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Abstract: Microplastics are a major form of anthropogenic pollution, and over time, the
sediment at the bottom of aquatic environments becomes the sink for the denser of these
particles. By mapping and analyzing sediment from lake and estuary systems, this study aimed
to find spatial relationships between water and sediment dynamics at stream-to-slack-water
transitions and resulting microplastic sediment accumulation characteristics. Sediment was
collected along transects extending from the stream mouth to open water depositional
environments at four unique study sites. After a series of separations from collected sediment,
microplastics were weighed to map longitudinal variations in plastic concentration. At all study
sites, the highest concentrations of microplastics (up to 14% dry weight) in sediment were
found to focus in spatial hotspots peaking 600—700 m down gradient from the transition to a
low-energy environment in intertidal freshwater estuary systems, and 150 m downstream in a
lake system, all being associated with environments of clay-dominated sediment deposition.
The dominant types of plastics identified were cellophane and polydimethylsiloxane. We
hypothesize these spatial hotspots of microplastic accumulation may result from the unique
diversity of density ranges for microplastic sediment, ranging from just above 1 g/cm?, but
below the 2.7 g/cm® common for natural mineral sediment, thus creating plastic depositional
locations that are spatially offset from those of common mineral grains.

Keywords: plastics; fluvial; lacustrine; reservoirs; impoundments; pollution; polymers;
sediment mapping

1. Introduction

Synthesized polymers, known as plastic, have created one of the most pressing
environmental issues of our time as they accumulate preferentially in certain
geographic locations across our landscapes and waterways. Plastics are formed in the
processes of polymerization and polycondensation, derived from organic sources such
as crude oil, coal, and natural gas [1]. Although the first synthetic plastic was
developed in the year 1907, its rapid production did not come to scale until the 1950s
[2]. Since the 1950s plastic production has increased almost 200-fold and as of 2015,
6.3 billion tons of both primary and secondary plastic have been produced [3]. The
size classifications of plastic are typically nano (< 100 nm), micro (0.0001-5 mm),
meso (5-25 mm) and macro (> 25 mm) [4]. Examples of common microplastics are
fragmented macroplastics, production pellets, microbeads within cosmetic and
personal care products, fragmented fishing line and nets, paint, textiles, and electronic
equipment debris [5]. Unlike macroplastics that can be observed polluting waterways,
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microplastics can go unnoticed until closer investigations and spatial mapping of
sediment in these waterways are undertaken.

Due to the small size (< 5 mm) of these particles, environmental samples must
be analyzed with more sophisticated methods to research microplastics [6]. A past
study done on the Yangtze estuary in China has uncovered that microplastics account
for more than 90% total plastic items in surface water [7]. According to the findings
of Koutnik et al. [8], microplastic concentrations in soils, sediments, and surface water
can range and vary up to eight orders of magnitude. With a high concentration of
microplastics suspended in waterways, there are a variety of ways humans can be
exposed to these pollutants, including in the seafood we consume [9]. This exposure
has been studied through the lens of bioaccumulation in edible bivalve species. Within
these edible bivalves, the accumulation of antibodies has been heavily aggravated by
microplastics, therefore leading to tissue contamination [10]. Microplastics can also
rest in sediment in terrestrial or aquatic ecosystems. Whether the microplastics are
suspended in water or deposited in sediment can be attributed to their density.
Microplastics with densities greater than the density of fresh water (~1 g/cm?®) will
generally settle into the sediment, while fragments less dense than fresh water and
seawater will float on the surface. Particles with a density around 1 g/cm?® will remain
suspended in the water column [11,12]. When exposed to direct UV radiation from
sunlight and physical abrasion from water movement, plastic fragmentation and
microplastic degradation will occur slowly in surface water [13]. However, this is not
the case for sediment since it lacks direct exposure and abrasion [1]. This leads to a
concentration difference in microplastics between surface water and sediment, with
sediment typically having a higher concentration [14]. According to the results of
Claessens et al. [15], all sediment samples taken in a marine coastal study contained
plastics; this can be used as evidence that fragmented plastic is widespread in sediment
in near-shore marine environments. In Vianello et al. [16], microplastics in sediment
were distributed in a way that may suggest the existence of spatial patterns. Their
results concluded that higher microplastic concentrations were observed in landward
sites consisting of finer sediment. As this study was one of the first of its kind, the
guestion of whether these results mirrored simply one network of near-shore marine
systems, or a general systemic process, was hypothesized. The Venice lagoon, which
is the overall site of this study, is a shallow intertidal saltwater body. Future work is
needed to see if this spatial pattern found could also be applied to freshwater systems,
because—compared to marine environments—plastic transport and microplastics
within freshwater ecosystems are understudied [17]. Freshwater systems of flowing
water in streams or rivers can slow in their transition to lakes and intertidal estuaries.
When this slowing occurs, sediment suspended in the water column then begins to
settle. The rates of sedimentation are controlled by Stokes Law, and different sizes and
densities of particles result in faster and slower falling rates of suspended sediment,
thus creating differentiated spatial locations of sediment of certain characteristics
accumulating nearer or further from the transitional point to still water [18].

It is also necessary to verify if sediments of unique densities, outside the 2.7-3.3
g/cm® common of mineral sediment, are indeed plastics and not other natural
compounds of similar density. For this, Fourier Transform Infrared Spectroscopy
(FTIR) is commonly used for identifying the plastics found. FTIR works by inducing
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molecular vibrations in the material, resulting in a unique spectrum, which can be
compared to a library database. However, library matches for FTIR are often limited
due to weathering the plastics may experience [19]. Prolonged exposure to UV
radiation can distort the polymers and make spectrum matching difficult [20].
Additionally, for these types of studies and the scale of particles being analyzed,
FTIR is preferred, so the size of the particle may decrease the confidence of results.
Some of the most common microplastics found in other studies include polyethylene,
polystyrene, polyurethane, polypropylene, polyvinyl chloride, and polyethylene
terephthalate [21].

This study aims to investigate the spatial patterns of microplastic accumulation
in sediment within both estuarine and lacustrine freshwater environments of
deposition that exist immediately downgradient of rapidly flowing fluvial systems.
Specifically, we seek to investigate if microplastic accumulation differs from the
depositional patterns of natural mineral sediments in freshwater environments due to
their known differences in particle density, as demonstrated by Stokes Law [18]. If so,
this would support the existence of spatial hotspots of microplastic accumulation tied
to easily observable changes in water velocity and dominant mineral sediment type.

2. Methods

2.1. Site

The Hudson River watershed, located in the eastern part of New York (NY) State,
contains a large intertidal estuary, with several larger order tributaries feeding into it.
Stemming from the Atlantic Ocean in NY harbor and ending at the Federal Dam in
Troy, NY, the Hudson River consists of mostly brackish water south of Nyack (43 km
from the mouth in NY City) and freshwater north of the mouth (the area of our study).
The river experiences twice-daily tidal changes and intermittent reversing currents
influencing the Hudson River estuary throughout its entire length (fully encompassing
our study sites). Within the Hudson River watershed, three tributary estuaries and one
upstream lake were examined for microplastic pollution in sediment accumulating in
zones where fluvial energy transitioned from unidirectional in a stream to an area with
low energy slack water during tidal transitions, or in a lake. The tributary estuaries for
this study comprise the intertidal zones that occur roughly in the last kilometer of
Esopus Creek, Rondout Creek, and Wappingers Creek, where these tributaries meet
the intertidal forces of the greater Hudson River. The lake system, Chadwick Lake;
was created by the damning of Quassaick Creek, which flows into the Hudson River
at Newburgh, NY. This lake is solely composed of freshwater and is a drinking
reservoir for the town of Newburgh. The locations of all four sites can be seen in
Figure 1.
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Figure 1. Map of study sites along the Hudson River estuary system, which spans
between New York City (mouth) and Albany in New York State.

2.2. Field collection of sediment samples

To collect sediment samples for lab analysis of plastic concentration and type
(Figure 2), sites that span stream-to-slack-water transitions were visited. For the three
tributary estuaries—Esopus Creek (Figure 3), Rondout Creek (Figure 4), and
Wappingers Creek (Figure 5)—three sediment samples were collected in each
waterbody. Starting from the mouth of each tributary estuary, where it met the Hudson
River, sediment samples were collected roughly every 300 m to span the intertidal
slack water zone of the creek. The design aimed to collect one sample at the mouth
itself, one sample collected at the upstream portion of the estuary section of the
tributary (before the intertidal slack water zone ended due to a rise in slope that
signified the transition to a normal unidirectional fluvial stream system with
consistently high energy), and one sample collected at a mid-estuary location partway
between the other two samples. For the Chadwick Lake site, a higher spatial resolution
of sampling was sought, so sediment sample collection started at the mouth of the
unidirectional Quassaick Creek as it emptied into the low-energy depositional
environment of Chadwick Lake (Figure 6). This initial sample site is labeled as “A”
in Figure 6. Using a paddle boat and a measuring tape, a new sampling location was
chosen every 50 m, and a sediment sample was collected. This led to seven sample
sites labeled A-G.

For all sample collection at all estuaries and tributary sites, free diving was used
to sample sediment from the top 5 cm below the sediment-water interface. This was
done using a standard 2 > 6 in soil sample tube that was inserted semi-horizontally
into the sediment and capped in situ sub-aqueously. This near-surface sediment
sampling approach was chosen because we wanted to explore contemporary processes,
and in general microplastics tend to be more abundant within the top 10 cm of
sediment in comparison to deeper sediment [22].

2.3. Lab analysis of sediment samples

After all sediment samples were collected in their respective 100 cc tubes, they
were brought to the lab for analysis. Each sample was first sieved out to eliminate any
particles bigger than 5 mm (macroparticles). Two different sieve sizes were used; a
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4.75 mm size was used for the estuary sediment samples and a 2.35 mm size was used
for the lake sediment samples. This provided two perspectives on size to identify if a
similar pattern emerged at two different scales. In between samples, both sieves were
cleaned thoroughly using filtered deionized water. After all samples went through the
sieve, they were placed in a dehydrator to dry. After drying, each sample in their
beaker was homogenized and weighed out to 10 g. Next a density separation was
performed on each sample using a Sediment-Microplastic Isolation (SMI) unit [23].
This method involves a custom-built apparatus that separates microplastics from
sediment using Zinc Chloride as a flotation media. The aqueous product resulting from
this density separation was then subjected to a wet peroxide reaction. This test was
modeled according to the description of a wet peroxide (WPO) reaction via NOAA’s
Marine Debris Program [24]. By doing this procedure, any organic matter left in a
sample would be dissolved in the hydrogen peroxide leaving only synthetic particles.
The final sample after this procedure would be dried and weighed to measure the mass
of microplastic at each site, in proportion to the dry weight of the sediment sample.
All samples may have experienced minor plastics contamination in the sampling and
refining process, but the methods across all samples at each site were identical, so
there is high confidence that the resulting relative differences within the sites are due
to real spatial environmental variations. For this study a ThermoScientific Nicolet i5
FTIR was utilized to analyze a random aliquot of the suspected plastic particles. The
plastic particles were removed from the sample beaker using a dissecting needle and
gently placed in the center of the FTIR diamond sampling site for analysis.

After a spectrum was collected, OMNIC software was used to perform a library
match against the Hummel Polymer Library and Nicolet Sampler Library. Comparing
collected spectrums to the standard library provides a percentage match, which can be
used to determine the confidence of identification. An example of the matching
interface is included in Figure 2, where a plastic collected from the Mid-Estuary
location of Esopus Creek was identified as polyethylene.
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Figure 2. Example of FTIR spectrum matching using the Hummel polymer library,
distinctive peaks suggest the sample is polyethylene.

Asthe FTIR process is highly time intensive and the instrument was shared across
multiple institutions, five particles were analyzed for each of the 16 sampled locations.
To ensure that organic material was not misidentified as a polymer, several organic
libraries were included in the spectrum-matching process, including the Georgia State
Crime Lab and Sigma Biological Samples libraries.
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3. Results

3.1. Microplastics in freshwater estuary systems

In the Esopus Creek tributary estuary system (Figure 3) the lowest proportion of
dry weight of microplastics, 0.0053 mg/L, was taken at the mouth of the creek. At the
mid-estuary site, it spikes to the heaviest proportion of microplastics with 0.0472
mg/L. The upper estuary measurement then decreases to a median proportion of
0.0181 mg/L. In the Rondout Creek tributary estuary system (Figure 4), the lowest
proportion of microplastics, 0.0115 mg/L, was extracted from the mouth of the creek.
The mid-estuary site peaks with the heaviest proportion of microplastics with 0.1357
mg/L. The upper estuary measurement falls to a proportion of 0.0123 mg/L. In the
Wappingers Creek tributary estuary system (Figure 5), the lowest proportion of
microplastics, 0.0044 mg/L was found at the mouth of the creek. At the mid-estuary
site, the heaviest proportion of microplastics is collected with 0.0309 mg/L. The upper
estuary measurement again decreases to a median proportion of 0.0144 mg/L.
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Figure 3. A map and results from the Esopus Creek tributary estuary system,

showing respective sampling locations and microplastic concentration in collected
sediment.
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Figure 4. A map and results from the Rondout Creek tributary estuary system,

showing respective sampling locations and microplastic concentration in collected
sediment.
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Figure 5. A map and results from the Wappingers Creek tributary estuary system,

showing respective sampling locations and microplastic concentration in collected
sediment.

3.2. Microplastics in a lacustrine system

The proportion of dry weight of microplastics in sites A-G from Chadwick Lake
was plotted on a graph and corresponding map (Figure 6). The lowest microplastic
concentration sample (0.00034) was from Site A, the mouth. Concentrations generally
increased to their highest amounts at Site D (150 m) with a proportion of 0.00206
mg/L. After this peak of 0.00206 mg/L, Site E, F, and G decreased to average
proportions ranging from 0.0005 mg/L and 0.001 mg/L. Extensive beds of invasive
aquatic macrophytes were also observed and mapped, including European Water
Chestnut and Eurasian Watermilfoil.
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Figure 6. A map and results from Chadwick Lake, showing respective sampling
locations and microplastic concentration in collected sediment, as well as the
presence of invasive species European Water Chestnut and Eurasian Watermilfoil.

Photographs were taken of all nine microplastic samples collected at the mouth,
midpoint, and upstream locations at each of the three creeks: Esopus, Rondout, and
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Wappingers (Figures 7-9). The photographs represent each refined sample with
moderate-density plastics underneath a microscope after being isolated from natural
particles through the density separation and WPO reaction. Visually, the concentration
of microplastics varies from the mouth, midpoint, and upstream locations, with a larger
concentration favored at the midpoint sample.

Figure 7. Microplastics from the upstream: (a) midpoint; (b) and mouth; (c) of
Esopus Creek, as viewed under a microscope.

Figure 8. Microplastics from the upstream: (a) midpoint; (b) and mouth; (c) of
Rondout Creek, as viewed under a microscope.

Figure 9. Microplastics from the upstream: (a) midpoint; (b) and mouth; (c) of
Wappingers Creek, as viewed under a microscope.

3.3. Relative abundance of plastic types by location

For each of the 16 sample sites, 5 microplastic particles were identified using
FTIR. These results, separated by location, are included in Figures 10 and 11.
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Figure 10. Relative amounts of plastics present in creek samples (n = 5 for each
site).

Silica is present in many synthetic polymer blends which may account for their
presence in the microplastic samples, see Discussion.
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Figure 11. Relative amounts of plastics present in Chadwick Lake samples (n =5 for
each site). *See Discussion.

3.4. Total abundance of plastics identified

After identifying the plastics in each of the 16 locations, these results were
combined to give an idea of the overall abundance of each of the types of plastics
(Figures 12 and 13). In the nine samples from the freshwater estuary systems (Esopus,
Rondout, and Wappingers Creeks), polydimethylsiloxane was the dominant plastic
type identified outside of silica. As noted in the Discussion, silica and
polydimethylsiloxane are associated with manufacturing processes. In the seven
samples from the lacustrine system (Chadwick Lake), cellophane was the dominant
plastic type identified. Cellophane is common amongst microplastics and is often used
in consumer packaging.
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Figure 12. Relative amounts of plastics found from Esopus, Rondout, and
Wappingers Creeks (n = 45). *See Discussion.
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Figure 13. Relative amounts of plastics found in Chadwick Lake (n = 35). *See
Discussion.

4. Discussion

The results of this limited field study indicate a similar geographic pattern exists
within all four disparate study sites investigated, suggesting that these spatial hotspots
of microplastic accumulation may be generalizable across many other polluted
freshwater depositional systems. Within all of the studied estuaries (Figures 3-5), a
distinct peak is clear in each mid-estuary site. Specifically, the sediment samples from
the mouth sites of each tributary estuary system are consistently the lowest value in
comparison to the mid-estuary and upper estuary samples. Similarly, the sediment
samples from the upper estuary site are consistently a median value between the mouth
and the mid-estuary samples (though much closer in value to the mouth site). The
lacustrine depositional system, Chadwick Lake, also exhibits a similar pattern in
results, but with a higher spatial resolution to the findings. Chadwick Lake (Figure 6)

10
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retains a similar spatial distribution with a definitive peak at the middle sample site
(D, 150 m from the mouth). Overall, whether we look at higher or lower resolution
spatial data, and whether it is a freshwater estuary or a lacustrine system, the
proportion of microplastics in sediment by weight follows a similar single-peak spatial
distribution pattern, suggesting in all currently investigated situations in these
freshwater depositional environments, microplastics are uniquely concentrated in
hotspots downstream of the transition from high to low energy. Microplastics are being
deposited in a way that is conceptually similar, but spatially unique, to how the normal
mineral sediments are being deposited in these same systems—thus creating hotspots
with higher concentrations of microplastics in the sediment.

These unique spatial distribution patterns of microplastic accumulation in
sediment are affected by a variety of physical and chemical factors. Based on the
results of the study, all four peaks shown in Figures 3-6 were located downstream of
the transition between high gradient streamflow and low gradient lake or intertidal
freshwater. These similar spatial patterns from across our unique sites suggest these
microplastic accumulation hotspots may occur similarly elsewhere in relation to the
transition locations from high to low energy, and the underlying control particle
density exerts on sedimentation dynamics from Stokes Law. This suggests that
reductions in flow velocity and energy affect microplastics (with their unique density
ranges and shapes), in ways that are similar, but not identical, to the natural mineral
sediments that dominate these depositional locations. The mathematical equation
associated with Stokes Law can be found below in Equation (1).

V_Z(ps—pl)erXg

o 1)

where,

V = rate of sedimentation.

ps = density of the particle.

pl = the density of the liquid.

r = the radius of the particle.

g = acceleration due to gravity.

u = viscosity of the liquid.

The fundamental hydrophysical processes we believe are controlling the
formation of these microplastic accumulation hotspots are outlined conceptually in
Figure 14. Microplastic pollution within aquatic ecosystems can be either buoyant or
non-buoyant depending on their polymer type. If the microplastics in question consist
of polypropylene and polyethylene, they will be buoyant and have a lower density than
both water and the higher density non-buoyant microplastics, with densities ranging
above 1 g/cm® and comprised of acrylic, polyvinyl chloride, and a large variety of
other chemically engineered synthetic compounds [25,26]. Unlike the density ranges
of non-buoyant microplastics that start at just above 1 g/cm3 common mineral
sediment has an average density of around 2.7 g/cm? [27], but sometimes ranges up to
3.3 g/cm?® for sediments dominated by mafic minerals. This difference in density
ranges between the generally less-dense non-buoyant microplastic particles and the
much narrower density range of generally more-dense natural mineral sediment
particles can cause different transport properties and distribution patterns in

11



Pollution Study 2025, 6(2), 3294.

accumulation (Figure 14). In a fluvial stream or river system, particles with lesser
density, microplastics, will be carried downstream at a faster rate [25] than the denser
particles comprising common mineral sediment. Since microplastics have a lower
density, they will also remain suspended longer in the water, falling out of suspension
farther downstream from the low-energy transition location that marks the start of any
depositional aquatic environment (Figure 14). This difference in suspension time
creates different peak locations for plastic versus mineral sediment accumulation, this
then creates a system where microplastics are accumulating at a higher concentration
in certain locations in these depositional environments, relative to the natural mineral
sediments, forming microplastic hotspots in the sediment (Figure 14). Other studies
have suggested and observed similar physical controls at play, a recent study from
Australia [28] notes that spatial distributions in microplastic hotspots form in relation
to distance-dominated flow velocities within tidal river systems. In general, others
have discussed how the physical forces at play in depositional environments can affect
the concentrations of microplastics, via deposition as sediment in relation to natural
mineral sediment [29].

lower
proportion
plastics
in
sediment

low velocity environment
(lake, estuary, ocean, etc.)

higher
proportion
plastics
in
sediment lower
proportion
plastics

intermixed
sediment

in
sediment

bedrock

varying sediment suspension times

peak deposition location for lower density plastic sediment (~ 1.0 —2.7 g*cm?d)
\ 4

peak deposition Iocavlion for higher density mineral sediment (~ 2.7 — 3.3 g*cm®)

Figure 14. A physically based conceptual model using Stokes Law to compare the
deposition behavior of common mineral sediment versus non-buoyant microplastics
in locations where high-energy fluvial environments transition into low-energy
depositional environments. The average range of densities for the two particle groups
(plastic and mineral sediment) controls how long they are suspended in the water
after the energy decreases due to varying fall velocities, and therefore where they are
commonly deposited geographically. This difference in peak location results in
spatial hotspots for the accumulation of microplastics in sediment, as observed at our
four study sites.

12



Pollution Study 2025, 6(2), 3294.

Across all 16 sampling locations, 9 different types of plastics were observed with
established confidence. The plastics found in highest abundance were cellophane,
silica, and polydimethylsiloxane. Cellophane makes sense as a common microplastic,
as it is often utilized in packaging and other consumer products [30]. However, silica
and polydimethylsiloxane are puzzling results, as silica is a component of sand, and
with a density of 2.65 g/cm® would not have made it through the density separation
[31]. Polydimethylsiloxane is most often used as a lubricant or a putty-like material
and would therefore not have the observed physical appearance of the microplastic
samples collected [32]. It is possible that with continued spectral analysis samples that
were matched as silica and polydimethylsiloxane will be some other kind of silicone
polymer, which are commonly used in manufacturing due to their flexibility [33].

While there were not any strong patterns in the types of plastics found in each
type of environment, it did appear that the same types of plastics were often found in
the same location. This was especially true with the Chadwick Lake samples, where
the plastics from the last two sites were all identified as cellophane. Based on the
understanding of microplastics deposition, initially it was assumed that cellophane
might be of a lighter density, but cellulose acetate (cellophane) has a density of 1.42
g/cm? which is well within the range of polymer densities, from 0.92 to 1.70 g/cm?,
with polyvinylchloride (PVC) being the heaviest and polystyrene the lightest [25].
Thus, it is unusual that cellophane would be so prevalent downstream, but perhaps all
pieces of cellophane measured were fragments of a macro-plastic present in the nearby
environment.

Unfortunately using spectrum matching for plastics identification does not often
result in high percent matches. This may be due to chemical weathering of the plastics
that occurs after prolonged exposure to UV radiation [20]. For this reason, percent
matches of about 20% were accepted, with consideration given for characteristic peaks
in the fingerprint region (1500-500 cm™2). The fingerprint region refers to the area of
the spectrum that is unique to a specific molecule, thus acting as an identifying
“fingerprint”. Previous studies have noted that analyzing the spectrums “manually” by
comparing these characteristic peaks may give higher confidence in plastics
identification [19].

The size class of the natural sediment dominating any benthic location may also
provide clues to the possible location for hotspots of microplastic accumulation. While
taking sediment samples for this study, the sediment size class was roughly estimated
at every sampling subsite and suggests that clay-dominated sediment size classes are
more closely related to higher concentrations of microplastics. This is not surprising
considering the flat shape of clay particles allows these grains to remain in suspension
longer than silt and other larger size classes of spherical natural mineral sediment with
similar densities [34]. However, according to a 2010 study investigating the spatial
patterns of plastic debris on a shoreline, there was no correlation between clay
proportion in the sampled sediment and a higher microplastic concentration overall
[35]. However, their results did reveal a relationship between fine-grained sediment
and microplastic chemical compositions comprised of relatively lower density plastics
[35].

Although not investigated in this study, temporal changes in sediment dynamics
and depositional processes can also affect the abundance of microplastics, and likely
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the locations of spatial hotspots. In another study comparing winter to late spring/early
summer sediment accumulation at a site where there is also a notable seasonality, like
ours, late spring/early summer is when a higher accumulation of microplastics
occurred [36]. With late spring/early summer typically being a wet and warm season
and winter being a cold and dry season in the northeastern United States, the two times
of year vary in a range of hydrologic aspects. Some of these aspects include rainfall
intensity, temperature, streamflow, and snow accumulation and melt [37]. According
to a 2016 study done in south China, the abundances and weights of microplastics
within sediment were significantly higher in the wet growing season compared to the
dry winter season [38]. As the sediment samples in our study were collected in July
during the wet growing season in the northeastern United States, we suggest additional
sampling during drier seasons, or times with lower streamflow rates, should also be
done here and elsewhere to compare the potential spatial variations this causes for the
location of peak microplastic sediment accumulation.

5. Conclusion

This study has successfully identified a general trend in the spatial depositional
patterns of microplastics in sediment that is consistent across four unique freshwater
depositional environments. This trend can be defined as the presence of a spike, or
hotspot, in the proportional dry weight of microplastics in the sediment, occurring
slightly downstream from a waterbody’s transition from high to low energy. We argue
that the physical differences between the density ranges of non-buoyant plastics versus
natural mineral sediments cause the formation of these spatial hotspots. Both high
spatial resolution (the lake in this study) and low spatial resolution (the freshwater
estuaries in this study) sediment sampling has led us to the conclusion that this general
spatial pattern occurs in polluted freshwater depositional environments globally. Most
previous studies center on the patterns and behaviors of microplastics within the
marine and coastal environments, with denser saltwater dominating the system. This
finding is significant in contributing information not only to the behavior of
microplastics in lower-density freshwater environments, but to the new and growing
research around plastics in the geosphere. As the world grows in population and global
plastic production and demand continue to increase, this form of pollution may
continue to worsen. Both mitigation and remediation strategies must be implemented
globally to curb this issue, and a better understanding of how and where this pollution
occurs can help better focus and prioritize mitigation and remediation efforts.
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