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Abstract: The problem of plastic and microplastic (MP, <5 mm in size) pollution has received
widespread attention globally, with its widespread presence being reported in various environmental
media. However, a lack of standard sampling and analysis methods is making it difficult to compare
data across studies and understand the source and fate of plastics and MPs. Common sampling
strategies used in studies of MP in natural waters include Manta net and pump filtering using
different mesh sizes, but the impact of these sampling technologies on the final MP abundance and
characteristics is not well understood. This study used common sampling devices, including a Manta
trawl net, shallow-water plankton pump (SPP), deep-water plankton pump (DPP), and submersible
pump with on-site filtration using 50 and 330 um aperture size meshes, to sample MP in natural
coastal water. The results showed that while Manta trawl and plankton pumps produced similar
MP abundance (2.0-6.0 n/m?3), the MP characterization was significantly different, with fibers being
the dominant MP in plankton samples (>70%) and only 14.2% in Manta trawl samples. Submersible
pump sampling using a 50 um mesh retained a higher percentage of fibers, with a two magnitude
higher abundance of MPs (357 & 119 and 553 + 19 n/m?3 for 330 um and 50 um mesh, respectively)
attributed to the floating debris encountered during sampling and the shallower sampling depth as
well as smaller sampling volume. This study highlights the key factors that impact MP abundance
and characteristics as well as the challenges to harmonizing MPs sampling methods in aquatic
environments, which is also helpful for data compilation across studies.

Keywords: microplastic; sampling methods; manta trawl; submersible pump; plankton pump; mesh
size; coastal water

1. Introduction

The issue of marine plastic pollution has gained significant attention in recent years
due to an increasing number of reports on the subject worldwide. In 2016, the world’s
plastic production reached 367 million tons [1]. Once ending in the environment, these
plastics tend to break down into smaller particles through physical processes (such as ultra-
violet rays), chemical processes (such as oxidation), and biological processes (such as being
ingested by organisms) [2]. Particles smaller than 5 mm are referred to as microplastics and
have received extensive attention from researchers because of their small size, ubiquitous
distribution, hydrophobic nature, and ability to adhere to microorganisms and absorb
persistent organic pollutants [3].

The field of MP surveys in natural environments has been expanding exponentially in
the past ten years, yet the lack of standardized methods remains a significant knowledge
gap, making cross-study data comparisons difficult and hindering our understanding of
the source and fate of MPs [4]. The sampling of MPs in aquatic environments can be
categorized into two main large-volume-based method groups: net sampling and direct
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pump sampling [5]. Net sampling methods vary in terms of the type of net used and its
mesh size, with commonly used net types including Manta trawl, Neuston net [6,7], Ring
net [8], Bongo plankton net for deep-water MP sampling [9], and bottom trawl [10]. This
method accounted for more than half of MP field survey studies in river water, with the
mesh pore size varied from 100 pm to 335 um [5]. Direct pump sampling methods include
submersible pump sampling with on-deck filtration [11,12] and plankton pump with in situ
filtration [13,14]. The submersible pump has limitations on the depth it can sample due to
cable and tube length constraints, while the plankton pump can directly filter underwater
and can be deployed down to 6000 m [13]. The diversity of these MP sampling methods has
resulted in issues with data comparison and compilation. However, the impact of different
sampling methods on MP abundance and characteristics is not well understood. Especially
to our best knowledge, direct data comparison of those sampling methods in the natural
water environment is still very limited.

Besides the sampling methods, the sampling condition when the samples were col-
lected could also impact the MP survey results. Different from the dissolved pollutants,
plastics and MPs are particles that cannot be well mixed. Their distribution is highly
impacted by physical factors, such as wind, current, tides, upwelling, etc. Those factors
will lead to the uneven distribution of plastic and MPs in the surface water as well as in the
water column [15]. Zhao et al. (2019) found a patchy distribution of MPs in the coastal East
China Sea; the abundance of MPs in one area could be more than 10 times higher than in
the adjacent area despite the higher similarity in geological scale [12]. Wang et al. (2022)
further proposed the theory that ocean and estuarine fronts could play important roles in
accumulating plastics [15]. However, the real-time impacts of the “floated debris hotspot”
on the sampling results have not been deployed and reported.

To address the above knowledge gaps, we conducted in situ sampling of MPs in the
water column using various sampling devices, including the Manta trawl net, shallow-
water plankton pump (SPP), deep-water plankton pump (DPP), and a submersible pump
with on-site filtration, using different filtration mesh sizes in Zhoushan Fishing Ground, a
typical coastal area heavily impacted by human activities. During the submersible pump
sampling, a large number of debris floated by, providing us with the opportunity to evaluate
the impact of these “floating debris hotspots”. Our objectives were: (1) to compare the
results of MPs sampling obtained with the plankton pump and Manta net; (2) to assess the
repeatability of the SPP and DPP for MPs sampling in the water column (from the surface
to the bottom layer); (3) to investigate the impact of “floating debris hotspots” on MPs
survey results; and (4) to examine the effects of using 50 um and 300 pm mesh sizes on
MPs survey results.

This study had two novel aspects. Firstly, we compared the effectiveness of different
MP sampling methods, including the Manta net and various types of plankton pumps,
through a direct in situ comparison. While plankton pumps have been suggested as a new
method for MP sampling, their results have not been previously compared to those of the
Manta net in natural aquatic environments. Secondly, we assessed the impact of uneven MP
distribution on the final MP results, which enhanced our understanding of the challenges
in harmonizing MP sampling methods and compiling data across multiple studies.

2. Materials and Methods
2.1. Study Area and Sampling Methods

The sampling site for our study is located at the Zhoushan Fishing Ground in the East
China Sea (Figure 1A). As the most well-known and extensive fishing ground in China,
this region boasts abundant marine resources and intensive fishing activities. Additionally,
the Zhoushan Fishing Ground is situated near the highly populated cities of Shanghai and
Zhejiang Province and is impacted by land-based plastic and MP waste exportation from
the Yangtze River Estuary and the Qiantangjiang Estuary, both of which are significant
sources of plastic waste [16]. Given these factors, the Zhoushan Fishing Ground serves as
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an ideal location to study the methodology of MPs and provides valuable baseline data
and reference for MPs data compiled in the area.
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Figure 1. Sampling site in the East China Sea ((A), 122°35'46 E, 29°56'16’" N) and the sea surface
conditions when the sampling was conducted. (B) Clear sea surface when Manta trawl, shallow-water
plankton pump (SPP), and deep-water plankton pump (DPP) were deployed; (C) A mass of debris
floated over when the submersible pump was deployed using 50 um and 300 um mesh. Photos of the
sampling devices here were taken in other sampling campaigns and used here just for illustration.

Our study was conducted on RV “Zhepu Yu 04126” in September 2018. Manta trawl
net, SPP, DP, and submersible pump with on-site filtration using 50 and 330 um pore size
meshes were used to collect MP samples both in the water surface and water column
(Figure 1B,C). Operation details of different sampling methods are described as follows.

2.1.1. Manta Net Sampling

The Manta trawl used in this study has a 61 cm X 16 cm opening and a 3 m long
net with a standard mesh size of 330 pm (Figure 1B). One sample was collected. It was
deployed on the side of the boat and towed horizontally along the water surface for a
duration of 30 min while the vessel was traveling at a speed of 2-3 knots. The filtered water
volume was quantified by a flow meter (KC Denmark No. 23.091) which was fixed at the
mouth of the net. Following the completion of the sample collection, the exterior of the
net and removal bottom bag was rinsed thoroughly with seawater. The contents in the
removal bag of the trawl were then carefully extracted and transferred to a pre-cleaned 1 L
HDPE bottle.

2.1.2. Plankton Pumps

Plankton pumps have been deployed in MP studies recently [13,14]. They can pump
and filter the water directly in the water column. This not only reduces extra filtration
procedures, reducing the chances of contamination, but also makes it applicable for MPs
sampling in deep water. Furthermore, meshes of the plankton pump are easily replaceable,
which makes it possible to replace the most commonly used 330 pm mesh with meshes
with smaller pore sizes down to 50 um.

In this study, both SPP and DPP (KC Denmark A /S, Denmark, Figure 1B) were applied
for MP sampling in surface (1 m), medium (13 m), and bottom (23 m) water layers. One
sample was collected at each water level using SPP and DPP, respectively. The mesh size
used was 150 um. The shallow-water plankton pump was equipped with a cable, which
enabled it to work automatically after reaching the sampling water layer. After manually
setting the delay time and working time, the deep-water plankton pump automatically
began the MP sampling of different water layers when it arrived at the sampling site.
Each layer of water was sampled for 10 min. In total, The SPP and DPP filtered 5 m?
(30 m3/h) and 3 m? (18 m3/h) of water, respectively. The outer layer of the plankton pumps
was washed with seawater three times after the sample collection was completed, and
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samples were transferred from the plankton pump collecting bottles to 1 L pre-cleaned
HDPE bottles.

2.1.3. Submersible Pumps

The other deployed method involved utilizing a submersible pump to gather surface
water. Specifically, 100 L of the top 50 cm of the water were pumped onto the deck and
filtered on site through two different mesh sizes: 50 um and 330 pm (These mesh sizes
are referred to as the 50 um and 330 pm meshes in subsequent texts). After filtration, the
samples were carefully packaged in pre-combusted aluminum foil and placed in a zip
bag. Three duplicates of each sample were collected for each mesh size. All samples were
collected within one day and stored at 5 °C before laboratory analysis.

Specifically, the sea conditions were different during the sampling. The surface water
was clear, and no obvious debris was noted when the Manta trawl and plankton pumps
were deployed for sampling (Figure 1B). However, there was a mass of debris floating
over the sampling area when the submersible pump was pumping water (Figure 1C). This
scenario gave us a unique chance to evaluate the impacts of floating debris hotspots on
MPs’ uneven distribution at the ocean surface.

The salinity of the seawater while sampling was simultaneously measured by a self-
logging turbidity-temperature monitor (OBS-3A, Campbell Scientific, Inc., Logan, UT, USA;
sampling interval: 1.0 min).

2.2. Laboratory Analysis

All the plastic particles, including MPs collected by the sample devices, were included
in this study. The sampling procedure followed steps established by our lab [12,17]. Sam-
ples were firstly poured or rinsed thoroughly through 5 mm and 0.25 mm stacked sieves.
Material collected on the 5 mm sieves was transferred to a clean petri dish with stainless
steel tweezers.

Material retained on the 0.25 mm sieve was washed into a clean beaker, and 30%
H,O; solution and an appropriate amount of acidic ferrous sulfate solution were slowly
added to the remaining liquid. The sample was covered with combusted foil and kept in a
thermostatic water bath at 60 °C until the solution was clear in appearance.

After digestion, the samples were then filtered onto a glass fiber filter (GF/A Whatman,
47 mm diameter with 1.6 pm pore size) via a vacuum system. Finally, the filter was
carefully transferred to a pre-combusted glass petri dish and stored in a desiccator for
further analysis.

2.3. Sample Identification

All the filter papers were examined visually under a stereo microscope (Leica M165FC,
Wetzlar, Germany) equipped with a camera (Leica DFC450C). All the potential plastic and
MP samples were recorded by images and further analyzed and recorded their size, shape,
and color. The size of plastics was measured using Image]J software.

To identify their chemical composition, plastics larger than 1 mm were identified using
a Fourier transform infrared spectrometer (Thermo Fisher Scientific Nicolet iS5, Waltham,
MA, USA) equipped with an iD7 type attenuated total reflection probe, while plastics
smaller than 1 mm were identified using micro-Fourier transform infrared spectrometer in
transmission mode (micro-FTIR, Thermo Scientific iN10 MX). Each scan was accumulated
as the average of 32 scans in the spectral range of 600-4000 cm ™ at a resolution of 4 cm~!.
Each spectrum was compared against a database from ThermoFisher (OMNIC Picta) to
verify the polymer type. Matching spectra with a quality index above 70% were accepted.
Individual FTIR spectra of MPs do not demonstrate any characteristics correlated with
sampling conditions, including sampling depth, sampling methods, etc. Representative
FTIR spectra of MPs extracted from the samples are shown in Figure 2.
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Figure 2. FTIR spectrum of some typical plastic particles collected in this study.

2.4. Contamination Prevention

In order to avoid air MP pollution, all personnel were equipped with pure cotton
laboratory clothing and NBR gloves during the experiment. Sample bottles were cleaned
by soaking in dilute 10% HCI overnight and rinsed thoroughly with Milli-Q water. All
glassware was washed with distilled water, dried, wrapped in aluminum foil, and then
combusted at 450 °C for at least 4 h. All liquids used (Fe (II) solution and 30% HO,) were
filtered using a 0.7 pm glass fiber filter (Whatman GF/F) with a vacuum pump. During the
procedure, the clean glassware was covered with combusted foil wherever and whenever
possible. Steel tweezers were washed with Milli-Q water and sterilized under a flame
prior to use. Clean petri dishes and filter paper exposed to the air were used to determine
whether there was any additional contamination from the air during isolation, observation,
and validation processes.

2.5. Statistical Analysis

Data statistics were performed using Microsoft Office Excel 2016, data analysis was
performed using SPSS software, and drawing was performed using Origin 2017, R 3.5.1.

3. Results and Discussions
3.1. MP Abundance

No MPs were identified in the blank samples. The final plastic and MP abundance and
characters were summarized in Table 1. A total of 507 plastic particles were identified from
the samples. The MP abundance collected by the Manta trawl is 2.31 n/ m?3, while the MP
abundance in the surface water collected by SPP and DPP was 2.00 n/m? and 6.00 n/m?3,
respectively. In the water column, the MPs abundance is 1.00 n/m? and 1.67 n/m?3 in the
medium water layer and 0.80 n/m3 and 3.00 n/m? in the bottom water layer, collected by
SPP and DPP, respectively. But the fiber composition collected by SPP is 20% and 25% in
the medium and bottom layer, significantly lower than 66.7% and 94.9% identified in the
DPP samples. The MPs abundance collected by the submersible pump is significantly two
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orders of magnitude higher than the results obtained by the Manta trawl and plankton
pumps. The average MP abundance was 357 + 119 n/m? and 553 4 19 n/m? for 330 um,
and 50 um filter mesh size. The fiber composition is 71% and 94.9%, respectively.

Table 1. Abundance of plastic samples collected by the 4 sampling methods. SPP represented
shallow-water plankton pump; DPP represented deep-water plankton pump (DPP).

Sampling Method Depth (m) Mesh Size (um)  Filtered Volume (m?3) Abundance (n/m?3) Fiber (%)
Manta trawl 0.16 330 91.85 2.31 14.2
SPP (Surface) 1 150 5 2.00 70.0
SPP (Medium) 13 150 5 1.00 20.0
SPP (Bottom) 23 150 5 0.80 25.0
DPP (Surface) 1 150 3 6.00 72.2
DPP (Medium) 13 150 3 1.67 66.7
DPP (Bottom) 23 150 3 3.00 94.9
Submersible Pump 1 330 0.1 357 +£119? 71.0
Submersible Pump 1 50 0.1 553 +19°? 94.9

Note:  Triplicate sampling, the results were presented as average + standard deviation (n = 3).

3.2. Characteristics of MP

Plastic chemical type, size, shape, and color were common characteristics that were
used to describe MP properties. The characteristics of plastic particles identified in this
study using different methods are shown in Figure 3.
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Figure 3. The percentage distribution of chemical composition (A), size (B), shape (C), and color (D)
of plastic and microplastic samples collected by 4 sampling methods. SPP represented shallow-water
plankton pump; DPP represented deep-water plankton pump (DPP).

Overall, FTIR confirmed that plastics in the sample consisted of 18 types of plastic
polymer, including polyethylene (PE), polyethylene terephthalate (PET), cellophane, alkyd
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resin (Alkyd), polypropylene (PP), polystyrene (PS), poly (acrylonitrile: acrylic acid) (PAN-
AA), ethylene/vinyl acetate copolymer (PEVA), poly (ethylene: propylene) (PE-PP) and
others (Figure 3A). Among these plastics, polyethylene terephthalate (PET) was of the
greatest amount (33.33%), followed by polyethylene (PE) (20.91%) (Figure 3A). PE and PP
account for the highest proportion of total plastics due to their massive production and
consumption (Plastics Europe, 2021) and their low density (Density of PE: 0.92-0.97g/cm?;
Density of PP: 0.90-0.91g/cm?). The land source of these plastic wastes may include
intentional or unintentional dumping of garbage to riverbanks [18], surface runoff from
urban regions [19], coast [20], and even from the atmosphere [21]. Marine sources of these
plastic wastes may include shipping, fishing, aquaculture, offshore mining, illegal dumping,
and other maritime activities [22].

The size of the collected plastic particles was separated into six groups: <1 mm,
1-2 mm, 2-3 mm, 3-4 mm, 4-5 mm, and >5 mm. Overall, the percentages of these six size
groups are 45.96%, 22.98%, 13.19%, 7.02%, 2.98%, and 7.87%, respectively.

In terms of shapes and colors, Plastic particles were separated into five shape cate-
gories: fiber (52.66%), block (29.78%), strip (8.48%), film (8.88%), and spherical (0.20%).
Fibers are the dominant plastic type (Figure 3C). These plastic particles collected can be
divided into seven color categories: white (25.84%), black (25.25%), red (25.44%), blue
(13.41%), green (2.76%), transparent (5.33%), and yellow (1.97%) (Figure 3D).

3.3. MPs Data Comparison between the Manta Trawl and Plankton Pump

Direct data comparison between plankton pumps and other sampling methods is still
very scarce. In this study, the sampling conducted by plankton pumps and Manta trawl
was in similar sea conditions (Figure 1B).

Overall, the MP abundance in the surface water collected using the Manta trawl, SPP,
and DPP was at the same magnitude (2.00-6.00 n/m?) (Table 1). The abundance of surface
MPs in samples collected by DPP and SPP was 5.67 n/ m? and 1.60 n/m3, respectively. In
the study of Xu et al. (2018), the MPs in the Yangtze River estuary and the East China Sea
region were abundant, and the degree was 2.31 & 1.82 n/m? [11]; the MPs” abundance was
at similar levels.

There was a significant composition difference in the MPs’ characteristics among the
samples collected by different sampling methods. In the Manta trawl, fibers only accounted
14.15% of the total plastic particles, while fibers composed more than 70% in SPP and DPP
samples. The fiber percentage is comparable to the previous results [23]. The most common
shape in Manta trawl samples was fragment (55.19%). Fibers and small particles are easier
to escape from Manta trawl compared to the pump sampling as the larger mesh size and
higher water pressure [5]. Previous studies also suggested that the 330 um mesh size may
cause the outflow of fibers [24]. This can be further supported by the size composition. In
Manta trawl samples, only 16.51% of plastic particles are less than 1 mm. However, this
percentage was at least 40% in the pump sampling methods (Figure 3B).

Fibric plastics are mainly derived from clothing [25], and plastic groups with a wide
range of usage may result from the breakdown of large-scale items [26]. The most common
chemical composition of fibers is PET and cellophane, which made those two polymers
the dominant polymers in plankton pump samples. PE (49.06%) was the most abundant
in the Manta trawl samples collected by Manta trawls, followed by PP (34.91%), while in
the plankton pump samples, the highest PE percentage was 7.14% in DPP surface water
samples (Figure 3A,C). Most of those PE MPs in Manta trawl were white spherical plastics
which were most likely from personal care products [27]. This also makes the majority of
plastic particles in the Manta trawl samples white (59.43%). Our results collected by the
Manta net were highly similar to other results applying Manta trawls [23,28], as well as
results obtained using the Neuston net [29].

There are a couple of key factors that could affect the results collected by the Manta
trawl and plankton pump. First, the sampling depth was different. The Manta trawl
collects samples from the near-surface layer (0-16 cm), while the plankton pumps were
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deployed at 1 m depth due to the pump’s working limitation. This could result in the
polymer composition difference because of their density differences [30]. The component
with the highest abundance in plastic samples collected by Manta trawl was PE with a
density of 0.91-0.96 g/cm?3; While the component with the highest abundance in plastic
samples collected by pumps was PET, density of which is 1.38 g/cm3. Second, the mesh
size difference might also lead to plastic result differences. A previous study found that
fibers collected using an 80 um mesh size net were up to five orders of magnitude higher
than those using a 450 um mesh size net [31]. Dris et al. (2015) reported that a plankton net
with a 100 um mesh size collected 100 times higher MPs compared with that using a 330
pum Manta net [32]. The mesh size impacts were also explored in this study, and the results
are discussed in Section 3.5.

3.4. MPs Distribution in the Water Column

Taking advantage of the plankton pumps, we also explored the MPs distribution in
the water profile (1-23) using SPP and DPP. The results were also compared (Table 1 and
Figure 3). Studies have indicated that MPs decay exponentially with depth [33,34].

In total, the plastic particles in the samples collected by DPP and SPP were 32 and
19, respectively. The DPP has a bit higher MP abundance in all three layers compared to
SPP (Table 1). However, the MP composition is pretty similar. The dominant polymer,
shape, and color were PET, fiber, and black respectively, regardless of sampling water layers
(surface, middle, or bottom) (Figure 3B). Teflon (Polytetrafluoroethylene), a relatively dense
plastic (density: 2.2 g/cm?) with excellent thermostability, high chemical stability, and low
water absorption, was collected in the sample collected by shallow-water plankton pumps
at a depth of 13 m, proving the sampling efficiency of plankton pumps.

The results showed that the number of plastics in the surface layer was relatively
high, accounting for 54.90%, followed by bottom-layer plastics (25.49%) and middle-layer
plastics (19.61%), which indicated that nearly half of the plastic was suspended in the
water below the surface layer. The suspension of MPs in the water column is caused by
the impact of polymer density, wind, and marine organisms on the vertical distribution of
plastics [33]. Our results also indicated that surface sampling could not sufficiently measure
the abundance of plastic waste in marine environments, and the assessment of the fate of
MPs should include measurements of vertical distributions of water columns [34]. The
average salinity of the surface layer (1 m), middle layer (13 m), and bottom layer (23 m)
was 30.32, 33.38, and 33.57, respectively. Salinities presented a gradually increasing trend
with increasing depth. Hence, the medium and bottom layers had a higher density than
the surface. This could have some impacts on the MPs’ distribution, but the extent needs
further exploration.

We compared the size distribution of the MPs samples collected by SPP and DPP
(Figures 4 and 5). Overall, the MP samples collected by the deep-water and shallow-water
plankton pumps shared the same size distribution (Figure 4). At each water layer, most
of the MPs were at a smaller size, especially for the samples collected at the bottom layer.
But the size distributions of the surface layer and the middle layer had strong similarities
(Figure 5).
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Figure 4. Size distribution (A) and kernel density (B) for plastic samples collected by deep-water and
shallow-water plankton pumps. SPP represented shallow-water plankton pump; DPP represented
deep-water plankton pump (DPP).
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Figure 5. Size distribution (A) and kernel density (B) for plastic samples in different water depths.

3.5. Impacts of Mesh Size and Floating Debris Hotspot on Microplastics Collection

A mass of debris floated across the sampling area when the submersible pump was
deployed at the sea surface (Figure 1C), which is a hotspot of MP pollution. We evaluated
the impacts of this “float debris hotspot” on MP pollution. Meanwhile, we also compared
the data obtained using 330 um and 50 um pore size filtering meshes. These two mesh
sizes have been widely used in the literature [5].

The MPs abundances collected by the submersible pumps were two orders of magni-
tude higher than the results obtained by the Manta trawl and plankton pumps (Table 1),
indicating the significant impacts of the “float debris hotspot” on the MP distribution. Even
though the MPs’ abundance is much higher, the MPs’ composition of the submersible pump
is pretty similar to the results collected by plankton pumps at surface water (Figure 3).
This indicates that the physical convergent process can accumulate the MPs but does not
necessarily change their properties.

Another potential reason that resulted in the high MPs” abundance in submersible
pump samples is the small water volume sampled. A large sampling volume will reduce
the randomness of sampling. Liu et al. (2019) found the MPs’” abundance will decrease
exponentially with the sampling volume increase [14]. In our study, only 100 L water was
filtered using a submersible pump, while in the plankton pump and Manta trawl sampling,
the sampling volume varied from 3 m3 to 91.85 m?>.
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In the field, 50 pm meshes had a significantly higher retention effect than 330 um
meshes. With the same amount of water (100 L) and triplicate sampling, 137 MPs were
identified in 50 um meshes filtered samples, while 107 MPs were filtered out by 330 pm
meshes. The final MPs” abundance also showed that 50 um mesh samples have a higher
abundance with a much smaller standard deviation than 330 pm mesh samples (Table 1).

MPs collected from meshes with two different pore sizes shared similar properties. As
shown in Figure 3, PET and fiber were the most abundant polymer and shapes in samples
collected by 50 um and 330 um meshes, similar to the sample collected by the plankton
pump. 50 pm mesh intended to retain much more fibers compared to the 330 um mesh. 94%
of the MPs in the 50 um mesh samples were fibers compared to 71% in the 330 um mesh
samples. For the 330 um mesh, the content of fragmental MPs was significantly higher
than the 50 um mesh sample (3.79%), reaching a total of 21.59%. The lower proportion of
fibrous MPs (71.03%) was likely due to the difference in mesh pore size, as some fibrous
MPs escaped from the large mesh aperture. Studies have shown that fibrous MP had the
highest proportion in pump samples from coastal waters, lakes, and estuaries [11,12]. Red
and black were the dominant color in both samples (Figure 3D).

Figure 6 further demonstrates the size distribution of MP samples collected by 50 pm
and 330 um meshes. The two mesh sizes showed similar size patterns. However, we did
not see 50 pm meshes retaining significantly more small-sized MPs, as reported by other
studies [32]. This might be the impact of the “float debris hotspot” or the lack of small-size
MPs in the sampling region. Our results further indicate the complexity of MPs’ surveys in
the natural environment.
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Figure 6. Size distribution (A) and kernel density (B) for plastic samples collected by 50 um and
330 um pore size meshes.

4. Conclusions

The standardization of monitoring methods and the compilation of data across studies
remain major obstacles in the study of MPs. There is still limited in situ data comparison
of different MPs’ sampling methods in an aquatic environment, especially comparisons
among plankton pumps and Manta nets. This study deployed various aquatic MP sampling
methods in typical coastal water under varying sea conditions. Results showed that while
the Manta trawl and plankton pumps yielded similar MPs abundance, the characteristics
of the MPs were distinct, with plankton pumps retaining a higher percentage of plastic
fibers and smaller particles. The study also found that while surface water had higher
MPs concentration, a significant number of MPs were present in the water column and
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should not be overlooked in evaluating plastic pollution. MPs” abundance was two orders
of magnitude higher when sampling was conducted in the “floating debris hotspots”,
indicating the significant impacts of the uneven distribution of MPs in the surface water.
Additionally, the study found a higher abundance of MPs in smaller mesh-size samples
but with no significant difference in the percentage of smaller MPs.

This study provides a comprehensive analysis and comparison of various MPs’ sam-
pling methods and may aid in promoting harmonization and data-compiling processes,
but it also highlights the complexity and challenges of these efforts.
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