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Abstract
Plastic debris both affects and is affected by the beaches it accumulates on. Most studies of microplastics (MPs) in
beach sand are focused on coastal beaches or beaches of large lakes near population centers. Here, we assessed MP
pollution at a sandy beach near the outlet of a major flood control reservoir (Sardis Lake) in a relatively unpopulated
area in north Mississippi, USA, focusing on two prominent wrack zones and areas in-between. Putative MPs were
isolated by density separation and matrix digestion, and then examined using stereomicroscopy, with a subset of
samples additionally analyzed by µ-FTIR. MP abundance (particles/kg ± 1 standard error (SE), n = 15) averaged of
590 ± 360, with 950 ± 100 in the lower wrack zone, 540 ± 40 in the upper wrack zone, and 270 ± 30 in areas between;
these differences were statistically significant (p < 0.01). The MPs generally had similar size and shape characteristics
across sites. The majority were fibers (64%), followed by fragments (23%), beads (7%) and films (6%), with a slightly
greater proportion of fibers in the wrack zones compared to areas in-between. The number of MPs rose dramatically
with decreasing size. Beads were only found in the < 500 µm size fraction. Clear and blue were the predominant colors
for all MPs. A total of 29 different types of polymers were detected, with more than half of the particles being composed of polyethylene and polyamide, followed by poly(methyl methacrylate), polyethylene terephthalate, polycarbonate, polypropylene, and others; although this distribution varied some depending on size fraction and location.
Because there are no major wastewater discharges into Sardis Lake, the source of the MPs is likely degradation of carelessly discarded plastic, as well as atmospheric fallout. Overall, we found that MP concentrations were highest in the
wrack zones and influenced by rates and duration of discharge from the reservoir. Thus, like coastal beaches, wrack
zones on freshwater beaches along or downstream of reservoirs accumulate both macro- and micro-plastics and are
prime locations for plastic cleanup. Finally, we show that MPs made from naturally weathered LDPE plastic film are
prone to fragmentation during pretreatment procedures, which may result in its overestimation.
Keywords: Microplastics, Beach sand, Wrack zone, Reservoir, Sardis Lake, Density separation, Stereomicroscopy,
µ-FTIR, Weathered microplastics, Recovery experiment
Introduction
The explosion of microplastics (MPs) research in the
past few years has led to a greater understanding of
just how widespread these contaminants are. MPs have
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been found in food [1, 2], soil [3], water [4], and air [5]
in both urban environments [6] and far more remote
locations [7]. Recent research has even shown that the
average human adult ingests hundreds of MP particles
per day [8]. Such studies and potential exposures to
both humans and wildlife indicate the need to further
characterize the occurrence, distribution, sources and
risk of these widespread contaminants. Usually defined
as plastic particles smaller than 5 mm [9], MPs can
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be categorized in a variety of ways. For example, MPs
manufactured below 5 mm in size are defined as primary MPs and those resulting from the breakdown of
larger plastic products defined as secondary. Additionally, MPs are often categorized based on morphology,
i.e., fiber, fragment, film, or bead, as well as chemical
composition.
Early research into MPs mainly focused on their presence in marine waters. As a result, a vast amount of literature has been published on MP levels in the oceans,
particularly along coastlines [7, 10–12].There is also a
growing body of research on MP pollution in freshwater
systems around the world, representing another potential
exposure route for humans and wildlife [13–16]. More
recently, researchers have examined the deposition of
MPs from natural waters into sediment, especially beach
sand. One reason for this focus is that MPs are more
prone to both mechanical and, to an extent, UV degradation in sand than in water [17]. Increased exposure to
these breakdown pathways can therefore result in both
larger quantities and smaller sizes of MPs. This is concerning because research has shown that MPs’ toxicity
may increase as their size decreases [18].
In addition to these potential health effects, MPs in
sand could result in environmental changes as well. The
presence of MPs has been shown to increase sand permeability, allowing water to flow through more easily [19].
It is also deemed to affect the temperature of the sand,
decreasing both the rate of heat flow and the ultimate
sand temperature. This in turn might have a large effect
on coastal and marine animals, particularly sea turtles,
for whom sex determination depends on the temperature of the sand their egg is nested in, as well as on meiofauna, present in both marine and freshwater beaches
[19]. These temperature and soil permeability changes
could also have an impact on the makeup of the microbial community of the sand, leading to changes in the
levels of carbon and nitrogen cycling performed by these
microorganisms [20]. Such microbial changes may result
in increased human health risks, as beachgoers can be
exposed to MPs that act as colonization sites for Vibrio
spp. and E. coli [21].
Given these potential human health and environmental effects, many studies have characterized MPs in beach
sand, with most focused on coastal beaches [22–26]
and, on occasion, beaches of large lakes [27, 28]. However, there is a current lack of research on MPs in beach
sand at freshwater reservoirs. Such reservoirs represent
important water sources to the communities around
them, with their beaches additionally acting as popular
recreation sites. This high public use in conjunction with
the potential negative effects of MPs listed earlier makes
analysis of such areas important.
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The aim of this study was therefore to quantify and
characterize MPs present in beach sand near the outlet
of one such reservoir, Sardis Lake in northern Mississippi. A secondary aim was to evaluate recoveries for
extraction procedures using MPs generated from naturally weathered plastics, which are more realistic than
what is typically employed such as virgin plastics beads
direct from the manufacturer. To our knowledge, this
is the first study on MPs in sand from a beach located
near the outlet of a major flood control reservoir, the
source of much of the plastic.

Materials and Methods
Study area

Sardis Lake is one of four major flood control reservoirs, created with earth fill dams, in the upper Yazoo
River Basin in north central Mississippi (Fig. 1). It has
a watershed of ~ 3985 k m2 and a summer pool of ~ 130
km2. The water levels are regulated to help control
flooding in the agriculturally important Mississippi
Delta, with a fall and winter drawdown to capture high
spring rainfall and maintain a summer recreation pool.
The lake is extensively used for recreation by the public,
and is especially popular for crappie fishing. Sources
of plastic to the beach include carelessly discarded
plastic by beachgoers (primarily during the summer),
upstream fishers (anglers along the shore of the outlet channel), and plastics that flow through the intake
structure on the upper lake entering the lower lake via
the outlet channel. The intake gates for discharging
water from the reservoir are at an elevation of ~ 70 m,
but their depth below the surface of the lake varies
between 1 to 10 m, depending on rainfall, season, and
other factors as described earlier.
Sample collection

Samples were collected following a NOAA protocol outlined in MPs sampling and processing guidebook from
Mississippi State University [29]. Briefly, beach sand
was collected from two different wrack zones as well as
areas in-between. Wrack zones consist of an accumulation of debris deposited at high water levels, usually high
tide, but here associated with discharge flows through
the dam outlet channel regulated by the US Army Corps
of Engineers. We sampled at five different locations in
each of the three zones using a 0.25 m
 2 quadrat (Fig. 2).
Large pieces of natural debris (e.g., sticks, feathers) were
removed after shaking them free of sand. A metal scoop
was used to remove the top 3 cm of sand in the quadrat,
which was then placed into a large zipper-seal polyethylene bag and labelled.
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Fig. 1 Maps showing the study area in north Mississippi. Samples were collected from a sandy beach (red star) located in the lower lake ~ 0.5 km
from the outlet (discharge) channel of Sardis Lake. Photos of the sampling site are provided in Fig. 2

Drying and sieving of sand samples

The beach sand was transferred into metal pans and
placed in an oven where it was dried at 60 °C for 3 days.
The samples were then passed through 5-mm and 1-mm
stainless steel sieves, and each size fraction was placed in
a zipper-sealed polyethylene bag and stored in a drawer
until further processing. A blank study determined that
the bags did not contaminant the samples.
In retrospect drying the samples at 60 °C was a mistake
as the temperature is at or exceeds the glass transition
temperatures for some forms of nylon, including nylon 6
and nylon 12. This is problematic because it can denature
the polymer which in turn can lead to difficulty in identifying the polymer by FTIR. Thus, our results may underestimate the abundance of nylon in the sample. Other
polymers in this study were not affected.
Isolating microplastics by density separation and digestion
of natural organic matter

MPs were extracted from the beach sand using a density
separation as described elsewhere [30]. Briefly, ~ 200 mL
of ZnCl2 solution (certified ACS grade, purity > 99%,
Fisher scientific) with a density of 1.6 g/mL was added to
100 g of sand in a 250 mL glass beaker. The mixture was
stirred with a glass rod for 1 min and then allowed to settle for 6 h. The top (floating) layer of debris was transferred into a glass vial using a 5 mL glass pipette. This
process was repeated twice more. The collected floating

debris was re-sieved through either a 45 µm mesh screen
for sand samples < 1 mm or a 1 mm mesh screen for sand
samples 1 to 5 mm in size and rinsed with 1% HCl solution and MilliQ water. The particles on the screens were
then transferred to 250 mL clean glass jars by rinsing
with milli-Q water passed through a 47 mm (0.2 µm pore
size) polycarbonate track-etched filter (Sterlitech Corp.,
Kent, WA, USA). Especially dense polymers (e.g., polytetrafluoroethylene) were not included/targeted in this
study.
A matrix digestion was needed because natural organic
matter in the samples (e.g., bits of leaves and feathers)
also floated to the surface during the density separation. We attempted to remove this natural organic matter using Fenton’s Reagent, but found that it did not fully
digest it. Thus, we employed an alkaline digestion by
adding 50 mL of 10% w/v KOH solution to the extracted
material and left it covered at room temperature overnight. The next day the digests were filtered through
47 mm polycarbonate filters for visual inspection by
stereomicroscopy.
It is important to note that KOH treatment at elevated
temperatures can alter the appearance (and FTIR spectra) of some types of MPs, such as nylon 6, nylon 66, PET
and polycarbonate [31, 32]. It is best to apply “soft” pretreatment procedures whenever possible, avoiding strong
reagents and elevated temperatures, to accurately quantify the abundance of MPs in samples.
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Fig. 2 Aerial view of the study site (top) showing the beach with wrack zones (red lines), discharge from the reservoir to the lower lake, and earthen
dam creating Sardis Lake. Photos show sampling quadrats of the beach sand (lower left), view of discharge into the lower lake (lower center), and
plastic debris recovered from upper Sardis Lake (lower right)

Stereomicroscopy and selection of putative microplastics

Each extract was visually inspected at 70 × magnification
using a Stemi 508 stereomicroscope (Carl Zeiss, Jena,
Germany) equipped with an Axiocam 105 color digital
camera and an X-Cite 120Q fluorescence lamp illuminators. Synthetic fibers were distinguished from non-plastic
fibers and natural plastics based on published criteria
recommending inclusion of particles lacking distinguishable cellular or biological structures, objects with even
coloring, and fibers with uniform thickness [33]. Putative MP particles were then classified by both morphology and color. Morphology was categorized as either a
fiber, fragment, bead or film [34–36]. Colors were designated as either clear, blue/green, black, brown, red/
pink, yellow, white or purple. Representative MPs were
photographed and the major dimension of each particle
was measured. All possible MPs were enumerated and
fluorescent particles in blanks were counted under red

fluorescence range (excitation at 560/40 nm, emission at
620/40 nm).
µ‑FTIR analysis

To identify MPs, putative MPs on 47 mm filters were transferred to 5 mL 50% ethanol via sonication. Two mL aliquots
were filtered through 25 mm gold-coated polycarbonate
track-etched filters (25 mm diameter, 0.4 µm pore size;
Sterlitech Corp., Kent, WA, USA). Eight 1 mm × 1 mm sections were randomly selected on each filter and analyzed
by µ-FTIR imaging using a Perkin Elmer Spotlight 200i.
Measurements were conducted in in the reflectance mode
using a mercury cadmium telluride (MCT) detector. Spectra were taken at 24 scans with wavelengths between 600
and 4000 cm−1 and a spectral resolution of 4 cm−1. Sample
spectra were compared to the spectra library supplied by
Perkin Elmer; matches were deemed positive with > 70%
similitude between sample and library spectra [37].
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Contamination mitigation, blanks, and spikes

Cotton laboratory coats and nitrile gloves were worn
during sample preparation and analyses. Glassware
was thoroughly rinsed and/or heated at 450 °C for
4 h, plastic materials were maximally avoided, and
samples were kept covered or sealed unless being
actively processed. Sample preparation procedures
were conducted in a clean room to reduce airborne
contamination. Twelve blanks were analyzed each
consisting of 100 g of pure sand (EMD Millipore)
heated to 450 °C for 4 h. To assess recovery, we spiked
six of these blanks with MPs of different sizes and
morphologies. Three blanks were spiked with 20 fluorescent PE beads (Cospheric, CA, USA), 10 beads
ranging in size from 150–180 µm and 10 from 300–
355 µm, as well as with 10 fragments of PMMA ranging from 500–1000 µm. The PMMA particles were
cryogenically ground (SPEX freezer mill) and stained
with pink synthetic dye (Rit DyeMore, Nakoma
Products LLC). Three other blanks were spiked with
10 stained particles (1–5 mm in size) of weathered
LDPE film, also cryogenically ground, and 10 stained
polyester fibers (1–5 mm) cut with a scissor. The
remaining six blanks were not spiked. Each of these
12 samples was processed in the same manner as the
beach samples.

Results and Discussion
Contamination and method validation

Despite stringent controls we found MPs in all our blanks,
demonstrating the need to include multiple blanks in all
MP studies. Here, the blanks averaged 63 ± 24 particles/
kg, amounting to ~ 10% of the average for the beach sand.
All sample data herein was blank subtracted according
to morphology. Most of the MPs in the blank samples
were either fibers (86.2%) or fragments (12.1%). Most of
the MPs found in the blanks were PEST (28.6%) or PE
(14.3%), both common contaminants, with PEST often
associated with synthetic fibers from clothing. There was
no significant relationship between the major dimension
of MPs in blanks and sand samples (p > 0.05).
We spiked clean sand with several morphologies and
polymer types of MPs to assess recoveries from sample
preparation. Recoveries for spiked samples ranged from
76.7% to 310% (Table 1). The lowest recoveries were for
PEST fibers, possibly because they are prone to waft into
the air, stick to the walls of glass equipment, and can
sometimes pass through sieves with mesh sizes smaller
than the fibers length if oriented properly. The highest
recovery was for LDPE films from weathered (brittle)
wrappers, which were cryogenically ground into MPs.
The shape of the film MPs (flat and thin) seemed prone
to fragmentation during sampler preparation (Fig. 3B).

Table 1 Results for recovery experiments (n = 3 in each category)
Shape

Type

Size Range

Stained

Source

Average
Recovery
(%)

Beads

PE

150–180 µm

No, already fluorescent

Cospheric, CA, USA

83.3

300–355 µm

96.7

Fragments

PMMA

500–1000 µm

Yes

Weathered plastic from Sardis Lake

100

Films

LDPE

1–5 mm

Yes

Weathered plastic from Sardis Lake

310

Fibers

PEST

1–5 mm

Yes

Univ. Hawaii Polymer Kit 1.0

76.7

Fig. 3 Images of fluorescent microplastics used in recovery tests: (A) Two size fractions of beads (150–180 µm and 300–355 µm) and stained PMMA
fragments (500–1000 µm); (B) Weathered LDPE film fragments (~ 50–500 µm); (C) Stained films and polyester fibers (~ 1–5 mm). Green scale bars
represent 500 μm (A and B) and 2 mm (C)
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However, the resulting fragments were still film-like and
thus would not contribute to other morphological categories. The other spiked MPs, including fluorescent PE
beads, polyester fibers, and weathered PMMA particles,
were observed to remain intact during sample preparation (Fig. 3A, C). Because our recoveries, except for
the film category, were generally good and because the
spiked materials were not representative of all plastics
(e.g., types, shapes, sizes), we do not correct for recoveries herein. Also, while the abundance of film MPs in the
sand samples may be somewhat overestimated (based on
our high recoveries), they still represent a small portion
(< 8%) of the overall MPs measured.
Abundances of microplastics in the beach sand

Comparing beach MP data from literature studies is
problematic due to non-standardized sampling, extraction, and analysis methods, along with different units
used to report results (particles/kg or particles/m2) [38,
39]. Here, we focus our discussion using particles/kg, but
include data in particles/m2 in Tables S1, S2. On average,
concentrations of MPs were 950 ± 100 particles/kg in the
lower wrack zone, 540 ± 40 in the upper wrack zone, and
270 ± 30 in areas in-between (Fig. 4). Microplastics in the
largest size fraction (1–5 mm) were found in both the
lower and upper wrack zones, but not in-between, with
the lower wrack zone having 60 ± 41 particles/kg and the
upper wrack zone 30 ± 26 particles/kg (Table S1). The
abundance of small MPs (< 1 mm) in the sand from the
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three zones averaged 560 ± 330, ranging from 270 ± 110
in between the wrack zones to 890 ± 340 in the lower
wrack zone (Table S2). Overall, these smaller MPs were
19 times more abundant than the larger size fraction. The
lower wrack zone had statistically higher MP concentrations (average 885 ± 336 particles/kg) than the upper
wrack zone (average 510 ± 140 particles/kg) (p = 0.002)
and areas in-between (average 270 ± 110) (p < 0.001). As
expected, concentrations in both lower and upper wrack
zones were higher (p < 0.01) than the sand collected inbetween them. Sand collected from lower wrack zone
also showed higher variation of MP concentrations
than the upper zone (p = 0.670) and in-between zone
(p = 0.318).
There are a several possible reasons for these spatial
differences. We have previously shown that flooding in
the Mississippi River tends to decrease the concentration of MPs in the water; although flooding may increase
the overall plastic load, the excess water likely results in
a dilution effect [40, 41]. This dilution effect is similarly
present in Sardis Lake during times of high lake volumes.
In reservoirs, high lake volumes often precede periods
of rapid lake discharge, leading to the formation of the
upper wrack zone. In contrast, the lower wrack zone
develops over longer periods during lower and more stable discharge rates. Further, because lower wrack zones
can be washed free of debris during high discharge rates,
lower zones are newer than the upper wrack zone. Examining the lower lake elevation and upper lake discharge

Fig. 4 MP abundances ± 1 standard deviation (n = 3) in beach sand collected from five quadrats along two wrack zones and in-between zone near
the outlet of Sardis Lake. ** represents p < 0.01; *** stands for p < 0.001
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Fig. 5 Microphotographs of microplastics from beach sand in lower Sardis Lake: blue fiber (A); long red fiber (B); entangled fibers and blue
fragment (C); green bead (D); blue film (E); blue fragment (F); black-blue colored fragment (G); blue fragment (H); and clear fragment (I). Each green
scale bar is 500 µm in length

rates prior to sampling (Figure S1) suggests that this
scenario is likely the case here. Indeed, the slope of the
decline in lake elevation during the last high discharge
period is greater than during the formation of the lower
wrack zone. Thus, it is not surprising that the upper
wrack zone exhibited lower concentrations of MPs compared to the lower wrack zone.
Despite the difficulty in comparing results, average concentrations of MPs at lower Sardis Lake beach
fall within the range observed for beaches globally. At
the lower end of this spectrum, a study of beaches in
northwestern Mexico found an average of 140 ± 90
particles/kg, with over half the sites showing concentrations below 100 particles/kg [42]. At the higher
end of the scale, the average concentration in four
protected beaches from barrier islands in Virginia
and North Carolina was 1410 ± 810 particles/kg [43].

Our findings of an average of 590 ± 360 particles/kg
are therefore roughly in the middle range. It should
also be noted that it is not uncommon for there to be
large variations in MP concentrations not just between
beaches, but within the same beach [44]. Our study
also shows relatively large variations can occur in different sites on a single beach, thus demonstrating the
need to sample at multiple sites throughout the beach,
including wrack zones.
Physical characteristics of the microplastics in the beach
sand

Physical characteristics, including morphologies,
sizes and colors, may enable researchers to track the
sources of MPs [45, 46]. Here, representative images
of MPs obtained by stereomicroscopy are shown in
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Fig. 6 Morphologies of microplastics (< 1 mm) in sand from a lower wrack zone (left), an in-between zone (middle) and an upper wrack zone (right)
at a beach near the outlet of Sardis Lake. The dimension of the particles in images D and F are 63 µm and 309 µm, respectively  

Fig. 5. Characteristics for the larger size fraction of
MPs (1–5 mm) were consistent between wrack zones,
which were dominated by fibers, fragments, and films
(Table S1). We did not find MPs in this size class for samples collected in-between the wrack zones. Smaller MPs
(< 1 mm) also were relatively consistent across the beach
with similar shape characteristics and size distributions
(Table S2; Fig. 6). The majority of these were fibers (61%),
followed by fragments (25%), beads (8%), and films (6%).
Other studies have also found fibers as the dominant
form of MPs in beach sand [27, 43]. The high number of
fibers are often associated with the discharge of wastewater, not the breakdown of plastic debris [38, 47]. However, because there are no major wastewater discharges
to Sardis Lake, our results suggest that other sources,
including atmospheric fallout, are contributing to widespread fiber pollution.
Particle size is an important factor in the assessment
of MP threats to biota, as smaller MPs can be consumed
by both terrestrial and aquatic organisms [31, 48, 49].
Additionally, these small particles are cause for concern
because their relatively large surface to volume ratio
makes them capable of adsorbing a wide variety of pollutants [50, 51]. Consistent with other studies [24, 52], the
bulk of MPs in our samples were in the lowest size fractions (Fig. 7). Further, the particle size distribution was
consistent across the beach with no statistical differences
between sites (p > 0.05). More specifically, fibers had the
largest average major dimension (1000 ± 900 µm), followed by films (460 ± 230 µm), fragments (180 ± 140 µm),
and beads (70 ± 40 µm). Much of these are likely secondary MPs stemming from degradation of larger plastic
debris that will continue to degrade over time.
Several fibers > 10 mm in length were found in sand
sieved through a 1 mm mesh screen; however, this is not

unusual given the fine width of most fibers [53]. Recognizing that evaluating MP sizes based solely on sieve
sizes can be biased, particularly for fibers, we included
measuring individual particles through stereomicroscopy. However, size estimation based on sieving remains
a common practice for samples with large numbers of
MPs (e.g., wastewater, sludge, landfill leachate) given the
impracticality of measuring every single MPs.
Color is another important feature of MPs in the
aquatic environment since marine organisms have been
shown to ingest MPs with coloring similar to their prey
[54, 55]. Microplastics can be either a single color or a
mix of colors [56, 57]. These colors do not come from
the plastics themselves, but rather from chemical additives incorporated during the manufacturing process.
Previous studies have shown that transparent (clear) and
blue are the two most commonly found single colors in
environmental MPs [25, 27, 58]. In our study, clear and
blue particles also predominated (Figure S2). It is worth
noting that MPs subjected to natural weathering conditions can become discolored [32]. As plastics degrade,
additives and dyes are able to be leach out from the polymer matrix since they are not usually covalently bonded
to the polymer structure [59]. Similarly, color leaching
may occur due to the use of oxidative reagents in certain
digestion methods. Both of these may contribute to the
high level of transparent MPs in this and other studies.
Chemical identification of the beach microplastics

Common polymers detected at marine beaches in other
studies were also identified in our samples. Five different polymers were identified in the upper wrack zone
for the > 1 mm size fraction of MPs. Most were PE (37%),
followed by PS (25%), PNB (13%), Polyacrylate:PS (13%)
and PET (12%) (Fig. 8). PE was also predominant in lower
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Fig. 7 Size distribution of microplastics extracted from lower wrack zone (A), in-between zone (B), and upper wrack zone (C)

wrack zone (22%), followed by PA (18%), PP (13%), PMA
(9%) and PC (9%). Other polymers identified include
PET, PMMA, POM, PS, PVDF and copolymers (PE:PB
and PVDF:PHFP).
Additional polymer types were detected in smaller size
fraction (< 1 mm). PE was again predominant across all
sites. PE is made into products ranging from clear food
wrap and shopping bags to detergent bottles, which are
produced and used globally. PS, PP, PEST, PC and PET
were also found in both wrack zones. These plastics are
widely employed in food-service industry as containers, disposable utensils, and drink holders, and in other
household products. Nylon (polyamide) and polyacrylates were also detected. The former is used, for
example, as fishing line, and the latter is commonly found
in paint and other coatings. Although fibers were the
most abundant morphology observed, the proportion of
PEST (identified by µ-FTIR) was generally low, suggesting that domestic wastewater, typically laden with PEST

fibers, may not be a major source of MPs to Sardis Lake.
Other plastics and cellulose can also take on the shape of
fibers, including nylon from fishing gear. The distribution
of the remaining polymers varied somewhat between
sampling sites.
Apart from homopolymers, copolymers were also sporadically detected. Copolymerization is used to modify
the properties of manufactured plastic to meet specific
needs, for example to reduce crystallinity, modify glass
transition temperature or to improve solubility. These
copolymers may be used to help identify the source of
the MPs they are associated with. Regardless of sampling sites, low-density polymers (e.g., PE, PP, PS, PBMA)
were most frequently found. This is potentially because
denser polymers tend to locate in lake sediment, whereas
low-density polymers are more likely to remain buoyant,
which allows them to migrate and deposit on the beach.
Additionally, some studies do not observe denser polymers like PET and PVC, because they employ a saturated
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Fig. 8 Composition of polymers detected in: A upper wrack zone (> 1 mm); B upper wrack zone (< 1 mm); C lower wrack zone (> 1 mm); D lower
wrack zone (< 1 mm); and E all samples combined. Polymers were identified using µ-FTIR. Note: the percentage of polyamide (PA) may be
underestimated as the samples were dried near the glass transition temperature which may affect detection of the polymer by FTIR
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NaCl solution for MP extraction [60]. However, we used
a solution of Z
 nCl2 with a density of 1.6 g/cm3 to extract
MPs, which is far more effective for these denser plastics. This suggests our reported concentrations of MPs,
including high-density polymers, reflect their true concentration in beach sand and not recovery issues.

Conclusions
This study focused on quantifying and characterizing MPs in sand collected from a beach near the outlet of Sardis Lake, a major flood-control reservoir in
northern Mississippi, as well as assessing pretreatment
procedures using MPs generated from naturally weathered plastic. We showed good recoveries for all spiked
MPs, except for weathered LDPE film which apparently fragmented during sample preparation. Results
for the beach samples showed that the concentration
and distribution of MPs on the beach is greatly influenced by dam discharge rates. Concentrations of MPs
varied with proximity to the shoreline, with the highest
abundance in the wrack zones and the lowest in areas
between wrack zones. These finding have implications
for targeted sampling of reservoir beaches in future
studies. When attempting to compare MPs concentrations between reservoirs, it is imperative to sample
from similar zones as well as to account for discharge
rates. Additionally, our results suggest that samples
should be taken from a variety of points to assess spatial differences, even within a single zone. Sampling is
also crucial when it comes to the polymer types being
evaluated. The low concentrations of high density polymers seen in this study suggests that they are likely
sinking to the bottom of the lake as opposed to washing
up on shore. Future studies therefore include lake sediment samples to provide the full picture of MP contamination in the system. As reservoirs are often used as a
drinking water source for their communities, it is critical to not only understand the full range of MP contamination in them but also to focus on ways to reduce
this pollution. Our findings show that both macro- and
micro-plastics accumulate on the wrack zones of reservoir beaches, making them prime locations for plastic
cleanup efforts.
Abbreviations
PA: Polyamide; PBMA: Poly (11-bromoundecyl methacrylate); PC: Polycarbonate; PCL: Polycaprolactone; PE: Polyethylene; PEST: Polyester; PET: Polyethylene
terephthalate; PEA:PS:PAA: Polyethyl acrylate:styrene:acrylamide; PMA: Poly
(N-methyl acrylamide); PMMA: Polymethyl methacrylate; PNB: Polynorbornene; Polyacrylate:PS: Polyacrylate:styrene; POM: Polyoxymethylene; PP:
Polypropylene; PS: Polystyrene; PUR: Polyurethane.
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Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s43591-022-00029-z.
Additional file1: Table S1. Microplastics (1-5 mm size fraction) abundances and morphologies in the beach sand. No microplastics in this size
class were found in-between the wrack zones. Table S2. Microplastics
(<1 mm size fraction) abundances and morphologies in the beach sand.
Figure S1. USGS river gauge data showing the elevation of lower Sardis
Lake where the beach is situated, as well as the sampling date (green
arrow) and the elevation and date the two wrack zones were formed (red
arrows). The lake discharge rates corresponding to the upper and lower
wrack zones were ~160 m3/sec and ~125 m3/sec, respectively. Figure
S2. Color distribution of small MPs extracted from lower wrack zone (left),
in-between zone (middle) and upper wrack zone (right).
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