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i 

Abstract 

Marine debris is a growing problem, which adversely affects ecosystems and economies 

world-wide. Studies based on a standardized approach to examine the quantity of marine 

debris are lacking at many locations, including Iceland. In the present study, 26 transects 

were established on six different bays in the north, west and south of the nature reserve 

Hornstrandir in Iceland, following the standardized approach developed by the OSPAR 

Commission. Results showed that 95.4% of all debris items consisted of plastic. On 

average, 104 debris items were found in 100 x 10 m transects with an average weight of 

10.4 kg. Based on those findings it was calculated that approximately 32,600 litter items, 

having a weight of approximately 4300 kg are polluting the north, south and west coasts of 

the nature reserve Hornstrandir. Indicator items were used to trace industrial origins of 

debris, identifying the fishing industry as the main contributor to the pollution. Labels and 

types of fishing gear found, indicated that the major proportion of marine debris was 

coming from Icelandic industries. Management recommendations are based on the analysis 

of effective management practices in other countries and the circumstances in Iceland. As a 

result, enforcement of the use of biodegradable fishing gear is seen as the best long-term 

solution. Additional measures like gear marking and deposit systems, improvement of port 

reception facilities, education and beach cleanups are also recommended. 
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Ágrip 

Rusl í hafi er vaxandi vandamál sem getur haft slæm áhrif á vistkerfi og efnahagskerfi 

heimsins. Víða er skortur á stöðluðum rannsóknum sem meta magn rusl í hafi sem rekur á 

land og á þetta einnig við um Ísland. Í rannsókninni sem kynnt er hér var aðferðarfræði 

OSPAR fylgt og voru mynduð 26 snið í sex mismunandi fjörum við norðanverðar, 

vestanverðar og sunnanverðar Hornstrandir og rusl metið í þessum sniðum. Niðurstöðurnar 

sýndu að 95.4% rusls var plast. Að meðaltali fundust 104 hlutir í hverju 100 x 10 m sniði 

sem vó að meðaltali 10.4 kg. Út frá þessum niðurstöðum var reiknað út að u.þ.b. 32,600 

hlutir sem vega u.þ.b. 4300 kg eru dreifðir um norður, suður og vestur strandir 

Hornstranda. Ákveðnir bendihlutir voru notaðir til að gefa vísbendingu um uppruna 

ruslsins og var fiskiðnaður talin stærsta uppspretta rusl í hafinu kringum Ísland. Merkingar 

og tegund ruslsins benti einnig til því að uppsprettan lægi hjá íslenskum fiskiðnaði. Settar 

eru fram tillögur að breyttum stjórnsýsluháttum sem eru byggðar á árangursríkri stjórnun 

erlendis og aðlagaðar að íslenskum aðstæðum. Mælt er með notkunar á niðurbrjótanlegum 

fiskveiðibúnaði sem langtímalausn. Einnig er mælt með að merkja veiðibúnað ásamt 

endurgreiðslu vegna skila á rusli, betri hafnaraðstöðu til móttöku rusls, menntun og 

strandhreinsunum. 
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Dedication  

To all Icelanders who want to maintain parts of their local land in its pristine state, 

and to all those who don´t. 
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Foreword 

Before I went to Iceland, some people asked me why I would go to a pristine place to study 

environmental problems. After learning about the environmental implications that 

affect Iceland, I think there are a lot of good reasons for prioritizing environmental 

conservation in Iceland. It is the comparison to other countries which makes Iceland look 

especially pristine. However, even here environmental problems occur and need to be 

addressed.  Plastic debris causes a growing number of implications worldwide, and even 

remote locations are increasingly being affected. Considering that plastic does not 

biodegrade but will persist and affect the environment for millions of years, the 

consumption of single-use items made from plastic on a daily basis cannot be sustained in 

the long term. To reduce marine debris pollution, changes in the public opinion about the 

problem are necessary. We need to take responsibility for our local environment and a very 

simple start is to pick up litter from the beaches when walking by. I hope this thesis will 

inform its readers about the impacts of marine debris and will motivate to take action. 
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1 Introduction 

Nowadays plastic debris can be found in almost every environment. More and more 

consequences regarding plastic debris are being discovered. Starting with the visual 

pollution of coastlines over to direct and indirect adverse effects on coastal ecosystems, up 

to threats on human health, the implications of marine debris are growing and are harming 

a large number of living beings (STAP, 2011; OSPAR Commission et al.,2009; Barnes et 

al., 2009; Derraik, 2002; Gregory & Andrady, 2003).  

Studies on the accumulation of beach debris have been performed in many places around 

the globe. Instruments for the protection of the natural environment, such as Convention on 

the Protection of the Marine Environment of Northeast Atlantic (OSPAR) and United 

Nations Environment Program (UNEP) have identified marine debris as an issue of major 

concern (STAP, 2011; Sutherland, et al., 2010; UNEP et al., 2005). The OSPAR 

Commission has conducted a pilot project to assess the amount of beached debris in 

Belgium, Denmark, France, Germany, The Netherlands, Portugal, Spain, Sweden and the 

United Kingdom (OSPAR Commission et al., 2009). However, no study on the quantity of 

coastal pollution through marine macro-debris has been published in Iceland so far. A first 

estimate of the degree of plastic pollution in the Icelandic waters was made in a study by 

Kühn and Franeker (2012) which focuses on the stomach contents of Northern fulmars 

(Fulmarus glacialis) in Hornstrandir. In this study an average of 0.13 g of plastic was 

found per stomach.   

In the present study, the amount of marine debris in the nature reserve Hornstrandir, 

Iceland is assessed in accordance with standardised methods described in the OSPAR Pilot 

Project (OSPAR Commission et al., 2009). Furthermore, industries that contribute to the 

marine litter pollution are identified and according levels of pollution are presented. In the 

second step of the study, management recommendations to reduce and resolve marine 

debris pollution are reviewed and adapted to Icelandic needs. 

http://www.ospar.org/eng/html/convention/welcome.html
http://www.ospar.org/eng/html/convention/welcome.html
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1.1 Objectives 

The present study highlights an environmental issue, which is insufficiently addressed in 

Iceland, and which has negative effects on the environment, communities and economy. A 

lack of research on marine debris pollution makes it difficult to evaluate the degree of 

pollution as well as the effects that are occurring at present. Sources of marine debris are 

steadily increasing all over the world and the distribution of marine debris is not limited to 

the vicinity of population centres. Even though Iceland has a relatively remote geographic 

location, pollution due to marine debris is a present reality. The Icelandic NGO, Blái 

herinn, has been removing debris from coasts and harbours since 1998 (OSPAR 

Commission et al., 2009). This stands in contrast to Iceland´s pristine image held by the 

general public, both domestically and internationally. Fortunately, the quantity of marine 

debris in the northern regions is estimated to be relatively small compared with many 

subtropical regions, where the highest plastic concentrations have been observed (STAP, 

2011; Law et al., 2010; OSPAR Commission et al., 2009). Changes to practices which can 

minimize and reduce marine debris are most effective and most cost efficient in the early 

stage of the pollution circle, when they can still be prevented at source (STAP, 2011, 

Macfadyen et al., 2009). Thus, this project aims to raise awareness on the problem at an 

early stage. Described management suggestions are aiming to further inspire decision 

makers to find effective and early solutions on the problem. 

The present study was accomplished following the motivation to participate in the 

conservation of the nature reserve Hornstrandir as a pristine place. It is believed by the 

author that a place like Hornstrandir with minimal anthropogenic impacts and with such 

natural beauty should be kept in its original state to be an example of unpolluted nature for 

future generations.  
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The research was conducted to answer the following questions: 

1) How is marine debris affecting the pristine environment of the nature reserve in 

Hornstrandir? 

a) What is the main material washed ashore at Hornstrandir? 

b) What is the amount of marine debris on beaches in Hornstrandir compared to 

other beaches in Europe? 

c) What are the sources of marine debris in Hornstrandir?  

2) Is marine debris likely to affect the Icelandic economy? 

3) Which management practices could be used to effectively reduce marine debris in 

Iceland?  

The sampling of marine debris was done in the north, west and south of the peninsula, 

Hornstrandir. In total 26 transects were examined in 6 bays (Hlöðuvík, Hornvík, Aðalvík, 

Rekavík, Fljótavík and Hesteyrarfjörður). All information regarding number, weight, 

description of the item as well as labels, site descriptions and coordinates of transects were 

recorded. Based on the results a survey protocol for Icelandic beaches was developed (see 

Appendix). According to OSPAR, items were classified by using indicator items to source 

industries. Based on that, the proportion of the pollution attributable to the different 

industries was calculated. Materials of debris items were classified and the proportion of 

the different materials found was calculated. A literature review was conducted on 

management practices to prevent pollution through marine debris as well as on present 

policies, legislations and operations of industries contributing to marine pollution in 

Icelandic waters. Using the information gained in the research, recommendations for best 

management practices were designed for Iceland. A literature review was also conducted 

to explore the question about marine pollution’s influence on the Icelandic economy. 

Finally, a comparison and information on future trends was used to estimate the 

consequences for the economy of Iceland.  

1.2 Research limitations 

As time and financial support were restricted, the number of transects that could be 

analysed were limited. Surveys were conducted in the same year and thus cannot show the 

amount of debris which accumulates in a certain time frame.  Therefore, the data together 
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with observations and the evaluation by the park ranger and the nature reserve officer must 

be seen as a first snapshot of the marine debris pollution in Hornstrandir, setting the 

starting point for further research and monitoring.  

The total amount of marine debris in the area is an estimated amount that may vary in 

reality. As items weighing more than 25 kg and items that were stuck under rocks or in 

sand could not be measured, the weight of marine debris is likely to be underestimated. 

Furthermore, debris items that were not seen because they were buried in sand or under 

rocks are not included in the study. Additionally, the quantity of beached drift logs was not 

investigated, even though their presence is caused by anthropogenic activity. This was 

done because they are biodegradable and are therefore seen as less harmful to the coastal 

environment. However, their presence on the Hornstrandir beaches is discussed in the 

study as their origin might indicate travel routes of plastic debris. Management practices on 

reduction of marine debris other than beach cleanups have not been tested so far in Iceland. 

Thus, this study can only provide suggestions based on the current state of knowledge.  

1.3 Outline 

The introduction gives a broad description of the thesis (chapter one). In chapter two an 

overview on the wide reaching implications of marine debris is given to introduce the 

issue. A detailed description of the methodology used is presented in chapter three. In 

chapter four the results of quantities of marine debris in Hornstrandir, including statistical 

analysis of the data and qualitative results are described. In the discussion (chapter five), 

key industries that can contribute to marine debris in Horntrandir are identified. 

Additionally location and size of such industries are discussed to further examine the 

likelihood of their responsibility for the pollution. Information on currents and prevailing 

winds is applied to describe possible travel routes of marine debris. A brief outlook on the 

consequences of marine debris for the Icelandic economy is presented in the following 

section. In the last part of the discussion, suggestions for management practices to reduce 

marine debris in Iceland are given. This section incorporates an analysis of the 

effectiveness of management practices into the suggestions provided. A summary of the 

findings is presented in the conclusion. 
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2 Theoretical overview 

2.1 Definitions and explanation of concepts 

2.1.1 Marine debris 

Marine debris has been defined as: “…any persistent, manufactured or processed solid 

material discarded, disposed or abandoned in the marine and coastal environment. Marine 

debris consists of items that have been made or used by people and have deliberately been 

discarded into the sea, rivers or on beaches; brought indirectly to the sea with rivers, 

sewage, storm water or winds; or accidentally lost, including material lost at sea in bad 

weather” (OSPAR Commission et al., 2007, p. 12). In the present study this definition was 

used for all surveys. Natural debris was not examined, however drift logs were considered 

in the discussion about possible sources.  

2.1.2 OSPAR 

As the research was conducted in accordance with the OSPAR Pilot Projects (OSPAR 

Commission et al., 2009), an explanation of that study follows. The OSPAR Pilot Project 

was the first successful attempt on a region-wide scale to develop a standardized method to 

monitor the amount of marine debris on the beaches in Europe. A previous problem had 

been the large differences in the study designs. Therefore, the OSPAR pilot project was 

able to fill gaps in the current knowledge on marine debris on beaches in Europe and to 

provide a basis for further research on the reference beaches as well as in other regions. 

The project conducted surveys in Belgium, Denmark, France, Germany, The Netherlands, 

Portugal, Spain, Sweden and the United Kingdom. In the Arctic region, no surveys on 

monitoring marine debris on beaches have been conducted so far (OSPAR Commission, 

2009).  In the present study the standardised method is used, while adaptations were made 

to allow for the Icelandic environmental conditions, such as narrow beaches.  

  



6 

2.1.3 Currents 

The movement patterns of debris are influenced by wind-driven currents, wave-driven 

currents, thermohaline, and density-driven currents in a complex way. However, over the 

long term, main ocean currents indicate the movement and origin of marine debris 

(Brainard et al., 2000). Therefore, the currents relatively close to Iceland as well as the 

prevailing winds in the Northwest of Iceland are described.  

In Hornstrandir the prevailing winds arrive from the northeast (Hjort & Ingólfsson, 1985). 

The coastlines are mainly affected by the Atlantic Drift Water which follows the North 

Icelandic Irminger Current (NIIC) in a clockwise circle around Iceland and the Polar Water 

which arrives with the East Greenland Current (EGC) (Jónsson & Valdimarsson, 2012; 

Jónsson, 2007; Hjort & Ingólfsson, 1985). These currents in combination with the 

prevailing winds are expected to act as main distributors of marine debris on the 

Hornstrandir coastline.  

Valdimarsson and Malmberg (1999) showed that the surface flow underlies strong 

seasonal and inter-annual variability. The influence of the Atlantic Drift Water is relatively 

high in the south, west and north of Iceland and is relatively weak in the east of Iceland in 

years, when the influence of the Atlantic Drift Water is high (Eggertson, 1993; 

Vilhjálmsson, 2002). The Atlantic Drift Water reaches the northern Icelandic coast, 

coming from the Gulf Stream, where it branches off. One branch turns westwards and 

flows in a circular current along the coastline of Iceland into the Irminger Sea (Jónsson & 

Valdimarsson, 2012). The second branch flows eastwards and mixes with branches of the 

East Icelandic Current. In cold years the East Greenland Current can block off surface 

water of the Irminger Current in the northwest of Iceland. This causes the north and east 

coast to be dominated by Arctic surface water from the East Greenland Current 

(Stefánsson U. , 1962). In those years driftice is common at the north and northwest coast 

of Iceland (Eggertson, 1993).  

Little is known about currents closer to the shore of Iceland (pers. comm. Jónsson 

Steingrímur, Professor for Oceanography, Marine Research Institute Iceland, 21/June 

2012). However, the website of the Icelandic Fisheries states that closer to the shore there 

is a small band of water masses that flow with the Irminger Current around the shoreline. 

The circulation of the water masses around Iceland in a clockwise manner leads to an 
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inflow of water into the fjords on the right hand side and an outflow on the left hand side, 

when looking towards the coast from the sea (Jónsson, Icelandic Fisheries , n.d.). This 

might have an influence on the amount of marine debris found along the different sides of 

the fjords assessed in this study.  

a) b)

Figure 2.1 a, b: a) Schematic map of surface circulation in Icelandic waters based on the drifter data set 

from May 1995 to November 1996. Red arrows: Atlantic water; Blue arrows: Polar Water; Green arrows: 

Mixed water. Depth contours are drawn for 200, 500, 1000, 2000 and 3000 m (Valdimarsson & Malmberg, 

1999); b) Currents close to the Westfjords of Iceland, solid arrows (NIIC) present the average current at 80 

m depth from November 2001—August 2003, open arrows (EGC) schematically show the two surface 

currents in Denmark Strait, (EGC - East Greenland Current, the NIIC - North Icelandic Irminger Current) 

(Jonsson & Valdimarsson, 2012) 

2.2 Literature review 

2.2.1 Characteristics of marine debris 

Nowadays, debris of anthropogenic origin can be found in almost every environment on 

the globe (STAP, 2011; OSPAR Commission et al., 2009). Of all the kinds of debris, 

plastic debris is identified to have the most harmful effects on nature (STAP, 2011). Plastic 

debris makes up 50-80% of ocean debris, usually making it the most abundant artificial 

material, while glass and metal often rank second or third on a global scale (Barnes et al., 

2009; Thompson et al., 2009a; OSPAR Commission, 2007; UNEP et al., 2005). It is 

estimated that 8 million items of plastic are disposed in the oceans every day, while about 

13,000 pieces float on every square kilometer of the ocean (UNEP et al., 2005). In 2009, 

volunteers collected 10.24 million items of marine debris on beaches of 108 different 

countries, with the top three items being cigarette butts, plastic bags and food containers 
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(ICC, 2009). A study from 2009 concluded that in the OSPAR Maritime Area, the amount 

of marine debris remains high and is not reducing (OSPAR Commission et al., 2009). On 

average, approximately 70% of the marine debris sinks to the bottom due to fouling 

processes, while 15% floats and 15% gets washed ashore (OSPAR Commission et al., 

2009). Plastic materials are in general not biodegradable and persist for extended periods 

of time. In combination with the fact that their demand is rising, the quantities of plastic 

debris will continue to increase (Andrady, 2011; Andrady, 2003).  

2.2.2 Impacts of plastic debris 

Macroplastics (defined as plastic particles > 5 mm) floating around in the ocean or washed 

ashore have many negative effects on coastal and marine ecosystems (Arthur et al., 2009). 

As much as 45% of marine mammals on the Red List (Convention on International Trade 

in Endangered Species, CITES, threatened species list) have been observed to 

be entangled in plastic debris or are known to ingest plastic debris (STAP, 2011; OSPAR 

Commission et al., 2009). Nets, plastic laces for drinking cans and other food packaging 

items are especially dangerous for mammals and birds (STAP, 2011; Gregory, 2009). 

Mammals and diving birds which need to breath frequently at the surface, suffocate 

entangled in submerged nets. In Iceland, two minke whales (Balaenoptera acutorostrata) 

were found entangled in fish farming pens and gill nets for lumpsuckers (Aptocyclus 

ventricosus) in 2006 (Víkingsson et al., 2006). Fish, that require constant motion for 

respiration, suffer from asphyxiation when entangled in plastic debris (OSPAR 

Commission et al., 2009). There are numerous cases documented where animals got 

entangled in plastic laces which were wrapped around a certain body part. This caused cuts 

and wounds, serious malformations and can cut off circulation to appendages (see Figure 

2.2 a, b) (Mouat et al., 2010; OSPAR Commission et al., 2009; Gregory, 2009; UNEP et 

al., 2005). Further consequences of entanglement are strangulation, imparied mobility, 

reduced predator avoidance, reduced ability to hunt for food and reduced fitness (Mouat et 

al., 2010). Compared to ingestion, entanglement is more likely to cause death (Laist & 

Liffmann, 2000). In Scotland 21% of all minke whales (Balaenoptera acutorostrata), 

stranded between 1992-2000, died due to entanglement (OSPAR Commission et al., 2009), 

while in the Bering Sea 40,000 seals are killed every year as a result of entanglement 

(Derraik, 2002). In Iceland, cases of entangled seals (hooded seal, Cystophora cristata; 
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harp seal, Pagophilus groenlandicus; bearded seal, Erignathus barbatus and ringed seal, 

Pusa hispida) which were washed ashore dead, have been documented in 1989-1994. They 

were entangled in gill nets set for lumpsuckers (Aptocyclus ventricosus) and cod (Gadus 

morhua) (Hauksson & Bogason, 1997).  

a) b)

Figure 2.2 a, b: a) Entangled seal at Gweek Seal Sanctuary in Cornwall, photo taken by Caroline Curtis 

(OSPAR Commission et al., 2009); b) Entangled Minke Whale (Balaenoptera acutorostrata) washed ashore 

dead on the Shetland Islands, picture was taken by Austin Taylor (OSPAR Commission et al., 2009) 

A large number of studies all over the world have shown that birds as well as fish, 

marine mammals, invertebrates and reptiles such as turtles, mistake plastic pieces for food 

and ingest them  (Murray & Cowie, 2011; Boerger et al., 2010; Gregory, 2009; Derraik, 

2002; Laist, 1987;). Plastic pieces in a wide size range have been found inside animal 

bodies (Derraik, 2002). Plastic cannot be digested and accumulates in the stomach 

therefore lowering the amount of food which the animal is able to intake and store. This 

reduces the fitness of the individual and can cause death due to starvation. Ingestions of 

plastic can also lead to physical damage to the digestive tract (scarring, ulceration and 

occasional penetration into the body cavity) as well as infections and mechanical blockage 

of the food passage. The ingestion of contaminated debris is also a problem, resulting in 

release of toxic pollutants from within the debris (released by erosion within the digestive 

tract) or from absorption of contaminants adhering to the surface of the ingested debris, 

malnutrition and reduced feeding capacity (Gregory, 2009; OSPAR Commission et al., 

2009; Derraik, 2002;). Plastic particles get passed on to chicks during feeding processes. 

Therefore young birds often contain more plastics in their stomachs then adults. Young 

birds are more vulnerable and are more likely to be killed by plastic ingestions (Gregory, 

2009; Speara et al., 1995; Ryan, 1988). Puffins (Fratercula) nesting in Britain and Ireland 

were found to ingest plastic items like elastic bands and threads. In the same study 13.3% 

of all birds sampled had plastics in their stomachs. Some puffins (Fratercula) had half of 



10 

their stomach filled with debris with potentially fatal effects on their digestion (OSPAR 

Commission et al., 2009).  

Chemical components of plastic debris 

Due to certain chemical substances, plastics also constitute a human health concern. The 

potentially toxic chemicals contained in plastics are e.g. unreacted monomers and 

oligomers, such as bisphenol-A (BPA), phthalate plasticizers, flame retardants and 

antimicrobials (Lithner et al., 2011). Bisphenol-A is especially abundant in polycarbonate 

compounds. It acts as an endocrine disrupter in animals as well as in humans (Junko Sajiki 

& Yonekubo, 2003). It has a similar chemical structure to the body´s 

own hormone estrogen and can therefore bind to estrogen receptors and inhibit estrogen. 

Additionally, it can cause a variety of diseases such as cancer (Junko Sajiki & Yonekubo, 

2003). Studies showed that bisphenol-A can also have fatal effects on a variety of aquatic 

organisms (Talsness et al., 2009; Oehlmann, et al., 2009). In many plastics flame retardants 

and phthalate softeners are used. These are potentially toxic substances that also may have 

a negative effect on marine life when it is bioaccumulated through plastic ingestion 

(Oehlmann et al., 2009). Although plastics and plastic breakdown products (like 

phthalates) have been found in fish, sea mammals, mollusca and other forms of marine life 

(STAP, 2011), a direct link between plastic debris and population declines of marine 

species is difficult to prove because population developments depend on a large number of 

different factors. If negative effects are already occuring, there is probably no way to 

reverse these effects (GESAMP, 2010; Thompson et al., 2009a). Recent studies have 

shown that plastics can absorb persistent bioaccumulative and toxic (PBT) substances such 

as persistent organic pollutants (POPs), including PCBs, DDE and nonylphenols, which are 

dispersed in the ocean from other sources (Moore, 2008). Within a few weeks toxic 

substances can become more concentrated on the surface of plastic debris then in the 

surrounding water column. This is true for larger debris as well as for microplastics 

(Moore, 2008). Therefore, ingested plastic waste may contain a high amount of toxic 

chemicals with potentially adverse effects on feeding organisms and bioaccumulation 

along the food chain  (Hirai, et al., 2011; Rios, 2010; Teuten, et al., 2009; National 

Research Council et al., 2008; Mato, 2001).  
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Marine debris can also have adverse effects on biodiversity. Floating marine debris may 

serve as floats for potentialliy invasive species, reaching new ecosystems, they can expand 

and reduce the biodiversity at the destenation (Derraik, 2002). 

2.2.3 Microplastic 

In time, macroplastic debris can break down to microplastics (plastic particles < 5mm; 

Arthur, Baker, & Bamford, 2009) and nanoplastics. Microplastics are formed by physical, 

chemical and biological fragmentation of larger plastic debris. The process can take up to 

hundreds of years, depending on the materials and surrounding conditions (Mouat et al., 

2010). The major forces that cause the decay are exposure to UV-light, abrasion and 

oxidation (Andrady, 2003). It is expected that plastics degrade a lot slower in water than on 

land, as they are less exposed to sunlight and oxygen and due to the lower temperatures 

found in the water (Gregory & Andrady, 2003). For some debris items, degradation rates 

have been calculated. A cotton rope takes one year to degrade, while a piece of commercial 

netting made of plastic needs 30-40 years for degradation. Monofilament fishing line is 

expected to take as long as 600 years for its degradation in the ocean. Plastic bags can 

degrade in 20-30 years while plastic beverage bottles need 450 years, and a foam plastic 

buoy will need 80 years or longer (Mouat et al., 2010; Ten Brink, et al., 2009; Cheshire, et 

al., 2009). Additionally plastic debris do not biodegrade to e.g. CO2 and H2O but exist 

indefinitely as either micro or nano particles (Andrady, 2011; Roy et al., 2011). Nowadays, 

microplastics already persist in the water column, in the sub-tidal sediment and on the 

shoreline  (Andrady, 2011; Zarfl, et al., 2011; Barnes et al.,2009; Thompson, et al., 2004). 

Microplastic can also be ingested by bivalve mollusks and other organisms (Browne et al., 

2008). The general public has an increasing level of knowledge about microplastics due to 

recent documentaries and publicity campaigns about the area at the centre of the Pacific 

gyre where debris tends to accumulate and which is known colloquially as “The Great 

Pacific Debris Patch”. In the water column of the ‘debris patch’ area, the mass of 

microplastics was measured to be six times higher than the mass of  plankton (Moore et al., 

2009). This has potential adverse effects on birds, fish and filter feeders who cannot 

distinguish between debris and plankton. Resulting implications of this circumstance are 

not yet known, however, there is a potential for the bioaccumulation of plastics from the 

lowest trophic level (Moore et al., 2009). A study by Bhattacharya Lin, Turner, & Ke 
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(2010) showed that nanopolystrene beads block light, diminishing the ability to 

photosynthesize and cause oxidative stress in algae. All this raises concerns that marine 

debris has an ecosystem-wide effect and additional, as yet unknown effects on ecosystem 

goods and services (STAP, 2011). Another recent study identified microplastics as one of 

the most important global emerging topics on a worldwide horizon scan for conservation 

issues (Sutherland, et al., 2010).  

2.2.4 Origins of marine debris 

Marine debris originates from sea-based and land-based sources. Sea-based sources 

generally account for 20-40% of the debris in the marine environment, while land-based 

sources account for approximately 60-80%. However, the main source of debris can vary 

from region to region (OSPAR Commission, 2007). Potential sea-based sources of marine 

debris are merchant shipping, ferries and cruise liners, fishing vessels, military fleets and 

research vessels, pleasure craft, offshore oil and gas platforms, and aquaculture 

installations (UNEP et al., 2005). Land-based sources could be municipal landfills (waste 

dumps) located on the coast, riverine transport of waste from landfills along rivers and 

other inland waterways, discharges of untreated municipal sewage and storm water 

(including occasional overflows), industrial facilities (solid waste from landfills, and 

untreated waste water), and tourism (recreational visitors to the coast) (UNEP et al., 2005). 

In many cases the major marine debris washed ashore in the lower latitudes comes from 

sea-based sources such as fishing vessels and container ships (OSPAR Commisssion, 

2009). Container ships frequently loose their cargo, resulting in 10,000 containers being 

lost annually (Podsada, 2001).  

A common land-based type of marine debris is short-lived single-usage packaging made 

from plastic, which is a major problem for the environment, as a large amount of waste is 

created in a relatively short time (Thompson & Swan, 2009b; WRAP, 2006). Most plastics 

end up in the sea via rivers and storm-waters (Ryan, Moore, van Franeker, & Moloney, 

2009). As single-use plastic packaging is light weight, it is easily wind blown and so can 

escape accidentally during debris delivery or landfill maintenance. Blown by the wind into 

rivers, plastics finally make their way into the ocean. Plastics in the ocean also originate 

from waste water run off and industrial waste (OSPAR Commission et al., 2009). 
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Plastic consumption increased substantially during the last decades and continues to grow 

about 9% annually (PlasticsEurope, 2008). Furthermore, the demand for plastics in the 

developing world is rapidly growing  (PlasticsEurope, 2008). Plastics have only been 

used  for the last 60 years commercially but the consequences for marine ecosystems are 

already substantail (Andrady & Neal, 2009; STAP, 2011). In 2008, the average plastic 

consumption per capita in Europe, North-America and Japan was 100-130 kg/yr and the 

comsumption is still increasing. The annual demand of plastics world wide is over 308 

million tons (PlasticsEurope, 2008).  Icelanders use 20 million plastic bags every year 

(Nikolov, 2010).  

So far only a few actions have been taken to reduce plastic consumption world-wide 

(STAP, 2011). Once plastic waste is generated  it is commonly processed in incinerators or 

disposed via landfill (Thompson & Swan, 2009b). A far smaller amount of plastic is 

recycled. Our limited capacity to deal with plastic waste indicates that our consumption  

patterns are not sustainable in the long term (Barnes et al., 2009). However, due to 

their cost-efficiency, their light weight and durability, plastics find use in a wide range 

of businesses all around the world  (Thompson & Swan, 2009b; UNEP et al., 2005). Food 

industries especially, have been able to minimize fuel costs and prices in packaging as food 

articles can now be wrapped in plastic to fulfill required hygiene regulations and guarantee 

food safety. Packaging with PET can achieve 52% savings in fuel costs over glass 

(Andrady & Neal, 2009). This may explain why plasic is used in such large quanities, 

regardless of its many problematic impacts (STAP, 2011; OSPAR Commission, 2007; 

UNEP et al., 2005;).  

2.2.5 Biodegradable Plastic 

In the last years an effort has been made to develop biodegradable plastics. However, many 

of them still contain a mixture of degradable and non-degradable components (Thompson, 

et al., 2004). A number of biodegradable polymeres (BP), like soy-based plastics or 

bacterial polyester, were developed in the late 90´s (Lenz, 2005; Swain et al., 2004). Even 

though the consumption of biodegradable materials is still relatively small compared with 

the amount of plastics used globally, the worldwide consumption of BP has increased from 

14 million kg/yr in 1996 to 68 million kg/yr in 2001. The target markets for biodegradable 

products are in the packaging industry, consumer goods like fast food packaging, 
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containers and toys, and in agriculture, where items such as mulch films and planters could 

be made out of biodegradable plastics. Currently the lack of infrastructure for the disposal 

of biodegradable materials, low costs of non-biodegradable plastics and their familarity to 

the consumer have slowed the expansion of the market for BPs (Gross & Kalra, 2002). 

Despite this, BPs have wide-ranging advantages compared with conventional plastic 

products. In many cases they could provide a substantial reduction of CO2 emissions, 

drastically minimize the impact on the marine environment, and reduce health risks as 

currently no adverse effects on animals or humans are known to be caused by BPs. In 

addition BPs can be designed for multiple functions. Food packaging, for example, could 

be made in the future from poly(lactic acid) which primarily degrades through hydrolysis 

and is not affected by microbal attack. Therefore it will contribute to the durability of food. 

Produced in large quantities, these materials could potentially be sold at a similar price to 

conventional plastics (Gross & Kalra, 2002).  

The problem of marine debris must be seen in the context of the current status of marine 

ecosystems. Marine debris adds an additional threat to the already exploited oceans, facing 

over-fishing, ocean acidification and increasing water temperatures due to climate change, 

chemical and radioactive pollution, habitat destruction as a consequence of exploitative 

fishing methods, coastal development, oil and gas extraction, nutrient enrichment due to 

agricultural run-off and aquaculture, noise pollution, invasive species and reduction of 

biodiversity (Derraik, 2002). All these factors reduce the resilience of the oceans, lead to 

rapid environmental deterioration and might result in a collapse of many marine 

ecosystems (ICC, 2010). 
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3 Methodology 

3.1 Study sites 

The Hornstrandir nature reserve encompasses around 58 000 ha and is located in the 

northernmost part of the Westfjords peninsula (Vestfirðir), Iceland. Hornstrandir is 

positioned in the North-Atlantic on the Mid-Atlantic Ridge so it is situated between the 

Arctic and the Atlantic Waters (Eggertson, 1993). 

 

Figure 3.1: Map of Iceland, the study site Hornstrandir is marked (created in Google Earth) 

Major features of the landscape are fjords, mountains, short glacially eroded valleys and 

abandoned settlements (Hjort & Ingólfsson, 1985; Oladottir, n.d.). The reserve is only 

accessible by boat or hiking trails from the inland. There are no roads established in the 

area. The area has a short growing season while the winter season is long and characterized 

by heavy snow cover. The short growing season with 24-hour sunlight radiation and the 

absence of grazers in the area create special conditions for the development of flora and 
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fauna in the reserve (Oladottir, n.d.). Hornstrandir is a dissected Tertiary basalt plateau 

(Hjort & Ingólfsson, 1985).  

It is located in the low-arctic zone (Freuchen & Salomonsen, 1959). From the shore, the 

water depth increases steadily until it reaches a depth of 50 m about 5 km away from the 

coast. Further out, the depth of the sea rarely exceeds 100 m. The study area is currently 

under the care of the Nature Reserve Officer Jón Bjornson and the Park Ranger Jónas 

Gunnlaugsson, who are employed by the Environment Agency of Iceland. As the area is 

difficult to access, most beaches are not cleaned from marine debris (pers. comm. Jón 

Bjornson, Jónas Gunnlaugsson, Nature Reserve Officer, Park Ranger, Environment 

Agency of Iceland  2012), and there are no caretakers on site during the winter. 

 

Figure 3.2: Topographic map of the sampling sites in the nature reserve Hornstrandir, transects are marked 

by blue flags and yellow pointer, the numbers (0) – (XXV) are referring to the tables in the Appendix, where 

exact numbers of debris items and pictures of the collected litter can be found for each transect (created in 

Google Earth) 
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3.1.1 Hornvík 

The sampling site at Hornvík is surrounded by 700 m high mountains to the south (Hjort & 

Ingólfsson, 1985). The valley ends towards the seaside with a relatively wide sandy beach. 

To each side of the fjord, the sandy beach leads into a rocky shoreline. The water depth in 

the shelf here increases faster than anywhere else in the reserve and reaches 105 m depth 

before the 5 km line (Hjort & Ingólfsson, 1985); see Figure 3.3. An additional survey was 

done in this area, as a relatively high amount of marine debris was found along the path 

besides the river Hafnarós in the wide sandy bay (see Figure 3.3).  

 

Figure 3.3:  Topographic map of the sampling sites at Hornvík; blue flags are marking the corners of each 

transect; different transects are named with Latin numbering; corner posts are marked from a to d; yellow 

markers indicate the areas were marine debris was collected covering 5 m to the right and left of the posts 

(created in Google Earth) 
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3.1.2 Hlöðuvík 

The beaches around Hlöðuvík are generally between 10 and 20 m wide. They consist of 

fine sand towards the low water mark. Stones and rocks are located in the back of the 

beach. Further inland, the site is mostly vegetated by different types of grass and reed (see 

Figure 3.4). The river Kjaransvíkurá reaches the ocean in the bay. 

 

  

Figure 3.4: Topographic map of the sampling site Hlöðuvík; blue flags are marking the corners of each 

transect; different transects are named with Latin numbering; corner posts are marked from a to d; (created 

in Google Earth) 

3.1.3 Fljótavík 

The valley inside of Fljótavík is 8 km in length, making it the longest one in Hornstrandir. 

Towards the sea the entrance is 3 km wide (Hjort & Ingólfsson, 1985). The landscape 

inside the valley changes from marshes and meadows towards sand dunes and rather broad 

coastal lowland with a wide sandy beach (see Figure 3.5). The river Bæjará is dividing the 

bay. Hardly any rocks can be found on the wide sandy beach. 
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Figure 3.5: Topographic map of the sampling site Fljótavík; blue flags are marking the corners of each 

transect; different transects are named with Latin numbering; corner post are marked from a-d, white lines 

are indicating the boundaries of the nature reserve 

3.1.4 Rekavík 

The coastline around Rekavík consists of a sandy beach in the middle of the bay, while the 

sides of the fjord consist of rocky beach with stone sizes averaging between 5 and 20 cm. 

The coastline in the middle of the bay is relatively short, only 10-20 m wide; behind the 

small beach the lake Rekavíkurvatn is located. The swash zone of the bay is in wide areas 

vegetated by a variety of algal species (see Figure 3.6). 
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Figure 3.6: Topographic map of the sampling site Rekavík; blue flags are marking the corners of each 

transect; different transects are named with Latin numbering; corner post are marked from a-d (created in 

Google Earth) 

3.1.5 Aðalvík  

The plateau surface in the west of Aðalvík lies around 400 m high, which makes sampling 

hardly possible in the west of Aðalvík. A second plateau rises towards the east. The 

elevation increases moving eastward (Hjort & Ingólfsson, 1985). The valley of Aðalvík 

ends with a wide sandy beach towards the sea. The area landwards behind the beach is 

covered by sand dunes, north of the eastern plateau. Here the river Miðvíknaós leads 

towards the ocean.  
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Figure 3.7: Topographic map of the sampling site Aðalvík; blue flags are marking the corners of each 

transect; different transects are named with Latin numbering; corner post are marked from a-d; blue flag 

named Aðalvík in the North is marking the site where no debris was found (created in Google Earth) 

3.1.6 Hesteyrarfjörður 

The beaches where samples were taken around Hesteyri mainly consist of fine sand. The 

beaches have an average width of 10 m. Behind the 10 m beaches, the land rises at variable 

gradients until it flattens again into a plateau (see Figure 3.7). On the side of Hesteyri the 

river Hesteyrará ends in the ocean. 
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Figure 3.8: Topographic Map of the sampling site Hesteyrarfjörður; blue flags are marking the corners of 

each transect; different transects are named with Latin numbering; corner post are marked from a-d (created 

in Google Earth) 

3.2 Survey method 

In order to estimate the total amount of marine debris in the area of Hornstrandir, the 

marine debris was collected in transects along the shore. As the area is difficult to access 

and time was limited, it was not possible to collect marine debris area-wide on all 

coastlines. Therefore accessible beaches were sampled in rectangular transects. GPS 

coordinates were taken on each transect corner; GPS (Garmin 205/305, Kansas, USA). The 

transect size was chosen in accordance with the standardized methods for beach surveys 

described in the OSPAR Pilot Project on Monitoring Marine Beach Debris (OSPAR, 2007) 

and adjusted to the conditions in the nature reserve. OSPAR suggests a transect size of 100 

m x 100 m. As the beaches in Hornstrandir are usually not wider than 10 m, a size of 10 m 

x 100 m was chosen for this study (10 m from the sea inland, 100 m parallel to the ocean). 

The transect size was further adjusted in length depending on the amount of marine debris 

in the respective transect to reach a feasible sampling time. The transect size varies in 

width depending on the width of the beach and the distribution of marine debris on the 
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beach. The locations for transects on the length of each beaches (parallel to the sea) were 

chosen randomly. The 10 m width of one transect (from sea inland) was generally 

measured from the low water mark, 10 m land inwards. If the transects did not cover the 

area with the highest density of marine debris, the spot closest to the low water mark with 

presence of marine debris was tagged as lower transect corner. The two higher transect 

corners (100 m apart from each other) were established 10 m land inwards. In case the 

main accumulation of marine debris was still not covered, the transect width was extended 

to 20 m. Samples were taken on land-accessible beaches in the north, east and west of the 

nature reserve Hornstrandir. An exception was made along the river Hafnarós, because 

debris was found in relatively high numbers. The debris was collected on 2000 m along the 

river in a 2 m width. Table 3.1 shows the size of all transects that were established during 

the research. 

Table 3.1: Transect size in the respective bay 

Bay Transect  Size Bay Transect  Size 

Hornvík  I 100x40 Hesteyrarfjörður XIII 100x10 

 II 100x10  XIV 100x10 

 III 100x10 Aðalvík XV 100x10 

 00 2000x2  XVI 100x10 

Rekavík bak Höfn IV 10x10  XVII 100x20 

 V 10x10 Rekavík  XVIII 100x10 

Hlöðuvík VI 100x10  XIX 100x10 

 VII 100x10  XX 100x10 

 VIII 20x20  XXI 100x10 

 VIIII 20x20 Fljótavík XXII 100x50 

 X 20x20  XXIII 100x10 

Hesteyrarfjörður XI 100x10  XXIV 100x10 

 XII 100x10  XXV 100x10 

 

All items found in each transect were collected and categorized (drift wood was not 

included). Labels were photographed, all data potentially concerning origin were noted, 

and the mass of each collection was measured using a spring scale (Lux pocket balance 

tool, 24 kg max, Cologne, Germany). Items which were too large to be lifted, and items 

buried in sand were photographed and categorized but they were not included in the weight 

measurements. All samples were taken in the time period between June and August 2012. 
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To track the source of the debris items, indicator items were identified according to the 

OSPAR Pilot Project.  

3.3 Statistical analysis 

Data analysis was done with Microsoft Excel 2007. Graphs and Tables were designed in 

Excel 2007. The statistical analyses were done with Statistica. As variances were not 

homogenous, a Kruskal-Wallis rank test was used to evaluate whether there was any 

statistical difference between the most commonly found categories of debris items in all 

three sampled cardinal directions. To investigate whether there was an overall statistical 

difference between the three cardinal directions (north, south and west) a chi-square test 

was used.   
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4 Results 

4.1 Quantitative Research 

Plastics are the most abundant material found, accounting for 95.4% of the total number of 

items. All other materials were found in much lower quantities. The abundance of metal 

items (2.7%) was approximately double that of rubber items (1.2%). The amount of wood 

was only 0.3% of the total number of items found (not including the driftwood log piles on 

many of the back-beaches, and in particularly large quantities in the north of the 

peninsula). Glass was found in the lowest quantities together with fabric, accounting for 

0.2% of the total number of items, each. Overall, the pie chart illustration in Figure 4.1 

shows that the material of concern is plastic. Metal, rubber, processed wood, fabric and 

glass account for 4.6% of the total number of items. Raw data is presented in the appendix.  

 

Figure 4.1: Percentages of all different materials found during sampling in Hornstrandir 
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In Hornvík six transects were examined including two in Rekavík bak Höfn which is part 

of the bigger bay Hornvík. Transects examined in Rekavík bak Höfn are included in the 

numbers representing the amount of marine debris found in Hornvík, but to emphasis the 

particularly high abundance of marine debris in the relatively small bay, the numder of 

debris found in Rekavík bak Höfn is also listed separately. In Hlöðuvík five transects were 

examined, four in Rekavík and four in Aðalvík, where in one transect, no debris was 

found. In Fljótavík and Hesteyrarfjörður four transects were examined in each case. In one 

transect in Hesteyrarfjörður no debris was found. Limited abilities for weight measure, 

which did not allow the measurement of items exciding 25 kg might have influenced the 

results on the weight of the debris items. Additional research would be required to provide 

a more accurate picture of debris weight per transect. 

Figure 4.2 shows the average number of debris items per transect (100 x 10 m) in 

Hornstrandir (average of all transects) and the respective bays separately. In general the 

highest number of items per transect was found in Hornvík and Hlöðuvík, while a wide 

range in the degree of pollution among all beaches occurred. The highest numbers of 

debris items were found in Rekavík bak Höfn. Rekavík bak Höfn is with 1 km of coastline, 

relatively small compared to all other bays. As a lot of debris is accumulated there in a 

small area, the bay looks especially polluted. Therefore Rekavík bak Höfn is shown in the 

Figure as a separate bay even though it is part of Hornvík. The column for Hornvík 

includes the samples taken in Rekavík bak Höfn. In Hlöðuvík the number of debris found 

was slightly smaller. However, the difference is not statistically significant as the number 

of items was highly variable. In all other bays a lower degree of pollution was observed. 

Hesteyrarfjörður represents the south of Hornstrandir in this study and is the least polluted 

bay. Aðalvík, Rekavík and Fljótavík are representing the west of the peninsula in this 

study. The average number of items found here is lower compared to the north but higher 

than in the south.  
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Figure 4.2: Average number of debris items per transect in all fjords where sampling was conducted, black 

lines are indicating standard division, the column Hornstrandir displays the average amount of debris found 

per transect; Hornstrandir: 26 transects (trans.), Reykjavík bak Höfn: 2 trans., Hornvík: 6 trans. (including 

Reykjavík bak Höfn), Hlöðuvík: 5 trans., Aðalvík: 3 trans., Rekavík: 4 trans., Fljótavík: 4 trans., 

Hesteyrarfjörður: 4 trans. 

Figure 4.3 shows the total number of debris found in the north, west and south of 

Hornstrandir. The highest number of debris was found in the north, while the average 

number of debris found per transect showed the strongest variations in the north. Standard 

deviation was smallest in the west of the peninsula. The total amount of debris found in the 

west was smaller than in the north, whereas the number found in the west was larger 

compared to what was found in the south.  
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Figure 4.3: Average number of debris items per transect found in the North (Hornvík, Hlöðuvík), West 

(Adavík, Rekavík, Fljótavík) and South (Hesteyrarfjörður) of Hornstrandir, black bars indicate the standard 

deviation 

A Chi-square of independence was conducted using the following null hypothesis: The 

number of marine debris in Hornstrandir is independent from the location (north, south and 

west). The null hypothesis was rejected (p-value < 2.2*10
-16

). The number of marine debris 

depends on the location. 

Figure 4.4 and 4.5 show the total number of debris items collected, in the individual bays 

where the marine debris was found (blue bars) and the total weight (red bars). Figure 4.4 

shows the total number and weight found in all bays, while figure 4.5 zooms in on the 

weight and number of items in all bays with a lower degree of pollution. Additionally, the 

total weight of debris items per bay is indicated by the red bars. The Figures must be 

examined considering the number of transects surveyed in each bay, which varied 

depending on the size of the bay and the number of debris found. The total number of 

marine debris items in Hornstrandir found during the survey was 1053 items, weighing 

140.25 kg in total. The highest number of marine debris was found in Hlöðuvík and 

Hornvík, together accounting for 712 items. These items weighed 57.1 kg in total. The 

smallest number was found in Hesteyrarfjörður where only 14 items were found, weighing 

a total of 0.6 kg. As bigger debris pieces could not be measured in weight, the weight given 

is likely to be an underestimate.  
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Figure 4.4: Debris items found in total and in each bay sampled (blue) with respective total weight of debris 

items found (red)  

 

Figure 4.5: Total number of debris items found in each bay sampled (blue) with respective weight of debris 

items found (red) 
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Figure 4.6 provides an overview of the most common debris items in the north, west and 

south of Hornstandir. In the north and in the west, the category “Buoys and buoy pieces” 

accounts for the highest number of debris while plastic pieces are the second largest 

category found. In the south the number of all debris found is relatively low, so there are 

no obvious differences between the debris types. ‘Ropes and nets’ is the third largest group 

found in the north, while in the west the categories ‘ropes and nets’, ‘plastic bottles’ and 

‘others’ account for approximately the same proportion. Pictures of buoys, nets and ropes 

that were typically found are provided in Figure 4.11.1 - 4.11.21. 

 

Figure 4.6: Types of items in total numbers found in the north, west and south of Hornstrandir 
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Figure 4.7 shows that there are a significantly lower number of plastic pieces in the south 

of the peninsula compared with the north and the west. The standard deviation of debris 

items in the west is particularly high. 

 

Figure 4.7: Box-plot diagram for a Kruskal-Wallis test, Geographic position 0=North, 1=South, 2=West, 

Rang 2= plastic pieces, in the south of the Peninsula significantly less plastic pieces occur than in the north 

and in the west; bars are showing the range of the sample (p=2.89) 

 

Tests were also done for “Buoys, buoy pieces”; “Rope, net (pieces)”; “Plastic bags”; 

“Canister, canister pieces”; “Plastic tray, tray pieces” and “Packing rope”. Tests were done 

for the total numbers and the proportions according to the number of samples taken in each 

cardinal direction respectively, but did not show a statistically significant result. 

  

Box-Plot 
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4.2 Qualitative research 

Table 4.1 provides an overview over all items that were found once or several times and 

also indicates the most common types of debris found in Hornstrandir (found more than 15 

times). All items in the table are sorted in alphabetical order. 

Table 4.1: List of items found during sampling, alphabetical order 

Most common items Others   
  Bottle caps, lids Air freshener Glass Packing rope Spray 

Buoys, buoy pieces Beer can Glove Painted wood Styrofoam 

Canister, canister pieces Comb Hook for fishing Plastic bags Tape 

Plastic bottles 
Construction 
foam Iron buoy Plastic box 

Thermal 
pack 

Plastic pieces Durex box Lego Plastic pipe Tire 

Rope, net (pieces) Fabric Mayonnaise bottle Rubber Toothbrush 

Tray, tray pieces Float Metal Shampoo Tube 

 
Frying pan Neoprene shoe Shoe sole Wire 

 

 

In Figure 4.8 the total numbers of most common debris items are shown. Buoys and buoy 

pieces were the most abundant items found (424 items total; see Figure 4.8). Unidentifiable 

plastic pieces were the second largest group found in the transects (251 items total). Ropes 

and net pieces as well as plastic bottles were relatively common as 136 pieces of ropes and 

nets and 87 plastic bottles and bottle pieces were found in total. All other items were found 

in far smaller concentrations with 25 or less items.  
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Figure 4.8: Most common debris items found in all transects in total numbers 

Figure 4.9 shows the occurrence of most common debris items in percent and provides 

additional information to Figure 4.8. The percentages are derived from the total numbers of 

marine debris found. As indicated above, “buoys, buoy pieces” account for the biggest 

percentage (40%), while “tray, tray pieces” makes up 1% and is the smallest group 

itemized.  

 

Figure 4.9: Most commonly found debris items, illustrated percentage of the total number of items collected 
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During the course of the research, a variety of different debris items was found. Debris 

items which were only found once do not give a distinct picture of the overall debris 

situation in Hornstrandir. However, together with more common marine debris, they give 

indications of sources of marine debris. Items that were only found once often held labels 

or stamped article descriptions which are listed below. The origin of those articles was 

further investigated if possible (see Table 4.2). Table 4.2 gives an overview of all items 

with labels, the country of production and company description when found, respective 

references are shown in brackets. Pictures of the items, if available, are presented below 

(see Figure 4.10.1- 4.10.12). The Table also includes comments describing information 

about the products’ sources (industry or location). The most frequently occurring items 

with labels were plastic bottles, plastic pieces and canisters/containers. The country of 

origin was mainly Iceland, followed by Spanish speaking countries and Germany. Most 

items were produced by the food or beverage industry followed by items from packaging 

or pallets for shipping operations and items relating to the medical industry. Labeled items 

were mainly produced in European countries. A smaller proportion of items were produced 

in Russia, New Zealand and Chile. Almost all labeled items found were made from 

plastics, only two were made of metal, one was made of wood and one of paper. 
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Table 4.2: Items found with labels on them, respective pictures can be found below 
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Figure 4.10.1: Label described in Table 4.2 Figure 4.10.2: Label described in Table 4.2 

 

   

Figure 4.10.3: Label described in Table 4.2   

 

 

 

 

 

 

 

 

 

 

 

Figure 4.10.4: Label described in Table 4.2 

 

  

Figure 4.10.5: Label described in Table 4.2           
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Figure 4.10.6: Label described in Table 4.2   Figure 4.10.7: Label described in Table 4.2 

 

Figure 4.10.8: Label described in Table 4.2   Figure 4.10.9: Label described in Table 4.2   

  

Figure 4.10.10: Label described in Table 4.2  Figure 4.10.11: Label described in Table 4.2 

 

Figure 4.10.12: Label described in Table 4.2 
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In the following, pictures of the different fishing gear types including descriptions are 

presented, to show trends in the type of gear found. Items were identified by Einar 

Hreinsson, Fisheries Research, Fishing Gear Marine Research Institute, 20/February 2013. 

 

Figure 4.11.1: Enforcement rope from a trawl  Figure 4.11.2: Trawl netting, possibly torn lower belly 

      (double 4 mm twine, mesh size 155 inside)  

 

Figure 4.11.3: Mainline from handline (jigging),  Figure 4.11.4: 20 mm polyetylene rope widely used to 

monofilament nylon     handle trawls and also as buoy-line on gill nets 

  

Figure 4.11.5: Float from a seine net and a pocket  Figure 4.11.6: Longline (most likely whole tub lost net 

used in aquaculture     from deck in bad weather)  
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Figure 4.11.7: Most likely a seine herding rope Figure 4.11.8: Braided rope, possibly from a  

pelagic trawl 

 

 

   

Figure 4.11.9: Net from bottom trawl, most likely  Figure 4.11.10: Steel bobbin 16 or 18 inch in diameter 

foreign (Russian or German) from 1960-70  and trawl netting  

 

 

      

 

Figure 4.11.11: Aluminium float, not in  Figure 4.11.12: Trawl netting, the ring is a float from 

use since the early sixties     a gill net or seine net 
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Figure 4.11.13: Rope used to secure vessels  Figure 4.11.14: 8 inch plastic float made in Iceland  

in the harbour  (Dalvík) 

 

   

Figure 4.11.15: Net from shrimp trawl Figure 4.11.16: PE netting (double twine) probably 

from a codend or an extension  

  

 

  

Figure 4.11.17: Possibly an illegal salmon/trout  Figure 4.11.18: The netting is a typical small mesh  

gill net (used by local residents at Hornstrandir) netting from foreign vessels, generally referred  

 to as Russian netting or possibly originate from  

 purse seines 
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Figure 4.11.19: White plastic  Figure 4.11.20: Trawl/seine  Figure 4.11.21: Wrapping straps 

originates from a fish box  netting    from freezing vessels 

type used 20 years ago before  

the introduction of present tubs 

 

 

 





43 

5 Discussion 

In this chapter, the results are discussed in order to answer the research questions in the 

best possible way. The first Section (Section 5.1) explores the issue of whether marine 

debris is a threat to the nature reserve Hornstrandir, starting with a discussion of 

correlations between the abundance of materials in the Icelandic waste production and 

materials found on Hornstrandirs coastlines. In Section 5.1.2, the quantities of marine 

debris found in Hornstrandir are compared to quantities found in Europe during the 

OSPAR Pilot Project (OSPAR Commission, 2009). To give an overall picture of the 

degree of pollution in Hornstrandir, observations as well as studies on stomach contents of 

the Northern fulmar (Fulmarus glacialis) and amounts of debris collected by operating 

NGOs are included. Possible sources of marine debris in Hornstrandir are discussed, giving 

consideration to indicator items tracing back to industries, locations and industrial 

activities, as well as research on drift wood origins (5.1.3 Sources of marine debris). In the 

next section the question of whether marine debris can cause costs for the Icelandic 

economy is discussed based on studies of costs in Europe and future developments 

affecting the amount of marine debris (5.2.1 Economic costs).  Finally, all conclusions on 

the type and source of marine debris and reviews on the effectiveness of management 

practices reducing marine debris are used to make recommendations on effective 

management practices.  

5.1 Marine debris in Hornstrandir 

Pristine nature is defined, “as nature uninfluenced by human action” (Verhoog et al., 

2005). Beaches in Hornstrandir are visually polluted with marine debris, meaning that the 

nature reserve Hornstrandir is not in its pristine state any longer. Potentially, management 

measures could help to restore the landscape to its original state, if they were supported by 

the local community. So far, reference values for quantities of marine debris that require 

urgent action are not established.  However, the establishment of such reference values on 

the basis of cost benefit analysis are strongly recommended. At the moment it is up to the 



44 

national authorities to decide whether measures to address the issue are necessary. In the 

present study a comparison to quantities found on the European mainland is used to 

evaluate the quantities of debris found in Hornstrandir. However the comparison cannot be 

the basis for evaluation of critical amount of marine debris. 

5.1.1 Materials  

The main material found during the survey was plastic, accounting for 95.4% of all items. 

Plastic is generally the most common material found in studies on beach debris (STAP, 

2011; OSPAR Commission et al., 2009). Reasons for this are, among others, the long 

lasting properties of plastics as well as their buoyancy (STAP, 2011). Another material 

found in large quantities was wood, mainly logs and driftwood. Logs were excluded from 

the survey because they were classified as 100% natural material and do not harm the 

environment. However, because anthropogenic activity is involved in their existence and 

their presence gives hints on the origin of buoyant plastics debris, they are considered in 

the discussion (Eggertsson, 1993; Hellmann, et al., 2013). 

A very small proportion of the total debris found was made out of metal (2.7%), rubber 

(1.2%), processed wood (0.3%) other than wooden logs, fabric (0.2%) and glass (0.2%). 

To examine whether the proportion of materials found is similar to the proportion of waste 

generated in Iceland, the quantities were compared to each other. A study on packaging 

waste in Iceland (including industrial as well as household waste) showed that paper and 

cardboard was the majority of waste (40%), followed by plastic packaging (34%), wood 

packaging (13%) and glass (11%) in 2002 (Kamsma & Meyles, 2005). Therefore, the 

proportion of waste material does not directly reflect the proportion of debris found on 

Hornstrandir´s beaches. However, a major proportion of wooden packaging (94.6%), glass 

(53.9%) and metal packaging (41.1%) was recycled or recovered, while only 12-14% of 

plastic packaging and paper/cardboard was recycled or recovered (Kamsma & Meyles, 

2005). Further, paper and cardboard is not very durable and only floats for a short time. 

This indicates that the properties of a material followed by the overall amount of waste 

generated and the amount of the material that is recycled or recovered influence the 

distribution of materials washed ashore. A relatively large proportion of the plastics found 

in Hornstrandir were associated with the fishing and shipping industry (nets, ropes, buoys, 

containers, packaging rope, and construction tube). It is probable that these items are 
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discharged or lost directly at sea and are therefore not included in the survey of Kamsma 

and Meyles (2005). Thus, measures against marine debris need to tackle both land-based 

and sea-based sources. 

5.1.2 Degree of pollution  

Estimated number of debris in the north, south and west of Hornstrandir 

To describe the total number of marine debris found in Hornstrandir better, the research 

data was used to calculate the total number of marine debris for each investigated bay, in 

relation to the size of accessible flat coastlines. Hornstrandir has several steep coastlines on 

which the accumulation of marine debris is hardly possible. These areas were not included 

in the estimations. Figure 5.1 shows the area of coastline which was included in the 

calculations. The length of the coastline in each bay was measured using Google Earth. 

Extrapolations were then performed taking into account accessible coastline lengths, the 

lengths of surveyed transects, and the respective numbers of debris found. As marine 

debris commonly accumulates along a certain line behind the swash zone, amounts were 

calculated per km instead of km
2
 (calculations are done in accordance to OSPAR Pilot 

Project, where amounts are presented per km as well). Figure 5.2 illustrates calculations on 

the overall number of debris in the north, west and south of Hornstrandir, while Figure 5.3 

shows estimations on the number of debris per kilometer.  

 

A total of 32,577 debris items with a weight of 4339 kg were estimated to pollute 

accessible and flat coastlines in the north, south and west of Hornstrandir, this equals 506 

items/km, weighing approximately 67 kg/km (underestimation). Estimations indicate that 

Hlöðuvík is the bay with the highest degree of pollution (18,615 items in the area, 

weighing 1608 kg in total; 1692 items/km, weighing 146 kg/km). Hlöðuvík´s coastline is 

approximately 11 km long, similar to Hornvík (approximately 10 km). Hornvík was 

estimated to be less polluted than Hlöðuvík with 8,483 items in the area and a total weight 

of 596 kg.  

 

The section Hornvík includes the bay Rekavík bak Höfn which has the densest pollution 

per km. Rekavík bak Höfn is therefore discussed separately. Even though Rekavík bak 

Höfn is one of the most visibly polluted beaches, it is relatively small, at about 1.5 km 
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long. An estimated total pollution of 9975 debris items was assessed. The estimated total 

weight was 863 kg in Rekavík bak Höfn. The number of items per km, which was 

estimated to be 6650 items/km weighing 575 kg/km, demonstrates that the pollution is 

much higher-than-average in this bay. Rekavík bak Höfn is located in the west of the fjord. 

Here the water flows into the fjord towards the land, while it leaves the fjord on the eastern 

side of the bay (Jónsson, Icelandic Fisheries n.d.). The inflow of water in the west could 

explain the large number of debris found in Rekavík bak Höfn, because debris items 

arriving with the inflowing water would be more likely to be washed ashore in the west of 

the bay. However, an inflow of the water on the right side (when looking from sea into the 

fjord) was described for all fjords in Hornstrandir, but a higher quantity of marine debris 

could not be found in any other fjord. More research is needed to better understand 

accumulation patterns.  

 

The estimated total number of debris items in Hornvík was 8438 items with a weight of 

596 kg. In the north of Hornvík one survey was done along the river Hafnarós, because a 

relatively high number of debris items were found here. An explanation for the marine 

debris along the river could be the flood pushing water masses up the river, carrying debris 

with them. Aðalvík is less polluted than Hornvík (4943 items, weighing 613 kg), while the 

length of accessible coastline is similar (Aðalvík approx. 11 km, Hornvík approx. 10 km). 

The calculated number of items per km was half as much as in Hornvík (Aðalvík: 443 

items/km; Hornvík: 850 items/km). The weight per km was slightly lower (Aðalvík: 55 

kg/km; Hornvík: 60 kg/km). In the bay of Rekavík 2261 items were calculated to pollute 

the area. The debris had a slightly higher weight than debris in Aðalvík (Rekavík: 796 kg, 

Aðalvík: 613 kg). Numbers of items/km in Rekavík were slightly lower than in Aðalvík 

(Rekavík: 373 items/km, Aðalvík: 443 items/km). The estimated weight/km was relatively 

high (131 kg/km) compared to Aðalvík (55 kg/km). Fljótavík accounts for the lowest 

number of estimated total debris items (577 items), even though in Figure 4.4 and 4.5 it is 

shown that in Fljótavík a higher total number of debris items was found than in 

Hesteyrarfjörður and the average number of items per transect was higher in Fljótavík than 

in Hesteyrarfjörður. The decrease in the estimated total number in Fljótavík is due to its 

small size (approx. 5 km) compared to Hesteyrarfjörður (about 21 km). The respective 

values per km display that Hesteyrarfjörður is the least polluted bay (35 items/km, 2 

kg/km). In Fljótavík 113 items/km with a weight of 34 kg/km were calculated.  
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Figure 5.1: Map of Hornstrandir, showing the accessible, flat areas of coastline which were used for the 

calculation of estimated total number of debris in the different bays and the estimated number of items/km. 

The differently coloured lines mark the accessible coastline in each respective bay, red=Hornvík, light blue 

on red= Rekavík bak Höfn, yellow=Hlöðuvík, green=Fljótavík, purple=Rekavík, orange= Aðalvík, blue= 
Hesteyrarfjörður (created in Google Earth, 2013) 

 

Figure 5.2: Estimated number of debris items (yellow) and weight in kg (red) of debris items for each bay   
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Figure 5.3: Estimated number of items found in each respective bay in Hornstrandir per km (yellow bars), 

and the estimated weight of the items found/km (red bars), the basis of all calculations is the number of items 

found during sampling under consideration of the transect size 

Comparison to other regions  

In the OSPAR Pilot Projekt (surveys were conducted in Belgium, Denmark, France, 

Germany, The Netherlands, Portugal, Spain, Sweden and the United Kingdom, between 

2000-2006) an average of 542 debris items were found in 100 x 100 m transects. In 

Hornstrandir an average of 104 pieces was found in 100 x 10 m transects (10 m from the 

sea inland, 100 m parallel to the ocean). As most debris accumulates along a certain line in 

the back of the beach, behind the swash zone, a multiplication with factor ten would falsify 

the result. Additionally ten meter was often the full beach width (from the sea inland). 

Thus it was not possible to establish a 100 x 100 m transect. Altogether the differences 

between the two studies do not allow an accurate comparison. However the comparison to 

amounts found on European beaches together with a comparison of the number of 

inhabitants, allow a first classification on the degree of pollution in Hornstrandir. Thus it is 

mentioned here that Hornstrandir is five times less polluted with marine debris than parts 

of the European mainland. Considering the small number of inhabitants in Iceland (approx. 
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320.000 inhabitants; Harðarson, 2012) compared to the number of inhabitants in the 

European Union (approx. 504.000.000 inhabitants; Eurostat, 2012), Hornstrandir is still 

polluted with a relatively high number of debris items. Additionally there are no permanent 

residents in Hornstrandir as well as any industries or developments other than 

summerhouses. In Hlöðuvík and Hornvík the average transect included twice as much 

debris as the average transect in the total area (204-229 debris items/100 m survey). 

Additionally, in isolated bays in Hornstrandir numbers are far above average. In Rekavík 

bak Höfn, 66 items were found in 10 x 10 m, which equals 660 items in a 100 x 10 m 

transect. These quantities exceed the average found by OSPAR. This points out that 

despite the remote location of Hornstrandir and the low number of inhabitants in Iceland, a 

considerable amount of beach debris was found in the Hornstrandir nature reserve. 

To specify the degree of pollution, the quantity of marine debris found in Hornstrandir is 

compared to specific regions examined during the OSPAR Pilot Project. In Schleswig-

Holstein, Germany, an average of 162 debris items was found in 100 m surveys (average 

of yearly conducted survey). 71% of all debris items were made of plastics or polystyrene 

while in Hornstrandir 95.4% of all items was made from plastics. A total of 70 transects on 

five beaches were investigated during 2002 and 2006 (OSPAR Commission et al., 2009), 

while in Hornstrandir 26 transects were examined on six beaches within one season. 

Additionally, beaches in Hornstrandir are not cleaned and therefore debris might have 

accumulated over a long period of time (pers. comm. Björnsson Jón, Nature Reserve 

Officer, Department for Natural Resources, Environment Agency of Iceland, June 2012; 

Gunnlaugsson Jónas, Park Ranger, Hornstrandir, Environment Agency of Iceland, July 

2012). During the study, buoys and nets which are not used by the fishing industry any 

longer were found, which indicates some debris accumulation over a longer period of time. 

However, storms and extreme weather conditions could partly lead to a replacement of 

debris, and reduce accumulation. Annual surveys with complete beach cleaning would be 

needed to determine the precise quantity of marine debris washed ashore per year in 

Hornstrandir. Still the comparison shows that in Schleswig-Holstein, the most northern 

federal state of Germany, which is not as isolated as Hornstrandir and is inhabited by 

approx. 2.8 million people (Statistikamt Nord, 2010), the average number found per 

transect is only 36% higher than it was found in the nature reserve Hornstrandir.  
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In Texel, Netherlands 909 kg of debris and 739 items were found on 1 km, which equates 

to about 90 kg and 74 items in 100 m (OSPAR Commission et al., 2009). Meaning that 

54.3% more debris items were found in Hornstrandir than in an average transect in Texel. 

The average weight of marine debris per 100 m survey was 10 kg in Hornstrandir. 

However, as described above, items too large to lift, items buried under sand or rocks and 

items heavier than 25 kg could not be measured, which is seen as the main reason for the 

lower weight of debris in Hornstrandir. The most abundant material found in Texel was 

again plastic (57%). The percentage of ropes and nets per transect were alike (Texel: 14%, 

Hornstrandir: 13.7%). Similar amounts of marine debris were also found on the Iberian 

coast. Here an average 100-300 debris items was found in 100 m surveys (OSPAR 

Commission et al., 2009). Using a qualitative assessment, the total number of debris items 

and respective weight was estimated for the examined area in Hornstrandir. The estimation 

showed that approx. 32,500 debris items are polluting the full length of all investigated 

beaches with a weight of approx. 4300 kg on 64 km coastline. As reference values for 

marine debris on beaches which require urgent action are not established so far, the 

question whether this is an acceptable amount for a nature reserve, aspiring for the title 

‘wilderness area’, remains to be discussed by the local community as well as by policy and 

decision makers. 

Marine Debris in Iceland 

Hornstrandir is not the only area in Iceland affected by marine debris. In Reykjanes, the 

Icelandic NGO Blái herinn collected and recycled 4500 tons of plastics, nets, scrap metal, 

tires and batteries from the shoreline and harbours (pers.comm. Tomas Knútsson, Blái 

herinn, 2013). According to OSPAR, the types of marine debris is believed to be similar all 

over Iceland, e.g. mainly plastic bags and other plastics, driftwood, buoys, fishing nets, 

building material and machined wood pieces (OSPAR Comisson et al., 2009). However, it 

should be noted that this is not based on extensive surveys or analyses. 

Indicator species for marine debris – the Northern fulmar 

The Northern fulmar (Fulmarus glacialis) has recently been identified to be an ideal 

indicator species for the amount of marine debris in the open ocean. The Ecological 

Quality Objective (EcoQO) target developed by OSPAR is used as measure for pollution. 
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The EcoQO target aims to reduce the total number of fulmars with plastic pieces in their 

stomach down to 10% of all birds. Those 10% should not have more than 0.1 g of plastic in 

their stomach (Van Franeker, et al., 2011). A study with 58 fulmars, collected as bycatch of 

the longline fishery, was conducted in Hornstrandir in 2012. On average, the birds had 0.14 

g of plastics in their stomachs, exceeding the EcoQO target by 18 % (Kühn & Franeker, 

2012). During a study in the Faroe Islands (2004-2006), the average amount of plastic in 

the guts of fulmars washed ashore dead was 13.8 items with a weight of 0.17 g, exceeding 

the EcoQO target by 33% (OSPAR Commission et al., 2009). During 2003-2007, 95% of 

1295 sampled fulmars in the North Sea had plastic debris in their stomach. On average, the 

birds contained 35 pieces with a weight of 0.31 g. In 58% of all cases the critical level of 

0.1 g set by EcoQO was exceeded, meaning the targeted amount of only 10% of the birds 

having plastic in their guts, seems to be unreachable (Van Franeker et al., 2005). The 

comparisons indicate that the amount of marine debris in Icelandic Waters is relatively 

low. The OSPAR suggests that there is approximately 30% less debris in the Arctic than in 

the Southern North Sea (OSPAR Commission et al., 2009). However, the fact that 28% of 

the birds in Hornstrandir have more than 0.1 g of plastics in their stomach, exceeding the 

EcoQO by 18%, means that the impact of marine plastic pollution on birds is still 

unacceptably high.  

Observations  

Some parts of the Hornstrandir coastline have an unsightly amount of visual pollution, 

while other parts are relatively pristine-looking. Compared to the marine pollution on 

mainland Europe, Hornstrandir may seem to face a low degree of pollution, but impacts on 

the environment can already be observed. Birds have been found fatally entangled in nets 

and ropes. In one case a baby seal that was caught in a lost net at Hlöðuvík could be freed 

by cutting the strings (pers.comm. Jón Bjornson, Nature Reserve Officer, Department for 

Natural Resources, Environment Agency of Iceland, 2013). During the study, no entangled 

animals were found. However, overall negative effects of the pollution through marine 

debris are evident (pers. comm. Jón Bjornson, Nature Reserve Officer, Department for 

Natural Resources, Environment Agency of Iceland, 2013; Jónas Gunnlaugsson, Park 

Ranger, Hornstrandir, Environment Agency of Iceland , 2013).   
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5.1.3 Sources of marine debris  

The first step to trace the source of marine debris in Hornstrandir, was to identify the 

industries in which items had former been used. Indicator items for the different industries 

were developed following the example of OSPAR, as shown in Table 5.1. Table 5.2 shows 

the indicator items that were used in the OSPAR Pilot Project. Plastic bottles, caps and lids 

were found in a relatively large abundance, counting for 10% of the debris. Plastic bottles, 

caps and lids cannot clearly be identified to belong to a certain group. Tudor (2001) 

suggested that an association between key items can be used for identification in cases 

where the source is not clear. Plastic bottles, lids and caps, were found in large quantities 

with fishing nets, containers, trays and construction tube and thus could potentially 

originate from the fishing industry as well as the shipping industry. Tourism is unlikely to 

be the source of plastic bottles as indicator items tracing back to tourism were generally 

found in low quantities. The main sort of tourism in Hornstrandir is outdoor tourism, in 

which environmental awareness is accepted to be relatively high and is seen as the origin 

of ecotourism (Western & Lindberg, 1993). Some people, mostly from the local Icelandic 

community, also spend vacations in their summerhouses in Hornstrandir. The coastline 

close to the summerhouses was partly observed to be more polluted with household waste 

than other beaches (e.g. frying pan, portable radio). However, plastic bottles were not 

found in higher quantities on coastlines close to summerhouses. The percentages of each 

group, calculated using the occurrence of the respective indicator items, are presented in 

Figure 5.4 a-c. Figure 5.4 a shows the sources of debris when plastic bottles are attributed 

to the fishing industry, while Figure 5.4 b shows contribution of source when plastic 

bottles, caps and lids are counted as being associated with the shipping industry. In Figure 

5.4 c the amount of plastic bottles, caps and lids is calculated partly to the fishing and 

shipping industries. It is suggested that Figure 5.4 c presents the proportion of industrial 

sources in the most accurate way, as most likely, littering of bottles can be sourced to both 

the fishing and the shipping industries.   
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Table 5.1: Indicator items and associated source;” Plastic Bottles, Cap and Lids” are associated to” 

Fisheries, Aquaculture” and “Shipping, Cargo, Offshore Activities” according to Tudor, 2001 who 

suggested that plastic bottles found together with a large abundance of nets are most likely to be originated 

from a shipping source 

Source Indicators 

Fisheries, Aquaculture Nets, Ropes, Fishing hooks, Buoys, Floats, Wire, Plastic bottles, 
Bottle caps, Lids 

Shipping, Cargo, Offshore 
Activities 

Wooden tray, Plastic tray, Container, Packing rope, Industrial 
packaging, Construction tube, Construction foam, Plastic gloves, 
Spray can, Cleaner bottles, Shoes, Fabric, Processed wood, 
Styrofoam, Plastic box, Tire 

Tourism and Recreational 
Activities, Cruise Ships 

Plastic shopping bags, Metal containers for drinks/food, Glass 
bottles, Plastic food containers, Comb, Toys, Cooking utensils, Shot 
gun shell 

Sanitary and Sewage-
related Waste 

Condoms, Shampoo, Toothbrush 

 

Table 5.2: Indicator items that were identified to represent the described source during the OSPAR Pilot 

Project (OSPAR Commission et al., 2009) 

Source Indicators 

Fisheries, including aquaculture Jerry cans, Fish boxes, Fishing line, Fishing weights, Rubber 
gloves, Floats/buoys, Ropes/cords/nets < 50 cm, and > 50 cm, 
respectively, Tangled nets/cords, Crab/lobster pots, Octopus 
pots, Oyster nets and mussel bags, Oyster trays, Plastic 
sheeting from mussel culture ("Tahitians") 

Galley waste from shipping, 
fisheries and offshore activities 
(non-operational waste) 

Cartons/tetrapaks, Cleaner bottles, Spray cans, Metal food 
cans, Plastic gloves, Plastic crates 

Sanitary and sewage-related 
waste 

Condoms, Cotton bud sticks, Sanitary towels/panty 
liners/backing strips, Tampons/Tampon applicators 

Shipping, including offshore 
activities (operational waste) 

Strapping bands, Industrial packaging, Hard hats, Wooden 
pallets, Oil drums (new and old), Light bulbs/tubes, Injection 
gun containers 

Tourism and Recreational 
activities 

4-6-pack yokes, Plastic shopping bags, Plastic 
bottles/containers for drinks, Metal bottles/containers for 
drinks, Plastic food containers, Glass bottles, Crisp/sweets 
packets and lolly sticks 
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Figure 5.4 a: Source of marine debris in percent, calculated from the total amount of debris items, plastic 

bottles are counted to the category “Fisheries, Aquaculture” 

 

Figure 5.4 b: Source of marine debris in percent, calculated from the total amount of debris items, plastic 

bottles are counted to the category “Shipping, Cargo, Offshore Activities” 
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Figure 5.4 c: Source of marine debris in percent, calculated from the total amount of debris items, plastic 

bottles are counted proportionally to the category “Shipping, Cargo, Offshore Activities” and “Fisheries, 

Aquaculture” 

The group “Fisheries and aquaculture” is identified to be the largest source of marine 

debris (55-65% respectively), whereas the second largest group is “Non-identifiable 

debris” (24%). This result is due to the large amount of not-identifiable plastic pieces 

which could not be connected to any former use. “Shipping, Cargo, Offshore Activities” 

form the third largest group accounting for 9 - 19% depending in which category plastic 

bottles, lids and caps are categorized. The tourism industry takes a minor role in the overall 

pollution, 2% of all debris was traced back to tourism. Sewage, which could potentially 

reach Hornstrandir from Ísafjördur and Hnifsdalur, is also a minor contributor to the 

occurrence of marine debris on Hornstrandirs coastlines, accounting for 0.4% of the total 

marine debris. 

Fishing industry – major source of marine debris 

Fishing operations are conducted all around Iceland. The main species caught in the water 

within the EEZ around Hornstrandir are cod (Gadus morhua), haddock (Melangrammus 

aeglefinus), plaice (Pleuronectes platessa), saithe (Pollachius virens) and golden redfish 
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(Sebastes marinus). The northern shrimp (Pandalus borealis) is caught in the northeast of 

Hornstrandir. Bottom trawling and longlines are the most common fishing techniques used 

around Hornstrandir. However, handlines, gillnets, seiners and shrimp trawls are also used 

in the area (Valtýsson, 2011; Sævaldsson & Valtýsson, 2011). Vessels that have 

permission to fish in those areas are mainly Icelandic. Norwegian, Faroese and 

Greenlandic vessels have permission to fish for capelin (Mallotus villosus) in the north of 

Iceland, using purse-seine nets. Russian and European boats are also allowed to fish in 

Icelandic waters for herring (Clupea harengus) in the south of Iceland (Valtýsson, 

Icelandic Fisheries, 2000). The majority of nets found were identified to be used in 

trawling operations. A smaller proportion originated from seine, gillnets, aquaculture and 

handlines (item identification: Einar Hreinson, Fisheries Research, Fishing Gear Marine 

Research Institute, 20/February 2013). Most of the buoys found were made from hard 

plastic and are used in trawling and seining operations; they are mainly lost when the nets 

are let out or pulled in. Additionally breakages and snagging of the nets may result in 

accidental release of buoys, nets and ropes. (pers. comm. Kristinn Orri Hjaltason, 

Fisherman on the Valbjorn, 2012). A relatively large amount of nets and hard plastic buoys 

were found in the north and the west of Hornstrandir, where the main fishing activities are 

conducted. A relatively small proportion of polystyrene buoys were found. According to 

Jung et al. (2010), polystyrene buoys are mainly lost during aquaculture operations (Jung 

et al., 2010). No aquaculture sites are present in the investigated fjords in Hornstrandir. A 

sea cage is situated in Fljótavík in the summer (e-mail comm. Valdimar Ingi Gunnarsson, 

AVS Aquaculture Group Iceland, 24/November 2012) but no polystyrene buoys were 

found in that bay. Aquaculture sites in the south of Hornstrandir, from which polystyrene 

buoys could have originated, are in Skutulsfjörður, Álftafjörður and Seyðisfjördur (e-mail 

comm. Gunnarsson Ingi Valdimar, AVS Aquaculture Group Iceland, 24/November 2012).  

Shipping industry 

The shipping industry was identified as second largest contributor to marine debris marine 

pollution in Hornstrandir. Marine traffic concentrations are particularly high around 

Iceland compared to other regions in the Arctic and shipping takes place all year round. 

The operating boats are mainly boats for domestic cargo supply, cruise ships, fishing 

vessels and a small number of ferries for passenger transport (Arctic Council, 2009). 
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Passenger vessels operate between mainland Europe, the Faroe Islands and Iceland. These 

vessels land in the south, west and north of Iceland (including the Westfjords) and are 

often hybrids serving as ferries and as cruise ships (Arctic Council, 2009). Cargo transports 

are most frequent in the eastern Arctic, northeast of Iceland. The Icelandic Coast Guard 

recorded 2543 port visits in 2011 and 2613 in 2012, including cargo and passenger vessels 

(e-mail comm. Ásgrímsson, Lárus Ásgrímur, Captain, Chief of Operations, Icelandic Coast 

Guard, 22/February 2013). Incidents of vessels in 1995 and 2004 included groundings, 

sinking of vessels, machinery damage or failure and damage of vessels (Arctic Council, 

2009). The Icelandic Coast Guard handled 452 marine incidences in 2012 while 127 

emergency beacons were accidentally put out. Five ships sank in 2011-2012 and two 

collisions occurred. In the same time frame 14 ships needed assistance due to leakage and 

five ships were affected by breaking waves. In 2011- 2012 15 cases of reported pollution 

were recorded, while some of the pollution was initially detected by satellites (e-mail 

comm. Ásgrímsson, Lárus Ásgrímur, Captain, Chief of Operations, Icelandic Coast Guard, 

22/February 2013). Marine debris tracing back to the shipping industry may have been 

discharged during incidents with cargo vessels. The environmental awareness on larger 

vessels is expected to be relatively high and deliberate discharge of debris is not common 

(e-mail comm. Friðriksdóttir, Sigurrós, Advisor, Department of Environmental Quality, 

Environment Agency Iceland, 14/February 2013; Hreinsson Einar, Marine Research 

Institute, 20/February 2013; Björnsson Jón, Nature Reserve Officer, February 2013). Litter 

dumping or gear release from smaller boats might be more common (pers. comm. Jón 

Björnson, Nature Reserve Officer, Environment Agency Iceland 2013).  

Sewage-related waste 

A negligible number (0.4%) of all debris could be related to sanitary and sewage waste. 

The reason to consider sanitary and sewage-related waste was that most towns in the 

Westfjords, including the largest town Ísafjördur (approx. 3000 inhabitants) do not have 

sewage treatment (expect precipitation). Following the Irminger Current in a clockwise 

circle around Iceland, sewage-related waste could potentially reach the shoreline of 

Hornstrandir. However, the examination of indicator items, indicate that sewage-related 

waste does not contribute very much to the pollution of Hornstrandirs beaches. This 

indicates a fast dispersal or an accumulation in the seabed of sewage related waste. 



58 

Labels on debris items, tourism  

The labels showed that items were mainly produced in Iceland and other European 

countries (Spain, Germany, Denmark, Scotland, Sweden, Holland or Poland). Iceland does 

not export manufactured food and beverage products in large quantities (Hagtíðindi 2011). 

Therefore it is unlikely that items produced in Iceland arrive in Hornstrandir from other 

countries. As Reykjavík is the most populated area in Iceland with a major number of 

industrial sites, the city is seen as the main land-based source. Items produced there could 

accidentally or purposely be released in the water around Reykjavík or other locations and 

follow the clockwise circulation around Iceland until they are washed ashore in 

Hornstrandir. As the influence of the East Greenland Current and the Atlantic Drift Water 

varies from year to year, it is possible that items produced in mainland Europe also reach 

Hornstrandir, following the North Atlantic Drift Water (Jónsson & Valdimarsson, 2012). If 

items travel with the Atlantic Drift Water from land-based sources in Europe, this indicates 

a relatively short travel time compared to items arriving with the East Greenland Current 

(possibly Siberia or sea-based sources in the Arctic), because labels quoting a production 

in the EU were more often still identifiable (only one item with Russian label was found). 

Travel times for debris from mainland Europe might be shorter than from Russia, as the 

distance is shorter, speeds of surface currents are faster in the south (East Greenland 

Current: 0.15 m/sec at the surface; North Atlantic Drift Water in the Denmark Strait: 0.5 

m/sec; Jónsson, 2007) and items are not blocked from sea ice on the route between 

mainland Europe and Iceland. However, the larger amount of labelled items from Europe 

(in general the number of labelled articles found was relatively low) could also trace back 

to larger numbers of tourists or ships coming from the European Union rather than from 

Siberia (Icelandic Tourist Board, 2011). Generally, foreign items reflect shipping source 

(Williams et al., 2003). Some of the items may be available for purchase in Iceland and 

may have reached the Icelandic waters from land-based or sea-based sources close to 

Iceland. Loss or discharge from cruise ships is also a possible source. The Italian cruise 

ship company Costa Atlantica passes the Westfjords and lands in Ísafjördur. The 

passengers are mainly European and might bring articles from their home (Cruise Iceland, 

n.d.). Most labelled articles found were products of the food and beverage industry, which 

could indicate both an origin in tourism/cruise ship tourism or land-based sources. Cruise 

ships are not suggested as a major source, however, because if large quantities of waste 
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were discharged by cruise ships around the Westfjords, a higher accumulation of labelled 

packaging and degraded food, beverage and cosmetic packaging would be expected. Only 

2 % of all debris items found was traced back to the tourism industry. Overall it is 

suggested that labelled articles trace back to a shipping source. 

Geographic origin 

The influence of wind speeds on the movement of floating marine debris is expected to be 

greater at some places than the influence of surface currents, as wind can reach much faster 

speeds (frequently reaches 18 m/sec, 50 m/sec during storms) than ocean currents (East 

Greenland Current: 0.15 m/sec at the surface; North Atlantic Drift Water in the Denmark 

Strait: 0.5 m/sec) (Ingólfsson, 2008; Jónsson, 2007; Brainard et al., 2000). In Hornstrandir, 

prevailing winds arrive from the northeast (Hjort & Ingólfsson, 1985; Ingólfsson, 2008). 

That indicates the major amount of floating debris might reach Iceland from the north 

rather than from the south. Studies on the origin of driftwood give hints on the source and 

travel routes of plastic debris because both are buoyant materials to certain extent. It was 

described by Eggertsson (1993) for the first time that wooden logs and driftwood found in 

Iceland trace back to Siberia and are manly pine and spruce (Hellmann, et al., 2013; 

OSPAR Commission et al., 2009; Eggertsson, 1993). Eggertsson found in his research that 

the logs travel for six years or longer until they reach the Icelandic coast. Wooden logs 

should only float for approximately 17 month before they sink, however, the logs can be 

frozen in sea ice before they lose their buoyancy, which allows them to float for longer. 

The logs are lost by the timber industry in Siberia and travel in rivers until they reach the 

White Sea. From here the current takes them to the Barents Sea, where they freeze. Frozen 

in the ice they travel with it, towards Svalbard, float around the north and the south of the 

land and enter the East-Greenland Current until they reach the north and northwest of 

Iceland. When they arrive here, the ice has been melted and the logs are washed ashore 

(Hellmann, et al., 2013; Eggertsson, 1993). In cold years the East-Greenland Current cuts 

off the circulation from the Irminger Current (Atlantic Drift Water) so that the East 

Greenland Current dominates in the north and northwest of Iceland (Hellmann, et al., 2013; 

Eggertsson, 1993). Therefore wooden logs are especially abundant on the north and 

northwest coast of Hornstrandir. Possible travel routes of the logs and potentially of some 

plastic debris are shown in Figure 5.5. 



60 

 

Figure 5.5: Surface currents in the Arctic Ocean and surrounding water, red arrows are showing the travel 

rout of drift logs and potentially some plastic debris (changed after Eggertsson, 1993)  

The significantly large quantities of unidentifiable plastic pieces in the north of 

Hornstrandir potentially reach Iceland following the East-Greenland current from the 

northern regions where items might be lost by ships, fishing vessels or originate from the 

timber industry and might be frozen in sea ice before they reach the Icelandic coast. The 

unidentifiable plastic pieces found on Hornstrandir´s beaches are still relatively large, often 

have rounded edges, the colours are blurry and labels and marks have long been lost. Cold 

temperatures and absence of UV-light extend the degradation time of plastics in the water 

(Gregory & Andrady, 2003). For example beverage bottles are estimated to last 450 years 

in the ocean until they are degraded to microplastics (Ten Brink, et al., 2009). This might 

indicate that the found plastic pieces have been in the water or frozen in ice for several 

years. Wooden logs and plastic pieces were both found in large quantities in the north and 

partly in the northwest of Hornstrandir. It is evident that wooden logs washed ashore in 

Iceland arrive with the East Greenland Current. Unidentifiable plastic pieces occur in 

significantly lager abundance in the north of Hornstrandir than in the south and west. 

Therefore it is suggested that a major amount of plastic pieces arrives Hornstrandir 

following the East Greenland Current. As population densities are low in the northern 
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regions (Siberia, Greenland, Alaska) and industrial activities apart from oil exploration, 

shipping and fishing activities are rare, it is suggested that a major proportion of 

unidentifiable plastic pieces originate from sea-based sources.   

The majority of the debris items found in the present study were related to the fishing and 

shipping industries. As vessels operating in the Icelandic EEZ are mainly Icelandic and the 

labelled articles found, were mostly produced in Iceland, a major proportion of marine 

debris accumulating in Hornstrandir is probably originated in Iceland. To a certain extent, 

debris items might also trace back to other European countries or to a lesser extent 

locations in the Siberia.  

5.2 Economic costs 

Negative impacts due to plastic debris are not only on the environmental side. Around the 

globe, fisheries, aquaculture sites, habours, marinas, industrial sewage users, transportation 

and tourism sectors, as well as governments and local communities, agriculture and power 

stations suffer from the negative economic and financial impacts of marine debris (Mouat 

et al., 2010; Brink, et al., 2009). Costs due to marine debris for example in Shetlands` 

economy are estimated to be approximately €1.1 million per year. A major proportion of 

these costs are carried by the fishing industry, which is one of the main industries in the 

Shetlands. In general, affected industries and organisations state that debris is not 

acceptable in the marine environment (Mouat et al., 2010).  

The Icelandic economy depends heavily on the fishing industry as well as on tourism 

(Statistics Iceland, 2010). Considering the financial situation of Iceland, it is essential to 

maximize revenues in economically important industries and to minimize 

costs (Sigurðardóttir et al., 2005). The fishing and tourim industry are especially vunerable 

to adverse effects of marine debris. The Icelandic fishing industry is not only the biggest 

contributor to marine debris in Iceland, but the industry also has the greatest potential for 

financial loss due to marine debris. Limited information is available on existing costs of 

marine debris in Iceland. However, studies in the EU show that those costs can be 

significant (Mouat et al., 2010; OSPAR Commission et al., 2009). Additionally, the 

quantities of beached marine debris in Iceland are partly similar to certain regions in the 

EU, where marine debris is already increasing expenses for the operating industries (see 
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“Comparison to other regions” under 5.1.2). Even though the overall pollution in Icelandic 

Waters might be lower than in the North Sea, trends regarding economic costs in the 

European Union can be examined to give an idea of future economic impacts on Iceland. 

Economic impacts start with loss of fishing opportunities due to time spent cleaning debris 

from nets, propellers, blocked water intakes and multiple impacts on subsistence 

livelihoods; reduced catch rates result in lost revenues. Studies by Mouat et al. (2010) and 

Brink et al. (2009) shown that marine debris costs the Scottish fishing industry ~€ 12 

million per year. This accounts for about 5% of the total revenue of the industry (Mouat et 

al., 2010; Brink, et al., 2009).  

5.2.1 Ghost fishing 

Ghost fishing causes large losses in the shellfish industry. Lost nets can sink to the bottom 

after entangeled species and fouling increase the weight of the net. On the sedbed the net 

continues to damage commercially important shellfish species (Brown et al., 2005). Every 

year approximately 130,000 marine mammals world-wide are killed by lost fishing gear 

(Ten Brink, et al., 2009). It is estimated that € 161 million are lost every year in the lobster 

industry globally, as a result of lost gear which sinks to the bottom and harms shellfish 

species on the seabed (OSPAR Commission et al., 2009). It is possible that abandoned or 

otherwise lost or discharged fishing gear has an impact on the  population of the northern 

shrimp (Pandalus borealis) in Iceland, even though an impact hasn not been definitively 

proven so far.  To guard against stock collapse of the northern shrimp (Pandalus borealis), 

most inshore shrimp fisheries have been closed following recommendations of the 

Icelandic Marine Research Institute (Valtýsson, 2012). In a survey done by OSPAR, 92% 

of all fishermen surveyed in the EU had frequent problems with marine debris 

accumulating in their nets. Many fishermen avoid areas where the accumulation of marine 

debris is known. Chemicals from oil containers or paint tins can pollute the catch and 

produce costs of around € 2500 in lost revenue each time (OSPAR Commission et al., 

2009). Adverse effects caused by marine debris  are also observed in the aquaculture 

industry (Brink, et al., 2009; Mouat et al., 2010). The United Kingdom spends € 2.4 

million on cleaning habour facilities every year (Mouat et al., 2010). As aquaculture in 

Iceland has only recently been developed, there might not be any cost at the moment 

(Gunnarsson, 2009), however, with increasing marine pollution and an expansion of the 

businesses, this could change in the near future.  
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5.2.2 Propeller fouling 

The shipping industry suffers from propeller fouling as a consequence of entangled plastic 

debris. In the United Kingdom costs for fouled propellers were between € 830,000 and € 

2,189,000 in 2008 while 286 vessels had to be rescued because of fouled propellers (Mouat 

et al., 2010). Although these cases are relatively seldom, fouled propellers can cause 

serious danger to the passengers, as the vessel can loose its stability and the ability to 

manoeuvre. In 1993 a fouled propeller caused a passenger ferry to sink and 292 of the 362 

passengers lost their lives (Macfadyen et al., 2009). Although the exact numbers of 

incidences with fouled propellors are not known for Iceland, they are relatively high 

compared to other regions in the Arctic (Arctic Council, 2009). The Icelandic Coast Guard 

states that during 2012 there were 25 cases of vessels that lost control over steerage or 

propulsion which included propeller foulings due to marine debris (pers. comm. Asgimur 

Asgrimsson, Captain, Chief of Operations, Icelandic Coast Guard, 22/February 2013). 

High costs due to propeller foulings are not expected in Iceland in the coming years. 

5.2.3 Landscape value 

Marine debris causes aesthetic damage to the landscape and can affect the public's opinion 

of the environment and therefore lead to a loss of income from tourism (Kershaw et al., 

2011; Mouat et al., 2010; Brink, et al., 2009). A study in France showed that 40% of the 

beach users would stop visiting beaches if they were not cleaned (OSPAR Commission et 

al., 2009). In a study of Ariza, Jimenez, & Sarda  (2008) it was found that debris densities 

of more than 10 large items per m
2
 would deter 40% of foreign tourists and 60% of 

domestic tourists from returning to the polluted beaches (Ariza et al., 2006). In 2010, 82% 

of the visitors named the natural environment and nature viewing as their number one 

reason for coming to Iceland (Icelandic Tourist Board, 2011). Visual effects of beached 

marine debris can be observed even in remote, well-preserved locations like Hornstrandir 

(see Figure 5.6 a, b). As tourists mainly come to Iceland for nature viewing, losses in the 

revenue of tourism can be expected if marine debris pollution continues in the future. Costs 

might already apply, however, no studies have been conducted so far regarding this issue. 
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Figure 5.6 a, b: Visual marine pollution at  Hlöðuvík, Hornstrandir, Iceland 

Costs are also produced through beach cleanups. Municipalities of the United Kingdom 

spend approximately € 18.15 million (US$ 23.62 million) annually for this category 

(Brink, et al., 2009). In agriculture, losses are caused when lifestock ingests marine debris 

in coastal areas to a quantity that harms the animales. A study done by Mouat et al. (2010) 

found that a farmer can have costs up to € 4,700 a year due to marine debris. During the 

summer months in Iceland, sheep often have access to coastal areas. Thus the ingestion of 

debris items cannot be precluded. After ingestion, toxic substances could be released and 

accumulate in the animal tissue and in turn cause adverse effects on human health after 

consumption (STAP, 2011). Further investigations on the quantities in which Icelandic 

lifestock is ingesting marine debris are needed in order to determine possible health effects.  

5.2.4 Future trends 

Current trends indicate an increase in marine debris in the future, which highlights the 

importance and urgency to address the issue. Trends and developments that are likely to 

lead to an increase of marine debris in Iceland are:  

 The number of fishing vessels slightly increases every year: 1,529 in 2008 to 1,625 

in 2010 (Guðjónsdóttir, 2011).  

 The amount of waste generated, increased significantly from 501,000 tonnes in 

2004 to 608,000 tonnes in 2009 (Guðjónsdóttir, 2011).  

 Tourism is increasing, which is indicated by the number of passengers through 

Keflavik airport; from 2009 to 2010 5% increase  (Guðjónsdóttir, 2011). 
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  In January 2013, the National Energy Authority, (Orkustofnun) awarded the first 

licences for the exploration and production of hydrocarbons in Dreki (Dragon), 

situated on the Icelandic Continental Shelf (Jan Mayen Ridge) in the northeast of 

Iceland (Jóhannesson, 2013). The East Greenland Current could potentially carry 

debris from the platform to the north coast of Iceland.  

 As a consequence of climate change the Northwest Passage (see Figure 5.7) might 

open up in the next years. In this case the number of ships passing Iceland in the 

west would increase significantly (Arctic Council, 2009).  

 

Figure 5.7: Possible shipping routes through the Arctic, opening as consequence of melting sea ice (The 

Arctic Institute, 2012).  

If the amount of marine debris increases in the Icelandic Waters, this might also impact 

other countries. According to Valdimarsson, marine debris lost in the Icelandic Waters 

will, depending on its location, reach the coastlines of the Faroe Islands, the Norwegian 

coast, the coastlines of Newfoundland or disperse into the Arctic Waters (Valdimarsson & 

Malmberg, 1999). In Europe, quantities of beached debris, neither show a significant 

increase or decrease but stays relatively high (OSPAR Commission et al., 2009), even 

though plastic consumption is increasing (STAP, 2011). A reason for that might be the 

decay to microplastic or accumulations on the sea floor, as plastics can sink, due to fouling 

processes (STAP, 2011). As such, plastic still affects the environment, but it is not 

included in surveys of beach debris. This means that the amount of macroplastic debris on 
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beaches can remain constant, while the overall abundances of plastic debris in the oceans 

are increasing. Looking at the world-wide trends, it is only a matter of time until 

implications of marine debris will impact Iceland´s nature, economy and society, if action 

is not taken. Economic costs of marine debris in Iceland will most likely affect the tourism 

industry as well as the fishing industry due to damage done to the marine environment 

resulting in decreasing ecosystem health and reduced stock sizes.   

5.3 Management recommendations 

Measures to address marine debris can be categorised into three types, preventative, 

mitigation and curative. Preventative measures to reduce marine debris are not only most 

effective to solve the problem; they are also less costly (Macfadyen et al., 2009). Once the 

debris has reached the ocean, collection and the necessary separation to recycle and 

incinerate the waste properly are expensive and can harm the environment. In Iceland, 

preventative measures against marine pollution need to be focused on the fishing as well as 

on the shipping industry. 

International and domestic regulations that prohibit discharge of plastics and fishing gear 

are already in place. Proper enforcement is often difficult and little data is available on the 

effectiveness of these regulations. Regulations enforced in Iceland are: United Nations 

Convention on the Law of the Sea (UNCLOS); the International Convention for the 

Prevention of Marine Pollution from Ships (MARPOL 73/78) Annex V; EU Bathing Water 

Directives, 76/160/EEC and 2006/7/EC; EC Urban Waste Water Treatment Directives, 

91/271/EEC and 98/15/EC; the EU Environmental Liability Directive, 2004/35/EC; EU 

Directive on Packaging and Packaging waste, 2004/12/EC and EU Waste Framework 

Directive, 2008/98/EC. All of these convnetions and directives have been ratified in 

Iceland. National legislations in Iceland are: Law of protection on the ocean and sea 

no.33/2004; Regulations on water disposal on ships no. 801/2004 and Regulations on 

waste disposal no. 737/2004. The responsible bodies for coastal protection in Iceland are 

the local municipalities. Beach cleanup operations have been conducted since 1998. The 

Icelandic NGO Blái Herinn works together with coastal communities to remove beached 

debris. Other operating NGOs in Iceland in this field are the Icelandic Youth Association 

(UMFÍ), World Wide Friends and Seeds. Under guidance of the World Wide Friends a 
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cleaning campaign was conducted from 2006-2011 in Iceland. The Ministry for the 

Environment and Natural Resources and Ministry of Industries and Innovations as well as 

numerous volunteers supported the program. Further cleanup activities, such as 

measurement and analysis of types and amounts of debris, are accomplished by local 

schools. With the support of the Reykjavík municipality, several schools have been taking 

part in the program “Adopt a beach”. In a survey conducted by the OSPAR Commission, 

stakeholders did not consider beach debris as a problem in Iceland because the collection 

of debris on coastlines was seen as effective. However, the OSPAR Commission notes that 

marine debris is frequently replaced from sea-based sources, meaning that persistent 

cleanup activities are necessary (OSPAR Commission et al., 2009) and the isolated nature 

of many Icelandic beaches might mean that members of the public do not realise the extent 

of the problem.  

In this study, emphasis is placed on measures to reduce abandoned lost or otherwise 

discharged fishing gear (ALDFG), as it is the major source of marine pollution in Iceland. 

Furthermore, various economic and environmental threats are caused by such pollution and 

measures to prevent ALDFG can be quite effective. One problem of ALDFG is that lost 

fishing gear can continue fishing on its own (ghost fishing), diminishing fish stocks and 

creating a major threat to marine life (STAP, 2011; UNEP, 2005). Due to the long-

lasting properties and shape of the materials, lost fishing gear also causes alternations to 

the benthic environment, introduces synthetic material into the marine foodweb and causes 

navigational hazards (Macfadyen et al., 2009). A further example of the negative impacts 

are seals and birds entangeled in the nets, which has been observed in Hornstrandir 

(pers.comm. Jon Björnson, Nature Reserve Officer of Hornstrandir, Umhverfisstofnun, 

15/February 2013). Indirect effects such as trophic changes including predator-prey 

interactions, habitat alterations and genetic modifications are known to occur (OSPAR 

Commission et al., 2009). 

The reasons for loss or discard of fishing gear can be various and reach from adverse 

weather to cost of gear retrieval, gear conflicts, illegal, unregulated and unreported (IUU) 

fishing, to poorly designed or costly shoreside collection facilities (Macfadyen et al., 

2009). It has been recognised by the UNEP and the FAO that the discharge of fishing gear 

into the environment is, to some extent, unavoidable (Macfadyen et al., 2009). In Iceland it 

is likely that the major reasons for the loss of fishing gear are bad weather conditions and 
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gear conflicts (pers.comm. Einar Hreinson, Fisheries Research, Fishing Gear Marine 

Research Institute, 2013; Sigurrós Friðriksdóttir, Advisor, Department of Environmental 

Quality, Environment Agency Iceland, 14/February 2013). According to information of the 

Icelandic Ministry of Industries and Innovations the majority of fishing operations near 

Hornstrandir are trawling. As trawling gear is of considerable value, it is likely that in 

general a high effort is put into the retrival of accidentally lost gear. Nevertheless it is not 

impossible that a significant number of trawl nets are lost and trawl warps are likely to be 

discarded at sea (Macfadyen et al., 2009).  

5.3.1 Mitigation measures 

Biodegradable gear 

ALDFG has only been a problem since the invention of plastics. Earlier, fishermen used 

nets made from natural and biodegradable material such as cotton. Hence the nets lost at 

sea disappeared in a relatively short period of time (Gregory, 2009; Pycha, 1962). Since 

the invention of plastics, these materials have been widely used as they break less often 

and are extremely long lasting. However, it is the stability of plastics which makes it very 

dangerous for the environment. Degradation can take over 600 years depending on the type 

of plastic and even after this time the material is still affecting the environment as 

microplastic. In the last decade the plastic industry has become more advanced in the 

development of biodigradable plastics. However, the switch to biodegradable material has 

been slow as biodegradable gear is expected to be more expensive or more easily ripped 

(Macfadyen et al., 2009). In New Zealand and Australia, the Environmental Conservation 

Council promoted a national approach towards the use of biodegradable material in bait 

bag manufacture (Kiessling, 2003). In the USA (Floria, Port Susan, Washington State) and 

Canada the use of biodegradable material for escape panels in traps or other escape 

mechanisms has been enforced (DFO, 2007; Matthews & Donahue, 1996). However, 

monitoring and enforcement often fails, and is one of the major problems regarding the 

effectiveness of biodegradable materials (Macfadyen et al., 2009). Trials have been 

conducted with netting material which increases the sound reflectivity to reduce by-catch 

of non target species (Macfadyen et al., 2009). The International Smart Gear Competition 

and the World Wide Fund for Nature are encouraging smart gear innovations (Macfadyen 

et al., 2009).  
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In Australia, a biodegradable twine for recreational fisheries is now on the market. The 

product is called Bioline and the company claims that it will biodegrade within five years, 

which is a fraction of the 600 years necessary for monofilament line degradation to 

microplastic as which it is still harmful. The material was developed from medical science 

research and matches all the physical properties that make monofilament line successful. It 

is a highly UV resistent polymer with high tensile strength for 10 to 12 month when 

spooled on the reel, it has a good abrasion resistance and it has unique controlled stretch 

characteristics. Biodegradation is caused by microbial attack in soil, sediment, compost or 

water. The Australian Fishing Trade Association awarded Bioline as the best 

environmentally friendly innovation in 2009. Bioline is already used in recreational 

fisheries to the reported contentment of the customers. It is cheaper than braid or 

flurocarbon lines and is about the same price as conventional nylon monofilaments 

(Seabreeze Technologies Trust, 2012).  

The existence of Bioline on the market shows that it is possible to replace plastic material 

with biodegradable material with similar properties and with little additional cost. Thus, 

better incentives for the development of biodegradable gear suitable for the Icelandic 

environment should be implemented by the Icelandic government.  If suitable materials are 

available, the adoption of this gear by the industry should be enforced, starting with gear 

types that are frequently lost at sea, and further expanding to enforcement of changes to all 

gear types if the materials are accepted by the fishing industry. Measures to reach this aim 

could include a requirement to replace all frequently lost gear types with gear made from 

biodegradable material within a certain timeframe. To reach full effectiveness of such a 

measure, proper enforcement and monitoring is needed. 

Implementations of this kind might face protest and skepticism by the fisheries sector. 

However, growing awareness in the fishing community has the potential to increase the 

value of certified environmentally friendly products. Increasing revenues from ecolabeled 

fish products might positively influence the acceptance of biodegradable gear in the 

fisheries sector in the long term. In 2005 it was stated by the Institute for European 

Environmental Policy that the use of biodegradable gear is unlikely to be effective in the 

short term based on the lack of acceptance of the concept from the industry and the current 

lack of appropriate technologies (Brown et al., 2005). However, enviromental and 

economic costs produced by ALDFG are wide-reaching and will be incurred by the society 

http://dict.leo.org/ende/index_de.html#/search=necessary&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
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as a whole rather than only by the fishing industry. Therefore measures taken by the 

government are indispensable. As a first step, a detailed analysis of existing materials and 

their disadavantages, as well as an assessment of the levels of acceptance of possible 

alternatives in the Icelandic fishing industry is recommended.  

In the present study trawl nets and buoys were found in relatively large quantities on 

Hornstrandir’s beaches. Therefore the development and use of biodegradable buoys should 

also be a priority. The loss of fishing gear in relatively high numbers and at predictable 

frequencies, causing irreversable negative impacts on the oceans and potentially on human 

health in turn is unacceptable. Thus, the replacement of such gear by biodegradable 

alternatives is seen as the best long term solution.   

A literature review showed that the biggest proportion of marine debris in remote fishing 

communities is originated from sea-based sources and mainly traces back to the fishing 

industry (STAP, 2011; OSPAR Commission, 2009; Barnes et al., 2009; Edyvane et al., 

2004; Theodore & Merrell, 1984). Debris discharged by the fishing industry is almost 

exclusively made from plastic, which lines in with the fact that debris found in remote 

locations are mainly made from plastic (Barnes et al., 2009). Data from other studies also 

show that the percentage of plastic material, increases towards the northern regions, while 

the overall amount of marine debris decreases towards the north: On the Northern 

coastlines of the Greater North Sea, plastic debris contributed up to 80%, while the values 

decreased to 75% on the coast of the southern North Sea, 70% in the Celtic Sea and 62% 

on the Iberian Coast and Bay of Biscay (OSPAR Commission et al., 2009). The present 

study supports these findings, as in Hornstrandir 95.4% of all items found were made from 

plastic material. This might partly be due to the long-lasting properties of plastic which 

enable longer travel times (STAP, 2011), but more importantly it might be a consequence 

of frequent gear loss by the fishing industry, which is made of plastic material. As the 

major amount of marine debris in remote northern regions consists of plastic and originates 

from the fishing industry to a large extent, management practices addressing fishing 

operations that lead to a frequent loss of plastic debris, have the potential to drastically 

reduce marine debris in northern regions including Iceland and the nature reserve 

Hornstrandir.  
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5.3.2 Preventive measures 

Gear marking 

Informal gear marking has existed over centuries to minimize internal fishery conflicts. For 

example the Republic of Korea, as well as member countries of UNEP’s Northwest Pacific 

Area Action Plan adopted a gear marking initiative into their Marine Debris Management 

in 2006 and 2007 (Macfadyen et al., 2009). As Iceland has a relative low number of 

inhabitants who are connected through a vital social network, identifiable gear would 

increase the incentive to retrieve lost gear. Technical equipment like side scan sonar 

systems for seabed survey can be used to find lost gear (Macfadyen et al., 2009). As the 

Icelandic fishing fleet is one of the most modern fleets in the world and the herring and 

pure seine fleet has been equipped with sonar systems since 1954 (Valtýsson & 

Sævaldsson, 2007), equipment that can be used for gear retrieval might already exist on 

some vessels. Thus regulations on gear retrieval could be effective and could be fulfilled 

by vessel owners with low additional costs. The marking of gear could then enable a 

functional enforcement system. Gear found by the Coast Guard could be identified if 

retrieved from the ocean or found on beaches. Penalty payments by the respective boat 

owners could pay for Coast Guard patrols and social networks would increase the pressure 

on the industry, especially if the public was educated on the topic. The FAO established 

recommendations on the implementation of gear marking systems in 1993. Following 

those suggestions, ownership of all gear should be individually identifiable and all lost gear 

should be reported in numbers and locations to the national management entities (FAO, 

1993). In the case of Iceland, colored net patterns could be used as identification. Another 

possibility would be differently colored rogue yarn included into multistrand twines, as has 

been done in Japan (Macfadyen, Huntington, & Cappell, 2009). Additionally or 

alternatively, coded wire tags could be used. They could enable fast ownership 

identification through scanning (Macfadyen et al., 2009). The Icelandic Coast Guard could 

potentially function as the management entity. Benefit and effort to recover the lost gear 

should be considered by the industry and the management body (FAO, 1993). To 

effectively implement gear retrieval program the establishment of a regulatory framework 

was suggested by the FAO to deal with violators (FAO, 1993). In Icelandic Waters 

recovery could occasionally be dangerous due to bad weather conditions or currents. 
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Therefore a system would be needed, to notify the management entity about the gear loss. 

In such cases penalties would not apply.  

Deposit system 

In addition to the gear marking program, a deposit system should be implemented in the 

first years to ensure the retrieval of gear lost in the past. Marine debris accidentally caught 

in the fishing nets would then be carried to the port instead of being released into the ocean 

a second time. Deposit systems have been successfully implemented in South Korea, 

where the system was also used for education. After the project, marine debris was reduced 

and connections between removal of debris and ecosystem health was better understood 

(Cho, 2009). The success of such a program would be dependent on the amount of marine 

debris found in fishing nets as well as on the existence of gear retrieval systems on board. 

Port reception facility improvement 

In Iceland, all ports provide reception facilities for small boats. Larger boats, however, 

must use the services of private waste management companies (OSPAR Commission et al, 

2009). Vessels delivering waste to the port must pay a fee which differs depending on the 

tariffs issued by the port. Commonly, fishing vessels pay a monthly fee to their home port. 

At some ports specific fees are paid for each delivery of waste; larger vessels often pay per 

delivery. Other ports calculate fees based on quantities delivered, which gives an incentive 

for discard at the open ocean (pers.comm. Sigurrós Friðriksdóttir, Advisor, Department of 

Environmental Quality, Environment Agency Iceland, 14/February 2013). Equal fees at all 

ports in Iceland based on a monthly fee to be collected and enforced by the government are 

recommended to reduce incentives for violations on waste discard or disposal. After 

Regulation no. 792/2004 the port authority is responsible for providing adequate reception 

facilities for ship-generated waste (Ministry of Transport and Communication, 2004). It is 

currently discussed by the Ministry for the Environment and Natural Resources and the 

Environment Agency of Iceland how the effectiveness of port reception facilities should be 

measured and how an effective inspection system could be implemented (pers.comm. 

Sigurrós Friðriksdóttir Advisor, Department of Environmental Quality, Environment 

Agency Iceland, 14/February 2013).  



73 

The Ísafjördur port has not been accepting debris from the local fishing fleet in recent 

years. It is the responsibility of the vessel holder to properly deliver waste to a private 

company (pers.comm. Guðmundur M. Kristjánsson, Ísafjördur Harbour Master, 2013). 

Waste facilities at ports, where the waste can easily be delivered would most likely be an 

improvement to the situation. The facilities should be especially designed for fishing 

vessels which are the most common users of the port. Random controls monitoring the 

handling of waste at sea should be incooperated in the inspection system of waste facilities. 

Data about waste delivery is missing (pers.comm. Sigurrós Friðriksdóttir, Advisor, 

Department of Environmental Quality, Environment Agency Iceland, 14/February 2013). 

Thus, a centralised country-wide database for generated and delivered waste is suggested.   

Education 

Apart from waste generated by ships and fishing vessels, a wide variety of other things 

were found on the beaches in Hornstrandir. It is likely that there are still many items 

discarded into the ocean deliberately due to a lack of education on the topic. Thus, 

education projects are recommended for fishermen, vessel owners and the general public. 

The education should include discussion of the threats of marine debris on nature, human 

health and the Icelandic economy. To effectively educate people who are working in 

industries contributing to marine debris, the implementation of requirements on vessel 

owners to obtain an education certificate is recommended. Vessel owners should be 

required to provide instructions on marine pollution prevention at regular frequencies to 

their crew, as they currently do for safety instructions. Education programs for coastal 

communities could be provided at the local schools or education centres. Similar education 

programs could also be provided for tourists on boats during their cruise. Furthermore it is 

recommended to involve NGOs such as the World Wide Friends, who are already working 

on smaller education films, in media projects to improve public education about these 

issues. Education of children is also very important. The attendance of schools in the 

program “Adopt a Beach” should be expanded. Beach cleanups can be done in 

combination with biology lessons to address the issue of environmental threats. Children 

are more likely to develop environment friendly behaviours if they are confronted with the 

threats resulting from pollution early. Furthermore, early on confrontations are important, 

as the next generation will inherit the problem of marine debris if measures for debris 

reductions are not taken. 
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5.3.3 Curative measures 

Beach cleanups 

Beach cleanups can only be a temporary solution since a large proportion of the marine 

debris returns to the beach (46% of the debris that had accumulated before the cleanup 

returns within one year) (Ariza et al., 2008).  However, as the beaches in Hornstrandir are 

not frequently cleaned a large quantity of debris might have been there for a longer time. 

Limited information is available on previous beach cleanups, but there are indications that 

a beach cleanup was conducted by the World Wide Friends in 2010, but no official records 

or description were found and a report was not provided by the conducting organisation (e-

mail comm. Dr. Peter Weiss, Director, Háskólasetur Vestfjarða 20/February 2013; Jon 

Björnsson, Reserve Officer, Department for Natural Resources June 2012). Further indices 

for debris age are: eroded debris (rounded edges, washed-out colours, missing labels) and 

some nettings as well as metal buoys which are not used in the fishing industry any longer 

were found. However, debris might also have aged drifting in the water for a longer time 

and storms or extreme weather conditions could carry stranded debris away. If marine 

debris has accumulated at Hornstrandir for several years or decades, the beaches would 

hopefully stay clean for some years after a large cleanup operation was conducted. In any 

case, a beach cleanup especially in the north of the peninsula is strongly recommended. 

Here the density of debris is especially high and visual effects could harm the tourist 

industry in addition to the negative environmental consequences. For the cleanup 

operation, boats would be needed to bring the debris back to Ísafjördur, where it could be 

processed. Boats could potentially be provided by the Coast Guard or hired from private 

ferry companies. Ideally, the whole community of Ísafjördur (including schools and the 

University Centre) and surrounding villages would participate in the cleanup operation. 

The beach cleanup could include an analysis of the quantity and quality of debris items, 

accomplished in cooperation with the OSPAR Commission. Some of the debris might even 

be of value for arts or decoration. For example buoy pieces appear in all colours and could 

be used for decoration in glass jars or other art projects. On the Pitcairn Islands, located in 

the southeast Pacific, buoys washed ashore are sometimes used for constructing new 

moorings (Benton, 1995). Many ideas for recycling of plastic debris have already been 

developed. Cristen Andrews developed a technique to crochet with plastic bags (Andrews, 

2010). Similar things could be done with nets and ropes that are found. For example a 
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knotting technique could be developed to make belts, bags or decorations. These pieces 

could be used to compliment the regionally specific craft work already available, and be 

sold on to the cruise ship tourists and other visitors in the summer. The organisation of a 

market in the harbour area, during cruise ship landings is recommended. Making the 

collection profitable would also help the overall situation as tourists and residents would 

have a personal interest in collecting the debris.  

Marine debris is salty which hinders incineration (Jung et al., 2010). Therefore the least 

costly solution to deal with collected marine debris not appropriate for recycling would be 

landfilling. To keep the beaches in Hornstrandir clean, an additional park ranger should be 

employed in the summer, along with a specific volunteer program in cooperation with the 

Arctic fox monitoring program. As it is, the duties of the two employed park rangers are so 

numerous that beach cleanups cannot be accomplished (pers.comm. Jon Björnson, Nature 

Reserve Officer of Hornstrandir, Environment Agency Iceland, 2012). 

5.3.4 Long term solutions 

Overall management measures can never prevent all plastic debris from reaching the 

ocean. Even if debris does not reach the ocean, plastic debris dispersed in landfills will last 

for centuries as micro- and nanoplastics. Burned in incinerators, plastics can release toxic 

gasses. Even if these toxins are collected with filters (Blankenship, et al., 1994), they need 

to be processed somehow and in a growing society clean environments are needed for safe 

food supplies. Therefore, the use of biodegradable material is seen as the only feasible long 

term solution. Starting with single use items, plastics need to be replaced by biodegradable 

materials, aiming to use them only in exceptional circumstances for products where 

alternatives do not work. A starting point to reach this goal would be to reconsider the low 

price of existing plastic material. To make the development of alternatives more profitable, 

the prices of single use plastic packaging should be increased on an EU wide basis by 

applying significant taxes on those products. An increase in awareness of the threats of 

plastic products needs to happen in order to drastically reduce the amount of plastics used. 

Since there are many applications for which alternatives to plastics are not available, 

biodegradable equivalents need to be developed and brought on the market soon to enable 

consumer choice. Today, the purchase of plastic-free food or beverage products is hardly 

possible. Government fees on products that produce a large amount of waste, as they are 
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implemented in Iceland, are a good starting point to reduce quantities of harmful waste 

(Meyles, 2006; Kamsma & Meyles, 2005). These measures should be expanded. In the 

long term, the environmental, social and economic impacts of plastics are not acceptable.  

5.4 Conclusion 

In the present study the standardizised method of the OSPAR Pilot Project was adapted to 

fit conditions in Iceland, maintaining the comparability as much as possible. Developed 

methods and examied results of the present study, were used to design a survey protocol 

(see Appendix, p. 109-111). The protocol could be applied in beach cleanups, conducted 

by NGOs operating in Iceland or other engaged groups (World Wide Friends, Icelandic 

Youth Association, Blái herinn, Seeds and the University Centre of the Westfjords). This 

would mean that whenever these organisations carry out beach cleanups, qualitative data 

on marine debris characteristics could also be collected.  

In Hornstrandir the main material found was plastic out of which 95.4% debris items 

consited (research question 1a.). On the average transect (100 x 10 m) 104 debris items 

were found, having an average weight of 10.4 kg. In the average transect (100 x 100 m) 

assesed during the OSPAR Pilot Project on mainland Europe five times more debris items 

were found. However the average number of debris items is still supprisingly high, 

considering the remoteness of the area (1b.). Calculations showed that 32,600 debris items 

with a weight of approx. 4300 kg were polluting the north, south and west of Hornstrandir.  

This study shows that the coastlines of Hornstrandir are mainly affected by sea-based 

debris which can be traced back to the Icelandic fishing and shipping industries (1c.). Since 

nets, buoys and other debris from fishing operations seem to be most abundant in 

Hornstrandir (and are likely to also be the most abundant debris all over Iceland), 

biodegradable fishing gear has the potential to significantly reduce the amount of marine 

debris in remote (northern) regions. This conclusion is based on the examination of 

quantitative and qualitative marine debris data from Hornstrandir, qualitative data on 

marine debris in other parts of Iceland and literature reviews on the main sources of marine 

debris in remote fishing communities.  
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This study serves as a starting point for further research on the connections between marine 

debris in northern regions and materials used for fishing gear manufacture. Further 

research is needed to describe the positive effects of alternative biodegradable gear in more 

detail and to further examine how many remote fishing locations would profit from such 

action.  

Quantities of marine debris in Hornstrandir are lower than quantities on the European 

mainland. Nevertheless, negative effects of marine debris on the Icelandic economy are 

foreseen based on the quantity of marine debris, planned developments in Iceland which 

will increase marine debris pollution, possible opening of the Northwest passage in the 

coming years and developments in the EU (2.).  

Suggestions for effective management are gear marking in combination with a feasible 

gear deposit system, replacement of plastic material used for fishing gear by biodegradable 

materials, education programs, improvement of port reception facilities for waste, changes 

to the fee system and responsibilities for waste disposal at Icelandic ports, and importantly, 

a large scale (and ongoing) beach cleanup program for the Hornstrandir nature reserve (3.). 

These suggestions are made with consideration of the potentially damaging effects of 

marine debris on the tourism and fishing industries, as well as on human health and on the 

pristine natural environment at Hornstrandir. 
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Appendix 

Research data 

Hornvík  I Items/ 
1000 m2 

II III IV Items/ 
1000 m2 

V Items/ 
1000 m2 

00a-00d  Items/ 
1000 m2 

Plastic pieces 14 3.5 7 1 24 240 30 300 29 7.25 

Plastic bag 0 0 0 0 2 20 0 0 0 0 

Plastic tray (pieces) 0 0 0 0 5 50 4 40 0 0 

Canister pieces 0 0 0 0 1 10 2 20 7 1.75 

Plastic bottle new 0 0 1 0 0 0 2 20 5 1.25 

Plastic bottle old 0 0 1 0 11 110 5 50 2 0.5 

Plastic bottle cap 0 0 6 0 5 50 1 10 0 0 

Rope new 10 2.5 0 0 1 10 0 0 10 2.5 

Rope old 0 0 0 0 7 70 4 40 0 0 

Net new 0 0 0 0 7 70 0 0 15 3.75 

Net old 0 0 1 0 4 40 0 0 0 0 

Packing rope 3 0.75 0 0 0 0 0 0 0 0 

Float 0 0 2 0 3 30 3 30 0 0 

Buoy new (over 5 cm) 0 0 0 0 0 0 1 10 9 2.25 

Buoy old (under 5 cm) 0 0 0 0 0 0 0 0 4 1 

Buoy connected to metal bar 0 0 0 0 0 0 0 0 0 0 
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Others           

Shoe sole 0 0 0 0 1 10 3 30 0 0 

Neoprene shoe 0 0 0 0 0 0 0 0 0 0 

Shoe  0 0 0 0 0 0 0 0 1 0.25 

Rubber 0 0 0 0 1 10 1 10 0 0 

Tape 0 0 0 0 1 10 0 0 0 0 

Painted wood 0 0 0 0 1 10 1 10 0 0 

Metal 0 0 0 0 1 10 0 0 4 1 

Hook for fishing 0 0 0 0 1 10 0 0 0 0 

Glass 0 0 0 0 0 0 0 0 0 0 

Fabric 0 0 0 0 0 0 0 0 0 0 

Plastic box 0 0 0 0 0 0 0 0 0 0 

Construction foam 0 0 0 0 0 0 0 0 0 0 

Comb 0 0 0 0 0 0 0 0 0 0 

Wooden tray 0 0 0 0 0 0 0 0 0 0 

Tube 0 0 0 0 0 0 0 0 0 0 

Spray 0 0 0 0 0 0 0 0 0 0 

Air freshener 0 0 0 0 0 0 0 0 0 0 

Mayonnaise 0 0 0 0 0 0 0 0 0 0 

Tire 0 0 0 0 0 0 0 0 0 0 

Beer can 0 0 0 0 0 0 0 0 0 0 

Shot gun shell 0 0 0 0 0 0 0 0 0 0 

Lego 0 0 0 0 0 0 0 0 0 0 

Plastic pipe 0 0 0 0 0 0 0 0 0 0 

Pan 0 0 0 0 0 0 0 0 0 0 

Box (broken) 0 0 0 0 0 0 0 0 0 0 

Wire 0 0 0 0 0 0 0 0 0 0 
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Shampoo 0 0 0 0 0 0 0 0 0 0 

Toothbrush 0 0 0 0 0 0 0 0 0 0 

Thermal pack 0 0 0 0 0 0 0 0 0 0 

Durex box 0 0 0 0 0 0 0 0 0 0 

Iron buoy 0 0 0 0 0 0 0 0 2 0.5 

Glove 0 0 0 0 0 0 0 0 1 0.25 

Styrofoam 0 0 0 0 0 0 0 0 4 1 

Transect (m) 100x40 
 

100x10 100x10 10x10 
 

10x10 
 

2x2000 
 Weight (kg) 1.50 0.375 2 0.1 8.5 85 3 30 4 1 

Transect (m2) 4000  1000 1000 100  100  4000  

Factor 4  4 4 10  10  4  

 

Hlöðuvík VI VII VIII Items/ 
1000 m2 

VIIII Items/ 
1000 m2 

X Items/ 
1000 m2 

Plastic pieces 1 13 14 35 23 57.5 1 2.5 

Plastic bag 0 4 0 0 0 0 0 0 

Plastic tray (pieces) 0 0 0 0 1 2.5 0 0 

Canister pieces 0 1 0 0 0 0 0 0 

Plastic bottle new 0 3 0 0 2 5 0 0 

Plastic bottle old 0 6 0 0 3 7.5 17 42.5 

Plastic bottle cap 0 0 0 0 4 10 0 0 

Rope new 0 0 0 0 7 17.5 11 27.5 

Rope old 0 4 5 12.5 3 7.5 0 0 

Net new 0 0 10 25 0 0 0 0 

Net old 0 0 2 5 2 5 0 0 

Packing rope 0 0 1 2.5 2 5 0 0 
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Float 0 0 3 7.5 0 0 0 0 

Buoy new (over 5 cm) 0 1 1 2.5 1 2.5 43 107.5 

Buoy old (under 5 cm) 0 11 13 32.5 26 65 182 455 

Buoy connected to metal bar 0 0 0 0 0 0 0 0 

Others         

Shoe sole 0 0 0 0 0 0 0 0 

Neoprene shoe 0 0 1 2.5 0 0 0 0 

Shoe  0 0 0 0 0 0 0 0 

Rubber 0 0 0 0 0 0 0 0 

Tape 0 0 0 0 0 0 0 0 

Painted wood 0 0 0 0 0 0 0 0 

Metal 0 7 0 0 0 0 0 0 

Hook for fishing 0 0 0 0 0 0 0 0 

Glass 0 1 0 0 0 0 0 0 

Fabric 0 1 0 0 0 0 1 2.5 

Plastic box 0 0 1 2.5 0 0 0 0 

Construction foam 0 0 0 0 1 2.5 0 0 

Comb 0 0 0 0 1 2.5 0 0 

Wooden tray 0 0 0 0 1 2.5 0 0 

Tube 0 0 0 0 1 2.5 0 0 

Spray 0 0 0 0 1 2.5 0 0 

Air freshener 0 0 0 0 0 0 1 2.5 

Mayonnaise 0 0 0 0 0 0 1 2.5 

Tire 0 0 0 0 0 0 0 0 

Beer can 0 0 0 0 0 0 0 0 

Shot gun shell 0 0 0 0 0 0 0 0 

Lego 0 0 0 0 0 0 0 0 
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Plastic pipe 0 0 0 0 0 0 0 0 

Pan 0 0 0 0 0 0 0 0 

Box (broken) 0 0 0 0 0 0 0 0 

Wire 0 0 0 0 0 0 0 0 

Shampoo 0 0 0 0 0 0 0 0 

Toothbrush 0 0 0 0 0 0 0 0 

Thermal pack 0 0 0 0 0 0 0 0 

Durex box 0 0 0 0 0 0 0 0 

Transect (m) 10x100 10x100 20x20  20x20  20x20  

Weight (kg) 0.5 12.5 9 22.5 8 20 8 20 

Transect (m2) 1000 1000 400  400  400  

Factor   2.5  2.5  2.5  
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Rekavík bak Höfn (Hornvík) IV Itmes/ 
1000 m2 

V Items/ 
1000 m2 

Plastic pieces 24 240 30 300 

Plastic bag 2 20 0 0 

Plastic tray (pieces) 5 50 4 40 

Canister pieces 1 10 2 20 

Plastic bottle new 0 0 2 20 

Plastic bottle old 11 110 5 50 

Plastic bottle cap 5 50 1 10 

Rope new 1 10 0 0 

Rope old 7 70 4 40 

Net new 7 70 0 0 

Net old 4 40 0 0 

Packing rope 0 0 0 0 

Float 3 30 3 30 

Buoy new (over 5 cm) 0 0 1 10 

Buoy old (under 5 cm) 0 0 0 0 

Buoy connected to metal bar 0 0 0 

Others     

Shoe sole 1 10 3 30 

Neoprene shoe 0 0 0 0 

Shoe   0 0 0 

Rubber 1 10 1 10 

Tape 1 10 0 0 

Painted wood 1 10 1 10 

Metal 1 10 0 0 

Hook for fishing 1 10 0 0 

Glass 0 0 0 0 

Fabric 0 0 0 0 

Plastic box 0 0 0 0 

Construction foam 0 0 0 0 

Comb 0 0 0 0 

Wooden tray 0 0 0 0 

Tube 0 0 0 0 

Spray 0 0 0 0 

Air freshener 0 0 0 0 

Mayonnaise 0 0 0 0 

Tire 0 0 0 0 

Beer can 0 0 0 0 

Shot gun shell 0 0 0 0 

Lego 0 0 0 0 

Plastic pipe 0 0 0 0 
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Pan 0 0 0 0 

Box (broken) 0 0 0 0 

Wire 0 0 0 0 

Shampoo 0 0 0 0 

Toothbrush 0 0 0 0 

Thermal pack 0 0 0 0 

Durex box 0 0 0 0 

Iron buoy 0 0 0 0 

Glove 0 0 0 0 

Styrofoam 0 0 0 0 

Transect (m) 10x10 
 

10x10 
 Weight (kg) 8.5 85 3 30 

Transect  (m2) 100  100  

Factor 10  10  

 

 

Fljótavík XXII Items/ 
1000 m2 

XXIII XXIIII XXV 

Plastic pieces 2 0.4 6 13 0 

Plastic bag 0 0 0 0 0 

Plastic tray (pieces) 0 0 0 0 0 

Canister pieces 0 0 0 0 0 

Plastic bottle new 0 0 2 0 1 

Plastic bottle old 0 0 0 4 1 

Plastic bottle cap 0 0 0 0 0 

Rope new 1 0.2 0 1 0 

Rope old 0 0 0 0 0 

Net new 0 0 0 0 0 

Net old 0 0 0 0 0 

Packing rope 0 0 0 1 0 

Float 0 0 0 0 0 

Buoy new (over 5 cm) 0 0 0 1 0 

Buoy old (under 5 cm) 0 0 3 3 2 

Buoy connected to metal bar 0 0 0 0 0 

Others      

Shoe sole 0 0 0 0 0 

Neoprene shoe 0 0 0 0 0 

Shoe  0 0 0 0 0 

Rubber 0 0 0 0 0 

Tape 0 0 0 0 0 

Painted wood 0 0 0 0 0 
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Metal 0 0 2 0 0 

Hook for fishing 0 0 0 0 0 

Glass 0 0 0 0 0 

Fabric 0 0 0 0 0 

Plastic box 0 0 0 0 0 

Construction foam 0 0 0 0 0 

Comb 0 0 0 0 0 

Wooden tray 0 0 0 0 0 

Tube 0 0 0 0 0 

Spray 0 0 0 0 0 

Air freshener 0 0 0 0 0 

Mayonnaise 0 0 0 0 0 

Tire 0 0 0 0 1 

Beer can 0 0 0 0 0 

Shot gun shell 0 0 0 0 0 

Lego 0 0 0 0 0 

Plastic pipe 0 0 0 0 0 

Pan 0 0 0 0 0 

Box (broken) 0 0 0 0 0 

Wire 0 0 0 0 0 

Shampoo 0 0 0 0 0 

Toothbrush 0 0 0 0 0 

Thermal pack 0 0 0 0 0 

Durex box 0 0 0 1 0 

Transect (m) 50x100 
 

10x100 10x100 10x100 

Weight (kg) 0.5 0.1 7 4.8 1.3 

Transect (m2) 5000  1000 1000 1000 

Factor 5     

 

 

Rekavík  XVIII XIX XX XXI 

Plastic pieces 1 6 4 50 

Plastic bag 0 0 0 0 

Plastic tray (pieces) 2 1 0 0 

Canister pieces 0 5 0 1 

Plastic bottle new 0 3 4 0 

Plastic bottle old 0 0 0 9 

Plastic bottle cap 0 2 0 0 

Rope new 2 0 0 0 

Rope old 0 0 2 4 

Net new 0 0 0 1 



101 

Net old 0 0 0 2 

Packing rope 1 1 0 1 

Float 0 0 0 0 

Buoy new (over 5 cm) 0 3 1 0 

Buoy old (under 5 cm) 0 18 3 0 

Buoy connected to 
metal bar 

0 0 0 0 

Others     

Shoe sole 0 0 0 0 

Neoprene shoe 0 0 0 0 

Shoe  0 0 0 1 

Rubber 0 0 0 2 

Tape 0 0 0 0 

Painted wood 0 0 0 0 

Metal 0 0 0 0 

Hook for fishing 0 0 0 0 

Glass 0 0 0 0 

Fabric 0 0 0 0 

Plastic box 0 0 0 0 

Construction foam 0 0 0 0 

Comb 0 0 0 0 

Wooden tray 0 0 0 0 

Tube 0 0 1 6 

Spray 0 0 0 2 

Air freshener 0 0 0 0 

Mayonnaise 0 0 0 0 

Tire 0 0 0 0 

Beer can 0 0 0 0 

Shot gun shell 0 0 0 1 

Lego 0 0 0 0 

Plastic pipe 0 0 0 0 

Pan 0 0 0 0 

Box (broken) 0 0 0 2 

Wire 1 1 1 0 

Shampoo 0 2 0 0 

Toothbrush 0 0 0 1 

Thermal pack 0 0 0 1 

Durex box 0 0 0 0 

Transect (m) 10x100 10x100 10x100 10x100 

Weight (kg) many big 
pieces 

14.25 7 31.2 

 



102 

Aðalvík  XV XVI XVII Items/ 
1000 m2 

Plastic pieces 6 1 3 1.5 

Plastic bag 1 0 0 0 

Plastic tray (pieces) 0 0 0 0 

Canister pieces 0 0 0 0 

Plastic bottle new 1 0 1 0.5 

Plastic bottle old 0 0 3 1.5 

Plastic bottle cap 0 0 0 0 

Rope new 0 0 0 0 

Rope old 0 6 8 4 

Net new 0 0 0 0 

Net old 0 2 0 0 

Packing rope 0 0 0 0 

Float 0 0 0 0 

Buoy new (over 5 cm) 15 11 23 11.5 

Buoy old (under 5 cm) 5 39 0 0 

Buoy connected to metal bar 0 0 2 1 

Others     

Shoe sole 0 0 0 0 

Neoprene shoe 0 0 0 0 

Shoe  0 0 0 0 

Rubber 0 0 0 0 

Tape 0 0 0 0 

Painted wood 0 0 0 0 

Metal 0 0 0 0 

Hook for fishing 0 0 0 0 

Glass 0 0 0 0 

Fabric 0 0 0 0 

Plastic box 0 0 0 0 

Construction foam 0 0 0 0 

Comb 0 0 0 0 

Wooden tray 0 0 0 0 

Tube 0 0 0 0 

Spray 0 0 0 0 

Air freshener 0 0 0 0 

Mayonnaise 0 0 0 0 

Tire 0 0 0 0 

Beer can 0 0 0 0 

Shot gun shell 0 2 0 0 

Lego 0 1 0 0 

Plastic pipe 0 0 2 1 
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Pan 0 0 1 0.5 

Box (broken) 0 0 0 0 

Wire 0 0 0 0 

Shampoo 0 0 0 0 

Toothbrush 0 0 0 0 

Thermal pack 0 0 0 0 

Durex box 0 0 0 0 

Transect (m) 10x100 10x100 20x100 10x100 

Weight (kg) 3 4 9.5 4.75 

Transect (m2) 1000 1000 2000  

Factor   2  

 

 

Hesteyrarfjörður XI XII XIII XIV 

Plastic pieces 1 1 0 0 

Plastic bag 0 0 0 0 

Plastic tray (pieces) 0 0 1 0 

Canister pieces 0 0 0 0 

Plastic bottle new 0 0 0 0 

Plastic bottle old 0 0 0 0 

Plastic bottle cap 2 0 0 0 

Rope new 0 0 0 0 

Rope old 1 0 0 0 

Net new 0 0 2 0 

Net old 1 0 0 0 

Packing rope 0 0 0 0 

Float 1 0 0 0 

Buoy new (over 5 cm) 0 0 0 0 

Buoy old (under 5 cm) 1 0 0 0 

Buoy connected to metal bar 0 0 0 0 

Others     

Shoe sole 0 0 0 0 

Neoprene shoe 0 0 0 0 

Shoe  0 0 0 0 

Rubber 0 0 0 0 

Tape 0 0 0 0 

Painted wood 0 0 0 0 

Metal 0 0 0 0 

Hook for fishing 0 0 0 0 

Glas 1 0 0 0 

Fabric 0 0 0 0 
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Plastic box 0 0 0 0 

Construction foam 0 0 0 0 

Comb 0 0 0 0 

Wooden tray 0 0 0 0 

Tube 0 0 0 0 

Spray 0 0 0 0 

Air freshener 0 0 0 0 

Mayonnaise 0 0 0 0 

Tire 1 0 0 0 

Beer can 0 0 0 0 

Shot gun shell 0 0 0 1 

Lego 0 0 0 0 

Plastic pipe 0 0 0 0 

Pan 0 0 0 0 

Box (broken) 0 0 0 0 

Wire 0 0 0 0 

Shampoo 0 0 0 0 

Toothbrush 0 0 0 0 

Thermal pack 0 0 0 0 

Durex box 0 0 0 0 

Transect (m) 100x10 100X10 100x10 100x10 

Weight (kg) 0.5 0.1 pieces, buried 
in sand 

0 
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Pictures of transects 

 

Figure: IV 
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Figure: V 

 

Figure: VII 

 

Figure: VIII 



107 

 

 

Figure: VIIII 

 

Figure: X 
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Figure: XI 
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Figure: XV 

 

Figure: XVI 

 

Figure: XVII 
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Figure: XX 

 

Figure: XXI 

 

 



111 

 

 

Figure: XXIII 
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Survey protocol      Date:    

 

Fjord:             

Transect number:           

Transect size (ideally 100 x 10 m, starting at low water mark):     

Picture number:           

Beach type (sandy, rocky):          

GPS:             

 Plastic  

1 Buoy,  hard plastic  

2 Buoy, polystyrene  

3 Bottle  

4 Bottle cap, plastic  

5 Bottles of cleaning products  

6 Box  

7 Canister  

8 Construction foam  

9 Cooking utensils   

10 Cosmetic packaging  

11 Float  

12 Net  

13 Packing rope  

14 Pipe  

15 Plastic bag  

16 Plastic pieces  

17 Rope  

18 Shot gun shell  

19 Styrofoam  

20 Tape  

21 Tray  

22 Tube, construction tube  

23 Others:  

24   

25   
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26   

   

 Metal  

27 Metal piece  

28 Can  

29 Hook for fishing  

30 Iron buoy  

31 Metal tube  

32 Spray can  

33 Others:  

34   

35   

36   

 Rubber  

37 Shoe sole  

38 Neoprene shoe  

39 Rubber piece  

40 Tire  

41 Others:  

42   

43   

44   

 Wood (machined)  

45 Painted wood  

46 Wooden tray  

47 Others:  

48   

49   

50   

 Fabric  

51 Shoe   

52 Fabric piece  

53 Others:  

54   

55   

56   

 Glass  

57 Bottle  

58 Broken glass  

59 Others:  

60   

61   

62   
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Special observations and notes (information on debris items about origin, labels, 

impacts of debris on wildlife, presence of microplastic etc.) 

            

            

            

            

            

            

            

            

            

            

             


