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Abstract


 


There is a growing concern over the ubiquitous distribution of plastic pollution that is evolving in the Beaufort Gyre in the Arctic Ocean, prompting international collaboration and new environmental measures. Despite an exponential increase in the amount of information on plastic in the five ocean gyres using space technologies (i.e. satellites) and applications, data specific to trends in the Arctic Ocean remain scarce, requiring innovative solutions to monitor the growing situation. The geophysical characteristics and presence of sea ice make it difficult for current technologies, specifically Earth observation, to detect and track microplastic. Marine pollution is recognised as an immediate threat to both land and marine ecosystems. Satellites have proven useful in identifying ocean plastic patches and current movements in other oceans but little research has been applied to the Arctic, a region that impacts eight countries making up the Arctic Circle. This is in part because plastics are less observed compared to melting ice caps. Nonetheless, as noted by environmentalists and academics, waiting until an ecological problem becomes a disaster only exacerbates the situation. Moreover, as sea ice melts, new economic opportunities for marine activities including new trade routes (i.e. Transpolar Sea Route), fishing locations and resource exploitation will lead to increased pollution. Due to the expanse of the Arctic Ocean, its frozen characteristics and developing plastic problem, adapting current space technologies and applications to monitor and track plastics on the surface, in the ice and below the surface could be a solution for tackling the problem before it meets the level of the existing five gyres. This interdisciplinary team project paper investigates the use of Sentinel-2, Sentinel-6, Fourier-Transform Spectroscopy, stratospheric balloons and autonomous underwater vehicles to provide an integrated strategy, including communication and outreach, to tackling marine plastic pollution while recognizing that it is necessary to also prevent plastics from entering the ocean in the first place. The general cost of the operations was considered in tandem with an overview of the financial loss and societal burden of ocean plastic. Included in the paper is a proposal for the enhancement of the Arctic Council using scientific diplomacy and best practices for marine debris management and recommendations for future research.
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The pollution of our oceans by plastic concentrates in gyres located thousands of kilometers from home and yet we find it, literally, on our plates. Megatons of plastics are released into the briny waters annually via our grocery bags, fishing nets, lost shipping containers, abandoned face masks and single-use bottles. Plastic has entered every aspect of our lives and makes our tools lighter and stronger, but this very durability returns to haunt us. The hardy polymers last much longer than the usage we make of them. With time and the elements, plastics abrade and degrade into contamination for ocean plankton and, ultimately, the fish on our plate.
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Our team consists of fifteen students from eight different countries taking part in the Master of Space Studies Program at the International Space University (ISU). Our backgrounds encompass various sectors, notably engineering, medicine, chemistry, humanities, computer science, archaeology, geology, economics, environmental policy and international relations, and all equally passionate about space; creating a dynamic interdisciplinary framework. The team worked together to find a common objective in the project and to outline a strategy that could lead to its achievement.


One of the challenges the team had to overcome was remote working due to the COVID-19 pandemic which meant that we could not meet in-person. Nonetheless, this made for a unique opportunity to maximise efficiency in a remote-working context. Virtual meetings, email and messaging applications were tools that helped us maintain a continuous line of communication, a key element to working as a team and to foster group spirit. Having a common strategy and setting internal deadlines helped us stay on track throughout these weeks.
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In an Ocean Not So Far Away: Introducing Plastic Pollution in the Arctic


 




‘We are tied to the ocean. And when we go back to sea, whether it is to sail or to watch it, we are going back from whence we came.’ - John F. Kennedy (1962), 35th US President.






1.1 Introduction


Plastic pollution has a profound impact on all levels of the economy, impacting both land and marine ecosystems. Microplastics are a threat to human health when inhaled or ingested and can lead to financial loss for coastal businesses, fisheries, vessels and tourism (Newman, et al, 2015). There are five well documented gyres located in the various oceans around the world (5Gyres.Org, 2020). However, a sixth gyre is starting to form in the Arctic Ocean (Cózar, et al, 2017). This report will discuss the outcomes of the sixth Arctic gyre, how it can be monitored and prevented using space- based technologies in tandem with other useful airborne and waterborne technologies. Satellite services, particularly earth observation (EO) have proven to be useful for understanding the changing dynamics of plastic pollution patches and can differentiate between the different types of plastic in the oceans. Based on field observations, current estimates account for less than one per cent of total plastic pollution that enters marine ecosystems (Tekman, Krumpen and Bergmann, 2017).


This report is focused on answering the question on ‘How can we monitor ocean plastic pollution using space technologies?’ and submits the following mission statement:




To propose solutions for tracking, monitoring, and mitigating ocean plastic pollution, with special emphasis on the Arctic Ocean, using space-based technologies by implementing an interdisciplinary approach to the problem in order to outline a wide-ranging policy and technical strategy as an answer to plastic pollution.





The Arctic is particularly interesting because it is changing rapidly due to climate change and increasingly large estimations of plastic have been identified. This prompted growing concern with environmentalists, academics, indigenous populations and businesses. Floating particles that enter the Arctic Ocean from the Pacific side accumulate in the Beaufort Gyre and cross the Arctic to the Atlantic side as they travel through sea ice. There is a gap in understanding on the Arctic environment particularly on the mechanisms of sedimentation, bioavailability and degradation that take place. The processes governing plastic concentration, accumulation and transport in the Arctic are not researched enough and the Arctic is changing dramatically with the sea ice volume and thickness rapidly declining (Simmonds, 2015). These mechanisms need to be understood in order to take into account these changes in the physical environment and to estimate the evolution of plastic pollution.


There are only a few places where water and ice can leave the Arctic. The main current from the Arctic is the East Greenland Current (EGC), which flows south into the Fram Strait. The East Greenland current is also the main export mechanism for sea ice from the Arctic, carrying 4000 - 5000 m3 of ice south every year (Björnsson and Pálsson, 2008). Other, smaller routes for both sea ice and water from the Arctic include either the Canadian Arctic Archipelago (CAA) or the Nares and Davis Straits.


There are two main features of sea ice drift in the Arctic Basin. Multi-year ice has survived one or more summers and is usually thicker than the first year of ice. South of the Beaufort Sea, west of the Canadian archipelago, and north of Greenland, there are known regions with older and thicker ice that survives the summer (Halsband and Herzke, 2019). The Arctic is covered by varying seasonal sea ice. It is well known that both sea ice and glacial volume have decreased over the last thirty-five years, accompanied by a thinning of sea ice in the Fram Strait (Arctic Portal, 2019). Ice thickness is crucial to study when researching the accumulation of particles because the temporary sink or transport mechanism is more exaggerated when the plastic stays longer in the ice. Figure 1 shows the Arctic Ocean circulation and member states.




[image: Figure 1: Map of the Arctic Ocean Circulation (Woods Hole Oceanographic Institution, 2021). The Gulf Stream, brings heated Atlantic waters along the coast of Norway, flowing northward. It divides into different components, on each side of Svalbard, and travels north. This Atlantic water cools down in the Arctic Ocean, and sinks. The cold Arctic water flows across the Fram Strait between Svalbard and Greenland, after circulating in the North Polar Basin.]


Figure 1: Map of the Arctic Ocean Circulation (Woods Hole Oceanographic Institution, 2021). The Gulf Stream, brings heated Atlantic waters along the coast of Norway, flowing northward. It divides into different components, on each side of Svalbard, and travels north. This Atlantic water cools down in the Arctic Ocean, and sinks. The cold Arctic water flows across the Fram Strait between Svalbard and Greenland, after circulating in the North Polar Basin.





High quantities of plastic objects have been reported to be trapped in Arctic sea ice because of melting sea ice; this plastic could be released into the underlying water column (Cózar, et al, 2017). However, an optimal method of monitoring is still outstanding, as beach cleaning may not reflect true changes due to large variations in weather-dependent deposition and removal of plastic litter. Pfirman, Kogeler and Anselme (1995) first introduced sea ice as a potential mechanism for the long-term transport of contaminants. The mechanism behaves as follows: frazile ice (i.e. a collection of loose ice particles) forms in supercooled water (e.g. caused by wind blowing over water at low temperatures) and scavenge particles. It is assumed that sea ice mostly grows from the ocean bottom and is efficient at capturing particles. Sea ice was found to be effective in trapping matter and sediment in ice floes in a study on Arctic ice cores (La Kanhai, et al, 2020). .


Plastic materials may also be released directly during production processes (e.g. fishing, shipping and tourism) and from local suppliers. Industrial activities and population changes along the Arctic coast are local sources of plastic pollution. Architecture, such as wastewater treatment is often absent in sparsely populated Arctic regions. There are crucial shipping routes from higher populated areas within proximity to the Arctic, which may contribute to plastic pollution but are relatively unknown to date.


Huge quantities of Atlantic water reach the Arctic Ocean through the Fram Strait, which has varying amounts of toxins and microplastics. Debris levels remained almost the same in surface waters of the North Atlantic as well as along the northeastern Atlantic coast of Ireland (Maes, et al, 2017). Microplastics embedded in sea ice for many years may be deposited in the surrounding water by melting ice, which is predicted to worsen global warming. Satellite observations of Arctic sea ice have seen a decline in magnitude for all months since 1979, shown in Figure 3 below (National Aeronautics and Space Administration (NASA) Global Climate, 2021).


The decline has coincided with the abrupt global warming of the Arctic over the last thirty years. The Arctic will function as a plastic trap as plastic builds up within these currents and continues to receive waste from mainland Europe and Scandinavia Halsband and Herzke (2019). Relevant satellites have unprecedented coverage of the Arctic Ocean. In 2013 and 2014, there was an additional thirty-three per cent and twenty-five per cent rise compared to the 2010-2012 seasonal average (Tilling, et al, 2015). Studies on plastic detection using airborne data models and theoretical studies have shown the potential to detect macroplastics in optical data.




[image: Figure 2: Schematic representation of frazil ice entrapping particles. Microplastics become trapped by forming ice particles, becoming trapped within the layers of ice. When this ice melts, the plastic is released back into the ocean. Based on Figure 1 of Daly (2008)]
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[image: Figure 3: Graph showing the melting of sea ice from 1979-2011. Peaks of higher and lower ice content is due to the change in seasons. A rapid downwards trend can be observed, which could be due to climate change (National Snow and Ice Data Center, 2011).]
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