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Abstract

:

Surface water samples were collected using a low-tech aquatic debris instrument (LADI) at six nearshore locations on the north and northwestern coasts of Iceland to investigate the prevalence of mesoplastic (5–10 mm) and microplastic (0.3–5 mm) in the region. This sampling strategy involved sampling each transect three times for a total of 18 samples collected in order to assess uncertainties related to heterogeneous distribution of plastic in surface waters. Samples in all six nearshore locations contained meso- and/or microplastic, though concentrations were highly variable. Visual, physical, and FTIR analyses were performed on 71 suspected plastic particles collected, confirming and identifying 40 of those particles as one of six types of plastic: polypropylene (PP), polyethylene (PE), high-density polyethylene (HDPE), polyester, low-density polyethylene (LDPE), and polyvinyl chloride (PVC). Lines originating from fishing gear were the most prevalent types of plastic detected across the samples. This study is among the first to quantify and identify microplastic particles collected in Icelandic nearshore surface waters.
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1. Introduction


Since the 1970s, plastic particles, now classified as mesoplastic (5 mm–10 mm), microplastic (1 µm–5 mm) [1], and nanoplastic (<1 µm), have been near-ubiquitously detected across Earth’s various ecological compartments [2]. These compartments include soil and sediments [3], glacial ice [4], freshwater bodies, freshwater and marine sediments [5], plants [6], animals [7], humans [8], and marine surface waters [9]. Today, microplastic pollution is a major and growing ecological concern in the ocean and other aquatic environments, including in remote places far from highly populated areas, such as the global sub-arctic region in which Iceland is located [10]. As a pragmatic approach to collecting data on microplastics in marine environments worldwide, research has largely been conducted using surface trawls such as the “manta trawl” [11].



In Iceland, microplastics have been found in the bodies of wildlife including northern fulmars (Fulmarus glacialis) [12], blue mussels (Mytilus edulis) [13], and fin whales (Balaenoptera physalus) [14]. Scientists in Iceland have also identified microplastics in ice cores taken from glaciers, in some drinking water sources sampled around the country [15], and in marine sediments off Iceland’s coasts [16]. In August 2021, the Arctic Monitoring and Assessment Program (AMAP) published its “Littering and Microplastics: Monitoring Guidelines Version 1.0,” which outlined current best practices for studying the presence of microplastics across ecological compartments in the arctic region (including Iceland) based on existing research. The comprehensive guidelines, which present the most up-to-date research on plastic in the Arctic, demonstrate that there is a lack of research and data available on meso- and microplastic concentrations in Iceland’s nearshore waters—and thus, the risks microplastic might pose [17].



While studies on meso- and microplastics in the Icelandic marine environment are still in early development stages, macro-plastic-related research in Iceland is growing, with long-term plastic monitoring projects being initiated as recently as 2016 [18]. A recent study conducted in the Atlantic Ocean reveals that oceanic islands are particularly exposed to the threat of microplastic pollution due to the complexity of the coastal ecosystems and the interaction between biotic and abiotic compartments [19]. Preliminary research has found that fishing gear appears to be one of the most commonly identified plastic types found in remote Icelandic beaches [20,21,22], indicating nets and ropes could be one of the main contributors to microplastic pollution [23] in the Icelandic marine environment.



One potential reason for the lack of research on meso- and microplastics in Iceland’s marine environment is that the country’s nearshore conditions can be highly variable, with strong winds, precipitation, and a variety of water currents possibly affecting dispersal of microplastics [24] and access to data collection. Researchers have suggested at least 12 physical processes governing the transport of floating plastic debris, including vertical mixing, extreme weather events, and Langmuir circulation [25], particularly in the Arctic regions [16]. These dynamic natural processes appear to disperse meso- and microplastics and may introduce variability in the results from sampling of local concentrations in marine surface waters using a trawl.



Microplastics are known to pose various threats to wildlife, people, and possibly biogeochemical ocean processes [26]. Ingestion of microplastics by marine fauna is of particular concern in Icelandic waters, especially for filter feeders, ranging from blue mussels (Mytilus edulis) [27] to large baleen whales, including endangered blue whales (Balaenoptera musculus), that feed in these nutrient rich waters [28]. Animals are attracted to eating plastic particles for a variety of reasons. Some aquatic animals, such as fish, have been known to visually mistake plastic particles for food sources (e.g., plankton or fish eggs) [29]. Other animals have a chemical attraction that urges them to consume bio-fouled particles [30], while others inadvertently consume particles during filter feeding [31].



This study reports the first findings from surface trawls conducted in Icelandic waters. The current study aims to contribute to a long-term monitoring campaign in the region to investigate the presence and distribution of meso- and microplastics and the potential effects on marine biota, and thus provides an important first assessment of meso- and microplastic pollution in Icelandic waters.




2. Materials and Methods


2.1. Low-Tech Aquatic Debris Instrument (LADI)


The low-tech aquatic debris instrument (LADI) used for this experiment was constructed in accordance with a guide published by Civic Laboratory for Environmental Action Research (CLEAR), selecting a 38 × 34 × 12.5 cm opening for the wooden frame, and a nylon 333 µm mesh net with a cod end. The LADI used for this experiment was made of gray polyvinyl chloride (PVC) pipe and wood, with metal fastening components, and was secured to the ship using black and white synthetic marine rope, made of polypropylene (PP). The nylon mesh, PVC pipe, and PP ropes were noted as a potential source of contamination in the LADI trawl samples collected. The LADI is considered an accessible and acceptable scientific tool that can be used to estimate local concentrations of meso- and microplastics in surface waters (i.e., the detection of microplastics in lakes by Bashir et al.) [32]. It is similar to the commonly used low-speed manta trawl, and is pulled alongside a ship at a speed of three knots or less for a given duration of time [33]. Compared with a manta trawl, a LADI is a smaller, less expensive ($500), and easy to build open-source alternative to the current scientific standard, the Manta Trawl, which is expensive ($3500), heavy, and requires specialized equipment and skills to create”, according to its developers at the Civic Laboratory for Environmental Action Research (Figure 1).



Typically, when employing a LADI or manta trawl, the protocol involves navigating a ship over a measured transect, with GPS coordinates taken at sampling device deployment and retrieval [34]. GPS coordinates are used to establish sample region distance, which can be used with data on plastic quantity to extrapolate concentration over a given area of sea. Our study assesses LADI samples collected in replicates in order to address the uncertainty that is associated with surface sampling of heterogeneously distributed microplastics in Iceland’s dynamic marine environment.




2.2. Sample Collection


Samples were collected during a sailing cruise from Reykjavík to Húsavík, Iceland, on board SV Ópal, a 24 m wooden hybrid-electric-powered schooner, as part of an expedition carried out by Iceland-based non-governmental organization Ocean Missions (www.oceanmissions.org) (accessed on 24 April 2019). The LADI was deployed from the port side of SV Ópal for approximately 30 min per sample on a sea state < 3 on the Beaufort scale, traveling a total of approximately a 3.7 × 3 km area of sea. The exact duration of trawling time varied, as deployment is dependent on favorable sea conditions and weather. In an effort to test for potential variability in meso- and microplastic concentrations, and to increase the accuracy of concentration estimates, we used a novel repeat transect survey strategy. We sampled six nearshore areas around the west and northwest coasts of Iceland, three times each using a zig-zag pattern (Figure 2).



Coordinates were taken using the ship’s onboard GPS system at start and end of each sampling transect. The SV Ópal traveled between 1.8 and 3 knots, for 28 to 38 min, while the LADI was deployed at each of the six sampling locations. Sea states varied from 1 with swell to 3 (Beaufort scale), and wind speed ranged from 1 to 4 knots. Distance and area covered by each trawl were measured using sailing speed and a digital GPS unit onboard.



Immediately after each trawl was completed, the contents of each cod end were rinsed with freshwater and filtered through two sieves with a mesh size of 1 mm and 0.3 mm. A measuring grid was then used to sort the particles by size into two categories: macro/mesoplastic (>5 mm) and microplastics (0.33 mm–5 mm) following existing protocols for the monitoring and assessment of plastic litter and microplastics in the ocean [35,36]. During the sampling and sample preparation, only plastic fibers smaller than the targeted sampling size were found in procedural blanks ensuing minimal risk of contamination. Visually identifiable biological materials, including plankton, kelp, and fish eggs were removed during the analysis and returned to the water. Suspected plastic particles were selected visually and confirmation was aided by examination under a stereo microscope and the use of a hot needle test to distinguish microplastics from other non-plastic particles. All suspected microplastic particles were measured, counted, and stored in paper pouches with no light exposure to prevent photodegradation. Particles of ambiguous material were also collected for spectroscopic testing. All samples were shipped to Roskilde University in Denmark for further analysis.




2.3. Characterization of Polymer Composition


Using attenuated total reflection–Fourier-transform infrared (ATR–FTIR) spectroscopy, composition of the surface layer (1–2 μm) of each of the collected plastic particles was determined. Using a PerkinElmer Spectrum two spectrometer, a single bounce diamond internal reflectance element (2 × 2 mm) was employed to run 71 scans at a resolution of 2 cm−1 between 4000 and 650 cm−1. Characterization was based on a minimum 70% match with reference spectra, as well as manual assessment of compliance with peaks within the 1400–4000 cm−1 part of the spectra (Figure 3). Samples appeared fairly clean upon inspection, with minor amounts of biofouling, and so were simply rinsed in fresh water, dried at air temperature, and then stored in glass petri dishes for the duration of the analysis. A clean, empty glass petri dish was placed on the lab bench at the start of each inspection in the laboratory and examined for presence of microplastic following the end of each inspection session. Lab control ensured that any potential contamination of samples in the lab could be accounted for. Non-synthetic clothing was worn to prevent contamination.





3. Results


3.1. Abundance


A total of 18 surface trawls were conducted, covering a total distance of 48,764 m with a trawling area of 16.581 m2 (Table 1). The average distance covered by trawls was 2709 m ± 254 m (mean ± SD).



Waters in all six sample locations collectively contained meso- and/or microplastics, though not every LADI transect yielded plastic. Of 18 samples taken in total, 8 contained zero meso- or microplastic particles. Concentrations of plastic particles were highest at the Arnastapi and Snæfellsnes sampling sites which are also among the most remote areas within the sampled locations. However, the high mean concentration of plastic particles found at the Arnastapi site was heavily influenced by the first two samples taken, as the last sample contained 0 visible plastic particles. Sample variability may be explained by ocean currents, wind, or other natural phenomena that transport plastic particles through Earth’s compartments. In order to compare the concentrations at the different sampling sites, data were normalized to particles/km2 using the equation:


particles per km2 of sea surface = total number of plastic particles/distance covered × LADI mouth width (km).











It should be noted that this is a typical calculation method, though the result is a theoretical particle density per area based on the relatively low numbers of plastics obtained in our samples.



For the Reykjavík sampling site, the average calculated meso-/microplastic concentration (mean (min. max.)) was 1025.4 (1066–2010) particles/km2; for the Faxaflói sampling site: 756.3 (0–2269) particles/km2; for the Arnastapi sampling site: 6189.3 (0–12,214) particles/km2; for the Snæfellsnes sampling site: 6098.3 (3737–7941) particles/km2; for the Ísafjörður sampling site: 407 (0–1221) particles/km2; and for the Grímsey sampling site: 324.6 (0–974) particles/km2.



Average concentrations of meso-/microplastics at Arnastapi and Snæfellsnes were markedly higher than at the remaining sampling sites. However, we observed considerable variance in the number of plastic particles picked up during each LADI transect, within each nearly identical sample area. Even though there seems to be a difference between sites, the huge deviations due to the heterogenic nature of plastic particle makes it difficult to assess whether these differences are a result of variation between sites or variation within each site, as indicated by the large differences between minimum and maximum theoretical abundance calculated for each transect.




3.2. Characteristics of Plastic Samples


A total of 40 plastic particles were identified as plastic using FTIR, out of a total of 71 particles that were pre-selected from samples by researchers as possible plastic particles. Twenty-one plastic particles could be classified as mesoplastic (>5 mm) while 19 could be classified as microplastic (0.33–5 mm). The total number of plastic particles found (n = 40) were classified as: fragments (n = 12), films (n = 5), and lines (n = 23). Based on FTIR analysis, detected types of plastic included PP (n = 19), PE (n = 6), HDPE (n = 5), polyester (n = 2), LDPE (n = 4). Four fragments of gray PVC were detected.



The color and composition of the PVC particles led to the conclusion that they were likely shed from the LADI, which was constructed using similarly colored PVC. The FTIR spectrometer detected plasticizer chemicals in three particles collected, including polydiallyl phthalate (n = 1) and diapropylpthalate (n = 2), though not plastic.





4. Discussion


The large variances in microplastic concentrations illustrate one of the issues with collecting surface samples of plastics particles, specifically in areas that are not considered hotspots with very high concentrations. The relatively low concentrations and heterogenic dispersion implies that very few particles can alter the results significantly (e.g., the theoretical concentrations at the Reykjavík sampling site were 2010, 1066, or 0 particles/km2, if estimates were made based on just one of the three transects). One solution could be to conduct the sample over a longer time period doing more zig-zag trawls over an area, but this would not eliminate the large variability that is inherent to these types of samples.



The highest presence of meso-/microplastics coinciding with the sparsely inhabited sampling areas supports the theory that dispersal factors such as weather and currents have an important influence on particle dispersal and distribution in the Arctic and the results from this study support this specifically in Icelandic coastal waters for the first time.



PP and PE lines, commonly used for fishing lines and as a component of marine ropes, were the most prevalent types of plastic detected across the samples, found in particular abundance at the Arnastapi and Snæfellsnes sampling sites. PP and PE lines together made up 50% (n = 20) of all plastic particles found and identified. It appears some of the PP line could have shed from the synthetic rope used to secure the LADI trawl. Five of the PP lines found were white, like the ropes used on the research vessel. However, given Iceland is a major fishing nation worldwide [37], the predominance of lines also suggests that Iceland’s fishing industry is a key contributor to meso-/microplastic in the country’s nearshore waters. There were 1647 registered fishing vessels in Iceland in 2020, bringing in a total catch of 1,030,594 metric tons to 58 ports [38]. The vast majority of these vessels are bottom trawlers using plastic fishing gear to catch cod, and research by Loughlin, C. et al., 2021, shows higher microplastic abundance in sediments of the most heavily fished areas [16]. These results support the findings from previous studies that reported the prevalence of microplastics coming from marine-based sources (i.e., fishing activities) in the Atlantic Ocean basin [39]. Arnastapi and Snæfellsnes are important local fishing grounds which may explain the higher number of PP and PE lines in these areas.



The next most common categories of plastic particles were PP fragments at 12.5% (n = 5), polyester lines at 5% (n = 2), LDPE film at 7.5% (n = 3), PP film at 2.5% (n = 1), and HDPE fragments at 10% (n = 4). Only one fragment of LDPE (n = 1), 2.6% of the sample, was identified. PP, HDPE, and LDPE are commonly used in packaging and in single use plastic items. None of the plastic pieces appeared shed from the ship itself, which had green, white, blue, and red synthetic paint. Four fragments of gray PVC, 10% (n = 4), perhaps shed from the LADI trawl, were detected.



This work highlights an issue with standard sampling methods for microplastic in surface waters using a LADI or manta trawl, by indicating that microplastic yields in samples taken at a specific location seems to fluctuate across samples, sometimes by a notable amount. Even though other studies provide measures of uncertainty, they are typically collected with a single transect per area explored [40]. This uncertainty is most important in areas with low concentrations of microplastics, since a deviation of a few particles that by chance end up in the net can have a large influence of the calculated average concentrations in the area.



The Icelandic marine environment is especially complex. Like other arctic marine ecosystems, those around Iceland are subject to extremes—such as storms, wind, water currents, and temperature [41]. To the best of our knowledge, our microplastic data are the first collected in Icelandic nearshore surface waters using a LADI, demonstrating both the benefits and drawbacks of an accessible and affordable research tool in collecting microplastic samples from marine surface waters.




5. Conclusions


In this study we show that a LADI trawl can be used to collect data on the presence of meso-/microplastic particles in Icelandic nearshore waters. The varying levels of meso-/microplastic observed demonstrated the heterogeneous distribution of plastic particles in the dynamic sub-arctic marine environment. It might be possible to improve microplastic sampling methods in surface waters by taking a greater number of repeated transects over each of the study areas to account for heterogeneity caused by local marine and atmospheric conditions. Taking samples seasonally and year after year is suggested to help discern potential patterns in microplastic composition, count, and distribution. Lastly, sampling for microplastics within the water column, in seafloor sediments, in marine plants, and in the tissues of marine animals would help understand the fate of plastic particles in the Icelandic marine nearshore environment [42].



The predominance of PE and PP lines commonly used in fishing in the collected samples suggests intensive fishing activities in the sub-arctic region are likely contributing to the presence of plastic in Icelandic waters. Standardized methods and synchronized efforts in Iceland could greatly help to minimize the uncertainty of the study of meso-/microplastics pollution in this marine complex environment. Based on present knowledge of the issue, it seems weather plays a significant role in the continual transport of plastic particles throughout the natural environment [25]. Compared with the other sampling sites, the coast of Arnastapi and Snæfellsnes is clearly under the influence of the Icelandic Coastal Current (ICC) and Icelandic Coastal Undercurrent (ICUC). This could be one of the explanations for the higher number of particles in those locations. One suggestion to investigate how these localized currents affect the dispersal of particles could be to integrate the microplastic data into a hydrodynamic model for Icelandic waters and monitoring the weather conditions [39].



Considering the lack of research on microplastic pollution in Iceland and in light of the increasing pressure worldwide for the governments to take actions on solving the plastic pollution crisis, further monitoring of microplastics (presence, abundance, types, and dispersion) in Icelandic coastal waters is essential to better understand the issues that threaten the fragile sub-arctic marine ecosystems. Furthermore, it is imperative to develop greater awareness about the plastic pollution issue in sparsely inhabited and vulnerable sub-arctic areas. Thus, we recommend future research that aims at understanding why huge variations in microplastic abundances are found in different compartments of the natural environment, including in Iceland’s nearshore surface waters.



At the local scale, it would be beneficial to understand why the irregularities in microplastic count within the same transect occur within just 30 min to an hour of each other in Icelandic sampling sites.



Overlapping these data with identified and localized natural phenomena and factors that could affect distribution and concentration of microplastic in marine regions, such as surface currents and wind patterns, as well as fishing activities, could potentially shed additional, useful light on the fate of microplastics in the sub-arctic ecosystem. Doing so may also help establish a better understanding of where plastic particles ultimately travel—and how great of a risk the particles may pose to people living in Iceland and to sub-arctic marine wildlife.
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Figure 1. Conceptual drawing of LADI (CLEAR, 2016). 
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Figure 2. Map of locations of each trawl (A–F). The boxes show where the samplings were conducted along the route and further illustrate the specific “zig-zag” path used during each sampling. Sample regions: Reykjavík (A), Faxaflói (B), Arnarstapi (C), Snæfellsnes (D), Ísafjörður (E), and Grímsey (F). 
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Figure 3. FTIR spectra of a polypropylene line sampled during the expedition (purple spectra). All samples were compared with a reference library developed over several years, containing both pristine spectra and spectra from samples of plastic collected in marine, freshwater, and terrestrial environments in Europe, Africa (including coastal waters), the Atlantic Ocean, and the Pacific Ocean (black spectra). 
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Table 1. Overview of results. For each station the total MPs, distance trawled, theoretical abundance per km2, mean MPs per location, and sea state are provided.
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	Location
	Start
	End
	Distance Traveled (m)
	Sea State
	Total MP
	MP/km2





	Reykjavík (A)
	64 09.25 N
	64 10.58 N
	2926
	2
	2
	2010



	
	21 54.87 W
	21 56.67 W
	2759
	
	1
	1066



	
	
	
	2593
	2
	0
	0



	Mean MPs/km2
	
	
	
	
	
	1025.4



	Flaxaflói (B)
	64 13.79 N
	64 14.96 N
	2593
	3
	2
	2269



	
	22 00.68 W
	22 02.15 W
	2445
	3
	0
	0



	
	
	
	2611
	3
	0
	0



	Mean MPs/km2
	
	
	
	
	
	756.3



	Arnastapi (C)
	64 44.25 N
	64 45.45 N
	2408
	1 + swell
	10
	12,214



	
	23 25.59 W
	23 26.24 W
	2778
	1 + swell
	6
	6352



	
	
	
	2778
	1 + swell
	0
	0



	Mean MPs/km2
	
	
	
	
	
	6189.3



	Snæfellsnes (D)
	64 56.95 N
	64 58.59 N
	3148
	1 + swell
	4
	3737



	
	24 02.47 W
	24 03.52 W
	2222
	1 + swell
	5
	6617



	
	
	
	2593
	1 + swell
	7
	7941



	Mean MPs/km2
	
	
	
	
	
	6098.3



	Ísafjörður (E)
	66 16.34 N
	66 16.76 N
	2408
	3
	1
	1221



	
	22 59.79 W
	22 56.72 W
	2963
	3
	0
	0



	
	
	
	3148
	2
	0
	0



	Mean MPs/km2
	
	
	
	
	
	407



	Grímsey (F)
	66 31.93 N
	66 30.73 N
	2593
	3
	0
	0



	
	18 01.28 W
	17 59.54 W
	3019
	4
	1
	974



	
	
	
	2778
	4
	0
	0



	Mean MPs/km2
	
	
	
	
	
	324.6
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