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« More microplastics were found
during neap than spring tide period.

« Microplastic particles were larger
during the neap than the spring tide
period.

« No variation in the abundance of
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scale.

« Microplastics were more abundant in
the vegetation zone than in the
mudflat.
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was driven by local hydrology.
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Small scale

Microplastics are small, degrade slowly, and easily persist in the water column because they are close to
neutrally buoyant. Understanding the distribution of microplastics is fundamental to evaluating the ecolog-
ical risks that they cause and to identifying ways to control microplastics pollution. Most of the existing
research on the distribution of microplastics in the coastal zone has focused on large spatial and temporal
scales. To build on past work, we investigated variation in microplastics in a tidal flat of the Yangtze Estuary
on small spatial (sediment depth, mudflat vs. vegetation zone) and temporal (fortnightly and semidiurnal)
scales. Microplastics were more abundant in surface (0-2 cm) sediments during neap versus spring tide
cycles, likely indicating increased deposition during periods with calm waters and increased suspension
when water was more turbulent, but did not vary at greater depths in the sediment. Individual microplas-
tics particles were also larger during neap versus spring tide periods. In contrast to the variation between
spring and neap tide periods, we found no variation in the abundance of microplastics on the semidiurnal
scale. Microplastics were also more abundant in the transect in the vegetation than at slightly lower eleva-
tions in the adjacent mudflat. Across all samples, the abundance of microplastics was negatively correlated
with the strength of hydrological processes such as submergence time and flow velocity. Our results
showed that sampling of microplastics in the intertidal environment needs to consider variation among
spring and neap tide cycles, and also among different intertidal habitats that may differ only slightly in ele-
vation. We encourage coupling sampling with direct measures of hydrological processes so that variation in
microplastics abundance and size can be rigorously linked to hydrological processes.
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1. Introduction

The production of plastics has increased rapidly since mass pro-
duction began in the 1940s, with wide applications of plastics in
commercial, industrial and other industries (Cole et al., 2011; Li
et al., 2016). As demand for plastics and its production increased,
more and more plastic waste entered the environment. Of particu-
lar interest and concern are small plastic fragments <5 mm in size,
called microplastics. Microplastics are small, chemically stable, and
difficult to degrade naturally (Andrady, 2011). A fundamental char-
acteristic of microplastics is that they are close to neutrally buoy-
ant, and so are easily transported throughout aquatic and marine
environments (Hidalgo-Ruz et al., 2012). A variety of processes,
such the leaching of additives, biofouling and incorporation within
marine aggregates, can alter the buoyancy of microplastics once
they are in the water, encouraging eventual deposition into benthic
habitats (Wang et al.,, 2016). Numerous studies have examined
microplastics pollution in the ocean (Lusher et al., 2014), rivers
(Mani et al., 2015), lakes (Hu et al., 2018; Xiong et al., 2018), and
even Arctic sea ice (Obbard et al., 2014). Microplastics have also
been widely detected in many organisms, including fish, benthic
fauna, and birds, where they not only harm the growth of these
organisms, but may also enter the human body through the food
chain (Li et al.,, 2015; Rochman et al., 2015; Zhao et al., 2016;
Lourenco et al., 2017; Su et al,, 2018). Another concern is that
microplastics can be a carrier of some toxic chemicals such as POPs
and heavy metals that absorb onto the plastic particles (Bakir et al.,
2014; Holmes et al., 2014).

Estuarine and coastal ecosystems may be particularly vulnera-
ble to microplastics pollution. These habitats are located in the
transition zone between land and sea, which is often the area with
highest human population density. Plastic waste generated by
human activities is transported to the coastal zone from terrestrial
habitats by rivers, and from the ocean by currents and tides (Lima
et al., 2015; Peng et al., 2017). At the same time, estuarine and
coastal ecosystems provide habitat for many plants, birds and ben-
thic organisms (Day Jr. et al., 1989). Therefore, a number of studies
have examined the abundance of microplastics in coastal zone
waters, sediments and organisms around the world (Claessens
et al.,, 2011; Zhao et al., 2015; Cheung and Cheung, 2016; Jabeen
et al., 2016).

Studying the distribution of microplastics provides the funda-
mental information needed for controlling microplastics pollution
and assessing its ecological risks. The degree of microplastics pol-
lution in coastal zones is closely related to the intensity of regional
human activities (Claessens et al., 2011; Nor and Obbard, 2014;
Blumenrdder et al., 2017). In addition, physical processes in the
coastal zone may transport, suspend or bury microplastics, and
therefore affect the spatial and temporal distribution of microplas-
tics pollution. These physical processes mainly include wind and
hydrological processes (Vianello et al.,, 2013; Kim et al.,, 2015).
Hydrological processes are the most important physical processes
in the coastal area, playing a key role in the retention and trans-
portation of inorganic substances (Wang et al., 2016). Meanwhile,
because surface sediments in shallow marine environments are
highly dynamic, being reworked by biota and hydrological pro-
cesses, the abundance of microplastics in the surface sediments
is likely to vary not only over space but also over time as materials
are deposited onto the sediments, turned over in surface sediment
layers, and re-suspended into the water column. In terms of the
spatial distribution of microplastics, many studies have shown that
the abundance of microplastics in coastal sediments is closely
related to regional runoff, waves, tides and currents (Lee et al.,
2013; Kim et al., 2015; Yu et al., 2018). In particular, sites with
stronger hydrodynamic processes tend to have lower abundances

of microplastics (Claessens et al., 2011; Vianello et al., 2013). In
addition, some studies suggested that salinity is also an important
factor affecting the spatial distribution of microplastics in coastal
zones (Lima et al., 2015). Finally, microplastics abundance in the
coastal zone is higher in the dry season than the rainy season, indi-
cating that precipitation plays an important role in transporting
microplastics in or out of coastal habitats (Lee et al., 2013; Zhu
et al., 2018).

Most of the existing research on the distribution of microplas-
tics in coastal habitats has focused on large spatial and temporal
scales. A number of studies have called for the establishment of a
large-scale monitoring database of microplastics in order to pro-
vide a scientific basis for managing them (Blumenrdder et al.,
2017; Peng et al., 2017). In order to accomplish this, we also need
to know how the abundance of microplastics varies on small spa-
tial and temporal scales, so that large-scale sampling programs
can standardize their sampling in a manner that minimizes varia-
tion due to small-scale processes.

More generally, the importance of spatial and temporal scale
cannot be ignored in environmental research. When studies are
based on different scales, different processes and patterns can be
detected and different results are obtained (Schneider, 2001).
Therefore, the distribution of microplastics on small spatial and
temporal scales is likely to be driven by factors other than those
that determine distribution patterns at large spatial scales, such
as variation in human activity. In particular, it is likely that local
variation in hydrological processes is increasingly important in
determining the distribution of microplastics on small spatial-
temporal scales.

We worked in a tidal flat in the Yangtze Estuary to test three
hypotheses. First, the abundance of microplastics would vary as a
function of intertidal elevation, spring versus neap tidal cycles,
and among days within a tidal cycle. Second, the variation among
samples could be explained by variation in local hydrological pro-
cesses. Third, by focusing on small spatial and temporal scales, our
study would identify different drivers of microplastics abundance
than have studies that focus on large spatial and temporal scales.
To test these hypotheses, we quantified hydrological processes
and the abundance, size and composition of microplastics in two
intertidal zones on a fortnightly and semidiurnal temporal scale,
and correlated microplastics abundance with different hydrologi-
cal processes.

2. Methods
2.1. Study site

We worked at the Nanhui tidal flat in the Yangtze Estuary in
China (Fig. 1A). The Yangtze Estuary is the largest estuary in China.
The climate of the area is subtropical, with an average annual tem-
perature of 15-16°C and an average annual rainfall of
1.2 x 10 mm (You et al., 2018). The Nanhui tidal flat is located
on the southern side of the third order branch of the Yangtze Estu-
ary (Fig. 1A). Tides are semidiurnal, with an average tidal range at
the Nanhui tidal flat area of 2.7 m (Wu et al., 2019). The upland
habitat, protected by a large levee, consists of aquaculture ponds,
agricultural fields and areas being filled with sediment for future
development as part of a coastal reclamation project. The intertidal
habitat is mainly mudflats, with a strip of vegetation about 200 m
wide dominated by the native plant species Scirpus mariqueter
Tang & F. T. Wang between the levee and the mudflat. The sedi-
ment consists of clayey silt and silt (You et al., 2018).

We established two parallel transects, one in the Scirpus mari-
queter zone, about 150 m away from the levee, and the second in
the mudflat, about 200 m away from the first transect (Fig. 1B).
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We marked eight sampling locations along each transect with PVC
pipes; sampling locations were ~100 m apart from each other. All
the sampling locations were flooded at high tide during the study
period, and all were exposed at low tide.

2.2. Sample collection

We collected sediment samples in April 2018 at every low tide
during three consecutive days with spring tides (April 16, 17 and
18, for a total of six samples, taken ~12.5 h apart), and during the
following neap tide period (April 23, 24 and 25, for another six
samples, taken ~12.5 h apart). On each sampling event, we col-
lected one core (10 cm deep; 4.5 cm diameter) from each plot
using a stainless steel, split tube sampler. We did not observe
any compaction of the sediments while taking the cores. Each core
was removed from the sampling tube and immediately cut into
three depth layers (0-2 cm, 2-5cm, 5-10 cm) with a stainless-
steel knife. The resulting sediment samples were stored in clean
cylindrical iron boxes for later analysis in the laboratory.

We deployed four pairs of hydrological instruments, two pairs
along each transect about 400 m apart (Fig. 1B), to monitor hydrol-
ogy during the sampling period. Each instrument was mounted
approximately 10 cm from the sediment surface. At all four loca-
tions, flow velocity was measured with an electromagnetic current
meter (ALEC-Infinity, Japan), and salinity, turbidity, and water
depth were measured with an optical backscatter turbidity sensor
(OBS-3A, USA). Hydrological data were recorded at 10 s intervals
when the instruments were submerged under water during the
spring and neap tidal cycles.

2.3. Laboratory processing

We extracted microplastics from the sediment using the density
separation method (Thompson et al., 2004; Peng et al., 2017). Sam-
ples were first dried in an oven at 60 °C to a constant weight, and a
sample of 10 g of dry sediment was weighed and placed in a glass
beaker. We added 50 ml of 30% H,0, (Sinopharm, China) for 24 h
to degrade the organic matter in the sediment, and then dried
the samples again at 60 °C to a constant weight. We then added
300 ml of a filtered, saturated NaCl solution to the beaker and stir-
red with a glass rod for 2 min. The mixture was allowed to settle
for 24 h and then the supernatant was vacuum-filtered through a
1 um pore size glass filter paper. We avoided contact between
the sample and any plastic product at all times during the experi-
ment. All containers were cleaned with Milli-Q water before use.
Three procedural blanks were run to ensure that there was no con-
tamination from the laboratory setting.

122°0'0"E

Immediately after the sample was filtered, we counted and
assessed the microplastic particles on the filter under a dissecting
microscope (Saike SK2500H, China). We identified and classified
microplastics following Peng et al. (2017): we divided the
microplastics into three categories based on shape (fibers, frag-
ments, and pellets) (Fig. 1 in Appendix), and into five categories
based on color (black, transparent, white, red, and blue). We also
measured the size (maximum dimension) of each particle under
the microscope using a micrometer.

To confirm that the particles that we were counting were in fact
made of plastic as opposed to some other material, we identified
the polymer type of 80 representative particles (50 fibers, 20 frag-
ments, 10 pellets) using a Micro Fourier Transform Infrared Spec-
trometer (Thermo Scientific Nicolet iN10 MX, USA) under the
transmittance mode. The spectrum range was 4000-675 cm™!
with a collection time of 3 s and 16 co-scans for each measurement
(Jabeen et al., 2016). All spectra were post-processed under an
automatic baseline correction mode via the OMNIC™Picta™ soft-
ware. This software compares the spectra of the sample with a
library of known spectra in order to identify the polymer type
(Peng et al., 2017).

2.4. Statistical analysis

We analyzed microplastic abundance and size data using IBM
SPSS Statistics v.22. Hydrological data that did not meet the
requirement of homogeneity of variance were square-root trans-
formed before analysis. We compared the abundance and the size
of microplastics between different tidal periods and transects with
t-tests. We compared the abundance of microplastics between dif-
ferent sediment layers with ANOVA, using the least significant dif-
ference (LSD) for multiple comparison tests. We used principal
component analysis (PCA) to reduce the 5 hydrological factors to
two PCA components (eigenvalue =1), and used stepwise linear
regression to identify the effects of the principal components on
the abundance of microplastics (Wu et al., 2019).

3. Results
3.1. Abundance of microplastics

We found a total of 824 microplastic particles in all the samples
combined, with an average concentration of 1.43 + 0.30 items/10 g
(mean * se) of sediment. The average abundance of microplastics
(averaged across the entire depth range) in the neap tide samples
(mean * se: 1.53 £0.23 items/10 g) was significantly higher than
in spring tide period (mean + se: 1.31 +0.28 items/10 g, df=575;

= —3.054; P=0.002). This difference was caused by variation in
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Fig. 1. A) location of the study area at the southern side of the Yangtze Estuary. B) Layout of the two transects in the Nanhui tidal flat.
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the abundance of microplastics in the surface sediments (0-2 cm
depth, df =190, t = —2.708, P = 0.007), because there was not a sig-
nificant difference between spring and neap tide samples at
greater depths (2-5cm, df=190; t=-1.373; P=0.17 and 5-
10 cm, df = 190; t = —0.804; P = 0.34).

The concentration of microplastics did not differ among the six
sampling events at any depth during either the spring or neap tide
periods (Appendix Table 1, Figs. 2, 3). Similarly, the abundance of
microplastics did not differ between transects during the spring
tide cycle (Appendix Table 2, Fig. 2). However, the abundance of
microplastics in the surface (0-2 cm) sediments was higher in
the Scirpus mariqueter transect than the mudflat transect during
the neap tides (Appendix Table 2, Fig. 3).

The concentration of microplastics differed among depth layers
on both spring (df = 286; F=62.353; P < 0.001) and neap (df = 286;
F=43.886; P<0.001) tidal cycles. The concentration of microplas-
tics was highest in the 0-2 cm layer compared to the two deeper
layers (P < 0.001). In addition, the concentration of microplastics
was more variable over space and time in the surface (0-2 cm)
depth layer than in deeper sediments in both transects (Table 1).

3.2. Size, shape, color and polymer type of microplastics

The size of the microplastic particles that we observed ranged
from 50 pm to 4950 pum (mean + se: 1161.23 £ 34.71 pm). Particles
were larger in neap tide samples than in spring tide samples (Fig. 4
A, t=-2.370, df =23, P=0.027). Particle size did not differ signifi-
cantly between the two transects (Fig. 4 B, t=-0.088, df=23,
P=0.93).
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Table 1
Coefficient of variation (%) of the abundance of microplastics in three depth layers in
the two transects. Data were all samples (96) at each depth from each transect.

Mudflat Scirpus mariqueter
0-2 cm 713 67.0
2-5cm 40.0 54.2
5-10 cm 62.5 56.5

The most common shape of the microplastics was fiber (94%)
followed by fragment (4.5%) (Fig. 5A). Pellets were rare (1.9%).
The most common color of the microplastics was black (79%), fol-
lowed by red (10%) with white, transparent and blue microplastics
all rare (Fig. 5B).

The microplastics that were analyzed (n = 80) were categorized
as belonging to 8 polymer types: rayon, polyester, polypropylene,
polyethylene, polyethylene terephthalate, polystyrene, cellophane
and polystyrene. Rayon was the most prevalent polymer type
(45%), followed by polypropylene (20%) and polyethylene (14%).

3.3. Hydrological parameters

Most hydrological parameters did not differ among sampling
periods during the spring tide cycle; in contrast, most of them dif-
fered among sampling periods during the neap tide cycle (Table 2).
All of the hydrological parameters except salinity differed between
spring and neap tidal cycles and between the two transects, with
values higher during the spring tides and in the mudflat transect.
All of the hydrological variables except salinity were correlated
with each other (Fig. 6).
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Fig. 2. Abundance of microplastics (means * se) at three depths in the mudflat (A) and Scirpus mariqueter zone (B) during the spring tide sampling period. T1-T6 represent the

six sampling events.
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Fig. 3. Abundance of microplastics (means * se) at three depths in the mudflat (A) and Scirpus mariqueter zone (B) during the neap tide sampling period. T1-T6 represent the

six sampling events.



F. Wu et al./Science of the Total Environment 699 (2020) 134252 5

(&)
1400 1 b

1200 a :

10004
800 A

Size (um)

600 A
400
200

Spring tide Neap tide

(B)
1400

1200 4 T

-

1000

800

600 1

Size (um)

4004

2004

0

Mudflat Scirpus zone
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Fig. 5. Relative abundance of different shapes (A) and colors (B) of microplastics in the samples.

Table 2

Hydrological parameters during different tidal periods when water flooded the Nanhui tidal flat. Data are means # se. F values assess variation within a spring or neap cycle over
the six low tide periods (the semidiurnal scale, df = 23). The t transect values assess variation between the two transects (df = 46), and the t* spring vs. neap values assess variation
between spring and neap tide periods (df = 46). Significance values: *, P < 0.05; **, P < 0.001.

Parameters Tidal period Mudflat transect Scirpus mariqueter transect F semidiurnal t transect t* spring vs. neap

Submergence time (min) Spring 2439+11.85 201.7 £12.51 1.246 2.44" 2.82°
Neap 217.5+20.83 153.7+15.16 13.308" 247

Water depth (m) Spring 0.60 £ 0.07 0.39 £ 0.06 1.343 2.39° 2.72°
Neap 0.44 +0.08 0.12 +0.06 3.940" 3.017

Turbidity (NTU) Spring 1597 +160.38 1156 + 138.56 2.368 3.15" 3.92"
Neap 933 £132.90 460 + 83.98 4.631° 419™

Flow velocity (cm-s™1) Spring 303+1.8 16.48 +2.33 2.659° 468" 2.81
Neap 20.1+£24 5.6 +4.46 4.042" 2.12°

Salinity (%o) Spring 7.7 £0.36 7.86 £ 0.49 1.206 -0.31 0.76
Neap 7.7+043 7.98 £ 0.04 0.364 —-0.45

The first two principal components explained 75.5% of the vari-
ation in the hydrological factors (Fig. 7). All the factors related to
water depth and flow (submergence time, water depth, flow veloc-
ity and water turbidity) loaded heavily onto PC1, which explained
most (55.5%) of the variation (Table 3 in Appendix). Salinity loaded
onto PC2, which explained 22.1% of the variation.

Forward stepwise linear regression identified a strong relation-
ship between microplastics abundance and PC1. This relationship
was significant for the whole sample and for the top 2 cm of the
sediment separately (Fig. 8), but not for the 2-5 or 5-10 cm depth
layers separately (results not shown). PC2 was not retained into
any of these regression models.

When the hydrological variables were examined individually,
most of them were correlated with the abundance of microplastics

(Fig. 2 in the Appendix). The variables related to water depth and
flow (submergence time, water depth, water turbidity, flow veloc-
ity) were negatively correlated with microplastics, while salinity
was not significantly correlated with microplastics abundance.
The single variable that best predicted microplastics abundance
was submergence time (R% = 0.62, P < 0.001).

4. Discussion

Understanding the distribution of microplastics in tidal flat sed-
iments is fundamental to evaluating the ecological risks that they
cause and to identifying ways to control microplastic pollution.
Because they are close to neutrally buoyant, the spatial and
temporal distribution of microplastics are strongly affected by
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Fig. 6. Correlations between each hydrological parameter. The size of the black
circle represents the correlation coefficient. SubT: submergence time; WD: water
depth; WT: water turbidity; Vel: flow velocity; SA: Water salinity.
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Fig. 7. PCA of hydrological parameters in Nanhui tidal flat.

hydrological processes (Claessens et al., 2011; Vianello et al., 2013).
However, except for some studies done in beach habitats
(McDermid and McMullen, 2004; Liebezeit and Dubaish, 2012),
most of the existing studies have focused on relatively large spatial
and temporal scales. We built on past work by investigating
variation in microplastics in a tidal flat on small spatial and
temporal scales.

(&)

2.01 =-0.088x+1.447

R’=0.470 P<0.001

Total abundance of MPs (items/10g)

0.8 T T T T T T T |

PC1

We found the most temporal variation in microplastics abun-
dance between spring and neap tidal periods, with most of the
variation occurring in surface (0-2 cm) sediments. Across all sam-
pling dates, the abundance of microplastics was negatively related
to the intensity of hydrological processes. This suggests that
microplastics, which are close to neutrally buoyant in salt water,
are eroded from surface sediments during periods of strong water
flow, and deposited during periods of low water flow. This is con-
sistent with previous work done at larger scales that also con-
cluded that strong hydrological processes such as high-intensity
precipitation events and the tides could reduce the abundance of
microplastics in the surface sediments of tidal flats (Zhu et al,,
2018). Consistent with this interpretation, the abundance of
microplastics in the coastal water column is higher during the
spring tidal cycle than during the neap tidal cycle, presumably
due to increased suspension of microplastics from the sediment
surface into the water column (Sadri and Thompson, 2014). The
fact that we found no temporal variation in microplastics abun-
dance deeper in the sediment column is consistent with this inter-
pretation, and also suggests that the differences in abundance were
not a procedural artifact, because then the differences would have
been found at all depths.

We found that the average size of microplastics in the sedi-
ment was greater during neap than spring tide periods. This
result is also consistent with the findings of Sadri and
Thompson (2014), who found larger microplastics in the water
column during spring tide periods. These results suggest that
the larger microplastics particles require stronger water flows,
such as occur during spring tides, in order to suspend them into
the water column. If so, the movement of the larger particles
from the sediment to the water column during spring tide cycles
might decrease the average particle size in the sediments while
increasing it in the water column.

In contrast to the variation between spring and neap tide peri-
ods, we found no variation in the abundance of microplastics on
the semidiurnal scale (among tides within the spring or neap tidal
cycles). Although some hydrological parameters differed among
sampling periods within both spring and neap tide cycles, this vari-
ation was less than between the spring and neap tides, and not
large enough to cause measurable differences in microplastics
abundance. This result was similar to our previous study on ben-
thic invertebrates at a nearby site which found differences in abun-
dance between spring and neap tidal cycles but not within them
(Wu et al., 2019). Together, these results suggest that sampling
to quantify microplastic pollution needs to account for the
spring-neap tidal cycle, but that results will be less affected by
semi-diurnal variation within either the spring or the neap tidal
stage.
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Fig. 8. Relationship between PC1 and A) total abundance of microplastics, and B) abundance of microplastics in the 0-2 cm depth layer.
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We also found spatial differences in microplastics, with a
greater abundance in the transect in the vegetation than in the
mudflat, but only in surface (0-2 cm) sediments and only during
the neap tide period when microplastics were more abundant
overall. This likely also relates to differences in hydrological pro-
cesses between the two transects. One difference between the
two transects was their elevation. Hydrodynamic processes will
often be weaker at higher elevations (in shallower water), as we
found in this study, promoting settling of particles which might
be eroded away in more vigorous water flows at lower elevations
(McDermid and McMullen, 2004; Liebezeit and Dubaish, 2012). A
second difference between the two transects was the presence of
vegetation. Vegetation reduces flow velocity and thus should pro-
mote settling of microplastics out of the water column. In addi-
tion, vegetation captures sediment particles out of the water
column that stick to plant stems (Mudd et al., 2010), and it is likely
(although not to our knowledge explicitly demonstrated) that
microplastics are trapped along with this intercepted sediment.
We found no difference in microplastics size between the two
transects, which perhaps favors the second explanation rather
than the first, but focused studies will be necessary to rigorously
address this issue.

We found a greater abundance of microplastics in the surface
sediment than at the deeper depth, consistent with previous
results (Willis et al., 2017). One reason for this gradient might be
that some microplastics in the water column are deposited on
the sediment surface at low tide (when we sampled) but re-
suspended into the water column at high tide, and so are not per-
manently sequestered into deeper sediments. Another reason
might be that the inputs of microplastics into the environment
are increasing over time (Cole et al., 2011), and so are more con-
centrated in recently deposited sediments.

The microplastics that we found were mostly fibers made of
rayon. This was consistent with the survey results of Peng et al.
(2017) in the sediments of the Yangtze Estuary. However, the color
composition of the microplastics found in this study (mostly black)
was different from their findings (mostly transparent), perhaps due
to differences in the survey season and location.

Any study in the natural sciences has to consider the issue of
scale. When the resolution of time and space changes, the object
of a study tends to show different characteristics (Schneider,
2001). Our study focused on small spatial and temporal scales,
and found variation in the abundance of microplastics on the fort-
nightly scale, but not on the semidiurnal scale, suggesting that the
effects of changing hydrodynamics on microplastics abundance in
the sediment take several days to manifest.

Other studies of microplastics have focused on larger spatial
and temporal scales, and again found that scale was important,
but identified different factors driving variation at these larger
scales. In our study, the key factors affecting the abundance of
microplastics were hydrological factors that varied at small
scales, such as submergence time, water depth, and flow velocity.
In contrast, in studies at larger scales, human inputs (Claessens
et al., 2011; Blumenrdder et al., 2017) and spatial differences in
salinity, waves and currents (Lima et al, 2015; Kim et al,
2015) may explain spatial differences in microplastics abundance.
In contrast, seasonal differences in microplastics abundance are
often explained by hydrological factors such as precipitation,
river discharge and runoff that vary over long temporal scales
(Lee et al., 2013; Zhu et al.,, 2018). Thus, as the resolution of
the study changed, different processes became the primary dri-
vers at different spatial and temporal scales. Many of these stud-
ies, however, did not directly measure hydrological variables,
leaving it unclear which of many correlated hydrological vari-
ables was the ultimate factor controlling microplastics abundance
at each spatial scale.

5. Conclusions

Our results show that sampling of microplastics in the intertidal
area needs to consider variation among spring and neap tide cycles,
and also among different intertidal habitats that may differ only
slightly in elevation. Our work was based on a single study site
in a single season; future studies should replicate our sampling
in other coastal areas and seasonal conditions to develop a more
general understanding of what hydrological processes are impor-
tant in controlling microplastics abundance and size at which spa-
tial scales. We also encourage coupling the sampling with direct
measures of hydrological processes so that variation in microplas-
tics abundance and size can be rigorously linked to hydrological
processes.
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