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Abstract

Marine litter has become one of the most signifi cant environmental challenges affecting coastal ecosystems worldwide. Plastic waste, due to its persistence and 
widespread use, represents the dominant component of marine debris in many coastal areas. This study presents the results of marine litter monitoring conducted 
on selected coastal areas of Krk Island, Croatia, including Punta Debij (Punat), Zala (Stara Baška), Redagara, Prniba, and Voz. The research was conducted within the 
framework of the Interreg IPA ADRION JOINABLE Project and aimed to assess the composition, quantity, and characteristics of marine litter, while identifying opportunities 
for circular economy applications and improved coastal management. Results indicate substantial differences between urban and remote coastal sites, with cigarette 
butts and plastic packaging being among the most common waste categories. The study highlights challenges related to plastic degradation, secondary fragmentation, 
and the increasing need for innovative waste prevention and recycling strategies.
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Introduction

Marine litter is recognised as one of the major environmental 
pressures affecting marine and coastal ecosystems worldwide. 
It has negative impacts on biodiversity, tourism, fi sheries, 
navigation, and human well-being [1,2].

The Mediterranean Sea is considered particularly vulnerable 
due to its semi-enclosed nature, high population density, heavy 
maritime traffi c, and seasonal tourism pressures [3]. Within 
this context, the Adriatic Sea experiences continuous inputs of 
marine litter originating from land-based activities, maritime 
transport, fi sheries, and recreational use of coastal areas [4].

Plastic materials are especially problematic because of their 
persistence and resistance to environmental degradation. Over 
time, larger plastic items fragment into smaller pieces through 
exposure to solar radiation, wave action, and mechanical 

abrasion, ultimately contributing to the generation of 

microplastics [5,6].

This study was conducted within the framework of the 

Interreg IPA ADRION JOINABLE Project, which promotes 

innovative approaches to marine litter monitoring, community 

engagement, and circular economy solutions in coastal regions. 

The objective of this research was to assess the quantity and 

composition of marine litter on selected beaches of Krk Island 

and to evaluate implications for local coastal management and 

circular economy initiatives (Figures 1-3 and Table 1).

Materials and methods

Field monitoring activities were implemented as part of 

the JOINABLE project using standardised methodologies for 

marine litter assessment based on UNEP and European Marine 

Strategy Framework Directive recommendations [7,8].
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Marine litter monitoring surveys were conducted at two 
coastal locations on Krk Island:

• Punta Debij (Punat)

• Zala (Stara Baška)

In addition, beach clean-ups were carried out at:

• Redagara

• Prniba

• Voz

The methodology included:

• visual beach inspections,

• marine litter monitoring and assessment,

• litter collection,

PUNTA ZAL

Figure 1: Characteristics of standardised monitoring sites

Figure 2: Survey area and monitoring boundary at Punta Debij Beach (Punat), Krk 
Island (4,458 m²)

Table 1: Characteristics of standardised monitoring sites.

Site Area (m²) Monitoring Type

Punta Debij 4,458 Standardized monitoring

Zala 2,057 Standardized monitoring

Figure 3: Survey area and monitoring boundary at Zala Beach (Stara Baška), Krk 
Island (2,057 m²).
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• waste sorting and categorisation,

• weighing of collected material,

• characterisation of plastic waste,

• assessment of degradation status,

• digital recording and validation of monitoring data.

Collected waste was classifi ed according to major material 
categories including plastics, glass, textiles, metals, wood, 
construction debris, and cigarette butts.

Monitoring Design and Sampling Protocol

Monitoring surveys were conducted at Punta Debij and 
Zala using a standardised fi eld protocol developed within 
the JOINABLE Project. Survey areas were georeferenced and 
documented using digital fi eld records. Monitoring activities 
were performed under stable weather conditions during the 
project implementation period. Due to logistical constraints 
and the nature of volunteer clean-up actions, Redagara, Prniba 
and Voz were assessed as clean-up locations rather than 
fully standardised monitoring sites. Therefore, quantitative 
comparisons are primarily focused on Punta Debij and Zala 
(Figure 4, Table 2).

Environmental conditions differed slightly between 
monitoring locations. Monitoring at Punta Debij was conducted 
under calm weather conditions with negligible wind and calm 
sea state, while the Zala survey was carried out under moderate 
wind conditions (13.3 km/h), an average air temperature of 10 
°C, relative humidity of 55%, and no recorded precipitation. 
These conditions were considered suitable for marine litter 
monitoring and did not signifi cantly affect fi eld observations.

Results

Punta Debij Beach

Waste category Quantity (kg)

Construction waste 4.61

Plastic 2.02

Glass and ceramics 1.22

Textile 0.74

Metal 0.3

Construction-related materials represented the largest 
fraction during the monitoring period (Graph 1, Figure 5).

Zala beach

The remote beach of Zala displayed a signifi cantly different 
litter profi le. Collected waste consisted mainly of plastic 

Monitoring conducted at Punta Debij revealed a signifi cant 
presence of cigarette butts and single-use food packaging. The 
site also showed insuffi cient waste collection infrastructure, 
particularly regarding dedicated cigarette disposal facilities and 
covered waste bins. A total of 8.89 kg of waste was collected.

Figure 4: Field monitoring activities.

Table 2: Characteristics and environmental conditions of standardised monitoring 
sites.

Site Date Time
Area 
(m²)

Air 
Temp.

Wind
Sea State Precipitation

km/h
Punta 
Debij

27-
Feb-26

09:00–
12:00

4,458 8ºC 0 Calm sea
Light rainfall 

before survey

Zala
18-

Feb-26
15:00–
17:00

2,057 10ºC 13,3
Slight sea 
conditions

None (0%)

Graph 1: Composition of collected waste at Punta Debij Beach according to 
material categories.

Figure 5: Examples of marine litter collected at Punta Debij Beach.



16

https://www.biolscigroup.us/journals/journal-of-clinical-microbiology-and-biochemical-technology

Citation: Kosić D. Monitoring and Characterisation of Marine Litter on Coastal Areas of Krk Island (Croatia): Implications for Circular Economy and Coastal 
Management. J Clin Microbiol Biochem Technol. 2026;12(1): 13-18. Available from: https://dx.doi.org/10.17352/jcmbt.000062

material (5.0 kg) and driftwood (2.4 kg), which is consistent 
with marine transport and natural accumulation patterns 
commonly observed in less accessible coastal environments 
(Figure 6).

Plastic waste at both locations predominantly appeared in 
the form of small fragments, indicating an advanced process of 
secondary fragmentation. Such material structure signifi cantly 
complicates sorting, treatment and recycling processes, as 
fragmented plastics often exhibit altered physical and chemical 
properties and increased susceptibility to contamination 
(Graph 2).

Redagara and prniba beaches

Monitoring and clean-up activities at Redagara and Prniba 
resulted in the collection of 8.47 kg of waste.

Several unusual objects were documented, including 
pulley components, mechanical parts, and plastic containers, 
indicating multiple potential sources of pollution.

Voz beach

The highest quantity of waste was recorded at Voz Beach 
beneath Krk Bridge. A total of 37.7 kg of waste was collected 
during a single clean-up action involving local volunteers.

Among the recovered items were umbrellas, a fi re 
extinguisher, and other bulky objects, suggesting that part of 
the waste resulted from direct dumping rather than marine 
transport processes (Graph 3).

Quantitative comparison of litter density

To facilitate comparison with previous Adriatic studies, 
litter density was calculated for monitored sites using the 
surveyed beach area. Punta Debij exhibited a higher density of 
cigarette butts and consumer-related litter, while Zala showed 
a larger proportion of marine-transported plastic material 
and driftwood. These fi ndings support the distinction between 
urban tourism-related litter and remote-site accumulation 
driven primarily by marine transport processes (Table 3).

Litter density calculations revealed notable differences 
between the two standardised monitoring locations. Although 
the total quantity of collected waste was similar, Zala exhibited 
a higher litter density (0.00360 kg/m²; 3.60 g/m²) compared 

to Punta Debij (0.00199 kg/m²; 1.99 g/m²). Litter density at 
Zala was approximately 1.8 times higher than at Punta Debij 
despite lower direct human use of the beach. This fi nding 
suggests a more concentrated accumulation of marine litter at 
the remote beach despite lower direct anthropogenic pressure, 
emphasising the importance of marine transport and local 
coastal morphology in litter accumulation processes.

Discussion

The results reveal signifi cant differences between urban 
and remote coastal locations. Urban beaches such as Punta 
Debij were characterised by higher quantities of cigarette butts 
and consumer packaging waste, while remote locations showed 
larger proportions of marine-transported plastic debris.

The exceptionally high accumulation recorded at Voz may 
also be infl uenced by local geomorphological and hydrodynamic 
conditions. The presence of the Krk Bridge and the semi-
enclosed coastal confi guration may contribute to the retention 
of fl oating debris transported by currents and wind. However, 
further monitoring would be necessary to quantify the relative 
importance of these factors.

Similar accumulation patterns have been reported 
elsewhere in the Adriatic Sea. Fortibuoni et al. [4] identifi ed 
plastics as the dominant component of marine litter along 
several Adriatic coastal locations, while Vlachogianni et al. [3] 
reported comparable trends across Mediterranean beaches. 
The predominance of plastic waste observed on Krk Island is 
therefore consistent with broader regional fi ndings.Figure 6: Marine litter collected during the clean-up action at Voz Beach.

Graph 2: Comparison of waste composition between Punta Debij and Zala Beach.

Graph 3: Comparison of total waste quantities collected at all monitored locations.

Table 3: Litter Density at Standardised Monitoring Sites.

Location
Surveyed Area 

(m²)
Collected Waste 

(kg)
Litter Density 

(kg/m²)
Litter Density 

(g/m²)
Punta 
Debij

4,458 8.89 0.00199 1.99

Zala 2,057 7.4 0.0036 3.6
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Visual assessment indicated that a substantial portion 
of plastic waste had undergone extensive degradation and 
secondary fragmentation. Such materials are particularly 
challenging to recover and recycle due to contamination and 
altered physical properties [5].

The widespread occurrence of cigarette butts is of particular 
concern. Cigarette fi lters are primarily composed of cellulose 
acetate and represent one of the most frequently encountered 
litter items in coastal environments worldwide [9]. Besides 
aesthetic impacts, cigarette butts release toxic compounds into 
marine ecosystems and contribute to microplastic pollution 
[10-14] (Figure 7).

Study limitations

This study has several limitations. Monitoring surveys 
were conducted during a limited time period and therefore 
do not capture seasonal variability. In addition, standardised 
monitoring was performed only at Punta Debij and Zala, while 
other locations were assessed through clean-up activities. 
Future studies should include seasonal monitoring campaigns 
and larger datasets to improve statistical robustness and 
regional comparability.

Due to the limited number of standardised monitoring 
sites and the absence of replicated sampling events, inferential 
statistical testing was not applied. Instead, quantitative 
descriptive analysis and litter-density calculations were used 
to facilitate comparison between monitoring locations.

Implications for circular economy and coas-
tal management

The fi ndings highlight important opportunities for 
integrating marine litter management within circular economy 
frameworks.

Particular attention should be given to the separate collection 
of cigarette butts. Recent studies demonstrate that cellulose 
acetate recovered from cigarette fi lters can be processed and 
reused as a secondary raw material for the production of new 
products such as eyewear frames and composite materials [11].

Based on fi eld observations, the following measures are 
recommended:

• installation of additional waste collection bins;

• introduction of dedicated cigarette butt collection 
systems;

Figure 7: Examples of highly degraded plastic fragments collected during 
monitoring activities.

• distribution of portable ashtrays on beaches;

• continued digital monitoring of marine litter;

• development of pilot projects for recycling collected 
plastics and cigarette fi lters;

• stronger public awareness campaigns targeting beach 
visitors.

The implementation of such measures could support 
a transition from traditional clean-up approaches toward 
more sustainable circular economy models within coastal 
communities.

Within the framework of the JOINABLE Project and local 
circular-economy initiatives on Krk Island, collected plastic 
waste may represent a valuable secondary resource. Practical 
examples already implemented include awareness campaigns, 
separate collection systems and educational activities 
promoting recycling and responsible consumption. Further 
opportunities include the production of educational products, 
promotional items and reusable materials manufactured from 
recycled plastics recovered during coastal clean-up actions.

A preliminary assessment suggests that installation of 
dedicated cigarette-butt collection bins at Punta Debij could 
signifi cantly reduce litter accumulation. Such measures would 
require limited investment while potentially reducing clean-
up costs and environmental impacts associated with cigarette-
fi lter pollution.

Conclusions

Monitoring activities conducted on the coastal areas of 
Krk Island confi rmed that plastic waste remains the dominant 
category of marine litter, while cigarette butts represent one of 
the most problematic individual waste streams.

Differences observed between urban and remote beaches 
indicate the combined infl uence of local waste generation and 
marine transport processes. Additionally, high levels of plastic 
degradation and fragmentation signifi cantly reduce recycling 
potential and increase environmental risks.

The study demonstrates the importance of continuous 
monitoring programs, targeted waste prevention measures, 
and the development of innovative circular economy solutions. 
Such approaches can contribute signifi cantly to reducing 
marine litter accumulation and improving environmental 
quality in Adriatic coastal regions.
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