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1 INTRODUCTION 
 

The world’s seas and oceans are involved in different kinds of threats. The accumulation of 
anthropogenic debris is a major and worldwide problem that has been an environmental concern 
since the past decades. Despite the increased international attention, the build-up of these materials 
in the environment is considered problematic due to the growing up of global plastic production and 
the continuing improper disposal of plastic. In the last decade it has been demonstrated that in the 
marine environment such large plastic items will fall apart into smaller fragments with dimensions 
around a few micrometers, into so called microplastics. Moreover, additional sources of micro-
plastics have been identified as particles present in cosmetics (Fendall and Sewell, 2009) and 
microplastic fibres from fabrics such as polyester and polyamide (Browne et al., 2011; Dubaish and 
Liebezeit, 2013) present in domestic wastewaters are not retained during sewage treatment and can 
thus enter the marine environment. 

 
The Task 2.8 Analysis of litter collected during demonstration sessions was performed by partners KU-APS 

and TC PoliEko. The analysis were done in Slovenia. External organization National Institute of 
Chemistry Slovenia performed the results of the sea water and marine debris whereas partner in 
Lithuania have prepared demonstration season of collecting marine debris. 

 
Collected data were used to predict the possible effects of cleaning to the quality of the sea and surface 

waters regarding the floating litter. Results of this task were presented at the meetings with the 
potential final users as support data of benefits connected with our product. Among with the results 
of Task 2.7 we were able to confirm predictions of MarineClean’s influence to some environmental 
indicators.  

 



   
 

2 RESULTS OF LITTER ANALYSIS AND DEMONSTRATION SESSIONS IN SLOVENIA AND 
CROATIA 

 
The lobbying took place also at demonstration events. Local authorities, who are responsible for the 

marine cleaning of the Kvarner area, were invited to the demonstration at the island Krk. TC PoliEko 
prepared equipment for the collection of marine litter intended to be used in coastal waters, in 
marinas, in front of the hotels and the beaches of the camp. The main goal was to design equipment 
that could be easy operated with only one boat or even a boat and a person walking on the strand. 
With the collaboration of the Faculty of Mechanical Engineering and Naval Architecture from Croatia, 
demonstration event has been organized on 24.6.2014. The presentation of the equipment took 
placein the Adriatic Sea under the influence of external factors such as waves and wind. Equipment 
functioned perfectly and we managed to clean a significant part of Punat’s marine. 

 
In the framework of this event TC PoliEko protected the maritime zone as showen on the Figure 1. The 

test was done at the Island Krk in Croatia as it has been done at the Slovenian coast where has been 
protected maritime zone with the nets for one month. 

 

 
 

 

Figure 1: Stationary net at Croation island Krk 

 

In the water sample captured in the protected zone of the island Krk is shown the microscopic images 
below (Figure 2) clearly notice the particles of microplastic. 

 
 



   
 
 
 

 

2.1 Situation of marine litter in Slovenian cost and sea 

 

2.1.1 Macroplastics 
 

Beaches were cleaned on a monthly basis in Slovenia. Sampling was performed according to the 
operational guidelines for rapid beach debris assessment described by Cheshire et al. (2009). 

Particles were classified in relation to 59 categories and 8 major groups (according to a combination of 
the approaches used by Cheshire et al., 2009 and Palatinus,  pers. comm.), counted, and weighed 
(only major groups). Macrodebris quantity (count and weight) was extrapolated for six of the debris 
categories. 

 

      Table 1: Macrodebris classification system for Slovenia. Amount of macrodebris per each of the 59 categories and eight 

major groups on a 50 m-transect at six beaches. Empty spaces represent zero items* (Laglbauer, B.J.L., et al. 2014) 

 

Figure 2: Microscopic picture of microplastic present in the samples of Croation island Krk 

 (T1) (T2) (T3) (NT1) (NT2) (NT3) 

Plastics 

Caps and lids 

 

12 

 

63a (13b) 

 

68a (18b) 

 

2 

 

14 

 

4 

Lolly  sticks, cutlery, cups 12 323a (23b) 329a (29b) 2 16 1 

Drink bottles < 1 l 1 50a (0b) 14a (4b)    

Drink bottles > 1 l 2 50a (0b) 94a (4b) 1   

Straws 1  8 2 5  

Packaging for  food 21 27 21 6 34 10 

Bags 26 2 1 3 6 2 

Toys  & party poppers 3 15 5    

Cigarette lighter     3  



   
 

Cigarette filter 162 1012 347 144 8 15 

Syringes     1  

Mussel bags + pieces 1 2  8 2 1 

Monofilament line  2  6 2  

Cotton bud sticks 27 15  2 13  

Shipping lines     15  

Fishing ropes, string, cord 3 5 2 5 14 1 

Cosmetics packaging  1   1  

Fishing net floats 1      

Foam (pieces) 3 13 1 6 19 3 

Styrofoam pieces 19  6 10 118 6 

Plastic pieces 

(unrecognizable) 

28 94 64 13 69 25 

Jerry cans     67  

Masking tape 2 2   2  

Condoms + packaging    1   

Packaging for  tissues 1      

Tampons + applicators    1   

Panty liners + packaging 1  1 1 4 2 

Construction waste 2      

Cigarette box 7 21 10 10 11  

Buckets, flower pots     5  

Pens  1   1  

Biomass holder 1 1     

Other 1 24 2 3 3 2 

Total 336 1724 973 226 433 72 

Rubber       

Balloons, balls, toys 2 15 1 2 1  

Shoes 1     3 

Gummies 1 16  3 2 1 

Other pieces 5 5 1 1 2 1 

Total 9 36 2 6 5 5 

Cloth       

Clothing, shoes, hats, 

towels 

3    4 2 

Ropes 2  1 1 5 1 

Other 3  6 6 11  

Total 8  7 7 20 3 

Glass/ceramics       

Pieces 

Bottles, glasses 

264 19 

20a (0b) 

25 

52a (2b) 

87 23 47 

Plates, pots (cups) 50   1 1 1 

Construction material 8  3   59 

Total 322 39 80 88 24 107 

Paper/cardboard       

Cardboard (pieces, boxes) 1 2 1    

Paper (incl. magazines) 1      



   
 

 

 

A total of 5870 macrodebris items were classified into 59 categories and eight major groups. The majority 
(64%) was made of plastic.  Paper was   the second most abundant group at beaches (19%), followed 
by glass and ceramics (11%), metal (2%), and rubber (1%). Cigarette filters accounted for a median of 
41.9% of the plastics at beaches. Fishing gear density (mussel bags/pieces, monofilament line, 
shipping line, fishing rope/string, fishing net floats) was higher in NT2-0.096 items m-2 and NT1-0.069 
items m-2, while other beaches had much lower densities (<0.02 items m-2).  

 
In Slovenia, median macrodebris count density wa1.25 items m-2, ranging from 0.81 items m-2 in NT3 

to3.45 items m-2 in T2. Macrodebris density by weight was 4.45 g m-2, ranging from 2.84 g m-2    in 
NT2 to 19.12 g m-2 in NT3. The high macrodebris density by weight in NT3 was due to the high 
proportion of glass and ceramics in this location. The MDS revealed that macrodebris quantity and 
weight did not vary depending on the level of human use of beaches when considering the 59 
categories across the eight major groups. T1 and NT1 were more similar to each other than to other 
beaches in terms of macrodebris quantity and weight, as were T2 and T3. (Laglbauer, B.J.L., et al. 
2014) 

 

2.1.2 Plastic pellets  
 
The environmental problem: Sources, fate and effects  
 
Over time several sources of plastic pellets have been suggested, including direct discharges and 

improper wastewater disposal by the plastic industry. According to different studies it can be 
concluded that the plastic industry is very likely the source of the releases. The problem is that once 
that pellets are in the environment, they may be transported far away from their source (US EPA, 
1993).   

 
There are several documented reports describing the ingestion of pellets by wildlife, most notably 

seabirds and sea turtles. Seabirds ingest pellets more frequently than any other animal. That causes 
false feelings of satiation. Sooner or later this can result in a decrease in energy reserves and the 
ability to survive adverse environmental conditions (US EPA, 1993).   

 
The quantity of plastic pellets in the environment is a cause for concern. One overseas investigator 

suggested that if high numbers of pellets continue to be deposited on certain New Zealand beaches, 
someday people in that area may be sunbathing on plastic-sand beaches instead of natural-sand 
beaches (US EPA, 1993).   

 

Other (pieces) 7 526a (26b) 591a(91b) 7 2 2 

Total 7 528 593 8 2 2 

Metal       

Caps, can lids 1 26 7 6  1 

Drink cans 2 11a (1b) 13a (3a)  2 1 

Aluminium wrapping 3 20 3 7 2 1 

Pieces 4 3 1 3  1 

Wire, barbed wire      6 

Construction 9    2 5 

Other    2  1 



   
 
Additive-derived pollutants in marine plastic pellets 

micropollutants (additive-derived pollutants and sorbed pollutants). The first type includes plastic 
additives (anti-oxidants) and their degradation products. In a study where 
collected from nine beaches in Japan, the pellets were classified according to their polymer types 
(polyethylene, polypropylene) using near
marine plastic pellets is pollutants
nine beaches in Japan. A trend was shown that polyethylene pellets had a higher concentration of 
polychlorinated biphenyl than polypropylene pellets (Takada et al., Pellet Watch). 

 
Because the surface of the plastic pellets is hydrophobic, adsorption of polychlorinated biphenyl from 

seawater onto the pellets surface is mechanism of the accumulation of polychlorinated biphenyl in 
the marine pellets (Takada et.al, Pellet Watch).

  
Plastic pellets found in Slovenian cost show with using 

Chemistry in Ljubljana, that they are made of polystyrene
polystyrene has been presented in 
are engaged in the production of Styrofoam which is used for thermal insulation of houses. In 
addition, plastic pellets can have long transportation from their sources, so it is possible that the 
source of the pellets from our samples was not only Slovenia. 
certain that styrene in Styrofoam has a definite health risk. Although its effects cannot be seen in the 
short term, or in immediate cases, it can cause a host of health problems in late
marketing) (T. Bizjak et al PLASTIC DEBRIS AND MICROPLASTIC IN THE MARINE ENVIRONMENT 3rd 
interim report, 2013). 

 

Figure 3. Specter of a pellet 

 
Controlling pellet releases can begin with proper education of plastic industry managers and employees. 

Also, by increasing awareness of the hazards posed by pellets and of the economic incentives for 
controlling releases. Capital investments in containment systems may be necessa
control releases at facilities that handle huge amounts of pellets, but inexpensive control measures, 
may be used for controlling releases at companies that handle small amounts of pellets (Battelle 
Ocean Sciences, 1992).   

ants in marine plastic pellets Plastic pellets carry two types of organic 
derived pollutants and sorbed pollutants). The first type includes plastic 

oxidants) and their degradation products. In a study where 
collected from nine beaches in Japan, the pellets were classified according to their polymer types 
(polyethylene, polypropylene) using near-infrared spectroscopy. A second type of micropollutants in 

pollutants sorbed from ambient seawater. Pellets were also collected from 
nine beaches in Japan. A trend was shown that polyethylene pellets had a higher concentration of 
polychlorinated biphenyl than polypropylene pellets (Takada et al., Pellet Watch). 

e surface of the plastic pellets is hydrophobic, adsorption of polychlorinated biphenyl from 
seawater onto the pellets surface is mechanism of the accumulation of polychlorinated biphenyl in 
the marine pellets (Takada et.al, Pellet Watch). 

in Slovenian cost show with using FT-IR spectroscopy at the National Institute of 
Chemistry in Ljubljana, that they are made of polystyrene (Figure 3) (11 particles 
polystyrene has been presented in all of the samples). There are several companies in Slovenia that 
are engaged in the production of Styrofoam which is used for thermal insulation of houses. In 
addition, plastic pellets can have long transportation from their sources, so it is possible that the 

our samples was not only Slovenia. Based on documented research it is 
certain that styrene in Styrofoam has a definite health risk. Although its effects cannot be seen in the 
short term, or in immediate cases, it can cause a host of health problems in late

Bizjak et al PLASTIC DEBRIS AND MICROPLASTIC IN THE MARINE ENVIRONMENT 3rd 

Specter of a pellet - the closest match was polystyrene 

ses can begin with proper education of plastic industry managers and employees. 
Also, by increasing awareness of the hazards posed by pellets and of the economic incentives for 
controlling releases. Capital investments in containment systems may be necessa
control releases at facilities that handle huge amounts of pellets, but inexpensive control measures, 
may be used for controlling releases at companies that handle small amounts of pellets (Battelle 

Plastic pellets carry two types of organic 
derived pollutants and sorbed pollutants). The first type includes plastic 

oxidants) and their degradation products. In a study where plastic pellets were 
collected from nine beaches in Japan, the pellets were classified according to their polymer types 

A second type of micropollutants in 
sorbed from ambient seawater. Pellets were also collected from 

nine beaches in Japan. A trend was shown that polyethylene pellets had a higher concentration of 
polychlorinated biphenyl than polypropylene pellets (Takada et al., Pellet Watch).  

e surface of the plastic pellets is hydrophobic, adsorption of polychlorinated biphenyl from 
seawater onto the pellets surface is mechanism of the accumulation of polychlorinated biphenyl in 

IR spectroscopy at the National Institute of 
(11 particles were tested and 

veral companies in Slovenia that 
are engaged in the production of Styrofoam which is used for thermal insulation of houses. In 
addition, plastic pellets can have long transportation from their sources, so it is possible that the 

Based on documented research it is 
certain that styrene in Styrofoam has a definite health risk. Although its effects cannot be seen in the 
short term, or in immediate cases, it can cause a host of health problems in later years (Olive green 

Bizjak et al PLASTIC DEBRIS AND MICROPLASTIC IN THE MARINE ENVIRONMENT 3rd 

 
 

ses can begin with proper education of plastic industry managers and employees. 
Also, by increasing awareness of the hazards posed by pellets and of the economic incentives for 
controlling releases. Capital investments in containment systems may be necessary in order to 
control releases at facilities that handle huge amounts of pellets, but inexpensive control measures, 
may be used for controlling releases at companies that handle small amounts of pellets (Battelle 



   
 
 
In conclusion, most of the mechanisms (education, portable screens, improved housekeeping) are 

inexpensive to implement (Battelle Ocean Sciences, 1992). 

 

2.1.3 Microplastic 
 

Microplastics are small plastic particles, which appear in the environment. Difference between 
microplastics and other waste is only that the pieces are smaller in size. It means that they have very 
big specific surface and are not easily detectable in the environment. Microplastic in the seas is 
normally considered as a plastic particles size between 333 µm and 5 mm. The lower limit is based on 
the frequent use of plankton nets with a mesh of 33 µm. Today it is known that in the environment 
and seas are also significantly smaller particles of plastic. The study, which was carried out in the 
North Sea, was for example found much higher concentration of plastic particles, the size of 80 µm to 
333 mm, as was the concentration of particles 333 μm-5 mm. The range of those sizes is very wide, so 
it is expected that the definition of microplastics in the future will be changed and defined the various 
categories. Microplstic and also plastic pellets and are the main treat of the sea animals as visible in 
the Figure 4. 

 

 
Figure 4 Tissue section of the gut of Mytilus edilus containing 2µm polystyrene particles. 

 

We distinguish between primary sources of microplastics which are entering to the sea as a previously 
formed small particles of plastic, and secondary sources, which are microplastics particles caused by 
erosion and collapse of large pieces of plastic. We can conclude that the  microplastic from secondary 
sources is more frequent, although primary sources have not been well studied. Primary sources of 
microplastics are industrial and domestic products (cleaners for the body, powders and granules as 
basic raw material in the plastic products industry, abrasive cleaners). 

 
The present study shows that pollution on beaches differe from each other and in the only one of the six 

investigated, three types of microplastics are recorded: fibers, fragments, and films. On the other 
beach were contained two types of microplastic (fibers and fragments), while there were only plastic 
films in the infralittoral on the third beach.  All samples contained fibers, which accounted for 96% of 
microplastics in the infralittoral, and for 75% of microplastics in the shoreline. 

 



   
 

2.2 The analysis 

 

The approach used to isolate microplastics was successful in recovering particles from a wide range of 
sediment types. The combination of decantation with inverse filtration is hence recommended for 
microplastic extraction, in particular from fine sediment (i.e. silt, clay), which contains low-density 
particles that make density separation difficult (Vianello et al., 2013). 

 
Small microplastics (0.25–1 mm) accounted for 26% of particles, while 74% were larger microplastics. 

Small size is a key factor in determining the bioavailability of microplastics to lower trophic organisms 
(Wright et al., 2013), which feed less selectively than larger biota (Moore, 2008). This mechanism 
enhances trophic accumulation of microplastics, as observed by Farrell and Nelson (2013) in the prey 
Mytilus edulis and its predator Carcinus maenas. Furthermore, it also raises health concerns for 
humans (Thompson et al., 2009), given that microplastics can be lodged in the hemolymph and 
tissues of the crab (Farrell and Nelson, 2013) and, possibly, in other species, such as the fin whale 
(Fossi  et al., 2012). 

 
The  protocol for  microplastic extraction from sediments provided by Thompson et al. (2004) was  

adapted in order to  account for varying types of sediments at the sampling locations, and combined 
decantation (in a 1.2 kg L-1  NaCl solution) and inverse filtration (through a 250µm sieve to  separate 
particles by density and by  size).  In order to isolate microplastics, subsamples of 2.5 mL each were 
examined under a light microscope. The microplastic particles were isolated on another Petri dish 
and further examined under an Olympus SZX16 imaging microscope (DP-Soft software). Pictures of 
the particles were taken for further measurement and classified into four types (Claessens et al. 
2011), according to their shape (fibres, granules, plastic films, plastic fragments) (Laglbauer, B.J.L., et 
al. 2014). 

 
All samples but one contained microplastic fibres, which accounted for 96% of the total microplastic 

concentration. The   majority of microplastics (74%) was larger than 1 mm.  If observed on  a  
distribution curve for  all  size  fractions, however,  microplastic size  was   skewed towards the left,  
with a nonnegligible quantity  being smaller than  1 mm Table. The size-fractions with the highest 
frequency were 0.25–1.0 mm and 2.0–3.0 mm (Laglbauer, B.J.L., et al. 2014). 

 
Median microplastic density was higher in the infralittoral (155.6 particles kg-1) than in the shoreline 

(133.3 particles kg-1). Samples that only contained fibers were clustered together. The infralittoralof 
in Slovenian cost was   very   dissimilar to other samples because no fibers were found in this location, 
only   plastic films (Laglbauer, B.J.L., et al. 2014).  

 
Researchers at the Institute for water of the Republic of Slovenia found out that the density of marine 

litter on the shores of an average of four orders are higher than the density of the waste, which float 
on the surface. According to the 13-day studies, the average density of floating marine litter waste 
55.2 / 1000 m2 with the rank of waste 0.0001 / 1000 m2 in the eastern part of the Mediterranean Sea 
to waste 334.3 / 1000 m2 in the southwestern part of the Pacific (the coast of Japan). Large areas of 
containment of waste were observed on the southeastern coast of the Mediterranean Sea, in the 
canyons for example in Canada and in the areas where the river flows into the sea below sea level 
(Katsanevakis, 2008). The average density of floating waste in the Slovenian sea is 1.98 Waste / km2. 
This is less than the amounts referred in Katsanevakis (2008). 

 
Microplastic size was between 0,075 mm (75 micrometres) to 40 mm (Figure 5). Normally is microplastic 

ranked only to a size of 5 mm, but they take into account also the pieces of greater than 5 mm. It can 



   
 

be seen that most of the particles were in the size range between 1 and 3 mm, which is similar to the 
findings of other researchers (Doyle, 2011, Browne, 2011, Carson 2011, and others). All Pieces of 
microplastic are differrent shapes and colors as shown on the Figure 6. Most of the pieces are 
irregular shapes (incurred when breaking), we have seen also threads and beads. 

 
By restating the data on the volume of filtered seawater and the number and weight of the pieces we 

come to the conclusion: 
- 0.49 pieces of microplastic  is located in an average cubic meter (m3) of sea water on the surface, 
- 0,039 pieces microplastic is located in the average square meter (m2) surface of the sea, 
- 0.028 mg microplastic floating on the average square meter (m2) surface the sea. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore on average is in the surface of the entire Slovenian sea in a given time approximately 16 million 
pieces of microplastic! This is 11.3 kg. 

 

 

Figure 5:Histogram displays number of pieces and particles 



   
 

 
Figure 6 Showing micrographics of  some pieces microplastic from the Slovenian sea 

Microplastic concentrations in Slovenia are in the same range as those in Belgium, yet higher than the 
average reported for the United Kingdom, Singapore and Norderney Island, as shown in Table 2. 
Venice lagoon and the beaches of two East Frisian Islands contain, however, more microplastics than 
Slovenian shorelines and infralittoral habitats (Table 2). Though this pollution does not directly 
influence the tourism sector, microplastic abundance increases the likelihood of ingestion by a wide 
range of biota (Thompson et al., 2009b; Wright et al., 2013). 

 

Table 2: Microplastic concentrations (mean quantity, particles kg-1 of dry sediment) found in Slovenia (present study 

data) and other regions of the world. 

Region Habitat Mean 
concentration 
(particles kg-1) 

Author 

Slovenia Beach 
Infralittoral 

177.8 (133.3a) 
170.4 (155.6a) 

Present study 
Present study 

Venice Lagoon 1445.2 Vianello et al.  (2013) 

Kachelotplate, Spiekeroog Beach 671 Liebezeit and Dubaish (2012) 

Norderney Beach 1.45 Dekiff et al.  (2014) 

Belgium Harbour 166.7 Claessens et al.  (2011) 

Beach 92.8 

Coast 91.9 

United Kingdom Subtidal 
Estuarine 

86b 
31b 

Thompson et al.  (2004)  

Beach     8b 

Singapore Mangrove 36.8 Mohamed Nor  and Obbard (2014) 

Beach 2.3 Ng  and Obbard (2006) 

 

The totality of microplastics in the present study (fibres, plastic fragments, and plastic films) are  
secondary microplastics that arise from the fragmentation of macroplastics at sea  or on land through 
light, heat, chemical, or physical processes (Cole  et al., 2011; Andrady, 2011; Costa  et al., 2010; 
Barnes et al., 2009). This hypothesis is supported by the fact that microplastic size distribution was 
skewed to the left,  and irregular fragment sizes were present (Browne et al., 2010). No primary 



   
 

microplastics (spherical microplastic granules) were found in Slovenia. This information is crucial for 
management purposes, since control strategies should differ according to  microplastic source 
(Arthur et al., 2009). 

 
Microplastics in Slovenia likely entered sediments from indirect sources. These particles can pass through 

filtration systems of wastewater treatment plants and be transported to the sea by rivers (Browne et 
al., 2010; Thompson, 2006). The two main rivers in Slovenia could possibly enable that transport, 
although currents could also transport microplastics from other parts of the Gulf of Trieste into the 
Slovenian coast. Once  at sea,  microplastics either sink  due to  (a)  their composition of  high-density 
materials (e.g. polyvinylchloride, polyester,  polyamide), (b)  fouling microorgan- isms (Lobelle and 
Cunliffe, 2011), or (c) waterfronts; or remain in the water column (buoyant, or  neutrally buoyant) 
(Cole  et  al.,2011). It is expected that wind-driven ocean circulation could have an effect on 
microplastic accumulation at beaches, with higher concentrations reported in sheltered areas than 
exposed ones (Vianello et al., 2013). This hypothesis remains to be tested in future surveys at 
beaches in Slovenia. 

 

2.3 Discussion 

This is the first study to present an assessment of microplastic pollution of the beaches along the 
Slovenian coast and to assess macrodebris in relation to tourism in the region. Marine macrodebris 
and microplastic are ubiquitous on beaches in Slovenia. Although studies rarely focus on both types 
of debris, biological processes ultimately link these size classes (Laglbauer, B.J.L., et al. 2014).   
Oxygen availability at the beaches facilitates gradual photo-degradation of large plastic pieces to 
microplastics (Andrady, 2011), which could accumulate locally in downwind or sheltered sites 
(Costaet al., 2011), especially in  the presence of human pressure from tourism activities. 

 

2.4 Conclusions 

Based on sampling can be argued that the pollution of Slovenian sea surface with microplastic is less as it 
reported counterparts elsewhere in the world, but a major challenge in this  work presents a method 
that is not exactly the same as the methodes used in the rest of the world. Many particles could be 
overlooked, but it can also lead to contamination of the sample, or to an error in the determination 
of the particle as microplastic, when in fact be made of natural materials, non-human origin (eg. The 
particles of bodies of plankton). The method of work needs to be completed, it is also a major factor 
of the skill of researchers, although a period of years to increase the reliability of the results. 

 
The present study provides the first assessment of macrodebris and microplastic pollution in the beaches 

along the Slovenian coast. A total of 5870 macrodebris units were recovered, with a median density 
of 1.25 items m-2    and weight of 4.45 g m-2.  Plastic was the dominant group (64% of total units), 
although glass   and ceramics dominated at two beaches. Cigarette filters accounted for a median of 
41.9% of plastics, suggesting that a large proportion of macro- plastics is land-based. All samples 
revealed secondary microplastics  (85% of which were fibers), which were recorded at a median 
concentration of 155.6 particles m-2  in  the infralittoral zone, and 133.3 particles m-2   on  the 
shoreline ( Laglbauer, B.J.L., et al. 2014).  Other factors could   affect the amount of macrodebris and 
microplastic at beaches in Slovenia, such as beach exposure, wind, waves, fishing fleet activity, and 
riverine inputs (Andrady, 2011; Browne et al.,  2011), which should be  assessed in future surveys. 

 

 



   
 

3 RESULTS OF LITTER ANALYSIS AND DEMONSTRATION SESSION IN LITHUANIA 
 

Partner KU-APS organized demonstration session of the marine litter removing equipment on October 
21st 2014 in Klaipeda, Lithuania (Figure 7). They have demonstrated use of MarineClean nets to 
participants coming from 11 organizations. All 19 participants discussed possible use scenarios. 
During the event a lot of floating litter have been seen, mostly compiled of leaves and branches - 
organic matter, but plastic bottles were present ass well (Figure 8). At that opportunity litter was not 
gathered for analysis. Therefore, no detailed analysis was performed on that litter. 

 

 
Figure 7: Prof. V. Smailys talking about MarineClean litter collecting nets at the demo event in Lithuania 

 

 
Figure 8: Floating litter visited the demo session event in Klaipeda, Lithuania 

 

 



   
 

3.1  Situation of marine litter in Lithuania 

 

The understanding of growing pressure on natural marine resources has resulted in the first legislative 
instrument developed by the European Union - Marine Strategy Framework Directive (MSFD) with 
the aim to achieve Good Environmental Status (GES) of the EU’s marine waters by 2020. The key 
objective is protection of marine resources ensuring the effective growth of marine related economy 
and social welfare. Marine pollution (litter and chemical compounds) is one of the main target areas 
covered by the Directive. This study focuses on variety and abundance of litter in the marine 
environment. Both due to the intensity of littering (gaps in litter management policy) and caused by 
persistency of the materials that has the potential to stay none disintegrated for centuries.  

 
The Lithuanian coastal zone accommodates Kuršių Nerija National and Pajūris Regional parks, Klaipėda 

Port and city, Palanga city and Šventoji settlement. Several recreational areas are located along the 
Lithuanian coastal zone, of which the most important is the Palanga resort. Four different beaches 
were selected for survey of beached marine litter following these criteria: 

• composed of sand or gravel;  
• exposed to open sea;  
• Free of permanent and temporal buildings all year round;  
• having different functional use; 
• maintained using different litter cleaning techniques/strategy;  
• a minimum length of 100 m and, if possible, over 1 km in length. 
 
All beaches used in this research are subnatural recreational areas, however often visited. The study sites 

are located in different dynamic zones of the coastline. Apart of Karklė beach, which is part of 
protected area, all beaches are subjects of beach cleaning during the summer season. Beached 
marine litter in the selected sites was investigated during eight surveys (four for each season in 2012 
and 2013). Four 100 m long beach transects were surveyed according to the Guidelines for 
Monitoring Marine litter on the Beaches in OSPAR Maritime area (OSPAR, 2010). All locations were 
investigated on the same day and usually several days after a stormy weather. The selected transects 
were georeferenced using a GPS device. Survey was not carried out if the conditions were 
unfavourable or beach sand was covered by ice/snow. The classification of the BML was done 
according to the list provided in OSPAR guidelines (OSPAR, 2010) and expert judgement based on the 
UNEP guidelines (Cheshire et al. 2009) and Eda et al. (2012) research. This was done in order to 
associate the litter to the different possible functional use and/or source. Total of 67 different object 
types were collected but only 14 types were regularly found during each survey, therefore selected 
for comparative analysis. Items of litter that were not regularly found (i.e. toys, shoes, wooden 
pallets, etc.) and those which functional use was hard to determine were attributed to ‘other objects’ 
category. Data was analysed statistically using SPSS software. Rank correlation coefficient Spearman-
rho was used in order to determine whether amounts of BML items found differ significantly in 
different locations and across the seasons. The main difference is number of identifiable litter items 
which is more extensive in OS- PAR Guidelines if compared with the one presented in HELCOM 
recommendations (113 and 67 types respectively). Broader list allows identification of litter source 
being more precise. Nine litter items, such as crab/ lobster pots, oyster nets or mussel bags including 
plastic stoppers, octopus pots, etc., which are associated with specific marine species and not 
associated with Lithuanian coastal zone were dismissed as not relevant for this particular research 
area. 

 



   
 
All beaches used in this research are subnatural recreational areas, however often visited. Palanga (B1) 

and Melnragė (B4) beaches are zones of intensive recreational activities. In contrast, Nemirseta (B2) and 
Karklė (B3) locations face more scattered tourism attention. 

 

 

Table 3:  BML composition. Compiled by A. Balčiūnas, 2014. 

 
 
Categories 

B1 B2 B3 B4 

 
amount   % amount   % amount   % amount   % 

Plastic / Polystyrene 
Paper / Cardboard 
Glass 
Wood (machined) 
Rubber 
Textile 
Metal 
Other 

803 72.7 1041 75.1 1352 70.8 1990 73.2 
118 10.7 150 10.9 191 10.0 334 12.3 
36 3.3 49 3.5 60 3.2 85 3.1 
11 1.0 20 1.4 120 6.3 23 0.8 
18 1.7 20 1.4 52 2.6 51 1.9 
32 2.9 40 2.9 68 3.6 76 2.8 
83 7.5 65 4.7 66 3.5 156 5.8 
3 0.2 1 0.1 -- -- 3 0.1 

Total 1104 1386 1909 2718 

 

 

This study (Table 3) also showed that plastic was dominant marine litter material and made an average of 
72.9 % of all items found on the beach. Cigarette butts were among the five most common beached 
litter types and most abundant non-plastic item. The accumulation and distribution of BML is variable 
within and between beaches, both in composition and across the seasons. Our study has shown that 
an average amount of marine litter on Lithuanian beaches is in the range of 138 to 340 items per 100 
m long segment of the beach (222 items in average). From the methodology point of view, it is stated 
that Guidelines for Monitoring of Marine litter on the Beaches provided by OSPAR are suitable 
enough in order to identify and classify the litter as well as attribute to the potential source of 
pollution. 

 
 



   
 

4 CONCLUSIONS 
 

Partner KU-APS organized demonstration session of the marine litter removing equipment on October 
21st 2014 in Klaipeda, Lithuania and TC PoliEko also prepared demonstration session of equipment in 
Croatian island Krk. During both events a lot of floating litter have been seen, mostly compiled of 
leaves and branches - organic matter, but plastic bottles and other plastic waste were present as well. 

 
Study in Lithuania shows us that plastic was dominant marine litter material and made an average of 72.9 

% of all items found on the beach and study in Slovenia shows that beside visible plastic components 
is present also plastic pellets and microplastic which are the main treat of the sea animals. Within 
Slovenian analysis collecting waste was plastic was a dominant group (64% of total units), although 
glass   and ceramics dominated at two beaches. Cigarette filters accounted for a median of 41.9% of 
plastics, suggesting that a large proportion of macro- plastics is land-based. All samples revealed 
secondary microplastics  (85% of which were fibers), which were recorded at a median concentration 
of 155.6 particles m-2  in  the infralittoral zone, and 133.3 particles m-2   on  the shoreline. 

 
Marine litter long have not been considered as a major environmental problem. Directive is the first 

regulatory element on such a level that in the overall state of the marine ecosystem includes also 
pollution management.  Number of research in this field has therefore been, until recently, very poor, 
performed mainly by non-governmental organizations and committed individuals. Any amount of 
waste in the marine environment has consequences on marine organisms. We can not say that there 
is no effect below a certain threshold. If there would be less of waste, the effects would be limited  
and, therefore, smaller. Therefore is the determination of good environmental status and limit values 
extremely difficult and impossible at this time. 

 
Depending on ambient conditions and medium, as well as material thickness, the time required for 

degradability by particular products (polymer) varies very widely. For example: ruling conditions in 
the deep sea are quite different from those found in an industrially operated composting facility. A 
particular product can completely degrade in municipal compost in a few weeks, but in ocean- under 
extremely less advantageous ambient conditions- it may remain even stable. 

 
According to the marine litter results bio degradable plastic is no solution for littering problems but in this 

stage the Marine Clean project will help to reduce plastic pollution with invention and production of 
plastic which is biodegradable in the sea.  
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6 ANNEX  
 
Annex I: Balčiūnas A., Blažauskas N. 2014. Scale, origin and spatial distribution of marine litter 

pollution in the Lithuanian coastal zone of the Baltic Sea. BALTICA, Volume 27, Special Issue 
2014, 39-44. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 


