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ARTICLE INFO ABSTRACT
Editor: Damia Barcel6 Microplastic research has reached a point where microplastics (MPs) have been found in virtually every envi-
ronment studied. However, MP studies of freshwater ice are scarce, and the winter dynamics of MPs are less
Keywords: understood. Measuring MPs from one-year freshwater ice samples can aid understanding seasonal MP fluxes in
Plastic pollution freshwater systems. In this study we explored the same four sites close to urban/suburban areas over four

FTIR-imaging
Sedimentation
Microplastic flux

subsequent years. We collected a total of 48 ice samples across all the years and sites with an average sample
volume of 2.9 to 5.0 L of liquid water. In addition, we sampled an annually laminated section of bottom sedi-
ments representing these four years in seasonal resolution. MP concentrations varied considerably between years
and samples, being 1-44 MPs/L in all the ice samples. The MPs found in ice were small with a mean (+ average)
size of 142 £+ 177 pm. In total, 9 different polymer types were identified: the most common types being poly-
propylene, polyethylene and polyethylene terephthalate. We found that MPs accumulate to one-year freshwater
ice, because the MP concentrations found from ice are one to two orders of magnitude higher than concentrations
from surfaces waters in the same area. This further confirms that ice acts as a temporal repository for MPs in the
aquatic freshwater systems. Our study also indicates that the properties of MPs were relatively similar in all sites
around the city. The accumulation of MPs in sediments was highest during the spring flood periods, when MPs
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were released from the ice and snow at the catchment area of the sediment samples. We highlight the importance
of monitoring to collect representative MP data from various environmental compartments.

1. Introduction

Microplastics (MPs) are defined as 1-5000 pm synthetic polymer
particles, insoluble in water at 20 °C (GESAMP, 2016; Hartmann et al.,
2019). MPs have been studied extensively during the past few years, and
they exist in every environment studied. Yet, freshwater systems, espe-
cially freshwater ice, are under reported, even though these systems at
boreal and arctic climate zones are covered in ice for several months a
year. While winter conditions largely control the transport and avail-
ability of both natural materials (Ojala et al., 2013; Saarni et al., 2017)
and pollutants into the lake systems (Saarni et al., 2023; Zhao et al.,
2014), the conditions between winters greatly vary in boreal regions.
While climate change is expected to cause large changes especially in
winter conditions (Calvin et al., 2023), it is critical to describe MP dy-
namics during altering winter conditions at the boreal to arctic regions
described by seasonal snow accumulation and ice formation. Data on MP
accumulation in lake ice covers and on the origin of this accumulation (i.
e., deposition from air or water) is lacking. This knowledge gap in the
winter dynamics of microplastics needs assessing to better understand
the possible ecological and environmental effects. In this study we give
temporal information on the accumulation of plastics into different
matrices; thus, providing knowledge on timing and what kind of
microplastic fluxes different ecological niches will encounter. For
example, a sudden burst of microplastics released from ice at the start of
the growing season might have effects on the aquatic biota.

MP studies of freshwater ice are scarce, as current studies only
include Lakes Baikal and Vesijarvi (Karnaukhov et al., 2022; Scopetani
et al., 2019). Also, MPs from the ice of rivers Songhua and Majiagou in
China have been studied (Chen et al., 2024). More marine ice studies
exist, including on Japan (Chubarenko et al., 2022), Gulf of Bothnia
(Geilfus et al., 2019), and the Arctic sea (Peeken et al., 2018). To our
knowledge, no published multiyear MP studies for marine or freshwater
ice exist. Furthermore, this is the first study combining MP ice moni-
toring data with the winter conditions related to simultaneous MP
accumulation in sediments within seasonal resolution. Regardless of the
environment, it is known that MP concentrations are several magnitudes
higher in ice compared to water. Moreover, MP abundance in snow has
been reported to be magnitudes higher compared to ice (Scopetani et al.,
2019).

Atmospheric deposition of MPs is an important route of MP accu-
mulation in the environment, as MPs can travel up to tens of kilometers
by air (Allen et al., 2019; GoBmann et al., 2023). Thus, we suspect that
atmospheric deposition is also a key factor when studying MP concen-
tration in lake ice. Investigating the significance of atmospheric fall out
of microplastics is very critical to assess the total microplastic budgets of
lake systems, in future. In addition, melting of snow cover influences the
MP amounts accumulating in sediment. We conduct this study to further
explore whether MPs accumulate to the ice layer of the studied lake and
what are the properties of given particles. Moreover, we examine
possible patterns and differences between sampling years and sites. On
one of the sites, we also explore whether MPs concentrate to sediments
after the winter season and compare the MP signatures between these
two compartments.

We aim to give further insight on the transport and distribution
mechanisms of plastics in the studied lake, by comparing ice and sedi-
ment data to previously collected data from the surface waters and fish
of the same lake and sampling sites (Uurasjarvi et al., 2020, 2021).

2. Materials and methods
2.1. Area of study

Lake Kallavesi is a northern freshwater lake near Kuopio city (pop-
ulation ca. 120,000). Lake Kallavesi has an area of 48,000 ha and a mean
depth of 9.65 m; the deepest point is 75 m (Jarvi-Meri Wiki, 2022). This
lake is covered in ice for several months annually; 138 days is the mean
number of frozen days per winter season in the 21st century. The period
this lake is covered in ice yearly has been constantly decreasing. The
mean of frozen days in the 19th century was 177; in the 20th century, it
was 162.

During 2020-2023, each spring, we collected ice samples from four
different sites around Kuopio city (Fig. 1, Table 1). The sites chosen for
this study are Harbor, Shallow bay, Snow dump site, and Open lake.
Harbor has a runoff stream that discharges close to the sampling loca-
tion. Shallow bay is a site located near the University and University
hospital. Snow dump site sampling location is located next to the city's
snow dump, where up to 300,000 cubic meters of snow is dumped each
winter season. Open lake site is located further away from densely
populated areas, approximately 500 m of the shore.

2.2. Ice sampling

Utilizing a battery-powered chainsaw, a manual ice saw, and battery-
powered auger, we extracted the pieces. Using two sets of log grabbers
among other steel tools, we lifted the floating pieces of ice from the
water. On top of the ice cover, we used the chainsaw to remove the
cloudy top layer of ice. This was done to make the samples more com-
parable to each other. We cut the remaining pieces into three equally
sized pieces, which we further sawed down to fit into three different
stainless-steel containers (Fig. S1). In 2023, we modified the sampling
slightly and fit as much ice as possible into one 20-L steel container on
each site (Fig. S2). From these 20-L containers, we conducted sub-
sampling in the laboratory by dividing each sample volume into three
roughly equal sized subsamples. We could thus streamline the sampling
process and minimize contamination during sampling and sample pre-
treatment.

2.3. Sediment sampling

An HTH-type gravity corer (core tube diameter 5.2 cm) was used to
collect a sediment sample with an intact water sediment interface at the
deepest part of 10 m of the Maljalahti basin (Harbor). The PVC core tube
with diameter of 3.8 cm was used to collect a sediment core from inside
the HTH-core tube to allow core splitting and investigation of detailed
sediment structure. The PVC core tube was cut in two halves using a
circular saw. The annually laminated structures of the sediments (var-
ves) were photographed (Fig. 2) and thickness of each individual lamina
was measured from the photograph using Image J image analysis soft-
ware. The measurements were repeated three times, and the calculated
mean thickness of each lamina is used to report seasonal linear sedi-
mentation rate (LSR). The minerogenic layer represents spring and is
formed rapidly due to erosion at the catchment caused by spring floods
as a result of melting of snow (Ojala et al., 2013; Johansson et al., 2019;
Fig. 2). The accumulation of biogenic matter occurs during the growing
season resulting in a black lamina (Fig. 2). A marker horizon, the 2 cm
thick clayey layer, caused by the dredging at the harbor area during
winter 2019, was used to verify the sediment chronology in addition to
varve counting.

The subsampling in seasonal resolution was carried out using scalpel
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along the boundaries between seasonal laminations. Spring flood layers
were separated from growing season layers and collected in the pre-
washed and muffled crucibles instantly covered by foil. The seasonal
samples were freeze dried and weighed.

2.4. Pre-treatment

The ice samples were left to thaw in a 50 °C oven for 24 h, after which
they were filtrated on stainless-steel filters (mesh size 20 pm). The
sample volumes were measured from the filtrated volumes of water, and
these volumes were used when calculating the results. After filtration
the filters were treated with 50 mL of HyO5 (>30 % v/v) for 24 h to break
down possible organic matter in the samples. In addition, density sep-
aration was used to separate inorganic matter from the 2020-2022
samples. The density separation was done with sodium polytungstate
solution (density 1.8 g cm™°) in separation funnels lasting 24 h. After
these treatments the samples were filtered on silver membrane filters
(Sterlitech Silver Membrane, mesh size 5.0 pm). Density separation was
not used for the 2023 samples as it was deemed unnecessary.

The freeze-dried sediment samples were pretreated following the
heavy liquid protocol described by Saarni et al. (2021) to separate MPs
from sediment matrix. In short, three repeated treatments including
heavy liquid (density 2.0 g cm ™), centrifugation (3000 rpm for 12 min)
and filtering (aluminum filters with 20 pm mesh size) were performed.
Thereafter, the samples were treated with the enzymatic treatment
described by Loder et al. (2017) and with fenton reaction as described by
Dimante-Deimantovica et al. (2022). Methodological blank samples
were treated parallel to the sediment samples through every step. The
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treated samples were stored in pre-filtered 70 % ETAX solution for
transport.

After all the pre-treatment steps the sediment samples still contained
a lot of chitin and black, most likely carbon, particles. Filtration trough
stainless-steel filter (pore size 50 pm) was deemed necessary to get
presentable samples. After this filtration the final filtration on silver
membrane filters was performed.

2.5. Contamination precautions and quality control

In the laboratory, only stainless-steel or glassware was used. Every
instrument and filter, except the silver filters, were rinsed twice with
ultrapure water before use. All the treatment steps were done in a fume
hood when possible. In 2023 with the larger 20-L containers the sub-
samples had to be poured to large beakers outside the fume hood. Before
sampling all the sample containers were washed with soap and tap water
and rinsed carefully with tap water. No chain oil was ever used in the
chainsaw, nor was it ever used in any other application.

Blank samples were prepared in the lab similarly to ice samples.
Three 3-L containers were first thoroughly washed with tap water and
soap and rinsed with ultrapure water. 100 mL of ultrapure water was
then used as the blank sample and treated the same way as the
2020-2022 samples. From three blank samples we detected in total of 6
PP, 3 PE, and 2 PMMA particles. From which the limit of detection (LoD)
was calculated as:

LoD = Mean + SD*3 = 3.7 +2.4*3 =10.9

Three recovery samples were prepared using polystyrene beads

0 300 600 900 km
sareer|| [ NN N
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© Google Maps 2024
© OSM Contributors 2024

Fig. 1. Locations of all four sampling sites around Kuopio city.
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(NIST Traceable Size Standards, 100 pm) by counting 40 to 55 beads to a
petri dish. The beads were in 20 pcs/mL solution, hence approximately
2 mL of solution was pipetted per sample. After counting, the beads were
filtrated on 20 pm mesh size stainless-steel filters and treated the same
way as ice samples (HyO, and density separation steps). The mean re-
covery rate was 23.6 + 1.3 %. The reasons why the recovery rate was so
low are lacking. Nevertheless, these samples represent only one size,
shape, and polymer type of a particle and cannot be extrapolated to real
MP particles found in the environment.

The sediment samples were subjected to contamination caused by
PVC core tube, and hence all PVC particles were removed from the
sediment data. However, this does not compromise our data set, because
limited number of PVC materials in general are found and described
from sediment records.

2.6. FTIR and data analysis

Fourier-transform infrared (FTIR) spectral maps were measured with
an Agilent Cary 670/620 imaging FTIR spectrometer equipped with 128
x 128 focal plane array (FPA) detector. The whole filter area of 12 mm
in radius was measured in reflection mode using 15x cassegrain
objective, 8 em! spectral resolution, 4 scans, 3800-800 em™! spectral
range, and 5.5 pm pixel resolution. For analyzing spectra data siMPle
software (Primpke et al., 2020) was used. The reference spectra used
was compiled of siMPle provided and in-house spectra (Uurasjarvi et al.,
2021). Reference spectra included the following plastic polymers:
acrylonitrile butadiene styrene (ABS), polyamide (PA), polyacrylonitrile
(PAN), polyethylene (PE), polymethyl methacrylate (PMMA), poly-
propylene (PP), polyethylene terephthalate (PET), polystyrene (PS),
polyvinyl chloride (PVC) and polyurethane (PU). In addition to plastic
polymers, also organic polymers such as proteins and wool were
included in the reference material. In total 43 different spectra were
used, from which 30 were from synthetic polymers and 13 from natural
polymers. Different threshold values were assigned for the classification
of different polymer types in siMPle similarly to Soininen et al. (2024).
For most polymers, a threshold of 0.6 was used, were as for PS it was
0.55 and for PE 0.7.

3. Results
3.1. Ice sample results

Mean MP concentrations were 3-25 MPs/L of water (Fig. 3). Mean
concentration across all 48 samples was 14 + 8 MPs/L. Highest annual

mean concentrations were observed in 2020 (21 MPs/L) and lowest in

Table 1
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2021 (9 MPs/L) (Fig. 4). Mean concentration on each site across all years
was 11-15 MPs/L (Fig. 4). On Open lake site the mean concentration
across all years was the lowest (11 MPs/L). On the other three sites, the
mean annual concentrations were similar.

The size of the particles did not differ from year to year (Fig. 5), with
the median size for each year being around 100 pm. Main polymer types
were also the same for each year, with PP, PE and PET being the most
common types (Fig. 6). There were also small portions of other polymer
types in each sample set. In this study we did not categorize the particles
into different colors or morphological groups, as the analysis method
used is not suitable for detecting fibers reliably (Uurasjarvi et al., 2021).

Correlation coefficients were calculated for 8 different variables
(Fig. 7). These correlations were calculated between all 48 samples.
Most notable correlations detected were strong positive correlation be-
tween sample thickness and temperature (0.81). Moreover, moderate
negative correlation between ice thickness and MP concentration
(—0.47) and Snow depth and MP concentration (—0.4) were detected.
Also, moderate positive correlation was found between sample thickness
and MP concentration (0.49) and between mean temperature and MP
concentration (0.56). Correlation coefficient of 0.97 between ice thick-
ness and snow depth is caused by snow melting on top of ice and forming
new cloudy ice.

3.2. Sediment results

Sediment samples showed clear difference between winter and
summer layers, with generally considerably larger MP concentrations
occurring in winter laminae (Table 2). However, the overall lowest MP
concentration was detected in winter 2020 lamina. The MP concentra-
tions were more consistent within summer season samples.

Linear sedimentation rate (LSR) i.e. the thickness of accumulated
seasonal laminae, varies from 2.4 to 8.1 mm per season, showing sys-
tematically higher sediment influx related to spring floods (Table 2). The
minerogenic laminae (Fig. 2) is formed rapidly following the spring
floods caused by snow melt, while biogenic laminae represent the
accumulation during the summer.

4. Discussion

This study shows that MPs accumulate into the ice layer of a fresh-
water lake, but the sites around a densely populated area do not differ
significantly from each other. Having data from four consecutive years,
we see many of the variables averaging out. Most notably, mean particle
sizes between years and sites are alike. Furthermore, the mean particle
concentrations on the sampling sites started to average out with more

Sampling information and conditions with official snow depth and ice thickness values from closest measuring points on the time of sampling.

Coordinates
ETRS-TM35FIN

Year Snow depth (cm) Ice thickness (cm) Sampling site N E Sample thickness (cm) Sample volume (L)
2020 4 33 Harbor 6,973,019 534,759 32 5.0 + 0.4
Shallow bay 6,974,225 532,093 40 3.6 +0.3
Snow dump site 6,972,023 533,010 40 4.3 +0.1
Open lake 6,968,464 536,414 30 44 +0.1
2021 32 51 Harbor 6,973,019 534,759 17 4.6 + 0.4
Shallow bay 6,974,225 532,093 16 42+ 0.4
Snow dump site 6,972,023 533,010 11 43 +27
Open lake 6,968,464 536,414 17 4.1 +0.3
2022 53 60 Harbor 6,973,019 534,759 20 4.0 +£0.3
Shallow bay 6,974,225 532,093 15 4.5+ 0.5
Snow dump site 6,972,023 533,010 14 3.4+0.3
Open lake 6,968,464 536,414 32 3.4+ 0.6
2023 46 52 Harbor 6,973,019 534,759 31 3.2+04
Shallow bay 6,974,225 532,093 24 3.0 + 0.6
Snow dump site 6,972,023 533,010 23 2.9+ 0.7
Open lake 6,968,464 536,414 32 2.9+ 0.4
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4cm

Fig. 2. Sediment varve structure with each seasonal lamina indicated (W,
spring flood lamina, S open water season lamina). The 2-cm thick clayey marker
layer resulted from the dredging at the harbor area during winter 2019 is used
to support the varve chronology.
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Fig. 3. Mean particle concentrations per sample.
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data points.

Concentrations found from ice far exceed those measured from water
on the same locations. Uurasjarvi et al. (2020) found highest MP con-
centrations in water to be 0.25 MPs/L, which is one to two orders of
magnitude lower than the concentrations found in this study from ice.
This is intuitive as two of the most common polymer types detected (PE
and PP) have lower density than water. In theory, these particles float on
top of the water column and are frozen into the ice layer. However, this
does not explain the high concentrations of PET in the ice samples. This
could be studied further if it was feasible to sample the whole ice layer in
different vertical sections to see if the concentrations of different poly-
mers vary from layer to layer. In this study however, the sampling cir-
cumstances and composition of the ice layer made this unfeasible with
the methods used (Fig. S3). Geilfus et al. (2019) and Karnaukhov et al.
(2022) found in their studies from sea ice and lake ice respectively, that
MPs are distributed quite homogenously within the ice layer. Geilfus
et al. (2019) discuss that homogenous distribution might be a result of
relatively slow freezing process, where MPs have time to be distributed
evenly in the water column. Hence, the fact that we only sampled bot-
tom part of the ice layer, might not be pivotal.

The particles found in fish from the same area (Uurasjarvi et al.,
2021) were smaller compared to ice; 66 + 63 pm in vendace and 81 +
69 pm in perch compared to 142 + 177 in ice. However, the polymer
types were similar: PP, PE and PET being the most common also in fish.
This implies that fish ingest smaller particles but probably from the same
sources.

The sediments of Maljalahti basin are annually laminated, or so
called varved sediments (Kwiecien et al., 2022; Zolitschka et al., 2015).
The composition of varves is dictated by the annual cycle of seasonal
conditions. In boreal context, such structures are previously well
described and understood (Ojala et al., 2013; Saarni et al., 2017; Sal-
minen et al., 2023). It is previously shown that accumulation under-
neath the ice is very limited (Johansson et al., 2019) and hence the
minerogenic lamina and the microplastic incorporated within it, are
accumulated rapidly during spring floods. The light materials, such as
PP and PE were also most frequently detected in the sediment samples.
While generally biofouling is suggested as a factor causing negative
buoyancy of light particles, the fact that these materials are also domi-
nating the spring flood layer, at time of likely reduced biofouling, sug-
gest, that these particles can become accumulated rapidly, likely
through heteroaggregation.

In sediment record the MP concentrations are likely controlled by the
intensity of the spring floods. The winter samples 2022 and 2023 with
the highest snow accumulation (Table 1) coincide with highest MP
concentrations (Table 2). This highlights the importance of catchment
erosion and, especially in boreal urban locations, the transport of MPs
through storm waters. It also suggests, that much of the MPs transported
by the flood waters become rapidly accumulated and incorporated in the



T. Soininen et al.

Science of the Total Environment 957 (2024) 177602

o
S
o o )
~ 8 8 o
8— ¢ o o o 8
[ee] N o
g ° 8 B,
o
€84 o g - ° g 8 & 5
3 © 8 8 8 ° 8
:; 3 8 ° 8 8 °
(o]
N 8— 8 8 8 o 5 _a_ g ° o g 8
0 < _g ° ¢ 8 8 - . o
T T 8 g8 2 e g e 1
o 1 B I —_ ! B | i 1 i 1
o ; ! : ' ‘?‘ i : ' ; -— )
N | | | H H . ‘ L |
Eulpgumn= =HE
o 4 —_ —— —_ . — == —= — o —_
T T T T T T T T T T T T
O 4 N m O A+ N m O - N ™M
AN &N N &N &N NN NN AN N N
o O O o O O o o o o O O
AN &N N &N &N NN NN AN N N
Year
B Harbor [ Shallow Bay [7Snow Dump Site [ Open Lake

Fig. 5. Particle sizes from each year and site. In total 2597 particles were detected, from which 13 were longer than 1000 pm (longest dimension).

Harbor  Shallow Bay SDS Open Lake
100
751 Polymer
[0} B PP
o4 B PE
= B PET
o 501 B PS
o PMMA
) B ABS
: B
25/ B PAN
M= HERZRSNE
O 4 N MO~ NMO 1 N MO N M
AN N NN AN AN NN AN NN NN NN
O O O O OO O O OO0 O o oo o o
AN AN AN AN AN NN AN NN NN NN NN
Year

Fig. 6. Portions of polymer types per site and year. SDS = Snow Dump Site.

flood layers of the sediment record. The MP concentration during the
open water season shows much less variability. However, highest con-
centrations of MPs coincide with the highest detected precipitation
(May-October, 459 mm; FMI), hence increased surface run off and storm
water input could explain the observation.

In ice, mean MP concentrations between sites was slightly lower on
Open lake site than on the other three sites. Similar observation has
previously reported from the sediment traps (Saarni et al., 2023) and
surface water samples (Uurasjarvi et al., 2020) from the same lake
system, suggesting that much of the MPs released from the urban area
seem to be accumulated relatively close to their source. However, it is
noteworthy, that based on the available data, it is not possible to eval-
uate the proportion of the near shore accumulating share of MPs.

The concentrations in ice were substantially higher in 2020 than any
other year. This contradicts with the sediment record, showing lowest

MP concentration on winter 2020. The reasons behind this are still
lacking. One major factor seems to be the snow cover on top of the ice.
Snow could shield the ice layer from atmospheric MP deposition, and
thus we observe less particles during snowy winters in ice (Fig. 7). The
MPs from snow are quickly released into meltwaters in spring. However,
one contributing factor is also the portion of ice we sampled each year.
Every year we sampled only the clear ice layer, which is the undermost
part of the ice. During spring 2020 however, there was basically only the
clear ice layer present. Consequently, we sampled almost the whole
thickness of the ice. Other years (2021, 2022 and 2023) there were many
soft ice layers with water and slush layers in between them, on top of the
clear layer. Most important variable appears to be the mean winter
temperature, as during warm winters the MP concentrations are higher.
The amount of in-flowing water in the catchment is higher during warm
winters. Sediment pulses are detected underneath the ice related to
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Table 2

Seasonal sediment samples (W winter season, S summer season), the linear
sedimentation rate (LSR), total number of microplastics in each sediment layer,
and microplastic concentration in each seasonal layer.

Sample LSR (mm) MP total MP concn g~ !
W20 4.60 592 89
$20 5.17 619 124
w21 4.19 1200 182
S21 2.68 1324 298
W22 7.73 2160 371
S22 2.40 1327 296
W23 8.06 3560 526

small thawing episodes during winter (Johansson et al., 2019). It is
possible the thaw waters resulting periods of warm temperatures in
winter, transport MPs from the city area into the lake, and become
trapped in the ice when the temperatures turn back to freezing.

The correlation coefficient of —0.47 between ice thickness and MPs
concentration (Fig. 7) indicates that the bottom layer of ice might in fact
contain a lower concentration of MPs, which contradicts the findings
made by Karnaukhov et al. (2022). However, all the samples were
collected relatively late into the winter season (March to April), and the
snow on top of the ice had already formed new cloudy ice. Hereby, the
ice layer is substantially thicker, but the concentration of plastics on the
bottom of the ice stays the same. This would also back up the theory that
snow on top of the ice catches most of the atmospheric deposition of
MPs. Moreover, the warmer the winter, the thicker the sampled clear ice
layer is, and the higher the concentration of MPs found (correlation
coefficients 0.56 and 0.49, respectively). The size of MPs did not seem to
correlate with the other parameters in this experiment.

This study shows that one-year freshwater ice is a temporal deposit
for MPs. Similar conclusions have been derived from studies of sea ice
(Caruso et al., 2023; Kim et al., 2021; Obbard et al., 2014). However,
comparing these results to other studies is not straightforward because
studies focusing on freshwater ice layers and MPs are scarce. Ice studied

in marine environments show similar results with concentrations of 8 to
41 MPs/L (Geilfus et al., 2019). There are, to our knowledge, only two
studies considering ice of freshwater lakes. Studies include ice at Lake
Baikal (Karnaukhov et al., 2022) and Lake Vesijarvi (Scopetani et al.,
2019). Karnaukhov et al. (2022) found the MP fiber concentrations to be
on average 55.5 MPs/L in the upper ice layer and 65 MPs/L in the lower
layer. Scopetani et al. (2019) reported concentrations of 7.8 + 1.2 MPs/
L of ice and 117.1 + 18.4 MPs/L of snow. Order of magnitude higher
concentrations found in snow suggest that atmospheric deposition is
indeed an important source for MPs in ice. This is further backed up by
the —0.4-correlation coefficient between snow depth and MP concen-
tration in our present study.

As global warming increases the winter temperatures in the arctic
and sub-arctic regions, also the time that MPs are trapped in ice is
decreasing; hence, the MP fluxes are undergoing a substantial change in
these forementioned regions. With the knowledge gained from this work
we can give suggestions for the next steps of MP monitoring in sub-arctic
(urban) aquatic environments. Ice samples should be taken at different
times during the winter alongside with snow samples. This way one
could explore if atmospheric deposition or accumulation from water is
the main route of MP accumulation to ice. Sampling should also include
sample division into different layers of ice when possible. Sediment
trapping could be a viable addition for monitoring the MP accumulation
at the studied sites to determine the sedimentation rate of MPs on a
longer timeframe. Moreover, the probable MP sources, for example
runoff water streams, should be monitored to assess the origin of MPs.

5. Conclusions

One-year freshwater ice is a temporal deposit for microplastics.
Microplastic concentrations in ice are one to two orders of magnitude
higher than in lake water. Furthermore, microplastics seem to concen-
trate in sediment imminently after the ice melts; highest microplastic
concentrations in sediments are found in layers before growing season.
Analysis of MPs in the ice cover completes the overview of MP burden in
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the environment when connected with data from other sample matrices.
Even though weather conditions and annual MP concentrations in ice
vary significantly, it seems that the concentrations remain quite stable as
their moving average is studied. Thus, the moving average of the
monitoring data would provide a tool to analyze trends in MP concen-
tration. The present study combines results from different environ-
mental compartments and sheds light on the winter dynamics of
microplastics in an urban freshwater environment.
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