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Abstract: 
Microplastics have emerged as one of the most significant environmental pollutants of 
the 21st century due to their persistence, mobility, and potential ecological and human 
health impacts. Aquatic ecosystems are particularly vulnerable because rivers, lakes, 
and marine environments act both as sinks and transport pathways for plastic debris. 
This paper presents an overview of microplastics in aquatic ecosystems with a specific 
focus on Montenegro. Available investigations conducted during the last seven years 
indicate the presence of microplastics in freshwater systems, lake sediments, coastal sed-
iments, fish, and shellfish. Elevated concentrations were reported in several rivers and 
coastal zones compared with regional literature data. The findings highlight the need 
for systematic monitoring, improved waste management, wastewater treatment, and 
stronger regulatory measures. 
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1. Introduction

Plastic materials have become indispensable in modern society due to their durability, ver-
satility, lightweight properties, and low production costs. Their widespread application 
includes packaging, construction, healthcare, agriculture, transportation, and consumer 
products. However, the continuous increase in plastic production, combined with inade-
quate waste management practices, has created a serious global environmental problem. 
Approximately 40% of plastic products are intended for single-use or short-term applica-
tions, particularly packaging materials, with an average lifespan of less than one month. 
Although recycling rates have improved in some regions, only a relatively small propor-
tion of plastic waste is effectively recycled, while the majority accumulates in landfills or 
is released into the environment (Klein et al., 2015; Fischer et al., 2016). 
Unlike natural materials, conventional plastics are highly resistant to biodegradation and 
do not readily decompose into harmless end products. Instead, they gradually fragment 
through physical, chemical, and biological weathering processes such as photodegrada-
tion, oxidation, hydrolysis, thermal stress, and mechanical abrasion. Over time, these pro-
cesses generate progressively smaller particles known as microplastics and nanoplastics 
(Scherer et al., 2020). 
Microplastics are commonly defined as synthetic solid polymer particles ranging from 1 
µm to 5 mm in size. They exhibit substantial variability in morphology, color, density, and 
polymer composition. Due to their small size, persistence, and ease of transport, micro-
plastics are now ubiquitous contaminants detected in terrestrial, freshwater, and marine 
environments, including remote polar regions, rivers, lakes, estuaries, coastal zones, and 
open oceans (Fischer et al., 2016; Hengstmann et al., 2021). 
According to their origin, microplastics are generally divided into two main categories. 
Primary microplastics are intentionally manufactured microscopic particles used in cos-
metics, personal care products, industrial abrasives, synthetic textiles, and resin pellets. 
Secondary microplastics arise from the fragmentation of larger plastic items such as bot-
tles, bags, fishing gear, packaging waste, and other discarded materials. In addition to 
source-based classification, microplastics are frequently categorized by morphology (fi-
bers, fragments, films, pellets, foams), particle size, color, and polymer type (Scopetani et 
al., 2019). 
Aquatic ecosystems are among the most threatened environments with regard to plastic 
contamination. Rivers, lakes, transitional waters, and marine ecosystems receive continu-
ous inputs of plastic debris from urban runoff, wastewater effluents, industrial discharges, 
tourism, fisheries, maritime transport, and improper waste disposal. Rivers are considered 
one of the principal pathways and major sources of microplastic transport from land-based 
environments toward lakes, estuaries, seas, and oceans (Rodrigues et al., 2018; Simon-
Sánchez et al., 2019). It is estimated that nearly 80% of aquatic plastic pollution originates 
from terrestrial sources, while the remaining proportion is associated with marine-based 
activities such as shipping, aquaculture, and fisheries. 
Marine environments are particularly vulnerable because floating and suspended plastic 
particles can be transported over long distances by currents and winds, leading to wide-
spread contamination of coastal and offshore ecosystems. Sediments in rivers, lakes, and 
coastal zones act as important sinks for microplastics, where particles may accumulate 
over time and remain available for remobilization under changing hydrodynamic condi-
tions (Atwood et al., 2019; Hengstmann et al., 2021). 
Aquatic organisms are especially sensitive to microplastic exposure due to their constant 
interaction with contaminated water and sediments. Numerous studies have demon-
strated the ingestion of microplastics by plankton, benthic invertebrates, mollusks, crusta-
ceans, and fish. Once ingested, microplastics may cause physical damage, feeding disrup-
tion, reduced growth, oxidative stress, inflammation, and altered reproductive perfor-
mance. Furthermore, microplastics may act as vectors for additives and adsorbed environ-
mental contaminants, thereby increasing ecological risks and potential transfer through 
food webs (Digka et al., 2018; Avio et al., 2019; Gomiero et al., 2019). 
The Adriatic Sea, including the Montenegrin coastal area, represents an environmentally 
and economically important marine region characterized by intense seasonal tourism, 
maritime traffic, fisheries, and coastal urbanization, all of which may contribute to plastic 
inputs. At the same time, Montenegro possesses diverse freshwater ecosystems, including 
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rivers, lakes, and reservoirs, which may also serve as recipients and transport routes for 
microplastic pollution (Blašković et al., 2017; Palatinus et al., 2019). 
The aim of this review is to summarize and critically evaluate studies on microplastic con-
tamination conducted in aquatic ecosystems of Montenegro over the past seven years. Par-
ticular attention is given to reported concentrations and characteristics of microplastics in 
river sediments, lake sediments, coastal marine sediments, as well as in mussels, shellfish, 
and fish collected from the Montenegrin region. In addition, this review provides a com-
parative analysis of concentrations recorded in Montenegro with data reported from 
neighboring countries and the wider regional context. Such an overview is essential for 
assessing the current state of microplastic pollution in Montenegro and identifying priori-
ties for future monitoring and management strategies. Studies from Montenegro consist-
ently demonstrate the presence of microplastics across all investigated compartments, 
highlighting rivers as transport pathways, lakes as accumulation zones, and coastal sedi-
ments and biota as long-term sinks, emphasizing the integrated nature of pollution dy-
namics in the region (Bošković et al., 2021; 2022a; 2022b; 2023a; 2023b; 2025a; 2025b; 2026a; 
2026b). 

2. Microplastics in aquatic environment in Montenegro

The first investigations of microplastics in Montenegro began approximately seven years 
ago. Since then, studies have included seven rivers, three lakes, and the Montenegrin 
coastal zone (sediments, fish and shellfish). 
Investigated rivers include Sitnica, Ribnica, Cijevna, Zeta, Morača, Bojana, and Tara. The 
occurrence and characteristics of microplastics in river sediments in Montenegro, in com-
parison with selected European rivers, are summarized in Table 1. As shown in Table 1, 
microplastic concentrations in Montenegrin rivers exhibit considerable variability, with 
mean values generally higher than those reported for rivers in Slovenia, such as the 
Ljubljanica and Kamniška Bistrica. This difference may reflect variations in waste manage-
ment practices, population density, and local pollution sources. However, when compared 
with larger European rivers such as the Rhine and Elbe, the observed concentrations fall 
within a comparable range, indicating that microplastic contamination is a widespread is-
sue across Europe rather than a localized phenomenon. The dominant polymers identified 
in Montenegrin rivers are polyethylene (PE) and polypropylene (PP), which is consistent 
with their extensive use in packaging materials and consumer products. In terms of mor-
phology, both fragments and fibers are present, with fibers often associated with domestic 
wastewater and textile-related sources. The relatively narrow size range (predominantly 
0.5–1.0 mm) suggests ongoing fragmentation processes and potential methodological con-
sistency across studies. Importantly, no clear relationship between river length and micro-
plastic concentration can be observed, indicating that local anthropogenic inputs and hy-
drological conditions play a more significant role than river size itself. The wide concen-
tration ranges recorded in certain rivers further point to spatial heterogeneity and the in-
fluence of site-specific factors. With respect to lake ecosystems, research has focused on 
lakes located within national parks of Montenegro. The analyzed lakes include Black Lake 
and Devil Lake, which belong to Durmitor National Park and are of glacial origin, as well 
as Skadar Lake, located within Skadar Lake National Park.  
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Table 1. Comparison of the microplastics abundance, polymer type, shape, size and color of microplastics in rivers 
sediment from Montenegro compared to river sediments data from the Europe (MP/100g dry sediment) 

River / country 

Length 

of the 

river 

(km) 

Concentration  

(min-max /mean) 
Polymer Shape Size (mm) Color Reference 

Sitnica, Montene-

gro 
19 7-48.7 / 28.3 ± 12.2 PP, PE fragment, fiber 0.5-1.0 blue, red, clear 

Bošković et al. 

2026a 

Ribnica, Monte-

negro 
10 14.7-38.7 / 24.9 ± 8.1 PE fragment 0.5-1.0 blue, red, clear 

Cijevna, Monte-

negro 
56 13.7-59 / 27.3 ± 14.1 PE, PP fragment 0.5-1.0 blue, red, clear 

Zeta, 

Montenegro 
89 5-43 / 14.5 ± 11 PP, PE fragment, fiber 0.5-1.0 blue, red, clear 

Bošković et al. 

2023b 

Morača, 

Montenegro 
113.4 2-44 / 16.9 ± 11.3 PE, PET fiber 0.5-1.0 blue, red, clear 

Bojana, 

Montenegro 
41 11-25 / 18 ± 5.3 PP, PE fiber 0.5-1.0 blue, red, clear 

Tara, 

Montenegro 
157 1-61 / 11.9 ± 11.1 PE, PP fiber 0.1-5.0 blue, red, clear 

Bošković et al. 

2025a 

Ljubljanica, Slo-

venia 
41 0.5-4 / 2.3 ± 2.5 PE, PP fragment 0-0.99 colored 

Matjašič et al. 

2022 Kamniška Bis-

trica, Slovenia 
33 1-3.3 / 2.2 ± 2 PE, PP fragment 0-0.99 colored 

Ticino, 

Italy 
248 / 1.1 ± 0.8 EVA / / / 

Winkler et al. 

2022 

Po, 

Italy 
652 0.05-7. /9 PE, PP / / / 

Atwood et al. 

2019 

Osa, 

Italy 
20 / 28.6 ± 3.7 / fiber / colored 

Cannas et al. 

2017 Albegna, 

Italy 
70 / 45.3 ± 42.4 / fiber / colored 

Ombrone, Italy 161 4.5-106.9 / / fiber / 
black, white, 

clear 

Guerranti et al. 

2017 

Cecina, 

Italy 
78 7.2-19.1 / PVC fragment, fiber 

0.630-

1.462 
colored 

Blašković et al. 

2018 

Tisza,  

Central Europe 
1419 / 317.7 ± 197 / fiber / / Kiss et al. 2021 

Rhine, 

Germany 
123 22.8-376.3 / PE, PP, PS fragment 0.630-5.0 colored 

Klein et al. 2015 
Main, 

Germany 
524.9 78.6-136.8 / PE, PP, PS fragment 0.630-5.0 / 

Elba, 

Germany 
1165 0.9-1596.2 / 208 ± 467 PE, PP 

granule, frag-

ment 
0.126-5.0 clear 

Scherer et al. 

2020 

Tet, 

France 
115.8 0.7-102.9 / 25.8 ± 25.9 PE, PP fragment, fiber / / 

Constant et al. 

2020 

Ebro, 

Spain 
930 

/ 42.2 ± 11.9 

/ 205.2 ± 74.6 
PA, PE fiber 

0.200-

0.500 
clear, orange 

Simon-Sanchez et 

al. 2019 

Kelvin, 

Great Britany 
35 16.1-43.2 / / fiber / colored Blair et al. 2019 

Antuã, 

Portugal 
38 1.8-62.9 / PE, PP fragment 0.055-5.0 colored 

Rodrigues et al. 

2018 

A comparison of microplastics abundance and characteristics in lake sediments from Mon-
tenegro and other European regions is presented in Table 2. The data presented in Table 
2 reveal notable differences in microplastics concentrations among Montenegrin lakes, 
largely reflecting the degree of anthropogenic influence. Lower concentrations are ob-
served in glacial lakes such as Black Lake and Devil Lake, which are relatively remote and 
less exposed to direct human activities. In contrast, Skadar Lake shows higher levels of 
contamination, likely due to its connection with river inflows, surrounding settlements, 
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and agricultural activities. When compared with European data, microplastics concentra-
tions in Montenegrin lakes fall within the lower to moderate range. They are generally 
lower than heavily impacted systems such as Bizerte Lagoon in Tunisia, but comparable 
to values reported for lakes in Italy and Switzerland. This suggests that, while contamina-
tion is present, it is still influenced by regional environmental pressures rather than ex-
treme pollution sources. Similar to river sediments, fibers and fragments dominate, and 
common polymers include PE, PP, and PET. These findings confirm that lakes act as accu-
mulation zones, or sinks, for microplastics transported from surrounding catchments. The 
observed patterns highlight the importance of watershed characteristics and human activ-
ity in determining contamination levels. 

Table 2. Comparison of the microplastics abundance, polymer type, shape, size and color of microplastics in lake sediment from 

Montenegro compared to lake sediments data from the Europe (MPs/100g dry sediment) 

Lake / country 
Concentration 

(min-max /mean) 
Polymer Shape 

Size 

(mm) 
Color Reference 

Black Lake, 

Montenegro 

0-16

5.1 ± 1.4
PE fragment, fiber 0.5-3 blue, red 

Bošković et al. 2026b 
Devil Lake, 

Montenegro 

1-12

3.8 ± 0.5

PE, PET, 

PP 
fragment, fiber 1-5 blue, red 

Skadar Lake, 

Montenegro 

9-22

15.4 ± 4.3
PE, PP fiber, fragments 1-3 blue, red, clear Bošković et al. 2025b 

Upper Balma, 

Italy 
/ 1.75 ± 0.62 PE, PP fiber, fragment 0.1 

blue, white, 

black 
Pastorino et al. 2023 

Lower Balma, 

Italy 
/ 1.33 ± 0.67 PE, PP fiber, fragment 0.1 

blue, white, 

black 

Bolosena Lake, 

Italy 
/ 11.2 ± 3.2 / fragment, fiber 0.3-0.5 / 

Fischer et al. 2016 
Chiusi Lake, 

Italy 
/ 23.4 ± 8.5 / fiber, fragment 0.3-0.5 / 

Lake Sassolo, 

Switzerland 
/ 33 PE, PP fiber / / 

Negrete Velasco et al. 

2020 

Multiple lakes, 

Türkiye 
13-121 / 

PET, PP, 

PE 
fragment, fiber, 1 / Akdemir et al. 2025 

Bizerte Lagoon, 

Tunisia 

300-1800

796 ± 687
/ fiber, fragment 0.3-5.0 

clear, white, 

blue 
Abidli et al. 2017 

Hampstead Pond 

no. 1, London 
/ 53.9 PS, PA fiber 0.5-1.0 blue, white, red Turner et al. 2019 

Lake Tollene, 

Germany 
/ 141 ± 82.2 PE, PET fragment 0.063-2 mm / Hengstmann et al. 2021 

Vesijarvi Lake, 

Finland 
/ 39.58 ± 9.07 

PA, PS, 

PET 
fiber, fragment / / Scopetani et al. 2019 

Microplastics concentrations and characteristics in marine sediments from the Montene-
grin coast, in comparison with other European marine environments, are summarized in 
Table 3. As indicated in Table 3, the Montenegrin coastal sediments exhibit relatively high 
levels of microplastics contamination compared to several locations in the Adriatic Sea, 
particularly along the Croatian coast. However, the reported values remain lower than 
those observed in highly polluted regions such as parts of the Mediterranean Sea, includ-
ing Tunisia. Marine sediments represent a major sink for microplastics, where particles 
accumulate due to hydrodynamic processes and sedimentation. The dominance of fibers 
and fragments in Montenegrin samples suggests a combination of sources, including 
wastewater discharges, textile fibers, and the degradation of larger plastic debris. The 
prevalence of PE and PP further supports the role of land-based plastic waste as a primary 
source. The semi-enclosed nature of the Adriatic Sea likely contributes to the retention and 
accumulation of microplastics, limiting their dispersion and enhancing local contamina-
tion. Additionally, seasonal tourism, maritime activities, and coastal urbanization repre-
sent significant pressures that may further increase microplastic inputs into the marine 
environment. 
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Table 3. Comparison of the microplastics abundance, polymer type, shape, size and color of microplastics in marine sediment from 

Montenegro compared to marine sediments data from the Europe (MP/kg dry sediment) 

Country / Sea 
Concentration  

(min-max /mean) 
Polymer Shape Size (mm) Color Reference 

Montenegro, Adriatic Sea 410.5  44.7  PP, PE fiber, fragment 1-3 blue, clear, red 
Bošković et al. 2021, 

2022a, 2022b 

Croatia, Adriatic Sea 177.6  112.6  / fiber 1-5
clear, white, 

black 
Blašković et al. 2017 

Croatia, Adriatic Sea 310  109  / fiber, fragment 1-5 black, blue Renzi et al. 2019 

Croatia, Adriatic Sea 360  169.1  PE, PP fiber, fragment 2.5-5 
clear, white, 

black 
Palatinus et al. 2019 

Croatia, Adriatic Sea 263.6  64.8  PVC, PP, PA fiber 0.5-2.5 / Renzi & Blašković, 2020 

Italy, Adriatic Sea 1445.2  458.4  PE, PP fragment 1-5 / Vianello et al. 2013 

Italy, Adriatic Sea 254.6  200.4  / fiber 2-5
clear, white, 

black 
Renzi et al. 2018 

Italy, Mediterranean Sea 272.8  44  PP fragment 0.5-1 blue, black Piazzolla et al. 2020 

Tunisia, Mediterranean Sea 7960 ± 6840  / fiber, fragment 0.3-5 
clear, white, 

blue 
Abidli et al. 2017 

Spain, Mediterranean Sea 499.1  / fiber 0.5-2 black, blue Alomar et al. 2016 

Belgium, North Sea 166.7  92.1  PS, PP, PA fiber, granule /  / Claessens et al. 2011 

Belgium, North Sea 585.3  / fiber 1-3
black, clear, 

white 
Maes et al. 2017 

Holland, North Sea 224.5 / fiber 1-3
black, clear, 

white 
Maes et al. 2017 

English, North Sea 306  / sphere 1-3
Black, clear, 

white 
Maes et al. 2017 

France, North Sea 481.2  / fiber 1-3
black, clear, 

white 
Maes et al. 2017 

In addition to abiotic samples, studies have also investigated the presence of microplastics 
in biotic components of the marine ecosystem, specifically in fish and shellfish from the 
Montenegrin coast. The occurrence and characteristics of microplastics in selected marine 
organisms from Montenegro, compared to similar species from other European regions, 
are presented in Table 4. The results summarized in Table 4 indicate that microplastics 
are widely present in marine organisms from the Montenegrin coast, with relatively high 
average particle counts per individual and a high frequency of occurrence. In many cases, 
these values exceed those reported for the same species in other parts of the Adriatic and 
Mediterranean Seas, suggesting elevated exposure levels in the study area. Fibers are the 
dominant form of microplastics detected in both fish and shellfish, which is consistent with 
their prevalence in the surrounding environment and their origin from wastewater and 
textile sources. A variety of polymers, including PE, PP, PET, and others, have been iden-
tified, indicating multiple contamination pathways. The presence of microplastics in com-
mercially important species highlights the potential for transfer through the food web and 
raises concerns regarding ecological and human health impacts. However, differences 
among studies should be interpreted with caution, as they may also reflect variations in 
sampling methodologies, analytical techniques, and species-specific feeding behaviors. 

3. Current Challenges

Despite increasing awareness of plastic pollution and microplastics contamination, Mon-
tenegro still faces several important challenges in environmental management and pollu-
tion control. Limited institutional capacity, insufficient infrastructure, and strong sea-
sonal pressure caused by tourism significantly complicate the implementation of effec-
tive mitigation measures. 

One of the major issues is the insufficient development of systems for waste separation, 
recycling, and final treatment of plastic waste. Although progress has been made in mu-
nicipal waste management, plastic recycling rates remain relatively low, while considera-
ble quantities of waste are still disposed of in landfills or released into the environment. 
Inadequate waste collection in rural areas and along the coast further increases the prob-
ability of plastic leakage into rivers, lakes, and marine ecosystems. 
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Another important limitation is the restricted capacity of wastewater treatment facilities. 
Microplastics originating from domestic wastewater, laundry effluents, industrial dis-
charges, urban runoff, and personal care products may enter aquatic environments 
through sewage systems. In the absence of advanced filtration and tertiary treatment 
technologies, a substantial proportion of these particles can pass through treatment 
plants and be discharged into rivers or coastal waters. 

High consumption of single-use plastic products, including plastic bags, beverage contain-
ers, food packaging, and tourism-related disposable items, remains an additional concern. 
During the summer season, the population in coastal municipalities increases considera-
bly, leading to a temporary but significant rise in waste generation and pressure on local 
waste management systems. 

Table 4. Comparison of the microplastics abundance, frequency of microplastics occurrence, shape, and polymer type of micro-

plastics in studied species from Montenegro compared to same species data from Europe 

Species Area 

Average 

MP 

items/ 

individual 

Frequency 

of MP oc-

currence 

(%) 

Shape Polymer 
Reference 

Montenegro, Adri-

atic Sea 
2.9  0.5 58.6 

fiber, 

fragment 

PE, PP, 

PET, PA 

Bošković et.al. 

2022b 

Italy, Adriatic Sea 1.5  0.7 19.2 fiber PE, PP Avio et.al. 2019 

Italy, Adriatic Sea 1.0 29 fiber / 

Giani et.al. 2019 
M. barbatus

Italy, Mediterra-

nean Sea 
1.1  0.2 16.1 fiber / 

Greece, Mediterra-

nean Sea 
1.5  0.3 32 fragment 

PE, PP, 

PET 
Digka et.al. 2018 

Turkey, Mediterra-

nean Sea 
2.1  1.4 66 fiber Nylon Güven et.al. 2017 

Spain, Mediterra-

nean Sea 
1.9  1.3 18.8 fiber / Bellas et.al. 2016 

Montenegro, Adri-

atic Sea 
3.2  1 54 fiber, film 

PP, PE, 

PET, PA 

Bošković et al. 

2022b 

Italy, Adriatic Sea 1.6  0.1 35 fiber, film PE, PP Avio et.al. 2019 

Italy, Adriatic Sea 1.1  0.3 30.6 fiber / 

Giani et.al. 2019 
M. merluccius

Italy, Mediterra-

nean Sea 
1.4  0.5 28.2 fiber / 

Italy, Mediterra-

nean Sea 
/ 46.3 / / 

Mancuso et.al. 

2019 

Spain, Atlantic 

Ocean 
1.0 16.7 fiber / Bellas et.al. 2016 

Montenegro, 

Adriatic Sea 
2.53 ± 1.1 53.3 fiber 

PP, PE, 

PET, PA, 

PS, PVC, 

PVS 

Bošković et al. 

2023a 

Italy, Adriatic Sea / / 
fiber, 

fragment 

PE, PP, 

PET 

PS, PVC 

Gomiero et al., 

2019 

Italy, 

Mediterranean 

Sea 

3.95 ± 

2.54 
81.1 fiber 

PE, PP, 

PET, PVC 

Nalbone et al. 

2021 

M. galoprovincialis

Italy, Adriatic, 

Ligurian and 

Tyrrhenian Sea 

3.0 - 12.4 / fiber / Renzi et al. 2018 

Greece, Ionian 

Sea 
1.9 ± 0.2 46.3 

fiber, 

fragment 

PE, PP, 

PTFE 
Digka et al. 2018 

Tunisia, 

Mediterranean 

Sea 

7.7 ± 3.8 97 
fiber, 

fragment 

PE, PP, 

celophane 

Wakkaf et al. 

2020 

Spain, 

Mediterranean 

Sea 

4.54 - 

18.2 
/ / / Capo et al. 2021 

Spain, Cantabrian 

Sea 

2.65 ± 

1.46 
100 fiber 

rayon, PET, 

PS, PE 
Masia et al. 2022 
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A further challenge is the absence of legislation that explicitly recognizes microplastics as 
a specific pollutant category. While general regulations concerning waste, water protec-
tion, and marine management exist, more detailed legal frameworks are needed to regu-
late monitoring obligations, emission sources, industrial responsibility, and prevention 
strategies in line with current European environmental policies. 
The lack of long-term national monitoring programs also represents a significant scientific 
and management gap. Most studies conducted in Montenegro have been site-specific or 
project-based, without continuous monitoring of trends in water, sediments, and aquatic 
organisms. Without harmonized methodologies and regular data collection, it remains dif-
ficult to assess temporal changes, identify hotspots, or evaluate the effectiveness of miti-
gation measures. 
The need for coordinated regional action is particularly important because the Adriatic Sea 
is considered one of the more vulnerable semi-enclosed European seas regarding plastic 
accumulation. Its limited water exchange, intense maritime traffic, coastal urbanization, 
fisheries, and seasonal tourism all contribute to pollutant retention and transboundary 
transport. For this reason, regional cooperation among Adriatic countries is essential for 
effective long-term management. 

4. Conclusions

Available scientific evidence clearly demonstrates that microplastics are already present 
in multiple aquatic ecosystems of Montenegro, including rivers, lakes, coastal sediments, 
as well as in fish and shellfish species of ecological and commercial importance. These 
findings confirm that microplastic contamination is no longer an isolated or emerging 
issue, but an established environmental concern affecting both freshwater and marine 
environments of the country. Freshwater systems, particularly rivers flowing through 
urbanized and industrialized areas, appear especially vulnerable because they function as 
major transport pathways for land-based plastic waste toward downstream lakes and the 
Adriatic Sea. At the same time, Montenegro’s coastal zone is exposed to combined 
pressures from local waste sources, tourism activities, fisheries, maritime transport, and 
transboundary inputs carried by marine currents. Sediments in rivers, lakes, and coastal 
areas are of particular importance because they act as long-term sinks for microplastics 
and may serve as secondary contamination sources through resuspension processes. 
Comparisons with studies from neighboring countries indicate that several Montenegrin 
sites show elevated concentrations of microplastics, highlighting the need for more 
detailed spatial investigations and source identification. However, differences in analytical 
methods and sampling strategies among studies emphasize the necessity for 
methodological standardization in future research. Future priorities should therefore 
include the establishment of a harmonized national monitoring network covering water, 
sediments, and biota; improvement of laboratory methodologies; reduction of single-use 
plastics; modernization of waste collection and recycling systems; expansion of 
wastewater treatment capacity; stronger environmental legislation; and increased public 
awareness. Regional cooperation within the Adriatic basin will also be essential for 
addressing the transboundary nature of plastic pollution. As a country with high 
biodiversity, valuable freshwater resources, and an internationally recognized ecological 
identity, Montenegro has the opportunity to become a regional example of proactive 
microplastic management. By integrating scientific evidence into environmental policy, 
prevention strategies, and sustainable resource management, it is possible to substantially 
reduce future plastic contamination and protect aquatic ecosystems for the long term. 

Conflicts of Interest: The author declare no conflict of interest. 
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