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Microplastic fate in Arctic coastal
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1Norwegian Institute for Water Research (NIVA), Oslo, Norway, 2Shirshov Institute of Oceanology,
Russian Academy of Sciences, Moscow, Russia
Little is known about the role of remote and sparsely populated Arctic coastal zones

in the microplastic cycle. Distribution of microplastics was studied in the Svalbard

fjords in June – July 2022 with the main goal of assessing rivers’ role in the fate of

microplastic in Arctic coastal waters. Surface microplastics (0 – 20 cm depth, 500 –

5000 µm size) were sampled with a neuston net in triplicate per study site in parallel

with sampling of subsurface microplastics with a pump system (1.5 m depth, 100 –

5000 µm size). The central part of Isfjorden and its several branches covering

populated and unpopulated fjordswere studied; the samplingwas conducted during

an intense riverine discharge in all studied sites. Maximum abundance of surface

microplastics (71,400 items/km2 or 0.19 iterms/m3, 0.19 mg/m3) was found along

the river plume border in the middle of populated Adventfjorden indicating

importance of both local sources and surface hydrodynamics in the formation of

microplastics accumulation hotspots. All other unpopulated fjords were free of the

floating on the sea surface microplastics as river discharge prevented transport of

microplastics inside the fjords. The highest concentration of subsurface

microplastics was found in the central part of Isfjorden and the lowest – in river

plume waters, which also indicates the removal of microplastics from the inner part

of fjords during an intensive river discharge. Our resultsmay suggest that Arctic rivers

flowing through unpopulated areas bring clean water and thereby reduce level of

microplastic pollution in the coastal waters. In contrast to the rest of the world’s

ocean, rivers are not the main source of microplastic pollution in the Arctic Ocean.
KEYWORDS
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Introduction

Microplastic pollution of the world’s oceans is a serious environmental problem.

According to 2013 data, 4.8 to 12.7 million tons of plastic enter the world’s oceans annually

(Cózar et al., 2017; Jambeck et al., 2015). Once in the World Ocean, plastic items break

down and are able to spread over long distances with ocean currents, settle on beaches and
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on the seabed (Woodall et al., 2014), as well as accumulate in the

ocean in closed circulation zones (Lusher, 2015). Microplastic

particles are found in the entire water column from the surface to

the bottom, in ice cores (Kanhai et al., 2020; Obbard et al., 2014), in

marine organisms (Fang et al., 2018; Gebruk et al., 2022).

However, there is still no consensus on the main sources of

microplastics, distribution mechanisms, and long-term forecasts of

impacts on various ecosystems, especially for remote regions such

as the Arctic (AMAP, 2021; PAME, 2019). Currently, various

studies consider the following sources of microplastic in the

Arctic. The most significant contribution is made by the waters of

the Atlantic Ocean (Berezina et al., 2023; Cózar et al., 2017; Ross

et al., 2021). Other possible sources are the inflow from the Pacific

Ocean (Ikenoue et al., 2023b, 2023a), spread of microplastics due to

the dynamics of ice formation (Peeken et al., 2018), atmospheric

transport (Evangeliou et al., 2020), shipping activities and transport

with rivers (Frank et al., 2021; Mani et al., 2019; Yakushev et al.,

2021; Zhdanov et al., 2022).

It is believed that most of the plastic in the oceans, 80%,

comes from rivers, 0.41–4 million tons of plastic enter the world

ocean annually (Lebreton et al., 2017; Lechner et al., 2014;

Schmidt et al., 2017). The amount of microplastics supplied

from rivers depends on the population density of the catchment

area and the volume of river discharge. Rivers flowing into the

Arctic Ocean account for 11% of freshwater discharges into the

world’s oceans, and most have low population densities in their

catchments. The biggest Arctic rivers, Great Siberian Rivers (Ob,

Yenisei, Lena) annually discharge more than 2000 km3 of water

in total. However, major Siberian cities are located quite far from

river mouths, the level of plastic pollution in these rivers

decreased downstream (Frank et al., 2021; Vorobiev et al.,

2023). Moreover, on the sea shelfs there was found less

microplastics in river plumes than in the surrounding seawater

(Berezina et al., 2023; Yakushev et al., 2021). This testify that

populated Arctic rivers are not the main source of plastic

pollution in the Arctic Ocean.

Little is known about microplastic fate in low populated regions

in the Arctic including Arctic islands. One of the most studied of

them is the Svalbard Archipelago located in the western part of the

Arctic Ocean, about 800 km away frommainland Europe. Although

studies of microplastic levels in different matrices are conducted

regularly in Svalbard (Bao et al., 2022; Carlsson et al., 2021;

Choudhary et al., 2022; Granberg et al., 2020; Iannilli et al., 2019;

Lloyd-Jones et al., 2023; Ramasamy et al., 2021; Singh et al., 2021;

Teichert et al., 2021), there are still significant gaps in

understanding the role of Arctic coastal zones in the microplastic

cycle. Svalbard is sparsely populated with only a few permanent

settlements (Longyearbyen, Hornsund, Sveagruva, Ny Ålesund and

Barentsburg). The main sources of pollution in these areas originate

from household and industrial activities including shipping,

tourism, and fishing (Singh et al., 2021). Additionally,

atmospheric transport and ocean currents can introduce

microplastics from the remote regions to Svalbard waters

(Bergmann et al., 2019; Evangeliou et al., 2020; Ruman et al.,

2012). Svalbard fjords with rugged coastline, lots of lagoons and

river estuaries act as centres of plastic accumulation (Harris, 2020;
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between freshwater and marine environments, making them key

sites for studying the mechanisms of microplastic transfer and

accumulation. This makes Svalbard a unique area for microplastic

fate research in Arctic estuaries.

This research aimed to study the fate of microplastics in Arctic

coastal waters using Svalbard as an example. Specifically, the goal

was to assess the influence of riverine discharge on the distribution

and amount of microplastics in fjord waters both on the sea surface

and in the subsurface water (1 – 2 m depth). Studies were performed

in populated and unpopulated fjords to trace the effect of local

sources of pollution. The relevance of this study lies in its

harmonized approach to the investigation of microplastics on

Svalbard. Unlike previous research, we conducted parallel

measurements of both surface and subsurface waters, using a

three-replicate net sampling method. Additionally, we focused on

the boundary of the river plume, a critical area for understanding

the distribution and concentration of microplastics in the fjords.
Materials and methods

Sampling

Sampling was conducted in Svalbard fjords between June 28 –

July 2, 2022. Nine polygons were studied in Isfjorden (IF) and its

branches (Figure 1). Two polygons were located in Isfjorden main

part: IF1 and IF2 at southern and northern sides of the fjord

representing incoming and outcoming water in Isfjorden. The only

settlement located in studied area is Svalbard’s main town,

Longyearbyen, which has about 2450 inhabitants and is located on

southwestern shore of Adventfjorden (AF). Adventfjorden is exposed

to river runoff by two rivers: Adventelva (unpopulated) and

Longyearelva (flows through the city). The wastewater outflow is

located close to the northern coast of the fjord at approximately 50 m

depth, near the seabed. In Adventfjorden samples were taken at three

polygons: AF1 in the inner part of fjord around the river plume

border; AF2 and AF3 in the eastern and western sides of outer part of

the fjord, respectively. AF3 polygons was close to the city port area.

Sassenfjorden (SF) is a branch of Isfjorden next to

Adventfjorden. Several small rivers flow into SF from the south

and the north, and the large Sassenelva river from the south-east.

Two polygons were studied in SF: the outer part close to the

northern coast (SF1) and along the southern coast (SF2).

Tempelfjorden (TF) is a branch of the Isfjorden in the inner part

of Sassenfjorden (Figure 1). Numerous streams and the

Murdochelva River, which originates in the glaciers of Bünsow

Land, flow into the fjord. The sampling sites were located in the

outer fjord (TF1) and the inner part of the fjord (TF2), between the

Tunabreen glacier and Murdochelva River. There are no permanent

settlements in Sassenfjorden and Tempelfjorden.

According to typical cyclonic water circulation in the Isfjord

system (Skogseth et al., 2020), water will flow in the following

sequence for the stations being studied IF1 – AF3 – AF1 – AF2 –

SF2 – TF1 – TF2 – SF1 – IF2 (Figure 1). However, wind direction

can alter this circulation of the surface layer.
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Sampling was carried out on the boat Polarcirkel, equipped with

a manual winch. Each studied polygon consisted of 2-4 net transects

on the sea surface with simultaneous pumping of water from the

subsurface layer (for about 1 hour) and covered a certain area of

the fjord.

Microplastics floating on the sea surface were sampled using a

neuston net (40 x 60 cm opening, nylon material, mesh size 0.333 mm)

trawled across the sea surface at low vessel speed (2–3 knots) for

approximately 20-30 minutes. After trawling, the net was washed

externally with filtered seawater and the contents of the cod end

were rinsed with filtered water (0.45 μm filter) into a clean glass jar with

a lid. The jars with the suspensions were transferred to the NIVA

laboratory for further analysis. A calibrated flow meter General

Oceanics was used to measure the exact volume of filtered water per

sample, which varied in range 70–349 m3 (Supplementary Table S1).

Subsurface microplastics were collected by filtering seawater

using a flow-through system with a water intake located at a depth

of approximately 1.5 m on the left side of the boat. Subsurface

seawater was passed under pressure through stainless steel mesh

filter (100 μm pore size) within the filtration system. The system

consisted of first step water appliance protective systems and food
Frontiers in Marine Science 03
grade PVC pipes. The Decast Metronic flow meter integrated into

the system provided an accurate recording of the water volume for

each sample, which varied from 0.13 to 0.46 m3 per sample. After

sampling, filters were sealed in pre-rinsed 500 mL jars (with pre-

filtered 0.45 mm pore size water). The jars were stored until the

analysis in the onshore clean laboratory at NIVA.

In addition, during sampling, the water temperature was

continuously measured through a flow system at a depth of 1.5 m

using PyroScience optical sensor FireSting-PRO.
Sample handling and laboratory analysis

No processing of net samples was performed prior to analysis.

The collected suspension was washed with filtered water from jars

into a plastic basin for initial visual analysis (Lusher et al., 2020) for

the presence of microplastics (500 – 5000 μm) in the sample. After

visual sorting was completed, the sample was washed onto a metal

sieve with a mesh size of 500 μm for final inspection. For visual

sorting, a lamp with an illuminated magnifying glass was used.

Potential plastic particles were stored in Eppendorf tubes prior to
FIGURE 1

Study site. Upper panel: map of the Arctic Ocean currents (adapted from http://www.arcticportal.org) and a simplified map of Svalbard Archipelago.
Lower panel: map of Isfjorden; red squares represent studied polygons that consisted of 2-4 net transects on the sea surface (grey circles) with
simultaneous pumping of water from the subsurface. Currents inside Isfjorden are shown by arrows, modified from (Skogseth et al., 2020). Areas of
Longyearbyen city and Svalbard airport are marked on the map with red colour. AF, Adventfjorden; TF, Tempelfjorden.
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analysis at NIVA laboratory, where all particles were photographed

on graph paper, described (colour, shape), and size was measured

using INFINITY ANALYZE and CAPTURE software (length,

width and particle area). All particles were individually weighed

on a microbalance (Sartorius SE2-F) before the identification step.

Pump samples were processed in the clean NIVA laboratory to

remove organic matter with 10% KOH (24hr incubation at 40°C

and 100 rpm (Bråte et al., 2018)) in the same jars where the filters

were stored after sampling. The processed samples were filtered

onto 47 mm GF/A papers with 1.6 mm pore size. The filter with

material was immediately transferred to a petri dish and covered for

drying and further analysis. Visual sorting for the presence of

microplastics (100 – 5000 μm) in the sample was performed for

the entire filter area using a dissecting microscope Nikon SMZ745.

Potential plastic items were pictured, and size of items was

measured using Infinity 1-3C/INFINITY 1 Lumenera camera and

INFINITY ANALYZE and CAPTURE software.

Identification of chemical composition of all potential plastic items

selected under visual sorting was made using a Fourier Transform

Infrared spectroscopy (FT-IR) analysis on PerkinElmer Spotlight 400

FTIR. All particles weremeasured individually with Frontier ATR – for

surface samples and transmission μFTIR with DCC – for subsurface

samples. Measurements were obtained at 4 cm-1 spectral resolution for

the range 4000 to 600 cm-1. Library matching was performed in the

Spectrum 10 software (v. 10.6.2). Each spectrum was compared to

several different libraries available at the Norwegian Institute forWater

Research (NIVA): PerkinElmer ATR Polymers library, BASEMAN

library (Primpke et al., 2018), and several in-house libraries including

reference polymers, different textile materials, and potential sources of

laboratory contamination. All spectra were manually inspected (expert

knowledge) to ensure that all spectra showed characteristic peaks of

polymers and the library matches were acceptable (>0.8).
Quality assurance and quality control

To control and minimise external contamination, the following

steps were performed. The neuston net was rinsed from outside

with seawater before each sampling. All equipment including

filtration system, metal filters, glass jars, etc. were rinsed with pre-

filtered distilled water (0.45 μm) before use. GF/A filters were

checked under a microscope for contamination prior to use. The

samples and used equipment were covered where practically

possible with aluminium foil or glass to minimise periods of

exposure. Personal protective equipment, 100% cotton lab coats,

and gloves were worn during the whole processing procedure. All

procedures in the laboratory were conducted in a clean airflow

cabinet (Labculture LA2-5A1-E). The composition of all plastic

materials used during sampling and analysis was identified and

considered during analysis (material of the net, filtration system,

hoses, boat, laboratory equipment, clothes).

Field blanks for neuston net sampling method were performed in

triplicate by washing the net with cod end from outside followed by

analysis of cod end content filtered on GF/A filter. More than 50

textile fibres were found in each field blank but not fragments.
Frontiers in Marine Science 04
Therefore, textile fibres were excluded from the analysis of net

samples due to the challenges of controlling for this contamination

during field sampling. Technical fibres (solid lines, made of PE, PP

and PA, i.e. fishing lines or ropes originated frommaritime activities)

were included in the dataset. For control of airborne contamination

during sample processing and analysis, a wetted GF/A filter was

exposed in an open glass Petri dish close to the sample during

processing and analysed for foreign plastic particles. Given that no

contamination was observed within the target size range and

morphology, no data correction of net sample results was performed.

To control contamination during sampling and processing of

pump samples, four field blanks were taken (one per sampling day).

Specifically, field blanks were conducted in between sampling

stations using the same procedures as for sampling, with the

exception of seawater pumping while the filters were in the

filtration system. All blanks were processed and analysed for

microplastics in the same way as the samples including visual

sorting under microscope and FTIR analysis. A total of 8–10

fibres per field blank were found. No fragments were found in the

field blanks. All fibres detected in the blanks were confirmed as

cellulose and viscose with the exception of two acrylic and two

polyester fibres. Since all cellulose and viscose were excluded from

the data set (not presumed to be plastic), no data correction for

these items was needed. No similar acrylic and polyester fibres

(colour, size) were found in the corresponding samples, so no

correction was made. To assess the potential error in microplastic

analysis due to contamination, limits of detection and

quantification (LOD and LOQ) were calculated from blank

samples and compared to the number of items found

(Supplementary Figure S1; Alling, 2023).

To control the quality of the analysis, positive procedural

controls (recovery tests) were performed in the laboratory. In case

of net samples, a standard material of three polymers (polyethylene,

polypropylene, and polystyrene, in form of spheres and fragments,

size 500 – 3000 μm, 24 items) were added manually to the cod ends

containing some marine suspended matter. In case of pump

samples, a standard reference material in form of soda tablets

(Martı ́nez-Francés et al., 2023) containing three polymers

(polyethylene, polyvinylchloride, and polystyrene, 106 items, size

150 – 350 μm) were added to the 1L bottles containing suspended

material washed from the pump system filter (Alling, 2023; van

Bavel, 2022). This was performed in 3 replicates for each method to

ensure method validity. All analysis steps were followed according

to the field samples analysis, including visual sorting under

microscope and μFTIR measurements. Validation of method used

for particle extraction showed recovery rates 100% and 93% for net

and pump samples respectively and 100% correct polymer type

identification. The methods were deemed appropriate for

the investigation.
Data analysis

The Python 3 packages for data analysis (scipy, pandas) were

used to process the raw field data and calculate main statistics for
frontiersin.org
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datasets (mean, standard deviation, median, percentiles). Maps

were plotted with QGIS 3.28 geographic information system and

were edited with Inkscape graphics software. The Levene test was

applied to test the hypothesis that all input samples are from

populations with equal variances. The t-test for independent

samples was used to quantify the difference between the

arithmetic means of the samples in Adventfjorden.

Microplastics concentrations were calculated in different units,

in items/km2, items/m3 and mg/m3, so that they can be easily

compared with the results of other studies. Area covered with the

net transect was calculated in m2 and then converted to km2 with a

simple formula: Area   =   L�W , where L is a transect length and

W is the net opening width (60 cm). The volume of the filtered

water (V) was then calculated taking that 20 cm (H) of the net

opening was submerged: V = L�H. Concentrations were also

calculated for different size ranges 100 – 300 μm, 300 – 1000 μm,

1000 – 5000 μm (Supplementary Table S2) and separate for

fragments and fibres for subsurface samples (Table 1). LOD and

LOQ were calculated as the mean number of microplastics in the

blanks + 3 and 10 x standard deviation, respectively.

According to (Kukulka et al., 2012) turbulent downward flux of

plastic pieces is significant for moderate wind conditions (>5 m/s).

During sampling in Isfjorden, the weather was calm with wind

speeds of 0 – 7 m/s in the open part and <4 m/s in the inner parts of

the fjord. Wave heights were less than 10 – 20 cm and the resulting

vertical mixing was expected to be limited. Therefore, no correction

of surface microplastic concentration for influence of vertical

mixing was made.
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Particles from subsurface layer are much lower in size than from

surface layer and it is impossible to weight them. Therefore, the

mass of subsurface microplastics was estimated based on the

polymer density and volume of every particle, assuming that all

items are ellipsoid cylinders with measured length and width, and

the items thickness was calculated as a function of the width

depending on size fraction (Alling, 2023).
Results

Net samples (sea surface)

Microplastics were found in 11 of 29 net samples. Eighteen net

samples were free from microplastics. In total, 143 microplastic

particles in size range 500 – 5000 μm confirmed by FTIR analysis

were found in the net samples. The most of the microplastic items

were identified as polyethylene (PE, 67.8%) followed by

polypropylene (PP,16.1%), expanded polystyrene (EPS, 14.7%),

polyamide (PA, 0.7%) and polyvinyl chloride (PVC, 0.7%)

(Figure 2). The majority of found items were fragments (95%),

only 7 technical fibres (solid lines) were found in Adventfjorden.

Microplastic abundance in the studied area varied from 0 to

71,400 items/km2 per transect (0 – 33 particles, see more details in

Supplementary Table S1; see Table 1 for concentration in volume

units). No microplastics were found in inner and outer

Tempelfjorden, northern Isfjorden and southern Sassenfjorden

(TF1, TF2, IF1, SF2). Microplastics were found in one of three
TABLE 1 Average abundance and mass concentration of microplastics for studied sites.

Site

Surface* Subsurface**

Abundance,
items/m3

Mass concentration,
mg/m3

Abundance,
items/m3

Mass concentration,
mg/m3

AF1
0.19 ± 0.12

(0.16; 0.08; 0.36; 0.17)
0.19 ± 0.04

(0.22; 0.21; 0.16; 0.16)
15.8

(7.9; 7.9)
0.008

(0.007; 0.002)

AF2
0.024 ± 0.013

(0.011; 0.037; 0.025)
0.038 ± 0.021

(0.019; 0.049; 0.059)
34.3

(25.7; 8.6)
0.12

(0.118; 0.002)

AF3
0.047 ± 0.015
(0.037; 0.058)

0.072 ± 0.034
(0.048; 0.096)

76.2
(47.6; 28.6)

0.11
(0.10; 0.01)

IF1
0.016 ± 0.028
(0.049; 0; 0)

0.018 ± 0.030
(0.053; 0; 0)

118.1
(47.2; 70.9)

0.70
(0.67; 0.03)

IF2 0 0
75.5

(23.6; 51.9)
0.079

(0.056; 0.023)

SF1
0.006 ± 0.010
(0.018; 0; 0)

0.012 ± 0.020
(0.035; 0; 0)

19.9
(3.3; 28.4)

0.016
(0.011; 0.005)

SF2 0 0
56.7

(28.4; 28.4)
0.18

(0.17; 0.005)

TF1 0 0
13.0

(4.3; 8.6)
0.006

(0.002; 0.004)

TF2 0 0
15.1

(6.5; 8.7)
0.011

(0.002; 0.009)
*Results of individual net transects are presented in parentheses.
**Fragments and fibers concentrations are presented in parentheses.
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transects in northern Sassenfjorden (SF1) and southern Isfjorden

(IF1), 4 and 12 particles were found respectively, that resulted in

average MPs abundance for three transects 1200 for SF1 and 3300

items/km2 for IF1 polygons. In Adventfjorden (AF) microplastics

were found in all transects with a maximum in the inner part of AF

at the very defined border of the river plume (16,800 – 71,400 items/

km2, Figure 3). This resulted in an average surface microplastics

concentration for inner part of Adventfjorden (AF1) 38,300 items/

km2. Five different polymer types were found at station AF1: PE, PP,

EPS, PA, and PVC that was the highest diversity in the studied area.

In the outer part of AF 4 – 8 times less concentrations were found,

average was 4800 items/km2 in the eastern part (AF2) and 9400

items/km2 in the western part (AF3).

Distribution of MPs mass concentrations followed the same

tendency as for MPs abundance varying between 31.1 – 44.0, 3.8 –

11.7, 9.6 – 19.2, 0 – 10.5 and 0 – 7.0 mg/km2 with average 37.2, 7.6,

14.4, 3.5 and 2.3 mg/km2 for AF1, AF2, AF3, IF1, and SF1,

respectively (see Table 1 for concentration in volume units). In

most cases the ratio between mass concentration and abundance

was above 1 ranging from 1 to 2.5 except for one net transect at AF1

where the ratio dropped down to 0.4 – transect at the river plume

border, which had maximum MPs abundance. This was a result of

difference in particle size at this transect in comparison with all

other transects: 2.1 ± 1.8 mm2 and 4.7 ± 1.3 mm2 for particles area

(2D dimension), respectively. However, no significant difference in
Frontiers in Marine Science 06
the average particle area was found for the studied polygons

according to t-test (p > 0.05) (Figure 2).
Pump samples (subsurface)

Totally, 310 potential plastic particles in size range 100 – 5000 μm

were found under visual analysis in 9 samples of subsurface water.

Only 101 were confirmed to be plastic after FTIR analysis ranging

from 4 to 19 particles per sample (see details in Supplementary Table

S1). 47% of items were represented by fragments and 53% – by fibres

(Figure 4). The majority of the microplastic items were identified as

polyethylene terephthalate (PET, 25.7%) followed by polyamide (PA,

19.8%), polyethylene (PE, 16.8%) polypropylene (PP,15.8%),

polyacrylic (Acryl, 12.9%), polystyrene (PS, 5.0%), and polyvinyl

chloride (PVC, 1%), polytetrafluoroethylene (PTFE, 1%), ethylene

propylene (Other, 1%), polymethyl methacrylate (Other,

1%) (Figure 4).

Microplastics in subsurface layer were observed at all studied

sites. The number of items found ranged from 4 to 16 per sample,

which was above the LOD value for all samples but below the LOQ

for four samples (AF1, SF1, TF1 and TF2). The abundance varied

from 12.9 to 118.1 items/m3 and mass concentration – from 0.007

to 0.70 mg/m3 (Table 1; Figure 4). Minimum number of MPs was

found in the inner parts of fjords, at AF1, TF1, TF2 and in the
FIGURE 3

Abundance of surface microplastics (black dots, items/km2) at each net transect (coloured lines representing temperature) in Adventfjorden (left) and
river plume border during sampling in Adventfjorden (right, Longyearbyen view).
FIGURE 2

Microplastic polymer composition (left) and size (particles area, right) on the sea surface (net samples) at different polygons (size range 500 – 5000 µm).
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northern part of Sassenfjorden at SF1 (13.0 – 19.9 items/m3, 0.006 –

0.016 mg/m3). These stations were characterized by the lowest

diversity of polymer types of microplastics in the samples (3 – 4

types). Maximum abundance of MPs was found at two stations in

central part of Isfjorden followed by Adventfjorden outer part and

southern part of Sassenfjorden, 118.1, 75.5, 76.2, and 56.7 items/m3

at IF1, IF2, AF3, and SF2 respectively. Mass concentration had a

maximum at southern station in Isfjorden, IF1, 0.70 mg/m3 and

varied between 0.08 – 0.16 mg/m3 at stations IF2, AF2, AF3 and

SF2. The highest diversity of polymer types was found in the

southern part of outer Adventfjorden, AF3 (8 types, Figure 4).

Fragments were most abundant in outer Adventfjorden, 75% and

62.5% for AF2 and AF3 respectively, decreasing to 50% at AF1 and

SF2. Fibers dominated at all other stations, IF1, IF2, SF1, TF1,

TF2 (Figure 4).
Discussion

Microplastics on the sea surface

During the sampling period, there were two opposing water

flows in Adventfjorden: high saline water inflow to the fjord driven

by WSW wind, which was preferable in June, and an intensive

freshwater discharge from Adventselva and Longyearelva rivers in

the inner part of the fjord (Table 2). Looking for the shorter time

period, WSW wind was observed during six days before sampling
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(92% of time and 8% – no wind) that allowed to form well defined

river plume border (Table 2; Figure 3). Such borders act as an

accumulation spot for all floating items in the ocean (Malli et al.,

2022). Sampling for surface microplastics at AF1 was performed

along the river plume border and resulted in the highest

concentration of microplastics (up to 71,400 items/km2) as well

as the greatest diversity of polymer types found in the studied area

(t-test, p=0.01). During our studies in summer 2021, carried out

using exactly the same methods (Pakhomova et al., 2024), SWS-SW

wind was observed 67% of time during six days before sampling

while other 33% there was SES wind. As a result, the river plume in

Adventfjorden was not well defined, leading to a different spatial

distribution of microplastics in Adventfjorden and lower

concentrations (Pakhomova et al., 2024). This highlights the

significance of small-scale hydrodynamics to microplastic

transfer, distribution and to the formation of microplastics

accumulation hotspots.

Microplastic concentrations in Adventfjorden in 2022 (average

20,800 items/km2) are for the second year the highest observed in

our previous studies using the same methods for the open ocean in

the Eurasian Arctic, the open Central Atlantic and Northwest

Pacific (average 1000–8800 items/km2; Supplementary Table S3

(Berezina et al., 2023; Pakhomova, 2023; Yakushev et al., 2021;

Zhdanov et al., 2023; Zhdanov and Polivanova, 2024)). This may

indicate a possible accumulation of microplastics in the fjord.

Microplastics from different sources can be accumulated at plume

border in Adventfjorden: transport from the North Atlantic, port
FIGURE 4

Microplastic’s polymer composition (A), morphology (B), size (C) and concentration (D) in subsurface layer (pump samples) at different stations (size
range 100 – 5000 µm).
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and tourist activities, coastal and river discharge with Longyearelva,

which flows through the city. The existing data set does not allow to

make any conclusion about the main source of microplastics in

Adventfjorden, while presence of EPS only in samples from

Advenfjorden can justify that it is of local origin.

According to the typical water circulation in Adventfjorden,

station AF3 reflects microplastics inflow into Adventsfjorden, but

may also be affected by local port activity. Station AF2 represents

the outflow of microplastics from Adventfjorden. Concentration of

microplastics at station AF3 was twice higher than at station AF2.

The result supposes that under observed hydrodynamical

conditions the main part of microplastics could remain inside

Adventfjorden. Particles after some time may settle to the bottom

or wash ashore on the east coast of the fjord under the influence of

the SWS wind, which prevails in the fjord and is perpendicular to

the east coast (Table 2). In case of more southern wind or variable

wind direction in Adventfjorden, particles can be transported

further to Sassenfjorden and Tempelfjorden and accumulate there

under W-WNW wind, as was observed in 2021 (Table 2;

Pakhomova et al., 2024).

Higher concentration of microplastics in Adventfjorden, as well

as more frequent occurrence (100% of stations against 66%) in 2022

compared to 2021 can be a result of higher ships and tourist

activities in 2022 (Table 2). In 2021 restrictions after the Covid –

19 were still valid and cruise ships were not allowed to enter

Isfjorden. This resulted in a smaller number of tourists in

Longyearbyen and a smaller number of ships, cruise and fishing,

in the Barents Sea and near Svalbard in 2021 (Table 2). This

difference in tourism/shipping activity in 2021 and 2022 was very

noticeable (10–100 times), while the difference in surface

microplastic concentrations was less pronounced (average 1.6

times in abundance and 1.9 in mass). This may suggest the

higher importance of local sources of surface microplastics in

Adventfjorden than maritime activity and long-range transport.

Floating microplastics were found only at two stations outside

Advenfjorden – southern station in Isfjorden and northern station

in Sassenfjorden. Occurrence of microplastics at these sites was

lower than in Adventfjorden, (33%, 1 of 3 transects), and the

concentration was also lower (Table 1). Microplastics found at

station IF1 can indicate that there is long-range transport of

microplastics to the Isfjorden from North Atlantic as Isfjorden

has cyclonic circulation and waters at this station are not affected by

local sources of MPs from Longyearbyen city. Presence of

microplastics at station SF1 can be the result of both local sources

(Longyearbyen) and long-range transport. Obtained data for

polymer composition of microplastics at SF1 do not allow to

make more precise conclusion here as found particles were made

of PE only, which was found at all studied locations.

Absence of surface microplastics in Tempelfjorden can be

explained by two factors working simultaneously: SE-ESE wind

and intensive river discharge. ESE wind promoted the spreading of

rivers plumes for the whole area of Sassenfjorden and

Tempelfjorden, preventing any particles from floating into the

fjord from the outside (Table 2). All these rivers float through

unpopulated areas and seem to be free of microplastics. The same

situation was observed for the southern part of Sassenfjorden, at
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station SF2 – inflow of many rivers into Isfjorden between

Andventfjorden and Sassenfjorden worked as a barrier for the

transfer of the floating particles into the southern part of

Sassenfjorden (Table 2).

No floating microplastics were found at station IF2, in waters

flowing out from Isfjorden, which could mean that the majority of

microplastics remain in the Isford system.
Microplastics in the subsurface layer

Spatial distribution, concentrations, and characteristics of

microplastics found on the sea surface and in subsurface waters

differed significantly (p < 0.01 for abundance and particle area).

Maximum concentration of surface microplastics was found in the

inner Adventfjorden (AF1) while there was observed minimum

concentration for the subsurface microplastics there. The lowest

concentrations of subsurface microplastics were also found in the

northern Sassenfjorden (SF1) and in Tempelfjorden (TF1 and TF2).

These four stations were also characterized by the lowest diversity of

found polymer types. Sampling at all these locations was carried out

in the river plume waters (Figure 1; Supplementary Table S1). Given

that the amount of microplastics detected at these four stations was

below the limit of quantification (LOQ), it is possible that the

detected microplastics were artifacts of contamination during

sampling and analysis. Therefore, it can be inferred that the river

water was transporting microplastic-free water into the fjords.

The highest diversity of polymers, together with the highest

proportion of fragments, was observed at station AF3, closest to the

port area, which appears to be a significant source of microplastics

here. Abundance of microplastics at AF2 was twice as small as at

AF3 that can indicate that some part of subsurface microplastics

remains in Adventfjorden as it was found for surface microplastics.

The polymer composition of subsurface microplastics detected at

stations AF2 and SF2 was identical; however, the concentration at

SF2 was twice as high as in Adventfjorden. This suggests that

subsurface microplastics were transported from Adventfjorden to

the southern part of Sassenfjorden. Wastewater discharge point that

located close to AF2 may be the primary source of microplastics at

SF2, as currents transport them along the coast from Adventfjorden

to Sassenfjorden (Herzke et al., 2021), where they encounter the

opposing current of the Sassenelva River. The continuous input of

microplastics from wastewater discharge may explain why station

SF2 is the only river plume station with microplastic concentrations

above the LOQ.

The highest concentration of subsurface microplastics was

found in the central part of Isfjorden. The observed distribution

of subsurface microplastics indicates that Adventfjorden is not the

main source of this type of microplastics in the Isfjorden system and

that it is located outside Isfjorden – the water from North Atlantic.

It was shown that microplastics in the subsurface layer could be

transported easily over long distances (Pakhomova et al., 2022; van

Sebille et al., 2020). Cruise ships may play a significant role in

introducing high concentrations of microplastics into Isfjorden as

they can discharge a lot of microplastics with grey waters (Peng

et al., 2022). It is forbidden to discharge grey waters in the fjords,
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TABLE 2 Microplastic abundance, hydrodynamical conditions and maritime/tourist activity in June 2021 and 2022 in studied area.

2021 2022

Average surface MPs abundance in
Adventfjord (min – max), items/km2

13,300
(0 – 32,000)

20,800
(2,200 – 71,400)

Wind*

Adventfjord
Svalbard Lufthavn SN99840

Sassenfjord
Nedre Sassendalen SN99882

River discharge**

Adventfjord

Sassenfjord and Tempelfjord

Maritime / tourist activity

Maritime traffic in Isfjorden ***

Cruise ships operational hours (>5000 GT) in the Barents Sea*** 1579 (98) 20085 (11175)

Tourist activity (arrivals in Svalbard)**** 1309 9182
F
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Data were taken for June 2021 and 2022 from: *seklima.met.no; **dataspace.copernicus.eu; ***www.havbase.no; **** www.ssb.no.
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and it must be done in open waters. But if grey water discharge

occurs to the south of Svalbard, the currents can bring these waters

to the fjords. The suggestion that the main source of subsurface

microplastics is shipping activities may be confirmed by

comparison of results of studies in 2021 and 2022. Abundance of

subsurface microplastics in 2022 is 5 times higher than in 2021, that

is in line with intensity of shipping activity in these years (Table 2).

Comparison of subsurface microplastics at stations IF1 and IF2

representing incoming and outcoming microplastics into the Isfjord

system shows that 36% of microplastics by abundance and 89% by

mass concentration may remain inside the Isfjord system.
Comparison of microplastics on the sea
surface and in subsurface layer

Since the surface and subsurface samples were collected using

different methods, the same size fraction and morphology of the

items will be considered in this section for correct comparison in

details: 500 – 5000 μm size fraction, without textile fibers in the

dataset, concentration in volume units (Figure 5). The spatial

distribution of surface and subsurface microplastics clearly shows

that the mechanism of transport of these two types of microplastics

differs. Movement of surface microplastics is driven mainly by wind

while subsurface microplastics – by currents. Formation of

accumulation zones is typical for surface microplastics but not for
Frontiers in Marine Science 10
subsurface (Pakhomova et al., 2022; Zhdanov et al., 2023).

Abundance of surface microplastics is lower than subsurface by

two orders of magnitude (p < 0.005). However, mass concentration

on the surface is higher by one order of magnitude than for

subsurface microplastics. The items found in the subsurface layer

are smaller than those floating on the surface even in the same size

fraction. Polymer composition also differs as mainly items with

positive buoyancy are found on the sea surface and with both
FIGURE 5

Characteristics of surface and subsurface microplastics (size range 500 – 5000 µm, no textile fibres): spatial distribution in Isfjorden (A; B); particle’s
area and polymer composition (C); abundance and mass concentration in Adventfjorden (D).
TABLE 3 Comparison of the characteristics of microplastics floating on
sea surface and in subsurface layer.

Surface MPs
(sea surface)

Subsurface MPs
(1.5 m depth)

items with positive buoyancy
mainly (99%)

items with both negative and
positive buoyancy

lower abundance but higher size
and mass

higher abundance but lower size
and mass

patchy distribution on the sea surface
(found at 38% of stations)

more uniform distribution (found at
100% of stations)

formation of accumulation zones no accumulation zones

spatial distribution and transport are
affected by wind, wind driven currents
and waves;
may end up on the shore.

is easily transported from sources to
long distances by currents;
subsurface turbulence is probably the
main process that keep MPs in the
near-surface (upper mixed) layer of
the water column.
frontiersin.org

https://doi.org/10.3389/fmars.2024.1392680
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Pakhomova et al. 10.3389/fmars.2024.1392680
positive and negative buoyancy – in the upper water column. The

found features of surface and subsurface microplastics are

summarized in Table 3. These differences have also been found for

the open sea waters of the Eurasian Arctic and Central Atlantic

(Yakushev et al., 2021; Zhdanov et al., 2023).

Therefore, surface and subsurface microplastics differ

significantly in a number of properties and, apparently, they

should be considered as two independent groups of microplastics

that may have different sources, and their distribution is driven by

different hydrophysical processes.

Despite the difference in characteristics of these two types of

microplastics in the Isfjord system, there were some similarities for

the Isfjord system. It was found that less microplastics flow out of fjords

than enters. River plumes affect the distribution of both types of

microplastics by redistribution and decreasing their concentration.
Role of Arctic coastal zone in microplastic
cycle in the ocean

The absence of surface microplastic in river plume water in

Isfjorden suggest that rivers in the studied regions are free of

microplastics. The results may suggest that Arctic rivers flowing

through unpopulated areas bring clean water and thereby reducing

level of microplastic pollution in coastal waters. This can be true for

big size fraction of microplastics (>100 – 300 μm), while

concentration of small sized microplastics that can be transferred

by the air can be high in Arctic rivers as for some other

contaminants (Evangeliou et al., 2020).

Taking into account that high amount of plastic litter was found on

many islands in the Arctic (Bergmann et al., 2022; Ershova et al., 2024;

Vesman et al., 2020), the fact that fjords accumulate floating/suspended

items (Bianchi et al., 2020; Harris, 2020) and the findings of this study

that more microplastics is coming into fjords than it comes out, we can

suppose that Arctic islands are a dead end for floating plastics.

In this way, the coastal zone of the Arctic, including on the

islands, is an important site for the global cycle of microplastics in

the ocean, as it is both a recipient of microplastics transported here

from distant sources and a supplier of clean water with Arctic rivers.

Further studies are needed to understand the fate of microplastics in

Arctic coastal sediments and beaches, and to quantify the Arctic’s

role in clearing microplastics from the World Oceans.
Conclusions

The present study of the fate of microplastics in Svalbard coastal

waters can be considered as a model study for understanding

microplastic behaviour across the other Arctic islands. Svalbard,

like much of the Arctic coast, is characterized by rivers largely free

of anthropogenic pollution near their mouths and small, scarce

settlements primarily engaged in port activities and shipping. At the

same time Atlantic waters bring microplastics through long

distances to both Svalbard and other Arctic islands. Based on
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these observations, it is reasonable to suggest that the findings

from Svalbard might apply broadly across the Arctic. Specifically:
• Arctic rivers flowing through unpopulated areas bring clean

water and thereby reduce level of microplastic pollution in

the coastal waters;

• Coastal areas, especially fjords, in the Arctic may act as final

repositories for floating plastics;

• Both long-range transport of microplastics and local

sources are important in the Arctic;

• There are clear differences in sources and behaviour of

surface and subsurface microplastics;

• Hydrophysical conditions varying in time and space play a

crucial role in the formation of microplastic hotspots, which

may limit the robustness of sporadic observations in

assessing microplastic pollution in the Arctic.
Furthermore, the data collected during these studies showed

that processes in the Arctic coastal zone are of great importance for

the microplastic cycle and need to be taken into account in

mathematical models to correctly predict the future dynamics of

plastic pollution in the Arctic.
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