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Abstract 

Plastic pollution has drastically increased in the world’s oceans since the mid-20th century 

due to poor waste management and irresponsible production. About 15% of all marine debris 

end-up in coastal areas, while the percentage of plastic among them range from 60% to 95%. 

In Iceland, six non-governmental organizations and the Environment Agency clean and 

monitor plastic on beaches across the country. However, there is no national database on 

coastal plastic pollution or coordinated data collection guidelines. This mixed methods study 

explores the issue of coastal plastic pollution in the Icelandic context and how it is managed. 

The quantitative component of the study focuses on monitoring one site in the Snæfellsnes 

peninsula with a seasonal accumulation survey for one year. The qualitative component 

investigates what is being done by environmental organizations and the Icelandic 

government through a series of interviews. The results show that 78.5% of all debris 

retrieved from the surveyed shore were plastics. Beach wracks were found to be strongly 

correlated with the quantities of plastic debris entering coastal environments (R2>0.9; 

p<0.0002), which helps explain daily and seasonal variations in debris quantities. The 

interviews demonstrated an overall focus on cleaning rather than collecting data in Iceland. 

Poor coordination, a lack of resources, and insufficient communication between 

environmental organizations were identified as the main barriers to establishing a coherent 

database. Guidelines for both beach monitoring and beach clean-ups are proposed, to support 

the collection of consistent data and promote the systematic publication of findings to inform 

advocacy and awareness raising.  

Útdráttur 

Plastmengun hefur stóraukist í höfum heimsins síðan um miðja síðustu öld vegna slæmrar 

meðhöndlunar úrgangs og ábyrgðarlausra framleiðsluhátta. Um 15% af öllu rusli í sjónum 

berst á strandir og er 60% - 95% af því plast. Á Íslandi eru það sex frjáls félagasamtök ásamt 

Umhverfisstofnun sem hreinsa og fylgjast með plastmengun við strendur landsins. Engu að 

síður er enginn miðlægur gagnagrunnur sem heldur utan um plastmengun strandlengjunnar 

né samræmdar leiðbeiningar um söfnun og skráningu. Þessi rannsókn notar tvennskonar 

aðferðir til að skilja plastmengun við strendur og hvernig tekist er á við hana á Íslandi. Í 

magnbundna þætti rannsóknarinnar var fylgst með ákveðnu svæði á einum stað fjöruborðs á 

Snæfellsnesi og gögnum safnað um mengun sem barst á ströndina lotubundið í eitt ár. 

Eigindlegi hlutinn skoðar, með viðtölum, eftirlit með ströndum landsins í gegnum 

umhverfissamtök og stjórnsýsluna. Niðurstöður sýna að 78.5% af rusli, sem safnað var á 

meðan rannsókninni stóð, var plast. Mikil samsvörun var milli þekju sjávarþangsklasa og 

plastmagns sem safnast á ströndinni (R2>0.9; p<0.0002), sem hjálpar til við að skýra 

daglegar og árstíðabundnar breytingar í magni plastúrgangs í fjöruborðinu. Viðtölin leiddu í 

ljós að mun meiri áhersla er á hreinsun stranda en gagnasöfnun á Íslandi. Skortur á 

samhæfingu, fjármagni og lítil samskipti milli umhverfissamtaka- og stofnana virðast helstu 

ástæður þess að ekki hafi verið komið upp miðlægum gagnagrunni. Leiðbeiningar fyrir bæði 

strandeftirlit og strandhreinsun voru þróaðar, til að styðja við öflun samræmdra gagna og 

stuðla að reglulegri birtingu á niðurstöðum til vitundarvakningar og að upplýsa 

hagsmunaraðila.  
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1 Introduction 

Since plastics became an everyday product in the mid-20th century, production has increased 

dramatically, with a 200-fold increase of annual plastic production from 1950 to 2015 

(Ritchie & Roser, 2018). Due to their light, resilient and low-cost properties, plastics have 

been used in virtually every economic sector (Lee et al., 2013). This has led to irresponsible 

production with over 50% of all the plastic being produced for single-use applications 

(United Nations Environment Programme, 2018), and less than 9% being recycled (OECD, 

2018). Currently, the world generates about 275 million tons of plastic waste yearly 

(Jambeck et al., 2015), of which an estimated 8 million metric tons end-up into the ocean 

(International Union for Conservation of Nature, 2018). Inadequate waste management has 

resulted in an approximately 5 trillion plastic debris (over 260,000 tones) within the world’s 

ocean surface (Thushari & Senevirathna, 2020). This number accounts for both micro-

plastics (debris smaller than 5 mm) and macro-plastics (debris larger than 5 mm). As plastics 

continue fragmenting into smaller debris, the quantity of micro-plastics found in the 

environment will increase.  

The unregulated presence of plastics debris in the environment affects environmental, social, 

and economic dimensions on a global scale (Vince & Hardesty, 2018). Plastics have the 

potential to accumulate in organisms and sediments, carry persistent organic pollutants, leak 

toxic chemicals and additives into their environments and enter the food chain (Barnes et al., 

2009; Geyer et al., 2017; Li et al., 2016; Wang et al., 2020; Yang et al., 2021). Beyond the 

environmental risks plastics represent when wrongfully discarded, they are also a petroleum-

based product, contributing to climate change in both their production and disposal 

(International Union for Conservation of Nature, 2018; Villarrubia-Gómez et al., 2018). 

Greenhouse gas emissions due to plastics are expected to increase in the next thirty years, 

reaching 6.5 GtCO2e by 2050 from their 1.7 GtCO2e evaluated in 2015, which would 

represent 15% of the carbon budget worldwide (United Nations Environment Programme, 

2021). Furthermore, the economic impacts of marine and coastal plastic pollution on tourism 

and fisheries, linked with the cost of cleaning initiatives worldwide has reached between 

USD 6 to 19 billion in 2018, while the loss of natural capital by marine and coastal 

environments due to plastic pollution has been estimated around USD 2,500 billion annually 

(United Nations Environment Programme, 2021). Moreover, cleaning micro-plastics from 

marine and coastal environments is virtually impossible, further limiting an already 

extremely costly and fastidious practice (Cheshire et al., 2009; Dippo, 2012; United Nations 

Environment Programme, 2021).  

Although Asia accounts for approximately 81% of mismanaged plastic waste in rivers and 

oceans, debris can travel great distances from the location where they entered rivers and 

oceans through oceanic currents, eventually settling in deep sea sediments, floating and 

accumulating in ocean gyres or reaching coastal environments (Ritchie, 2021). Plastic debris 

have been recorded in every ocean, including remote places in the Arctic and Antarctica 

(Tekman et al., 2017). While the term “marine debris” includes any man-made item ending-

up in the marine environment due to anthropogenic activities, regardless of whether their 

loss was accidental or intentional (United Nations Environment Programme, 2021), plastic 

items represent the majority of these debris (Onink et al., 2021). In coastal environments, 
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which are the recipient for about 15% of all marine debris (Strand et al., 2015), between 60% 

to 95% of all these debris are made of plastics (Galgani et al., 2015; Poeta et al., 2014). 

Plastic debris fragment at a faster pace once out of the ocean, which increases the risk of 

micro-plastics formation and accumulation in coastal environments (Andrady, 2011; 

Corcoran et al., 2009).  

Beach wracks, which are the deposition of naturally discarded seaweeds and other organic 

matter on beaches, are a key element for coastal ecosystems (Boris et al., 2016; Rodil et al., 

2019). As a link between terrestrial and marine environments, beach wracks are essential to 

food chains and to the dispersal of sedentary organisms, while playing a crucial role in 

nutrient cycling within sandy beaches, which are biogeochemically active (Boris et al., 2016; 

Rodil et al., 2019). Wracks have been explained to facilitate plastics debris entering coastal 

soils and biological organisms by entrapping them from marine to coastal environments 

(Battisti et al., 2020). Once in the soil, plastic debris can affect the soil biophysical properties, 

entire microbial communities, and plant performance which ecosystems depends on (de 

Souza Machado et al., 2019), further impacting the food chain (Sharma & Chatterjee, 2017; 

Yang et al., 2021).  

Iceland is an island nation with almost 5,000 km of coastline (Index mundi, 2020). Linked 

with the fact that 90% of its population live in coastal areas (Environment Agency of Iceland, 

2013; Statistics Iceland, 2021), the country is particularly exposed to environmental risks 

from coastal plastic pollution. However, the phenomenon of coastal plastic pollution has not 

been studied as extensively in Iceland as in other Nordic countries, with a lack of data 

accentuated by uncoordinated organizations using different monitoring guidelines (Bråte et 

al., 2017). Four thesis have been published on coastal plastic pollution in Iceland (Dippo, 

2012; Durovich, 2018; Kienitz, 2013; O'Rourke, 2020), along with two reports written by 

the Environment Agency of Iceland (Umhverfisstofnun) about the six reference beaches they 

have monitored since 2016 (Umhverfisstofnun, 2018). Recommendations from various 

beach monitoring reports worldwide underscore the necessity of sampling the same sites 

regularly throughout the year to obtain relevant data (Sheavly & Register, 2007). However, 

the four studies never monitored their sites outside from summer months (Dippo, 2012; 

Durovich, 2018; Kienitz, 2013; O'Rourke, 2020). Except for one researcher who sampled 

two sites multiple times in Ísafjörður (Durovich, 2018), researchers have only sampled the 

same sites once. The Environment Agency of Iceland is the only organization to consistently 

monitor beaches under the OSPAR guidelines and to publish data (OSPAR Commission, 

2022). A review of the literature shows that there has been no seasonal accumulation survey 

conducted to monitor coastal plastic pollution throughout a whole year in Iceland.  

A mixed-methods approach is used in this thesis to address these gaps in the literature 

regarding data on coastal plastic pollution in Iceland, and the inconsistencies observed in the 

beach monitoring guidelines used in the country. The first component of the research is a 

quantitative data collection following a seasonal accumulation survey, monitoring one site 

on the Krossavík shoreline, in the Snæfellsnes peninsula, throughout one year. The second 

component of the research is a qualitative investigation of the current initiatives addressing 

coastal plastic pollution in Iceland, through a series of interviews. It is argued in this thesis 

that without unified guidelines and cooperation, many organizations are overlooking data 

which could be used for advocacy purpose and to improve ongoing research in Iceland. 

Through mixed methods, this study outlines the potential from both beach clean-ups and 

beach monitoring to contribute to a national and coordinated database on coastal plastic 

pollution, while preventing more plastic to pollute the country’s coastline. 
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1.1 Objectives and research questions 

The overall objective for this thesis was to monitor one site all year-round to establish new 

data around coastal plastic pollution in Iceland, while investigating how the problem has 

been addressed by environmental organizations so far. The use of mixed methods aimed to 

expand the breadth and depth of the research, by investigating this issue through different 

perspectives. 

The quantitative research was conducted to answer the following questions: 

1. What is the fraction of plastic debris among all the debris collected? 

2. How does the quantity of debris vary within and between seasons? 

3. What is the impact of beach wracks in the quantity of debris? 

4. What elements are important to include for developing coordinated guidelines, based 

on this thesis? 

The qualitative research was conducted to answer the following questions: 

1. Are there challenges to collect coordinated data on coastal plastic pollution by the 

environmental organizations working in Iceland? 

2. What type of guidelines are being used by these organizations to monitor and clean 

coastal plastic pollution? 

3. How does the Icelandic government address coastal plastic pollution? 

4. How to improve cooperation and coordination between organizations? 

1.2 Outline 

This thesis is organized between six chapters. Following the introduction, the second chapter 

(Theoretical framework) presents four concepts investigated in the relevant literature: a) 

plastic pollution in Iceland; b) interdisciplinary research; c) guidelines for beach monitoring; 

d) public participation and citizen scientists. Chapter three (Methodologies) outlines the 

research design, with both qualitative and quantitative methodologies, survey site and 

limitations. Chapter four (Results from the data collections) and chapter five (Results from 

the interviews) present the findings from both component of the research. The sixth chapter 

(Discussion and recommendations) outlines the findings and offers recommendations for 

beach clean-up and monitoring in Iceland, as well as suggestions for future studies. Finally, 

the conclusion summarizes the key findings. 
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2 Theoretical framework 

In order to discuss the literature relevant to this thesis, this chapter is divided in four sections. 

First, coastal and marine plastic pollution in the Icelandic context is discussed. Secondly, the 

advantages of using mixed methods to research coastal plastic pollution is explained, further 

addressing the challenges to combine qualitative (non-positivist) and quantitative (positivist) 

research (Eisenhart & Jurow, 2011). Then, to understand their similarities and their 

differences, the multiplicity of guidelines for beach monitoring is explored. Lastly, the 

concept of citizen scientists is discussed in the Icelandic context, presenting public 

participation as a potential opportunity to gather more data. 

2.1 Plastic pollution in Iceland 

Iceland is already affected by coastal plastic pollution, and the fishing industry was 

demonstrated to be an important contributor of plastic debris along the country’s coastline, 

specifically in the Westfjords region (Dippo, 2012; Kienitz, 2012; O’Rourke, 2020; Figure 

1). The fishing industry is responsible for approximately 640,000 tons of discarded fishing 

gear added each year in the ocean worldwide, or 10% of all marine debris globally (Li et al., 

2016; Richardson et al., 2019). This represents a risk on different levels for Iceland. The 

Icelandic economy depends heavily on the fishing industry and tourism (Dippo, 2012; 

Kienitz, 2013; Responsible Fisheries, 2021). The presence of plastic pollution around the 

country impacts pristine coastal environments which the Icelandic tourism industry relies on 

(Grelaud & Ziveri, 2020), and undermines the quality of seafood, which is critical for the 

fishing sector (Government of Iceland, 2021; Soares et al., 2021). With micro-plastics (<5 

mm) and nanoplastics (<100 nm) entering the food chain through the marine biota and 

microbiota (Andrady, 2011), seafood can be impacted due to the biomagnification effect, 

which transfers and increases pollutants’ concentration through trophic levels, becoming a 

health hazard for humans as well (Andrady, 2011; Sharma & Chatterjee, 2017; Soares et al., 

2021; Wang et al., 2020). 
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Figure 1. Location of macro-plastics found around Iceland (modified from 

Hafrannsóknarstofnun, 2019).  

The Marine and Freshwater Institute (Hafrannsóknastofnun) has been reccording plastic 

debris during their expeditions and explained fishing gear to be the main source of plastic 

debris they have retrieved (Hafrannsóknarstofnun, 2019). Although the presence of plastic 

debris along the Icelandic coastline can be partially explained by industrial activities, such 

as fishing, and land-based sources of pollution, they can also be the consequence of both 

winds and ocean currents, bringing debris from other countries (Tekman et al., 2017). 

Although the ocean currents surrounding the Snæfellsnes peninsula have not been the subject 

of many studies, it was established that the warm North Atlantic Drift Current is the main 

water mass, circulating in a clockwise motion, around Iceland (Figure 2) (Valdimarsson & 

Malmberg, 1999; Zhao et al., 2018). The North Icelandic Irminger current originates from 

the North Atlantic Drift Current, branching out to flow by the high end of the Snæfellsnes 

peninsula, and moving from south to north around the west coast of Iceland (Logemann et 

al., 2013; Zhao et al., 2018) (Figure 2). Valdimarsson & Malmberg (1999) demonstrated 

strong seasonal and annual variations in the circulation of the North Icelandic Irminger 

current. Previous researchers hypothesized wind and oceanic currents to be a factor in the 

differences of currents flows observed in West Iceland (Valdimarsson & Malmberg, 1999; 

Zhao et al., 2018), potentially influencing the movement of marine debris (Kienitz, 2013).  

  



18 

 

Figure 2. Oceanic currents surrounding Iceland. Red arrows: relatively warm Atlantic 

water; Dark blue arrows: cold, polar water of low salinity; Light blue arrows: Arctic 

water; Dark yellow arrows: Icelandic coastal current. Grey lines show 200, 500 and 1000 

meters depth contours (modified from Vilhjálmsson, 2002).  

2.2 Interdisciplinary research 

Plastics have become a symbol for consumerism and a linear economy, while intricately 

connected to waste management, and the fossil fuel industry, further raising issues in land, 

freshwater and ocean pollution. This interconnectedness to various situation contexts makes 

plastics a complex subject, which cannot be discussed within a single field of research (Porta, 

2021). Scientific studies can be narrow in focus and inaccessible to the public, undermining 

their recommendations on how to address plastic pollution (Angus, 2020; Shaxson, 2009). 

In this thesis, coastal plastic pollution is explored through both qualitative and quantitative 

research methods, which is an opportunity to consider multiple perspectives on the same 

subject simultaneously (Huutoniemi & Rafols, 2017), further facilitating the formulation of 

recommendations for the management of coastal plastic pollution. 
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Mixed methods studies are defined as a study combining qualitative and quantitative 

elements within one research to allow a wider and deeper understanding of a topic (Steckler 

et al., 1992). Certain complex subjects, such as environmental issues, can benefit from an 

interdisciplinarity perspective (Molina-Azorin, 2016), as a means to prevent gaps in 

knowledge and provide more complete data (Guba & Lincoln, 2005). Mixed methods gained 

attention in the 1980s (Cook, 1985), becoming a more popular concept among researchers 

to enhance the results’ validity and expand the breadth and depth of the research, as well as 

to inspire new methods of problem solving (Johnson et al., 2007). 

Qualitative research methods have been described as a type of performative research aiming 

for collective actions, privileging experiential and participatory knowledge to develop 

contextual understanding (Denzin, 2014). Quantitative research, on the other hand, has been 

understood through a distinction from social perspectives to achieve greater objectivity 

(Steckler et al., 1992). However, in the context of coastal plastic pollution, quantitative 

research can be seen as a performative action, through beach monitoring protocols. Since 

collecting quantitative data requires to remove debris from the shore, it becomes a dual 

activity, engaging with an environmental issue not only through research but also with the 

concrete action of cleaning. In the past decades, different fields of research have been 

inclined to use practice-as-research and interdisciplinary methodologies in a way to engage 

with environmental issues (Haraway, 2016; Shalit, 2016). This can also be seen through the 

growing number of journals publishing and focusing on original mixed methods studies 

(Fetters & Freshwater, 2015). 

Although mixed methods designs have allowed complex issues to be addressed with more 

rigor (Molina-Azorin, 2016), and the benefits exceeded the criticisms (Huutoniemi & Rafols, 

2017), some difficulties and limitations on how to evaluate and implement interdisciplinary 

research in practice should be addressed (Eisenhart & Jurow, 2011). First, the research 

design for mixed methods should be carefully implemented, as the use of different fields’ 

methodologies within one research can lead to validity issues regarding the findings 

(Johnson et al., 2007; Schoonenboom & Johnson, 2017). A second problem can arise in the 

difficulty to assess the quality of a mixed methods study, due to the lack of interdisciplinary 

research guidelines (Huutoniemi and Rafols, 2017). Lastly, a mixed method research’s 

structure can easily be incoherent, through the integration of dual theoretical frameworks, 

methods, and analysis within one academic language (Fetters & Freshwater, 2015). In the 

case of this research, both methods are focused on the same subject. As a result, each 

component complements the others rather than raising issues for the overall structure of the 

research. 

2.3 Beach monitoring  

Beach monitoring has been defined as the activity of monitoring and assessing the presence 

of marine litter in coastal environments, according to specific guidelines to ensure the quality 

and consistency of the data collected (GESAMP, 2019). However, previous studies have 

emphasized how hundreds of different monitoring guidelines have been published 

worldwide, due to a high number of organizations and institutions working separately at 

subnational, national, and international levels on coastal and marine plastic pollution 

(GESAMP, 2019; NOAA, 2021; OSPAR Commission, 1998; Tiller & Nyman, 2018). This 

multiplicity of guidelines has led to uncoordinated database worldwide (GESAMP, 2019; 
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Smith & Turrell, 2021). Moreover, in many guideline reports, the terms "beach clean-up" 

and "beach monitoring" have been used interchangeably. A review of the literature indicated 

that most beach clean-up initiatives were started with the intention to clean coastal areas of 

marine debris without collecting data. The confusion between the two terms can be explained 

by beach clean-up initiatives increasingly monitoring what is being cleaned, to create 

databases and contribute to policy work, becoming similar to a beach monitoring practice 

(Hidalgo-Ruz & Thiel, 2015; Ocean Conservancy, 2021). A common source of data 

collected during beach clean-up events is the overall weight of the debris retrieved (Blái 

Herinn, n.d; Ocean Blue Project, 2021; Surfers Against Sewage, 2021). Beach clean-up 

events often aim to clean areas from all debris, including heavy and large items, such as 

entangled fishing nets, explaining the reason to quantify these items in terms of weight rather 

than count. Although the difference between “beach clean-up” and “beach monitoring” was 

not clearly established in the literature, there are still differences between them, starting with 

beach clean-up initiatives not systematically collecting data.  

Furthermore, by using uncoordinated set of guidelines, the data from beach monitoring 

initiatives have been difficult to compare from one organization to another (GESAMP, 

2019). In Table 1, examples of organizations monitoring coastal plastic pollution at different 

scales and with different guidelines are presented. 

Table 1. Examples of organizations publishing different marine litter survey protocols. 

Program Acronym Source 

Arctic Monitoring and Assessment Programme AMAP AMAP, 2021 

Commission for the Conservation of the Antarctic 

Marine Living Resource 
CCAMLR CCAMLR, 2021 

The Baltic Marine Environment Protection 

Commission 
HELCOM HELCOM, 2018 

International Coastal Clean-up ICC The Ocean Conservancy, 2002 

Nordic Coastal Clean-up NCC Nordic Coastal Cleanup, 2021 

NOAA Marine Debris Program NOAA-MDP Lippiatt, Opfer & Arthur, 2013 

Northwest Pacific Action Plan survey NOWPAP NOWPAP, 2007 

Commission for the Protection of the Marine 

Environment of the North-East Atlantic 

OSPAR 

 

OSPAR Commission, 2020 

 

 

To address the lack of coordinated monitoring programs and the poor database on marine 

and coastal plastic pollution on a global scale, the Group of Experts on the Scientific Aspects 

of Marine environmental Protection (GESAMP) published an extensive report in 2019. The 

report and a review of the literature indicated that although beach monitoring guidelines can 

vary between organizations, they are likely to be based on other guidelines. The most 

mentioned guidelines were the OSPAR (Convention for the Protection of the Marine 

Environment of the North-East Atlantic) or the NOAA (National Oceanic and Atmospheric 

Administration) beach monitoring guidelines (HELCOM, 2018; Nordic Coastal Cleanup, 

2021; Vlachogianni et al., 2017). The OSPAR commission is a large-scale cooperation 

between the EU and 15 governments (including Iceland) to protect the North-East Atlantic’s 
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marine environment, which began monitoring coastal environments through standardized 

guidelines in 1998 (OSPAR Commission, 2021). The NOAA Marine Debris Program was 

implemented in 2006 by the US federal government and has become an important resource 

for marine debris data worldwide (GESAMP, 2019; Lippiatt et al., 2013). 

Guidelines are explained in this thesis under four main criteria in order to compare and 

discuss them: 1) litter categories; 2) sampling unit (size and location of the plot monitored); 

3) sampling frequency; and 4) quantification of the litter (weight, count, or both). Based on 

a review of different beach monitoring guidelines, the litter categories used to monitor 

marine debris can vary from simple formats (e.g., glass, plastic, metal, textile, cardboard) to 

extremely detailed surveys (e.g., OSPAR with 126 litter types divided into 10 litter 

categories (OSPAR Commission, 2020)). In terms of sampling unit, the 100 m transect is 

the most common practice among monitoring surveys (Smith & Turrell, 2021). The 100 m 

transect refers to a plot stretching on 100 meters in length, parallel to the sea line and as wide 

as the shore allows between sealine and backshore. Regarding the sampling frequency, beach 

monitoring can be based on seasonal, monthly, or accumulation surveys (Figure 3). Seasonal 

and monthly surveys are more often recommended than accumulation surveys in beach 

monitoring guidelines as they are less demanding (Lippiatt et al., 2013; OSPAR 

Commission, 2020). Accumulation surveys requires more regular samplings to formulate 

both short and long temporal variabilities, as well as evaluate the litter accumulation 

(Eriksson et al., 2013). 

 

 

Figure 3. Sampling frequency for beach monitoring (modified from GESAMP, 2019). 

Lastly, both count and weight can be used to analyze coastal debris. Although each 

possibility has its own advantages and limitations (Smith & Turrell, 2021), beach monitoring 

guidelines are not always clear on why one quantification system is chosen over the other. 

According to the literature, when debris are required to be sorted under specific categories 

and size range, counting debris is more often recommended than weighting them (e.g., 

OSPAR, NOAA and AMAP guidelines). When no categories or size range are recommended 

for the debris collected, such as during beach clean-up events, marine debris are often 

weighted (Blái Herinn, n.d; Ocean Blue Project, 2021; Surfers Against Sewage, 2021). 

Winter Spring Summer Autumn

Accumulation surveys
- Repeated surveys over 
defined time period 
(monthly, seasonally, anually...)

Monthly surveys
- 1 day monthly
(e.g., NOAA guidelines)

Seasonal surveys
- 1 day quarterly
(e.g., OSPAR guidelines)
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Furthermore, monitoring guidelines can be subjected to differences in climate conditions, 

which often contribute to variations in protocols (AMAP, 2021; Cheshire et al., 2009). 

In Iceland, a total of seven organizations are working on coastal plastic pollution: six NGOs 

and the Environment Agency of Iceland (Umhverfisstofnum) (Table 2). Although 

Landvernd is a major environmental NGO in Iceland and has been taking part in some 

cleaning events in the past, they were not actively taking part in beach clean-ups or 

monitoring at the time of writing. Preliminary research did not allow to establish the beach 

monitoring guidelines followed by these organizations, and almost no data was available 

online. 

Table 2. Organizations working on costal plastic pollution in Iceland. 

 Organization Location Source 

OSPAR OSPAR commission International OSPAR, 2021 

Environment Agency Umhverfisstofnun Iceland Umhverfisstofnun, 2021 

NGO 1 Arctic Marine Conservation Crew Iceland Nordic Coastal Cleanup, 2021 

NGO 2 Blue Army Iceland Blái Herinn, 2020 

NGO 3 Ocean Missions Iceland Ocean Missions, 2021 

NGO 4 Sea Shepherd (Iceland) Iceland Sea Shepherd, 2021 

NGO 5 SEEDS Iceland SEEDS, 2021 

NGO 6 Worldwide friends Iceland Worldwide friends, 2021 

 

On a governmental level, Iceland has begun to address the ever-increasing problem of plastic 

use and plastic waste. The Ministry for the Environment and Natural Resources (ENR) 

issued an action program in September 2020 addressing this specific problem. Divided 

between 18 objectives, the program aims to reduce the use of plastic, increase the recycling 

of plastic, and finally, address plastic in the oceans (Umhverfis-og auðlindaráðuneytið, 

2020). Objective 17, “Hreinsun íslenskra stranda” (cleaning of Icelandic beaches) was in 

preparation throughout the year 2021. 

2.4 Public participation and citizen scientists 

Coastal plastic pollution has been increasingly addressed by governmental and non-

governmental organizations, as well as by individuals, in the form of beach clean-ups and 

beach monitoring (GESAMP, 2019). Members of the public conducting scientific research 

or participating in data collections are referred to as citizen scientists (European 

Environment Agency, 2018). Both beach monitoring and beach clean-ups can be undertaken 

without special equipment or training (GESAMP, 2019; Nelms et al., 2017), allowing the 

general public to be involved, and representing an opportunity to both increase awareness 

on this specific issue, and contribute to more data being collected (Strand et al., 2015).  
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Although no training is required, the data collected by organizations and citizen scientists 

should follow unified guidelines to support advocacy work, as uncoherent databases are a 

global and recurrent issue, due to inconstant sampling and different survey protocols (Barnes 

et al., 2009; Cheshire et al., 2009; United Nations Environment Programme, 2021). Since 

data is a necessary tool for policy decision making, it must be consistent and comparable to 

evaluate and monitor the situation and effectiveness of new regulations implemented by 

governments (Bank et al., 2021). For this reason, more than a dozen initiatives have created 

frameworks for citizen scientists to participate in coordinated monitoring projects around 

coastal plastic pollution worldwide. These initiatives represent an opportunity for the public 

to be a part of current and important research, and help improving the situation through the 

data they contributed (GESAMP, 2019; Tangora Blue, 2021).  

Three example of initiatives promoting citizen scientists demonstrate the potential for this 

format to create coordinated database on coastal plastic pollution. First, the National Oceanic 

and Atmospheric Administration’s Marine Debris Program (NOAA-MDP) developed the 

Marine Debris Tracker mobile app in 2010 (NOAA, 2021). Free to download, the app 

enabled to collect a strong dataset through a growing public participation in the US (Jambeck 

& Johnsen, 2015). In Europe, the European Environment Agency created the Marine Litter 

Watch’s program to promote citizen scientists around beach litter in 2014 (European 

Environment Agency, 2018). The program was designed in collaboration with experts to 

ensure the quality of the data collected. Between 2014 and 2017, a total of 1,627 beach clean-

ups were recorded (European Environment Agency, 2018). In Australia, the Australian 

Marine debris Initiative (AMDI) has established a coordinated database which is used to 

create change at a governmental level, through policy work, and by collaborating with 

industries, while involving almost 200,000 volunteers (Tangora Blue, 2021). 

In Iceland, citizen scientists have been a common practice in glacier monitoring for more 

than a century. The data collected have been published in the research journal Jökull since 

1950 (Jökull Journal, 2013), and in the world glacier monitoring service (WGMS, 2021). 

Most of today’s data are collected by specialists with technological equipment rather than 

by individuals, but volunteers continue to monitor glaciers around the country, witnessing 

their retreats. Although the country’s glaciers are predicted to disappear within a couple of 

centuries due to climate change (Björnsson & Pálsson, 2008), the Glaciological Society of 

Iceland continues to encourage citizens to take part in glacier monitoring by promoting 

scientific research with open lectures, highlighting the importance for people to stay 

interested in what is happening in their surroundings (Dickie, 2018; Jökull Journal, 2013). 

Unlike the glacial retreat, there is still an opportunity to mitigate coastal plastic pollution 

with coordinated monitoring, regular clean-ups events, and public awareness, leading to 

stronger policies and positive actions. Following the Glaciological Society example and the 

different citizen scientists’ programs already successfully implemented around the world, 

innovative and participatory initiatives can facilitate citizen scientists to become involved in 

the plastic issue in Iceland. 
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3 Research methods 

This chapter outlines the research methods used in this thesis. In the quantitative component 

of the research, a beach monitoring protocol was designed to collect data throughout the year 

in Iceland. Emphasis was placed on making it simple enough for citizen scientists to use 

without specific equipment. The qualitative component of the research, mainly based on 

semi-structured interviews, was used to establish a better understanding of the beach clean-

up and beach monitoring initiatives conducted by different environmental organizations in 

Iceland, as well as placing the quantitative findings in the larger context of these initiatives. 

This chapter first describes the field site used for the quantitative data collection. Then, the 

methods for both the qualitative and the quantitative components are explained, outlining 

the survey protocol used for collecting beach debris and presenting the informants 

interviewed. Lastly, the limitations and ethical concerns are discussed.  

3.1 Field site 

The quantitative research was focused on the Krossavík shore, situated on the westernmost 

end of the Snæfellsnes peninsula (Figure 4). Facing the North Atlantic Ocean, the shore is 

adjacent to the village of Hellissandur (population: 368 (City Population, 2021)) and the 

Snæfellsjökull National Park.  

 

 

Figure 4. Krossavík field site, near Hellissandur on the North-West part of the Snæfellsnes 

peninsula (map from maps.google.com). 

The plot used for the data collection was approximately 1000 m2, 50 meters in length 

(parallel to the sea line) and 20 meters wide, from the sea line to the backshore (delimited 
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by dunes and marram grass, Figure 5). However, since the width of a shore can vary 

depending on the tidal coefficient, the sampling was performed between the backshore and 

the sealine found during the lowest tidal coefficient, to keep a similar plot size between the 

data collections (Figure 5). Additionally, the rest of the Krossavík shore (Figure 5) was 

loosely monitored for important variations in wrack presence and plastic quantities. 

 

 

Figure 5. Survey site and difference in the shore’s depth depending on tidal coefficients. 

3.2 Quantitative research methods 

In this study, a seasonal accumulation survey format was followed, with four separate data 

collections conducted on the Krossavík shore. The first data collection lasted 40 days in 

order to create a baseline, with each subsequent collection lasting 20 days. The data 

collections happened respectively in autumn (01 September to 10 October 2020), winter (29 

December 2020 to 18 January 2021), spring (29 March to 18 April 2021) and summer (19 

June 2021 to 08 July 2021). During the data collections, the delimited plot (Figure 4) was 

searched once a day for all stranded human-induced debris. The sampling collections were 

systematically conducted during low tide. As the Krossavík shore is subjected to a semi-

diurnal tide, one low tide and two high tides followed their course between each sampling.  

The 50 m transect used was based on the 100 m transect recommended by the OSPAR 

guidelines (2010). The width of the transect, as recommended by OSPAR, was stretching 

from sealine to backshore, while the length (parallel to sealine) was reduced from 100 m to 

50 m, as monitoring 2,000 m2 for 100 days represented too much work for one person. With 

higher tidal coefficients, the timeframe allocated to search for debris at low tide was 

extended, as it took longer for the tide to reach its lowest point and come back to the 

delimited sealine observed during the lowest tidal coefficient (Figure 4). This ensured more 
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flexibility, as the Icelandic context can present challenging conditions in terms of day light 

and weather conditions during winter months. 

The size range for the debris collected was limited to what could be seen in situ (excluding 

most microplastics), and what could be retrieved and carried (excluding larger, heavier, or 

half-buried objects). In this study, no items larger than 50 cm in length were retrieved. Debris 

half buried or too heavy/large to lift easily were left on shore and their presence was 

documented in field notes. The OSPAR survey guidelines outline the necessity to document 

and analyse the collected debris on-site for most accurate data (OSPAR, 2010). Although 

this study followed the recommendations for photographs and on-site notes, the debris were 

sorted later. This method proved to be better adapted to the Icelandic context, since bad 

weather sometimes prevented to work outside, and wet debris had to be dried before 

weighing. Therefore, all the objects retrieved were washed to remove sand, insects, and 

algae, and then dried after the data collection. In this study, the debris were divided between 

eight categories: 1) Plastic; 2) Ceramic; 3) Glass; 4) Textile; 5) Metal; 6) Cardboard/paper; 

7) Rubber and 8) Processed wood. All debris were counted and weighted within their 

categories. Additionally, temperatures, wind speed, tidal coefficient and wrack cover were 

reported to the survey sheet daily (Table 3). Wind speed and temperatures were found online, 

from the Gufuskálar meteorologic station (Veðurstofa Íslands, 2021). The wrack cover, 

noted in percentage, was systematically estimated within 5% intervals before each data 

collection, to avoid bias.   

Table 3. Survey sheet for data collection. 
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The survey sheet (Table 3) evolved slightly throughout the year based on lessons learnt. 

Some criteria required to be calibrated accordingly to the experience which came from each 

season. For example, the temperatures were not closely monitored, and the debris were 

weighed every five days instead of daily during the first data collection. However, the 

categories and the system to quantify the daily count and wrack presence stayed the same 

for each season. The total results in terms of weight and count for each season could be 
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compared as well. Since this study was focused on relatively small (and light) debris, the 

focus of the analysis was mainly centred on the evolution of the debris’ quantities over time 

rather than the weight of the debris. Therefore, the results linked to the weight will not be a 

focus in the study. 

3.3 Qualitative research methods 

The qualitative component of the research was conducted to identify the challenges faced by 

environmental organisations working on coastal plastic pollution in Iceland, as well as 

comparing the methodologies used to monitor and clean beaches. Semi-structured interviews 

and personal communications were used to assess the work performed by the six NGOs 

working on coastal plastic pollution in Iceland and discuss the new beach clean-up program 

implemented by the Environment and Natural Resources (ENR) ministry (Table 2). 

Information was gathered about the guidelines followed and the type of data gathered. This 

allowed a more critical analysis of the methodology developed in the quantitative 

research. In addition, over thirty reports publishing beach monitoring guidelines worldwide 

were read and analysed to establish a comparison basepoint for the Icelandic surveys 

guidelines encountered during this study (Chapter 2.3).  

A total of seven interviews were conducted with two NGO managers, two NGO founders, 

one NGO director, one Icelandic citizen and two official representatives of the Environment 

and Natural Resources’ ministry. In addition to the interviews, ongoing informal discussions 

with two NGO managers were conducted through email. The seven interviews followed a 

formal semi-structured interview format. Four interviews were recorded, and three were not, 

in-line with the request of the informants. All interviews were conducted in English. The 

consent to be recorded was requested orally at the beginning of each interview and a written 

consent form can be found in Appendix A. As the study was limited in terms of time and 

scope, the snowball technique was used to gather informants from one NGO to another. This 

was appropriate given the small number of organizations focusing on the issue in Iceland. 

The interviews lasted for an average of 45 minutes and focused on the different 

methodologies used by each organization to perform beach clean-ups, their involvement in 

data collections, as well as the participants’ knowledge on coastal plastic pollution within 

Iceland, through personal and professional experiences. The four recorded interviews were 

transcribed and analysed, while in-depth notes were taken during non-recorded interviews. 

A code to refer to each informant was developed (Table 4).   
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Table 4. Informants. 

Code Role Date Location Format 

IC.1 Icelandic citizen 14/02/2021 Hellissandur 
Interview - Informal 

Not recorded 

NF.1 NGO founder 23/02/2021 Online 
Interview - Formal 

Recorded 

NF.2 NGO founder 05/06/2021 Phone  
Interview – Informal 

Not recorded  

NM.1 NGO manager 18/05/2021 Online 
Interview - Formal 

Recorded 

NM.2 NGO manager 02/06/2021 Online 
Interview - Formal 

Recorded 

NM.3-4 NGO managers 04-06/2021 Online 
Informal discussions 

Emails 

ND.1 NGO director 23/06/2021 Online 
Interview - Formal 

Recorded 

GO.1-2 Government officials 30/06/2021 Online 
Interview - Formal 

Not recorded 

 

A review of published reports and documentations from the organizations interviewed were 

conducted beforehand, allowing to establish a clear list of questions on what information 

were missing during the interviews (Crang & Cook, 2007). In addition to the interviews, 

unpublished documents were gathered through email communication with informants. These 

documents were further analysed in relation to the interviews and available information. 

Interviewing key informants about their monitoring strategies should have ideally happened 

in the field, during or after a beach clean-up or monitoring event. This would have given 

more information about the realities of beach cleaning and conditions faced to gather data, 

as well as placing the informants on their own territory, which is always advised 

(Hammersley & Atkinson, 2019). However, the geographical distance between the different 

beach clean-up initiatives, and concerns stemming from the COVID-19 pandemic, meant 

that most took place online. 

3.4 Limitations and ethical concerns 

While this thesis aimed to establish a comprehensive framework around the status of plastic 

pollution in Iceland, some limitations of the quantitative study needed to be addressed. First, 

variability in the quantity of debris can be observed at different locations on one shore. 

Ideally, multiple plots should be researched along the same shore to gather more accurate 

data (Lippiatt et al., 2013). During the four data collection periods performed in this study, 

differences could be noted between the selected plot and the rest of the Krossavík shore. 

Although it could be an important indicator to consider studying, this research was 

conducted by one person, and the workload for multiple data collections was not conceivable 

at this stage. Therefore, only notes were taken of this phenomenon. 
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Secondly, none of the heavy ropes and fishnets were retrieved and accounted for in the 

quantitative data. Without the space and capacity to carry, clean and dry them, only notes of 

their presence could be taken. Moreover, the speed with which ropes became buried in sand 

prevented easy retrieval (Figure 6).  

 

 

Figure 6. Stranded ropes getting buried over four days (spring). 

Lastly, data collections should be conducted on sandy shores according to both the NOAA 

and OSPAR guidelines. However, natural events might lead to changes in the initial 

composition of a shore, and it cannot be predicted nor prevented. The Krossavík shore, 

although entirely sandy in autumn 2020, started to accumulate boulders and gravel in winter 

2020 (Figure 7). By summer 2021, about one fourth of the plot was covered by small 

boulders. However, because of their small size, their presence was not an obstacle to collect 

debris throughout the summer. 
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Figure 7. Evolution of the Krossavík shore’s composition over one year. 

Regarding the qualitative research, three main ethical concerns need to be considered when 

doing ethnographic work: to do no harm, informed consent and to be honest about the 

research (Hammersley & Atkinson, 2019). In this thesis, seven formal semi-structured 

interviews have been conducted, with no participant being part of a vulnerable population. 

For this reason, the risk for unexpected ethical issues was low. A consent request was 

systematically asked orally at the beginning of each interview, and a written consent form 

(Appendix A) was signed by recorded interviewees. The identity of informants was kept 

anonymous in the field notes, interview notes and final report. Since the interviews were not 

focused on the informants themselves and followed the guidelines for Research Ethics 

published by Háskóli Íslands (2014), additional ethical scrutiny was not required for this 

study. 
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4 Results from the data collections 

In this chapter, the results for the quantitative component of the research are presented. 

Between the four data collections, one hundred days were allocated to retrieve man-made 

debris from the research area. The first data collection was conducted in the autumn season 

for 40 days, while the three remaining seasons lasted for 20 days. During this time, 9,154 

debris were found, with a total weight of 37.8 kg (Table 5). From all the debris collected, 

plastic represented 78.5% in terms of pieces count (7,189 plastic debris) and 75.1% in terms 

of weight (28.4 kg). The size range for the debris collected was limited to what could be seen 

in situ (excluding most micro-plastics), and what could be retrieved and carried (excluding 

larger, heavier, or half-buried objects). The largest debris collected was 50 cm in length (part 

of a rope), and the smallest 2 mm in length (part of a buoy).  

The size of the plastic debris was loosely monitored by counting the pieces smaller than 5 

cm in length. Approximately 40% of all the plastic debris collected were smaller than 5 cm 

in length. Most of these debris were light and small macro-plastics, further explaining the 

low weight for the total debris (Figure 8). For this reason, the results explained in this thesis 

are focused on the evolution of the debris’ quantities over time rather than their weight. All 

data can be found in Appendix B.   

 

 

Figure 8. Debris from day 34 in the autumn data collection. 
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Although eight litter categories were presented in Chapter 3.2, only five categories were 

used for subsequent analysis. Categories with less than 20 pieces of debris were not 

considered relevant, as the smaller total count of debris after rubber (19 pieces retrieved), 

cardboard/paper (15 pieces retrieved) and processed wood (2 pieces retrieved) was metal, 

with 117 debris, presenting an important gap (Table 5).  

Some beach wracks observed in the studied area were particularly dense and thick, reaching 

up to 60 cm in height during the autumn season. When such heaps of wracks were present, 

it is possible that not every piece of debris was found, as they could easily be missed, even 

if the wracks were moved, turned, and inspected as thoroughly as possible. 

Table 5. Total count and weight of all debris for each category and seasons. 
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Autumn 3,573 15,350 125 680 332 740 197 3,120 65 695 4,292 20,585 83.2 74.5 

Winter 2,069 5,550 139 580 284 545 109 590 22 90 2,633 7,340 78.0 75.0 

Spring 614 3,630 90 380 231 455 38 350 9 295 982 5,110 62.5 71.0 

Summer 933 3,850 95 245 180 340 18 145 21 180 1,247 4,760 74.8 80.9 

TOTAL 7,189 28,380 449 1,885 1,027 2,080 362 4,205 117 1,260 9,154 37,795 78.5 75.1 
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Figure 9. Debris collected every day in each category for the four seasons. Autumn from 

01 September 2020 (40 days), winter from 29 December 2020 (20 days), spring from 29 

March 2021 (20 days) and summer from 19 June 2021 (20 days). 
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Overall, the autumn and winter seasons showed higher quantities of debris than the spring 

and summer seasons; the spring data collection recorded the lowest number of debris (Table 

5; Figure 9). The plastic category differed from the four other categories, with stronger 

fluctuations and higher quantities of debris in every season (Figure 9). The glass, ceramic, 

textile, and metal categories stayed relatively stable compared to the plastic category, despite 

small fluctuations. The remainder of this chapter is divided into three sections. The first 

explains the findings regarding plastics within and between the four seasons, in relation to 

the beach wracks. In the second section, an overview of the four remaining categories is 

given. The third section outlines the presence of plastic debris from the fishing industry. 

4.1 Beach wracks and plastics  

Previous studies focusing on coastal plastic pollution worldwide have demonstrated that 

more debris accumulates on the wrack line and within beach wracks (Battisti et al., 2020; 

Corcoran et al., 2009; Robbe et al., 2021). The seasonal accumulation survey enabled a study 

of fluctuations in the quantity of both plastic debris and wracks for many days in a row within 

each season, facilitating the formulation of a correlation between the two. A strong positive 

correlation occurs between the plastic category and the wracks (Figures 10 and 11), 

explaining the fluctuations seen in Figure 9 for this category. In this section, the results for 

each season are outlined individually, in relation to the beach wracks. Then, findings from 

the cumulated four seasons and the relation between beach wracks and plastic debris are 

explained.  
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Figure 10. Wrack cover (%) and plastic debris (count) for the four seasons. Autumn season 

lasts for 40 days and subsequent seaons for 20 days.  
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Figure 11. Relationship between plastic debris (count) and wracks cover (%) in the 1000 

m2 research area for each season. All p-values are smaller than 0.0002. Autumn season 

lasts for 40 days and subsequent seasons for 20 days. 
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4.1.1 Results by season 

There is a clear relation between the amount of plastic debris and wrack cover (Figure 10). 

There are also some clear variations in the amount of plastic debris when there is no or very 

little wrack cover (Figure 10). There was always some plastic debris present on the 

Krossavík shore during this study, even without beach wracks. As mentioned in Chapter 2, 

currents and winds can be responsible for marine debris entering coastal environments and 

are subject to annual and seasonal variations. This could explain the presence of debris in 

the absence of beach wracks and the low variations in their quantities within the seasons, in 

the absence of wrack cover. Considering the impact beach wracks have demonstrated on the 

quantities of plastic debris, and assuming that there are no plastics due to wrack when no 

wrack coverage is present, since these debris can be attributed to processes such as currents 

and winds, a linear fit to the data was performed (Figure 11). Hence, the slopes for each 

season were forced at a (0,0) intercept to find the best fit (Figure 11). 

Autumn 

The autumn data collection differed from the three subsequent seasons, as it lasted for 40 

days instead of 20 days (01 September 2020 to 10 October 2020). Depending on which 

season system is used (the astronomical or meteorological season system), the autumn 

season is either starting on 01 or 22 September (Royal Meteorological Society, 2021). As 

the first two weeks of the autumn data collection presented summer weather conditions, it 

can be argued that the autumn data collection was conducted during the transition from 

summer to autumn, and that the longer timeframe presented an opportunity to observe the 

impacts of the changing weather on the plastic debris’ quantities and beach wrack coverage. 

The first 15 days presented good weather conditions, and the beach wracks did not cover 

more than 10% of the studied area. During these 15 days, the number of plastic debris 

retrieved remained low and stable with small fluctuations, and a maximum of 44 pieces per 

day (Figure 10). Between day 15 and 16, a storm with strong winds (25m/s) marked a change 

in weather conditions. The beach wracks became thicker and denser, covering up to 100% 

of the shore. The quantity of plastic debris found within the plot began to increase and 

decrease accordingly to the wrack fluctuations, with a correlation coefficient of 0.93 (noted 

as R2; Figure 11). These rapid, sometimes considerable changes could happen overnight 

(Figure 10). With the plot entirely covered by new wracks on day 17, the number of plastic 

debris increased from 49 the day before to 230 (Figure 10).  

Winter 

The correlation coefficient between wrack and plastic debris during the winter data 

collection was 0.92 (Figure 11). Although still very high, it was the lowest correlation 

coefficient recorded. The wracks observed during winter were thinner and more sparsely 

distributed than the ones seen in autumn (Figure 12), and despite relatively low wrack 

coverage (<65%), the highest number of debris collected for all seasons happened during 

winter, with 306 plastic debris on day 19, with a wrack coverage of 65%. This high number 

may be explained by the presence of a thicker wrack on this day, similar to the wracks 

observed in autumn, linked with stormy weathers. This could further explain the difference 

of 238 plastic debris recorded between day 18 and 19, which was the highest count difference 

recorded between two days. During the winter and spring seasons, the temperatures regularly 

dropped below 0 °C, with occasional snowfalls. As the snow never accumulated on the shore, 
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it did not prevent the data collections. However, most debris were frozen on the shore when 

the temperature were low. While the frozen debris were still retrieved, it suggests that lower 

temperatures can prevent some debris to be blown away by the wind, either back in the ocean 

or further inland and could have resulted in more debris collected during lower temperatures. 

 

 

Figure 12. Wrack density: high density versus scattered seaweed. Left- autumn; right-

winter. 

Spring 

The spring data collection recorded the lowest amount of plastic (<86 debris per day) and 

wracks (<50%), but the correlation between the two factors remained strong (R2=0.94; 

Figure 11). Differences in the wrack coverage and plastic debris could be observed across 

the entire Krossavík shore, as mentioned in Chapter 3.4. For example, dense wrack coverage 

with visible debris could be observed outside the studied plot throughout April. On day 11, 

with no wrack in the studied area, only 9 plastic pieces were found. A 1 m2 plot was randomly 

chosen within the wrack further down the shore for a fast comparison. Twelve pieces of 

plastic were retrieved within this 1 m2 plot, opposed to 9 pieces within the 1,000 m2 studied 

area, demonstrating strong spatial variation of the debris’ quantity on the shore. This 

phenomenon was observed in both spring and autumn. During autumn, the wrack coverage 

observed further down the shore was lighter than in the plot studied. Although this is still 

linked to the correlation between wrack and plastics, it demonstrates how beach monitoring 

focusing on only one day per season and one plot per beach is not enough to evaluate the 

seasonal variations, and the status of coastal plastic pollution in a specific location. 

Summer 

The summer season presented a significant wrack coverage and the strongest correlation 

between plastic and wrack (R2=0.97; Figure 11). However, the quantities of plastic debris 

were much lower than during the 25 last days of the autumn season and the winter season, 

and closer to the first 15 days of the autumn season and spring season. This phenomenon 

may be partially explained by the absence of storms, slower winds, and lower tidal 

coefficients. Since debris were found in lower quantities despite high coverage of wracks 
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during summer, it is plausible that these external factors were responsible for this 

phenomenon. However, a study of these factors goes beyond the scope of the present thesis. 
Outside of Iceland, studies have also found lower quantities of plastic debris during the 

summer months and hypothesized weather conditions to be a cause (Grelaud & Ziveri, 

2020). During summer, the Krossavík shore presented little to no wracks outside the studied 

area and similarly low amount of debris. 

4.1.2 Results between seasons 

The lower quantities of plastic debris collected when the wrack coverage was less than 10% 

occurred in all seasons. With less than 10% of the plot covered by wracks, plastic debris 

never surpassed 50 pieces per day (Figure 10). However, plastic debris were found every 

day, whether a wrack was present or not. Although almost all the fluctuations in the plastic 

debris’ quantities were linked to changes in the wrack coverage, the approximate number of 

plastic debris attributed to a wrack coverage varied between the seasons. In the winter data 

collection, plastic debris were found in high quantities, even with lower coverage of wracks. 

In summer, low quantities of debris were found, despite high coverage of wracks. This 

demonstrates that the percentage of the shore covered by wracks does not indicate a 

definitive number of debris, although the correlation is still strong. According to the data 

collected in the 1000 m2 studied area, about 2.6 plastic pieces can be expected by percentage 

of wrack coverage during the autumn season, 2.8 plastic pieces during winter, 1.7 during 

spring and 1.2 during summer (Figure 11). This indicates that the quantity of debris can 

drastically change between seasons, potentially doubling, even tripling, from summer to 

winter.  

Beach wracks appeared to facilitate both plastic debris entering coastal soils and plastic 

fragmentation once washed on a shore. In this study, the debris retrieved from old wracks 

were often smaller and more fragile than debris found in new beach wracks or on the sand. 

However, even in new wracks, a lot of the debris retrieved were small and light. Wave action, 

sand and wrack friction, fauna activity and UV radiation can explain the accelerated 

degradations of plastics once on a shore (Andrady, 2011; Corcoran et al., 2009). During this 

study, numerous heaps of seaweeds were observed through their natural decomposition 

process, within and outside the studied area. Depending on a wrack’s thickness and location, 

the weather and the tidal coefficient, the decomposition process can take different amount 

of time. With high tidal coefficient and storms (as seen during winter months), a wrack could 

disappear within days (by getting buried in sand or washed back in the ocean). However, 

with low tidal coefficients and better weather, wracks were slowly pushed to the backshore, 

forming a “wall of seaweed” (as seen during summer months; Figure 13). Without waves 

and tidal movements facilitating the decomposing process, beach wracks could accumulate 

in the backshore and remain there over the course of weeks before being entirely buried. The 

debris found in old beach wracks were often difficult to retrieve, as they seemed fused with 

the dried seaweeds and broke easily when detached (Figure 14). The plastic debris entangled 

in the beach wrack were becoming buried and entering coastal soils at the same time as the 

wrack.  
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Figure 13. "Wall of seaweed" observed in the backshore of the plot (summer). 

 

 

Figure 14. New wrack versus older, dried wrack. 

4.2 Glass, ceramic, textile and metal debris 

Concerning the glass, ceramic, textile and metal categories, the number of debris recorded 

suggests that their deposition was stable within the seasons, with small fluctuations between 

seasons (Figure 15). Higher quantities of debris were recorded during the autumn and the 

winter seasons, as for the plastic category, with the lowest numbers being found during the 

spring season (Table 5). The quantities retrieved overall were much lower than that of 

plastics (78.5%). Glass accounted for 11.2% of all debris, ceramics for 4.9%, fabric for 3.9% 

and metal for 1.2%.   
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Figure 15. Results for the ceramic, glass, metal, and textile categories during each season.  

Same as Figure 9 without the plastic category. 
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Glass and ceramic 

Glass and ceramic debris were found in slightly higher quantities and with more fluctuations 

than the other two categories (Figure 15). However, the fluctuations were not as large as for 

the plastic category, and the glass category did not surpass 30 pieces per day. Most of the 

fluctuations observed for glass and ceramic categories could be explained by the presence 

of gravel on the shore. Glass and ceramic were found in higher quantities when gravel 

patches appeared in the plot as these debris behaved similarly to small rocks. Glass and 

ceramic were found mainly on the sealine, with exceptions when gravel patches formed 

further up the shore. Glass and ceramic debris were rarely found entangled in beach wracks, 

but were rather often found under the wracks, on the sand or gravel patches. The presence 

of thick wracks on the sealine could be an obstacle to find all the glass and ceramic debris, 

biasing some of the results. 

Metal and textiles 

No strong fluctuations for textiles and metal were observed within the seasons. Metal did 

not surpass 8 pieces per day, and textiles did not surpass 15 pieces per day. Metal debris 

were mainly from cans and other light packaging. Heavier, rusty pieces were sometimes 

retrieved, and the origin was often difficult to identify. The quantity of textile debris (and 

their size) decreased throughout the year (Table 5). A review of the literature did not reveal 

any explanations for this decrease. It should be further noted that not all of the items grouped 

in the textile category were made from the same material. Most of these debris were synthetic 

pieces of textile, closer to plastic in their chemical composition, while others were made 

from natural fibbers, such as cotton or wool. Without a scientific analysis of these debris, 

the chemical composition and potential environmental impacts of the debris from the textile 

category remained unclear.  

Overall, the glass, ceramic, textile, and metal categories did not fluctuate significantly 

throughout the year.  

4.3 Plastic pollution and the fishing industry 

In addition to the eight litter categories explored in this study, debris related to the fishing 

industry were also counted independently, to better understand the role the fishing industry 

plays in coastal plastic pollution around Iceland. Buoy pieces were counted independently 

from the eight categories during each season, and fishing nets and ropes in the last two 

seasons. Debris from buoys were found on 97 days out of 100 days, often in large quantities 

(Figures 8 and 16). During the four seasons where data collections were performed, one large 

heap of fishing nets and ropes appeared within the studied area in spring 2021 (Figure 6), 

while one was already present in autumn 2020. Both heaps were still present in July 2021, 

although most of the ropes were buried in sand and not always visible, depending on tides 

and sand movement. 

Without accounting for any ropes or fishing nets, buoys debris alone accounted for 14% of 

all the plastic debris retrieved, and over 11% of all the debris. Across the European Union, 

it was estimated that 27% of plastic debris were related to the fishing industry (European 

Parliament, 2019). As most of the larger items which were not accounted for in this study 
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were related to the fishing industry (e.g., heaps of fishing nets), this suggests that the fishing 

industry might be a larger contributor to coastal pollution on the Icelandic coastline than the 

rest of Europe (Dippo, 2012; Kienitz, 2013; O'Rourke, 2020). Lastly, most of the micro-

plastics pieces retrieved in this study were part of buoys debris (Figure 17).  

 

 

Figure 16. Fishing buoys debris from the autumn data collection (557 pieces). 

 

 

Figure 17. Large micro-plastics and small macro-plastics from fishing buoys (spring data 

collection). 

Half a dozen fish bait labels were found entangled with fishing nets, giving further 

indications on the time these items have spent in the ocean (Figure 18). The expiration dates 

varied from the year 2014 to 2016. 
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Figure 18. Bait label, with expiration date for 2016. 
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5 Results from the interviews 

In this chapter, the results from the qualitative component of the research are presented. 

Firstly, the general response to plastic pollution is explained, analysing the tendency to clean 

shores without collecting data. Secondly, the challenges for NGOs to coordinate their 

initiatives and incorporate beach monitoring as standard practice are underlined. In the last 

section, two key elements for a collaborative and coordinated beach monitoring program, as 

explained by the informants, are presented. The first key element is the upcoming 

governmental program for coastal plastic pollution, outlining the importance of 

governmental involvement in the plastic issue. The second key element is the difference of 

guidelines used to clean and monitor plastic pollution by the different organizations 

interviewed. All guidelines are compared to the OSPAR guidelines, and the survey 

developed tested in this thesis, while the absence of a platform to share data is outlined. 

Informants are referred to accordingly to the code presented in Chapter 3.3 (Table 4).  

5.1 Response to plastic pollution in Iceland 

In Iceland, some inhabitants still remember when plastic first arrived on beaches, with an 

informant witnessing the first marine debris washing ashore as early as the 1970s in the 

Snæfellsnes peninsula (IC.1). One Icelandic citizen, who has lived near the Krossavík shore 

since the early 1960s, recalled that glass was the first man-made material to become stranded 

along the beaches (IC.1). This was followed by plastic fishing gear, starting in the early 

1970s. The fishing gear was collected during the weekends by local families and sold back 

to fishermen (IC.1). This activity was not only an opportunity to keep shores clean, but it 

was also profitable for all parties involved. Plastic containers (such as soap containers) and 

other ‘trash’ started to wash ashore between 1980 and 1990 (IC.1; NF.1). Such debris could 

not be reused, sold, or recycled, so they were left on the shores. As a result, coastal plastic 

debris began to accumulate, and cleaning shores no longer became an activity performed for 

economic incentives. Some inhabitants continue to clean shores, either individually or by 

volunteering with NGOs. Unlike the early decades of plastic pollution, there are now few 

incentives for beach clean-ups beyond keeping the environment clean.  

The first NGO to address plastic pollution in Iceland, The Blue Army, was founded over 26 

years ago. Since then, five additional NGOs – The Arctic Marine Conservation Crew, Ocean 

Missions, Sea Shepherd, SEEDS and Worldwide Friends – and the Environment Agency of 

Iceland (Umhverfisstofnun) have begun cleaning and monitoring coastal plastic pollution in 

Iceland. Each organization has been addressing the problem with different methods and 

objectives (Table 6). “Beach clean-ups” and “beach monitoring” were used as 

interchangeable terms by the interviewees, without making a distinction between the two 

(NF.1; NF.2; NM1; NM2; GO.1). While beach monitoring was explained as a practice 

prioritizing data collection (GESAMP, 2019), beach clean-ups can be used to keep shores 

plastic-free without collecting any data (NF.1; NM.3; ND.1). Some NGOs and the 

government did not make this distinction or reflect on the importance of data for policy and 

decision making (NF.1; NM.3-4; ND.1; GO.1-2). Of the six NGOs, three have focused their 

efforts on cleaning and maintaining shores plastic-free, with relatively low or no interest in 

data (NF.1; NM.3; ND.1). At the time of writing, only one NGO and the Environment 

Agency of Iceland were publishing data on beach debris. Informants explained that until 
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now, the overall focus in Iceland has been on cleaning, rather than monitoring what is being 

cleaned (NF.1; NF.2; NM.3-4; ND.1; GO.1-2).   

Volunteers operating within NGOs typically clean large areas of beaches for the immediate 

visual reward of a clean shore, rather than spending time sorting, counting and/or weighing 

debris from smaller plots (NF.1; NF.2; NM.3-4; ND.1). Pride is taken from maintaining 

coastal environments in their pristine state (NF.1; NF.2). However, there was an 

acknowledgement among some interviewees that beach clean-ups are not a sustainable 

solution to address coastal plastic pollution (NF.1; NM.1; NM.2). Many informants pointed 

out that removing plastic that has already been discarded can only be considered as a short-

term response for a global crisis (NF.1; NM.1; NM.2; ND.1; IC.1). An NGO worker 

explained that the actual cleaning of beaches is “the smallest point of the whole thing" 

(NM.1), while an NGO director compared cleaning plastic to “trying to patch a broken 

leaking jar of water” (ND.1). Two NGOs managers stressed that while cleaning shores is 

necessary, it should not be the end-goal (NM.1; NM.2). The current response to coastal 

plastic pollution in Iceland was described by NGOs workers as “a very big fight” (NF.1), 

“frustrating” (NM.2), “not enough being done” (NM.1), or simply put: “difficult” (ND.1).  

The interviews indicated that coastal plastic pollution in Iceland has mostly been handled by 

environmental NGOs and volunteers, in the form of beach clean-ups. The difficulties 

expressed by the NGOs interviewed to coordinate their efforts are explained in the next 

section. 

5.2 Lack of support 

The difficulties faced by NGOs in recent decades to coordinate their work and monitor their 

progress with data in Iceland are explained in this section. The informants demonstrated how 

the general lack of support—in the form of insufficient funding, poor media visibility and 

lack of collaboration—has undermined short-term efforts to respond to coastal plastic 

pollution.  

The lack of public awareness has been a point of concern for many NGOs (NF.1; NM.1; 

NM.2; ND.1). Four informants declared during their interviews that the NGOs they work for 

were founded due to frustration that nothing was being done (NF.1; NF.2; NM.1; NM.2). 

Surprisingly, some NGOs were unaware of the diversity of organizations already working 

on this subject in Iceland, indicating a serious lack of communication, as well as a poor 

media visibility. One NGO manager reported that raising awareness among the public was 

difficult, as “it is very hard to actually get the municipality engaged” (NM.2). Some schools 

that were approached by NGOs refused to accept free courses on plastic pollution for their 

students, explaining that “they are not interested” (NM.2). In the Snæfellsnes peninsula, one 

informant further explained that many requests to place trash bin near shores to facilitate 

cleaning had been either ignored or refused by the Snæfellsbær municipality (IC.1). 

Although it has been almost three decades since the first NGO cleaning plastic from coastal 

areas in Iceland was founded, the plastic issue has only recently been brought to the attention 

of the Icelandic population by the media and the government (NF.1; NM.1; NM.2).  

The absence of funding and resources was another recurrent theme in the interviews, with 

significant inequalities between the NGOs. At the time of writing, the government had not 
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contributed funding to addressing coastal plastic pollution (GO.1). Five NGOs confirmed 

that most or all their funding came from the private sector (NF.1; NF.2; NM.1; NM.2; ND.1). 

Additionally, some NGOs that work on a wider variety of issues were able to redistribute 

funds from other projects towards beach clean-ups (NM.2; NM.3; ND.1). While some NGOs 

have a large number of volunteers, up to 2,000, other NGOs depend on far more limited pool 

of volunteers, sometimes numbering less than a dozen (NM.1; NF.1; NF.2; ND.1). In the 

absence of sponsors or volunteers, many NGOs have lowered their ambitions and, in some 

cases, halted operations (NF.1; NM.1; NM.2; NM.3; ND.1). In the case of beach clean-up 

events, multiple interviewees explained that two NGOs have been sharing volunteers to help 

smaller NGOs when possible (NF.1; NF.2; NM.4; ND.1). While these inequalities have led 

to some collaborations between NGOs, it was always for cleaning events, rather than data 

collection. Except for one informant who was reluctant to work with other organizations, the 

idea of collaboration was well-received by the interviewees. As one manager said, “if we 

collaborate, and work together, and talk to each other, we can absolutely move 

mountains” (NM.1). However, when ask if any collaboration attempts had been made 

between NGOs, some informants said to be busy with their own work and assumed that other 

NGOs were in the same situation (NF.2; NM.2).  

Moreover, negative comments regarding the work of other NGOs were commonly expressed 

during the interviews. Direct and indirect mentions of rivalry can further explain challenges 

to collaboration and coordination (NF1; NF2; NM1; NM2). Two NGO managers mentioned 

the irony of competing over a common goal, commenting that “it is not like we are 

competing for trash” (NM.2). While it is true that no one is fighting over marine debris, the 

lack of public acknowledgement for each organization’s work, linked to wanting credit for 

their accomplishments may exacerbate tensions (NF.1; NM.1; NM.2; ND.1). Collaborations 

have often been limited to sharing volunteers, which has fed into the conversations about the 

lack of resources, and the possibility of competing over governmental or private funding 

(NF.2; NM.1; NM.2; NM.3-4). The difficulty of operating in an environmental NGO without 

governmental funding was clearly explained by the informants, who expressed a growing 

impatience toward the government (NF.1; NM.1; NM.2; ND.1).  

The findings presented in this section indicate that a lack of communication, funding and 

publicity are the main challenges for successful collaborations between NGOs on initiatives 

to address coastal plastic pollution. Despite this, the informants shared a common 

determination to create a long-term plan to address coastal plastic pollution in Iceland (NF.1; 

NF.2; NM.1; NM.2).  

5.3 Monitoring coastal plastic pollution 

All the informants working in NGOs highlighted at least one out of two aspects they 

considered crucial for a long-term project on coastal plastic pollution. The first was the 

necessity for the government to be involved in the issue (NF.1; NF.2; NM.1; NM.2; 

ND.1). The second was the need for coordination among NGOs, starting with a single set of 

beach monitoring guidelines, and aiming at developing a unified database (NF.2; NM.1; 

NM.2). In this section, the upcoming governmental coastal clean-up program is explained. 

Then, the guidelines currently followed by all the organizations interviewed are compared 

to outline their differences and potential similarities. 
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5.3.1 Government action plan 

In 2019, the government of Iceland made coastal and marine plastic pollution a priority as 

Chair of the Arctic Council (2019 - 2021). The Arctic Council, in collaboration with 

Protection of the Arctic Marine Environment (PAME), created a Regional Action Plan on 

Marine Litter in 2019 (PAME, 2021). An international symposium on Plastics in the Arctic 

that was scheduled for 2020 in Reykjavík but was postponed until spring 2021, and later 

transitioned into a webinar due to the COVID-19 pandemic. A few NGOs referred to the 

event, as they had been scheduled to speak during side events (NF2; NM1; NM2). However, 

after the scheduling changes none were able to participate (NM.1; NM.2). During the 

symposium, 55 researchers presented their work, with several underlining the importance 

for coordinated guidelines and data collections (PAME, 2021). The conferences, which were 

recorded, are still available to watch online (PAME, 2021). One informant reminded than in 

Iceland, the focus should be to address “the absolute lack of data” (NM.1). 

While NGOs expressed frustration towards the Icelandic government for their lack of 

financial support and acknowledgement of the plastic issue (NF.1; NM.1; NM.2; ND.1), the 

Environment and Natural Resources (ENR) ministry has been working on a national 

program since 2019. In September 2020, an action plan on the plastic issue in Iceland 

(“Aðgerðaáætlun í plastmálefnum”) was published by the government. Objective 17 

(“Hreinsun íslenskra stranda”), aiming to clean Icelandic shores from plastics, was supposed 

to be implemented from 2021 to 2025, with a budget of ISK 150 million (Umhverfis-og 

auðlindaráðuneytið, 2020). The report proposed to delegate the project to “NGOs in this 

country that are willing to oversee the project. This can be one or more organizations that 

take on the project together” (Umhverfis-og auðlindaráðuneytið, 2020, p. 30). However, 

nearly a year after its publication, the project was still under preparation. In May 2021, one 

NGO manager repeatedly tried to apply to be part of the program but was told by the ENR 

ministry that they were “still thinking about it” (NM.1). In June 2021, two of the NGOs 

interviewed had still never heard of the action plan (NM.2; ND.1). Three NGOs were 

familiar with the project, with two NGOs confirming being in contact with the government 

(NF.1; NF.2), but with only one feeling “very optimistic that this is going to happen” (NF.2). 

One informant summarized the overall impatience and scepticism voiced by many NGOs, 

commenting “I will believe it when I see it” (ND.1).   

As the project was still in a preliminary stage in June 2021, little information about the future 

program could be divulged during the interview with two representatives of the ENR 

ministry. Although not much was clarified about the program, the main stated objective was 

to clean beaches. They conceded that “data collection might be useful” (GO.1), although 

cleaning was still their principal concern. Outside from the beach monitoring program 

conducted by the Environment Agency of Iceland, in collaboration with municipalities, 

universities and research centres on six beaches in Iceland (Umhverfisstofnun, 2018; 

Umhverfisstofnun, 2021), the Icelandic government had not been directly involved in 

collecting data, and at the time of writing, had not contributed funding towards beach clean-

ups within NGOs (GO.1).  

The informants from the ENR ministry requested suggestions for their new beach clean-up 

program after the interview, based on this thesis’ findings. A report was written by the 

author, highlighting the necessity to include beach monitoring and data collections in the 

current beach clean-up format, as well as the importance of implementing a collaborative 

structure to the program. The recommendations, based on the interviews and data collections 
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from the Krossavík shore, promoted the need for a coordinated national database on coastal 

plastic pollution and the opportunity this program presented to do so. 

In early September 2021, emails exchanges with one governmental informant confirmed that 

the beach clean-up program was in its final stage of preparation, and that all the 

environmental NGOs had been contacted during the summer (GO.1). On 21 September 

2021, a declaration of cooperation between five NGOs—The Blue Army, Landvernd, Ocean 

Missions, SEEDS and Worldwide Friends—the Environment Agency, and the ENR ministry 

was publicly signed, confirming the creation of a five-year governmental beach clean-up 

program with a ISK 150 million budget. The stated objective was “to clean the whole 

coastline” (GO.1), and to promote awareness through “educational material and information 

on prevention of plastic pollution in the oceans” (GO.1). Furthermore, it was explained that 

the program’s progress would be assessed visually (GO.1). 

The creation of a collaborative program between the government and NGOs to address 

plastic pollution is a crucial first step, as many informants had shared their desire to create a 

coordinated national program, with the support of the government (NF.1; NF.2; NM.1; 

NM.2). However, as the upcoming governmental program on coastal plastic pollution is 

structured in a beach clean-up format, with no data involved, it appears to be out of line with 

the advice of scientists to include data collection.   

5.3.2 Guidelines and data publication 

In this section, the guidelines followed by the six NGOs interviewed and the Environment 

Agency (Umhverfisstofnun) are compared, using the OSPAR guidelines as a reference point. 

OSPAR guidelines are used as they are internationally recognized and were frequently 

referenced in six interviews (Table 6). The survey developed and followed in this thesis is 

also visible in Table 6. The guidelines are compared in terms of focus, litter categories, 

sampling unit, sampling frequency and data quantification, as previously explained in 

Chapter 2.3.  
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Table 6. Comparison of different beach monitoring guidelines used by OSPAR, the 

Environment Agency of Iceland, NGOs and the survey from this thesis. 

Organizations Focus Litter categories 
Sampling 

Unit 

Sampling 

frequency 

Quantification 

Weight Count 

OSPAR (reference) Data 
10 categories 

126 sub-categories 

100 m 

transect 

1 day per season 

(Every 3 month) 
No Yes 

Environment Agency 

(Umhverfisstofnum) 
Data 

OSPAR categories 

and sub-categories 

100 m 

transect 

1 day per season 

(4 beaches)  

 

1 day per year 
(3 beaches) 

No Yes 

Survey from this 

thesis 
Data 

8 categories 

No sub-categories 

50 m  

transect 

20 consecutive 

days per season 
Yes Yes 

1 

Arctic Marine 

Conservation 

Crew 

Data 
9 categories 

20 sub-categories 

100 m 

transect 

Mostly summer - 

Inconsistent 

sampling 

Total 

Weight 
Yes 

Cleaning 

2 Blue Army 

Cleaning  

None 

No 

consistent 

unit 

Mostly summer - 

Inconsistent 

sampling 

Total 

weight 
No 

Awareness 

3 Ocean Missions 
Data 

OSPAR categories 

No sub-categories 

100 m 

transect 

Mostly summer - 

Inconsistent 

sampling 

Yes Yes 
Education 

4 
Sea Shepherd 

Iceland 

Cleaning 
6 categories 

Some sub-categories 
No unit 1 day per season Inconsistent 

Data 

5 SEEDS Cleaning 
4 categories 

No sub-categories 

No 

consistent 

unit 

Mostly summer - 

Inconsistent 

sampling 

Inconsistent 

6 
Worldwide 

friends 

Data OSPAR categories 

Some sub-categories  

100 m 

transect 

All year - 
Inconsistent 

sampling 

Yes Yes 
Cleaning 
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Litter categories  

The litter categories recommended by OSPAR include 126 predefined litter items within 10 

different materials (plastic/polystyrene, rubber, cloth, paper/cardboard, wood, metal, glass, 

pottery/ceramics, sanitary waste, and medical waste). Informants explained that this category 

system is too ambitious to be conducted by volunteers on a regular basis (NF.1; NM.4). 

Except for the Environment Agency of Iceland which has been following their guidelines, 

only two organizations (Ocean Missions and Worldwide Friends) have been following the 

10 litter categories used by OSPAR. The Arctic Marine Conservation Crew and Sea 

Shepherd are using modified guidelines based on OSPAR, while the Blue Army has no 

specific categories.  

Sampling unit  

The 100 m transect is defined by measuring 100 meters parallel to the sealine. However, the 

length from sealine to backshore is not defined, as each shore can have different dimensions 

(OSPAR, 2010). Recommended by both the OSPAR and the NOAA guidelines, the 100 m 

transect was used by half of the NGOs and the Environment Agency of Iceland. Most 

informants said to use the 100 m transect for its simplicity (NM.1; NM.2). NGOs focusing 

their efforts on cleaning larger areas, such as entire beaches, did not calculate a specific area. 

Sampling frequency  

The sampling frequency recommended by OSPAR is one day every three months (one day 

per season). It is also advised to monitor the same shores over the course of multiple years, 

on the same days each year (OSPAR, 2010). However, the interviews indicated that the 

beach clean-up and monitoring events conducted by Icelandic NGOs are rarely consistent 

throughout the seasons and years. An emphasis on summer months was explained to be a 

consequence of bad weather, as snow and storms can prevent data collections in winter 

(NF.1; NM.2; NM.4). However, some NGOs disagreed and assured it was possible to collect 

data all year-round in Iceland (NF.2; ND.1). Moreover, most NGOs frequently change 

locations and clean different shores. The Environment Agency is the only organization to 

systematically sample the same shores annually (Umhverfisstofnun, 2018).  

Litter quantification  

Marine debris can be quantified by counting the number of pieces or by weighting them. The 

OSPAR guidelines recommend counting the debris within each litter categories, which is the 

most used quantification system (Lippiatt et al., 2013). The OSPAR guidelines further 

recommend sorting and counting debris on the shore. During the interviews, the weather 

conditions were often explained to be the reason for not quantifying the debris (NF.1; NM.4; 

ND.1). The difficulty to sort debris on a beach during bad weather was not the only issue, as 

some NGOs explained that they might lack the time, volunteers, and indoor space to sort the 

debris collected, which led to inconsistent quantifications (NF.1; NM.1; NM.4; ND.1).  

Data publication 

The interviews demonstrated a lack of consideration and coordination among NGOs on data 

publication. When asked if they collected or published any data from beach clean-ups, one 

NGO director admitted having “never thought of [publishing data]” (ND.1). Three NGOs 
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mentioned that they do not publish their data (NF.1; NM.3-4; ND.1). Two other NGOs 

flagged their intent to do so in the near future (NF.2; NM.1) and two are publishing data on 

different platforms (NM.2; GO.1-2). Furthermore, when data is presented, it is often reported 

as broad numbers for an entire year divided into differently defined categories, which makes 

it difficult to compare data across organisations and gain a better understanding of the overall 

situation. Two informants, trained as biologists, explained that collecting and publishing data 

is crucial for advocacy purposes. Informants further reminded that in order to “gather 

scientifically appropriate data” (NM.1), a common survey need to be selected, and used to 

feed into a coordinated database (NM.1; NM.2).  

The comparison of the different guidelines used by organizations suggested significant 

crossovers (Table 6), which will be discussed in the next chapter. Moreover, a common 

determination to coordinate the NGO efforts to efficiently address coastal plastic pollution 

in Iceland was established (NF.2; NM.1; NM.2). 
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6 Discussion and recommendations 

The quantitative results showed that plastics were the main source of debris collected. A 

very strong positive correlation between the quantities of plastic debris and beach wracks 

coverage on the shore was demonstrated to be an important factor in the varied quantities of 

plastic debris between and within seasons. The qualitative results established that the main 

response to coastal plastic pollution in Iceland has been cleaning beaches rather than 

monitoring and gathering data. The interviews indicated how the use of multiple beach 

monitoring guidelines by different environmental organizations led to incoherency and less 

overall data. Each of these elements will be discussed in further detail in this chapter.  

This chapter is divided between six sections. The status of coastal plastic pollution is 

discussed in the first four sections, using and comparing findings from both components of 

the research to evaluate the situation and formulate preliminary recommendations. First, the 

fishing industry is outlined in relation to coastal plastic pollution. Secondly, the correlation 

between wracks and plastics are put in the context of beach monitoring in Iceland and 

analysed in terms of potential environmental impacts. Then, the new governmental program 

aiming to clean coastal environments from plastics is discussed in relation to the findings of 

this study. Lastly, the guidelines used by the different organizations are examined in the 

Icelandic context. Recommendations are proposed based on a review of the literature, 

interview findings, and the seasonal accumulation survey conducted on the Krossavík shore. 

The fifth section summarizes the recommendations for beach monitoring management in 

Iceland and the last section proposes directions for future studies.  

6.1 Plastic and the fishing industry 

The fraction of plastic debris among all debris retrieved during previous studies in Iceland 

has ranged from 64% (Kienitz, 2013) to 95.4% (Umhverfisstofnun, 2020). The results from 

this study are in this scope, with 78.5% of all debris collected being plastics (Table 5). 

Previous studies conducted in Iceland have found 41% to 65% of all the debris collected 

related to the fishing industry (Dippo, 2012; Kienitz, 2013; O'Rourke, 2020). In this study, 

11.4% of all debris collected originated from fishing buoys (Chapter 4.3, Appendix B). By 

not accounting for fishing ropes, both collected and left on shore, the lower fraction of plastic 

debris originating from the fishing industry should not be used as a reference for the fishing 

industry’s impact on coastal plastic pollution in Iceland. 

In this study, the fishing industry is considered to be a recurrent player in coastal plastic 

pollution around Iceland. Fishing buoys were a common source for the micro-plastics found 

during the data collections (Figure 17), while ropes and fishing nets are a potential source 

for thousands – millions – of micro-plastics debris once their fragmentation process begins 

(Figure 19). Although it could not be verified, it is highly possible some of the smaller debris 

from ropes and fishing nets retrieved in this study originated from a large heap of fishing 

gear present in the studied area. Wave action, wind and tides can be responsible for smaller 

debris breaking down within the plot (Andrady, 2011). The results from chapter 4, linked 

with Iceland being a major fishing force worldwide (Gunnlaugsson & Valtysson, 2022), 

indicate that marine and coastal debris from fishing gear could also be more prevalent around 
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Iceland than the rest of Europe. The higher potential for plastic pollution around Iceland due 

to this industry has not been clearly addressed by the fishing industry nor the government. 

 

 

Figure 19. Discarded ropes in different stages of fragmentation, leading to micro-plastics’  

formation. 

Lastly, the amount and the rapidity with which fishing nets and ropes are becoming buried 

in the sand is a concern for the possible accumulation of plastics in coastal soil and indicate 

a long-term pollution issue (Figure 6). Between information provided by four informants 

who explained fishing gear to be the most common type of debris retrieved in beach clean-
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ups (NF.1; NM.1; NM.2; ND.1) and the results of previous studies conducted in Iceland 

(Dippo, 2012; Kienitz, 2013; O’Rourke, 2020), the fishing industry is clearly impacting 

negatively marine and coastal environments around Iceland. 

6.2 Plastics and beach wracks 

The findings from the data collections indicated strong seasonal fluctuations in the plastic 

quantities retrieved on the Krossavík shore (Figure 9 and 20). Figure 20 shows the average 

of debris retrieved per day in the 1000m2 studied area for each season. With summer-like 

conditions in the first 15 days of the autumn data collection (Chapter 4.1.1), only the second 

half of the survey is accounted for, in order to present more accurate results, while matching 

the number of days where data was collected in the three subsequent seasons. Outside from 

the Environment Agency of Iceland who has been consistently collecting data for the past 

years, most organizations have been focusing their cleaning and monitoring efforts around 

summer months, with uncoordinated guidelines. Since this study demonstrated strong 

seasonal fluctuations, with higher quantities of debris around winter, the results from 

previous studies published in Iceland are argued to be incomplete by missing entire seasons 

or with only one day of data per season and unable to give a full picture of the current 

situation. 

 

 

Figure 20. Average number of debris retrieved for each category and season in the 1000m2 

studied area. 

This thesis found that beach wracks were a crucial element for understanding the fluctuations 

observed. This is highly significant for beach monitoring. In this study, the correlation 

between the quantities of plastic debris and the percentage of wrack coverage was very high, 

with an average correlation coefficient of 0.94 (Figure 11). These results add further support 
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to previous studies, which have explained that beach wracks act as a sink and barrier for 

debris in marine and coastal ecosystems (Battisti et al., 2020; Dippo, 2012; Robbe et al., 

2021). While beach wracks have been explained to be a key component for nutrient exchange 

between marine and terrestrial ecosystems (Rodil et al., 2019), this study’s results 

demonstrated that they also facilitate plastic debris entering coastal soils during their 

decomposition process, in accordance with the results explained by Battisti et al. (2020).  

Although beach wracks have been recently investigated as a profitable natural resource, due 

to their potential to protect and conserve coastal soils, be used as fertilizers, and contribute 

to climate change mitigation (Chubarenko et al., 2021; Robbe et al., 2021), they represent 

multiple environmental risks when linked with plastic debris. Previous studies proved that 

plastic debris break down into micro-plastics more easily once in coastal environments, due 

to wave and wind action, frictions, and exposure to UV radiations (Andrady, 2011; Corcoran 

et al., 2009). Similarly, beach wracks decompose faster once on shores and buried in sand 

(Hammann & Zimmer, 2014). In this study, a large percentage of plastic were already 

relatively small (40% was ≤5 cm; Chapter 4.1.2) and were broken down more easily when 

attached to wracks. The observations made on the Krossavík shore, linked with previous 

studies’ results, indicate that beach wracks entrapping plastics may facilitate and accelerate 

the fragmentation and degradation of plastic debris into smaller pieces, and entering coastal 

soils (Chapter 4.1.2; Figure 14).  

As they keep breaking down, macro- and micro-plastics are less likely to be visible and 

retrieved, while each plastic particle represents a source of persistent organic pollutants 

(Andrady, 2011). The pollutants concentrated in plastics can release harmful chemicals, 

affecting entire microbial communities and the bio-properties of the soil (Barnes et al., 2009; 

de Souza Machado et al., 2019; Wang et al., 2020). Micro-plastics can further enter the food 

chain through marine biota, potentially leading to biomagnification effects (Andrady, 2011; 

Sharma & Chatterjee, 2017; Wang et al., 2020). With higher quantities of plastic debris 

found in beach wracks, they are argued to be a hotspot for debris accumulation, increasing 

the potential for plastics to enter coastal soils and breakdown into micro-plastics when beach 

wracks are present on a shore. 

It is important to note that the positive correlation between wracks and plastics in this study 

relies on data from a single shore. The interaction between beach wracks and plastic debris 

should be monitored in Iceland to further investigate these results. Moreover, the impact of 

oceanic currents and wind on the presence of beach wracks and plastic debris in coastal 

environments should be researched. While wind and oceanic currents were hypothesized to 

be factors, they were not researched in this study, and it remains unclear to which degree 

plastic debris in coastal environments can attributed to these factors. 

6.3 Governmental beach clean-up program 

The interviews conducted in this thesis were initially undertaken to understand what was 

being done by different organizations operating in Iceland, as little to no information could 

be found online. The lack of communication and coordination between NGOs, as well as 

insufficient funding were found to be the main challenges for creating a unified national 

database, while the emphasis on cleaning over monitoring explained why so little data was 

available in Iceland (Chapter 5). With a new collaborative beach clean-up program, the 
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Icelandic government took a significant step to acknowledge and address the costal plastic 

pollution issue (Umhverfis-og auðlindaráðuneytið, 2020). Although the program was still 

being discussed at the time of writing, an interview followed by email communication with 

two informants from the Environment and Natural Resources (ENR) ministry enabled the 

author to stay informed about progress on the project, up until it was signed on 21 September 

2021. Based on the findings from the quantitative component of the research and a basic 

preliminary understanding of the new program’s structure, this program has two dimensions 

which should be addressed.  

First, the ENR ministry decided to implement a collaborative format for its program, 

acknowledging the different NGOs and their work, giving them an opportunity to continue 

their objectives to clean coastal environments from plastics with financial support, public 

visibility, and a coordinated structure. While Landvernd is expected to work on educational 

material and information on plastic pollution prevention, an interactive website should be 

accessible to the public to follow the progress of the coastal clean-ups (GO.1). The 

governmental program provides an opportunity for the Icelandic population to be involved 

in the plastic issue, as all the NGOs involved in the program operate based on volunteers. 

With a clear objective to raise awareness, coastal plastic pollution might finally gain the 

media visibility that informants mentioned is needed to catalyse advocacy work.  

The second aspect of the program which should be discussed is the decision to prioritize 

cleaning over monitoring, enforcing the program through a clear financial system. In 

September 2021, an informant from the ENR ministry explained that they were thinking of 

paying each NGO accordingly to the number of beaches they will clean (GO.1). This 

financial format does not provide incentives to spend more time on a shore to collect data. It 

was explained that the progress of the program would be assessed visually (GO.1). It was 

further explained that weighing the total debris retrieved per shore could potentially be 

implemented as another measure of progress (GO.1). However, comparing the results from 

the beach monitoring conducted on the Krossavík shore to the type of assessment planned 

by the program indicates a potential discrepancy. The results of this study presented low 

weight for large quantities of plastics, as about 40% of the debris collected were smaller than 

5 cm (Figure 13). Although it is acknowledged that these numbers did not account for larger 

and heavier debris which were left on shore during the Krossavík data collections, only two 

large heaps of discarded fishing gear entered the 1000m2 area throughout the year, whereas 

new small debris were found every day (Appendix B).  

The new program incentivizes removing large debris before they fragment and get buried 

into the soil, which is important to prevent the formation of micro-plastics in the long term 

(Andrady, 2011). However, acknowledging the quantities of smaller debris entering coastal 

ecosystems daily is crucial, as they represent a constant influx of plastics accumulating in 

coastal ecosystems, with less chance of being removed. While a few kilograms of rubbish 

might not appear to be a lot for an entire beach, it might be the equivalent of hundreds of 

small and light debris (Chapter 4.1; Appendix B). Small debris have a higher chance of being 

missed during beach clean-ups, fragmenting into micro-plastics, and entering coastal soil 

and the food chains (Barnes et al., 2009; Battisti et al., 2020). Therefore, the program’s plan 

to share their progress through visual assessment or total weight might be working to 

evaluate large heaps of debris being cleaned over time, but it might also lead to 

underestimations regarding the loading rate of smaller debris entering coastal ecosystems. 

Encouraging cleaning without collecting data is a missed opportunity to establish a national 

database, which the collaborative format of the program can facilitate. This missed 
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opportunity might undermine future efforts, as there might not be sufficient data to prove 

that the program should continue, since a governmental informant warned that it was unclear 

whether or not the project would continue after the current term (GO.2). Through a lack of 

concrete monitoring and baseline information, it becomes difficult to properly understand 

the outputs and impact of the project.  

Although scientists and informants have argued that one set of guidelines should be followed 

by all organizations in order to create a coherent national database (PAME, 2021; NM.1; 

NM.2), the new governmental clean-up program demonstrated a lack of interest for data. 

Other national programs, such as the Australian Marine Debris Initiative (AMDI), are good 

examples on how a collaborative program can aim not only to clean shores, but also to 

contribute to a database to create positive change through advocacy work (Tangora Blue, 

2021). 

6.4 Towards coordinated guidelines 

Beach monitoring guidelines have been explained and compared in this thesis under four 

main criteria: litter categories, sampling unit, sampling frequency and quantification of the 

data. In Iceland, the OSPAR guidelines were cited by six interviewees but were rarely 

followed closely, with most organisations differing from the OSPAR guidelines in terms of 

sampling frequency and litter categories (Table 6). Although the OSPAR guidelines are one 

of the most used worldwide, alongside NOAA’s (GESAMP, 2019), many other guidelines 

have derived from them, as demonstrated in Chapter 2.3, to fit a geographical context or 

research purpose. Since this thesis has been developed with both qualitative and quantitative 

components, the analysis of beach monitoring guidelines includes the knowledge that 

informants shared during the interviews as well as the experience gained during the data 

collections performed on the Krossavík shore. The different guidelines used by OSPAR and 

the Icelandic environmental organizations are compared to the format proposed in this thesis 

for the seasonal accumulation survey in order to offer recommendations for each criterion, 

to fit the Icelandic context.  

Litter categories 

The litter categories used by the different Icelandic organizations are a point of contention 

(Chapter 5.3.2). While the OSPAR guidelines recommend sorting the debris in 10 litter 

categories and 126 item sub-categories, the interviews indicated that this format is not 

realistic for volunteers to follow. On average, Icelandic organizations use 6.5 litter categories 

and only 3 of them use item sub-categories (Table 6). The eight broad litter categories used 

in this thesis were decided upon after a review of the literature and observations of the most 

recurrent debris found on the Icelandic coastline. While it is possible to expand the litter 

categories for more ambitious surveys (e.g., adding sub-categories), depending on the 

organizations’ resources, a common base of categories should be followed by all 

organizations to collect data that can be compared and used for research and advocacy 

purpose. Moreover, significant crossovers between organizations could potentially facilitate 

compromise in deciding which categories to use. Five organizations categorizing the litter 

retrieved used at least three common categories: plastic, glass, and cardboard/paper, and all 

accounted for the plastic category separately from other debris. 
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Sampling frequency 

OSPAR recommends performing single-day data collection four times a year (OSPAR 

Commission, 2020). Whether it is seasonally (e.g., OSPAR) or monthly (e.g., NOAA), 

single-day beach monitoring is used to assess the overall situation of a shore in the long-

term (GESAMP, 2019), while accumulation surveys enable to estimate the loading rate of 

debris and potential accumulation on a shore (JCR, 2013). In Iceland, no organization has 

been conducting accumulation surveys, and every organization collecting data are missing 

seasons (Umhverfisstofnum, 2018; NM.2). The geographic location of Iceland in an Arctic 

region presents constraints on data collection linked to darkness in winter, strong winds, 

beach access and storms. Although these conditions have often been presented as reasons 

not to collect data outside of summer months (NF.1; NM.2; NM.3; Umhverfisstofnum, 

2018), some informants did conduct beach clean-ups all-year round, while this study 

demonstrated the feasibility of doing so in the Snæfellsnes peninsula (Chapter 4). It is argued 

that collecting data only one day per season can potentially lead to missing important 

fluctuations in plastic quantities (Chapter 4.1.2). Seasonal accumulation surveys, as used in 

this thesis, result in more accurate data. Even short ones (e.g., 3 days in a row) could prevent 

over or under estimations of the plastic quantities present on the Icelandic coastline.  

Sampling unit 

Four organizations have been using the 100 m transect as their sampling unit, following the 

OSPAR guidelines. In this thesis, a similar sampling unit was followed, reducing the 100 m 

transect to a 50 m transect to facilitate data collections conducted by one person. The 

sampling unit recommended in the OSPAR guidelines covers 100 meters parallel to the 

sealine, but the width of the plot is explained to depend on the distance between sealine and 

backshore, which varies from one shore to another. Therefore, there is no sampling area 

recommended in terms of overall size (m2). Since the amount of debris can ultimately be 

reported as pieces per m2 or pieces entering per meter per day (if monitored daily), as the 

overall size of the different areas studied will always vary, it is argued in this thesis that 

instead of a 100 m transect, the length (parallel to the sealine) of the area should be 

determined depending on the numbers of volunteers (e.g., one volunteer per 500 m2 of beach 

per day).  

Litter quantification 

Lastly, OSPAR publishes beach monitoring results in terms of debris count rather than 

weight (OSPAR, 2021). The six organizations interviewed have been using either or both 

count and weight equally (Table 6). In this research, both count and weight were 

systematically measured for each category. However, the categories' weight did not present 

a lot of interest for this research’s results, as the debris collected were smaller than 50 cm 

and quite light. As it is required to transport, clean, and dry the debris before weighting them, 

a simple count is recommended when collecting small debris (<50 cm). When large and 

heavy debris are collected (>50 cm), weight can be used to assess them. 

In this study, beach clean-ups were first hypothesized to be a lost opportunity to collect data. 

However, taking into consideration the different guidelines followed by the organizations 

interviewed, it became apparent that both beach clean-ups and beach monitoring could be 

used as different approach to collect data on coastal plastic pollution. Table 7 summarizes 

the recommendations on how to use both beach monitoring and beach clean-ups in Iceland, 
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further explaining the differences between the two approaches and how to collect relevant 

data. 

Table 7. Recommendations for both beach clean-ups and beach monitoring in Iceland for 

NGOs and citizen scientists. 

 Beach monitoring Beach clean-ups 

Litter 

categories 

8 Categories Flexible 

1. Plastic; 2. Glass; 3. Ceramic; 4. Metal; 5. 

Textile; 6. Rubber; 7. Carboard/ paper; 8. 

Processed wood. 

Categories from beach monitoring 

recommended. If not possible, separation of 

plastics from other debris recommended. 

Sampling 

sites 

Flexible Entire beaches 

Length (parallel to sea line) = flexible. 

Depth = From backshore to sealine. 

Each area size (m2) should be reported. 

Overall area (m2) should be calculated for 

each beach cleaned and reported. 

Location 

Reference beaches Reference beaches 

The areas monitored by organizations and 

individuals should stay the same for multiple 

years. 

The beaches cleaned by organizations and 

individuals should stay the same for multiple 

years. 

Frequency 

Seasonally: 

≥ 5 days in a row every 3 months. 
Flexible 

Monthly: 

≥ 3 days in a row each month. 

Studied areas should be monitored around 

the same dates every time. 

Monthly or seasonal beach clean-ups are 

recommended. 

Consistent frequency of clean-ups will 

improve the data coherence. 

Debris size 

Emphasis on smaller debris Emphasis on larger debris 

Any debris which can be easily retrieved and 

is visible (e.g., <50 cm or <100 cm). 

Accounts for macro and micro-plastics. 

All visible debris, including large items such 

as fishing nets and ropes which requires 

multiple people to retrieve and carry. 

Quantification 

Count Weight 

Debris should be counted by categories after 

monitoring the entire plot. 

Debris should be weighted by categories 

after cleaning the entire beach. 

 

While beach monitoring can lead to more detailed evaluations of coastal plastic pollution in 

Iceland, beach clean-ups are important to prevent large heaps of debris (such as fishing nets 

or ropes) to enter coastal soil and fragment into smaller debris (Figure 19). However, rather 

than the governmental program’s plan to visually assess the beach clean-ups progress 

(GO.1), it is recommended in this thesis to weigh the debris retrieved in beach clean-ups 

accordingly to clear litter categories, coupled with consistent frequencies and locations of 
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beach clean-ups to contribute to comparable data. The guidelines proposed for beach clean-

ups are more flexible than the one for beach monitoring, slightly changing the current 

protocols followed by the NGOs interviewed, to promote data collection (see Table 7).  

The guidelines proposed for beach monitoring aim to be flexible and adaptable by the 

organizations using it, while allowing basic data to be compared. In beach monitoring, the 

quantification of the debris should focus on a simple count of all items retrieved under the 

eight categories proposed, while the plot size can be rectified by calculating the quantities 

of plastic per m2, allowing flexibility in the size of the plots chosen. As for the categorization 

of the litter, organizations should discuss adding more broad categories (i.e., ceramics, 

rubber, processed wood, textile, metal) to the three that most organizations already have in 

common (i.e., cardboard, plastic and glass). For the frequency of beach monitoring, short 

accumulation surveys are recommended. As it was explained in the research that single days 

of data collection cannot account for seasonal fluctuations and lead to incomplete data, 

several consecutive days of beach monitoring could improve the data relevance. However, 

because most volunteers are working full time (NM.1; NM.2; NM.3; ND.1), collecting data 

20 days in a row on multiple shores all year-round may be unrealistic for NGOs and 

volunteers to perform. Therefore, a minimum increase of one to five days for seasonal data 

collection and from one to three days for monthly data collections are recommended (Table 

7). In this research, collecting data on a 1,000 m2 area took between 40 minutes to 3 hours 

(without accounting for the time spent on sorting the debris afterwards), depending on the 

presence and amount of beach wracks, and weather conditions. Performing beach monitoring 

with multiple volunteers will reduce the time spent collecting debris, potentially allowing 

more plots to be monitored. 

Plastic pollution is increasingly being recognized as an issue in the public discourse in 

Iceland with collaborative initiatives between governmental organizations and NGOs, and 

awareness raising activities. However, current efforts focus on cleaning at the expense of 

collecting data, which undermines the ability to estimate the status of coastal plastic 

pollution in Iceland. Beach clean-ups and beach monitoring should not be seen as 

contradictory approaches, but rather complementary to one another. Both beach clean-ups 

and beach monitoring should focus on collecting data, bringing different, but important, 

types of information. Overall, the results demonstrate a strong need for data to better 

understand the quantities and impacts of plastics in coastal ecosystems, and to contribute to 

advocacy work at a governmental level. 

6.5 Recommendations  

A shift in coastal plastic pollution management in Iceland was emphasized in this thesis. 

Despite seven NGOs (Landvernd and the six previously listed NGOs), Umhverfisstofnun 

(Environment Agency of Iceland) and a governmental program focused on coastal plastic 

pollution in Iceland, there is still no initiative to create a national database, or unified 

guidelines. Although the governmental beach clean-up program is an important step, with a 

collaborative format being a good opportunity to involve as many people as possible and 

raise awareness, there is still a discrepancy between the project’s structure and the need for 

data called for by scientists working on plastic pollution (Gregory, 2009; PAME, 2021). 

Based on the present research, three recommendations for a more efficient monitoring 

program are presented. 
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1) The presence of beach wracks could improve the efficiency of the program. 

Since beach wracks were demonstrated to correlate with larger quantities of plastic debris, 

simple visual scouting of shores might help evaluate where more plastic can be expected. 

This could further prevent more debris to fragment and enter coastal soil due to the beach 

wracks’ decomposition process.   

2) Beach monitoring should be incorporated in the governmental beach clean-up 

program. 

With assessment strategies for both beach monitoring and beach clean-up approaches, a 

strong national database could be developed. The recommendations for both beach clean-

ups and beach monitoring can be summarized in three points.  

• The governmental program should transition from a sole focus on cleaning, to data 

collection with cleaning undertaken as part of the process.  

• One set of guidelines should be decided upon and used by all organizations, 

municipalities, or citizen scientists to contribute to a coherent database. The 

guidelines discussed in the previous section provide information and 

recommendations on how to formulate a coordinated set of guidelines (Table 7). 

• An online platform should be established for the public to access the data and 

progress of the program. It is recommended that citizen scientists and municipalities 

working outside the program should be able to submit data as well, to expand the 

national database. An example of coordinated survey for both beach clean-up and 

beach monitoring, accessible for citizen scientists and NGOs was developed by the 

author and can be seen in Appendix C.  

3) Dedicated personnel to oversee the collaborative program should be established. 

A team of coordinators should be implemented to ensure clear communication and prevent 

tensions between organizations, while keeping the objectives of the program on track. 

6.6 Future research  

The primary objective of this research was to develop a better understanding of coastal 

plastic pollution in Iceland, through both data collection and interviews with environmental 

organizations, and propose recommendations on how to improve beach monitoring 

management. Dippo (2012) concluded in his research that plastic pollution was “not 

prevalent enough in the Icelandic landscape to be seriously affecting local or national 

economies” (p. 49). Ten years later, increasing coastal and marine plastic pollution around 

the country led to an ISK 150 million governmental program focused on the issue.  

With rising concerns for the impacts of plastic pollution on environmental, social, and 

economic dimensions worldwide, it can be assumed that the Icelandic government will keep 

investing money in this issue. However, to address the plastic issue efficiently, research must 

be coupled with advocacy work and international collaborations. Future research on coastal 

plastic pollution in Iceland is recommended to focus on the four following aspects. 
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1) The role of oceanic currents and wind on marine debris entering coastal 

environments. 

Beyond beach wracks, which were demonstrated to be the main factor for debris arriving on 

the Krossavík shore, previous studies have explained wind and currents to be responsible for 

marine debris entering coastal environments. However, little research has been done in 

Iceland on oceanic currents surrounding the country’s coastline and should be further 

researched, in relation to coastal plastic pollution. 

2) The impacts of the beach wracks decomposition process on plastic fragmentation in 

coastal soils. 

Previous studies have demonstrated that beach wracks decompose at an accelerated rate 

when ashore and buried in sand, and that plastic debris tend to fragment faster in the same 

conditions. The fragmentation process of plastic debris should be further researched in 

relation to beach wracks. 

3) Impacts of micro-plastics in coastal soils and in the food chain. 

Linked with the fragmentation of plastics in coastal soils, the formation of micro-plastics 

brings another concern. The potential ingestion of micro-plastics by local marine and 

terrestrial fauna should be considered critical, as the concentration of toxic chemicals may 

be subjected to the biomagnification effect along the food chain. Such topics have been 

increasingly researched worldwide and should be studied in the Icelandic context as well.  

4) The fishing industry and plastics 

The role that the fishing industry is playing in plastic pollution around Iceland should be re-

evaluated with more accurate data, focusing on sustainable solutions to prevent pollution 

from discarded fishing gear. The impacts of micro-plastics on marine fauna, specifically the 

seafood that the Icelandic economy relies upon, should also become an important subject for 

research. 

It can further be repeated than any future research should follow a set of guidelines 

previously used, ensuring that the data collected can be compared to previous research, and 

contribute to a national database. Moreover, better monitoring would potentially shed light 

on the issues previously mentioned in this section. 
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Conclusion 

Plastic debris were the main source of debris found during the seasonal accumulation survey 

conducted on the Krossavík shore. Variation in debris quantity within and between seasons 

were explained by a strong positive correlation between beach wracks and plastic debris 

(0.94; p<0.0002). This correlation suggests further environmental risks due to the 

decomposition of beach wracks, which was explained in previous studies to potentially 

accelerate plastic fragmentation into micro-plastics and facilitate plastics entering coastal 

soil.   

Interviews with seven environmental organizations that perform beach clean-ups and beach 

monitoring revealed an overall focus on cleaning debris and a dearth of data collection 

(Chapter 5.3.2). The little data available is typically gathered according to different 

guidelines, focusing on summer months, based on single-day data collections, with little 

results currently published. These factors point to validity issues as the data is not 

comprehensive, comparable, and cannot be used as a strong baseline for advocacy, 

awareness, and research purposes (Chapter 5). The seasonal variations observed on the 

Krossavík shore, which demonstrated that the quantity of debris can triple from summer to 

winter, further suggest that results of previous studies focusing on debris count and 

conducted solely in summer are incomplete. Moreover, the interviews established that the 

lack of financial support, media visibility, and communication were the main barriers for 

NGOs to collect consistent data, with coordinated guidelines.  

A new collaborative beach clean-up program between governmental agencies and non-

governmental organizations is currently addressing some of these challenges. Although this 

program represents an important step to address coastal plastic pollution on a national scale 

in Iceland, at the time of writing the program aimed to clean the coastline without collecting 

data. The coordinated and centralised nature of the program represents a valuable 

opportunity to establish a national database and to harmonise data collection, which is crucial 

for research and advocacy purposes. This thesis provides clear recommendations on how to 

implement sets of guidelines for collecting data from both beach monitoring and beach 

clean-ups in the Icelandic context.  

The results of this study show that beach monitoring and beach clean-ups are complementary 

practices, which should be implemented simultaneously. Beach monitoring can help 

formulate long-term trends in the quantities of smaller plastic debris entering shores daily, 

seasonally, and annually. Meanwhile, beach clean-ups provide more focused knowledge on 

the volume and weight of larger debris on the Icelandic coastline and help prevent them 

entering coastal soils. By systematically collecting coordinated data during beach 

monitoring and beach clean-ups, and by publishing the results on a centralised platform, it 

is argued in this research that both approaches can help gain knowledge on coastal plastic 

pollution, improve advocacy work, and further contribute towards the goal of plastic-free 

coastal environments.  

The dual implementation of beach clean-up and beach monitoring surveys should not be 

limited to Iceland. The surveys developed in this thesis can easily be adapted to other 

locations, keeping a simple basis to allow citizen scientists to contribute to a coordinated 

database. The quantities of plastic entering marine and coastal environments will not 

decrease without stronger policies around plastic production and regulations to limit 
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irresponsible use. For the plastic debris already present in the world’s oceans, only cleaning 

efforts can prevent centuries of pollution from more micro-plastics. Coastal plastic pollution 

could still be mitigated with better communication between organizations, increased public 

participation and tools to collect coordinated data, leading to informed policies and positive 

change. 
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Appendix A: Interview consent form 

 

 

Figure A1. Interview consent form used for recorded interviews (qualitative component of 

the research). 

Interview consent form 

 
University of Iceland 

 
 
Participant‘s name 
 
 
Researcher‘s name 
Laureen Burlat 

Interview date 
 

 
 
Research Title 
Coastal plastic pollution in Iceland 
 
Description of the project 
Thesis research on coastal plastic pollution in Iceland. Investigation of beach clean-up 
initiatives in the country. 
 
 

• I confirm that my participation in this interview is voluntary. 

• I understand that I will not receive any payments for participating in the research. 

• I understand I have the right to decline answering questions. 

• I understand that the researcher will not identify me by name in any reports and the 
anonymity of the participants is always kept but cannot be assured. 

• I agree that the researcher may publish documents that contains quotations by me. 
 
 
 
 
By signing this form, I agree to the terms indicated above. 
 

Participant‘s signature 
 
 
 

Researcher‘s signature 

 
 



77 

 

Appendix B: Data collection results 

Results from the four data collections conducted on the Krossavík shore accordingly to a seasonal accumulation survey (quantitative component of the research). 

The results account for piece count and weight for five litter categories, wind speed, temperature, tidal coefficient, percentage of wrack cover. 

Table B1: Autumn. From 01/09/20 to 10/10/20. 
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Table B2. Winter. From 29/12/2020 to 18/01/2021. 
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5 106 400 8 80 14 10 6 50 0 0 134 540 79% 74% 16 2 70 50% 20 

6 59 200 4 5 13 10 0 0 0 0 76 215 77% 93% 17 -1 66 25% 8 

7 104 300 6 5 9 5 8 10 1 5 128 325 81% 92% 9 -3 62 35% 14 

8 51 200 4 5 13 10 5 50 1 5 74 270 68% 74% 10 3 60 15% 8 

9 93 170 15 20 16 80 6 20 2 5 132 290 70% 58% 7 0 60 35% 13 

10 86 180 5 20 15 30 1 5 1 10 108 235 79% 76% 12 3 64 30% 10 

11 40 200 4 10 11 30 3 5 0 0 58 245 68% 81% 7 -1 70 10% 4 

12 176 220 3 10 11 10 2 0 0 0 192 240 91% 91% 3 0 77 65% 28 

13 33 100 9 20 16 20 0 0 3 10 61 150 54% 66% 9 -2 83 5% 5 

14 115 180 10 70 29 80 7 20 3 10 164 360 70% 50% 7 -5 87 50% 17 

15 120 220 11 100 16 20 9 20 0 0 156 360 76% 61% 15 -1 89 55% 25 

16 106 300 8 20 17 20 2 10 3 20 136 370 78% 81% 10 0 87 35% 22 

17 93 400 6 50 18 40 8 10 2 10 127 510 73% 78% 8 -1 83 30% 14 

18 68 180 3 5 6 10 8 80 0 0 85 275 80% 65% 13 3 76 15% 11 

19 306 800 6 30 10 10 13 100 1 5 336 945 91% 84% 7 -5 68 65% 49 

20 103 300 6 10 15 10 10 50 0 0 144 370 71% 81% 10 -6 60 35% 12 

T
O

T
A

L
 

2,069 5,550 139 580 284 545 109 590 22 90 2,633 7,340 78% 75%     342 



80 

Table B3. Spring. From 29/03/2021 to 18/04/2021. 
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1 10 550 0 0 4 5 2 20 0 0 16 575 62.5 62.5 12 -1 112 5% 2 3 

2 44 200 8 20 15 10 0 0 0 0 67 230 65.7 65.7 0 3 105 30% 6 4 

3 86 280 1 5 3 10 11 100 0 0 101 395 85.1 85.1 9 6 92 50% 5 19 

4 20 180 0 0 4 5 1 10 0 0 25 195 80.0 80.0 13 6 84 5% 3 1 

5 78 500 3 5 6 15 2 10 1 50 90 580 86.7 86.7 13 5 67 30% 5 9 

6 26 50 2 10 6 10 2 5 1 5 37 80 70.3 70.3 16 3 51 25% 2 4 

7 19 370 6 10 28 50 2 5 0 0 55 435 34.5 34.5 9 -6 41 15% 3 3 

8 23 50 4 10 12 30 1 5 1 200 41 295 56.1 56.1 7 -5 42 20% 2 1 

9 24 80 5 15 26 90 2 50 0 0 57 235 42.1 42.1 8 -5 50 10% 4 1 

10 18 100 5 10 15 10 0 0 0 0 38 120 47.4 47.4 4 2 61 15% 2 3 

11 9 20 6 20 15 20 1 5 0 0 31 65 29.0 29.0 16 -4 72 0% 3 0 

12 15 30 6 10 15 20 0 0 0 0 36 60 41.7 41.7 7 2 80 15% 1 4 

13 64 300 4 5 10 20 2 5 1 5 81 335 79.0 79.0 6 3 85 35% 4 11 

14 49 200 8 100 9 20 0 0 0 0 66 320 74.2 74.2 9 2 88 25% 5 6 

15 15 100 6 80 7 10 0 0 0 0 28 190 53.6 53.6 2 7 87 10% 1 6 

16 15 50 5 10 16 20 3 10 0 0 39 90 38.5 38.5 7 5 84 10% 3 3 

17 25 50 3 10 15 60 0 0 3 20 46 140 54.3 54.3 11 6 78 15% 11 3 

18 24 200 7 10 12 20 1 5 1 5 45 240 53.3 53.3 15 8 70 15% 8 2 

19 29 120 8 30 10 20 3 20 0 0 50 190 58.0 58.0 14 3 61 20% 9 3 

20 21 200 3 20 3 10 5 100 1 10 33 340 63.6 63.6 13 3 51 15% 5 2 

T
O

T
A
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614 3,630 90 380 231 455 38 350 9 295 982 5,110 62.5 62.5     84 88 
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Table B4. Summer. From 19/06/2021 to 08/07/2021. 
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1 34 180 5 10 13 80 1 5 0 0 53 275 64.2 65.5 7 6 63 10% 7 1 

2 18 100 2 10 11 20 0 0 3 30 34 160 52.9 62.5 5 9 71 10% 2 1 

3 32 50 4 10 11 10 2 10 0 0 49 80 65.3 62.5 13 8 79 15% 7 1 

4 31 1990 7 20 8 20 0 0 2 30 48 2060 64.6 96.6 9 7 86 25% 4 1 

5 72 200 5 20 1 5 0 0 0 0 78 225 92.3 88.9 1 9 92 60% 7 5 

6 92 100 3 20 5 10 5 50 2 5 107 185 86.0 54.1 10 8 92 80% 5 6 

7 88 150 3 20 2 5 1 10 1 30 95 215 92.6 69.8 14 7 89 75% 2 9 

8 76 200 2 20 4 10 1 5 0 0 83 235 91.6 85.1 8 13 83 70% 15 7 

9 96 200 4 10 14 20 2 20 1 5 117 255 82.1 78.4 8 10 76 70% 11 10 

10 72 150 3 10 9 20 0 0 0 0 84 180 85.7 83.3 7 11 67 60% 16 3 

11 57 80 0 0 5 10 3 10 0 0 65 100 87.7 80 16 10 59 40% 23 5 

12 40 80 5 10 10 10 0 0 2 10 57 110 70.2 72.7 11 10 52 30% 17 3 

13 39 50 8 10 16 15 0 0 1 5 64 80 60.9 62.5 11 11 48 25% 16 0 

14 28 40 6 10 12 20 1 5 1 5 48 80 58.3 50 5 13 46 20% 8 1 

15 20 40 5 10 15 10 0 0 1 5 41 65 48.8 61.5 2 13 47 10% 7 0 

16 16 20 5 10 7 10 1 0 0 0 29 40 55.2 50.0 7 11 50 15% 7 1 

17 37 60 6 10 8 15 0 0 1 5 52 90 71.2 66.7 2 11 55 40% 4 1 

18 46 50 9 15 12 20 0 0 2 10 69 95 66.7 52.6 11 10 60 30% 5 2 

19 19 60 6 10 9 10 1 30 1 10 36 120 52.8 50.0 10 11 65 10% 6 3 

20 20 50 7 10 8 20 0 0 3 30 38 110 52.6 45.5 9 11 70 10% 3 1 

T
O

T
A

L
 

933 3,850 95 245 180 340 18 145 21 180 1,247 4,760 74.8 80.9     172 61 
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Appendix C: Beach monitoring and 
Beach clean-up survey 

Online survey created with KoBo Toolbox for beach monitoring and beach clean-up events. The survey 

was developed after writing the thesis and is based on the research’s findings. 

 

Table C1. Online survey (developed with KoBo Toolbox). 

 

NOTE BEFORE STARTING 

Welcome!  

In this survey, you can choose between a beach clean-up and a beach monitoring format. You will need to 

provide the following information: 1. Date; 2. Location; 3. Transect size (length and width in meters); and 4. 

Number/weight of the debris collected for each category. Please enter a number for each category, even if it is 

zero. Sections for comments, observations and photographs of your beach monitoring can be found at the end 

of the survey. 

0 FIRST INFORMATION TO FILL IN (FOR BOTH SURVEYS) 

0.1 Date (Answer type: date) 

0.2 Location (Answer type: point) 

0.3 In what region are you located? (Answer type: select_one) 1. Capital area 

2. West Iceland 

3. West Fjords 

4. North Iceland 

5. East Iceland 

6. South Iceland 

0.4 What type of activity are you conducting? (Answer type: 

select_one) 

 

1. Beach monitoring (alone or in 

team) (SKIP to 1.1) 

2. Beach clean-up (in team) 

(SKIP to 2.1) 

3. I don’t know (SKIP to 0.5) 

0.5 Beach monitoring can be done alone or with a team. You should focus on small to medium sized debris 

(smaller than ~50cm in length), or any debris which can easily be retrieved and carried. You will have 

to count all the debris. Beach clean ups should be done with a team. You should focus on medium to 

large sized debris (no size limit), such as heaps of fishnets. You will have to weigh the debris, probably 

in a recycling centre. 

1 SURVEY: BEACH MONITORING 

1.1 Please measure the width (from backshore to sealine) of your chosen area in meters (Answer type: 

number) 
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1.2 Please measure the length (parallel to sealine) of your chosen area in meters. (Answer type: number) 

1.3 Did you collect all the visible debris from your chosen area? 

(Answer type: select_one) 

1. Yes 

2. No 

3. I don’t know (specify) 

1.4 Please enter the number of plastic debris you retrieved (Answer type: number. >= 0) 

1.5 Please enter the number of glass debris you retrieved (Answer type: number. >= 0) 

1.6 Please enter the number of ceramic debris you retrieved (Answer type: number. >= 0) 

1.7 Please enter the number of rubber debris you retrieved (Answer type: number. >= 0) 

1.8 Please enter the number of metal debris you retrieved (Answer type: number. >= 0) 

1.9 Please enter the number of textile debris you retrieved (Answer type: number. >= 0) 

1.10 Please enter the number of cardboard and paper debris you retrieved (Answer type: number. >= 0) 

1.11 Please enter the number of processed wood debris you retrieved (Answer type: number. >= 0) 

1.12 Was there any other type of debris you found which does not 

belong in any of the categories proposed above? (Answer type: 

select_one) 

1. Yes 

2. No (if no, SKIP to 3.1) 

1.13 Please specify what was this other material you found (Answer type: text) 

1.14 Please specify how many items you found made from this material 

(Answer type: number) 

If answered, SKIP to 1.12 again 

2 SURVEY: BEACH CLEAN-UP 

2.1 Please measure the width of your chosen area in meters 

2.2 Please measure the length of your chosen area in meters. 

2.3 Did you collect all the visible debris from your chosen area? 

(Answer type: select_one) 

1. Yes 

2. No 

3. I don’t know (specify) 

2.4 Please enter the weight of all the plastic debris you retrieved (Answer type: number. >= 0) 

2.5 Please enter the weight of all the glass debris you retrieved (Answer type: number. >= 0) 

2.6 Please enter the weight of all the ceramic debris you retrieved (Answer type: number. >= 0) 

2.7 Please enter the weight of all the rubber debris you retrieved (Answer type: number. >= 0) 

2.8 Please enter the weight of all the metal debris you retrieved (Answer type: number. >= 0) 

2.9 Please enter the weight of all the textile debris you retrieved (Answer type: number. >= 0) 

2.10 Please enter the weight of all the cardboard and paper debris you retrieved (Answer type: number. >= 0) 

2.11 Please enter the weight of all the processed wood debris you retrieved (Answer type: number. >= 0) 

2.12 Was there any other type of debris you found which does not 

belong in any of the categories proposed above? (Answer type: 

select_one) 

1. Yes 

2. No (if no, SKIP to 3.1) 

2.13 Please specify what was this other material you found (Answer type: text) 

2.14 Please specify the weight for all the items made from this material 

(Answer type: number) 

If answered, SKIP to 2.12 again 
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3 LAST INFORMATION TO FILL IN (FOR BOTH SURVEYS) 

3.1 Was there any seaweed on the beach? (Answer type: select_one) 1. Yes 

2. No (if no, SKIP to 3.3) 

3.2 What proportion of the beach was covered in seaweed? (Answer 

type: select_one) 

1. 1-25% 

2. 26-50% 

3. 51-75% 

4. 76-100% 

3.3 Do you have any further information or observations you would like to share? (Answer type: text) 

3.4 Do you have any pictures from your data collection you would like to share? (Answer type: photo) 

3.5 Final note for survey before submitting data  

Thank you for participating! 
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Figure C1. Informative poster created along with the online survey (link to survey) 

https://ee.kobotoolbox.org/x/lWDMctKY
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Appendix D: Pictures from Krossavík  

Photos taken on the Krossavík shore during the data collections 

 

 

 

Figure D1. Ropes on rocks over one year. 
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Figure D2. Ropes and fishing nets retrieved from sand. 

 

Figure D3. Beach wracks 

 

Figure D4. Micro-plastic 
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Figure D5. Plastic debris in beach wracks 
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Figure D6. Dead animals in the studied plot 
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Figure D7. Debris on the Krossavík shore. 
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