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Abstract
The ubiquity of litter, particularly plastics, in the marine environment has gained
increasing attention and concern from scientists, governments and society as a whole, due
to its health, economic and aesthetic impacts. This is one of few quantitative temporal
studies of macro-litter in Iceland. In addition to a case study, it explores the dynamics of
human – nature relationships pertaining to marine litter through theories of ecofeminism,
slow violence, agency, and personhood. This theoretical framework highlights humans’
complicity in a culture of marine litter pollution, drawing parallels to complicity in rape
culture. For the case study, a detailed survey was conducted on the characteristics and
dynamics of coastal and urban litter on a 550-meter long beach in Ísafjörður, a small
Icelandic town (population: 2614) heavily impacted by fishing. All visible litter within two
beach transects was sampled 2-4 times a week April-August. One transect was a sand
beach and the other was the inland side of a rock armor seawall. Litter in the beach transect
was tidally replenished and affected by storm events and prevailing winds. Litter in the
rock armor transect was almost exclusively local and its occurrence was low once the
initial pre-sampling period was completed. The most prevalent material of sampled items
in both transects were plastics (sand beach: 78.9%; rock armor: 66.2%), and the most
common identifiable sources were from fisheries and boating (40.8% of all items within
the beach transect) and packaging related to inhabitants and tourists (30.3% of all rock
armor transect items). Within the sand beach transect, five percent of the litter was related
to the local, non-treated sewage discharge. Based on these findings, it appears the rock
armor seawall acts to some degree as a barrier preventing urban litter from entering the
marine environment. Thus annual cleanups prior to the winter storms could have a positive
mitigation effect and also prevent the macro-plastic from entering the ocean, eventually
degrading to micro-plastic. At an industrial level, the innovative use of less-persistent
packaging and fishing gear is necessary, spurred by government policies and regulatory
actions. As a local wastewater treatment system is not currently economically feasible,
community education measures are vital, particularly to reach newcomers. A piece of folk
art, that incorporates the scientific results of the case study, is proposed as an example of a
method of science communication. The transformative possibilities of art encourage selfreflection by the local viewer of their contribution to the evidence presented. The findings
of this research are relevant for other small and remote coastal communities.

Útdráttur
Magn rusls, og aðallega plastrusls, í hafi og á hafsvæðum hefur hlotið aukna athygli
vísindamanna, stjórnvalda og samfélaga í heild vegna þeirra heilsufarslegu, efnahagslegu
og fagurfræðilegu áhrifa sem það hefur í för með sér. Þessi rannsókn er ein fárra
megindlegra rannsókna sem gerðar hafa verið á stærra rusli (macro-litter) á Íslandi. Auk
staðbundinnar rannsóknar á ruslmengun fjallar rannsóknin almennt um ruslmengun í hafi
og samband manns og náttúru út frá kenningaramma ecofemínisma, hugmynda um “slow
violence”, atbeini (e. agency) og persónuleika. Með þennan kenningaramma að vopni er
lögð áhersla á aðild og þáttöku manna í menningu mengunar og hliðstæður sóttar til
femínískrar umræðu um nauðgunarmenningu (e. rape culture). Í staðbundnu rannsókninni
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var framkvæmd nákvæm skrásetning á magni og eðli rusls á 550 metra langri fjöru í
Ísafjarðarbæ (íbúafjöldi: 2614). Öllu sýnilegu rusli á tveimur skilgreindum svæðum
meðfram ströndinni var safnað saman tvisvar til fjórum sinnum í viku á tímabilinu apríl –
ágúst. Annað svæðið afmarkaðist af sandströndinni sjálfri en hitt svæðið af innri hlið
grjóthlaðins varnargarðar ofan strandarinnar. Rusl á sandströndinni réðist að verulegu leyti
af sjávarföllum, ráðandi vindáttum og einstaka hvassviðrum. Rusl á og við varnargarðinn
mátti að verulegu leyti rekja til bæjarins en magn þess var fremur lítið eftir að fyrsta
söfnun þess og skráning hafði farið fram. Algengasta efni safnaðra hluta á báðum svæðum
var plast (78.9% alls rusls á sandströndinni og 66.2% rusls á og við varnargarðinn), en
algengasta upprunagreining ruslins vísaði annars vegar til fiskiðnaðar (40.8% allra
safnaðra hluta á sandströndinni) og hins vegar til umbúða af ýmsu tagi (30.3% allra hluta á
og við varnargarðinn). Á sandströndinni mátti rekja fimm prósent alls rusls til skólplosunar
bæjarins, en skólp rennur þar óhreinsað til sjávar. Niðurstöður rannsóknarinnar benda til
þess að varnargarðurinn komi að nokkru leyti í veg fyrir að rusl úr bænum nái til sjávar.
Árleg hreinsunarátök að hausti, áður en vetrarveður skella á, gætu því haft fyrirbyggjandi
áhrif og varnað því að stærra rusl lendi í hafi, þar sem það getur síðan brotnað niður í
smærri einingar. Þegar horft er til iðnaðar draga niðurstöðurnar fram mikilvægi þess að
yfirvöld stuðli að notkun annarra efna en plasts í veiðarfæri, umbúðir og annað. Þar sem
ekki er fyrirsjáanlegt að gerðar verði breytingar á skólpkerfi bæjarins í nánustu framtíð er
mikilvægt að miðla upplýingum um mengunaráhrif þess til bæjarbúa og ekki síst til nýrra
íbúa. Með hliðsjón af niðurstöðum rannsóknarinnar er í ritgerðinni lögð fram hugmynd að
því hvernig miðlun slíkra vísindalegra niðurstaðna til almennings megi finna farveg í
þjóðlegri list – lopapeysumunstri. Með þessu er almenningi auk þess boðið að hugleiða
eigið framlag að ruslmengun. Niðurstöður rannsóknarinnar eru mikilvægar og upplýsandi
fyrir önnur smærri samfélög og strandsvæði.
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Foreword
Content warning: this thesis discusses rape culture, sexual violence, PTSD, and suicide.
The research of this thesis stems from a web of personal process, originating from
personal interest, experience, and observation. Similar to the way in which we link
together theories or different results in a research article, I will connect different ways of
knowing in this thesis in order to illustrate that there are different ways to understand the
human – nature dynamics of marine litter pollution: firstly, through researchers themselves
(as postmodernist methods, for instance, allow); and secondly, through direct data
collection.
Postmodernism contemplates “research as narrative,” particularly in light of the
ways in which research is shaped and influenced by personal experiences (Packwood and
Sikes 1996). Furthermore, postmodern works, which are in favor of local narratives and a
“multiplicity of theoretical standpoints” over metanarrative, suggest the researcher should
be included in the process (Peters 2001).
The narrative of this thesis project arose out of a deep curiosity and concern about
the prevalent presence of litter in the natural environmental and its implications for the
well-being of the ocean, but was also initiated by an instinctual need to be active in
cleaning, purifying, and cleansing as a means of processing trauma. I discovered a
meditation and survival tactic in the frequent sampling events, which became a
transformative practice. The sampling events were a symbolic performance of purging,
while engaging in the perhaps futile action of cleansing the ocean and coast of materials
that had been inflicted upon them of anthropogenic origin. Later, the analysis of the data
produced was a process of investigation, one that sought truth about the litters’ pasts
through the many unknowns despite all of the evidence the ocean was able to present. The
physical objects were proof enough though, regardless of the gaps in their narratives.
As I collected these items, so many of which were (plastic) packaging, I recognized
similarities between many of the items I sampled and the objects I used and discarded at
home each day. One particularly startling recognition of self was finding, in one of the
transects, a packaging label almost undoubtedly from a pair of boots a friend brought from
the U.S. for me that had gone in the recycling (Figure 1). I mention this in overt
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acknowledgement of the role I, myself, play in polluting the marine environment with litter
and further perpetrating the issue of generating a material waste that will never fade into
oblivion. Likewise, I recognize that I am complicit in a rape culture of which I have been
guilty of perpetuating. In light of this, I apologize for the ways in which I have contributed
to the existence of marine litter pollution and rape culture, and commit myself to actively,
conscientiously, and systematically resist these behaviors and norms within myself and
society.

Figure 1. Packaging label almost certainly from a pair of boots a friend brought from the
U.S. for me sampled in the Ísafjörður rock armor transect April 25, 2017.
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Terms and definitions
Coastal: referring to areas where the land and ocean meet and extending to areas where
there is an interaction and exchange of litter between the land and ocean.
Litter: any persistent, manufactured or processed solid material discarded, disposed or
abandoned (adapted from marine litter definition from OSPAR Commission, 2007).
Marine litter: “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 2007).
Marine debris: includes anything classified as marine litter (see definition above), in
addition to naturally occurring terrestrial objects (e.g. wood, leaves, etc.) present in the
marine environment.
Natural coastal processes: the influence of waves, ocean currents and wind in the coastal
environment, including erosion and deposition mechanisms and sea-level rise.
Plastic: “any of numerous organic synthetic or processed materials that are mostly
thermoplastic or thermosetting polymers of high molecular weight and that can be made
into objects, films, or filaments” (Deanin et al. 2012).
Receptor: a terrestrial location where marine debris is deposited by natural coastal
processes.

xix

Source: a place or activity from which litter or debris is discarded, disposed or abandoned
land (adapted from marine litter definition from OSPAR Commission, 2007).
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1 Introduction
This thesis examines human – nature relationships in the context of marine litter
pollution. In the history of Western culture, most of the theories on human – nature
relationships, are based on humans’ unidirectional agency on the natural environment,
which holds value due to its instrumental usefulness to humans (Brady and Phemister
2012; Moran and Brondízio 2013; Moran and Ostrom 2005). These theories permeate
resource politics, resource economics, environmental management, and Western society as
a whole. More recently, Western theories on human – nature relationships have been
developed in which nature has intrinsic value, entirely separate from humans’ needs and
desires, and agency is accorded to all matter (Bennett 2009; Berkes 1999; Devall and
Sessions 1985).
This thesis, in contextualizing marine litter pollution within human – nature
dynamics, is a preliminary endeavor to do so when drawing from theories of ecofeminism,
slow violence, agency, and personhood. Additionally, a case study on coastal litter in
Ísafjörður, Iceland offers a different, though complementary, method with which to
understand the specifics of human – nature dynamics appertaining to marine litter pollution
at a localized level.
The presence of litter in the ocean has been increasingly gaining the attention of
scientists, governments and society as a whole. The vast majority of litter in the ocean (as
much as 89% in surface waters of the North Pacific) is comprised of plastics, as opposed to
other materials such as wood, glass, metal, ceramic and paper (UNEP 2005). Within the
North Pacific Subtropical Gyre, plastic particles have been found to outnumber plankton
six to one (Moore et al. 2001). Between 4.8 and 12.7 million metric tons of plastic waste
from land-based sources enters the ocean annually, 94% of which eventually falls to the
sea floor (Eunomia 2016; Jambeck et al. 2015). Only one percent of the plastics in the
marine environment are in ocean surface waters (less than an average 1 kg/km2 globally,
with the highest global concentration at 18 kg/km2 in the North Pacific Gyre) (Eunomia
2016). The estimated average concentration of plastics on the sea floor is 70 kg/km2, while
beach concentrations are highest with an average 2000 kg/km2 (Eunomia 2016).
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Microplastics (plastics <5 mm), which degrade from macroplastics or are manufactured as
such, are of growing concern. Once in existence, microplastics are much more challenging
to manage and remove from the marine environment than macroplastics due to their size
and quantity. In short, plastics are quickly becoming an inescapable, ubiquitous and
perhaps a permanent element in the marine environment and ecosystem.
Litter in the ocean has many negative impacts, including ingestion by and
entangling of marine species, damages to shipping vessels and harming tourism and coastal
businesses (Laist 1987; Vegter et al. 2014). Plastic litter has the additional harm of
potentially being a vector of contaminants into the food web, both for plastic additives and
hydrophobic contaminants present in the water mass that may adsorb to the plastic
particles (Andrady 2003; Herzke et al. 2016; Mato et al. 2001a; Teuten et al. 2007; Vegter
et al. 2014). As more than two billion people rely on seafood as their main source of
protein, plastics are a substantial threat not only to the health of the marine ecosystem but
also humans (Knap et al. 2002).
Iceland, though relatively sparsely populated, is not unaffected by marine litter.
Although the country’s population is only 340,110 (2017), approximately 90% of the
population lives by the coast and thereby increase the risk of marine litter pollution from
land sources (Statistics Iceland, 2017; Environment Agency of Iceland, 2013).
Additionally, fisheries, which is one of Iceland’s largest economic sectors, rely heavily on
plastic products and largely contribute to marine litter in Iceland through the loss of gear
(Hreinsson and Bender 2015; Kienitz 2013; MacFadyen, Huntington, and Cappell 2009).
In 2013, Kienitz published the first (and only to date) study on the quantity of
marine macro-litter in Iceland. The scope of the study is limited to locations within the
remote Hornstrandir Nature Reserve (IUCN Ib classification) in the north Westfjords
(Figure 2). Kienitz (2013) found an average 104 litter items per 10x100 m transect. Plastic
litter items accounted for 95.4% of all items, the majority of which was related directly to
the fishing industry. Based on the labels and types of gear found, most of the fishing gear
likely originated from the Icelandic fishing industry.

2

Figure 2. Map of Westfjords region of Iceland and of study site in Ísafjörður, Iceland
(Loftmyndir, 2017).
3

1.1 Research questions and aims
Although numerous studies on ocean litter have been conducted, the scientific
community is still seeking to better understand the abundance of marine litter and its
spatial variability at global and local levels. The dynamics of litter pollution in coastal
areas have not received as much attention. In Iceland, very little research has been
conducted on marine litter, let alone urban-sourced litter. In many Icelandic communities,
including Ísafjörður, all sewage and storm water enter directly into the ocean without any
filtration or treatment process. Additionally, Ísafjörður is subject to regular winter storms
with high winds, which have the ability to carry town litter into the ocean. As weather
patterns change due to increasing storm frequency and higher wind speeds, it is more likely
for urban litter to enter the ocean instead of accumulate in the snow and ice during the
winter months in the same way it once did (Sutherland et al. 2017; Young, Zieger, and
Babanin 2011; Zheng, Li, and Li 2017). Therefore town cleanup and waste management
plans may need to be modified in order to ensure the town’s litter does not enter the ocean.
All in all, very little is known about the presence, sources and receptors of litter in coastal
towns, particularly those with active fishing and tourism industries.
Little research has been done on connecting ecofeminism, slow violence, agency,
and personhood theories with the topic of marine litter pollution and exploring their value
in mitigating marine litter. These theories challenge the dominant paradigms of humans’
relationship with the natural environment, consumerism, and marine litter pollution
prevention, and provide opportunities for transformational awareness on the individual
level. In a small community such as Ísafjörður, the power of the individual to bring about
change should not be underestimated.
Due to this dearth of data and knowledge about litter in coastal and marine
environments in Iceland, and the lack of research on human – nature dynamics pertaining
to marine litter pollution in the context of ecofeminism, slow violence, agency, and
personhood, this study seeks to fill some of the knowledge gaps by answering the
following research questions:
1. What factors affect the amount and spatial variability of litter on the Ísafjörður
beach and along the landward side of the beach’s rock armor?
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2. How can ecofeminist and slow violence theories provide a new global context for
comprehending marine litter pollution and the individual’s connection to it?
3. How can the litter situation be communicated to local citizens and what
possibilities exist for engaging them in the issue?
The objectives of this thesis are:
•

To describe the amount and composition of litter in a sand beach transect and rock
armor transect

•

To identify litter sources when possible

•

To compare the amount and composition of litter in the two transects

•

To identify the short-term rate of residence time of litter in both transects

•

To explore the relationship of litter abundance and spatial variability with storm
events, prevailing winds, currents and tidal forcing in both transects

•

To explore what role the rock armor plays in the interaction between marine and
urban litter

•

To contextualize the human – nature dynamics behind marine litter pollution within
ecofeminist, slow violence, agency, and personhood theories

•

To propose recommendations for improving litter management and transforming
the relationship of the individual, and in turn society, to waste and litter

•

To present a method for raising awareness about the local, coastal, and marine litter
situations contextualized for the community through a form of folk art.
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2 Theoretical concepts and framework
2.1 The term ‘pollution’
‘Pollution,’ as a word, originated from polluere in Latin, meaning “to soil or defile”
(Champ 1983). Everyday discourse about pollution is typically in reference to pollution of
the natural environment, including air pollution. However, the concept of pollution in its
early English usage was applied in the context of the human environment (Champ 1983;
Nagle 2009). The 14th-century usage, as documented by the Oxford English Dictionary,
was used to describe the “defilement of man, his beliefs, or his symbols by physical, moral,
or spiritual contamination or uncleanness” (Champ 1983). This is evidenced by almost all
mentions of pollution in literature from the 19th century and before (by writers including
James Fenimore Cooper, Nathanial Hawthorne, William Shakespeare, Jonathan Swift,
Henry Wordsworth Longfellow), which associated pollution with the defilement of the
sexual and/or spiritual purity of society (Nagle 2009). It was not until the 1950s that the
word ‘pollution’ came commonly into use to mean contamination of the natural
environment as the word is most frequently connoted today (Champ 1983).

2.2 Violence
Violence is commonly conceived in Western societies, as “an event or action that is
immediate in time, explosive and spectacular in space, and as erupting into instant
sensational visibility” (Nixon 2011). However, in his book ‘Slow Violence and the
Environmentalism of the Poor,’ which is a primary text initiating discourse on slow
violence, Nixon (2011) puts forth this oxymoronic concept that describes an attritional
violence that is unbounded by time or space, gradual and incremental in its occurrence,
dissemination and repercussions, and thereby largely obscured and rendered invisible,
particularly within this fast-paced era of “degraded attention spans” (Nixon 2011). Nixon
calls upon us “to revisit our assumptions and consider the relative invisibility of slow
violence” which, as such, is often not even perceived as violence (Nixon 2011).
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Others have also sought to expand common conceptions of violence to include
indirect violence that occurs in forms of structural and cultural violence (Allen 2016;
Galtung 1969, 1990; Gilligan 1996; Saner 1982). Galtung, for instance, seminally
proffered the concept of cultural violence— “violence that obscures and/or legitimizes
personal and structural violence and helps to promote a culture of impunity among its
perpetrators” (Galtung, 1990; Schneiderman, 2012). These forces are also at work within
the context of Nixon’s slow violence and are exacerbated by the silencing of time. Unlike
Nixon though, Galtung conceptualizes indirect violence as relating more to agency than
time, and thereby as having the potential to give rise to direct violence (Galtung, 1969;
Nixon, 2011; Vorobej, 2016). Divergently, Nixon’s slow violence (which concerns the
natural environment, as well as marginalized social groups) is perpetrated against places
and people that are deemed to be expendable and disposable, those that are voiceless
(Nixon, 2011). In such cases, the environmental degradation (e.g. toxic pesticide use,
marine litter pollution, climate change, etc.), as well as the marginalization of human
groups, is, as Schneiderman puts it, “masqueraded as inevitable” (Nixon, 2011;
Schneiderman, 2012). Thus, the violence goes unnoticed (Nixon, 2011). This compounds
with the temporal and spatial aspects of slow violence and presents challenges for
discerning, interrogating and ameliorating the issue through the standard mechanisms of
science, law, politics and journalism (Nixon, 2011). Indeed, challenges exist simply in the
representation of slow violence, with impacts on society’s ability to emotionally engage
with it (Galtung, 1969; Nixon, 2011; Schneiderman, 2012).

2.3 Ecofeminist theory
Ecofeminist theory arose in the second half of the 20th century out of scholars’
observations of historical, symbolic and theoretical connections between environmentalism
and feminism (Dobscha 1993; Mies and Shiva 1993; Sturgeon 1997; Warren 2000). In
other words, the ecofeminist movement is based on the idea that “the ideologies that
authorize injustices based on gender, race, and class are related to the ideologies that
sanction the exploitation and degradation of the environment” (Gaard 1993; Sturgeon
1997).
There is a diverse set of theorizations on the connections between women and
nature and feminism and environmentalism (Sturgeon 1994). This paper draws from the
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position originating out of the concept of dualism, in which exists the premise that
dominant culture perceives nature as “‘alien’ and separate from humans” (Dobscha 1993).
Feminist theory, in acknowledging the power dynamics that are innate to a dualism,
recognizes the hierarchy that forms when two things are separated (Dobscha 1993; Enloe
1989). Within this dualism humans are dominant over nature, creating a power hierarchy
not unlike the gendered (in addition to racist, classist, ableist etc.) power structure that
permeates Western culture and society (Dobscha 1993; Gaard 1993; Sturgeon 1994, 1997;
Warren 2000).

2.4 Rape culture
A third sphere from which this thesis will draw is rape culture. Rape culture
includes behaviors, practices, beliefs, assumptions, worldviews, language, discourse and
cultural representations of sex and rape that normalize, glamorize and excuse the
perpetration of sexual violence, particularly against women (Boswell and Spade 1996;
Buchwald, Fletcher, and Roth 1995; Burt and Albin 1981; Vogelman 1990; WAVAW
Rape Crisis Centre 2018; Widdows and Marway 2015). In a rape culture, sexual violence,
which includes in its continuum sexual harassment and the dehumanizing objectification of
the female body by the male gaze, is assumed to be inevitable. McEwan (2009)
encapsulates rape culture as “the myriad ways in which rape is tacitly and overtly abetted
and encouraged having saturated every corner of our culture so thoroughly that people
can’t easily wrap their heads around what the rape culture actually is.”
2.4.1 Sexual assault statistics
The World Health Organization estimates that about 1 in 3 (35%) of women
globally are victims of sexual assault (World Health Organization 2017). Someone
experiences sexual violence every 98 seconds (RAINN 2018). Ninety-four percent of
women who are raped have symptoms of post-traumatic stress disorder (PTSD) in the first
two weeks following the incident, with 30% still reporting symptoms after nine months
(Davidson and Foa 1993; Rothbaum et al. 1992). A third of rape victims have seriously
contemplated suicide, compared to eight percent of victims of other crimes, and are 13
times more likely to attempt suicide (Kilpatrick 2000; RAINN 2018). Additionally,
substance abuse is ten times more likely in people who have been sexually assaulted in
comparison to the general public (RAINN 2018).
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2.5 Human – nature relationships beyond dualisms
This thesis draws from two different theories (described subsequently) that proffer
perspectives on human and nature entities and human – nature relationships that exist
outside of the power dualisms acknowledged by feminist theories.
2.5.1 Agency of matter
Within a host of disparate disciplines, there is a discourse theorizing the agency of
matter. Within this ontological and epistemological theorization, Bennett posits the theory
of ‘vibrant matter,’ based on concepts developed by Spinoza, Nietzsche, Thoreau, Darwin,
Adorno and Deleuze, arguing that nonhuman material objects are not passive but have
‘thing-power’: “the curious ability of inanimate things to animate, to act, to produce effects
dramatic and subtle” (Bennett 2009). The theory of vibrant matter acknowledges the
agency of nonhuman matter to be an actant within greater networks of assemblages
(Bennett 2009). Bennett defines an actant (building upon the term that is first put forth by
Latour in his work on Actor-Network Theory) as “a source of action that can be either
human or nonhuman; it is that which has efficacy, can do things, has sufficient coherence
to make a difference, produce effects, alter the course of events” and “[become] the
decisive force catalyzing an event” (Bennett 2009; Latour 1996). Moreover, Bennett,
Latour, and Deleuze and Guattari, conceive an actant as “a coalition or group of individual,
diverse entities working momentarily as one source of action,” whilst rejecting the notion
of an actant having an autonomous self (Bennett 2009; Echterling 2014; Latour 1996). The
term encapsulates the effective agency of the actant; that it is “neither an object or a subject
but an ‘intervener’” (Bennett 2009).
Actants come together in “ad hoc groupings” to form “living, throbbing
confederations” of assemblages (a Deleuzean term and concept) (Bennett 2009). These
assemblages “have uneven topographies, because some of the points at which the various
affects and bodies cross paths are more heavily trafficked than others, and so power is not
distributed equally across its surface” (Bennett 2009). However despite this unequal
distribution of power, no single actant has the competence necessary “to determine
consistently the trajectory or impact of the group. The effects generated by an assemblage
are, rather, emergent properties, emergent in their ability to make something happen”
(Bennett 2009).
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2.5.2 Personhood
A second mechanism for recognizing nature and its constituent parts as entities
arose on the basis of morality, but largely resides in Western society within the legal
sphere. In many cases, pertaining environmental legal arguments draw to a great extent
from indigenous epistemologies in which nature possesses “personhood” and its
accompanying rights.
Ecuador and Bolivia were the first countries (in 2008 and 2010 respectively) to
confer legal rights to nature in their constitutions (Government of Bolivia 2010;
Government of Ecuador 2008). The Ecuadorean constitution states, “Nature, or Pacha
Mama, where life is reproduced and occurs, has the right to integral respect for its
existence and for the maintenance and regeneration of its life cycles, structure, functions
and evolutionary processes” (Government of Ecuador 2008). The rights of Mother Earth
recognized in Bolivia’s updated “Mother Earth Law,” the Framework Law on Mother
Earth and Integral Development for Living Well, include the right to life and the diversity
of life, water, clean air, equilibrium, restoration and pollution-free living (Government of
Bolivia 2012).

Most recently, the Whanganui River in New Zealand was conferred

personhood through the “recognition of the status of the Whanganui River (including its
tributaries) as Te Awa Tupua, an integrated, living whole from the mountains to sea” and
in “recognition of Te Awa Tupua as a legal entity, reflecting the view of the River as a
living whole and enabling the River to have legal standing and an independent voice”
(Government of New Zealand 2012).
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3 Literature review
3.1 Sources of marine litter
In 1975, it was estimated that 6.4 million tons of litter enter the ocean annually,
however this estimate was based solely on litter from sea-based sources (National Research
Council [U.S.] Study Panel on Assessing Potential Ocean, 1975). While sources of marine
litter vary regionally, land-based sources are actually the largest contributor, accounting for
60-80% of the total annual influx of litter into the oceans (Derraik 2002; OSPAR
Commission 2007). Sea-based sources amount to only 20-40% of the litter discharged
(OSPAR Commission 2007). Although the discharge of persistent litter (specifically all
plastics) from vessels at sea has been banned by the IMO since December 1988, release
into the marine environment still occurs (IMO 1988; Jambeck et al. 2015). Sea-based
sources of marine litter include aquaculture operations, offshore oil and gas platforms,
shipping, ferries, cruise ships and recreational boating, fishing, research and military
vessels (UNEP 2005). Land-based sources include coastal municipal waste sites, riverine
collection and transport of litter, coastal littering, industrial facilities, and untreated sewage
and storm water discharge (UNEP 2005). Plastics account for the majority (60-80%) of
marine litter (Derraik 2002). Of the plastics originating from land-based sources, the most
common prior purpose for the plastics was as single-use packaging. Nearly one third of all
plastics produced are manufactured into single-use items which are disposed of within a
year of production (Andrady 2011). Thus, a large quantity of plastic waste is generated in a
relatively short timespan, waste which has an unmatchable longevity (Thompson et al.
2009).

3.2 Types of marine litter
The different material types of litter present in the marine environment are
dependent on the types materials that humans use: plastics, glass, metal, and organics
(OSPAR Commission 2007; OSPAR Commission, KIMO, and UNEP 2009). In studies of
marine litter, these materials are further distributed into a few more categories that are
typically utilized to indicate a material’s anthropogenic source or to clarify when there is
overlap among categories. These other categories can include paper, treated wood,
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ceramic, textiles and cigarettes (Claereboudt 2004; Debrot, Tiel, and Bradshaw 1999;
Oigman-Pszczol and Creed 2007; Santos, Friedrich, and Sul 2009; Widmer and
Hennemann 2010). Additionally, due to the vastly different types and chemical
compositions of plastics and the its prevalence in the marine environment, it is not
uncommon for there to be multiple categories of plastics (Debrot, Tiel, and Bradshaw
1999; Garrity and Levings 1993; Madzena and Lasiak 1997; Williams and Tudor 2001).

3.3 Dependency on plastics
Despite the ubiquity of plastics today, the synthetic materials only entered
commercial production in the 1950s (Thompson et al. 2009). Plastics were first created in
the early 1900s, however they did not become widely available to the general population
until after the Second World War (Freinkel 2011; Geyer, Jambeck, and Law 2017).
The emergence of plastics, with their seemingly endless versatility and possibilities,
was welcomed with great optimism. In the mid-1940s, Yarsley and Couzens imagined the
benefits that a world with plastics would herald:
It is a world free from moth and rust and full of color, a world largely built up of
synthetic materials made from the most universally distributed substances, a world
in which nations are more and more independent of localized naturalized resources,
a world in which man, like a magician, makes what he wants for almost every need
out of what is beneath and around him (Yarsley and Couzens 1945).
Indeed, as Yarsley and Couzens predicted, plastics have become omnipresent and
boundless, due to their versatility and durability, but most of all their affordability. The
advantages of plastics range from their cheap and convenient usages that made this
“disposable era” possible, to life-changing medical advances that became achievable
through various applications of plastics, to economic benefits such as the fuel savings that
come from packaging products in lightweight plastics as opposed to glass (Andrady and
Neal 2009). This is due to plastics’ high specific strength (strength-to-weight ratio), which
allows for minimal use of material, thereby minimizing cost as well as weight. Fuel costs,
for example, are reduced by 52% when products for transport are packaged in polyethylene
terephthalate (PET) instead of glass or metal, achieving a 55% reduction of greenhouse gas
emissions from fuel-use reduction (Gesellschaft für umfassende Analysen GmbH 2005).

14

From 1950 to 2015, there was an 8.4% compound annual growth rate of the global
production of synthetic resins and fibers amounting in 380 metric tons produced in 2015
(Geyer, Jambeck, and Law 2017). In those 65 years, a total 7800 metric tons were
produced, half of which were manufactured in the last 13 years alone (Geyer, Jambeck,
and Law 2017). In turn, the materials that comprise humans’ waste profile have changed
dramatically over the last few decades from predominately biodegradable organics to
persistent and durable plastics (McIlgorm, Campbell, and Rule 2011; Sheavly and Register
2007).
3.3.1 Types of plastics
Plastics include a wide variety of synthetic or semi-synthetic organic polymers,
predominantly made from petrochemicals. The Society of the Plastics Industry (SPI)
categorizes plastics into seven groups:
Polyethylene terephthalate (PET or PETE) is clear and tough, with good gas and
moisture barrier properties, high use temperatures and heat resistance. Its
applications include food and beverage containers, rope and life jackets.
High-density polyethylene (HDPE) is commonly used as a packaging material (e.g.
beverage bottles and plastic shopping bags) due to its moisture barrier properties
and chemical resistance. HDPE resists both high and low temperatures. It is the
most commonly recycled plastic.
Low-density polyethylene (LDPE) is strong, flexible and transparent, with a low
melting point. It is used in plastic cling wrap, squeezable bottles and produce bags.
Polyvinyl chloride (PVC) is highly resistant to chemicals and breaking up, due to
its strength, stability and resistance to environmental conditions. PVC can be either
rigid (as when used for pipes for construction) or flexible (as in insulation,
synthetic leather and medical tubing applications).
Polypropylene (PP) has high resistances to chemicals, heat and fatigue. It is
typically used for packaging in flexible and rigid applications (e.g. yogurt
containers, prescription bottles, bottle caps, diapers and drinking straws).
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Polystyrene (PS), most commonly known in its Styrofoam and expandable
polystyrene (EPS) forms, is used for takeout cartons, hot-beverage cups, packing
foam and cutlery. It is lightweight, stiff and provides high thermal insulation.
The seventh category is used to designate all other types of plastics, such as
polyamide/nylon (PA), polycarbonates (PC) and polyurethanes (PU).

3.4 Plastics in the marine environment
A 2015 study by Jambeck et al. sought to calculate the amount of plastic litter
released from land-based sources into the marine environment. It was estimated that the
6.4 billion people who live in the 192 coastal countries generate 2.5 billion metric tons of
solid waste annually, approximately 11% of which is plastic (Jambeck et al. 2015). By
scaling that data to concern just the population living within 50 kilometers of the ocean,
99.5 million metric tons of plastic waste were estimated to have been generated in 2010, of
which 31.9 million metric tons were inadequately disposed of or mismanaged by the
management systems in place and thereby leaked into the natural environment (Axelsson
and van Sebille 2017; Jambeck et al. 2015). Of that, 4.8-12.7 million metric tons (1.7-4.6%
of those countries’ total plastic waste) entered the ocean (Jambeck et al. 2015).
In seeking to quantify the total amount of plastics in the ocean, Eriksen et al. (2014)
estimated that there are more than 5.25 trillion particles of plastics in the ocean, weighing
243,978 metric tons. The estimation is based on input data from 24 expeditions collecting
plastic particles across all five of the sub-tropical ocean gyres that was applied to a
dispersal model for floating marine debris. The study found that macroplastics (defined by
Eriksen et al. as >200 mm) accounted for 75.6% of the total weight of ocean plastics, with
mesoplastics (4.76-200 mm) accounting for 11.4% and microplastics (0.33-4.75 mm)
accounting for the remaining 13% (Eriksen et al. 2014).
Most estimates on the abundance of marine litter, including the one provided by
Eriksen et al. (2004), are based solely on floating litter data due to the relative ease of
surface trawls. However, it is estimated that floating litter accounts for only 15% of all
marine litter as roughly 15% washes ashore and the remaining 70% of marine litter sinks to
the seafloor due to the buoyancy properties of various types of marine litter (e.g. more than
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half of thermoplastics sink in seawater) and biofouling (Moore 2008; OSPAR
Commission, KIMO, and UNEP 2009).
In the marine environment and ecosystem, plastics degrade into smaller and smaller
fragments, breaking into microplastics and eventually becoming nanoplastics, but they
never mineralize to fully go away unlike other materials (Andrady 2011; da Costa et al.
2016; Dawson et al. 2018). Break up rates in the ocean are slower than on land due to the
marine environment being cooler and darker (Andrady 2003).

3.5 Microplastics
In the annual publication of the ‘Horizon Scan of Emerging Issues for Global
Conservation and Biological Diversity, Sutherland et al. (2010) identified microplastics to
be an emerging issue. Microplastics are typically categorized based on whether they
entered the marine environment as a microplastic (primary microplastics) or if they became
microplastic particles through the degradation of macroplastics in the natural environment
(secondary microplastics) (Hardesty et al. 2017). The proportion of primary to secondary
microplastics is unknown, and likely location specific (Cole et al. 2011; Hardesty et al.
2017).
Macroplastics in the marine environment slowly degrade to microplastics (particles
≤5 mm) through photodegradation, as well as mechanical weathering (Andrady 2011;
Barnes, Walters, and Gonçalves 2010; Betts 2008; Cooper and Corcoran 2010; Moore
2008). It is expected that the beach environment aids the degradation process as plastics
there are more exposed to UV-light, oxidation, heat and mechanical abrasion (Andrady
2003; Corcoran, Biesinger, and Grifi 2009). A study analyzing microplastics along the
coast of Belgium found that microplastic fibers are the most common type of microplastic
particles in harbor sediments, likely originating, in part, from the degradation of rope used
for mooring vessels (Claessens et al. 2011; Dippo 2012). Car tires are another common
source of microplastics according to a study within Sweden that estimates 13,000 tons of
car tire microplastics are released yearly, though it is yet unclear what amount of that
reaches the marine environment (Bråte et al. 2017)
Sources of primary microplastics include facial and body scrubs, toothpaste and
other personal care products which contain microplastic beads in their formulas and, until
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recently, no regulations were in place prohibiting them (Rochman et al. 2015). An
increasing awareness about microplastic beads has led several countries to pass regulations
that prohibit the sale of rinse-off personal care products containing them: U.S. (MicrobeadFree Waters Act of 2015 [U.S.] 2015), Canada (Microbeads in Toiletries Regulations
[Canada] 2018) and the U.K. (The Environmental Protection (Microbeads) Regulations
2018). However microplastics in leave-on cosmetics remain unregulated in most countries
and few solutions exist for preventing the release of microplastic fibers from synthetic
textiles in household wash. A 2016 study estimated that more than 70,000 microplastic
fibers may be released from washing the average six-kilogram load of acrylic fabric. Thus,
wastewater effluent is a key path of microplastics into the marine environment due to the
lack of sewage treatment technologies in place with the capacity to filter out microplastics
(Magnusson et al. 2016; Napper and Thompson 2016; Ziajahromi et al. 2017).

3.6 Sewage
Baum, Luh and Bartram (2013) estimated that in 2010, the sewage from 60% of the
world’s population was discharged into the environment without any having gone through
any treatment process. Though contributing far less than a single percentage point, Iceland
is one of the countries with communities without improved sanitation. In the case of
Iceland, sewage systems exist throughout the country but in many small communities there
is no wastewater treatment plant for the lines to go through (Figure 3) (Environment
Agency of Iceland 2013). As such, at least a quarter of the population’s sewage in Iceland
does not undergo any wastewater treatment or filtration (Figure 4) (Environment Agency
of Iceland 2013). The vast majority of the untreated effluent is pumped directly into the
ocean, which is feasible due to 90% of Iceland’s population inhabiting areas along the
coast (Environment Agency of Iceland 2013).
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Figure 3. Levels of wastewater treatment in the different regions of Iceland (Environment
Agency of Iceland 2013).

Figure 4. Percentage of population with various levels of wastewater treatment
(Environment Agency of Iceland 2013).
Kienitz (2013) found items from sewage waste washed up on the remote beaches of
Hornstrandir Nature Reserve, located across the Ísafjarðardjúp from Ísafjörður (the
Westfjords in Figure 2). The study found 130 items from sanitary and sewage-related
waste (Kienitz 2013). Based on surface currents and prevailing winds, Kienitz (2013)
found it likely that the nearby communities of Ísafjörður (population 2614) and Hnífsdalur
(population of 204) were the sources of the sanitary and sewage-related waste (Statistics
Iceland 2017).
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In 2016, the presence of microplastics (≥300 µm) in the effluent of two sewage
treatment plants (Klettargarðar and Hafnarfjörður) in the Reykjavík area (Figure 3: capital
area) was measured and compared to levels of microplastics in sewage treatment plant
effluents in Finland and Sweden (Magnusson et al. 2016). The sewage treatment plants in
Iceland which only treat the wastewater mechanically released substantially the largest
amount of microplastics per hour per population equivalent (P.E.), with likely very little or
no retention capacity (Magnusson et al. 2016).

3.7 Marine litter transportation and accumulation
Marine litter is transported throughout the oceans by wind-, wave- and densitydriven currents (Brainard, Foley, and Donohue 2000; Eriksen et al. 2014). Buoyant and
durable plastics in particular are subject to these wind and surface currents (Barnes et al.
2009; Eriksen et al. 2014; Zarfl and Matthies 2010). However, a large proportion of the
243,978 metric tons of plastic floating on the ocean’s surface converges in ocean gyres due
to wind and ocean circulation patterns (Eriksen et al. 2014; Maximenko, Hafner, and Niiler
2012). The North Pacific Subtropical Gyre, discovered by Captain Charles Moore in 1997
and located between Hawaii and California, has accumulated the most marine litter of any
of the five main mid-ocean subtropical gyres. Various studies ascertaining the mass of the
litter accumulated in the North Pacific gyre have produced different results leaving the
actual size unknown (Eriksen et al. 2014; Goldstein, Titmus, and Ford 2013; Moore et al.
2001).

3.8 Currents around Iceland
While relatively little is scientifically known about the near shore currents around
Iceland, the main circulation of water masses around the island proceed in a clockwise
direction (Valdimarsson and Malmberg 1999). The Irminger Current, branching off from
the warm North Atlantic Drift Current, flows from southwestern Iceland up to the
northwest. There the Irminger Atlantic water meets Arctic water masses arriving with the
East Greenland Current and cools. Arriving from offshore from the northwest and north,
the cold water masses that become the East Icelandic Currents flow south along the
Iceland-Faroe Ridge, first alongside Iceland’s eastern coast and then out toward the Faroe
Islands (Figure 5) (Logemann et al. 2013; Valdimarsson and Malmberg 1999).
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Several studies model surface and near-surface ocean circulation in the Arctic and
northern Atlantic using data from Lagrangian drifters and wind variability data (Isachsen et
al. 2003; Jakobsen et al. 2003; Valdimarsson and Malmberg 1999). The mapping of
surface circulation around Iceland by Valdimarsson and Malmberg (1999) is largely
representative of circulation models from other studies:

Figure 5. Surface circulation of Icelandic waters based on drifter data (May 1995November 1996). “Red arrows: Atlantic water; blue arrows: polar water; green arrows:
mixed water” (Valdimarsson and Malmberg 1999).
There is evidence that driftwood deposited along the northern coast of Iceland
originated from the Russian logging industry using northern Siberian rivers (Figure 6)
(Eggertsson 1993). As driftwood flows with ocean currents, the Eggertsson study (1993)
provides a general picture of the currents in the Arctic and Nordic Seas and it is possible to
assume litter (with similar buoyancy properties) flows in a similar way (Fazey and Ryan
2016; Lebreton, Greer, and Borrero 2012; Ryan 2015).
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Figure 6. Arctic surface currents along which driftwood flows from Siberia to Iceland
(Eggertsson 1993).
However this route, mapped as such, provides few answers as to how the wood
washes up on the Icelandic coast, particularly as it does not clearly align with current
macro-knowledge of the surface and near-surface circulation of Icelandic coastal waters
(Figure 5) (Eggertsson 1993; Isachsen et al. 2003; Jakobsen et al. 2003; Valdimarsson and
Malmberg 1999). Nevertheless, this study helps in understanding the transport routes of
floating litter to Iceland.
In the only study in Iceland conducted on macro-marine litter, Kienitz (2013) used
the OSPAR Commission’s standardized approach to quantify and describe the marine litter
within 26 transects in 6 bays in the Hornstrandir Nature Reserve (Figure 2). Of the
approximately 32,600 items of litter found, weighing approximately 4.300 kg, 95.4% were
plastic. More than half of all litter (in number) found was associated with the fishing
industry (i.e. buoys, nets, rope, etc.). To reconcile general surface current knowledge of
Icelandic coastal waters with Eggertsson’s findings of Siberian driftwood deposited along
the northern Icelandic coast, Kienitz extrapolated that marine debris is deposited in
Hornstrandir by the prevailing northeasterly winds (Figure 7) (Hjort, Ingólfsson, and
Norḥdahl 1985; Ingólfsson 2008; Kienitz 2013). This rests on the assumption that the wind
speed (50 m/s during storms) is high enough to have a greater influence on the movement
of the floating marine debris than surface currents (East Greenland surface current: 0.15
m/s; Denmark Strait North Atlantic drift water: 0.5 m/s) (Brainard, Foley, and Donohue
2000; Ingólfsson 2008; Kienitz 2013).
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Figure 7. Eggertsson (1993) proposed Arctic Ocean surface current map for driftwood
flows from Siberia with the proposed route to Hornstrandir by Kienitz (2013) in red.

3.9 Litter interactions with marine organisms
Organisms in the marine environment are subject to a wide variety of problematic
interactions with litter in their environment. Most prominent are the issues of organism
entanglement, litter ingestion and exposure to persistent organic pollutants (POPs) and
emerging contaminants, which will be subsequently reviewed.
3.9.1 Entanglement
Public awareness and concern about marine litter typically arises from the
publication of images of marine mammals entangled in marine litter, used by conservation
groups and the media with that objective in mind. Entanglement can cause wounds,
circulation problems and deformities to marine organisms, possibly leading to decreased
fitness and/or strangulation (Gall and Thompson 2015; Gregory 2009; OSPAR
Commission, KIMO, and UNEP 2009; UNEP 2005). For fish that need to be in constant
motion in order to respire, entanglement can cause asphyxiation (OSPAR Commission,
KIMO, and UNEP 2009). There are numerous studies on ways marine litter harm marine
mammals, including a study along the coast of Scotland from 1992-2000 that found 21%
of all stranded minke whales (Balaenoptera acutorostrata) died due to being entangled in
marine litter (OSPAR Commission, KIMO, and UNEP 2009). There is little documentation
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of entanglement in Iceland however. One study on cetaceans in Iceland, using data
between June 2005-May 2006, reported two cases of unnatural minke whale mortality, one
due to entanglement in a gillnet and the other caused by entanglement in an aquaculture
cage (Víkingsson, Olafsdóttir, and Gunnlaugsson 2006).
3.9.2 Litter ingestion
Marine litter ingestion, of plastic in particular, is a second harm to marine
organisms. Ingestion of marine litter can cause wounds, ulcers and infections in an
organism’s digestive tract with the possibility of obstruction or penetration of the tract
(Gall and Thompson 2015; Gregory 2009; UNEP 2005; Vegter et al. 2014). Additionally,
litter tends to have a long residence time within an organism (litter size and species
dependent) and, in certain bird and marine mammal species, has been reported to fill an
individual’s stomach, causing it to die likely from starvation (Finkl 2012; van Franeker
2017; Weis 2014).
A recent survey of 252 blue mussels (Mytilus edulis) from 13 locations along the
Norwegian coast found that 193 of the mussels contained microplastics, with microplastics
found in at least one mussel at each of the 13 locations (Pettersen and Lusher 2017). The
majority of the plastic particles were semi-synthetic microplastic fibers (Pettersen and
Lusher 2017). A 2008 study on the ingestion of microplastics by blue mussels found that
within three days microplastic particles can enter from the gut to the circulatory system and
persist for more than 48 days (Browne et al. 2008). It is highly probable that the entire
marine food web is affected by long residence times of plastics (especially larger plastic
items) within organisms, with species at higher trophic levels potentially experiencing
greater consequences (Boerger et al. 2010; Browne et al. 2008; Lusher et al. 2016;
Thompson et al. 2004; Zarfl and Matthies 2010).
An additional concern with fish ingestion of microplastic is that 17% of the animal
protein (6.7% of all protein) consumed by the world’s human population is fish, including
fish species (e.g. king mackerel, swordfish, bluefin tuna and albacore) that have been
found to have plastic in their stomach contents (FAO 2016; Miranda and de CarvalhoSouza 2016; Romeo et al. 2015).
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3.9.3 Persistent organic pollutants (POPs)
Plastics in the marine environment are additionally of concern because they can
transport POPs to remote areas, as well as potentially transfer toxins to biota (Andrady
2011; Carpenter et al. 1972; Mato et al. 2001a; Teuten et al. 2009, 2007). Plastics have the
potential to absorb and release POPs and can thus be transport vectors of pollutants
between the ocean and atmosphere, and around the world (Mato et al. 2001a; Teuten et al.
2009, 2007).
The properties of plastics that facilitate and hamper desorption and absorption of
POPs in the marine environment and within biota are poorly understood. There is general
consensus that food is the main pathway of POPs in biota. In a feeding experiment
conducted by Teuten et al. (2009), it was shown that polychlorinated biphenyls (PCBs) can
be transferred to streaked shearwater (Calonectris leucomelas) chicks from PCBcontaining plastics. However, several studies indicate that plastic ingestion is not a
significant pathway of POPs into biota (Bakir et al. 2016; Batel et al. 2016; Herzke et al.
2016). A recent paper, with the explanatory title “Negligible impact of ingested
microplastics on tissues concentrations of persistent organic pollutants in northern fulmars
off coastal Norway,” found that the biomagnification of PCBs, polybrominated biphenyl
ethers (PBDEs) and dichlorodiphenyltrichloroethane (DDT) in northern fulmars (Fulmarus
glacialis) is mainly from prey, and that these POPs are actually transferred to the
microplastics from the biota lipids due to the lower fugacity of POPs in microplastics than
biota lipids (Herzke et al. 2016). This suggests that microplastics deplete rather than add to
the concentration of POPs in fulmars, however, given the long residence time for plastics
to pass through a fulmar’s digestive system and other factors, the result is likely negligible
(Herzke et al. 2016).
A bioaccumulation model indicated that the flux of POPs from the consumption of
natural prey is more than 21,000 times greater than from plastic consumption (Herzke et al.
2016). Similarly, a 2016 study by Bakir et al. found that for all organisms studied (a
benthic invertebrate, a fish and a seabird) the primary flux of DDT, phenanthrene (Phe)
and bis-2-ethylhexyl phthalate (DEHP) into the biota is from food and water intake, while
the flux from microplastic ingestion is negligible (Bakir et al. 2016). A 2016 study on the
transfer of the polycyclic aromatic hydrocarbon (PAH) benzo[a]pyrene (BaP) from
microplastics to brine shrimp (Artemia nauplii) and up to the next trophic level (zebra fish;
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Danio rerio) found that PAHs and POPs may sorb from plastics onto the fish tissues,
thereby releasing the compounds into the digestive system (Batel et al. 2016). As such,
there is not conclusive evidence on the role of microplastics as a vector for contaminants to
and from biota. Although it is likely that these processes occur, the direction and amount
depend on several factors as exemplified above.
3.9.4

Plastic colonization
Organisms have long rafted the oceans on floating natural debris, though for

limited distances and duration due to the decomposition rate of natural materials (Barnes
and Milner 2005; Gregory 2009). Once plastics were introduced into the marine
environment, it became possible for biota that colonized them to be transported for much
longer time periods and thereby travel farther distances (Barnes and Milner 2005; Gregory
2009). Thus, colonization of plastic litter can be problematic because of its potential to be a
transport vector for invasive species (Gregory 2009). However colonization rates are much
higher in the subtropics and tropics than in polar waters. Barnes and Milner (2005) found
that only 2.4% of plastic litter at the Westmann Islands (64ºN) in southern Iceland is
colonized by biota, in comparison to a 36% colonization rate at Ascension Island (7ºS).
The colonization of plastics can also facilitate the sinkage of otherwise buoyant plastics to
the sea floor (Gregory 2009).

3.10 Economic impacts
In comparison to the multitude of studies on the abundance, composition, and
biological impacts of marine litter, literature on the costs to society of marine litter are
relatively scarce (McIlgorm, Campbell, and Rule 2011). McIlgorm et al. (2011) estimated
that marine litter cost marine industries in the Asia-Pacific region €1.03 billion in damages
in 2008. Fanshawe and Everard (2002) estimated the costs associated with marine litter in
the U.K. accounting for economic losses in fisheries, aquaculture, tourism, navigation,
military activities, power generation, seawater abstraction, flood defense, agriculture, litter
survey programs and prevention and education programs. The annual cost from impacts of
marine litter were extrapolated to be approximately €222.4 million, not accounting for the
unknown costs of ecological impacts and aesthetic intangible costs (Fanshawe and Everard
2002). A case study of the Shetland Islands (U.K.) found that the impacts of marine litter
cost the local economy €1-1.1 million annually (Mouat, Lopez Lozano, and Bateson 2010).
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There is a general lack of data for non-market values of indirect costs of marine litter
impacts aesthetically and on marine and coastal ecosystems because of the challenge in
assessing their values (McIlgorm, Campbell, and Rule 2011). Due to this, these variables
are often left out of economic assessments of the costs of marine litter (Fanshawe and
Everard 2002; McIlgorm, Campbell, and Rule 2011; Mouat, Lopez Lozano, and Bateson
2010).
Cleanup costs can be highly variable. Beach cleanups in municipalities of the
Netherlands and Italy varied from €25 – 3810 per ton per year (CleanSea 2016). The costs
of removing beach litter in municipalities in the U.K. amounts to roughly €18 million
annually (a 37% increase in a matter of ten years), while in the Netherlands and Belgium
removal costs are approximately €10.4 million per year (Mouat, Lopez Lozano, and
Bateson 2010). The cost of marine litter removal from ports and harbors in the U.K.
amounts to €2.4 million per year, an average €8034 per harbor (Mouat, Lopez Lozano, and
Bateson 2010). Costs of collecting floating litter in the port of Barcelona amounts to €8900
per ton per year, similar to cleanup costs in Britain (CleanSea 2016).

3.11 Science communication
Relatively recently, around the 1980s, the scientific community began to recognize
the need to expand the traditional sphere of scientific discourse that existed within
academia to be inclusive of society as a whole, in order for scientific findings to effect
change in the world (Logan 2001; Baker 2017). Given the wicked problems society faces
pertaining to the environment, public engagement in science that inspires and informs
community action and behavioral change is a vitally efficient approach (Axelsson and van
Sebille 2017; Moser and Dilling 2011). Public interest accompanied by an ability to engage
with science is therefore necessary. Lower scientific literacy rates have been found to
positively correlate with less interest in science, likely due to public perceptions of its
inaccessibility (Bauer, Durant, and Evans 1994). Therefore, increasing public interest in
science through making science intriguing, understandable and available to all is an
important part of communicating science for engendering change (Miller 2004; Miller et
al. 2006).
An increasingly recognized strategy for generating interaction between the public
and science is through using art (Belfiore and Bennett 2006; Curtis, Reid, and Ballard
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2012; Lesen, Rogan, and Blum 2016; Raikou 2016). Art, like science, is a form of
inquiring, intense observing, processing, and questioning; a way of knowing; and can be
applied as a pedagogic method (McDougall, Bevan, and Semper 2012; Tufte 2006; Curtis,
Reid, and Ballard 2012). It is largely accessible to the general public and has a long history
of public engagement through its disparate uses to inform people (e.g. botanical
illustrations, documentaries, etc.) and influence people (e.g. propaganda posters, images of
marine mammal entanglement or child starvation, etc.) (Belfiore and Bennett 2006; Curtis,
Reid, and Ballard 2012). Art is particularly useful for distilling, synthesizing and relaying
complex scientific information, as well as for challenging existing paradigms (Belfiore and
Bennett 2006; Curtis, Reid, and Ballard 2012; McDougall, Bevan, and Semper 2012). In
this way, arts-based science communication is pivotal to engaging the public in science and
arousing scientifically informed decisions and behaviors (Belfiore and Bennett 2006;
Curtis, Reid, and Ballard 2012; Lesen, Rogan, and Blum 2016; McDougall, Bevan, and
Semper 2012).

3.12 Management
Management strategies for decreasing the amount of litter in the marine environment
range from mitigatory and preventive measures to curative ones.
Legislation regulating the release of waste into the ocean exists at local, regional and
global levels. International regulations on marine pollution that are enforced in Iceland
include the International Convention for the Prevention of Marine Pollution from Ships
(MARPOL 73/78) Annex V, United Nations Convention on the Law of the Sea
(UNCLOS), European Commission’s Bathing Water Directive (2006/7/EC) and the
European Economic Community’s Urban Waste Water Treatment Directive (91/271/EEC).
Iceland’s national legislations pertaining to marine litter pollution include Act No.
737/2004 on Marine and Coastal Antipollution Measures and Act No. 59/2013 on the
Icelandic Transport Authority (ICETRA). Additionally, Law No. 55/2003 on Waste
Management was established with the goal of decreasing the quantity of waste generated
with the added Regulation No. 737/2003 on the Treatment of Waste placing responsibility
of municipal waste management (including collecting, handling and treating waste) on
local authorities (Environment Agency of Iceland 2006). Despite the existence of these
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regulations, compliance and enforcement can be challenging and little data exists as to
their effectiveness (Sheavly and Register 2007).
Innovative technologies designed to remove existing litter in the marine environment
include Trash Wheels, Seabins, The Ocean Cleanup, SeaVax and beach rakes (Barber
2018; “Seabin Project” 2016; “SeaVax” 2018; The Ocean Cleanup 2018; Trash Wheel
Project 2018). The use of litter removal technologies, however, can be harmful to
organisms (Fanini, Cantarino, and Scapini 2005; Gilburn 2012; Kowalewski, Domènech,
and Martinell 2014; Schlacher and Thompson 2012). Manual cleanup efforts occur
typically in the form of volunteer beach cleanups. Although such coastal cleanups do
remove litter from the natural environment, litter accumulates quickly again from onshore
deposition of litter by waves, and frequent removal efforts can be expensive for local
municipalities and infeasible when relying solely on volunteer resources (Newman et al.
2015; OSPAR Commission, KIMO, and UNEP 2009; Storrier et al. 2007).
Reducing the amount of waste generated and improving waste management
practices, in order to mitigate the release of waste into the natural environment, are the
most effective and cost-efficient mechanisms for abating marine litter (Andrady 2003,
2011; MacFadyen, Huntington, and Cappell 2009; Mouat, Lopez Lozano, and Bateson
2010; Sheavly and Register 2007; STAP 2011). Innovations towards practicable plastic
alternatives, the reduction of packaging, amelioration of waste collection and storage
practices, and improvement of public education and engagement pertaining to waste are
key components to achieving this (McIlgorm, Campbell, and Rule 2011). Often there is a
lack of appropriate practices and infrastructure in place to prevent the release of litter into
the environment (Mouat, Lopez Lozano, and Bateson 2010; Sheavly and Register 2007).
Thus, understanding the sources of coastal and marine litter and its journey into and within
the natural environment is an important step for the establishment of future prevention
measures (Santos, Friedrich, and Sul 2009; Sheavly and Register 2007).
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4 Methodology
4.1 Study site
Ísafjörður (population: 2400) is the capital of the Westfjords region located in the
northwest of Iceland (Figure 2). The town is located on a sandspit within a fjord of the
Ísafjarðardjúp. There are a few small riverine inputs into the bay along the bay’s
southwestern coast, as well as 20 Ísafjörður sewage pipes without any filtration or
treatment draining into the ocean, most of them into the bay (Figure 8) (Ísafjarðarbær,
2015). Although sewage materials are discernible at the discharge sites of the pipes,
measurements have indicated that the eutrophic impact is negligible and highly localized
(Environment Agency of Iceland, 2013). No investigations measured the presence of heavy
metals, POPs or other pollutants in the effluents (pers.comm. Ralf Trylla, Municipal
Officer, Environment Agency of Iceland, 2017). The currents predominately flow from the
bay around the easternmost point of the peninsula and northwesterly along the beach
(pers.comm. Ralf Trylla, Municipal Officer, Environment Agency of Iceland, 2017). This
can result in domestic and industrial sewage effluents washing up on the beach
(pers.comm. Ralf Trylla, Municipal Officer, Environment Agency of Iceland, 2017).
Local community groups (e.g. the cross-country ski club, running club, etc.) and
youth hired during the summer by the municipality collect litter on the beach, along the
coast and in town, typically in June (pers.comm. Ralf Trylla, Municipal Officer,
Environment Agency of Iceland, 2017). Outside of this, locals and tourists may be picking
up litter, however this was not observed.
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Figure 8. Map showing the routes and discharge sites of the sewage pipes in Ísafjörður
(Ísafjarðarbær, 2015).

4.2 Survey methods
Sampling was conducted along a sand beach transect and a rock armor transect on
the Ísafjörður beach which runs along the northeastern coast of town in Skutulsfjörður
(Figure 9). The sand beach transect was along the length of the Ísafjörður beach (550
meters) from the southeastern corner to the sewage outflow pipe [#20] on the northwestern
side (Figure 9). The rock armor transect ran directly above the sand beach transect on the
Ísafjörður town side of the rock armor seawall. The sand beach transect had a sand
substrate, predominated by cobbles for two to three meters along the entire width at the
northwestern end and continuing along the upper tidal zone in a one meter band for
approximately 100 meters. The sand beach transect was sampled from the run-down of the
swash zone to the top of the rock armor seawall (1.5 - 2.5 meters in height up from sand
beach). During low tide, locals and tourists occasionally walk along or relax on the
Ísafjörður beach.

32

Figure 9. Survey site (sand beach transect) along northeastern coast of Ísafjörður, Iceland
in the Ísafjarðardjúp.
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The rock armor transect was sampled from the top of the rock armor seawall (0 1.5 meters high from the landward vegetation level) down to the vegetation on the
landward side and out one meter. The vegetation ranged from cultivated short grass to
meter-high grasses. The width of the rock armor transect varied between 1.4 – 3.4 meters.
At the northeastern end of the transect was a beach access with a nearby picnic table and
uncovered waste disposal container. The grassy area running alongside the rock armor is
frequented by dog walkers.
All visible litter items within transects were sampled during low tide (>0.8 m). The
samples were collected every one to four days (chosen at random) during an eight-week
spring period (April 16-June 9, 2017) and a seven-week summer period (June 22-August 3,
2017). The sand beach transect was sampled throughout both periods, while the rock armor
transect was sampled only during the second sampling period due to time and workload
constraints. The sand beach transect was sampled in 35 events. The sand beach transect
was sampled by scanning for litter along the low tide zone half of the beach and then along
the upper half of the beach, including the ocean-facing side of the rock armor seawall. All
samples were photographed where they were found and then collected. The photographs
(taken using an iPhone 5S) documented each piece of litter with a geotag (GPS
coordinates) and timestamp. Samples were collected and weighed. The total haul weight of
each sampling event was measured using a Lazenne portable digital luggage scale
(graduation: 10 grams). Following the weighing of the samples, they were disposed of in a
household waste receptacle.
Each litter item sampled was labeled and categorized according to its source (local,
marine-transported or unidentifiable), prior use (fisheries, packaging, sewage, hunting,
etc.) and primary composition material (ceramic, cigarette, glass, metal, organic, paper,
plastic, textile or treated wood). Unless items were from a maritime industry or showed
signs of time in the ocean (i.e. sea glass), items sampled from the rock armor transect were
identified and categorized as local litter. When possible, brand names and other identifiable
tracing marks were also noted. GPS coordinates were extracted from each photograph and
accompanied their respective litter item’s data entry. Each sampling event was labeled with
the date and starting time of the event, number of days since last sampling event, previous
wind conditions and storm events.
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4.3 Analysis
Exiftool was used to extract the metadata (timestamps and geotags) from the
photographs. For mapping, qGIS was used. In qGIS, the World Geodetic System (WGS)
‘84 was used as the spatial reference for the GPS coordinates of the sampled items in
accordance with the spatial reference used for Google Earth. Shapefiles of Iceland and its
coastline from the National Land Survey of Iceland (Landmælingar Íslands) were also
uploaded into qGIS, onto which the GPS coordinates were mapped using both the WGS
’84 and Icelandic Geodetic System (ISN) ’93 spatial references.
The average wind velocity in the 24 hours preceding sampling events was calculated
from hourly wind data for Ísafjörður provided by the Icelandic Meteorological Office. The
hourly u and v components of wind were calculated and averaged over 24-hour periods in
order to calculate the 24-hour averages for velocity and wind direction. Storm events were
defined as when maximum wind speed exceeded 10.8 meters/second (force 6 winds on the
Beaufort Scale).
Equations:

u = -S sinθ (π/180)
v = -S cosθ (π/180)
x̄ θ = arctan (x̄ u/x̄ v), where S is wind speed and θ is wind direction.
The composition of litter by material, source, day, prevailing wind, etc. was
interrogated using pivot tables, graphs, and pie charts in Microsoft Excel. Preliminary
sampling events (the first sampling of the transects) were excluded in some analyses (e.g.
the influence of prevailing wind direction on total haul weight and number of items
sampled) when the lack of prior ongoing beach cleanups would affect the results (Ryan et
al. 2014, 2009).
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5 Survey results
5.1 Quantities of sampled items and weights of hauls
A total of 5408 items of litter were sampled, weighing 116.55 kilograms. Within
the sand beach transect, there were 3091 items, with a total weight of 71.08 kilograms. The
average total haul weight for the sand beach transect sampling periods was 2.03 kilograms,
1.83 kilograms when the first beach sampling event was excluded. The preliminary
sampling event was the second heaviest beach haul at 8.90 kilograms. The heaviest total
haul for the beach was 16.33 kilograms from the sampling event on May 13, 2017, while
the lightest total haul was 0.19 kilograms on April 24, 2017 (Figure 10). The sand beach
transect experienced fairly constant litter loading between sampling events with a slight
overall decrease in total haul weights and an increase in the quantity of samples over the
study period.
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Figure 10. Number of sampled items and total haul weights for sampling events in
Ísafjörður sand beach transect April 16 - August 2, 2017.
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A total of 2317 items were sampled within the rock armor transect, weighing a total
of 45.47 kilograms. Due to the initial amount of litter in the rock armor transect, the
preliminary sampling occurred over six different sessions on five different days amounting
to 2087 samples (90% of all litter sampling in the rock armor transect). The average total
haul weight per sampling event for this transect was 2.80 kilograms (0.39 kilograms
excluding the preliminary sampling events). Accumulation rates within the transect
showed a steep initial downward trend (Figure 11). The preliminary sampling events for
the rock armor transect amounted to 40.96 kilograms of litter, while the heaviest regular
sampling event was 1.87 kilograms on July 1, 2017 (the first regular sampling event). The
subsequent sampling events on July 5 and July 8, 2017 were 0.90 and 0.52 kilograms
respectively. Three other sampling events (on July 13, July 26 and August 2, 2017)
amounted to more than 0.05 kilograms while the rest were less, including total hauls of less
than 0.01 on July 15 and July 23, 2017 (Figure 11).
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Figure 11. Number of sampled items and total haul weights for sampling events in
Ísafjörður rock armor transect (excluding preliminary sampling: 2087 items; 45.47
kilograms) July 1 - August 2, 2017.

5.2 Composition of litter
5.2.1 Material
Plastic was the primary material of the litter sampled. Within the sand beach
transect sampled during the spring and summer periods, 78.9% of all litter items sampled
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were plastics. Other materials sampled with highest frequency included paper (5.5%) and
ceramic (4.2%) (Figure 12). Within the rock armor transect sampled during the summer
period, slightly less (66.2%) of all litter sampled were plastics. Other frequently sampled
materials included paper (14.8%) and glass (5.1%) (Figure 12).
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Figure 12. Material composition of litter based on number of items sampled within the
Ísafjörður sand beach transect (April 16 - August 2, 2017) and rock armor transect (July 1 August 2, 2017).
5.2.2 Marine versus local litter sources
Within the sand beach transect, 40% of litter sampled came from marine sources,
15% from local sources including eight percent from sewage items (e.g. toilet paper,
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tampons, menstrual pads, condoms, baby wipes), and the source for the remaining 45% of
items was unidentifiable. Within the rock armor transect, 99% of sampled items originated
from local sources, one percent originated from marine sources and one sample was from
an unidentifiable source.
5.2.3 Contributor sources
There were four main contributor sources of litter in the sand beach transect. More
than a third of all litter items sampled originated from maritime industries (fisheries,
aquaculture, transportation) (1262), 310 items were from packaging (of which 191 items
were from food packaging), 217 items were related to sewage waste and 178 items were
building related (e.g. ceramic tiles) (Figure 13). The items originating from maritime
industries accounted for 52% of all plastic items sampled in this transect.
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Figure 13. Identifiable contributor sources of litter sampled based on the number of items
sampled within the Ísafjörður sand beach transect (April 16 - August 2, 2017) and rock
armor transect (July 1 - August 2, 2017).
Within the rock armor transect, items that were previously used for packaging were
most predominant (701 items), with food packaging items making up the majority of that
(467 items). There were 527 items from buildings and construction (roofing material,
screws, plywood, sealants, etc.). Only 27 items were from fisheries and boating.

40

5.2.4 Most prevalent items
#
Sand beach
1

2

3

4

5

6

7

8

9

10

Plastic strips (shrimp
bags)

Unidentifiable plastics

Rope and net

Ceramic tile

Unidentifiable glass

Cigarettes
Plastic packaging
(excluding food
packaging)
Toilet paper

Wipes

Treated wood

% of total
628
20%
626
20%
553
18%
112
4%
93
3%
83
3%
81
3%
61
2%
61
2%
53
2%

#
Rock armor
Unidentifiable
plastics

Roofing material

Plastic food
packaging
Unidentifiable
paper

Cigarettes

Plastic bags

Mirror fragments

Treated wood

Plastic cups

Cardboard

% of total
515
22%
374
16%
357
15%
152
7%
101
4%
77
3%
66
3%
58
3%
47
2%
43
2%

Table 1. Ten most prevalent item types sampled in the Ísafjörður sand beach transect
(April 16 - August 2, 2017) and rock armor transect (July 1 - August 2, 2017).
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5.3 Spatial variation
5.3.1 GIS
The plotting of the GPS coordinates in qGIS was not accurate enough to provide
any reliable results (Figure 14). This was due to technical problems likely with the
projection of the GPS coordinates onto the base map. Different base maps and spatial
references were applied in attempts to fix the projection, but to no avail. The precision of
the GPS coordinates recorded could also be a factor.

Figure 14. Plotting of sand beach and rock armor transect samples by their GPS
coordinates in qGIS. While all the samples were collected along the coastline, the GPS
coordinate data show otherwise and thus is not useable.

5.4 Temporal variation
5.4.1 Sand beach transect
Plastic strips (Figure 15) from unraveled woven polypropylene bags used for
packaging shrimp greatly increased during the second half of the sampling period (Figure
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16). The plastic strips noticeably affected sand beach litter totals during the second half of
the sampling period as reflected in Figure 17.

Figure 15. White plastic strip from unraveled woven polypropylene bags used for
packaging shrimp.
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Figure 16. Presence of plastic strips from woven polypropylene shrimp bags compared to
total number of samples collected over the study period (April 16 - August 2, 2017) in the
sand beach transect.
5.4.2 Rock armor transect
More cigarettes, paper and organic materials were sampled during the regular
sampling of the rock armor transect than in the preliminary sampling (Figure 17). There
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were slightly less glass and plastic items during the regular sampling period than the
preliminary sampling (Figure 17).
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Figure 17. Comparison of material composition of litter from preliminary sampling of rock
armor transect and subsequent regular sampling events based on number of items sampled.

5.5 Prevailing winds
During the study period winds predominated from the NE and E, accounting for the
wind direction for more than half of the entire study period (Figure 18). No sampling
events were preceded by prevailing westerly or northerly winds (Table 2).
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Figure 18. Wind direction during study period (April 16-August 2, 2017). Source:
Icelandic Meteorological Office.
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Prevailing wind direction
prior to sampling events

Number of sampling events

NW

2

NE

15

E

8

SE

1

S

3

SW

6

Table 2. Number of sampling events for different prevailing wind directions prior to
sampling.
Within the sand beach transect, marine litter was most prevalent with winds from
the NW and least prevalent with SE and SW winds (Figure 19). SE and SW winds had the
largest percentages of local litter (SE winds also had the largest percentage of
unidentifiable litter), while NW winds had the smallest (Figure 19).
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Figure 19. Profile of local, marine, and unidentifiable sources of litter items sampled in the
sand beach transect, including by prevailing wind direction.
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During the rock armor transect sampling period (July 1-August 2), the prevailing
winds were predominantly from the E, ESE and SE. There were prevailing winds from the
NE, SSW and SW on four days within that period, however the sample size of days with
winds from those directions is not large enough to make any conclusions
The limited sample-size for sampling events with different prevailing wind
directions makes the dataset less robust (see Table 2). However, based on the data
available from all sand beach sampling events, sampling following prevailing
northwesterly and northeasterly winds amounted in the greatest average total haul weight
(4.59 kg and 2.28 kg respectively), while southeasterly winds resulted in the lightest
average total haul weight (0.81 kg) (Figure 20-A). The average number of items per
sample event was substantially lowest with southeasterly winds (23 items) and highest with
winds from NW, NE, and E (104, 95, 103 items respectively) (Figure 20-B). These wind
directions can transport litter items from the larger fjord (Ísafjarđardjúp) towards
Ísafjörđur. The average individual item weight ranged from 10-44 grams by varying wind
directions (Figure 20-C).
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Figure 20. A: Average total weight per sample haul by prevailing wind direction; B:
average number of individual items sampled per sampling event depending on wind
direction; C: average weight of individual item by wind direction.

46

NW

mariAme
industries

NE

packaging
37%

sewage

48%

38%

43%

building
other

2%

5%

8%

9%
6%

4%

SE

E

26%

39%

45%
52%
9%

4%

4%

9%

7%
5%

SW

S

22%

37%

42%

40%
20%

9%
3%

12%

9%
6%

Figure 21. Contributor sources of litter items by prevailing wind direction in the sand
beach transect.
Litter from maritime industries was most prevalent with prevailing winds from
NW, NE, E and S. Prevailing winds from the SE and SW deposited the greatest amount of
sewage items and the least amount of items from the maritime industries. Packaging items
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were most prevalent with prevailing SW winds. The ratio of sampled building items to
other items was fairly consistent with all prevailing wind directions.
5.5.1 Storm events
There were eight storm events during the sampling period. The prevailing winds of
these storm events were from NE (4 storm events), E (3), and SW (1). The sand beach
transect sample collected on April 20, 2017 following the SW storm event was
predominated by local litter (60%), while marine litter was most prevalent in the sand
beach samples collected on July 30, 2017 following a storm event of prevailing easterly
winds (47%) (Figure 22). In comparison to non-storm sampling events, sampling events
following NE and E storm events had nearly half as much marine litter, while the SW
storm sampling event had nearly twice as much local litter as non-storm SW sampling
events (Figure 22). Sewage items accounted for 75% of the local litter (54% of all litter)
deposited following the SW storm (Figure 23). The July 30th storm event, with prevailing
easterly winds, was the only storm event that occurred during the rock armor transect
sampling period, though without causing a particularly noticeable effect on the amount of
litter deposited (Figure 11). It was also the only storm event during the entire study period
when the sand beach transect sampling was predominated by marine litter.
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Figure 22. Sources of litter items sampled in the sand beach transect by prevailing winds of
storm events.
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6 Case study results discussion
6.1 Sand beach transect
The spike in total haul weight on May 13, 2017 (16.33 kilograms) was due to a NE
storm event, which had the strongest gusts (24.8 m/s) and velocity (10.9 m/s) of any storm
event during the study period. One of the items deposited by the storm event was a plastic
tub container weighing 11.69 kilograms, which accounted for most of the weight (Figure
24).

Figure 24. Plastic tub weighing 11.69 kilograms deposited by storm event in sand beach
transect. Sampled on May 13, 2017.
There was a decrease in the mass of litter in the sand beach transect in the second half of
the study period, likely due to the lower wave-energy conditions in the summer (Benassai
2006) that deposited a greater abundance of smaller, lighter-weight items and less heavier
items. The slight overall increase in the quantity of litter items in the sand beach transect
are in accordance with seasonal fluctuations found in other studies (Gabrielides et al. 1991;
Golik and Gertner 1992; Morishige et al. 2007; Thornton and Jackson 1998; Topçu et al.
2013). However this increase was largely caused by one type of litter item—
polypropylene strips from woven bag for shrimp packaging (Figure 16). The main spike in
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sample quantity on July 20, 2017 is largely from these plastic strips, which account for
62% (162 / 260) of items sampled. In general, the plastic strips were much more prevalent
during the second period of sampling, though there was no notable seasonal change in the
wind directions. While these woven polypropylene shrimp bags are used at the Kampi ehf.
shrimp factory in Ísafjörður, the strips sampled were highly degraded and no longer intact
as bags. It is more likely that they originated from a source in southwestern Iceland and
were transported north by the North Atlantic Drift Current (Figure 5). While the deepwater shrimp are fished year round in Iceland, the inshore shrimp fishing season is
typically from October 1 – May 1 (Ministry of Fisheries, Iceland 2003). Depending on
weather and wind, the polypropylene bags/strips could reach the Ísafjarðardjúp from the
Reykjavik area within three months (pers. comm. Steingrímur Jónsson, Professor,
University of Akureyri, 2017).

6.2 Rock armor transect
The boulders in the rock armor transect offer lodgement opportunity for litter and
debris (Eriksson et al. 2013). Thus, once litter items become caught in the rock armor they
tend to remain there, hence the large quantities of litter samples in the preliminary
sampling. Local organizations and clubs in Ísafjörður do beach and roadside cleanups in
the summer to earn money for their initiatives from the Icelandic Road and Coastal
Administration (pers.comm. Ralf Trylla, Municipal Officer, Environment Agency of
Iceland, 2018). While their cleanups include both of the transect areas, some litter items in
the rock armor transect had dates suggesting they had been lodged in the rock armor for
years. The greater quantities of litter in the early rock armor sampling events (i.e. 2nd and
3rd) are likely due to lateral drift of litter items from the neighboring grassy areas along the
transect (Garrity and Levings 1993), as well as the preliminary sampling event not locating
all litter items (Ryan et al. 2009). The increase in litter items on July 26, 2017 was from
litter (food packaging, including local bakery bags, and Subway napkins though the chain
does not exist in the Westfjords) in the picnic area at the northeastern end of the rock
armor transect that was not deposited in the waste receptacle there (Figure 25).
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Figure 25. Subway napkin sampled in the rock armor transect July 26, 2017.
The preliminary sampling had a greater percentage of plastics and smaller
percentages of organic and paper item than the regular sampling events. Organic and paper
materials degrade over relatively short timespans whereas plastics do not, hence this
discrepancy. The vast majority of glass items sampled during the preliminary sampling
were fragments of a shattered mirror. The effect of the fragmentation of the mirror (and
other items) raises a methodological issue in how items are counted, whether as a whole or
their fragments, and what those numbers represent. In recognizing the coastal environment
as a site of fragmentation and degradation, as well as the inability to know which
fragments once fit together as a whole, all fragments were maintained as separate sample
items in this study.

6.3 Material composition of litter
Surveys of countless studies have found plastics to be the most prevalent beach
litter material, typically constituting 60-80% of the litter (Derraik 2002; Gregory and Ryan
1997). The 79% and 66% of plastic litter items in the sand beach and rock armor transect
respectively fall within this range. The smaller percentage of paper items in the sand beach
transect (6% versus 15%) can be accounted for by the faster degradation rate of paper in
water. The ceramic items in the sand beach transect were from a few different tile types,
which locals say used to be dumped off the southwestern coast of the bay following
building renovations (pers. comm. Halldór Sveinbjörnsson and Kári Jóhannsson). The
municipality now collects these items free of charge (pers.comm. Ralf Trylla, Municipal
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Officer, Environment Agency of Iceland, 2018). The majority of organic material sampled
in the sand beach transect (e.g. finely diced vegetables) was of a size to suggest that it had
been released down the drain into the sewage system, explaining the greater percentage of
organic material in the sand beach than rock armor transect.
In comparison to findings by the OSPAR Commission on the material composition
of beach litter in the Arctic region, the ratios of materials in Ísafjörður are more diverse
(Figure 26) (OSPAR Commission 2017b). This is most probably due to the survey site’s
proximity to the town of Ísafjörður with its urban litter influence (Ryan et al. 2009).

Figure 26. Composition of marine litter by material throughout the OSPAR region from
beach litter surveys conducted in 2014 and 2015 (OSPAR Commission 2017b). Iceland
falls within the Arctic waters region, although the litter composition recorded are closer to
more urban distribution patterns.

6.4 Litter sources
Marine litter was consistently more common than local litter in the sand beach
transect. This is likely due to urban litter being lodged, before reaching the ocean, in the
boulders of the rock armor. In fact, sewage items, discharged directly into the ocean,
account for more than half of all local litter in the sand beach transect. This is further
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evidenced by just one percent of all litter sampled in the rock armor transect originating
from non-local sources. In other words, the rock armor boulders serve as a fairly effective
barrier not only for restricting ocean water from entering town, but also for town litter from
entering the ocean.
As was expected, there were more litter items of an unidentifiable source in the
sand beach than in the rock armor transect. However, this was mainly due to the
uncertainty regarding from where litter that had few signs of degradation originated (ship
or land). Despite this ambiguity contributing to the percentage of items from an
unidentifiable source, the 15% of local litter found in the sand beach transect roughly
corresponds with the results from a study on southeastern Hawaii Island that used wooden
drifters to understand the fate of the marine debris (23.3% of the drifters were recovered
locally) (Carson et al. 2013).

6.5 Contributor sources
The high ratio of litter originating from maritime industries, predominated by
fisheries-related litter, is due to the high presence of fisheries activities in the Westfjords
and greater Iceland region. Along the Alaskan, South Georgian, Korean, Barents Sea,
south Australian and Svalbard coasts (as well as in many other regions), fisheries-related
litter also constitutes a majority of litter particularly in remoter areas with high fishing
presence (Bergmann et al. 2017; Edyvane et al. 2004; Jang et al. 2014; Merrell 1984;
OSPAR Commission 2017b; Walker et al. 1997). This dominance of fisheries-related litter
extends to findings of seabed litter in the Barents and Norwegian Seas (Buhl-Mortensen
and Buhl-Mortensen 2017). In the Hornstrandir Nature Reserve, Kienitz (2013) found 63%
of all beach litter sampled was from fisheries and aquaculture. Given the remoteness of
Hornstrandir and the relative lack of non-industry related litter present, the 41% of litter
related to fisheries and aquaculture found in this study is in accordance with Kienitz’s 2013
results.
Packaging materials accounted for 30% of litter in the rock armor transect and 10%
of litter in the sand beach transect. Leaks in the waste management system are likely the
main source, especially given the windy conditions of Ísafjörður (pers.comm. Ralf Trylla,
Municipal Officer, Environment Agency of Iceland, 2018). Packaging is usually in the
form of thin lightweight plastics, which are easily carried by wind (Duhec et al. 2015). The
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ships that carry Ísafjörður’s waste, including recycling, elsewhere (largely to countries in
Europe) are typically loaded when the winds are calm and less likely to blow the waste into
the surrounding environment (pers.comm. Ralf Trylla, Municipal Officer, Environment
Agency of Iceland, 2018). Garbage and recycling collection from household waste
receptacles, however, occurs twice a month on a set schedule regardless of wind
conditions.
6.5.1 Sewage
Iceland’s regulatory measures on sewage management are based on the Urban
Wastewater Treatment Directive of the European Union (Commission of the European
Communities, May 1991). The three national policies at work in Iceland are Act No.
7/1998 on public health and pollution, Regulation No. 786/1999 on pollution control and
Regulation No. 798/1999 on sewage systems and sewage (Ministry of the Environment
Iceland). Both the European Union directive and the national Regulation No. 798/1999 call
for the publication of wastewater and sludge reports every two years. For Iceland, the last
such report was published in 2013, and noted frequently the lack of data (Environment
Agency of Iceland, 2013). The last wastewater report conducted at the local level in
Ísafjörður and surrounding communities was published in 2002 using data from samples
taken in 1997 (Helgason, Þórðarson, and Eiríksson, 2002). Evidently the biyearly reporting
on wastewater, as well as water quality monitoring, is currently not occurring in Iceland.
This is most likely due to the lack of funding and priorities lying elsewhere, particularly
with the demands stemming from the exponential growth of tourists in recent years. Other
countries, acknowledging the pressure of tourism on wastewater management systems and
the health (human and environmental) of coastal areas, have recognized this as an
opportunity to improve and expand their wastewater management systems (GabardaMallorquí et al. 2016; The World Bank 2018; Venier 2018).

6.6 Prevailing winds
Prevailing winds from the NE and E during the study period may be representative
of year round prevailing winds in the Ísafjarðardjúp area (Hjort, Ingólfsson, and Norḥdahl
1985). The higher prevalence of items per sample event with onshore winds (NW, NE and
E) corresponds with findings of other studies (Browne, Galloway, and Thompson 2010;
Eriksson et al. 2013; Moore 2008; Thiel et al. 2013). The greater number of non-local

56

items, originating predominately from maritime industry activities, forced by the wind
from Ísafjarðardjúp into the fjord and onto the beach may also be a factor with northerly
and easterly winds (Figures 21 and 22). It is unclear why the ratio of southerly prevailing
wind contributor sources is similar to that with NW, NE and E prevailing winds (Figure
21).
6.6.1 Storm events
Based on the limited data from the few storm events, prevailing winds of storm
events do not have relative litter profiles to those of non-storm events. There was a much
greater prevalence of local litter, specifically sewage litter, following the SW storm event
most of which was from toilet paper. Given the prevailing direction, it is probable that the
toilet paper was forced out of the bay more quickly than during non-storm events and
therefore did not disintegrate to the same extent to which it otherwise would have. With the
NE and E storm events, there was a much greater quantity of litter that was not identifiable
as having originated locally or elsewhere, in part due to the increased degradation of litter
during the storm events making a lot of local litter indistinguishable from marine litter.
Regardless, there was roughly two-thirds less litter originating from maritime industries,
suggesting that marine litter as a whole was much less prevalent and local sources probably
account for a large percentage of the unidentifiable litter following NE and E storm events.
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7 Discussion of theories and concepts
This is a preliminary venture in contextualizing marine litter pollution within a
discourse of ecofeminism, slow violence, agency, and personhood theories, demonstrating
Western society’s analogous complicity in the culture of marine litter pollution and rape
culture. Similar to the way that counting both whole and fragmented litter in the coastal
environment as individual items exhibits the living “vibrancy” of the site as a place of
fragmentation, degradation, and transmutation (while highlighting the challenging
representational inconsistencies of methodologies for quantifying litter due to the inability
to know which fragments fit together as a whole), so too are the theories discussed here
alive with the potential to become fragmented, detached, entangled, and transfigured
(Pétursdóttir and Olsen 2018). Exploring the connections that exist between the culture of
marine litter pollution and rape culture through this web of theories enables each to inform
the other, repositioning and deepening our understanding of, orientation to, and
engagement with these unbounded, largely invisible, and complex issues (Neilson 2018).
Note: This chapter focuses specifically on the plastics contributing to marine litter due to
their unrivaled prevalence, in this study as well as others, pervasiveness, and long lifespan.

7.1 Neoliberal consumerism and its creation of waste
The 1980s brought the spread and promotion of neoliberalism in Western countries
by heads of government, including Thatcher in the United Kingdom, Regan in the United
States and Kohl in Germany. This ideology and its engendered political and economic
practices have led to the widespread practice by individuals of consumption in pursuit of a
commodity-fulfilled happiness. However this level of excessive consumption and its
ensuing waste production are unsustainable not only because of the amount of resources
demanded for the production of these objects but also because of the abundance of waste
that results. The value and life of these objects, once used and/or prematurely deemed
outdated by the endless stream of newer ‘must-have’ versions, seemingly vanish. We rely
on waste management systems that export our waste to the illusionary ‘away’, leading us
to physically and conceptually dematerialize waste while enabling the justification of the
excess of modern consumer culture (Wagner-Lawlor 2016). However, this illusionary
‘away’ exists as other people’s backyards (particularly in developing countries) and the
natural environment, specifically the ocean. While it is generally not something we, as
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consumers and generators of waste, typically think about, we do know that our waste does
not simply ‘disappear’ and therefore must end up somewhere in some form. The ocean, in
particular, is victim to the onslaught of this mismanaged, ‘disappearing’ waste.

7.2 Complicity in ocean pollution and rape culture
Although one may argue that we, as individuals, are not entirely responsible for the
littering of the ocean and earth, we as a society are complicit in it, just as we are complicit
in rape culture. The depth to which oppressive hierarchies, identified in ecofeminism, are
engrained in society has inherent power implications. With the perpetuation of violence
(whether structural, cultural, slow, or even personal) within these hierarchies, the personal
becomes political due to the unequal power dynamics at work that are backed up by public
authority (Enloe 1989). Hence acts of violence against nature, women, and other groups
subject to marginalization are primarily about power (and a historical tradition of power),
and the violator is not the only one culpable (Enloe 1989). For the most part, as
individuals, we are complicit in living within, and even benefiting from, the structures of
power at work in cultures of rape and marine litter pollution. Our waste, when both
managed and not managed, connects us with the rest of the world, and we benefit in
numerous ways from local waste being sent elsewhere and/or released into the natural
environment to eventually be deposited into the ocean. The ocean and its currents connect
coastal areas globally. Thus local marine litter pollution is a global issue, and likewise
marine litter pollution in other coastal localities is both a global and a local issue because
of this connectivity of the ocean. Our behaviors are also a reflection of our individual
responsibility in fueling these cultures. In the case of marine litter pollution, we are
complicit in the throwaway culture of premature rubbish, single-use plastics and fast
fashion, and their mismanagement once they become waste. We choose, whether or not in
a conscious decision, to turn a blind eye to the myriad ways plastics harm the natural, as
well as human, environment.
Furthermore, there is a similar ubiquity of innumerable ways that our thoughts,
ideas, language, behaviors and actions perpetuate both marine litter pollution and rape
culture. Our seemingly harmless consumerism that generates excessive amounts of waste
supplies the input of plastics into the ocean, in the same way that some seemingly
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inconsequential things like music, fashion trends, and advertising immortalize a culture
that is culturally and systematically complicit in sexual violence.

7.3 Slow violence and the agency of marine litter
The slow violence of marine litter pollution is at the heart of the
incomprehensibility of its scope and pervasiveness. The ocean’s presentation of litter to us
on beaches and coastlines is just a miniscule local manifestation of evidence of an
amorphous, global problem unconfined by time or space (Echterling 2014; Nixon 2011).
As such, it can be ontologically and epistemologically beneficial to accord agency to
nonhuman matter in theorizing about marine litter pollution (Barad 2003, 2012; WagnerLawlor 2016). Utilizing the concepts of actants and assemblages in doing so offers a
tangible way with which to comprehend “marine plastic pollution’s amorphous form,
threatening and unpredictable behaviors, and attritional, emergent effects” (Echterling
2014). In this approach, plastics are actants, forces that are able to form assemblages with
nonhuman and human matter with sometimes unforeseeable effects (Bennett 2009;
Echterling 2014). This onto-epistemological perception of the issue enables one to see
beyond the “thoroughly instrumentalized notion of matter that feeds human hubris and our
earth-destroying fantasies of conquest and consumption” and instead establish an ethics
that “thinks beyond anthropogenic desires and short-term consequences,” and is
“committed to the rupture of indifference” (Barad 2012; Bennett 2009; Echterling 2014;
Wagner-Lawlor 2016).

7.4 Human exceptionalism
Neoliberal ideology and its engendered political and economic practices have led to
societies in which the individual tends to be more highly valued than society itself,
promoting hyperindividualism and self-interest over social bonds (Genz 2016). This, in
turn, creates circumstances which can lead to increased violence driven by egotism,
including interpersonal violence, through the disregard of the “other” (Hirschi 2002; Reiss
1998; Smith 2012). This disregard of others in favor of one’s self interests can also be seen
as a microcosm of Western society as a whole, and its assumption of human
exceptionalism. It plays out, for instance, in justifying our instrumentalist, exploitative
relationship with the ocean, which rejects affording the ocean the power and respect
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This engenderment of human exceptionalism, however, generates a false sense of
power, untouchability, and exemption from the realities of our connectedness with other
human and nonhuman matter, as was previously alluded to. Bennett’s theory of the
vibrancy of matter (2009), and the onto-epistemological shift that arises from it, is valuable
in pointing out this fallacy. It highlights and questions the dualistic paradigms of human
exceptionalism and the unidirectional deterministic relationship it generates between
humans/the self and nature/nonhuman matter (Barad 2012; Bennett 2009; Echterling
2014).

7.5 Ocean personhood and rape
Another means of understanding human – nature relationships and the pollution of
the ocean by marine litter is through according the ocean personhood. At an individual
entity level, in which the ocean is realized as holding personhood and plastics are
recognized as an extension of the human collective, the parallels between the consequences
of the penetration of plastics into the ocean and inter-human rape are numerous. The next
section will explore a few ways the pollution (through the gesture of rape) of human and
ocean entities are analogous to one another.
7.5.1 Trauma, victim-blaming, and PTSD
The submissiveness of the ocean during the insertion of plastics can be seen as
analogous to the freeze response many rape victims experience during the trauma
incident— both arise from a power imbalance and inability to fight back. Common human
responses to threat stressors include the well-known fight or flight responses. However,
when the brain’s limbic system, which supports emotional functions including anger,
pleasure and fear, perceives that fight or flight responses are not options (as frequently
happens in rape victims) due to lack of strength or time, animal defense responses take
over causing the body to freeze and become submissive (Hagenaars, Oitzl, and Roelofs
2014; Kozlowska et al. 2015; Rothschild 2000; Scaer 2014; Schmidt et al. 2008).
The similarities between ocean litter pollution and sexual violence also exist in the
victim-blaming following sexual assault and the leakage of plastics into the ocean with, for
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example, insufficient waste management precautions in place during spring tide and storm
events. In both cases, it is typically seen as if the sexual assault victim and the ocean were
provoking it and asking for it, based on their (albeit unrelated) behavior and actions. The
onus is not, as is with other types of crimes, on the perpetrators of the violence, but
dumped on victims to such an extent that they question themselves (Ullman Sarah E. et al.
2007; Ullman 2010). This self-doubt is validated by the complicity of society in cultures of
marine litter pollution and rape and subsequently, in the insidious instillment of these
cultures within the individual.
Victim-blaming is one of the primary means through which the violence/victim is
silenced and made largely invisible by society. This is changing, albeit slowly. Campaigns
to ban single-use plastics that draw from evidence of ocean plastic pollution, for example,
highlight the connection between the issue and a contributory act. And the #metoo
movement, unleashed in October 2017 on social media of women testifying to having
experienced sexual harassment or assault following allegations of sexual misconduct
against Harvey Weinstein, made visible the magnitude of the problem and empowered
marginalized voices of survivors (Burke 2018; Khomami 2017).
The pain and trauma from marine plastic pollution and sexual violence exist
predominately beneath the surface, with the trauma of the incident not stopping when the
incidence of violence ends. For example, ceasing the influx of plastics into the ocean will
not free the ocean of plastics, just as the trauma of sexual violence does not end when a
person is no longer being raped. Due to the durability of plastics and their accompanying
persistent chemical additives, plastics will exist, in various materializations, in the ocean
for the foreseeable future. As plastics break up into secondary microplastics in the ocean
and serve as vectors of POPs, they become even less apparent but affect systems in a
myriad of ways on time and spatial scales we could never have imagined and continue to
be surprised and alarmed by. They exhibit what Bennett (2009) articulates as the
“vibrancy” of matter, as they distribute and disperse around the ocean and within its
ecosystem. Similarly the repercussions of sexual violence multiply to present in victims’
post-event experiences in countless ways and in discrete systems of victims’ bodies, lives
and relationships. Such is the “vibrancy” or activity of trauma from sexual violence. High
suicide risk is one example of the far-reaching effects of sexual trauma and marine plastic
pollution (Gregory 2009; RAINN 2018; Vegter et al. 2014; Widdows and Marway 2015).
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In both cases, the causes of suicidal events in individual marine organisms from the
ingestion of plastics and the higher suicide rates among sexual violence survivors both
originate from events beyond either’s control. In the two systems, the human and ocean,
the enduring “vibrancy” of the polluting violence (specifically sexual violence and
plastics) is vastly underestimated by society. The grim extensiveness of these epidemics
and their consequences manifest far beyond the original actions that created them
(Echterling 2014).

7.6 Transformation and art
Susan Sontag, an American writer and political activist among other things, once
posited, “Is [the] refusal of an extended awareness, which takes in more than is happening
right now, right here, not at the heart of our ever-confusing awareness of human evil, and
the immense capacity of human beings to commit evil?” (Sontag 2007). Indeed, to
overcome the evil inherent in the (slow) violence of ocean litter pollution and rape culture,
it is necessary to transform our awareness to an extended awareness that brings other
beings, human and nonhuman, into empathetic consideration. We must recognize and take
responsibility for the harm caused by our thoughts and behaviors that perpetuate cultures
of ocean pollution and rape, which are erroneously perceived as innocuous. Part of this
involves unraveling the ‘truths’ underpinning plastics as non-toxic and truly disposable,
waste management systems as leakless, and jokes, locker room talk and ‘boys-will-beboys’ excuses as innocent and harmless.
Art can be an indispensible tool for producing these necessary paradigm shifts and
“steering our attention into a path of the oncoming truth” (Longobardi and Safina 2009). It
has a unique power in the manner it can challenge perceptions and generate emotions
through the experiences of both creating it and receiving it (Dewey and Simon 1934;
Curtis, Reid, and Ballard 2012; Raikou 2016). Additionally, art, in the ways it engages the
imagination that can make the invisible visible and the intangible tangible, offers a great
potential for capturing and conveying to broad audiences slow violent problems such as
marine litter pollution and rape culture (Dewey and Simon 1934; Nixon 2011). Similar to
any personal transformation, which is dependent on reconstruction of consciousness and
involves realignment of the self, the process can be painful as well as beautiful.
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The work of Pamela Longobardi, one of many artists working with marine litter,
provides an example of the transformative agency of art. Her work is particularly
noteworthy in its presentation of marine litter “as evidence of Western culture’s slow
violence against both human and other-than-human-beings,” documenting as she puts it,
“scenes of a crime” (Wagner-Lawlor 2016). In her book, Drifters, Longobardi describes
the experience of her first encounter with marine litter pollution:
The geographic isolation and sparse population of the Big Island [of Hawaii]
suggest an idyllic paradise of thriving tropical beauty. So the walloping impact of a
first sighting of the vast amounts of marine debris that washes ashore here initiates
a crumbling of the image of Elysian Fields. Marveling as a decorator crab or a
bowerbird or a crow, at the vast army of color, form, complexity, history, I found
the visual impact of my initial encounter to be in two stages. First, there is a spark
of pure retinal pleasure: multitudinous bright colors and bold shapes of plastic
objects, pile upon pile of tangled textural knots of driftnet, in scales that boggle the
mind, from golf cart- to whale-size[d]. A split-second later the mind processes what
the eyes see, and with a sickening thud, you recognize it is our garbage, the residue
of our everyday life, the quotidian castoff (Longobardi and Safina 2009).
This “thud” of self-recognition and horror at one’s complicity in a violent crime,
juxtaposed by an experience of beauty is what informs Longobardi’s work and its purpose
(Figures 27, 28, 29).
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Figure 27. “Dark and Plentiful Bounty” by Pamela Longobardi (2014). Medium: found
ocean plastic.

Figure 28. “Shipwreck of Humanity” by Pamela Longobardi (2010). Medium: found ocean
plastic, wire.
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Figure 29. “Sappho's Mirrors I an II” by Pamela Longobardi (2010). Medium: found ocean
plastic, steel pins.

Figure 30. “One World Ocean” by Pamela Longobardi (2011). Medium: found ocean
plastic, wire.
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8 Management
There are numerous approaches and mechanisms with which to approach the issue
of litter in the coastal and marine environments. Approaches range from remediation (e.g.
coastal cleanups) to prevention (e.g. decrease plastic manufacturing and use, improve
waste management, increase consumer awareness). The mitigation of marine litter in the
marine environment will take awareness and initiative at numerous levels, as well as an
increase and improvement of initiatives, measures, and policies currently in place.
Prevention is the most effective approach, as well as the most cost-effective (MacFadyen,
Huntington, and Cappell 2009; McIlgorm, Campbell, and Rule 2011). Plastics are the main
concern of litter materials due to its durability and hazard to the natural environment and
society (Hammer, Kraak, and Parsons 2012; Mato et al. 2001a; Rochman et al. 2013). In
particular for Iceland, with two of its main industries, fisheries and tourism, heavily relying
on the country’s pristine, clean natural environment, marine litter is an economic concern
as well as environmental concern. To some degree, both the fisheries and tourism sectors
are aware of their dependence on a natural environment free of litter (Environment Agency
of Iceland 2014; Icelandic Tourist Board 2016). During the summer of 2016, 83% of
tourists were motivated to come to Iceland because of the Icelandic nature, of which 49%
listed the “beautiful, unspoiled, untouched, wilderness landscape” being the motivating
factor to experience Icelandic nature (Icelandic Tourist Board 2016).
At a 2014 conference on marine litter held by the Environment Agency of Iceland,
a representative from the fisheries sector shared that from a marketing perspective, it is
“very important for Iceland to keep up its clean and fresh image that it has built up through
the decades,” and that the fisheries “rely entirely on a clean sea” (Environment Agency of
Iceland 2014). The representative indicated that increased short-term economical
incentives and increased awareness within the industry are the best approaches for
decreasing the sector’s contribution to marine litter (Environment Agency of Iceland
2014). As loss of fishing gear is virtually unavoidable to some degree, use of
biodegradable gear is the best method for fisheries and aquaculture, and transportation
sectors to minimize their contribution to marine litter. Some biodegradable net and gear
options exist (as well as many prototypes not yet in mass production), however they are
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typically more expensive and, in some cases, less durable than conventional plastic gear
(Gilman 2016; Kim et al. 2016; Ollis et al. 2004; Plasencia 2014). Economical incentives
from Iceland Responsible Fisheries and the government for the development and
purchasing of biodegradable gear and industry packaging (e.g. shrimp packaging), where
such technologies exist, could make the change more enticing. However, regulations with
clear timeframes for phasing out plastic gear and packaging would need to be instated by
the government in collaboration with Iceland Responsible Fisheries to ensure the
transition.

8.1 Policies and regulations
In addition to government regulations for phasing out plastic fishing gear
(mentioned above), governments need to instate policies for discontinuing unnecessary
usage of plastic materials by industries, particularly in the form of packaging and singleuse objects that are sold to consumers. Although the countless advances that have been
made possible through the use of plastics should not be undervalued, we need to be
working towards behaviors and innovations that will minimize the use of plastics whenever
possible now and in the future. Collective action for reducing consumerism and the use of
single-use plastics is a place to start, one that deploys the power of now and is inclusive in
its accessibility to all. At a local level worldwide, bans on single-use plastics, typically the
plastic bag, are already in place and there is evidence that they might already be making a
measurable difference (Maes et al. 2018). Costa Rica is the first country to have a
comprehensive national strategy in place for eliminating single-use plastics by 2021 (CBC
2018; Dikgang and Visser 2012; Gutiérrez, Anchía, and Shackelford 2017; National
Conference of State Legislatures 2017). Despite initiatives in Ísafjörður that have
distributed reusable bags and charges for grocery bags at one of the grocery stores (Bónus),
single-use plastic bags are still very common especially for packaging vegetables and
fruits. A ban on single-use plastic bags could be the impetus needed to change consumers’
habits as it has been successful elsewhere (Clapp and Swanston 2009; Dikgang and Visser
2012; Ritch, Brennan, and MacLeod 2009; Sharp, Høj, and Wheeler 2010). This is simply
a starting point, a first step in reducing society’s habitual dependency on plastics, for
creating the change necessary to reduce the excessive manufacturing and consumption of
plastics.
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8.2 Local recommendations
An improved waste management collection method that takes into account wind
conditions is one part of improving the waste leakage issues in Ísafjörður. While using
more plastics, a short-term solution to avoid leaking plastics would be to have residents
bag up their plastic recycling to prevent lightweight plastic recycling items from blowing
away during collection (pers.comm. Ralf Trylla, Municipal Officer, Environment Agency
of Iceland, 2018). Coastal cleanup methods (in Ísafjörður and beyond) can be more
effective and efficient with the knowledge that litter collects in the rock armor seawall,
which acts as a last barrier against litter entering the ocean.
The release of litter into the marine environment through the sewage pipes is a
challenging and costly system to change for small town such as Ísafjörður due to the
multitude of discharge pipes. The most economic and time-effective solution is to increase
education measures locally about the lack of sewage treatment and the consequences of
marine litter. Engaging some of the many artists in Ísafjörður in a transformative art piece
pertaining to sewage and its contribution to marine litter could be a valuable part of this
strategy to terminate this source of litter, which should be done in such a way as to reach
residents, accommodation businesses, and tour operators, and, by extension, their
associated visitors. Additionally, the town should also be responsible for providing this
information to new residents, just as it does about recycling and waste through their
brochures and instructional stickers on the collection containers.

8.3 Science communication through art
Communication of the state of marine litter and our contribution to the issue is key
for generating awareness and engendering behavioral change through individuals’
responses. Art and the experience of the aesthetic, as discussed previously, are greatly
valuable in facilitating these processes of transformative learning (Dewey and Simon 1934;
Raikou 2016).
As such, I provide an example of a piece of folk art, informed by the scientific
results of this case study, as a strategy through which to engage the Ísafjörður community
with the topic of marine litter and its evidence locally. The goal is not only to generate
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awareness of a problem and its causes, but also to create an opportunity for the realization
and responsibility of the self in the issue and evoke a reflection on identity.

8.4 Lopapeysa pattern
A lopapeysa is an Icelandic wool sweater, distinctive for the patterned designs of its
yoke and deemed authentically Icelandic when hand-knit from the wool of Icelandic sheep
by Icelandic women. It is popular even today among locals and tourists alike as a symbol
of Icelandic culture, national identity and resilience. For tourists in particular, it is sought
after for its aesthetic of organic and historical purity (Donlan 2016). However the
lopapeysa is a recent tradition that emerged alongside Iceland’s independence from
Denmark in 1944 (Donlan 2016; Helgadottir 2011; Nykaenen 2017). Hobsbawm and
Ranger (1983) identify traditions that appear or are imagined to be from the distant past as
“invented traditions.” An invented tradition arises as an adaptation “to novel situations
which take the form of reference to old situations” and as a response to a culture in flux
under local and distant foreign influences (Hobsbawm and Ranger 1983). Consequently the
lopapeysa, as a material representation symbolic of Icelandic identity, becomes a
performance of the modern state of Icelandic cultural values (Donlan 2016; Helgadottir
2011).
With its popularity today, the lopapeysa straddles the natural-fibered, hand-knit
tradition of slow fashion from which it originated and the world of fast fashion in which
sweaters are machine-knitted and the lopapeysa’s characteristic yoke patterns are printed
on synthetic t-shirts and hoodies (Figure 31). Other alterations to the lopapeysa come from
changing societal values shaped by outside influences (e.g. the Hello Kitty lopapeysa in
Figure 31). These are all examples of the state and process of Icelandic values and cultural
performance, reflecting the influences of modern culture and technologies, and the ways
Iceland is connected with the rest of the world.
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Figure 31. Examples of alterations to the traditional construction, material, patterns of the
lopapeysa produced by changing societal values and globalization (images from Pinterest).
In light of the state of the Icelandic coast and the ocean, upon which Iceland is
heavily dependent, I offer a lopapeysa pattern (below) that is reflective of the sampling
results of this case study and the behavior of society. The yoke design is based on the main
contributor sources (maritime industries, packaging, sewage, and building/construction) by
prevailing wind direction. The colors and their usage indicate the prevalence of sampled
items from the main contributor sources. The colors and forms within the design are
suggestive of the items’ appearances and/or previous usages (e.g. the mint/aqua color of
the rope filaments from maritime industries and red symbolizing a bloody tampon from
local sewage). It is to be knit out of the marine litter, specifically the plastic strips from the
shrimp packaging bags. The objective of this piece is to encourage self-identification,
reflection, and possibly transformation in the local viewer, with the realization of the
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complicit self, as well as serve as a reminder to tourists of the global connectivity of the
oceans and our global complicity in environmental destruction.
Body
CO 112 sts with plastic strips from formerly woven polypropylene shrimp packaging bags
(Figure 15) on a 4.5 mm circular needle. Join in the rnd and work k1, p1 rib until work
measures 5 cm. Change to 6mm, 80 cm circular needle, cont in st st and inc 8 sts evenly
spaced in first round (=>120 sts). Cont in st st until work measures 40 cm from CO edge.
Place 8 sts on each side onto stitch holders for underarms. Set body aside.
Sleeves
CO 32 sts with the plastic strip material using 4.5 mm dpn. Join in the rnd and work in k1,
p1 rib until work measures 5 cm. Change to 6 mm dpn and cont in st st and inc 8 sts evenly
spaced in first rnd (=>40 sts). Cont in st st for 11 rnd, then begin inc 1 st at beg and end of
every 8th rnd, 4 times (=>48 sts) and 47 cm long. Place 8 sts on the underarm st holder.
Work second sleeve.
Yoke
Note: beg and end of rnd are at left side on back.
Join sleeve to body as follows:
Using plastic strip material and longer 6 mm circular needle, knit on sts from left sleeve,
front of body, right sleeve and back of body (=>184 sts). Work in pattern from Chart 1
using dyed plastic strips until 69 sts remain. Dec evenly in next rnd with plastic strip
materials until 52 sts remain.
Neckband
Change to 4.5 mm needles and work k1, p1 rib for 4 cm. BO loosely.
Finishing
Join underarm sts together and weave in any leftover ends.
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Chart 1

Abbreviations
CO = cast on
st(s) = stitch(es)
rnd = round
k = knit
p = purl
cont = continue
st st = stockinette stitch
inc = increase
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dpn = double pointed needles
dec = decrease
^ = decrease (in chart pattern)

8.5 Future research
This thesis was a preliminary exploration into the ways that ecofeminism, slow
violence, agency, and personhood theories can inform and enhance the current discourse
on marine litter pollution and the dynamics of human – nature relationships. Much of the
discussion presented in this thesis could be elaborated on as there are many more
connections to be discussed and nuances to draw out (e.g.. purity, pollution, and
victimization in human and ocean beings; marine connectivity in reference to the
illusionary “away”; investigation, truth, and proof in relation to evidence, or the lack there
of, in victims’ presentation of it and in cultures of marine litter pollution and rape; best
methods for science communication through art within a transformative feminist aesthetic;
different mediums through which to highlight and reflect the individual’s complicity in
harmful social cultures; etc.). Additionally, there are many more enlightening connections
not yet explored. For example, a group of scientists and artists are exploring the question
of whether the ocean has memories within the topics of the microbiome and biodiversity
(pers. comm. Daniel Kohn, artist, 2017). There is compelling space for this novel
questioning within the context of marine litter pollution and its effects. Additionally, the
absorption of ecofeminist theory, in conjunction with agency and personhood theories, into
the sphere of marine management (as they already are for freshwater and terrestrial
ecosystems) offers many valuable possibilities that have yet to be explored.
Further research is necessary to more accurately understand the dynamics among
wind, surface and near-surface currents and marine debris around the Westfjords of
Iceland, as well as around Iceland as a whole. Currently there is not a clear explanation for
the coastal accumulation of marine debris in known areas of Iceland (e.g. Hornstrandir),
nor is there an overall understanding of where the coastal hotspots for marine litter are or
how it is transported around the country. The results from more quantitative research on
marine litter systematically sampled along the coasts elsewhere in Iceland could fill an
important knowledge gap providing answers to specific source locales of litter and the flow
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of marine litter around the coast of Iceland. Studies that focus on the sources of litter from
the fisheries and other marine industries and behaviors producing it are needed to reduce
the impact of these industries on the environment on which they depend. Comparing this
case study’s results with coastal litter studies conducted in other small urban or rural areas
could shed light on the division of local versus marine litter and whether different aspects
of the results are local Ísafjörður problems or countrywide problems. Daily and year round
sampling, infeasible in this study due to time constraints, would provide valuable results,
particularly relating to the influence of prevailing winds and storm events. Based on the
findings of this study indicating that the rock armor sea wall acts as a barrier retaining
town litter from the ocean, more research should be done on the effectiveness of such
barriers (and under what types of management), as well as what detrimental effects they
have on the coastal environment.
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9 Conclusion
This thesis puts into perspective the connection between human perceptions of
human – nature relationships and the local presentation of marine litter in Ísafjörður,
Iceland. It presents the situation of marine litter and the dynamics affecting it at a local
level within a context of theories that illustrate our global complicity in harmful wastegenerating behaviors while challenging Western society’s current perceptions of
consumerism, waste management, and marine litter pollution. This work is important for
its relevance to the marine litter management strategy that has been identified as most
efficient, namely prevention (MacFadyen, Huntington, and Cappell 2009; McIlgorm,
Campbell, and Rule 2011). Adopting more of an ecofeminist perspective within the
discipline of management, through recognizing the dominating power hierarchies within
Western dualisms that sanction the exploitation and degradation of natural environments,
could enhance current practices, as well as give way to novel methods. The opportunities
and possibilities here need to be explored further.
There is a clear, demonstrated connection between marine litter pollution
(specifically pervasive, persistent marine plastic pollution) and theories of ecofeminism,
slow violence, agency, and personhood. They contextualize and highlight our perpetration
of and complicity in this violent act of polluting, while also providing an opportunity for a
transformative shift in perception and behavior, brought about through art and informed by
science. The well-being of the ocean, human race, and the entire planet lies on each of us
and our abilities to actively resist the complacency of our complicity in a culture of marine
litter pollution through the development of new, conscientiously formed behaviors that are
informed by science.
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Appendix A: Litter items from sand beach

Unidentified plastics

101

Rope filament and longline fishing hook with line

Labeling tags used in the fisheries

Plastic shavings from unknown source

102

Adhesive bandage, wipe, cotton swab, toilet paper, condom, menstrual pad, tampon
wrapper, carrot (sewage)

103

Packing tape, cardboard, candy wrapper, grocery bag, straw wrapper, beer can, cottage
cheese container, beverage bottle label (packaging)

104

Cigarette and cigarette box

Gun cartridge, recycling bin label, barricade tape, plastic-coated wire

105

Treated wood, (sea) glass, two types of ceramic tiles

Plant and coconut husk
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Appendix B: Litter items from rock armor

Unidentified plastics

107

Shingling, roofing tar paper, plywood, ceramic tile, metal screw, paint, mirror fragment,
plywood with nail (construction and building materials)

108

Cigarette box and cigarette

Packaging

109

110

Milk carton, flour bag, sandwich packaging, chocolate wrapper, pizza box, beer cup, straw,
skyr lid (food packaging)

Flowerpot, bread, bread, firework chipboard end disk, gun cartridge
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Sand beach sampling on May 21, 2017.
Photo credit: Jed Woods.

112

113

