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The rapid growth of plastic manufacturing and consumption poses a significant threat 

to the marine environment, negatively affecting biodiversity, ecosystem functions, and 

human health through litter accumulation. This study presents an innovative 

approach for the region by comparing classical visual assessments of marine litter 

with quantitative indices such as the Clean Coast Index (CCI), the Plastic Abundance 

Index (PAI) and the Cigarette Butt Pollution Index (CBPI), on two types of beaches 

with varying degrees of urbanization and use. Thus, the paper presents original data 

on macrolitter pollution on the Romanian Black Sea coast. The results show notable 

differences in abundance, composition, and cigarette-butt pollution, with plastic 

waste dominant. 
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1. Introduction 

Biodiversity, ecosystem processes, and even human health are nowadays 

threatened by the increasing global quantities of litter in the marine environments 

[1]. Marine litter represents any persistent solid materials that are manufactured or 

processed and deliberately discarded, disposed of, or abandoned in the marine and 

coastal environment [2]. Current global data show that plastic waste pollution has 

intensified, increasing from approximately 2 million tons in 1950 to approximately 

438 million tons in 2017, and is projected to exceed an estimated 1,100 million tons 

by 2050 if the current pace is maintained [3]. Although marine litter comprises a 

variety of materials, such as plastics, metals, glass and ceramics, paper and wood, 

textiles, and rubber, plastics are the most abundant, constituting approximately 60-

80% of all recorded marine debris [4,5]. 

https://creativecommons.org/licenses/by/4.0/
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Due to fragmentation processes driven by environmental agents, large 

plastic waste (macroplastics) serves as a precursor to microplastics (<5 mm) [6]. 

Reviews show that the most common type of beach litter found on coasts, and 

among the most common personal items, are cigarette butts. Containing thousands 

of toxic chemicals, such as arsenic, benzene, hydrogen cyanide, polycyclic aromatic 

hydrocarbons, pyridine, and heavy metals, a single cigarette butt can contaminate 

up to 1000 liters of water [7,8]. 

In addition to the environmental consequences of marine litter, many effects 

on marine biota have been documented globally, particularly regarding different 

types of interactions and their repercussions. Thus, interactions between biota and 

plastics include entanglement, ingestion, colonization of plastic objects by marine 

organisms, and direct contact with or entrapment in plastic (including smothering). 

Moreover, the bioaccumulation of persistent organic and inorganic pollutants is 

enhanced by their adsorption on the plastic’s surface [9].  

The Black Sea is not immune to these global environmental problems. 

Because it is one of the largest semi-enclosed seas in the world, with limited water 

exchange, an input of approximately 80% of fluvial origin from the western and 

northwestern basins, the accumulation of waste is massive and particularly serious 

[10–12]. Of all waste categories, plastics are the most widespread, being regularly 

reported in every environmental component of the Black Sea: from the sea surface 

[13,14] and seafloor [15,16] to beach sediments [17–22], and biota [23–27]. The 

Danube River is an important source of various types of pollution in the sea, and it 

has been estimated that it contributes approximately 4.2 tons of plastic waste per 

day and 1,533 tons per year to the Black Sea [28,29]. The Romanian coast is located 

in the northwestern sector of the sea basin, in a region recognized as a hotspot for 

floating marine litter, especially plastics, which is strongly influenced by the 

discharges of the Danube River, leading to the accumulation of high quantities of 

waste along the coast [13,30]. Ioakemidis et al. [16] observed average densities of 

up to 291 ± 237 units km⁻² of benthic marine debris in the Gulf of Constanta, of 

which plastics represented 45.2 ± 4.8%, linking these high levels mainly to the 

strong input from the Danube River. 

The Marine Strategy Framework Directive [31] addresses marine litter as a 

distinct qualitative descriptor, through Descriptor 10 (D10)- “Properties and 

quantities of marine litter do not cause harm to the coastal and marine 

environment”, for attaining the Good Environmental Status (GES). Beach 

macrolitter is evaluated within the criterion D10C1 (primary)- “The composition, 

amount and spatial distribution of litter on the coastline, in the surface layer of the 

water column, and on the seabed, are at levels that do not cause harm to the coastal 

and marine environment” [31]. The threshold value for achieving Good 

Environmental Status (GES) for beach-based marine litter was set at the median of 

20 items or fewer per 100 m of coastline [32]. 
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By monitoring and classifying beach litter, important information on the 

prevalence and potential sources of different types of litter is obtained, thereby 

enabling the observation of pollution patterns and the formulation of potential 

mitigation efforts. [4,33].  

In addition to traditional monitoring techniques, the implementation of 

quantitative indices such as the Clean Coast Index (CCI) or the Cigarette Butt 

Pollution Index (CBPI) enables quantification of the effects of marine litter on 

coastal areas and determination of the degree of pollution [34,35]. 

The aim of the present study is to assess macrolitter accumulation on two 

beaches from the Romanian Black Sea coastal area, with different use (urban vs. 

marine protected area) by combining traditional collection and analysis methods 

with the use of three quantitative indices (CCI, PAI, CBPI) to assess the degree of 

litter pollution, with an emphasis on plastic litter items and their potential impact 

on marine organisms. 

2. Materials and Methods 

To evaluate the occurrence, abundance, and composition of macrolitter on 

the beach, two complementary assessment approaches were applied. These 

included a classification-based survey of litter categories and subcategories 

conducted on collected litter, as well as quantitative indices: the Clean Coast Index 

(CCI), Plastic Abundance Index (PAI), and the Cigarette Butt Pollution Index 

(CBPI). Both approaches were implemented at two study sites, Malibu and Vadu 

Beach, which differed in levels of human use and pollution. 

To assess the main litter categories, a monitoring approach was applied 

following a standardized protocol consistent with the minimum requirements for 

beach litter surveys under the Marine Strategy Framework Directive (MSFD), as 

defined by the European Commission- mandated Technical Subgroup on Marine 

Litter [31,33]. 

The Clean Coast Index (CCI) is an indicator of beach cleanliness based on 

the quantification of plastic debris present on the shoreline [34]. Originally 

described by Alkalay et al. [34] and applied by the Israeli Ministry of the 

Environment on national beaches since 2005, the CCI was subsequently adopted by 

the European Environment Agency (EEA) as a standardized tool for assessing 

beach cleanliness across Europe [36].  

The Plastic Abundance Index (PAI) was developed to evaluate plastic 

pollution on beaches by measuring the proportion of plastic litter relative to the 

overall amount of litter collected [37]. 

The Cigarette Butt Pollution Index (CBPI) is a single litter-type focused 

index specifically designed to evaluate environmental pollution associated with 

cigarette butts’ litter [35]. 
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2.1 Study area 

The macrolitter collection and subsequent analysis were conducted on two 

sandy beaches (Vadu and Malibu) along the Romanian Black Sea coast (in the NW 

of the basin, as shown in Figure 1). 

 

 

Figure 1. The map location of the selected study beaches - Malibu and Vadu 

 

Both beaches were selected for their general use and proximity to potential 

pollution sources, and were monitored after the summer tourist season. Data from 

each field campaign for litter monitoring for each site analyzed are presented in 

Table 1. 
Table 1. Geographical location of the monitored marine beach sites  

 

Sampling 

zone 

 
Length  

(m) 

 

Width 

(m) 

Survey coordinates 

Starting point Ending point 

Latitude Longitude Latitude Longitude 

Vadu beach 

(Marine 

Protected 

Area) 

Survey date: 

18.10.2024 

Natural 

Reservee 

100 14.5 44.430522N 28.769606E 44.43177994N 28.77093758E 

Malibu beach 

(Urban beach) 

Survey date: 

05.11.2024 

100 100 44.21927122N 28.63917068E 44.21982087N 28.6365187E 
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Vadu Beach is part of the Grindul Chituc Marine Protected Area in the 

Danube Delta Biosphere Reserve, and is a wild, undeveloped beach that can only 

be reached by private car (Figure 2 - Original photo). The annual number of tourists 

is small, a consequence of its status as a protected area, but also of the distance from 

inhabited areas, the village of Vadu being the closest (5 km). 

 

      
a      b 

Figure 2. Vadu Beach: (a) image taken with a UAV; (b) image taken from the ground 

On the other hand, Malibu Beach is located in the urban area of Constanța, 

within the national resort of Mamaia. It receives a high number of tourists annually 

due to its proximity to residential areas and hotels, and its easy access by personal 

car and public transport (Figure 3 - Original photo). 

 

       
a      b 

Figure 3. Malibu Beach: (a) image taken with a UAV; (b) image taken from the ground 

2.2 Study perimeter delimitation and macrolitter collection 

The marine litter collection campaigns were carried out following the EU 

MSFD TG-ML Guidance on Monitoring of Marine Litter in European Seas-2023-

JRC Scientific and Policy Reports [32]. For the collection of litter items, 100 m-

long, 100 m-wide beach transects were delineated, starting from the breakwater 

towards the shore. In the case where the beach is narrower, the width is measured 

starting from the breakwater to the natural (e.g., vegetation) or artificial (e.g., access 

road) limit of the beach. Thus, on Malibu Beach, litter was collected from the  
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defined sampling zone with a total surface area of 10,000 m², whereas on 

Vadu Beach, the sampling area was 1,450 m². From the areas thus delimited, all 

macrolitter items larger than 2.5 cm were collected and transported to the 

laboratory. Litter sorting was then carried out in accordance with the Common List 

of the MSFD Technical Group on Marine Litter and the scheme and codes proposed 

by Fleet et al. [38]. The EU Online Photo Catalogue of List J, which illustrates and 

describes each type of item, was used to correctly classify the collected litter [39]. 

In addition, the catalogue indicates whether the items fall under single-use plastic 

(SUP) categories or fishing gear, in accordance with EU Directive 2019/904. 

2.3 Results analysis 

The median item count across all segments was compared with the threshold 

of 20 items/100 m, as proposed by Van Loon et al. [32], to determine whether the 

study area meets the Good Environmental Status. 

The Clean Coast Index (CCI) was calculated using the formula proposed by 

Alkalay et al. [34]: 

𝐶𝐶𝐼 =
𝑁𝑇

𝐴𝑇
∗ 𝐾                                                       (1) 

where: 

NT = total number of litter items per transect; 

AT = total area of the transect; 

K = coefficient of 20. 

According to the CCI classification, beaches are categorized based on litter 

abundance as very clean (0–2), clean (2–5), moderately polluted (5–10), dirty (10–

20), or very dirty (>20) [34]. 

The Plastic Abundance Index (PAI) was calculated based on the formula 

proposed by Rangel-Buitrago et al. [37]: 

𝑃𝐴𝐼 =

Σ𝑃𝑙𝑎𝑠𝑡𝑖𝑐 𝑙𝑖𝑡𝑡𝑒𝑟 𝑖𝑡𝑒𝑚𝑠

log 10 Σ𝑇𝑜𝑡𝑎𝑙 𝑙𝑖𝑡𝑡𝑒𝑟 𝑖𝑡𝑒𝑚𝑠

𝐴𝑟𝑒𝑎
× 𝐾                                         (2) 

where: 

K = constant, 20; 

Area = length × width (m2). 

 

According Plastic Abundance Index (PAI) obtained values, plastic pollution 

is classified into five levels: absence (no plastic present; 0), low abundance (few 

plastics; 0.1–1), moderate abundance (considerable plastic; 1.1–4), high 

abundance (many plastics; 4.1–8), and very high abundance (most of the area is 

covered with plastic; > 8) [37]. 

The Cigarette Butt Pollution Index (CBPI) was calculated following the 

equation proposed by Torkashvand et al. [35]:  
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𝐶𝐵𝑃𝐼 = 𝐶𝐵𝐷 × 𝐸                                                     (3) 

where: CBD = Cigarette Butt Density (Cigarette butts/m2) 

E = Environmental coefficient.  

The E coefficient is calculated based on the formula proposed by 

Torkashvand et al. [35]: 

𝐸 = 10 ×  𝑆 × 𝑃 × 𝑅 × 𝐺                                                   (4) 

where: S = Soil status; 

P = Kind of urban pathways; 

R = Annual rainfall (mm); 

G = Distance to groundwater (m). 

 

Based on the CBPI obtained values, cigarette butts beach pollution levels 

were classified as very low (≤1), low (1.1-2.5), moderate (2.6-5), significant (5.1-

7.5), high (7.6-10), or severe (>10) [35]. 

3. Results and Discussion 

This study reports findings from 2024 surveys conducted on two beaches, 

analyzing the quantity, density, spatial distribution, and potential effects of marine 

litter on marine organisms. The novelty of this research lies in its first regional 

application and comparative assessment of the Clean Coast Index (CCI), Clean-

Beach Pollution Index (CBPI), and Plastic Abundance Index (PAI) on the 

Romanian Black Sea coast, integrated with more traditional visual surveys of 

marine litter. Despite its high potential to better quantify and assess coastal 

pollution levels beyond traditional methods, this complementary approach has not 

been used in the given areas before. 

A total of 1,626 litter items were collected from the two beaches analyzed, 

with notable differences in terms of total abundance and density. Being located in 

an urban area, Malibu Beach recorded a total of 1,481 litter items and a density of 

0.15 items/m2. In contrast, Vadu Beach recorded only 145 items and a density of 

0.10 items/m2. 

Stoica et al. [21] observed a similar trend during 2018-2019 in the same 

areas, with Malibu Beach having more litter items than Vadu Beach. The repetition 

of this pattern most likely indicates greater persistence and higher levels of 

pollution and litter at Malibu Beach than at Vadu, likely due to the type of beach 

use and high anthropogenic pressure. The rest of the Black Sea basin is no 

exception, with studies reporting higher amounts and densities of litter on beaches. 

In Turkey, a field survey conducted at 37 sampling stations documented high levels 

of environmental litter. A total of 29,610 litter items were recorded, with the 

average litter density across all stations estimated at 0.8 ± 0.07 items/m² [20].  
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Monitoring activities on 40 beaches from Bulgaria’s coastline during 2018-

2022 revealed an average density of 0.44 ± 0.04 items/m2. The number of observed 

litter items increased by 261% in 2022 compared to 2018, with mean densities 

fluctuating between 0.21 ± 0.02 and 0.73 ± 0.04 items/m² over the study period 

[40].  Considering the established threshold of 20 items/100m of beach proposed 

by Van Loon et al. [31], our results indicate exceedances at both selected beaches. 

At Malibu Beach, an estimated 148 items/ 100m linear transect were recorded, 

exceeding the 20 items/100 m threshold by 7.4 times, while at Vadu Beach, an 

estimated 100 items/ 100m linear transect were recorded, exceeding the threshold 

by 5 times. Coastal zone assessments conducted between 2020 and 2021 indicate a 

total macro-debris abundance of 684 items/ 100 m in the Black Sea region. 

Although this value is the highest reported in the European region, it represents a 

decrease of approximately 30% compared to the 2015–2016 period, when 973 

items/ 100m were recorded [41]. 

The Clean Coast Index (CCI), further supports the observed differences 

between the two beaches. Malibu beach scored a CCI value of 2.95, classifying it 

as Clean, while Vadu beach showed a much lower CCI value of 2.0, corresponding 

Very clean category (Figure 4). Both studied sites had values corresponding to 

favorable levels of cleanliness, but the more intense anthropogenic activities on 

Malibu Beach, compared to Vadu Beach, are reflected in the higher CCI value. 

 
Figure 4. Comparison between the values obtained for the Clean Coast Index (CCI), Plastic 

Abundance Index (PAI), and Cigarette Butt Pollution Index (CBPI) for the two analyzed sites 

In terms of the Plastic Abundance Index (PAI), both Malibu Beach and 

Vadu Beach fell into the Low Abundance category (little plastic), with index values 

of 0.75 and 0.92, respectively. Although a much higher total amount of waste was 

observed on Malibu Beach, its abundance was lower due to the much larger working 

surface area (10,000 m2). On the other hand, a much higher ratio of plastic waste to 

the total number of waste items was observed at Vadu Beach, on a much smaller 

surface area (1,450 m2), with PAI values well within the moderate abundance 
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threshold (1.1-4). The results show that plastics accumulate even in undisturbed 

areas with low anthropogenic pressure, such as Vadu Beach, which is part of a 

marine protected area. 

The contrast between the two sites analyzed is even greater when comparing 

the values of the Cigarette Butt Pollution Index (CBPI) (Fig. 4). With a cigarette 

butt density of 0.033/m2, the environmental leakage coefficient (E) was calculated 

to be 90 for Malibu beach, as the environmental factors were assigned the following 

values, based on the site’s characteristics: soil status (S)=2 (coastal and sandy 

areas), kind of urban parhways (P)=1.5 (footpath with a line of trees or shrubs), 

annual rainfall (R)=1.5 (301-500 mm), distance to groundwater (G)=2 (> 3m) [35]. 

Malibu Beach recorded a CBPI score of 3.03 (moderate) reflecting drainage 

conditions and the degree of urbanization of the beach that favors the transport of 

pollutants into the environment.On the other hand, Vadu Beach recorded a cigarette 

butt density of 0.006/m2 and an E of 60, calculated on the following environmental 

factors values: soil status (S)=2 (coastal and sandy areas), kind of urban parhways 

(P)=1 (simple footpath), annual rainfall (R)=1.5 (301-500 mm), distance to 

groundwater (G)=2 (>3 m) [35]. The CBPI value of 0.41 (very low), indicates a 

much lower impact of cigarette butt litter on the environment. The analysis of the 

collected macrolitter shows that, for both beaches analyzed, the predominant 

category was artificial polymer materials (APM), constituting up to 80.26% of all 

waste. Metal accounted for approximately 9.04% of the total, followed by 

paper/cardboard, glass/ceramics, processed wood, rubber, and fabrics/textiles at 

smaller percentages (Figure 5). 

 
Figure 5. The proportion of macrolitter categories observed on both beaches analyzed 

(APM = Artificial polymeric material/plastic) 

A similar division of macrolitter categories was observed at both sites, with 

slight variations in percentages depending on location.  

On Malibu Beach, 80.96% of the litter was classified as artificial polymeric 

materials (APM), consistent with the site's intense recreational use and its urban 
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context. 45.76% of the total plastic litter identified was represented by the following 

subcategories: tobacco products with filters (22.75%), fragments of non-foamed 

plastics 2.5 cm ≥ ≤ 50 cm (14.71%), and the part that remains from tear-off plastic 

bags (8.3%). The presence of fragmented plastic litter, such as fragments and bag 

pieces, provides evidence of active fragmentation and degradation in the study area. 

The categories represented by Metal (9.66%) and Paper (3.85%) were the next most 

abundant, followed in smaller percentages by Glass, Rubber, Processed Wood, and 

Textiles. The results show that Malibu Beach, located in an urban area, is strongly 

influenced by visitors' habits and activities, as well as by waste originating from 

urban sources (Figure 6). 

 

Figure 6. The percentage of litter-type categories on Malibu Beach  

Vadu Beach also showed a predominance of plastic litter (APM: 73.1%), 

though with slightly higher relative contributions from glass (12.41%) and 

processed wood (8.28%) than in Malibu. Metal, textile and paper items were present 

at lower levels. The litter composition at Vadu reflects its more natural and less 

urbanized character, with reduced direct human pressure and fewer sources of urban 

waste (Figure 7). 

 
Figure 7. The percentage of litter-type categories on Vadu Beach  
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At this site, fragments of foamed polystyrene from 2.5 cm to 50 cm (26.2%), 

plastic caps/ lids drinks (8.27%), tobacco products with filters (cigarette butts with 

filters) (6.89%), and the part that remains from tear-off plastic bags (6.2%) made 

up to 47.56% of the total litter items were observed. Our findings are consistent 

with previous studies worldwide, including those by Derraik et al. [42], which 

reports that plastics account for approximately 60–80% of marine litter. This pattern 

has also been widely observed across the Black Sea region [22,43–45]. Cigarette 

butts are consistently reported as the most commonly collected type of litter in both 

urban and natural environments [46,47]. Beyond their toxic potential, Belzagui et 

al. [48] found that cigarette filters can shed approximately 100 microfibers/day, 

estimating that up to 0.3 million tons of microfibers/year may reach aquatic 

environments via this source alone. 

In terms of abundance, cigarette butts, plastic bags, plastic bottle caps, and 

foam take-away containers rank among the most frequently encountered single-use 

plastics in the environment [49]. Lightweight plastics, including bags and foam-

based materials, are particularly mobile and they can be easily transported by wind, 

remain buoyant in water, and fragment into smaller particles over time [50]. The 

high percentage of foamed polystyrene (2.5–50 cm) observed in our study can be 

explained by its widespread use in food-container manufacturing and as building 

insulation in urbanized environments [49]. Despite documented ingestion of 

numerous plastic items, plastic bags and utensils are most strongly associated with 

the highest risks to seabirds, turtles, and marine mammals [51]. 

Given their potential to cause entanglement and ingestion, as well as to act 

as vectors for invasive species, pathogens, and organic pollutants [9], all litter items 

encountered on beaches can be regarded as harmful to marine ecosystems. The 

number of species affected by marine litter has increased to 817 [1]. Although the 

immediate effects of marine debris entanglement are often visible injuries or 

mortality, the long-term effects of debris ingestion are still poorly understood. In 

both situations, sublethal effects can be observed that can affect individual health 

and performance, in some cases leading to population declines, especially in 

protected marine species that are vulnerable to multiple stressors [9,52]. Moreover, 

microplastics (<5 mm) [53], plastic fragments resulting from the fragmentation of 

macroplastics, due to their small size, are bioavailable to a wide range of marine 

animals, from primary producers to top predators [54]. The toxic effects of 

microplastics ingestion can be enhanced by various environmental pollutants 

adsorbtion, such as bisphenol A (BPA), on their surface [55]. The results obtained 

in this study show that artificial polymeric materials are predominant, raising 

concerns about targeted measures and strategies for efficient waste management 

and the reduction of this type of pollution in the Romanian coastal area of the Black 
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Sea. We acknowledge that the limited number of sampling sites and the absence of 

seasonal replication restrict the generalizability of the results. 

4. Conclusions 

This study presents a novel approach for the Romanian Black Sea area by 

combining the application of three quantitative pollution indices, the Clean Coast 

Index (CCI), the Clean Beach Pollution Index (CBPI), and the Plastic Abundance 

Index (PAI), alongside traditional visual methods for monitoring marine litter. The 

results obtained in the study show exceedances of the threshold value for marine 

litter on both beaches analyzed. Malibu Beach exhibited a higher degree of 

contamination due to the large number of cigarette butts and plastic fragments, 

whereas at Vadu Beach, a relatively higher ratio of plastic waste was observed over 

a smaller area. Plastic litter predominated at both study sites, regardless of use type 

(urban or marine protected area), highlighting the prevalence of litter and increased 

pollution even in areas with low urbanization. The index-based approach has 

proven effective for assessing beach pollution and has great potential to support 

regional management and mitigation strategies.  

While the present study provides valuable data, future research directions 

should aim to increase the nmber of sampling sites and include monitoring 

campaigns in different seasons. Even though plastic pollution has gained significant 

attention lately, especially regarding the marine environment, there remains a gap 

in existing knowledge. There is an imperative need for standardized monitoring 

methods to comprehensively obtain comparable information on the abundance, 

distribution, fragmentation processes, and the impact of macroplastics on biota. 
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Supplementary Materials 

Table S1. List of macro-litter items collected from Malibu beach and the proportion of each category 

and subcategory. 

 

Type-Code Macro-litter type TOTAL (%) 

CHEMICALS 0 

CLOTH/TEXTILES 0.94 

ct_nn_tex_ other textiles 0.2 

ct_cl_clg_ clothing 0.74 

FOOD WASTE 0 

GLASS/CERAMICS 1.69 

gc_nn_gfr_ pieces of glass/ceramic (glass or ceramic 

fragments ≥ 2.5 cm) 

1.62 

gc_nn_occ_ogli_ other glass items 0.07 

METAL 9.64 

me_nn_b&c_lids_ metal bottle caps, lids & pull tabs from cans 0.2 

me_co_cab_ metal cables 0.2 

me_fc_b&c_cans_bevg_ metal drinks cans 7.22 

me_nn_foi_ metal foil wrappers, aluminium foil 1.82 

me_nn_ome_smal_ other metal pieces 2.5cm ≥ ≤ 50cm 0.13 

me_nn_wir_ wire, wire mesh, barbed wire 0.07 

ARTIFICIAL POLYMER MATERIALS /PLASTIC 80.99 

pl_ag_ghs_ plastic sheeting from greenhouses 0.07 

pl_cl_ftw_flip_ plastic flip-flops 0.07 

pl_cl_glv_hogl_ plastic gloves (household/dishwashing, 0.07 
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gardening) 

pl_co_oco_ plastic construction waste (not foamed 

insulation) 

0.07 

pl_fc_b&c_dbot_smll_ plastic drink bottles ≤ 0.5 l 0.33 

pl_fc_b&c_lids_drnk_ plastic caps/lids drinks 5.06 

pl_fc_b&c_pfoc_ plastic food containers made of hard nonfoamed 

plastic 

0.13 

pl_fc_tab_cups_hpcp_ cups and lids of hard plastic 1.01 

pl_fc_tab_cupt_cutl_ plastic cutlery 0.4 

pl_fc_tab_stst_stir_ plastic stirrers 0.27 

pl_fc_tab_stst_strw_ plastic straws 3.8 

pl_fc_wrp_cwls_crsp_ plastic crisps packets/sweets wrappers 6 

pl_fc_wrp_cwls_loly_ plastic lolly & ice-cream sticks 4.25 

pl_fi_net_smal_ plastic nets and pieces of net 2.5 cm ≥ ≤ 50 cm 0.07 

pl_hy_ohy_ other plastic personal hygiene and care items 0.07 

pl_hy_stt_tamp_ plastic tampons and tampon applicators 0.07 

pl_hy_wws_ plastic wet wipes 5.2 

pl_md_omd_ other plastic medical items (swabs, bandaging, 

adhesive plasters etc.) 

0.33 

pl_md_pha_ plastic medical/ pharmaceuticals 

containers/tubes/ packaging 

0.07 

pl_md_syg_ plastic syringes/needles 0.07 

pl_nn_b&c_lids_olid_ plastic caps/lids unidentified 1.01 

pl_nn_b&c_lids_ring_ plastic rings from bottle caps/lids 0.74 

pl_nn_bag_dogb_ plastic dog/pet faeces bag 0.07 

pl_nn_bag_ends_ the part that remains from tear-off plastic bags 8.3 

pl_nn_bag_smbg_ small plastic bags 0.27 

pl_nn_cbt_ plastic cable ties 0.7 

pl_nn_frg_fopy_smal_ fragments of foamed polystyrene 2.5 cm ≥ ≤ 50 

cm 

2.02 

pl_nn_frg_nofp_smal_ fragments of non-foamed plastic 2.5cm ≥ ≤ 

50cm 

14.71 

pl_nn_pen_ plastic pens and pen lids 0.13 

pl_nn_rps_strg_nodr_ plastic string and cord (diameter less than 1cm) 

not from dolly ropes or unidentified 

1.35 

pl_nn_stb_ plastic strapping bands 0.2 

pl_re_toy_ plastic toys and party poppers 0.13 

pl_sm_but_ tobacco products with filters (cigarette butts 

with filters) 

22.75 

pl_sm_lht_ plastic cigarette lighters 0.5 

pl_sm_tob_ plastic tobacco pouches / plastic cigarette packet 

packaging 

0.7 

PAPER/CARDBOARD 3.83 

pp_fc_tab_cups_ paper cups 0.33 

pp_nn_frg_ paper fragments 3.03 

pp_nn_opp_ other paper items 0.07 

pp_sm_cig_ paper cigarette packets 0.4 

RUBBER 1.5 

ru_hy_con_ rubber condoms (incl. packaging) 0.07 

ru_nn_bnd_ rubber band (small, for kitchen/household/post 0.29 
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use) 

ru_nn_oru_ other rubber pieces 0.06 

ru_re_bln_ rubber balloons 1.08 

PROCESSED/WORKED WOOD 1.41 

wo_nn_owo_smal_ other processed wooden items 2.5 cm ≥ ≤ 50 cm 0.07 

wo_fc_b&c_cork_ wooden corks 1.21 

wo_fc_ice_ wooden ice-cream sticks, chip forks, chopsticks, 

toothpicks 

0.13 

 

Table S2. List of macro-litter items collected from Vadu beach and the proportion of each 

category and subcategory. 

Type-Code Macro-litter type TOTAL (%) 

CHEMICALS 0 

CLOTH/TEXTILES 2.07 

ct_nn_tex_ other textiles 2.06 

FOOD WASTE 0 

GLASS/CERAMICS 12.41 

gc_nn_gfr_ pieces of glass/ceramic (glass or ceramic 

fragments ≥ 2.5 cm) 

12.41 

METAL 2.76 

me_nn_b&c_lids_ metal bottle caps, lids & pull tabs from cans 2.76 

ARTIFICIAL POLYMER MATERIALS /PLASTIC 73.13 

pl_co_fom_pain_insu_ foamed plastic insulation, including spray foam 1.38 

pl_co_oco_ plastic construction waste (not foamed 

insulation) 

1.38 

pl_fc_b&c_lids_drnk_ plastic caps/lids drinks 8.27 

pl_fc_b&c_pfoc_ plastic food containers made of hard nonfoamed 

plastic 

0.7 

pl_fc_tab_cups_hpcp_ cups and lids of hard plastic 2.07 

pl_fc_tab_stst_strw_ plastic straws 2.75 

pl_fc_wrp_cwls_loly_ plastic lolly & ice-cream sticks 2.75 

pl_fi_net_strg_drop_ plastic string and filaments exclusively from dolly 

ropes 

0.7 

pl_fi_ofi_ other plastic fisheries related items not covered 

by other categories 

0.7 

pl_hy_wws_ plastic wet wipes 1.37 

pl_nn_b&c_lids_olid_ plastic caps/lids unidentified 2.07 

pl_nn_b&c_lids_ring_ plastic rings from bottle caps/lids 3.44 

pl_nn_bag_ends_ the part that remains from tear-off plastic bags 6.2 

pl_nn_bag_smbg_ small plastic bags 0.7 

pl_nn_cbt_ plastic cable ties 1.38 

pl_nn_frg_nofp_smal_ fragments of foamed polystyrene 2.5 cm ≥ ≤ 50 

cm 

26.2 

pl_nn_pai_ plastic paint brushes 0.7 

pl_nn_rps_strg_nodr_ plastic string and cord (diameter less than 1cm) 

not from dolly ropes or unidentified 

0.7 

pl_nn_stb_ plastic strapping bands 1.37 

pl_nn_tag_ plastic tags (fishing, shipping, farming and 0.7 
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industry) 

pl_re_toy_ plastic toys and party poppers 0.7 

pl_sm_but_ tobacco products with filters (cigarette butts 

with filters) 

6.9 

PAPER/CARDBOARD 1.36 

pp_fc_tab_cups_ paper cups 0.68 

pp_nn_frg_ paper fragments 0.68 

RUBBER 0 

PROCESSED/WORKED WOOD 8.27 

wo_nn_owo_smal_ other processed wooden items 2.5 cm ≥ ≤ 50 cm 8.27 
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