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Abstract: Wastewater treatment systems collect and treat sewage that includes microplastics (MPs).
However, we are not aware of any studies on the occurrence and distribution of MPs in wastewater
stabilization ponds (WSPs), which serve small communities worldwide. Here, we characterized
MPs (~45 um-5 mm) in an aerated WSP serving ~500 houses and an adjacent lake. Putative MPs
were most abundant in duckweed (Lemna minor) and sludge (75 £ 22 and 12.8 + 3.1 particles/g,
respectively: £1 standard deviation (SD), n = 6, dry weight). In the water, average concentrations
(particles/L £ 1 SD, n = 6) were highest in the pond (4.1 £ 0.6), followed by effluent (3.9 &+ 0.5)
and the lake (2.6 & 0.6). Over 20 types of MPs were identified in each different compartment,
with the distribution varying somewhat between the water, sludge, and duckweed. Polyester and
polyethylene were the predominant types, followed by polyethylene terephthalate, polyacrylate,
polyvinyl chloride, polystyrene, and others. Morphologies consisted of fibers (62-71%), fragments
(28-37%), and beads (1-6%). High-density polymers were more frequently found in sludge. Potential
sources of the MPs include synthetic textiles from laundry and other plastics washed down household
drains. Overall, with ~786,000 MPs/day released in the pond effluent and with duckweed a source
of food for waterfowl, we demonstrate that WSPs can be point sources of MPs to both aquatic and
terrestrial ecosystems and thus deserve further scrutiny.

Keywords: plastic pollution; wastewater stabilization pond; wastewater; duckweed; freshwater

1. Introduction

Microplastics (MPs), fibers, particles, or fragments of synthetic polymers between
1 pm and 5-mm in size, are pervasive in the natural environment [1,2]. Given their small
size and ubiquity in water bodies, their ingestion and impact on both aquatic life and
ecosystems is of great concern [3-5]. Primary MPs are manufactured small and include
fibers, beads, and plastic pellets [6]. Secondary MPs are generated by fragmentations of
larger plastic debris through physical, chemical, and biological effects, and are predominant
in the environment [7,8]. Major sources of MPs to water bodies include storm water runoff,
atmospheric fallout, and wastewater discharge [9,10]. For example, a pair of jeans can
release > 50,000 microfibers per wash [11], and microbeads, although banned in some
countries and the European Union, may still be on shelves and in use in people’s homes.

As MPs are abundant in both residential and industrial wastewater, wastewater treat-
ment plants (WWTPs) serve as potential point sources of MPs to the environment [12-15].
Recently, a number of studies have focused on the distribution and fate of MPs in munici-
pal wastewater treatment systems to better understand the role they play in the transport
and release of MPs to the environment. Despite not being designed for MPs, WWTPs
are generally effective at removing them, with efficiencies ranging from ~64% to >99%,
depending on the type of treatment facility and other factors [16]. Nevertheless, given the
high loads of MPs entering WWTPs, treated effluents typically increase the MP burden

Water 2021, 13, 2833. https:/ /doi.org/10.3390/w13202833

https://www.mdpi.com/journal /water


https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0002-4107-0190
https://orcid.org/0000-0002-2045-3782
https://doi.org/10.3390/w13202833
https://doi.org/10.3390/w13202833
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/w13202833
https://www.mdpi.com/journal/water
https://www.mdpi.com/article/10.3390/w13202833?type=check_update&version=1

Water 2021, 13, 2833

20f13

to recipient waters; even tertiary WWTDPs, which can effectively remove > 98% of MPs,
can still contribute high amounts of MPs due to discharges that are continuously high in
volume [9,13,17-19]. Additionally, waste sludge, which is abundant in MPs, is commonly
used as fertilizer or sent to landfills, both of which can lead to the release of MPs to the
environment via runoff or wafting into the air [20-22].

Whereas the distribution and fate of MPs in WWTPs have been extensively studied,
comparatively little attention has been paid to MPs in wastewater stabilization ponds
(WSPs), sometimes called oxidation ponds, which commonly serve rural and small com-
munities worldwide. The WSP treatment strategy uses a single or a series of ponds to
reduce organic content and remove pathogens from wastewater through the coaction of
bacteria and algae and/or aquatic plants. WSPs are low cost in terms of construction, main-
tenance, and energy requirements, and are particularly effective in tropical and subtropical
regions because sunlight and higher temperatures contribute to a more efficient removal of
waste [23]. Moreover, their use in developing nations is projected to grow as the worldwide
water crises increases [24]. However, as no preliminary, primary or tertiary wastewater
treatment is employed in WSPs, the distribution, transport, and fate of MPs could vary
significantly from other wastewater treatment systems. Further, WSPs involve natural
treatment processes which require long hydraulic retention time, potentially giving MPs
more time to degrade and/or transport out of the system.

Here, we report what we believe to be the first study examining the distribution,
transport, and fate of MPs in an aerated WSP serving a small community. We demonstrate
the partitioning of MPs into different environmental and biological compartments within
the WSP and show that the duckweed and sludge harbor the majority of the MPs. Further,
concentrations of MPs in the WSP effluent were higher than a nearby lake, making it a
potential source of MP pollution to the receiving waters.

2. Materials and Methods

Table S1 contains a list of polymers and their abbreviations used in the follow-
ing sections.

2.1. Study Site

Samples were collected from a single aerated WSP (GPS Coordinates: 34.365375,
—89.597248) which serves a community of ~500 households in Oxford, Mississippi (Figure 1).
The WSP is situated adjacent to Wellsgate Lake, a ~0.5 km? freshwater lake formed in 2003
by damming a tributary of Sardis Lake, a much larger reservoir to the north. The WSP is
shallow (~1.0 m depth or less) and has ~230 m? surface area. Aeration aids dissolution of
oxygen into the water to facilitate microbial-mediated digestion of the organic waste. The
pond is also laden with duckweed, which produces oxygen through photosynthesis, further
supporting respiration by aerobic microorganisms in the pond. The treated wastewater is
disinfected by chlorine before discharge.

2.2. Sampling and Determining Sludge and Moisture Content

Triplicate water samples were collected from the pond, treated effluent, and the lake in
August and December of 2020. The pond was sampled near where water flows away from
the aerator, the effluent where it discharges from the pond entering a small stream, and the
lake near the dam’s spillway. We were unable to sample the influent as it is released into
the center of the pond via two large pipes and there is no access point just upstream of the
discharge. Water from each site was rapidly transferred to fill a 50 L polypropylene (PP)
carboy container using a water transfer pump and subsequently filtered through a stack of
8-diameter stainless steel sieves with mesh sizes of 1 mm, 125 pm and 45 um (Figure S1).
Use of the carboy allowed us to filter a large, exact, and reproducible volume of water for
replicate analyses. Particles on each sieve were carefully rinsed into a 1 L Mason jar using
PTFE squirt bottle containing ultrapure Milli-Q water.
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Figure 1. Study area showing (A) the distance and pathway (squiggly red line) from the study site to Sardis Lake
downstream, (B) Wellsgate Lake and the surrounding community, and (C) overview of the WSP with arrows indicating
direction of WSP discharge and overflow from lake, and (D) close-up photo of aeration of the WSP and surface duckweed.
Letters in section (C) indicate the general location where samples of water (W), sludge (S), and surface duckweed (A) were
collected, with the W just outside of the pond representing the effluent sampling site.

We also collected WSP sludge and duckweed. Sludge samples were collected from the
top ~1 cm of sediment at three different locations in the pond and combined. Duckweed
was skimmed from the surface directly into Mason jars and stored along with the sludge at
~4 °C until analyses.
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Moisture content of sludge was determined by drying at 105 °C for 24 h, while organic
matter content was measured by heating the sample at 600 °C for 2 h in a muffle furnace.
The average moisture content ranged from 22.2% to 25.6% and the average organic matter
content ranged from 1.5% to 2.4% (Table S2).

2.3. Sample Preparation

To isolate and quantify MPs in the water, sludge, and duckweed, we prepared samples
following a method outlined by the National Oceanic and Atmospheric Administration
(NOAA) [25].

2.3.1. Water Samples

Labile organic matter within each pre-sieved sample was digested using Fenton’s
reagent. Briefly, 30% H,O, (97% purity, Fisher Scientific, Hampton, NH, USA) and 0.05 M
Fe(II)SO4 were used to oxidize organic matter for 24 h at room temperature. Following
the digestion step, inorganic particles were removed by density separation (three times
per sample) using a solution of ZnCl, (>99% purity, Fisher Scientific, Hampton, NH, USA)
with density of 1.6 g/mL. The top layer of the solution was collected and filtered through a
45 um sieve. Retained particles were rinsed into 25 mL glass vials with 50% ethanol and
stored until analyses. Before analyses, the 25 mL vials were filtered through 47 mm (10 pm
pore size) polycarbonate track-etched filters (Sterlitech Corp., Kent, WA, USA).

2.3.2. Pond Sludge and Duckweed

Approximately 10 g of dried sludge and 2 g of dried duckweed were digested with
Fenton’s reagent as before. Sludge samples were subsequently sieved through 45 pm
sieve and the particles rinsed with DI water back to glass jars for density separation with
ZnCl, solution. Duckweed digests were passed through both 1 mm and 45 um sieves with
the residue on the 45 um sieve being rinsed with DI water back to glass jars for density
separation as before. The top layer of solution was collected and filtered through a 45 um
sieve and the particles stored and filtered as before.

2.4. Sample Analyses

The extracted particles on the filters were enumerated under a stereomicroscope with
40x magnification (Carl Zeiss Discovery V12, equipped with an Axiocam 105 color digital
camera). Representative MPs were photographed (Figure S2). Objects that were clearly not
plastic or that had biological features such as spines or striations were not counted. If in
doubt, the object was not counted as plastic. Putative MPs morphologies were categorized
as fibers, fragments (particles with sharp edges) and beads (circular objects). Color was
also documented.

To identify the types of MPs present, 10 samples were selected, 2 from each of the
5 sampling sites/environmental compartments, one each for winter and summer. Sample
particles were transferred to glass vials in 50% ethanol and the solution was evaporated in
a clean laminar flow hood. The vials were sealed and shipped to the South China Institute
of Environmental Science for FTIR microscopy. There, 5 mL of 50% ethanol was added to
each vial and mixed. Next, a 1 mL aliquot was filtered onto gold-coated polycarbonate
track-etched filters (25 mm diameter, 0.4 um pore size; Sterlitech Corp., Kent, WA, USA).
Eight 1 mm x 1 mm sections were randomly selected on each filter and analyzed by
u-FTIR imaging using a Perkin Elmer Spotlight 200i. Around 50 particles in each section
were chosen and each sample was measured twice. Measurements were conducted in
reflectance mode using a mercury cadmium telluride (MCT) detector. Spectrums were
taken at 24 scans with wavelengths between 600 and 4000 cm ! and a spectral resolution
of 4 cm~!. Each sample spectrum was compared to the spectra library supplied by Perkin
Elmer. Matches were deemed positive with >70% similitude between sample and library
spectrum [26]. Representative spectrums from extracted MPs are shown in Figure S3.
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2.5. Assessing Microplastic Contamination and Accuracy

Our approach to minimizing and assessing MP contamination is described else-
where [27]. Briefly, cotton laboratory coats and nitrile gloves were used during sample
preparation and analyses. Samples were covered with aluminum foil whenever they were
not being actively processed and laboratory surfaces were wiped clean with alcohol prior
to use. All equipment was thoroughly rinsed, and plastic materials were avoided as much
as possible. Sample filtering was conducted in a laminar flow hood (AirClean system
600 workstation). Blanks were analyzed to assess contamination during pre-treatment and
all sample data is blank subtracted.

To assess MP recoveries, we spiked 50 L samples of WSP water and treated effluent
with 45 MPs in the 500-1000 um size range for recovery experiments. The spiked MPs
included 15 bright blue particles of weathered PP, 15 royal blue particles of virgin PP, and
15 bright red particles of virgin PMMA. The MPs used for spiking were generated by
cryo-milling of larger plastic debris using a freezer /mill (Spex Certiprep Inc., Metuchen,
NJ, USA). Weathered MPs stemmed from an aged (brittle) PP container found in the
environment at a nearby lake and virgin particles were from new PP bottles and PMMA
sheets. Each plastic type was confirmed using FTIR spectroscopy (Cary 550; Agilent
Technologies, Santa Clara, CA, USA).

3. Results
3.1. Evaluation of Contamination and Effects of Sample Treatment on Microplastics

Three method blanks, consisting of 50 L of reverse osmosis water added to the carboy
and carried through our entire procedure, averaged 0.2 particles/L (9 PEST fibers and 2 PE
fragments/50 L), well below the ~4 particles/L (~200 particles/50 L) in the pond water
and treated effluent. Nevertheless, the method blank was subtracted from all analyzed
samples. Recoveries of MPs spiked into 50 L water samples from each site averaged 93.3%
for PMMA, 83.3% for virgin PP, and 60% for weathered PP.

Microplastics were also examined before and after treatment with Fenton’s Reagent.
Visual inspection, FTIR spectra, and mass analysis (Table S3) showed that the MPs were
not significantly degraded during the treatment process, consistent with what others have
found [28,29].

3.2. Microplastics in the Waste Stabilization Pond Samples

Abundances of MPs in the different environmental and biological compartments mea-
sured in this study are shown in Figure 2. Concentrations (particles/L) in the pond water
and treated effluent were 4.0 £ 0.8 and 3.8 & 0.7, respectively, in the winter. Abundances of
MPs were slightly higher in summer for both the pond (4.2 & 0.4 particles/L) and effluent
(4.0 = 0.4 particles/L). Abundances of MPs in the duckweed was 75.2 £ 22.1 particles/g
compared to 12.8 £ 3.1 particles/g in the sludge. Most of the MPs were fibers (62-71%),
followed by fragments (28-37%), and beads (1-6%) (Figure 3). The majority of these were
between 45-125 um, the smallest size fraction measured (Figure S54).

The composition of polymers detected in each type of sample is given in Figure 4.
Twenty-two different polymers were detected in the pond water, including (% of total MPs
particles identified): PEST (23%), PE (16%), PCL (9%), PP (6%), PMMA (5%), Silicone (5%),
PS (3%), and PET (3%). Other polymers detected (at <2% each) include: PAM, polyacrylic,
PEA, PEMA, PET, PEI, POA, PVS, polyvinyl alcohol, polylauryl acrylate, and three types
of copolymers (PE:PVA:PVC; PMA:PE; PVDF:PHFP). In the treated effluent, 21 kinds of
polymers were identified, with PE (37%) and PEST (24%) predominate.

Microplastics were most diverse in the sludge, with 30 different types identified. Not
surprisingly, the majority were PEST (28%), followed by PE (11%), PET (8%) and PE:PEA
(7%). In addition, 19 different polymers were observed in the duckweed, including PEST
(25%), PE (13%), PA (10%), PHM (8%), and PVS (7%). Approximately 12% were copolymers
and 86% of them contained PE.
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Figure 2. Microplastic abundances in four different compartments in the waste stabilization pond (pond water, effluent water,
sludge, and duckweed) and in water from an adjacent lake during warm and cold seasons. Error bars = -1 standard deviation.
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Figure 3. The distribution of microplastic morphologies detected in Wellsgate Lake and the waste stabilization pond (water,
effluent, sludge, and duckweed).
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Figure 4. Composition of polymers detected in Wellsgate Lake water (A), wastewater stabilization pond water (B), treated
effluent (C), sludge (D), and duckweed (E).
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3.3. Microplastics in the Lake Water

Microplastic abundances in the lake water were 2.3 & 0.3 particles/L in summer and
3.1 £ 0.6 particles/L in winter (Figure 2), with the majority (60.1% and 58.2%, respectively)
measured in the lowest size fraction (45-125 um). Fibers were the most common shape,
followed by fragments, and beads (Figure 3). A total of 25 different polymer types were
found in the lake water, including polyacrylate (PA) (24%), polyethylene (PE) (17%), silicone
(10%), polyvinyl chloride (PVC) (6%), PMMA (6%) and polyethylene terephthalate (PET)
(5%). Other polymers occurred sporadically (Figure 4a). With regard to color, 43.5% were
transparent, followed by blue/green (29.3%) and brown (10.7%) (Figure S5a).

4. Discussion
4.1. Contamination and Recoveries for Spiked Samples

Filtering water in the field for MPs is commonly used when large volumes are required
for analyses. In this study, a water transfer pump was used to rapidly fill a 50 L polypropy-
lene carboy container and then pass the water through 1 mm, 125 pm and 45 um sieves.
As noted, our method blank consisted of 50 L of RO water transferred into the carboy and
processed in the same manner as samples. The blank averaged of 0.2 particles/L (9 fibers
and 2 fragments/50 L), well below the ~4 particles/L (~200 particles/50 L) in the pond
water and treated effluent. Thus, contamination was under control in this study.

We also validated the method using spikes consisting of several different polymers
(Table S3). Instead of microbeads, which are often used for recovery tests, we used irregular-
shaped and weathered MPs generated by cryomilling to more accurately reflect environ-
mental MPs. Recoveries averaged 93.3% for PMMA, 83.3% for virgin PP, and 60% for
weathered PP, demonstrating higher recoveries for the more-dense PMMA compared to
PP (Table S4). Because the three plastics used for recovery tests cannot represent the di-
versity of sizes, shapes, and compositions of MPs in environmental samples, and to avoid
introducing bias, we chose not to correct for these recoveries.

Although previous studies have concluded that Fenton’s reagent has negligible effect
on many common polymer types [30], we examined its impact on PETG, PLA, CPE, ABS,
PETG for ourselves. The mass of MPs was not significantly altered (p = 0.994) and IR
spectra were near identical before and after the Fenton’s reagent digestion, suggesting
there was minimal impacts to MPs in our samples.

4.2. Microplastics in the Lake Water

The average concentration of MPs in the water of Wellsgate Lake was 2.7 & 0.6 par-
ticles/L. Concentrations were higher in the summer (3.1 & 0.6 particles/L) than in the
winter (2.3 £ 0.3 particles/L), but the difference was not statistically significant (p = 0.092).
Wellsgate Lake is primarily fed by storm water runoff and supplemented by pumped
ground water. Sources of plastic pollution may include the runoff, carelessly discarded
plastic, and atmospheric deposition. Increased outdoor activity by the community, as
well as more frequent storm events in the summer, could contribute to the slightly higher
abundance of MPs in the lake during the warm season.

The MP concentrations at Wellsgate Lake are also higher than those reported for
two other studies of freshwater lakes [31,32], but lower than in storm water runoff [33].
However, comparison of MP data between these different studies is problematic because of
different MP sources, lake catchment areas, and population centers, as well as the different
sampling, sample preparation, and analysis methods employed.

Approximately 20% of MPs detected in lake water were polyacrylates, commonly found
in paints, as well as sunscreen and other personal care products. Its presence is not that
surprising given that there is a large number of homes along the lake’s shore and surrounding
vicinity, as well as a number of docks and boats that are routinely painted. PE (17%) was also
predominant in the lake, similar to other studies of MPs in freshwater bodies [16,34,35]. PVC,
PET, and PMMA accounted for 17% of the MPs particles identified in the lake. Most of the
MPs were in the form of fibers (67%), often the predominant morphology found in surface
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water [36-38]. Whereas biofouling increases the relative density of many MPs causing them
to sink, fibers tend to possess a relatively low surface area for fouling and are more likely to
remain in the water column or on the water surface [39].

The MPs we observed were most commonly transparent (43.5%) or blue (29.3%), a
color distribution similar to other published freshwater data [2,33,40]. Microplastics can
inherit their colors from their parent plastic products, but often their colors can fade or
change due to photodegradation and residence time in the water. Such color changes can
reflect the degree of weathering [41].

4.3. Microplastics in the Waste Stabilization Pond

Microplastic concentrations averaged 12.8 + 3.1 particles/g in the WSP sludge, which
is similar to concentrations reported in sludge from municipal WWTPs [14,21,22]. Unlike
municipal WWTPs which rapidly treats both domestic and industrial wastewater, the
WSP in this study treats only domestic wastewater and the sludge can accumulate MPs
for years. PEST accounted for 28% of MPs detected in the WSP sludge, followed by PE
(11%), PET (8%), and PE:PEA copolymer (7%). PEST microfibers, commonly released in
wastewater from the laundering of synthetic garments and shedding of textiles, is also
the predominant type of MP found in sludge of municipal WWTPs [15,22,42]. Density is
a major factor in the partitioning of MPs into environmental compartments. Although
high density polymers were found more frequently in the WSP sludge, we also found low
density polymers (PE, PS, and PU). However, this is not unusual as biofilms can increase
their apparent density [13,21,43]. All samples collected from the WSP contained silicone;
silicones are commonly used or found in households as sealants, adhesives, lubricants,
kitchen items, and in thermal and electrical insulation.

We found the highest concentration of MPs in duckweed (75.2 £ 22.1 particles/g), mostly
consisting of PEST (25%), PE (13%), and PA (10%). Aerated WSPs exploit symbiotic relation-
ships between bacteria and algae and/or aquatic plants such as duckweed to decompose
organic matter and treat wastewater. Zhang et al. (2017) reported that MPs, particularly fibers,
can adsorb and aggregate onto algae [44]. Canniff and Hoang (2018) found algae growth
was greater in the presence of microbeads and suggested that MPs could potentially serve as
substrates for algae [45]. We now show that duckweed, a small aquatic plant that commonly
floats on the surface of ponds, captures MPs. This is important because duckweed is a food
source for waterfowl. Thus, WSPs may transfer MPs to the terrestrial ecosystem.

Abundances of MPs in the WSP water were similar in the summer and winter (p = 0.653).
In the winter, concentrations in the pond and treated effluent were 4.0 & 0.8 particles/L and
3.8 £ 0.7 particles/L, respectively. Concentrations were slightly higher in summer in both
the pond (4.2 + 0.4 particles/L) and effluent (4.0 £ 0.4 particles/L). Michielssen et al.
(2016) and Conley et al. (2019) reported that variation of MPs in the treated effluent over
the course of a year did not follow any seasonal pattern [19,46]. On a shorter time-scale,
differences are expected to be greater at municipal WWTPs compared to WSPs due, in part,
to plant operations, which can affect flow rates. As shown, concentrations of MP were
slightly lower in the effluent than the pond water, suggesting a slight loss of particles from
the water column as the wastewater travels from influent to the effluent. We speculate that
most MPs introduced into the pond in the raw sewage (mixed by the aeration agitators) are
either trapped by surface duckweed or deposited on the pond floor, with a smaller portion
of the particles flowing with the circulating water under the duckweed, which can blanket
the surface of most of the pond.

Not surprisingly, PEST (23%) and PE (16%) were the dominant types of MPs in the pond
water. PEST is commonly used in apparel, carpets, and home furnishing materials, and PE is
commonly used in consumer products and personal care products. In the pond effluent, the
proportion of PE increased to 37%, while PEST remained similar (24%). Compared to sludge,
most of detected MPs in the water were low density polymers. Polycaprolactone (PCL), a
biodegradable thermoplastic polyester, was also detected in the pond water (9%). PCL is
widely used as a drug delivery agent and in the production of polyurethanes.
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Fibers accounted for the highest proportion of MPs in wastewater samples (65.2%)
and sludge samples (64.4%). Most of the fibers were transparent (57.5%) or blue/green
(21.5%). Others have shown that most of blue fibers are from the laundering of denim blue
jeans [11]. Potential sources for transparent fibers could also be the shedding of garments
and textiles or from materials flushed down toilets [42]. Microbeads in the 45-125 um were
also abundant (1 to 13 particles per 50 L in pond water). Carr et al. (2016) showed that the
many MPs in the WWTPs had color, shape, and size similar to the blue PE particles present
in toothpaste formulations [13]. Due to the adoption of the US Microbead-Free Waters Act
of 2015, microbeads added to personal products have been either significantly reduced or
totally replaced by irregular fragments.

Finally, without access to the influent, we were unable to assess concentrations of MPs
entering the pond limiting our ability to fully evaluate removal rates. However, given
the relatively high concentrations of MPs accumulated in the duckweed and sludge it
seems reasonable that they harbor much of the MP burden. Nevertheless, we still estimate
~786,000 particles are discharged in the pond effluent daily, based on averages for both the
concentration of MPs in the effluent and discharge flows. Thus, WSPs can indeed contribute
MPs to downstream aquatic ecosystems. Given the growing demand on WWTPs and the
more than 7000 facultative WSPs in the USA [47,48], the impact of WSPs, especially for
those near vulnerable aquatic ecosystems, deserves further scrutiny. Future work should
focus on new WSPs or those with access to inflows and flow data to allow mass balance
studies. Whereas wastewater treatment is generally efficient at removal of MPs, source
reduction remains the most efficient method to reduce contamination [49].

5. Conclusions

This study investigated MPs in a WSP serving a community of ~500 houses, as well
as in an adjacent lake. Microplastics were present in all samples. Not surprisingly, the
predominant polymers detected were PEST and PE, with varying amounts of other plastics
depending on the sample media. Duckweed and sludge had the highest concentration of
MPs, and likely harbor the bulk of the MPs in the system. The concentration of MPs in the
treated effluent was lower than in the pond water, albeit by a small margin. There was no
seasonal difference in MP abundances. Potential sources of the MPs in the WSP include
the laundering of clothes, plastics pieces from consumer products washed down the drain,
storm water runoff, shedding of paint, and atmospheric fallout. We estimate that the
WSP discharges ~786,000 MPs per day in the treated effluent. Moreover, with duckweed
harboring MPs that may be consumed by waterfowl, and with effluent containing higher
concentrations than the nearby lake, we conclude that WSPs should not be overlooked as a
source of MPs to the environment.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/w13202833/s1, Figure S1. Photos showing our sampling scheme and sampling sites at
Wellsgate Lake (top left), the waste stabilization pond effluent (bottom left), and the waste stabilization
pond itself (top and bottom right). Note the 50 L carboy emptying through a stack of sieves with
mesh sizes of 1 mm, 125 pm, and 45 um and the extensive surface duckweed in the pond. The
water transfer pump and intake (just below the buoy in the top left) are also shown. Figure S2:
Stereomicrograph of representative microplastics isolated from samples. (A) transparent fragment
and (B) white fragment extracted from Wellsgate Lake, (C) transparent fragment extracted from
pond, (D) white microbead and (E) blue microbead extracted from effluent, (F) blue fiber, (G) white
microbead and (H) yellow fragment extracted from duckweed, (I) blue fiber extracted from sludge.
Figure S3: Some spectrum of extracted MPs. Figure S4: Size distribution of microplastics extracted
from Wellsgate Lake, the pond, and treated effluent. Figure S5: Color distribution of microplastics
extracted from (A) Wellsgate Lake, (B) the pond, (C) treated effluent, (D) sludge, and (E) duckweed.
Table S1: Abbreviation of polymers. Table S2: Properties of sludge collected from a community
WSP. Table S3: Changes in mass of the tested plastic particles following wet peroxidation treatment.
Table S4: Recovery of 500-1000 um of microplastics spiked into lagoon wastewater and final effluent.
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