Unsustainable agricultural practices have resulted in degraded water quality and a 

substantial increase in water consumption. Agricultural plastics, such as mulch films 

and pesticide containers, are the common source of plastic entering river systems. 

These materials are often dislodged during heavy rainfall and carried into rivers 

through stormwater systems and drainage canals. Livestock farming contributes to 

river pollution by generating various plastic waste items, such as feed bags, silage 

wraps, bale twine, veterinary packaging, and plastic fencing materials. When these 

plastics are exposed to harsh weather or not correctly disposed of, they can break down 

in the environment or be left in open areas, contaminating surrounding ecosystems 

(Dushi, 2020; Pradhan et al., 2021). Recreational activities such as picnics, fishing, and 

tourism contribute to plastic pollution, as well. Tourism is rapidly developing along the 

coast, adversely impacting the natural resources of the Buna catchment area. 

Improperly disposed plastic waste from tourism activities contributes significantly to 

litter entering the river system. 

 

  

Figure 5.5. Evidence of litter accumulation on the Buna/Bojana riverbank. 
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Industrial and mining activities in the area significantly contribute to plastic pollution 

through the use and disposal of plastic materials. Factories frequently generate large 

quantities of plastic packaging, containers, and by-products, some of which are 

improperly disposed of or end up in rivers due to stormwater runoff or illegal 

discharges. Although primarily linked to metal and sediment pollution, mining 

operations generate plastic waste through plastic piping, liners, packaging materials, 

and protective gear (Antonakopoulou, 2017). Construction has expanded due to 

increased urban development after the 1990s, mainly affecting the coastal zone and 

urban centres. The lack of a sustainable planning strategy in Albania has led to the 

degradation of the natural environment. In addition, basic infrastructure and municipal 

services are poor at both river borders and cannot meet the needs of rapid spatial 

transformation. Drainage canals are also blocked and poorly maintained, causing 

frequent flooding in the Albanian and Montenegrin watersheds. 

Hydropower facilities constitute an additional source of pollution, contributing to the 

environmental pressures impacting the Buna/Bojana watershed. Although no major 

hydropower facilities are located directly on the Buna/Bojana River, several large-scale 

hydropower plants in Vau i Dejës, Fierza, Koman, and Ashta are operational along the 

Drin River, its principal tributary. The Ashta Hydropower Plant is located near the 

confluence of the Drin and Buna/Bojana Rivers, utilising water from the Drin River and 

is hydrologically connected to the Buna/Bojana River system. 

The hydropower plants in the Drin-Buna/Bojana Basin have significant environmental 

implications, including contributing to plastic and solid waste pollution. The 

infrastructure of dams disrupts natural hydrological regimes by regulating water flow, 

altering sediment transport, and fragmenting river connectivity. These changes lead to 

floating debris accumulating in reservoirs and impounded river segments, especially 

plastics. Litter usually transported downstream and potentially flushed into coastal 

environments becomes trapped behind dam structures, resulting in localised 

contamination hotspots. Additionally, the construction, operation, and maintenance of 

hydropower plants can introduce further pollution sources due to improperly managed 

construction waste, the use of synthetic materials, and increased human activity in 

previously undisturbed riparian zones (Vasili, 2018). 

Anthropogenic impacts on river morphology significantly alter natural river dynamics 

and the distribution of pollution sources in the basin. The extraction of inert materials 

from the Drin–Buna/Bojana River Basin has been a significant human activity that has 

contributed to the degradation of river morphology over the past 25 years. This 

practice has led to increased vertical erosion along several tributaries of the Drin– 

Buna/Bojana system. These morphological changes pose risks to the ecological 

integrity of the river system and the surrounding infrastructure. 
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5.2.2 Sources of pollution, especially of plastic litter 

 

The origin of plastic waste in freshwater ecosystems is closely linked to human 

activities. Research reveals a strong correlation between the presence of plastic debris 

in rivers and factors such as population density, urbanisation, wastewater treatment 

practices, and waste management systems (Best, 2019). Plastic debris enters river 

systems through natural transport mechanisms or direct dumping. Natural processes 

include wind and surface runoff caused by rainfall (Bruge et al., 2018; Moore et al., 2011; 

Tramoy et al., 2019). Land-based sources, considered the primary contributors to plastic 

pollution in the Buna/Bojana River, include waste disposal sites, litter from tourism and 

recreational activities along the river, general public littering, illegal dumping (fly- 

tipping), local businesses, industrial activities, and unregulated waste disposal sites. The 

types and quantities of waste accumulated near the riverbanks are influenced by factors 

such as climate conditions, tides, proximity to urban centres, waste disposal facilities, 

industrial and recreational zones, and commercial fishing areas. 

The primary sources of pollution identified in the Buna/Bojana area, based on existing 

literature and reports, are as follows: 

• Wastewater. None of the communes along the river has a sewage network 

system. The populations use septic tanks, which are equal in number to households. In 

many cases, sewage overflows from septic holes to the surface, posing pollution and 

health risks to residents, which intensify during flooding. The increased density of 

households in beach areas leads to a higher number of septic tanks, raising the risk of 

groundwater contamination. 

• Waste management. Wastewater Discharges. The communes along the 

Buna/Bojana River lack centralised sewage networks; residents rely exclusively on septic 

tanks, equal in number to households. Frequent overflow and leakage from these 

systems cause significant contamination of surface waters and groundwater, 

exacerbated during flood events. The increased household density in coastal and 

riverbank zones elevates risks of groundwater pollution, highlighting wastewater as the 

most urgent pollution source. 

• Solid Waste Management Challenges. In the area, solid waste is often illegally 

disposed of in ditches, resulting in significant environmental repercussions for 

riverbanks, groundwater, and seawater quality. The Bushat landfill, the only facility near 

the Buna/Bojana area that meets EU standards, is located in the Shkodra/Buna region 

but remains only partially operational. Uncontrolled waste dumping and open burning 

persist, especially in rural sectors. The landfill’s unsuitable siting—across riverbanks and 

within a floodplain—makes it vulnerable to seasonal rainfall and mountain meltwater, 

increasing leachate formation risk. Constructed directly on a gravel riverbed without 

adequate containment barriers, contaminants readily infiltrate groundwater and 

nearby surface waters. Waste disposal at the site is shallow and dispersed, limited only 
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by adjacent roads and riverbanks. Additionally, riverbank erosion undermines site 

stability, facilitating downstream waste transport. 

Transportation costs further limit the landfill's effective use, as it is distant from key 

communes, notably Velipojë. Presently, only the Dajç commune manages solid waste 

collection and disposal at Bushat. There is a critical lack of coordinated plans for 

collection points, bins, and vehicles. Flooding in this area increases pollution by 

washing accumulated garbage into water bodies. Illegal dumping in ditches remains 

widespread, significantly impacting riverbanks, groundwater, and coastal water quality. 

These detailed deficiencies make solid waste mismanagement the second highest 

priority pollution source requiring urgent interventions to improve infrastructure, site 

management, and community waste services. 

• Industrial and Mining Pollution. According to available literature, industrial 

and mining activities contribute to the pollution of the Drin River and the watersheds 

of Shkodra/Skadar Lake, which subsequently impact the Buna/Bojana River watershed. 

Upstream industrial and mining activities in the Drin River and Lake Shkodra/Skadar 

watersheds discharge heavy metals, hydrocarbons, and toxic substances into the 

Buna/Bojana Basin. While geographically upstream, these sources contribute notably 

to cumulative watershed pollution and require targeted monitoring and mitigation. 

• Diffuse Land-Based Pollution (Tourism, Recreation, Local Businesses). Land- 

based plastic pollution derives primarily from tourism, recreational use, local 

businesses, and informal settlements. This pollution is influenced by climatic factors, 

tides, proximity to urban and industrial centres, and commercial fishing zones, leading 

to litter accumulation along the river and coastal environments 

• Tourism. The Buna/Bojana River area has significant tourism related to its 

stunning natural landscapes. The influx of seasonal tourists leads to a rise in single-use 

plastics, including bottles, packaging, and bags. Unfortunately, the insufficient waste 

collection infrastructure results in a significant portion of this waste being discarded in 

the river and surrounding areas. 

Research on marine litter specifically within the Buna/Bojana Delta is limited; however, 

similar studies were carried out by students from the Drin Riparian countries—Albania, 

North Macedonia, Montenegro, and Greece—during the Act4Drin Spring School in 

May 2016. The findings revealed that 90% of the collected items were composed of 

plastic, primarily attributed to coastal tourism and recreational activities. Notably, the 

presence of sanitary items, such as cotton bud sticks, underscores the significant 

impact of sewage discharges into the river, raising considerable environmental 

concerns (MIO-ECSDE, 2016). 
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Figure 5.6. Map of Pressures and Impacts: A Comprehensive Overview. Source: "Design and 

testing of a multipurpose transboundary groundwater monitoring network in the Extended 

Drin River Basin" (DRIN) 2017 – 2020 (del Val Alonso et al., 2019). 

 

5.3 Accumulation and retention of litter 

 

5.3.1 Factors influencing accumulation and retention 

 

The accumulation of plastic litter within riverine and coastal systems is governed by a 

complex interplay of hydrological, climatic, morphological, and anthropogenic factors: 

Hydrological parameters such as water level, flow velocity, and discharge rates critically 

shape the transport pathways and deposition zones of debris (van Emmerik et al., 

2018). Wind dynamics are particularly influential in mobilizing lightweight plastic 
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materials, including expanded polystyrene (EPS) and air-filled polyethylene 

terephthalate (PET) bottles, whose aerodynamic properties enable displacement over 

long distances and enhanced velocities, often resulting in premature accumulation 

along riverbanks (Corcoran, 2015; Faure et al., 2015; Ivar do Sul et al., 2014). Elevated 

water levels and flood events can remobilise plastics previously lodged on banks or 

entangled in riparian vegetation, leading to transient but significant shifts in debris 

distribution. Vegetated riparian zones serve as key sinks for plastic litter during such 

events, trapping debris that would otherwise be transported downstream. Additionally, 

hydraulic structures such as dams and sluices act as temporary retention points, 

accumulating plastic debris and affecting its downstream flux (Honingh, 2018; Lebreton 

et al., 2017). 

Climate change exerts multifaceted influences on litter dynamics. Rising temperatures, 

altered precipitation regimes, extreme weather events—including droughts and flash 

floods—and sea-level rise threaten the stability of riverine and coastal environments. 

Increased storm frequency and intensity exacerbate coastal flooding and elevate 

salinity intrusion into freshwater systems, compromising ecosystem resilience. 

Furthermore, coastal erosion driven by sea-level rise facilitates the backflow of marine 

plastics into river systems, thereby increasing the overall plastic load within watersheds. 

Hydromorphological alterations in the Drin River basin, particularly those linked to dam 

construction for hydropower generation, disrupt natural sediment transport and river 

flow dynamics. These changes contribute to enhanced erosion in tributaries, increasing 

sediment input into the Buna/Bojana River system, which exacerbates coastal erosion 

and accelerates land loss along the shoreline. The construction of dikes from inert 

riverbank materials has further modified the natural morphology of the Buna/Bojana 

Delta, altering flood regimes and sediment deposition patterns (Antonakopoulou, 

2017). 

Shifts in sediment dynamics directly affect river channel capacity and flood risks during 

periods of heavy precipitation and storm surges. Given the interconnected nature of 

river and coastal systems, alterations in coastal erosion and sediment supply critically 

influence river mouth behaviour and ecosystem health. Sediment supply variations also 

dictate coastal resilience, affecting the capacity of shorelines to withstand erosional 

forces. 

Monitoring by the Albanian Geological Service from 2017 to 2021 revealed significant 

coastal erosion in the Shëngjin-Buna/Bojana area, including: 

• A 14-meter shoreline retreat at Sigal Beach, causing a loss of 0.19 ha over 300 

meters. 

• Northward migration of the Viluni Channel by 130 meters since 2013. 

• A loss of 2.12 hectares at Velipoja Beach over 2.5 kilometres due to intense 

erosion. 
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• Formation of a new 1,000 m² offshore island from sediment accumulation and 

5.65 hectares of new land near the river mouth (National Agency of Environment and 

Ministry of Tourism and Environment, Albania, 2024). 

Overall, 10.87 hectares of land have been lost to erosion in just four years, underscoring 

the urgent need for integrated management strategies to safeguard the region’s 

environmental integrity. 

 

5.3.2 Identified accumulation and retention areas 

 

Currently, Albanian authorities do not provide official information regarding specific 

accumulation and retention areas for marine litter within this territory. This data gap 

limits the comprehensive understanding and effective management of pollution and 

sediment dynamics in the Buna/Bojana basin (GWP-Med, PAP/RAC, UNESCO-IHP, 

2015). 
 

5.4 Impact of litter 

 

5.4.1 Effects on the ecosystem and biodiversity 

 

The Buna/Bojana Delta is a dynamic and ecologically sensitive natural system currently 

facing multiple pressures that threaten its ecological balance, particularly within its 

coastal and wetland ecosystems. Key factors impacting biodiversity and ecosystem 

health include: 

• Tourism and human settlements: increased tourism activities and expanding 

settlements contribute to habitat disturbance and pollution, including plastic litter 

accumulation. 

• Unsustainable and illegal fishing: practices using destructive methods reduce 

fish populations and disturb aquatic habitats. 

• Deforestation: ongoing wood harvesting and pasture expansion lead to habitat 

loss and fragmentation. 

• Agricultural biodiversity decline: the introduction of non-native animal breeds 

and plant varieties is reducing the diversity of traditional local species. 

• Habitat degradation: semi-natural habitats such as coastal dunes and wetlands 

suffer from significant erosion and fragmentation. 

• Water extraction: over-extraction of surface and groundwater for irrigation, 

especially on the Albanian side, threatens wetland health and biodiversity. 
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• Invasive species: the introduction of new flora and fauna disrupts traditional 

biodiversity, leading to the loss of native species. 

Together, these pressures exacerbate the vulnerability of local ecosystems and reduce 

their resilience to further disturbances, including pollution from plastic litter. 

Local biodiversity has also changed as new animals and plants are introduced, 

destroying the traditional local diversity (Antonakopoulou, 2017). 
 

5.4.2 Other ecological risks 

 

Other ecological risks associated with plastic litter in the Buna/Bojana Delta 

include microplastic contamination, where the breakdown of larger debris introduces 

tiny plastic particles into aquatic food webs, affecting organisms from plankton to fish 

and birds. Additionally, plastics can absorb and transport harmful chemicals such as 

pesticides and heavy metals, leading to toxic effects and bioaccumulation in wildlife. 

Many species face threats from entanglement or ingestion of plastic debris, resulting 

in injury, impaired movement, or even death. Accumulated plastics can also disrupt 

natural processes by altering sedimentation patterns, blocking sunlight, and damaging 

vegetation, which negatively impacts nutrient cycling and habitat structure. Floating 

plastics may facilitate the spread of invasive species, competing with native 

biodiversity. Beyond ecological consequences, contaminated water and food resources 

pose potential health risks to local communities dependent on the delta, while 

pollution undermines economic activities such as tourism, fisheries, and agriculture, 

threatening the long-term well-being of the region. 
 

5.5 References 

 
Antonakopoulou, M. (2017). Albania and Montenegro : Creating an Integrated Water Resources 

Plan for the Buna / Bojana Watershed. Global. Water Partnership Mediterranean. 

Barbieri, M., Garone, A., Neziri, A., Rossi, M. (2015). First groundwater chemical status 

assessment of the Buna River-Protected Landscape (Albania). Environmental Earth 

Sciences, 74(7), 6325–6338. doi: 10.1007/s12665-015-4657-3 

Bego, F. (2003). Gjitaret: Monitorimi i faunes ne zonat Velipoje, Kune, Vain, Patok, Divjake e 

Sarande. Tirana: MSHN, MM. 

Beqiraj, S., Dhora, Dh. (2007). Regional importance of the fauna of the cross-border river Buna. 

In: Rivers and citizens. Cross-border experiences in environmental protection and 

sustainable development, Lecce, 36 – 49. 

Best, J. (2019). Anthropogenic stresses on the world’s big rivers. Nature Geoscience, 12(1), 7– 

21. 

Bogdani, M. (1996). Risk assessment from floodings in the rivers of Albania. International 

Conference on Destructive Water, Anaheim, 1996, pp. 83–85. 



96 | P a g e 

 

 

 

 

 

 

 

Bruge, A., Barreau, C., Carlot, J., Collin, H., Moreno, C., Maison, P. (2018). Monitoring litter inputs 

from the Adour River (Southwest France) to the marine environment.,” Journal of 

Marine Science and Engineering, 6(1), 24. 

Corcoran, P.L. (2015). Benthic plastic debris in marine and fresh water environments. Environtal 

Science: Processes & Impacts, 17(8), 1363–1369. 

Cullaj, A., Hasko, A., Miho, A., Schanz, F., Brandl, H., Bachofen, R. (2005). The quality of Albanian 

natural waters and the human impact. Environment International, 31(1), 133–146. doi: 

10.1016/j.envint.2004.06.008. 

Decision of the Council of Ministers No 849 dated 4 November 2020 (2020). On the approval 

of the management plan of the Drini-Buna water basin. Available from: 

https://faolex.fao.org/docs/pdf/alb212959.pdf. 

Decision of the Council of Ministers No 682 dated 02.11.2005 (2005). On the designation of 

the Buna River and its surrounding wetland areas as a “Protected Aquatic/Terrestrial 

Landscape. Available from: https://qbz.gov.al/eli/vendim/2005/11/02/682 

del Val Alonso, L., Carrubba, S., Mas-Pla, J. (2019). Design and testing of a multipurpose 

transboundary groundwater monitoring network in the Extended Drin River Basin (DRIN) 2017- 

2020. Available from: www.drincorda.org. 

Dhora, D., Beqiraj, B., Dhora, D. (2001). Report on biodiversity of River Buna. APAWA, Kalimera, 

REC.. Available from: https://www.visit-ulcinj.com/blog/2012/12/15/river-buna/ 

Directorate of Environment and Renewable Energy (2024). Relacion per miratimin e planit lokal 

te mbrojtjes se diversitetit. Available from: https://bashkiashkoder.gov.al/wp- 

content/uploads/Pr.vendim-Biodiversiteti-1.pdf 

D o ̈m p k e  S, Ferretti E, Petrović D (2008) Draft background study on the designation of the 

Bojana River Delta as a protected area, (in Serbian), Berlin 

DRIN CORDA [Internet]. Buna/Bojana River sub-basin the coastal zone and the adjacent marine 

area. Available from: http://drincorda.iwlearn.org/drin-river-basin/buna-bojana-river- 

sub-basin. 

Dushi, A. (2020). Shkodër: Water resources at risk from pollution. Citizens.al. Available from: 

https://citizens.al/en/2020/10/23/shkoder-pasurite-ujore-te-riskuara-nga-ndotja/ 

Faure, F., Demars, C., Wieser, O., Kunz, M., De Alencastro, L. F. (2015). Plastic pollution in Swiss 

surface waters. Nature and concentrations,interaction with pollutants. Environmental 

Chemistry, 12(5), 582–591. 

GWP-Med, PAP/RAC, UNESCO-IHP (2015). Integrated Resources Management Plan (IRMP) for 

the Buna / Bojana Area. Paris, France, https://www.livingbuna.org/en/buna. 

Honingh, D. (2018). Riverine debris: Interactions between waste and hydrodynamics: Field 

measurements and laboratory experiments for the Cikapundung River, Bandung. (M.Sc. 

thesis), Delft University of Technology. 

Ivar do Sul, J.A., Costa, M.F., Silva-Cavalcanti, J.S., Araújo, M.C.B. (2014). Plastic debris retention 

and exportation by a mangrove forestpatch. Marine Pollution Bulletin, 78(1–2), 252– 

257. 

Jovanovic S, Djordjevic N (1974). Problems of water balance and trend in the water level of Lake 

Skadar, IAHS Publication No 109 

Kromidha, G., Dragoti, N., Dedej ,Z. (2020). Study an Assessment of the Protected Areas  

https://qbz.gov.al/eli/vendim/2005/11/02/682
http://www.drincorda.org/
https://www.visit-ulcinj.com/blog/2012/12/15/river-buna/
https://bashkiashkoder.gov.al/wp-content/uploads/Pr.vendim-Biodiversiteti-1.pdf
https://bashkiashkoder.gov.al/wp-content/uploads/Pr.vendim-Biodiversiteti-1.pdf
http://drincorda.iwlearn.org/drin-river-basin/buna-bojana-river-sub-basin
http://drincorda.iwlearn.org/drin-river-basin/buna-bojana-river-sub-basin
https://citizens.al/en/2020/10/23/shkoder-pasurite-ujore-te-riskuara-nga-ndotja/
https://www.livingbuna.org/en/buna


97 | P a g e 

 

 

 

 

 

 

 

            System in Albania. National Agency of Protected Areas, Tirana, Albania. 

Lebreton, L.C.M., Van der Zwet, J., Damsteeg, J.W., Slat, B., Andrady, A., Reisser J. (2017). River 

plastic emissions to the world’s oceans. Nature Communications, 8, 15611. 

Mandić, S. (2021): Management plan for the protected blue land area Velika plaža Ulcinj with 

Bojana river mouth at the Adriatic Sea. D.T3.2.2 BLUE LAND Management plan in 

Montenegro, 57 pp. 

MIO-ECSDE (2016). Balkan students carry out a marine litter survey in the delta of the 

Buna/Bojana river. Available from: https://mio-ecsde.org/balkan-students-carry-out-a- 

marine-litter-survey-in-the-delta-of-the-bunabojana-river/. 

Moore, C.J., Lattin, G.L., Zellers A.F. (2011). Quantity and type of plastic debris flowing from two 

urban rivers to coastal waters and beaches of Southern California. Revista de. Gest~ao 

Costeira Integrada/Journal of Integrated Coastal Zone Management, 11(1), 65–73. 

National Agency of Environment and Ministry of Turism and Environment, Albania (2024). 

Raporti i Gjendjes ne Mjedis 2023. Available from: 

file:///C:/Users/user/Downloads/RGJM-2023.AKM_ (1).pdf. 

Özşahin, E. (2012). Deltas of Albania (W Balkans). IBAC, 2, 96–110 

Petković, S., Sekulić, G (2019). Erosion and sedimentation processes in the Bojana River Delta 

at the Adriatic Sea. J Coast Conserv 23, 39–47. https://doi.org/10.1007/s11852-018- 

0634-9 

Polis University, Arizona State University, Metropolis ltd, Municipality of Shkodra (2017). Plani i 

zhvillimit te territorit. Plani i pergjithshem vendor, Bashkia Shkoder 2015-2030. 

Available from: https://bashkiashkoder.gov.al/wp-content/uploads/Plani-i-Zhvillimit- 

te-Territorit-Bashkia-Shkoder.pdf 

Pradhan, M., et al. (2021). Plastics in Agriculture: Sources and Impacts - Working Paper. 

Available from: https://wedocs.unep.org/xmlui/handle/20.500.11822/37681 

Radulović MM, Radulović M, Stevanović Z, Sekulić G, Radulović V, Burić M, Novaković D, Vako 

E, Blagojević M, Dević N, Radojević D (2015). Hydrogeology of the Skadar Lake basin 

(Southeast Dinarides) with an assessment of considerable subterranean inflow. Environ 

Earth Sci 74:71–82. https://doi.org/10.1007/s12665-015-4090-7 

Ramsar Sites Information Service (2006). Lake Shkodra and River Buna. Ramsar Convention 

Secretariat. https://rsis.ramsar.org/ris/1598 

Rochman, C.M., Browne, M.A., Halpern, B.S., Hentschel, B.T., Hoh, E., Karapanagioti, H.K.,…, 

Thompson, R.C. (2013). Policy: Classify plastic waste as hazardous. Nature, 494, 7436. 

Schneider-Jacoby, M., Dhora, D., Sackl, P., Schwarz, U., Savelji, D., Stumberger, B. (2006a). The 

Bojana-Buna Delta between Albania, and Serbia and Montenegro, in The Green Belt of 

Europe From Vision to Reality, IUCN, Gland, Switzerland and Cambridge, UK. 121–132. 

Schneider-Jacoby, M., Schwarz, U., Sackl, P., Dhora, D., Saveljic, D., Stumberger, B. (2006b). 

Rapid assessment of the ecological value of the Bojana-Buna Delta 

(Albania/Montenegro). In: B. Stumberger (ed.), Stiftung Europäisches Naturerbe. 

Radolfzell, Germany: EuroNatur. 

Sekulić G, Ivković M, Rosić N (2014a). Development of hydrogeological and hydraulic study of 

597 regulation of Skadar Lake and Bojana river water regime (IPA Project)–Volume 2. 

Montenegrin 598 Academy of Science and Arts, Podgorica 

https://mio-ecsde.org/balkan-students-carry-out-a-marine-litter-survey-in-the-delta-of-the-bunabojana-river/
https://mio-ecsde.org/balkan-students-carry-out-a-marine-litter-survey-in-the-delta-of-the-bunabojana-river/
https://doi.org/10.1007/s11852-018-0634-9
https://doi.org/10.1007/s11852-018-0634-9
https://bashkiashkoder.gov.al/wp-content/uploads/Plani-i-Zhvillimit-te-Territorit-Bashkia-Shkoder.pdf
https://bashkiashkoder.gov.al/wp-content/uploads/Plani-i-Zhvillimit-te-Territorit-Bashkia-Shkoder.pdf
https://wedocs.unep.org/xmlui/handle/20.500.11822/37681
https://doi.org/10.1007/s12665-015-4090-7
https://rsis.ramsar.org/ris/1598


98 | P a g e 

 

 

 

 

 

 

 

Sekulić, G., Ivković, M., Rosić, N. (2014b): Study on the modelling results of the hydrological and 

hydraulic processes in Skadar lake and river Bojana basin. Montenegrin Academy of 

Sciences and Arts, 79 pp. 

Shkodra Municipality, Polis University, Metropolis ltd, Arizona State University (2016). Vlerësimi 

Strategjik Mjedisor P.P.V. Bashkia Shkodër. Available from: 

https://bashkiashkoder.gov.al/wp-content/uploads/vsm_i_ppv_shkoder_2416.pdf 

Tramoy, R., Gasperi, J., Dris, R., Colasse, L., Fisson, C., Sananes, S., …, Tassin, B. (2019). Assessment 

of the plastic inputs from the Seine Basin tothe sea using statistical and field 

approaches. Frontiers in Marine Science, 6, 151. 

University of Sapienza (2016). Management Plan for Buna River Protected Landscape 2016- 

2025. Prepared by PROGES and Sapienza University of Rome. 

van Emmerik, T., Kieu-Le, T.C., Loozen, M., van Oeveren, K., Strady, E., Bui, X.T., …, Schwarz, A. 

(2018). A methodology to characterize riverine macroplastic emission into the ocean. 

Frontiers in Marine Science, 5, 372. 

Vasili, J. (2018). Final Report of the Project "Buna Delta Protection". Socio-economic analyses 

on human dependency on resources, including agriculture/land use practices and water 

management in BRVPL. 

Vlachogianni, T., Vogrin, M. (2012). Drin River Basin The blue heart of the Balkans. Available 

from: www.mio‐ecsde.org 

https://bashkiashkoder.gov.al/wp-content/uploads/vsm_i_ppv_shkoder_2416.pdf


99 | P a g e 

 

 

 

 

 

 

 

6 PILOT RIVER 5: ALFEIOS 

 

6.1 Description of river features 

 

6.1.1 Environmental features 

 

The Alfeios River originates in the mountainous region of Arcadia (southwest of the 

Tripoli Plateau) and flows westward for approximately 127 km before it discharges into 

the Kyparissia Gulf of the Ionian Sea. Its drainage basin covers an area of ~3,810 km², 

with an average annual rainfall of around 1,070 mm, reflecting a typical Mediterranean 

hydrological regime, characterised by wet winters and dry summers. Along its course, 

the river receives water from significant tributaries (Ladon, Erymanthos, etc.), forming 

rich wetlands (lagoons of Kaiafas and Zacharo) in the lowland basin. In the Alfeios River 

Basin (RB), total annual water abstractions for all activities and uses amount to 

~158.3*106 m3. Irrigated agriculture, the main water user, accounts for approximately 

74.5% (~117.9*106 m3) of total water withdrawals, with 46% sourced from surface 

waters and 54% from groundwater. Approximately 15.9% (~25.1*106 m3) is consumed 

by industry (olive oil mills, dairy and meat production units, etc.), 8.9% (~14.1*106 m3) 

for domestic water supply, and 0.7% (~1.2*106 m3) for livestock use. In the same region, 

14 mining activity sites have been recorded (1 industrial mineral quarry and 13 metal 

mines), along with a desalination plant and a port (Ministry of the Environment and 

Energy, 2013; HCMR, 2024). 

 

 

Main Alfeios river features: 

Length: 127 km. 

Elevation drop: from ~380 m at source (Tripoli Plateau) to 0 m at mouth. 

Catchment area: 3,810 km² 

Major towns along the river: Megalopolis, Olympia, Pyrgos. 

Main tributaries (right): Lousios, Ladon, Erymanthos, Kladeos, Selinountas, 

Enippeas/Lestentitsa. 

Mouth: Ionian Sea (Gulf of Kyparissia), near Pyrgos (Greece). 
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The main water management challenges in the Alfeios Basin (Ministry of the 

Environment and Energy, 2013) include: 

• Quantitative and qualitative degradation observed in groundwater aquifers due 

to overexploitation for domestic and agricultural needs, as well as for mining 

activities. In coastal aquifers, over-pumping often leads to salinisation due to 

seawater intrusion. Elevated electrical conductivity and chloride concentrations 

may also stem from anthropogenic sources (e.g., urban pollution) or from 

natural background levels. 

• Abstraction of surface waters, primarily for irrigation and secondarily for 

industrial needs (Megalopolis power plant). 

• Degradation of surface water systems due to: a) point sources mainly linked to 

urban wastewater from settlements connected to sewer systems and centralized 

treatment facilities, direct discharges into natural receptors, industrial activity, 

large hotels, aquaculture, and leakages from landfills; b) diffuse pollution 

sources such as nutrient-laden runoff from agriculture, livestock, and 

settlements without wastewater treatment; c) other pressures related to runoff 

from mining, desalination plants, artificial groundwater recharge, and water 

table changes from underground works. 

• Diversion and regulation of the Alfeios River for lignite exploitation in 

Megalopolis and flood protection works. 
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Figure 6.1. Aerial views of the Alfeios River. 

 

6.1.2 Ecological characteristics 

 

The Alfeios River Basin, including its delta, is a vital ecosystem and natural resource. 

It includes two Natura 2000 protected areas. The first is "Kyparissia Gulf – Strofylia," 

which encompasses a large part of the delta and surrounding wetlands, designated for 

its exceptional biodiversity and rare habitats. The second, "Mountainous Areas of 

Arcadia", consists of forested zones and river ecosystems that support a rich variety of 

fauna and flora. 

To assess the ecological status of surface water bodies and classify them into one 

of five quality classes (High, Good, Moderate, Poor, Bad), biological, 

hydromorphological, and physico-chemical elements of Directive 2000/60/EC are used. 

The lower part of the main Alfeios river branch (from the river mouth up to 11km 

upstream) is characterised as of poor ecological status, while the rest of the main 

branch upstream until the confluence with the Erymanthos river is of moderate 

ecological status. The remaining river water bodies are of good ecological status, with 

the exception of Lousios and Elisson branches that are characterised as of moderate 

and poor status, respectively (Figure 6.2). 

The Alfeios ecosystem encompasses a wide range of habitats - from coniferous 

highland forests and dense pine and fir stands near its sources, to deciduous oak 

forests and herbaceous vegetation in the lowland plains. Its delta and coastal lagoons 

(Kaiafas, Zacharo) are ecologically valuable wetlands, serving as vital refuges for 
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migratory birds and endemic species (Georgiou et al. 2013). The river and its tributaries 

also host endemic fish species such as the threatened Alburnus vistonicus and the 

protected Luciobarbus graecus (European barbel). Near its coastal outlet at Kato 

Samiko, the Alfeios River also features salt marshes, reed zones, and lagoons that host 

halophyte species (e.g., Artemia) and serve as nesting sites for loggerhead sea turtles 

(Caretta caretta). 

Regarding birdlife, the river delta is a migratory stopover for species such as the 

grey heron (Ardea cinerea), mute swan (Cygnus olor), and mallard (Anas platyrhynchos). 

Among reptiles, the Greek terrapin (Mauremys rivulata), a rare species dependent on 

clean water, is also observed (Ministry of the Environment and Energy, 2013). 

Recent data show degradation of the biotic environment: evergreen fir forests have 

been replaced locally by oak forests and ultimately by sparse scrubland, accompanied 

by declining populations of many species. In the broader Megalopolis area, fish fauna 

has been strongly affected, with only a few species surviving in small, fragmented 

populations. Combined urban, agricultural, and industrial pressures have significantly 

reduced biodiversity, making the Alfeios River vulnerable to additional environmental 

stresses. 

 

6.1.3 Socioeconomic context 

 

The Alfeios River Basin spans regions with varied land use, including cropland, 

pastures, forests, and small urban centres. Major settlements include Megalopolis (a 

lignite mining area), Ancient Olympia (a cultural-tourism hub), and Pyrgos (the 

commercial centre of Ilia Prefecture). 

Approximately 37% of the basin is occupied by cropland, 31% forests, 27% 

grasslands, 2% urban areas and waters and 3% other land cover types (Ministry of the 

Environment and Energy, 2017). From the agricultural areas, 35% are cereals (wheat, 

barley, corn), 30% Olive groves, 20% Citrus fruits & other vegetables and 5% vineyards 

(Manariotis & Yannopoulos, 2004). Moreover, 117 industrial installations exist in the 

Alfeios basin, of which 68% are related to Olive oil production, 8% to dairy products, 

5% to construction materials and 4% to wine production (Ministry of the Environment 

and Energy, 2013). 

The local economy relies heavily on agriculture (olive groves, orchards, cotton and 

vegetable crops) and livestock, with extensive grazing areas in northern Ilia, especially 

for sheep farming for meat and dairy. The river also supplies water to the Megalopolis 

Thermal Power Plant. Irrigation from the river (about 75% of its flow) supports large 

agricultural areas, while many industries (olive mills, small agri-food processors) rely 

directly or indirectly on its resources. In addition, inadequate waste management and 
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dispersed settlements add to the overall pollution of the river basin. Approximately 

150,000 residents (in Ilia, Arcadia, Messenia) indirectly benefit from the river, as do 

major towns (Pyrgos, Andritsaina, Megalopolis) that depend on it for water supply. 

However, rural areas have experienced significant outmigration as declining 

populations and economic pressures drive residents to larger cities. 
 

 

Figure 6.2. Map with the pollution pressures in the Alfeios basin (HCMR, 2024). The colour of 

the hydrographic network shows the ecological quality based on the WFD assessment (Green: 

Good status, Yellow: Moderate and Orange: Poor). 

 

6.2 Sources of pollution 

 

6.2.1 Local factors influencing litter 

 

Several interconnected hydrological, infrastructural, and social factors shape how litter 

is released and how it moves through the Alfeios River: 

Dams and Weirs. Upstream of impoundments, the river’s flow slows dramatically, 

allowing floating litter -particularly lightweight plastics- to collect along banks, behind 
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pillars, and in eddies. When reservoir levels are lowered or spillways opened, these 

retention zones release sudden pulses of accumulated litter, sending large amounts of 

litter downstream in a single event. 

Flood Events. Autumn and winter storms can trigger high‐flow pulses that overtop 

banks and inundate adjacent floodplains. The increased shear stress scrapes litter from 

both the main channel and its embankments, entraining long‐stored litter into the 

current and dispersing it far downstream. Floodwaters can also deposit trash in 

agricultural fields, wetlands, and coastal lagoons, spreading litter pollution across a 

broad landscape. 

Dispersed Small Settlements. Numerous villages and hamlets line the Alfeios River, 

many with poor waste management. During rainfall events, improperly disposed waste 

is washed directly into the river, resulting in continuous inputs of litter. 

Seasonal Tourism and Recreation. Peak tourism months bring spikes in day‐trippers, 

campers, and recreational users. The resulting surge in waste (plastic drinking bottles, 

beverage containers, plastic food packaging, etc.) frequently ends up discarded on 

trails, banks, or washed into the water. Popular recreation sites may become litter 

hotspots until the next high‐flow or reservoir‐release event redistributes the litter 

downstream. 
 

6.2.2 Sources of pollution, especially of plastic litter 

 

Like many Mediterranean rivers, the Alfeios faces significant litter pollution from urban, 

agricultural, tourism and recreational activities. Solid waste management is insufficient. 

According to a recent field survey conducted by HCMR and MIO ECSDE scientists, solid 

waste, including plastics, is disposed of along the river's embankments (and not only), 

and several hotspots were detected via drone surveys (available here). 

Agricultural litter pollution includes discarded plastic packaging (e.g., fertiliser bags, 

pesticide containers, etc.), greenhouse and mulching films. Illegal dumping of 

construction, demolition and renovation waste, as well as unmanaged urban solid 

waste, are major sources of litter. Tourism and recreational activities, including hunting, 

also contribute. One of the most severely polluted spots is the "Potoki" site near Pyrgos, 

where an estimated 100,000 bales of compressed waste (~99,000 m³) have remained 

for nearly a decade along the riverbanks. Despite previous efforts by local authorities, 

the issue remains unresolved due to bureaucratic barriers and poor coordination 

among authorities (Municipality of Pyrgos, 2024). 

Overall, the Alfeios transports significant litter and plastic litter loads from urban, 

agricultural, tourism and recreation-related sources, posing a significant threat to the 

river’s ecosystems. 
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6.3 Accumulation and retention of litter 

 

6.3.1 Factors influencing accumulation and retention 

 

Overall, the main factors influencing litter accumulation and retention in the Alfeios 

River are: 

1) Presence of dams/stations: slow-moving water behind dams allows 

sedimentation and litter trapping. 

2) Riverbed morphology: in bends and wetland zones (e.g., lagoons, estuaries), 

reduced flow facilitates deposition. 

3) Climate: heavy rainfall transports large waste volumes downstream; during 

droughts, waste dispersion is limited, and as water levels drop (e.g., summer), trapped 

waste areas are revealed. Strong winds can blow light plastics into the river. 

4) Human management: uncontrolled waste dumping and illegal landfills along 

the river result in gradual litter accumulation. 

5) Vegetation and natural obstacles: riparian vegetation sometimes forms "natural 

barriers" that trap litter; trees or dumped rubble also act as accumulation zones. 

 

6.3.2 Identified accumulation and retention areas 

 

Specific zones where waste accumulates or is retained for extended periods have been 

identified: 

Potoki area (Municipality of Pyrgos): one of the most littered sites, where for nearly a 

decade, 100.000 compressed waste bales (~99,000 m³) have accumulated (Municipality 

of Pyrgos, 2024). 

Alfeios Delta (Kyparissia Gulf): in the lagoons of Kaiafas – Zacharo, large volumes of 

agricultural and plastic waste accumulate on natural riparian vegetation. Gentle slope 

and wetland presence encourage sediment and waste retention before reaching the 

sea. 

Reservoirs / Dams: Though detailed data is lacking, small dams and artificial basins are 

believed to trap part of upstream solid waste by reducing flow velocity, encouraging 

sedimentation and waste capture. The most important dams are: Ladonas dam, which 

is used for irrigation and electricity production in the northern part of the catchment, 

and Flokas irrigation dam (very small) in the lowland part of the catchment, close to 

Ancient Olympia. 

Moreover, during the first year of the Tethys4Adrion project, a drone mapping 

survey took place along the Alfeios riverbanks, and more than 30 different areas of 
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solid waste disposal were identified and mapped (HCMR, 2025). Selected sites from 

this inventory will be monitored during the next year to classify and quantify plastics 

(Figures 6.3 and 6.4). 
 

 

Figure 6.3. Orthophoto map of the Alfeios riparian zone and visually detected waste disposal 

areas. 
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Figure 6.4. Accumulation of garbage and agricultural-related plastics close to the river mouth. 

 

6.4 Impact of litter 

 

6.4.1 Effects on the ecosystem and biodiversity 

 

Accumulated plastics and other types of litter cause multiple ecological problems. Fish 

and aquatic species may ingest microplastics, blocking their digestive tracts, while 

aquatic animals and birds face entanglement risks from plastic strips and nets. The 

Alfeios delta in the Kyparissia Gulf is a key habitat for migratory birds and sea turtles, 

and the influx of litter, particularly plastics, can disrupt migration and ecological 

patterns. 

The already limited biodiversity (e.g., poor fish fauna in Megalopolis) is further 

burdened, as materials carrying heavy metals and toxic organics bioaccumulate in the 

food chain (Ministry of Environment and Energy, 2017). Substrate disturbance and 

riparian vegetation loss negatively affect species that depend on clean riverbeds (e.g., 

fish spawners, insects). 

Regarding plastic impacts on marine biota, a relevant study in Greece (Anastosopoulou 

et al. 2018, Digka et al., 2020) reported that 72% of the loggerhead turtles monitored 

were found to have ingested plastics (mainly PET and Nylon). 
 

6.4.2 Other ecological risks 

 

Beyond biodiversity impacts, plastic waste poses additional ecological threats. Some 

plastics (e.g., chlorinated PVC) release harmful chemicals during decomposition into 
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soil and surface waters, also polluting groundwater. Surface plastic particles can act as 

carriers of persistent organic pollutants or microorganisms, spreading parasites and 

toxins to new areas. 

Plastic additives (e.g., plasticisers, phthalates, BPA) can leak into the environment and 

disrupt aquatic endocrine systems (unep.org). Moreover, residents near the river use 

water for agriculture and irrigation. Pollution from heavy metals or pesticides via waste 

leads to lower crop quality and potential health risks. Environmental degradation also 

undermines the tourism appeal of areas like Olympia and Kaiafas. All these factors 

highlight the serious long-term risks of waste to the ecological balance of the Alfeios 

River Basin and Kyparissia Gulf system. 
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7. IDENTIFICATION OF GAPS 

 
Riverine litter pollution is a significant and unresolved issue across all pilot rivers, driven 

by a complex combination of data limitations, institutional fragmentation, inadequate 

infrastructure, and weak enforcement mechanisms. Despite widespread recognition of 

the problem, current efforts to address it remain fragmented, reactive, and largely 

unsustainable. 

A major constraint is the absence of structured and systematic monitoring 

programmes, particularly for litter and microplastics. Where monitoring does exist, is 

sporadic and unstandardized, leading to critical data gaps. There is limited or no 

reliable information on pollution hotspots, litter accumulation and retention zones, and 

seasonal or hydrological variations. This hinders the ability to quantify pollution, track 

trends, or implement targeted interventions. 

Understanding of the sources, transport mechanisms, and ecological impacts of litter 

is also severely limited. The role of hydrological parameters, such as river flow 

variability, flood events, dam releases, and geomorphology, in influencing litter 

dynamics is poorly studied. Particularly lacking is insight into how plastic waste is 

mobilized during seasonal events like spring snowmelt or heavy rainfall. Additionally, 

sediment–pollution interactions and their cumulative impacts are under-researched, 

despite their relevance for long-term pollution retention. 

Pollution sources are poorly mapped and documented, especially in relation to 

informal settlements, illegal dumpsites, agricultural runoff, and untreated wastewater 

discharges. Waste disposal practices, particularly in semi-urban or economically 

marginalized areas, are overlooked in official assessments. 

There is minimal integration of socio-economic drivers into pollution management. 

Critical factors such as urbanization, land-use changes, tourism pressure, population 

growth, and consumption patterns are rarely considered in litter reduction strategies. 

As a result, many interventions fail to address root causes or adapt to local 

development dynamics. 

Public awareness around riverine litter is generally low. Cleanup actions are typically 

sporadic, volunteer-driven, and lack long-term planning or integration into circular 

economy models. Moreover, waste collected during cleanup campaigns is rarely 

reintegrated into circular economy models, representing a missed opportunity for 

sustainable resource use. 

Governance is highly fragmented across all river basins, characterized by overlapping 

mandates and weak inter-agency and cross-border coordination. This is particularly 

evident in Neretva, Bojana and Soča rivers, where responsibilities are further divided 

between countries. Enforcement of environmental legislation is weak, with limited 

capacity to monitor or penalize illegal dumping. 
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Infrastructure for waste collection, recycling, and wastewater treatment remains 

insufficient, especially in rural or rapidly urbanizing areas. Preventive measures, such as 

trash traps, floating barriers, or riparian buffer zones, are largely absent, and riparian 

restoration efforts are inconsistent. Despite the presence of known litter hotspots, few 

are monitored using GIS-based mapping tools or incorporated into strategic planning. 

Finally, sustainable funding mechanisms for litter management are lacking. Most 

initiatives are short-term or project-based, without stable financial or institutional 

support. Research findings and scientific data are rarely translated into practical 

management guidelines or policies, perpetuating the disconnect between knowledge 

and action. 

In summary, addressing riverine litter pollution requires a holistic and interdisciplinary 

approach grounded in robust data collection, socio-hydrological insight, integrated 

governance, and long-term planning. Without this, efforts will remain fragmented, 

reactive, and insufficient to tackle the growing pressure in these critical freshwater 

ecosystems. 
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8. RECOMMENDATIONS FOR ALL RIVERS 

 
8.1 Recommendations for Reno 

 

Addressing pollution in the Reno River requires coordinated, multi-level action that 

integrates monitoring, governance, public engagement, and sustainable infrastructure 

development. 

• Standardise monitoring by integrating litter and microplastic assessments into 

the EU Water Framework Directive and Marine Strategy Framework Directive 

protocols. 

• Expand research on pollution impacts on aquatic and riparian biodiversity and 

ensure results are directly usable by managers and policymakers. 

• Improve governance through the development of a Reno River Litter Action Plan 

coordinated by the Po Basin Authority, with clarified roles for regional agencies, 

municipalities, and reclamation consortia. 

• Strengthen enforcement mechanisms to address illegal dumping across the 

basin. 

• Launch education campaigns in schools and communities, supported by citizen 

science initiatives, to shift perceptions of the Reno from a waste site to an 

ecological asset. 

• Encourage ecotourism and nature-based activities to support local engagement 

and generate socio-economic benefits. 

• Create a GIS-based litter hotspot map to prioritise cleanup and prevention 

actions. 

• Schedule regular preventive cleanups and install litter interception technologies 

such as floating barriers and trash traps. 

• Restore riparian buffers and implement measures to control invasive species. 

• Mobilise EU funding through programmes like LIFE, Horizon, Interreg, and the 

Green Deal to support integrated river restoration. 

• Integrate social measures to address waste linked to informal settlements. 

• Adopt circular economy strategies to ensure waste recovered from the river is 

reused or recycled instead of discarded. 

• Pilot a GIS-based litter monitoring system in collaboration with ARPAE and 

universities. 

• Install trash traps in upstream sections near Bologna to intercept waste before 

it accumulates downstream. 

• Develop school-based education and citizen science projects in partnership with 

NGOs such as Plastic Free Onlus. 

• Prepare project proposals to secure EU LIFE funding for comprehensive river 

restoration efforts. 
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8.2 Recommendations for Soča 

 

To effectively address pollution in the Soča River measures should focus both on 

prevention and long-term monitoring. More in details, recommendations are to: 

• Establish regular, country-level monitoring of macro- and micro-litter in the river 

system. 

• Strengthen and continue preventive measures, especially during the peak tourist 

seasons. 

• Systematically map and inspect illegal dumping sites along tributaries and near 

settlements, using drones and citizen reporting tools. 

• Conduct targeted studies on the presence of microplastics in water, sediments, 

and fish to assess ecological and human health risks. 

• Enhance cross-border cooperation with Italy, where the river becomes the 

Isonzo, to manage downstream litter transport effectively. 

 

8.3 Recommendations for Neretva 

 

Addressing riverine litter pollution in the Neretva River requires a comprehensive, data- 

driven, and cross-sectoral approach. 

• Collect the knowledge about pollution sources, factors influencing waste 

generation, connection of hydrological features with litter transport patterns to 

better predict and manage pollution 

• Implement integrated long-term monitoring in the Neretva and its main 

tributaries. 

• Prioritize targeted investigations in high-impact areas such as the Neretva Delta, 

hydropower reservoirs, and transitional urban zones like Čapljina and Metković. 

• Enhance cross-border cooperation, particularly bilateral one between Croatia 

and Bosina and Herzegovina to foster shared responsibility and action. 

• Modernize waste collection and treatment infrastructure, especially in rural 

areas. 

• Enforce environmental regulations to address illegal dumping and untreated 

discharges. 

• Promote public engagement and awareness, including campaigns focused on 

plastic reduction and support seasonal clean-ups, particularly near river mouths 

and ecologically sensitive areas. 
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8.4 Recommendations for Bojana 

 

To effectively address pollution and preserve the Buna/Bojana ecosystem, a 

comprehensive and integrated approach is required, focusing on wastewater 

infrastructure, waste management, legal enforcement, flood risk, and watershed 

protection. 

• Development of Sewage Network Infrastructure. 

 Design and implement sewage networks prioritising high-density 

residential and tourist areas along the Buna/Bojana River. 

 Integrate advanced wastewater treatment systems to prevent 

contamination of rivers and groundwater. 

• Selective Waste Collection and Recycling Systems. 

 Establish segregated waste collection points (plastics, metals, and 

organics). 

 Raise public and business awareness on recycling and waste reduction. 

 Foster circular economy initiatives and job creation in the waste sector 

through stakeholder collaboration. 

• Enforcement Against Illegal Dumping and Pollution. 

 Strengthen laws and inspections to prevent illegal waste disposal in 

natural areas. 

 Promote public reporting and community-based pollution monitoring 

networks. 

• Flood Risk Management in Waste Disposal Areas. 

 Implement flood control measures at waste disposal sites to limit 

pollutant dispersal during floods. 

 Establish hydrological and water quality monitoring near vulnerable 

zones. 

• Integrated Watershed Protection Strategy. 

 Promote inter-institutional coordination across municipalities and key 

pollution sources (Drin, Kir, Përroi i Thatë rivers, and Shkodra/Buna area). 

 Engage local communities actively in environmental protection efforts 

and decision-making. 

• Additional Key Actions: 

 Central and local authorities must proactively protect this vital ecosystem 

by avoiding disruptive interventions in riverbeds, such as dumping or 

altering natural flows. 

 Restrict gravel quarrying and extraction of inert materials to areas at least 

1 km away from riverbanks adjacent to agricultural lands. 

 Implement sediment management strategies for mountain streams to 

prevent sediment deposition in riverbeds. 

 Ensure rapid response from drainage boards and local authorities to 

prevent extensive erosion through timely interventions. 
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 Promote sustainable practices in agriculture, tourism, and fishing 

alongside improved waste management and enforcement of 

environmental regulations. 

 

8.5 Recommendations for Alfeios 

 

Tackling plastics’ pollution in the Alfeios River calls for coordinated actions that 

combine monitoring, governance, public participation, and sustainable infrastructure 

development. Some of the necessary actions are: 

• Establish regular monitoring activities by incorporating litter and microplastic 

into the protocols of the EU Water Framework Directive and the Marine Strategy 

Framework Directive. 

• Enhance local/regional governance for waste management by formulating local 

and regional Action Plans, with clearly defined responsibilities for regional 

authorities, municipalities, and reclamation consortia. 

• Promote enforcement systems to combat illegal dumping throughout the basin. 

• Promote awareness through school- and community-based education 

campaigns, complemented by citizen science projects. 

• Develop a GIS-based map of litter hotspots to guide prioritised cleanup and 

prevention measures. 

• Leverage EU and national funding streams to support holistic river restoration 

initiatives. 



 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

This has been produced with the financial assistance of the European Union. The content of the document 
is the sole responsibility of TETHYS4ADRION project and can under no circumstances be regarded as 
reflecting the position of the European Union and/or IPA ADRION programme authorities. 


