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ABSTRACT 

The Adriatic Sea is recognized as a preferential accumulation zone for plastic debris within the 

Mediterranean. Microplastics have been detected in surface waters, sediments, and biota, with 

pronounced spatial and temporal variability linked to hydrodynamics, riverine inputs, and seasonality. 

This review synthesizes current evidence on microplastic distribution, composition, sources, and 

drivers across the Adriatic Sea, with particular emphasis on Montenegro, where sediment and mussel 

studies reveal widespread contamination dominated by polyethylene and polypropylene. 

Montenegrin coastal sediments contain on average 300–600 microplastic particles kg-1 dry sediment, 

with highest concentrations in enclosed areas such as Boka Kotorska Bay. While the Marine Strategy 

Framework Directive provides the policy scaffold for monitoring and management, methodological 

heterogeneity across studies and critical data gaps, particularly the scarcity of seasonal sea-surface 

microplastic data along the Eastern Adriatic, currently limit regional comparability and long-term 

trend assessment. Priority needs for Montenegro and the wider Adriatic include harmonized surface-

water monitoring, integration of hydrodynamic context, and stakeholder-relevant assessments linking 

ecological indicators to aquaculture, tourism, and seafood safety. 
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INTRODUCTION 

 

Microplastic pollution has emerged as a 

pervasive environmental challenge, with 

particles <5 mm detected across virtually all 

marine environments (Eriksen et al., 2014). 

Although the Mediterranean Sea represents 

less than 1% of global ocean volume, it 

receives approximately 7% of global 

microplastic inputs and exhibits some of the 

highest reported concentrations worldwide 

(Suaria et al., 2016; Cózar et al., 2015). Within  

 

 

this context, the Adriatic Sea constitutes a 

critical sub-basin due to its semi-enclosed 

nature, dense coastal populations, substantial 

riverine inputs, particularly from the Po River, 

and intensive maritime traffic (Liubartseva et 

al., 2016; Campanale et al., 2020). 

The Adriatic’s oceanographic setting 

further promotes microplastic accumulation. 

Cyclonic circulation and limited water 

exchange through the Otranto Strait create 
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retention zones that favor the concentration of 

floating debris and the sedimentation of denser 

particles (Artegiani et al., 1997; Poulain et al., 

2001). Montenegro’s 293 km coastline reflects 

these broader Adriatic dynamics, 

encompassing enclosed areas such as Boka 

Kotorska Bay, open coastal areas, and 

productive fishing grounds (Kovačić et al., 

2024). Intense seasonal tourism, with visitor 

numbers exceeding 2 million annually relative 

to a population of ~620,000, further 

contributes to multiple and temporally variable 

microplastic sources (MONSTAT, 2023). 

A scopus-based literature screening 

highlights pronounced regional imbalances in 

research effort, with most Adriatic 

microplastic studies affiliated with Italy (54 

records), followed by Croatia (16), Slovenia 

(15), Montenegro (7), and Albania (3), 

underscoring persistent geographic 

asymmetries in data availability (Fig. 1). 

This review synthesizes current knowledge 

on microplastic pollution in the Adriatic Sea, 

with particular emphasis on Montenegro, 

addressing distribution patterns, polymer 

composition, sources, analytical 

methodologies, ecological impacts, and key 

knowledge gaps relevant to the Eastern 

Adriatic. 

 

 

 
Figure 1.  Literature-based overview of microplastic evidence across the Adriatic Sea, illustrating spatial 

patterns in reported occurrence that are strongly influenced by differences in research intensity 
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DISTRIBUTION AND 

CONCENTRATIONS 

 

Basin-wide patterns 

The Adriatic Sea exhibits widespread 

microplastic contamination across all 

environmental compartments. Surface waters 

in the northwestern Adriatic, strongly 

influenced by Po River discharge, show 

concentrations ranging from 0.3 to 43 × 105 

particles km-2, with marked spatial and 

temporal variability (Vianello et al., 2018; 

Campanale et al., 2020). Near the Venice 

Lagoon, reported areal densities of 0.25–2.29 

× 105 particles km-2 further illustrate the 

dynamic nature of surface distributions 

(Marchetto et al., 2022). 

Spatial patterns are patchy and closely 

linked to river plumes, coastal retention, the 

southward Western Adriatic Coastal Current, 

and basin-scale cyclonic gyres that structure 

accumulation zones (Vianello et al., 2013; 

Avio et al., 2017). A consistent near shore 

gradient has been identified, with substantially 

higher abundances within 4 km of coastlines, 

emphasizing the role of terrestrial inputs and 

coastal processes (Zeri et al., 2018). 

 

Sediments 

Sediment surveys confirm pervasive 

microplastic contamination throughout the 

Adriatic. Along a 140 km central Adriatic 

transect, plastics were detected at 69% of 

stations, with the 1–5 mm size class accounting 

for 65.1% of debris by number (Mistri et al., 

2017). In Special Areas of Conservation within 

the Gulf of Venice, concentrations ranged 

from 28.4 to 2,250 items kg-1 dry sediment, 

highlighting pronounced spatial heterogeneity 

even within protected areas (Mistri et al., 

2021). 

Across the basin, filaments typically 

dominate sedimentary microplastics, often 

exceeding two-thirds of particle counts, 

followed by fragments and films (Gajšt et al., 

2016; Mistri et al., 2017). Polymer analyses 

consistently identify polyethylene (PE) and 

polypropylene (PP) as dominant, alongside 

denser polymers such as polyamide, 

polyethylene terephthalate (PET), and 

polyvinyl chloride (PVC), reflecting 

biofouling processes and density-driven 

redistribution to the seabed (Avio et al., 2015; 

Koelmans et al., 2017). 

Along the Montenegrin coast, sediment 

contamination is ubiquitous. Mean 

concentrations of 609 items kg-1 dry sediment 

were reported across multiple sites, with 

highest abundances in enclosed areas such as 

Boka Kotorska Bay (Bošković et al., 2021). 

Subsequent surveys documented mean 

concentrations of 307 ± 133 items kg-1 dry 

sediment across 10 sites, with peaks near 

population centers, tourism hotspots, fishing 

areas, and municipal discharge points 

(Bošković et al., 2022a). Filaments dominate 

shape distributions, consistent with fishing 

activity and wastewater-derived fibers, while 

size fractions cluster mainly between 0.1–1.0 

mm (Bošković et al., 2021; 2022a). Polymer 

identification confirms PP (~33.3%) and PE 

(~15.7%) as dominant, with additional 

contributions from PET, polyamide, and 

polystyrene (Bošković et al., 2021; 2022a). 

 

Biota 

A basin-wide assessment detected 

microplastics in 21 of 24 marine species, with 

higher ingestion frequencies in the central and 

southern Adriatic (Avio et al., 2020). 

Benthopelagic species showed the highest 

ingestion rates, followed by pelagic, demersal, 

and benthic taxa, with ingested particles 

predominantly small (<300 μm) and 

approximately one-third <100 μm (Avio et al., 

2020). 

The Mediterranean mussel Mytilus 

galloprovincialis is widely used as a 
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bioindicator. Studies from the northern and 

central Adriatic report concentrations of 0.62–

1.33 items g-1 wet weight for fragments and 

0.24–0.63 items g-1 wet weight for fibers, with 

elevated burdens in coastal compared to 

offshore populations (Gomiero et al., 2019). 

Seasonal monitoring recorded concentrations 

up to 1.11 items g-1 wet weight during periods 

of high river discharge and adverse weather 

(Pizzurro et al., 2022). 

In Montenegro, microplastics were found 

in 53.3% of mussels from Boka Kotorska Bay, 

with a mean burden of 2.53 items per mussel 

(Bošković et al., 2023). Microplastics were 

also detected in two species of fish, 58.6% for 

Mullus barbatus and 54% for Merluccius 

merluccius (Bošković et al., 2022b). Fibers 

predominated, with polymer types including 

PE, PP, and PET. Comparable polymer 

profiles and accumulation patterns observed in 

sediments and biota suggest direct 

environmental-to-organism transfer along the 

Montenegrin coast (Bošković et al., 2023). 

 

 

SOURCES AND TRANSPORT 

PATHWAYS 

 

Riverine inputs 

The Po River constitutes the dominant 

freshwater and pollutant source to the Adriatic 

Sea, discharging approximately 46 km3 

annually (Montanari, 2012). Its influence on 

microplastic distribution is reflected in 

pronounced spatial gradients, with the highest 

surface-water and sediment concentrations 

observed near the Po Delta (Vianello et al., 

2013; Blašković et al., 2017). Polymer 

assemblages in Po-affected areas are 

dominated by low-density polyolefins (PE and 

PP), consistent with inputs from consumer 

packaging and agricultural plastics (Blašković 

et al., 2017). 

Seasonal   discharge   variability   further 

modulates microplastic transport, with 

elevated concentrations during spring 

snowmelt and autumn rainfall events (Vianello 

et al., 2013; Pizzurro et al., 2022). Although 

the Po River dominates northern inputs, 

numerous smaller rivers contribute 

microplastics along both Adriatic coasts, 

though their relative contributions remain 

insufficiently quantified (Kraus & Supić, 

2011). 

 

Coastal urban sources 

Wastewater treatment plants (WWTPs) 

represent major pathways for microplastics, 

particularly microfibers from textile 

laundering and fragmented particles from 

personal care products (Browne et al., 2011; 

Murphy et al., 2016). Even advanced treatment 

systems typically remove 90–99% of 

microplastics, allowing substantial residual 

loads to reach receiving waters (Talvitie et al., 

2017). 

Along the Montenegrin coast, aging 

wastewater infrastructure and incomplete 

treatment coverage likely enhance 

microplastic emissions, particularly during 

peak tourist seasons when population 

pressures intensify (Bošković et al., 2022a; 

2023). Elevated sediment concentrations near 

discharge points and urban centers support the 

role of municipal effluents as important local 

sources (Bošković et al., 2021; 2022a). 

 

Maritime activities 

The Adriatic Sea supports intensive 

maritime traffic, with major commercial ports 

handling millions of tons of cargo annually 

(UNCTAD, 2021). Port areas and shipping 

lanes function as both sources and 

accumulation zones for microplastics, with 

contributions arising from cargo handling, 

vessel maintenance, and operational losses 

(Fastelli et al., 2016). 
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Fishing activities contribute microplastics 

primarily through the loss and degradation of 

gear such as nets, lines, and floats, resulting in 

frequent detection of nylon fragments and 

filaments in sediments and biota near fishing 

ports (Strafella et al., 2015; Aytan et al., 2016). 

Aquaculture operations similarly introduce 

microplastics through the degradation of 

netting and farming equipment, with elevated 

nylon concentrations reported in mussels 

collected near aquaculture sites (Gomiero et 

al., 2019; Bošković et al., 2023). 

 

Hydrodynamic controls 

In addition to source inputs, microplastic 

distribution in the Adriatic is strongly shaped 

by circulation and hydrodynamic processes 

(Liubartseva et al., 2018; Mansui et al., 2020). 

Basin-scale cyclonic circulation, characterized 

by northward flow along the eastern coast and 

southward flow along the western coast, 

defines preferential transport pathways and 

accumulation zones (Carlson et al., 2017). 

In semi-enclosed systems such as Boka 

Kotorska Bay, restricted water exchange and 

prolonged residence times promote the 

accumulation of locally sourced microplastics 

(Vilibić & Orlić, 2001; Bošković et al., 2021). 

Seasonal variability in winds, currents, and 

river discharge further modulates microplastic 

distribution on timescales ranging from days to 

months (Vianello et al., 2013; Pizzurro et al., 

2022). 

 

 

SAMPLING AND ANALYTICAL 

METHODS 

 

Sample collection 

Sea-surface microplastic data in the 

Adriatic Sea are predominantly derived from 

manta and neuston net sampling, with most 

studies employing mesh sizes between 200 and 

333 μm (Vianello et al., 2013; Suaria & Aliani, 

2014). These nets are typically towed at the sea 

surface over standardized distances or time 

intervals to ensure comparable sampling effort 

and facilitate inter-study comparison (Lippiatt 

et al., 2013). However, the widespread use of 

200–333 μm mesh sizes constitutes a major 

methodological constraint, as smaller 

microplastic particles are not retained and are 

therefore systematically underestimated 

(Poulain et al., 2019; Lindeque et al., 2020). 

Microplastics in intertidal sediments are 

most commonly assessed using surface 

sediment samples collected from the upper 0–

5 cm layer, often with metal tools to reduce 

contamination risk (Hanke et al., 2013; 

Bošković et al., 2022a). Subtidal sediment 

studies generally rely on grab samplers, with 

subsequent analysis focused on the surface 

fraction of the collected material (Woodall et 

al., 2014; Mistri et al., 2017). In biota-based 

studies, bivalves are frequently used as 

bioindicators, with whole organisms collected 

and soft tissues processed to quantify and 

characterize ingested microplastics (Gomiero 

et al., 2019; Bošković et al., 2023). 

 

Sample preparation 

Across Adriatic microplastic studies, 

density separation is the most commonly 

applied approach for isolating plastic particles 

from sediment matrices (Thompson et al., 

2004). Flotation media frequently used include 

sodium chloride (NaCl; density ~1.2 g cm-3), 

zinc chloride (ZnCl2; ~1.5–1.8 g cm-3), and 

sodium iodide (NaI; ~1.6–1.8 g cm-3), with the 

choice of solution influencing recovery 

efficiency for polymers of different densities 

(Quinn et al., 2017). In studies conducted 

along the Montenegrin coast, NaCl-based 

separation has been predominantly applied; 

however, this approach selectively recovers 

low-density polymers and may underestimate 

the presence of denser materials such as PVC 

and PET (Bošković et al., 2021; 2022a). 
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For biota-based investigations, removal of 

organic matter is a necessary preparatory step 

prior to microplastic identification. Oxidative 

digestion using hydrogen peroxide (H2O2) is 

widely employed due to its effectiveness and 

relative simplicity, whereas enzymatic 

digestion protocols are increasingly adopted to 

better preserve polymer integrity, albeit at the 

cost of longer processing times (Cole et al., 

2014; Dehaut et al., 2016; Courtene-Jones et 

al., 2017). 

Contamination control has emerged as a 

critical methodological consideration in 

microplastic analysis. Recent studies 

emphasize the importance of standardized 

preventative measures, including the use of 

natural-fiber laboratory clothing, filtration of 

all solutions, reliance on glass or metal 

equipment, and the routine inclusion of 

procedural blanks to assess background 

contamination (Wesch et al., 2016; Hermsen et 

al., 2018). 

 

Polymer identification 

Polymer identification in Adriatic 

microplastic studies is most commonly 

conducted using Fourier-transform infrared 

spectroscopy (FT-IR), with micro-FT-IR and 

attenuated total reflectance (ATR) 

configurations widely applied for particles 

across a range of sizes (Jung et al., 2018; 

Primpke et al., 2018). FT-IR enables polymer 

classification through the acquisition of 

characteristic absorption spectra, which are 

matched against reference libraries to 

determine polymer type (Käppler et al., 2016). 

Studies from the Montenegrin coast have 

predominantly relied on FT-IR for polymer 

confirmation, reporting common polymers 

such as polyethylene (PE), polypropylene 

(PP), polyethylene terephthalate (PET), and 

related materials (Bošković et al., 2021; 

2022a; 2023). 

Raman spectroscopy is frequently 

employed as a complementary technique, 

offering higher spatial resolution 

(approximately 1 μm) and improved 

performance for dark, pigmented, or 

weathered particles that may be challenging to 

analyze using FT-IR alone (Frère et al., 2017; 

Araujo et al., 2018). Increasingly, multi-

method analytical workflows combining FT-

IR and Raman spectroscopy are adopted to 

enhance identification confidence and reduce 

polymer misclassification, particularly in 

heterogeneous environmental samples (Renner 

et al., 2018). 

 

Methodological challenges 

Methodological heterogeneity continues 

to represent a major constraint for cross-study 

synthesis in microplastic research (Koelmans 

et al., 2019; Rochman et al., 2019). Across 

Adriatic studies, key sources of variability 

include differences in sampling gear and mesh 

sizes, extraction and digestion procedures, 

particle size thresholds, polymer identification 

techniques, and reporting units, all of which 

influence reported concentrations and 

composition (Lusher et al., 2017; Cowger et 

al., 2021). As a result, direct comparison of 

datasets within the Adriatic basin, as well as 

with other Mediterranean regions, remains 

challenging (Šaravanja et al., 2022). 

Recognition of these limitations has 

driven progressive standardization efforts at 

the European level. Early guidance developed 

in support of MSFD implementation laid the 

foundation for harmonized marine litter 

monitoring (Galgani et al., 2013; Addamo et 

al., 2017), while more recent initiatives 

emphasize the adoption of standardized, 

comparable methodologies across 

environmental compartments. Wider 

implementation of these frameworks within 

Adriatic monitoring programs would 

substantially improve data comparability and 
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facilitate regional-scale assessments (Galgani 

et al., 2018). 

 

 

ECOLOGICAL AND HUMAN HEALTH 

IMPLICATIONS 

 

Ecological impacts 

Microplastic ingestion can cause physical 

and physiological harm to marine organisms 

through multiple mechanisms (Wright et al., 

2013). In filter feeders such as mussels, 

accumulated microplastics may reduce feeding 

efficiency, impair nutrient absorption, and 

induce false satiation (Von Moos et al., 2012; 

Wegner et al., 2012). Experimental studies on 

Mediterranean mussels have demonstrated 

reduced filtration rates and depleted energy 

reserves following exposure (Avio et al., 

2015). 

Microplastics also act as vectors for 

hydrophobic organic contaminants, including 

polychlorinated biphenyls (PCBs) and 

polycyclic aromatic hydrocarbons (PAHs), as 

well as plastic additives such as phthalates and 

bisphenol A (BPA), which may leach from 

ingested particles (Teuten et al., 2009; 

Rochman et al., 2013; Hermabessiere et al., 

2017). Studies on Adriatic mussels indicate co-

occurrence of microplastics with trace metals, 

suggesting potential for combined contaminant 

exposure (Fajković et al., 2022; Bošković et 

al., 2023). 

In addition, microplastics provide 

substrates for microbial colonization, forming 

distinct “plastisphere” communities that may 

include opportunistic pathogens (Zettler et al., 

2013; Oberbeckmann et al., 2015). Laboratory 

experiments have documented sublethal 

effects such as oxidative stress, inflammation, 

and reproductive impairment, although 

evidence for population- or ecosystem-level 

impacts in marine environments remains 

limited (Sussarellu et al., 2016; Lu et al., 2016; 

Galloway et al., 2017). 

 

Human health implications 

Human exposure to microplastics occurs 

primarily through dietary intake, particularly 

via consumption of contaminated seafood 

(Cox et al., 2019; Prata et al., 2020). Bivalves 

represent a direct exposure pathway due to 

their feeding mode and whole-organism 

consumption (Van Cauwenberghe & Janssen, 

2014). Estimated dietary exposure based on 

Montenegrin mussel consumption suggests 

annual ingestion of thousands to tens of 

thousands of particles by regular consumers, 

although such estimates remain highly 

uncertain (Barboza et al., 2018; Bošković et 

al., 2023). 

Microplastics have also been detected in 

table salt, bottled water, and processed foods, 

indicating multiple exposure routes beyond 

seafood (Kosuth et al., 2018; Schymanski et 

al., 2018). The health consequences of chronic 

exposure are not yet well understood, but 

potential risks include physical irritation, 

chemical toxicity from additives and sorbed 

pollutants, inflammatory responses, and 

microbiome disruption (Wright & Kelly, 2017; 

Prata, 2018; Jin et al., 2019). Detection of 

microplastics in human stool, blood, and lung 

tissue suggests the potential for systemic 

exposure (Schwabl et al., 2019; Leslie et al., 

2022). 

 

Socioeconomic impacts 

Microplastic contamination poses risks to 

Adriatic fisheries and aquaculture by affecting 

product quality, consumer confidence, and 

market value (Whitmarsh & Palmieri, 2009; 

Barboza et al., 2020). In mussel aquaculture, 

documented contamination raises concerns 

regarding food safety and economic 

sustainability (Mathalon & Hill, 2014). 
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Coastal tourism, a key economic sector in 

Montenegro, is particularly sensitive to visible 

plastic pollution. Studies from Mediterranean 

destinations show that beach litter negatively 

influences tourist perceptions and destination 

attractiveness, while municipalities incur 

substantial costs for beach cleaning and waste 

management (Mouat et al., 2010; Krelling et 

al., 2017; Brouwer et al., 2017). 

 

 

POLICY FRAMEWORK AND 

RESEARCH PRIORITIES 

 

Marine Strategy Framework Directive – 

MSFD  

The European Union's Marine Strategy 

Framework Directive (European Commission, 

2008) provides the principal legislative 

framework for addressing marine litter, 

including microplastics (European 

Commission, 2008). The MSFD requires 

member states to achieve "Good 

Environmental Status" (GES) of marine 

waters, with marine litter addressed under 

Descriptor 10 (European Commission, 2017). 

For Montenegro, as an EU candidate 

country, alignment with MSFD requirements 

represents both an obligation and an 

opportunity to establish systematic monitoring 

frameworks (European Commission, 2021). 

Descriptor 10 criteria include trends in 

microplastic particles in the water column 

(D10C2), litter in seafloor sediments (D10C3), 

and litter ingested by marine animals (D10C4) 

(Werner et al., 2016). 

MSFD implementation requires 

coordinated monitoring programs with 

standardized methods to enable trend detection 

(Zampoukas et al., 2014). The Technical 

Group on Marine Litter has developed 

monitoring guidance including recommended 

sampling frequencies, standardized protocols, 

quality assurance requirements, and reporting 

formats (Galgani et al., 2013; Gago et al., 

2016). 

More recent updates to MSFD-related 

monitoring guidance further emphasize 

harmonized approaches to assessing marine 

macro- and micro-litter across environmental 

compartments, including surface waters, 

sediments, and biota, in order to improve data 

comparability and long-term trend analysis 

(European Commission JRC, 2023). 

 

Regional cooperation 

The Convention for the Protection of the 

Marine Environment and the Coastal Region 

of the Mediterranean (Barcelona Convention) 

provides a regional framework, with all 

Adriatic countries as contracting parties 

(UNEP/MAP, 1995). The 2013 Regional Plan 

on Marine Litter Management specifically 

addresses plastic pollution (UNEP/MAP, 

2013). More recent Mediterranean Action Plan 

initiatives and ongoing updates to the 

Mediterranean Quality Status Report reflect 

continued regional efforts to improve marine 

litter monitoring, data harmonization, and 

policy coordination across the basin 

(UNEP/MAP, 2023). At the EU level, the Zero 

Pollution Action Plan further reinforces 

commitments to reduce marine pollution, 

including plastics, by setting long-term targets 

and tracking progress through indicators such 

as coastline litter trends, thereby 

complementing MSFD implementation and 

regional Mediterranean frameworks (EEA, 

2024). However, implementation has been 

uneven, with northern Adriatic countries 

generally more advanced than eastern 

Mediterranean states (Vlachogianni et al., 

2017). 

 

Montenegro's context 

Montenegro has made progress in aligning 

national legislation with EU environmental 

directives as part of the accession process 
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(Government of Montenegro, 2016). While 

legislative alignment with the MSFD has 

largely been achieved, operational 

microplastic monitoring remains limited and 

not yet fully implemented, particularly for sea-

surface waters (UNEP/MAP-PAP/RAC-

SPA/RAC & MESPU, 2021).  

Key capacity gaps include limited 

analytical infrastructure, small number of 

trained personnel, insufficient funding for 

sustained monitoring, and lack of coordination 

between institutions (Mandić, 2021). 

Addressing these gaps will require investment 

in equipment and training, establishment of 

dedicated monitoring programs, and 

integration of microplastic monitoring into 

broader marine environmental surveillance in 

line with emerging EU and regional guidance 

(UNEP/MAP, 2020; European Commission 

JRC, 2023). 

 

Critical knowledge gaps 

The most critical data gap for the Adriatic 

basin is the scarcity of systematic surface water 

monitoring along the eastern coast, including 

Montenegro (Galgani et al., 2018; Šaravanja et 

al., 2022). While northern Italian waters have 

been relatively well studied, the Croatian, 

Montenegrin and Albanian coasts lack 

comparable datasets (Panti et al., 2015). 

Addressing current knowledge gaps in 

Montenegro requires coordinated efforts 

focused on standardized surface-water 

monitoring, long-term trend detection, and 

source identification. Seasonal sea-surface 

surveys using harmonized manta-net protocols 

are needed to capture spatial and temporal 

variability, alongside sustained monitoring at 

fixed stations to enable trend analysis over 

multi-year periods (Galgani et al., 2013; 

Kershaw et al., 2019). Given the role of rivers 

as major pathways of plastic transport, 

systematic monitoring of riverine fluxes is 

essential to quantify inputs and identify 

dominant sources (Lebreton et al., 2017). 

Emerging priorities include the development 

of methods for nanoplastic detection (<1 μm) 

and targeted studies on trophic transfer to 

assess ecological consequences (Setälä et al., 

2014; Gigault et al., 2018). Consistent 

application of existing standardized protocols 

aligned with MSFD and UNEP frameworks 

remains critical for data comparability 

(Galgani et al., 2013; 2018), while advances in 

source apportionment and stakeholder 

engagement are needed to support effective 

mitigation and policy implementation (Hartley 

et al., 2015; Dümichen et al., 2017). 

 

 

CONCLUSIONS AND 

RECOMMENDATIONS 

 

Microplastic pollution is pervasive 

throughout the Adriatic Sea, affecting surface 

waters, sediments, and biota. Surface-water 

concentrations show pronounced spatial and 

temporal variability driven by riverine inputs, 

coastal activities, and circulation patterns. 

Along the Montenegrin coast, sediment 

contamination averages 300–600 items kg-1, 

with higher values in enclosed areas, while 

biota contamination is widespread, with 

mussels containing approximately 2.5 items 

per individual. 

Polymer compositions are highly 

consistent across the basin, dominated by 

polyethylene and polypropylene (often >70%), 

followed by PET, polystyrene, and 

polyamides, reflecting mixed land-based and 

maritime sources including rivers, urban areas, 

wastewater treatment plants, ports, and fishing 

activities. Despite increasing data availability, 

methodological heterogeneity remains a major 

limitation, as differences in sampling, 

extraction, analysis, and reporting continue to 

constrain cross-study comparability. 
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Ecological impacts are primarily 

documented at the individual organism level 

and include physical effects of ingestion and 

potential chemical exposure. While human 

health implications remain uncertain, dietary 

exposure through seafood represents a 

plausible pathway of concern. Existing policy 

frameworks, particularly the Marine Strategy 

Framework Directive, provide a regulatory 

basis for action, but implementation remains 

uneven across the Adriatic. 

For Montenegro, priority actions include 

establishing systematic MSFD-aligned 

surface-water monitoring, extending 

observations to multi-year timescales for trend 

detection, and quantifying riverine 

microplastic inputs. These efforts should be 

supported by investment in analytical 

infrastructure, targeted training, source-control 

measures, and stakeholder engagement to 

ensure effective translation of scientific 

knowledge into mitigation. 

At the regional scale, progress will depend 

on basin-wide adoption of standardized 

protocols, improved spatial coverage along the 

eastern Adriatic, coordinated river monitoring, 

and the integration of modelling approaches to 

assess transboundary transport and mitigation 

effectiveness. The Adriatic experience 

highlights the need for sustained monitoring 

coupled with broader changes in plastic 

production, use, and waste management. For 

Montenegro, advancing monitoring capacity 

and stakeholder involvement represents an 

immediate opportunity to strengthen marine 

environmental protection in the Eastern 

Adriatic. 
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Zagađenje mikroplastikom u Jadranskom moru sa posebnim 

osvrtom na Crnu Goru: Rasprostranjenost, izvori, metode, 

biota, politika i implikacije 
 

Antonija AVDALOVIĆ, Mirko ĐUROVIĆ, Milica MANDIĆ, Ines KOKIĆ 

 

 

SAŽETAK 

Jadransko more je prepoznato kao područje intenzivne akumulacije plastičnog otpada u okviru 

Mediterana. Mikroplastika je detektovana u površinskim vodama, sedimentima i bioti, uz izraženu 

prostornu i vremensku varijabilnost povezanu sa hidrodinamikom, riječnim unosima i sezonalnošću. 

Ovaj pregledni rad sumira postojeće dokaze o rasprostranjenosti, sastavu, izvorima i pokretačima 

mikroplastike širom Jadranskog mora, sa posebnim naglaskom na Crnu Goru, gdje istraživanja 

sedimenta i školjki ukazuju na značajnu kontaminaciju u kojoj dominiraju polietilen i polipropilen. 

Obalni sedimenti Crne Gore u prosjeku sadrže 300–600 čestica mikroplastike kg⁻¹ suvog sedimenta, 

pri čemu su najveće koncentracije zabilježene u zatvorenim područjima poput Bokokotorskog zaliva. 

Iako Okvirna direktiva o morskoj strategiji pruža institucionalni okvir za praćenje i upravljanje, 

metodološka heterogenost među studijama i značajni nedostaci podataka, posebno nedostatak 

sezonskih podataka o mikroplastici na površini mora duž istočnog Jadrana, trenutno ograničavaju 

regionalnu uporedivost i procjenu dugoročnih trendova. Prioritetne potrebe za Crnu Goru i širi Jadran 

uključuju usklađeno praćenje površinskih voda, integraciju hidrodinamičkog konteksta i procjene 

relevantne za zainteresovane strane koje povezuju ekološke indikatore sa akvakulturom, turizmom i 

bezbjednošću hrane iz mora. 

 

Ključne riječi: mikroplastika, Jadransko more, Crna Gora, zagađenje mora, Mediteran 

 


