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1. Brief introduction  

The IPA-Adriatic funded DeFishGear project performed one-year-long surveys to 
assess the amounts, composition and sources of marine macro-litter on the sea 
surface and the seafloor of the Adriatic and Ionian Seas. This is the first effort to-
date aiming to assess in a coordinated, consistent, comprehensive and harmonized 
way marine litter on in the water column and obtain comparable field data within the 
same timeframe and through the application of common monitoring protocols. The 
sea surface and seafloor marine litter surveys were carried out in the six out of the 
seven countries of the Adriatic-Ionian macroregion, namely Bosnia and Herzegovina, 
Croatia, Italy, Greece, Montenegro and Slovenia. More specifically: (i) 66 floating litter 
transects were conducted with small-scale vessels covering a distance of 415 km, 
while a total of 9,062 km were surveyed by observers on ferries; (ii) for the seafloor 
litter 11 locations were investigated with bottom trawl surveys and 121 hauls were 
performed, while 38 transects were performed in 10 locations with underwater visual 
surveys with scuba/snorkeling, thus covering a total area of 5.83 km2 of seafloor. 

The partners involved were: (i) in floating litter monitoring: Institute of Marine Biology 
(Montenegro), Institute for Oceanography and Fisheries (Croatia), Institute for Water 
of the Republic of Slovenia (Slovenia), Italian National Institute for Environmental 
Protection and Research & Regional Agency for Environmental Protection in the 
Emilia-Romagna region (Italy). Adriatic and Ionian waters were surveyed using the 
ferries connecting Greece to Italy by ‘Accademia del Leviatano’ (Italy) in collaboration 
with MIO-ECSDE.; (ii) in seafloor litter monitoring with trawls: Institute of Marine 
Biology (Montenegro), Institute for Oceanography and Fisheries (Croatia), Italian 
National Institute for Environmental Protection and Research & Regional Agency for 
Environmental Protection in the Emilia-Romagna region (Italy), Institute for Water of 
the Republic of Slovenia (Slovenia); (iii) in seafloor litter monitoring with 
scuba/snorkeling: Hydro-Engineering Institute of the Faculty of Civil Engineering 
(Bosnia and Herzegovina), Institute of Marine Biology (Montenegro), Institute for 
Water of the Republic of Slovenia (Slovenia). 

 



 

2. Methodologies used for the collection and analysis of the data  

For floating litter, all surveys performed followed the “Methodology for Monitoring 
Marine Litter on the Sea Surface-Visual observation (> 2.5 cm)” that was developed 
within the framework of the DeFishGear project (IPA-Adriatic DeFishGear project, 
2014b). The methodology on monitoring floating macro-litter through visual 
observation by a dedicated surveyor on a vessel was prepared based on the EU 
Marine Strategy Framework Directive (MSFD) TG10 “Guidance on Monitoring of 
Marine Litter in European Seas”(Galgani et al., 2013) and the NOAA “Marine Debris 
Monitoring and Assessment: Recommendations for Monitoring Debris Trends in the 
Marine Environment”(Lippiat et al., 2013), taking into consideration the draft 
“UNEP/MAP MEDPOL Monitoring Guidance Document on Ecological Objective 10: 
Marine Litter (2014)”. Litter items were identified according to litter type and size. Six 
size classes were recorded (2.5-5 cm; 5-10 cm; 10-20 cm; 20-30 cm; 30-50 cm; > 50 
cm) for coastal waters and three for open waters (20-30 cm; 30-50 cm; > 50 cm). 

For seafloor litter, surveys were performed following the “Methodology for 
Monitoring Marine Litter on the Seafloor (continental shelf) – bottom trawl surveys” 
(IPA-Adriatic DeFishGear project, 2014c) and the “Methodology for Monitoring 
Marine Litter on the Seafloor (Shallow coastal waters 0 – 20 m) - Visual surveys with 
SCUBA/snorkelling” (IPA-Adriatic DeFishGear project, 2014d) that were prepared 
within the framework of the DeFishGear project. The methodologies were prepared 
based on the EU MSFD TG10 “Guidance on Monitoring of Marine Litter in European 
Seas” (Galgani et al., 2013), the NOOA “Marine Debris Monitoring and Assessment: 
Recommendations for Monitoring Debris Trends in the Marine Environment (Lippiatt 
et al., 2013) and the “International bottom trawl survey in the Mediterranean, 
Instructional Manual” (MEDITS Working Group, 2013), taking into consideration the 
draft UNEP/MAP MEDPOL “Monitoring Guidance Document on Ecological Objective 
10: Marine Litter (UNEP/MAP MEDPOL, 2014)”. 

 

3. Results of the Indicator Assessment  

The average density of floating macro-litter (items > 2.5 cm) in coastal Adriatic 
waters obtained by small-scale vessels was found to be 332 ± 749 items/km2 while 
the average density of items (items > 20 cm) measured by observers on ferries in the 
Adriatic-Ionian waters was 4 ± 3 items/km2, (figure 1) with a higher size limit due to 
the height of passengers above sea-level on ferries. This considerable difference 
between the two datasets is attributed to the inability of the observers on the ferries 
to discern small sized items. The highest average abundances were recorded in the 
coastal waters of Hvar Aquatorium (Croatian coast) (576 ± 650 items/km2), in the 
Gulf of Venice (475 ± 1203 items/km2) and in Cesenatico (324 ± 492 items/km2). All 
these areas are directly affected by the major urban-touristic centres located in their 
vicinity and by pathways such as the Po River.  The lowest abundance of floating 
macro-litter items was found in two enclosed areas that were surveyed (Kotor Gulf-
Montenegro and Brac Channel-Croatia). They are isolated areas and were not 
expected to be affected by the major transportation mechanisms of sea-surface 
litter, in any case. 

The average seafloor litter density found at regional level by bottom trawl surveys 
was 510 ± 517 items/km2 (range: 79-1099 items/km2) and 65 ± 322 kg/km2 (range: 3-
339 kg/km2), as seen in figure 2. In terms of the amount of litter per surface area 
(kg/km2), the DeFishGear results are comparable to those reported by other studies 



in the Adriatic and Ionian Seas. When comparing the DeFishGear results with other 
seafloor litter densities reported worldwide, it is evident that the seafloor of the 
Adriatic and Ionian Seas is impacted by marine litter, with amounts of litter being 2-5 
times higher than those reported for some other seas. These surveys showed that 
the most affected countries are Greece (847 items/km2), Croatia (679 items/km2) 
and Italy (400 items/km2). The average seafloor litter density found at regional level 
by visual surveys with scuba/snorkelling was 2.78 ± 3.35 items/100 m2 (figure 3). It 
is worth noting that the seafloor litter densities obtained within the DeFishGear 
project through visual surveys with scuba/snorkelling (27,800 items/km2) are not 
comparable to the seafloor litter densities found in the bottom trawl surveys (510 
items/km2) but they are more similar to the beach densities found within this study. 

When it comes to the material composition of litter found in all marine 
compartments of the Adriatic and Ionian seas, the majority of litter items were 
artificial polymer materials accounting for 91.4% of all floating litter; 89.4% of all 
seafloor litter (bottom trawl surveys); 36.4% of all seafloor litter (visual surveys with 
scuba/snorkelling). On an aggregated basis at regional level the most abundant 
items for floating litter were: plastic bags (26.5%), plastic pieces (20.3%), plastic 
sheets (13.3%), polystyrene fish boxes (11.4%), plastic cover/packaging (8.1%), other 
plastic items (6.0%); etc. Results obtained from the bottom trawl surveys showed 
that plastic sheets, plastic industrial packaging and plastic sheeting are the most 
abundant types of litter (27.8%), followed by bags and food containers including fast 
food containers, both accounting for about 11% of all items recorded (figure 4). In the 
visual seafloor surveys with scuba/snorkelling the most common items found were 
glass bottles or pieces thereof (29.2%), followed by plastic bottles and metal cans 
(14.3% and 12.1% respectively) as seen in figure 5. The data obtained highlighted the 
emerging issue of mussel nets ranking in the 7th position of the top 20 items found 
on beaches, while in Italy these items were the 3rd most abundant items recorded on 
the seafloor (8.4%). 

Regarding the sources, litter from shoreline sources -including poor waste 
management practices, tourism and recreational activities- for the sea surface they 
accounted for 38.5%; and for the seafloor for 36.6% (bottom trawl surveys), values 
which are much lower than the Mediterranean average of 52% (UNEP/MAP MEDPOL, 
2011) and the global average of 68.2% (Ocean Conservancy, 2011). When looking at 
the sea-based sources of litter for floating litter fisheries and aquaculture related 
items accounted for 8.75% of total sampled litter. The contribution of fisheries and 
aquaculture related items to the total number of items collected by the seafloor trawl 
surveys and the seafloor visual surveys with scuba/snorkelling was at regional level 
17% and 6%, respectively. 

 

4. Lessons learnt and/or recommendations  

 
• The DeFishGear results show that for monitoring the abundance of litter floating 

on the sea surface it is of utmost importance to report the minimum detection 
size and to apply correction factors to density calculations. By utilizing fast 
travelling large ships, the small-sized macro-litter (2.5 cm – 5 cm) is not 
accurately detected and these data should be used with caution in studies aiming 
to assess the amount of litter present in the marine environment. Nevertheless, 
for monitoring the trends of floating litter and the effectiveness of mitigation 
measures, data obtained from large oceanographic vessels or ‘ships of 
opportunity’ can be considered adequate. 



• When monitoring seafloor litter both in continental shelves (bottom trawl 
surveys) and shallow waters (visual surveys with scuba/snorkelling), every effort 
must be made to increase the number and stratification of the transects 
(distance from the coastline, proximity to potential sources, depth, exposure to 
main currents, etc.) to provide a comprehensive picture of the distribution and 
composition of litter items. 

• Due to the crucial role of the swept area for the litter density estimation in bottom 
trawl surveys, it is strongly recommended to use acoustic devices mounted on 
the trawl net for the exact calculation of the mouth opening. 

• In order to enhance monitoring of marine litter on the seafloor litter and facilitate 
the implementation process of the EU MSFD and the UNEP/MAP Regional Plan 
on Marine Litter Management with regards to setting baselines towards 
achieving GES, it is highly recommended to make the collection of seafloor litter 
data mandatory for ongoing trawl survey programs (e.g. MEDITS). 
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6. Graphs, pictures and tables  

 

 

(a) 

 

(b) 

Figure 1. The range of floating litter abundances measured in: (a) coastal Adriatic waters (n = 
66) using small vessels; (b) Adriatic and Ionian waters (n = 91) using ferries. The boundaries 
of the boxes indicate the 25th and 75th percentiles, the whiskers above and below the boxes 
the 95th and 5th percentiles. Outliers are indicated by black dots. The horizontal line denotes 
the median value 

 

Figure 2. Spatial distribution of seafloor litter densities (obtained by bottom trawl surveys) by 
number in the Adriatic and Ionian Seas 

 



  

Figure 3. Seafloor litter densities (obtained by scuba/snorkeling) by number in different 
locations 

 

Figure 4. Top 20 items found in the seafloor of the Adriatic-Ionian Seas (as number of items) 
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Figure 5. Top 20 seafloor litter items found in the Adriatic-Ionian Seas through visual census 

(number of items) (A = artificial polymer materials; G = glass/ceramics; M = metal; P = 

paper/cardboard; R = rubber; T = cloth/textile; W = processed/worked wood). 
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column, including micro-plastics and the sea floor (EO10) 
 
Case Study Title: Marine litter found on the sea floor of the Mediterranean Sea: 
abundance at regional scale and time trends in the north-western basin  
 
Author(s):  
Gerigny, O., Institut Français de Recherche pour l'Exploitation de la Mer, France, 

Spedicato, M., COISPA Tecnologia & Ricerca, Bari, Italy, MEDITS coordinator,  
Jadaud, A., Institut Français de Recherche pour l'Exploitation de la Mer, France,  
Ioakeimidis, C., UN Environment/Mediterranean Action Plan MED POL, Athens, 
Galgani, F., Institut Français de Recherche pour l'Exploitation de la Mer, France  
 
 
1. Brief introduction  

 
Marine litter is found everywhere in the world ocean, with an extension to all 
compartments of the marine environment, from shores to the deeper areas 
(Thompson et al, 2009). As an isolated basin and a closed sea with special 
hydrodynamic conditions, its deep ecosystem and associated communities are 
considered as exceptional. All these characteristics reinforce the unique potential of 
the deep sea communities and the importance of preventive actions in order to limit 
human impacts on these fragile habitats (WWW/IUCN, 2004). In fact, accumulation 
of litter in on the sea floor is particularly important in the Mediterranean Sea where 
impacts through ingestion and entanglement of benthic organisms such as corals, 
sponges and gorgonians have been shown (BO et al, 2014).  
 
Since the 70s, the issue of marine litter has been considered by the United Nations 
program and several directives and conventions (UNEP, 2015). The Mediterranean 
Sea, as most closed seas, has been described as one of the most affected by marine 
litter, and is subject to a monitoring program for seafloor litter, under development. 
This case study summarizes the situation of marine litter at the bottom of the 
Mediterranean Sea, and the results of the monitoring program for benthic litter since 
1994 in the French Mediterranean Sea (Gulf of Lion).   
 
 
2. Methodology (Data collection and analysis) 
 
Data collected in the French Mediterranean Sea is mainly collected during demersal 
trawl surveys dedicated to the evaluation of fishery resources (Mediterranean 
International Trawl Surveys - MEDITS - 
http://www.sibm.it/SITO%20MEDITS/proprimary.htm), an international monitoring 
program for the assessment of fish stocks funded by the European Commission (DG 
Mare) and the participating countries, using a 20 mm trawl mesh with a trawl time of 
20 to 150 min. The litter data are expressed in terms of density either in number per 
hectare or in number per square kilometer (nb / ha, nb / km²). Each item collected on 
board the vessel is counted and / or weighed and then classified as a litter type (by 
nature), in a category and sub-category as described in the MEDITS Technical 
Manual (2016). 
 
 
 



3. Results of the Indicator Assessment 
 
Data on marine benthic litter in the Mediterranean remain limited and may 
sometimes use different protocols (average density / weight, density / total weight, 
by tow, by surface area, etc.), making the results difficult to compare within each 
other (UNEP, 2015). These studies mainly concern the western Mediterranean, the 
Adriatic, the Aegean and some, rarer, from the eastern part of the basin. As 
summarized in Ioakeimidis et al., 2017, also considering the percentages of plastics, 
research enable to collect data on benthic litter by region, country and by deep 
ecosystem compartment,  
 
Overall, the results indicate a high diversity of litter and accumulations in 
convergence zones, continental shelves, areas of high sedimentation, near coasts 
and urban areas and in canyons. High values were described in the western basin, in 
the middle of the Tyrrhenian basin and at the bottom of the eastern basin (Figure 1). 
A clear dominance of plastic, a common feature of the Mediterranean region, is 
described with several sites reaching values above 60% of plastics, and several hot-
spots (> 80%) on the seabed (Ioakeimidis et al, 2017). 
 

 

Figure 1: Seafloor marine litter distribution in the Mediterranean (Source: Ioakeimidis et al, 

2017) 

 
The first studies carried out in the area (Galgani et al., 1995, 1996, cited in Galgani et 
al., 2000) revealed the low density of litter on the continental shelf due to the main 
current and the strong flow of the Rhone River, disabling the accumulation of debris 
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near the mouth and favoring their transport to the sea. The highest concentrations of 
debris were observed between 50 and 100 m depth in the northeast of the French 
Mediterranean (Bay of Cannes) and along the coasts around urban areas (notably 
Nice and Marseille). 
 
In the Gulf of Lion, average values from 1994 to 2015 range from 0.29 to 2.9 items / 
ha (Figure 2). The typology indicates a great variability in the quantities of litter, with 
a clear dominance of the plastic items, which always exceed 80% per cruise. After 
plastics, textiles, glass and metals are the most encountered types in the Golf du 
Lion. While plastic, from undefined origin, was the most important part fishing was a 
major source of litter (Figure 3). Long-term data are scarce, but they show no clear or 
significant trend in changes in waste quantities, particularly plastics, over time in the 
Gulf of Lion.  
 

 
 
Figure 2: Sea floor Litter densities between 1994 and 2016 in the Gulf of Lion, French 
Mediterranean Sea, as collected during the MEDITS cruises (mean values)  

 



 
Figure 3: Total densities and percentages of types/sources of marine litter, Gulf of Lion, French 
Mediterranean Sea, MEDITS cruises 

 
 
4. Lessons learnt and/or recommendations 
  
Access to the deep-sea environment is considered as difficult, requiring expensive 
research and observations. Monitoring of benthic litter is therefore constrained by 
sampling difficulties and costs. Despite these obstacles, these studies appear 
imperative in order to better protect the deep Mediterranean ecosystem and to 
initiate targeted and effective actions for its preservation. It is therefore 
recommended that the work on marine litter should be opportunistic, as much as 
possible, in order to reduce monitoring costs. Monitoring programs for fish stocks 
are particularly suited for monitoring seabed litter.  
 
The annual MEDITS fisheries cruises on fish stocks provide an opportunity for 
regular monitoring at limited costs, and the evaluation of the efficiency of measures. 
A common protocol facilitates the harmonization of methods and data management 
between countries. The information needed to calculate the number of debris per 
unit area (type of gear, sample area, trawl speed, etc.) can benefit from existing 
infrastructures for data collection and storage. The protocol enables to assess the 
quantities, typology, sources, location and trends. This protocol also contributes to 
the collection of seabed debris. 
 
Despite this, monitoring needs to be further strengthened, particularly focusing on 
accumulation areas, in particular near the coasts, urban areas and canyons. This will 
then support reduction measures, in particular for plastics and debris from fisheries, 
the most represented litter on the Mediterranean Sea floor. 
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1. Brief introduction 
 
Beach marine litter were assessed along the Turkish coast in the North-Eastern 
Mediterranean Sea by Institute of Marine Sciences, Middle East Technical University 
(IMS-METU). This includes a pilot study, with 13 different beach locations, at Metu 
beach in 2014, and a monthly monitoring program (for a total duration of41 months) 
along the Cilician coastline during 2013 and 2017. 
 
The Cilician coastline is a densely populated area of multiple uses, situated on the 
Turkish coast in the North-Eastern Mediterranean Sea, which hosts agricultural, 
tourism, fisheries and industrial activities. A total of 13 beaches, each one featuring a 
minimum transect of 100 m, of different substrate types (sand n=12; small gravel 
n=1) were selected for the surveys. During the study, environmental predictors 
characterizing beach use and potential land-based marine litter point sources located 
close to the beaches, were linked to litter densities in order to identify marine litter 
sources. Marine litter sources were assessed both in terms of function and origin by 
also taking into account transboundary marine litter items, and also secondary uses 
of items (see Aydin et al., 2016). 

 
The beach at IMS-METU was used to survey marine litter between September 2013 
and June 2017, as a model beach, which is restricted to public use and access and is, 
located in the Turkish coast of North-Eastern Mediterranean Sea. Results of the 
survey were analyzed until February 2017. The study was initiated in the framework 
of the MERMAID1 project, in collaboration with two European partners. The selected 
beach is restricted to public use and access, with the exception of personnel and/or 
their families working or living at IMS-METU, who being environmentally aware of the 
marine litter problems, and hence their marine litter footprint on the beach was very 
limited. A pre-cleaning activity was carried out in the study area in order to be able to 
monitor marine litter deposition after the first sampling. The sampling area is also an 
important nesting area for the loggerhead turtle Caretta caretta and the green turtle 
Chelonia mydas, for which the nesting season starts in May (Cihan 2015). In the 
present case study, the preliminary results of the marine litter data collected over the 
period of 41 months from IMS-METU beach are presented. 

                                                           
1 (SEAS-ERA-EU FP7 ERA-NET / TUBITAK: 112Y394) – Marine Environmental targets linked to 
Regional MAnagement schemes based on Indicators Developed for the Mediterranean” 
(MERMAID) 



2. Methodologies used for the collection and analysis of the data 
 
For both the Cilician coastline and the IMS-METU beach the same methodology has 
been followed. The evaluation of the selected beaches for monitoring beach marine 
litter was done in accordance with the proposed beach marine litter survey site 
selection criteria, proposed by the Marine Strategy Framework Directive (MSFD) 
Good Environmental Status (GES) Technical Subgroup on Marine Litter (TSG-ML). 
Marine litter items with a size limit lower than 2.5 cm in their longest dimension were 
collected and categorized according to the “Master List of Categories of Litter Items” 
as provided by the TSG-ML (MSFD-TSGML, 2013). Beach marine litter abundance 
was expressed as number of items per square meter (items/m2) and as weight per 
square meter (g/m2). Marine litter items were collected along two different 100 m 
transects in sub areas along the 1800 m IMS-METU beach and were classified under 
8 main material types (Plastic, Cloth, Glass and ceramic, Metal, Paper cardboard, 
Rubber, Wood, Unclassified). 
The back of the beach was defined by a sharp change in vegetation density, the foot 
of a dune or a cliff or by built structures. Due to the expected high abundance of 
cigarette butts, these were only sampled within the 10m subunit. 

 
 

3. Results of the Indicator Assessment  
 
Cilician coastline: The average marine litter density was 0.92±0.36 items/m2. Marine 
litter items resulting from convenience food consumption and smoking made up 
more than half of the total litter collected, while agricultural, industrial, fishing 
activities together contributed only 6% of the total number of items (Figure 1). Plastic 
items on average constituted more than 80% of the dominant material type. 
Percentages of the litter transported with currents from neighboring countries 
(transboundary litter) varied from 0 – 4.23% between the different beaches. Direct 
deposition on the beaches was identified as the main method for transport of items 
to the coastal environment. Data from this study which also provides baseline 
information for the area, was used to create a sound and easily applicable 
methodology for marine litter source determination. In the study area, evaluated 
beaches were exposed to high levels of litter pollution, with eight out of 13 beaches 
being classified as either dirty or extremely dirty according to the Clean-Coast Index 
(Alkalay etal. 2007).  
 



 
 
 
Figure 1: Composition of coastal litter in the Cilician Basin according to functions. The sizes 
of the charts vary according to the pollution status of the beach, expressed using the Clean 
Coast Index (Alkalay et al. 2007), with bigger charts referring to higher litter densities. (Ag: 
Agriculture, Con: Construction, Dhr: Domestic and Household, Fish: Fishing, Genp: General 
Packaging, Hyg: Medical and Personal Hygiene, Inds: Industrial, Per: Personal Use, Rapd: 
Rapid Consumption, Rec: Recreation, Smo: Smoking, Un: Unclassified) (Aydin et al., 2016) 

 
METU beach: In total 7219 items were collected during the 41 month sampling period 
with a total weight of 94.4 kg (Figures 2-5). The average litter density was 
0.022±0.012 items/m2. Marine litter densities showed a similar trend and changed 
between 0.009 and 0.041 items/m2, except for November 2013 (0.080 items/m2) and 
February 2017 (0,195 items/m2) (Figure 3A and B). Plastic litter was found to be the 
most abundant material in terms of both number and weight (Figure 4A and B). A 
Kruskal-Wallis H test was run to determine if there were differences in observed litter 
densities in the model beach between 3 years (2014 to 2015). Distributions litter 
densities were similar for all years, as assessed by visual inspection of a boxplot. 
Median litter density scores were statistically similar between years, χ2(2) = .415, p = 
.813 (Figure 5). 
 

 
 
Figure 2: Two sub sampling areas (L and O3) were sampled monthly for the evaluation of 
litter washed ashore and/or deposited on the coastline at a model beach between September 
2013 and February 2017 
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Figure. 3: Temporal changes in METU beach (Erdemli, Mersin, Turkey) litter densities (A: 
item/m2, B: gram/m2) 
 
 
 
 

 

Figure 4: Composition of beach litter in the METU model beach according to material (A: 
number of litter, weight of litter) 
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Figure 5: Average litter densities between 2014 to 2016 in the METU model beach 
 
 

4. Lessons learnt and/or recommendations  
 

• Monitoring beach litter especially in un-cleaned beaches (e.g. where there is 
restricted access to people) would have additional advantages for 
understanding litter transport dynamics either from the sea or from the 
neighbouring regions. 

• Long term monitoring of the standing stocks of coastal macro-litter in the 
model closed beach indicates that the average litter densities showed a no 
significant difference through the 2014 – 2016 period. 

• Beach use has been shown to remarkably contribute to the litter abundance on 
the beaches of the Cilician Coast, explaining among others the densities of the 
most prevalent litter functions (Rapid Consumption and Smoking). 

• In order to achieve any reduction on coastal marine litter, the littering behaviour 
of beach goers and users and also that of the coastal inhabitants must be 
addressed through management plans. The high number of domestic tourists 
in the study region, many being present all year-round, makes easy the 
establishment of a target-group specific education programs and awareness 
campaigns. 
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1. Brief introduction  
 
It is well documented that marine litter is found almost in every component of the 
oceans, from densely populated coastal areas to offshore waters or to the poles; 
from surface to the deepest regions in the sea. There are also examples of marine 
litter (especially plastic) ingestion or entanglement by a wide range of marine 
organisms.  
Marine microplastics could have two different sources: (a) Primary microplastics 
(produced originally at microscopic size); and (b) Secondary microplastics 
(fragments from originally larger plastic items) (Cole et al., 2011).   
 
Although there are increasingly more recent studies on microplastics, there are still 
key open questions in relation to levels of marine micro-litter in different 
compartments of the sea including that in the biota which are all necessary for the 
assessment of management actions towards reducing their levels and impacts. 
According to both the Marine Strategy Framework (MSFD) and UNEP/MAP, 
monitoring the levels of microplastics and assessing their impacts are necessary, 
though the methodologies for these studies are mentioned as inconclusive and 
require further work. We provide here the assessment of 3 years (2014-2016) of 
microplastics sampled from the sea surface, water column and sediment from 3 
stations in Mersin Bay, in the North-Eastern Mediterranean (Figure 1; Kideys et al. 
2017) as part of Turkish National Monitoring Programme2 (MoEU-DGEIAPI & 
TUBITAK-MRC, 2014; 2015; 2016). Sampling was performed from the 3 stations 
shown in Figure 1, as single samples during the summer of 2014 and 2015 and as 
triplicate samples during the summer of 2016. 
 
Evaluation of microplastic pollution in the marine environment, along the coastal 
zone of the Cilician Basin was also performed within the framework of a nationally 
funded research project. The aim of the TUBITAK-ÇAYDAG project 114Y244 (entitled 
as; “Estimating the quantity and composition of microplastics in the Mediterranean 

                                                           
2 The large scale national monitoring program “Integrated Marine Pollution Monitoring Programme” is implemented 

by the Ministry of Environment and Urbanization (MoEU) and is coordinated by MoEU with TUBITAK Marmara 

Research Center (TUBITAK MRC) with the involvement of several Marine Sciences Institutes and Water Resources 

Department of the national Universities.  

 

 



coast of Turkey; the potential for bioaccumulation in seafood”) is the initial 
assessment of the extent of microplastic pollution in both water and sediment 
samples along the coastal zone of the Cilician Basin. A total of 18 locations were 
selected and evaluated in the area (Figure 2). 
 

 
Figure 1: Microplastics sampling stations for sea surface, water column and sediment in 
Mersin Bay, the North-Eastern Mediterranean during summers of 2014, 2015 and 2016. 

 

 
Figure 2: Map of sampling locations (114Y244) 



2. Methodologies used for the collection and analysis of the data 
 

For both studies, the MSFD TSG-ML manual was used for the collection and 
processing of samples (MSFD-TSGML, 2013). A manta net (40x20 cm frame) with a 
mesh size of 333 µm was towed for 10 min for sea surface samplings. Standard 
WP2 zooplankton sampling net (60 cm in diameter with a 200 µm mesh) was used to 
collect water column samples. Sediment samples were collected with using Van 
Veen bottom sampler (having an area of 0.1 m²). 50 ml of sediment samples that 
were taken from the top layer of the collected sediment were stored in aluminium 
foils and kept frozen during survey. All samples were transported to the microplastic 
laboratory of the Institute for further analysis. 
 
Sea water samples were filtered first using 1 mm sieve and then a 26 µm 
zooplankton mesh by vacuum device. To remove organic material retained on the 
mesh, sea water samples were treated with 35% hydrogen peroxide in petri dishes for 
one day. Concentrated saline (NACI) solution (1.2 g cmˉ3) was used during extraction 
of microplastics from sediment samples by density separation technique (bulk 
separation). Floating material in the solution were filtered using 26 µm zooplankton 
mesh. 
 
Microplastic (MP) that is stayed on sieve or mesh were picked up with tweezer under 
Olympus SZX16 Stereomicroscope (max magnification 30X) equipped with DP26 – 
Olympus 5.0 MP High Color Fidelity Microscope Digital Camera. For each station, 
MPs gathered to Whatman GF/F glass microfiber filters (47 mm pore size) and their 
photos was taken. Length of each particles was measured with Olympus cellSens 
platform (Image Analysis software) and kept in petri dishes for further analyses. 
Those particles were coded according to their physical properties (colour, material) 
according to the Microplastic Coding System (developed to category microplastic 
types by Microplastics Group of the METU-IMS). MPs were assigned inside six 
categories; fiber, hard plastic, polystyrene, pellet, rubber and other/miscellaneous. In 
addition, each category has colour codes (e.g. blue fiber (F4), black hard plastic 
(H12) etc.).  

 
 

3. Results of the Indicator Assessment 
 
Monitoring Program: In all three years, the main types consisting the microplastics 
were hard plastics, fibers, nylon (this one especially in the last year), and others 
(Figure 3). Whilst hard plastic and nylon prevailed in surface water and water column, 
fibers were the dominant microplastic type in the sediment. Considering the fact that 
waste treatment waters are one of the main sources of fibers (due to washing of 
clothes), this indicates that waste water treatment plants should be included in the 
research and monitoring programs for the management of marine litter. 
 
The three-year trends in the levels of total microplastics are shown in Figure 4. 
Although it seems that there is a decreasing trend over the years for the all three 
stations studied, there is special concern for the 2014 values (which was from a 
single sample) because of higher probability for contamination when analyses had 
just begun. The last year results (i.e. 2016) were analysed with care against 
contamination and triplicate samples were used and hence are considered more 
reliable. Differences among the triplicate samples obtained in 2016 were tested, and 
it was found that whilst sediment samples were not different from each other, sea 



surface or water column samples differed statistically (Table 1). This indicates that: 
(a) the levels in sediment are more reliable and; and (b) the latter two marine 
environments should be sampled at least in triplicate.  There are limited difference 
between the values of 2015 and 2016. It should be noted that a three-year study is 
not sufficient to assess the trends in the levels of microplastics in different marine 
environments. Monitoring at least a five-year period would be needed to see any 
trend of increase or decrease in their levels. 

 
Figure 3: Trends in the microplastic types (as percentage of total number) during 2014, 2015 
and 2016 based on averages of 3 stations in Mersin Bay, the North-Eastern Mediterranean. 
(Total particle numbers are for 2014 SW 838, WC 249, S 214, for 2015 SW 265, WC 75, S 42 
and for 2016 SW 262, WC 88, S44).  

 
 
Table 1: Friedman Test results for analysing statistical difference (*significant at p 0.05 level) 
within among triplicate samples of Sea surface, water column and sediment during 2016 for 
each station in Mersin Bay, the North-Eastern Mediterranean 

 

Station Sediment 
Sea 
surface  

Water column 

EUTMR6 .554 .000* .256 

TASSW1 .355 .004* .177 

SEYSW3 .761 .740 .000* 



 

 
 
Figure 4: Trends in the microplastic levels in different components of the marine environment 
during 2014, 2015 and 2016 for each station in Mersin Bay, the North-Eastern Mediterranean 

 
 
 



 
Research Project: In total 1517 microplastic particles were collected and classified. 
The quantity of microplastic particles in surface water samples ranged between 
16.339 for SEYSW2 to 520.213 per km2 for SEYSW3 location (Table 2). Mainly two 
categories were present in sediment samples - fibers and hard plastic with only an 
occasional occurrence of nylon (Güven et al. 2017). 
 
Table 2: Quantity of microplastic particles (<5 mm) discovered in sea-surface samples 
(Güven et al. 2017) 

 
 
 
4. Lessons learnt and/or recommendations 

 
(a) Monitoring microplastic levels especially in sediment is a promising tool to be 

used as marine litter contamination. 
(b) Triplicate sampling is important for sound assessment of microplastic levels 

in marine environment. 
(c) At least a five-year monitoring data is needed for understanding trends in 

microplastic pollution. 
(d) Wastewater facilities should also be monitored for their microplastic levels for 

the management of microplastic pollution. 
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