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INITIAL SURVEY OF MICROPLASTICS IN
BOTTOM SEDIMENTS FROM US WATERWAYS

J. L. Wilkens', A. D. McQueen!, B. C. Suedel’, and J. J. LeMonte?

ABSTRACT

To maintain safe and navigable waterways the US Army Corps of Engineers uses dredging to excavate shoaled
sediments from federal navigation projects. Given the reported extent of microplastics in the aquatic environment,
environmentally relevant exposure information is needed for commonly dredged sediments to lend context to the
potential ecological risks of these emerging contaminants. Therefore, the objective of this research was to measure
the occurrence and abundance of microplastics in sediments collected from waterways where dredging is commonly
performed. Sample locations included sites commonly dredged within the Great Lakes, Gulf of Mexico, Long Island
Sound, Atlantic Ocean, and the Mississippi River (n=9) and both freshwater and marine reference sites (n=2) where
no dredging occurred. The number of particles for all samples ranged from 162 particles/kg dry wt. (min) to 6,110
particles’kg dry wt. (max), with a mean of 1,636 particles/kg dry wt. Microplastic particle shapes observed in the
sediments examined included fibers, films, foams, fragments, and spheres. Fragments occurred most frequently,
present in all sample sites (100%; n=11), followed by fibers (81%), spheres (75%), foams (38%) and films (34%).
Based on analyses of chemical composition of the particles using Fourier transform infrared spectroscopy (FTIR),
polyethylene:propylene was the most common polymer type observed. Microplastics varied considerably among
sites, in terms of both abundance and shape. The occurrence of microplastics at every sample site in this study
(including freshwater and marine reference sites) was consistent with microplastic occurrence and abundance reported
by investigators in other regions, and provides evidence that microplastic presence is relatively ubiquitous in the
marine and freshwater environment and should be anticipated in dredged sediments. These data provide additional
insight and context to key parameters (e.g., particle concentration, shape, and chemical composition) necessary to
inform ecological consequences of microplastic exposures during dredging operations.
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INTRODUCTION

There is increasing global awareness of the extent of plastic debris in the aquatic environment (UNEP 2016), with
particular focus on microplastics as an emerging contaminate due to the potential adverse effects to freshwater and
marine species (Thompson et al. 2004, Wagner and Lambert 2018). Microplastics, by a generally accepted definition
include particles ranging in size from 1 um to 5 mm and include any synthetic particle or polymeric matrix with regular
and irregular shape originating from primary or secondary manufacturing origin (Frias and Nash 2019). Worldwide,
microplastics are now considered to be relatively ubiquitous within both the marine and freshwater environment being
detected in the water column, beach sediments, subtidal or littoral and deep sea sediments, and the Arctic (e.g.,
Woodall et al. 2014, Baldwin et al. 2016, Bergmann et al. 2017, Hendrickson et al. 2018). The majority of
microplastics in the aquatic environment originate from waste generated on land and are directly linked to population
size and degree of waste management (Browne et al. 2011, Jambeck et al. 2015).

In North America, microplastic surveys have predominantly focused on surface waters and beach sediments due in
part to ease of access and low cost in collecting samples (e.g., Eriksen et al. 2013, Driedger et al. 2015), but
substantially less is known regarding the extent of microplastics in bottom sediments (i.e., subtidal zone or littoral
zone and deeper; non-beach sediments). In marine sites, Graham and Thompson (2009) surveyed three shallow
subtidal sediments sites on the Florida and Maine coast and detected microplastics in all sample sites. In freshwater,
several surveys have occurred in Lake Ontario and Canadian rivers where microplastics were detected in nearly all
sediment samples collected (Castafieda et al. 2014, Corcoran et al. 2015, Ballent et al. 2016, Vermaire et al. 2017).
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With the exception of these studies, there is a lack of knowledge about the extent of microplastic occurrence and
abundance in bottom sediments in North America and in particular within the United States (US). In the US, the US
Army Corps of Engineers (USACE) is responsible for maintaining and improving nearly 25,000 miles of inland and
intracoastal waterways, coastal channels, and 400 ports, harbors, and turning basins throughout the United States.
Thus, dredging is used to excavate shoaled sediments from many of these areas to maintain safe and navigable
waterways. Given the reported extent of microplastics in the aquatic environment, exposure information (e.g.,
concentration, spatial and temporal extent, type of plastic, shape, etc.) is needed for commonly dredged sediments to
lend context to the potential ecological risks of these emerging contaminants. Therefore, the objective of this research
was to measure the occurrence and abundance of microplastics in sediments collected from waterways where dredging
is commonly used to excavate sediment.

METHODS
Sediment samples

To increase sample size and reduce cost, sediments previously received by the US Army Engineer Research and
Development Center (ERDC), Vicksburg, MS, USA, were used to evaluate sediments proposed for dredging in both
marine and freshwater environments. Sediments were collected from major water bodies including the Great Lakes,
Gulf of Mexico, Long Island Sound, Atlantic Ocean, and the Mississippi River (Table 1; Figure 1). At the field sites,
sediments were collected using coring or surface grab methods and then stored in 19 L high density polyethylene
(HDPE) plastic buckets with lids or in wide-mouth glass jars. Sediments used for this study were subsampled from
the buckets received for sediment evaluation and composited by site into 1.9 L HDPE plastic buckets with lids or
directly sampled from the glass jars, therefore yielding one sample per site (n=11). Based on visual inspection of the
containers, knowledge of sediment sampling methods, and lack of abrasion on the sidewalls and bottom of the sampled
buckets, it is not anticipated that the sampling or storage methods influenced the results of this study. Sediments were
collected from harbors or channels where dredging occurs to maintain safe navigation. Reference sites were selected
to represent both marine and freshwater sites which are not influenced by dredging activities. The Corpus Christi
marine reference (“Ref A”) is a "60 ha site known to be relatively free of contaminants and serves as a point of
comparison to identify potential effects of contaminants in the dredged sediment from Corpus Christi Harbor and Ship
Channel (USEPA/USACE 1991, USEPA/USACE 2008). Horseshoe Lake (“Ref B”) is a natural freshwater lake (=
32 ha) in the Mississippi Alluvial Valley located south of Vicksburg, MS. The lake is sited in a forested floodplain
along the Mississippi River and along the Big Black River tributary. Connectivity to the river occurs during annual
flooding. For the purpose of this study, two reference sites were operationally defined as sites unaffected by dredging
activities (i.e., excavation, placement) and known to be relatively free of anthropogenic contaminants based on
previous studies.

Microplastic extraction

Currently, there are no established standard methods for extraction of microplastics from sediments. Based on reviews
of quantification methods used for marine and freshwater sediments, the extraction is generally conducted using the
following steps: (1) density separation; (2) preceded, followed, or both, by oxidation to help remove organic material;
and (3) particle identification and quantification (e.g., Hurley et al. 2018, Masura et al. 2015, Thompson et al. 2004).
In the present study, microplastics were extracted from wet sediment by density separation using a zinc chloride
solution (1.4 g/cm?), followed by oxidation to remove organic material and then visually inspected using a
stereomicroscope. Because sediment from each location was composited, therefore yielding one sample per site, the
sediment was subsampled three times to determine the mean number of microplastics particles/kg dry wt for each site
(n=11 sites x 3 subsamples per site). Each subsampled sediment was prepared by sieving 50 g of wet homogenized
sediment through a 2 mm test sieve (7.62 cm diameter by 2.54 cm deep test sieve, No. 10, brass frame, stainless steel
mesh screen). The sieved sediment was placed in a 300 ml glass beaker and the zinc chloride solution was used to
rinse the sieve screen. Material retained on top of the sieve was placed into a glass petri dish, covered with aluminum
foil, and later examined for microplastics <5 mm. The collection beaker was filled with 250 ml of zinc chloride and
then vigorously stirred with a stainless steel spatula for 1 minute. The beaker was covered with aluminum foil to
prevent background contamination and was allowed to settle overnight (= 24 h). After settling, the supernatant was
decanted into a filtration flask and vacuum filtered through filter paper (S-Pak Filters, 0.45 pm, 47 mm, white gridded,
HAWGO047S6, Millipore Sigma, MA, USA). To increase recovery of microplastics, the filtered zinc chloride solution
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Table 1. Bottom sediment samples collected in United States waterways and used for microplastic extraction.

Geographic Sample

_region Sub-region Sample site State method Dredge® Designation

Marine

Gulf of Mexico  Corpus Christi Bay Corpus Christi reference X surface  Reference A Ref A
Corpus Christi Bay Corpus Christi Harbor TX core capital CCH
Mouth of Mississippi River ~ Southwest Pass LA surface maintenance SWP

Atlantic Ocean  Long Island Sound I\H/[;lilcl)lrs River Cos Cob CT surface maintenance MR
Long Island Sound Milford Harbor CT surface maintenance MH
Long Island Sound Westport CT surface maintenance WP
Miami terrace Kings Bay FL, GA  surface maintenance KB
Miami terrace Port Everglades FL surface  maintenance PE

Freshwater

Great Lakes Lake Erie Cleveland Harbor OH surface maintenance CH
Lake Erie Lorain/Toledo Harbor OH surface maintenance LTH

Mississippi River Mississippi Alluvial Valley = Horseshoe Lake MS surface Reference B Ref B

* Capital is expansion of existing channel; maintenance dredging represented the removal of accumulated sediment from existing navigation
channels; Reference sites A and B have no known history of dredge activities. Ref A = marine site; Ref B = freshwater.
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Figure 1. Location of sediments collected for microplastic extraction and analysis.

was reintroduced into the beaker, after checking density, for a second extract. After filtering, the filter papers were
placed into a small glass beaker and subjected to organic matter removal using Fenton’s reagent (consisted of 30%
H,O, with an iron catalyst). The catalyst solution consisted of 7.5 g of iron (II) sulfate heptahydrate in 500 ml of RO
water. The catalyst solution was adjusted to pH 3 using concentrated sulfuric acid. The reagent was added to the
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beaker as a ratio 1:1 of H,O; and catalyst solution. Initially, 20 ml of each component was added followed by 5 ml
increments until no reaction was observed (e.g., absence of bubbling). The subsamples were processed in an ice bath
to maintain the temperature below 70°C. Once the reaction was complete, the filter paper was carefully rinsed inside
the beaker, removed, and the remaining solution was rinsed into a filtration flask with RO water and vacuum filtered
onto filter paper. The filters were placed into a petri dish covered with aluminum foil and allowed to air dry until used
for visual analysis. Extraction efficiency was quantified following the same procedure by using sediment spiked with
either polystyrene or polypropylene granules shaved (white in color) from plastic centrifuge tubes and thus had
different shapes and sizes (<1 mm). A translucent plastic microbead (4000 series monosized particles, 4310A, 100
pm + 1.5 pm, ThermoFisher Scientific) was also used. The sediment used for the extraction efficiency was not 100%
clean, i.e., the sediment was not without microplastics; the spiked microplastic particles were visually distinguished
by their brilliant white or clearly translucent and unweathered appearance (e.g., dull, opaque). The extraction
efficiency of microplastic shavings and microbeads were similar, resulting in a mean extraction efficiency for the first
extract of 73% and 24% for the second extract (i.e., 31 of 32 [97%] particles recovered).

Visual and FTIR analysis of microplastics

For visual analysis of microplastics, a Leica stereomicroscope with up to 40X magnification was used. Microplastic
particles were categorized into five different types based on physical features: (1) spheres- usually round shaped, often
< 1 mm diameter, clear and natural colors; (2) fibers- short to long lengths, different thickness, variety of colors; (3)
fragments- rigid, thick, sharp crooked edges, irregular shape, variety of colors; (4) films- irregular shape, usually thin,
flexible and transparent; and (5) foams- often white to yellow colored, soft, irregular shaped. To identify the plastic
polymer type, up to 15 microplastics representing each category were randomly selected from the subsamples from
each sediment location and analyzed using a Thermo Nicolet iS50 bench Fourier transform infrared (FTIR)
spectrometer coupled to a Nicolet Continuum Infrared Microscope. Prior to FTIR analysis, samples were optically
isolated using the Continuum IR microscope with a 15x objective. The Diffuse Reflectance Infrared Fourier Transform
Spectra (DRIFTS) sampling technique was performed using the MCT/A detector and KBr beamsplitter. Samples
were placed directly onto a gold-plated slide. Each sample was scanned 128 times and background subtraction was
performed using a gold mirror. Sample analysis, data analysis, and microplastic FTIR spectra fitting was performed
with Thermo OMNIC v8.1 series software. The chemical composition of the microplastics was determined via the
correlation search algorithm from 4000 — 455 cm™! with known spectra of compounds in the Hummel polymer sample
library as provided in the Thermo OMNIC software. The chemical composition of the microplastics was reported as
percent match to a compound found within the Hummel database. It should be noted that visual identification of
microplastics by microscopy has resulted in total abundance not significantly different than FTIR methods (Song et
al. 2015). In this study, the methods were used in combination to provide a more robust description of the
microplastics observed.

Descriptive and statistical analyses

The frequency of occurrence of microplastics was determined using the following equation:
% frequency = (Fy,/n) x 100 (D

where F, is the presence or absence of microplastics, and n is the total number of sample sites (n=11). Frequency
of occurrence was used to determine the extent to which sample sites contained microplastics and also microplastic
shapes (e.g., fiber, sphere, etc.).

The percent composition by number of microplastic shapes was determined using the following equation:
% Composition = (Cpp shape/n) X 100 (2)

where Cpp, shape i the number of microplastics of a given shape, and n is the total number microplastics. Percent
composition was used to describe the microplastic shapes of individual sample sites and the results were summarized
for the entire sample (n=11) by calculating a mean value for each shape. Microplastic abundance is reported as the
number of microplastic particles per kilogram of sediment (dry weight) for each sample site. Using R software (R
Core Team 2018), microplastic abundance data were analyzed by parametric statistics after validating homogeneity
of variances between the numbers of microplastic particles at each sample site determined by Levene’s test. To
compare statistical differences of microplastic numbers between sample sites, one-way analysis of variance (ANOVA)
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was used with a follow-up Dunnett’s post-hoc test to compare each sample site (n=9) with the two reference sites: (1)
Corpus Christi Reference marine site (Ref A); and (2) Horseshoe Lake freshwater site (Ref B); each of which are
known not to have been affected by dredging or dredged material disposal activities.

RESULTS AND DISCUSSION
Microplastic occurrence and abundance

Microplastics were observed in every site examined including the freshwater and marine reference sites (n=11). The
number of microplastics for all subsamples ranged from 162 particles/kg dry wt. (min) to 6,110 particles’kg dry wt.
(max) with a mean of 1,636 particles/kg dry wt. (Figure 2). The greatest concentration of microplastics was recorded
for Cleveland Harbor with a mean of 5,019 particles/kg dry wt. (s.d. 966). The lowest concentration of microplastics
was recorded for Southwest Pass with a mean 217 particles/kg dry wt. (s.d. 94). Cleveland Harbor, Corpus Christi
Harbor, Milford Harbor, Port Everglades, and Westport had a significantly greater mean number of microplastics (p
<0.05) as compared to the Corpus Christi Reference site (Ref A), a non-dredged site. Additionally, Cleveland Harbor
and Corpus Christi Harbor had a significantly greater mean number of microplastics (p < 0.001) as compared to
Horseshoe Lake (Ref B), also a non-dredged site. It should be noted that this does not imply a cause-and-effect
relationship between dredged sediments and microplastic pollution as currently there are limited data regarding the
spatial and temporal extent of microplastics as well as the local hydrodynamics at each site. Additional study is
required to infer the relationship between microplastics in sediments and their source. Among all sites, five
microplastic particle shapes (fibers, films, foams, fragments, spheres) were detected (Figure 3). In terms of frequency
of occurrence, fragments occurred in 100% of the subsamples (n=32) followed by fibers (81%), spheres (75%), foams
(38%) and films (34%). Based on percent composition among all subsamples (n=32), microplastic shapes were
primarily fragments (54%) followed by spheres (22%), fibers (19%), foams (3%), and films (1%).
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Figure 2. Scatter plot showing microplastic abundance in bottom sediments collected from 11 sample sites
from around the US. The plot shows the results of three subsamples per site (circles) and mean (denoted by
horizontal line. Sample sites with one asterisk (*) were significantly different (p < 0.05, a = 0.05) from Ref A

(marine) while sample sites with two asterisks were significantly different from both Ref A and Ref B.
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Figure 3. Mean number of microplastic particles per kilogram of dry sediment weight (particle/kg dry wt.) and percent
composition of microplastics shapes (fibers, films, foams, fragments, spheres) for each sample site.

Polymer composition of microplastics

A total of 165 particles were randomly selected from the 11 sediment samples for FTIR analysis including 49 fibers,
5 films, 5 foams, 70 fragments, and 36 spheres all ranging in size from 50-1400 um. The average percent match of
the microplastic spectral signature with the Hummel polymer sample library was 64% (s.d. 21%) (Figure 4). The
spectroscopy evidenced the presence of 14 polymers types: aromatic hydrocarbon resin, polyacrylonitrile:MMA,
polyethylene (PE), polyethylene:propylene (PEP), polyethylene:propylene:diene (PPD), polymethyl methacrylate,
polystyrene  (PS), polystyrene:4-vinylpyridine (PS type), polystyrene:acrylonitrile:MMA (PSS  type),
polystyrene:vinylidene chloride (PS type), polyvinyl chloride, polyvinyltoluene:butadiene, polyester, and urethane.
The majority of microplastics in study samples were identified as PEP and occurred at every site (n=11 sites, 113 of
165 particles, mean 68%, range 40-100%) followed by PS and PS types (n=9 sites, 28 particles, mean 11%, range 7-
20%). Fibers (92%), films (100%), foams (100%), and fragments (74%) were mainly composed of PEP, while spheres
were composed of mainly PS and PS types (58%) followed by PEP (22%). These FTIR results are comparable to
those reported for microplastics in bottom sediments from similar studies in marine and freshwater environments
(Table 2) and can be linked to the most widely produced plastics in the world (e.g., polyethylene, polyvinyl chloride,
polypropylene, polystyrene, and polycarbonate) (Andrady 2003). The polymer types identified does not allow for a
clear cause-and-effect relationship between a microplastic and its origin. The plastics found at these sites could have
originated from multiple sources (e.g., clothing, carpet, rope, water bottles, washing machines, plastic bags, face wash
with granulated polymers to function as an exfoliating agent, industrial activities, etc.), but it is likely to have
originated from waste generated on land and linked to population size and degree of waste management (Browne et
al. 2011, Jambeck et al. 2015).

Comparison to other regions

The quantity of microplastics observed in bottom sediments in this study were within a range of quantities reported in
studies from around the world where bottom sediments were collected in similar areas (subtidal or littoral zones)
(Table 2). Microplastics have been found in bottom sediments from marine environments including harbors, canals,
estuaries, lagoons, and nearshore areas (Tsang et al. 2017, Matsuguma et al. 2017, Peng et al. 2017, Vianello et al.
2013, Graham and Thompson 2009). Microplastics have also been found in bottom sediments from freshwater areas
including lacustrine and riverine environments (Ballent et al. 2016, Corcoran et al. 2015, Vermaire et al. 2017, Klein
et al. 2015). The range of microplastic abundance varies considerably over relatively large and small scales. Studies
in a lagoon in Tunisia and a nearshore area along the North Sea coast (Abidli et al. 2017, Leslie et al. 2017) reported
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Figure 4. Top- images of microplastics extracted from bottom sediment samples, sphere (A), fragment (B),
fiber (C), foam (D), and films (E). Bottom- FTIR spectra of select microplastic particle types used to identify
plastic composition.
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Table 2. Studies found reporting microplastics occurring in marine and freshwater bottom sediments with an
emphasis on bottom sediments collected from subtidal or littoral zones.

Most common

mean particles

Environment Study Sample site shape(s) /kg dry wt.
Marine harbor Tsang et al. 2017 Tolo Harbor, Japan fragments 121
Claessens et al. 2011 I;elzltl)zvupg (;Zr;jlggf)trzr,uli?»ee,lgium fibers 167
Naidoo et al. 2015 Durban Bay, South Africa fragments 1,165
This study Corpus Christi Ref A fragments 429
This study Corpus Christi Harbor fragments 3,221
This study Southwest Pass fragments 217
This study Mianus River Cos Cob Harbor  spheres 1,313
This stud Milford Harbor spheres 1,447
This study Westport fragments 1,609
This study Kings Bay fibers 813
This study Port Everglades fragments 1,424
Marine canal Matsuguma et al. 2017 Tokyo Bay, Japan fragments 1,845
Marine estuary Ling et al. 2017 gzrs\gzili;listuary, Tasmania, fibers 1,808
Peng et al. 2017 Changjiang Estuary, China fibers 121
Marine lagoon Vianello et al. 2013 Lagoon of Venice, Italy fragments 1,445
Abidli et al. 2017 Lagoon of Bizerte, Tunisia fibers/fragments 7,960
Marine nearshore Graham and Thompson 2009 fjlr(l)irti:(? é?tcalt\é[:line coast, fibers 1132
Claessens et al. 2011 North Sea coast, Belgium fibers 92
Leslie et al. 2017 North Sea coast, Netherlands fibers 3,305
Lacustrine Corcoran et al. 2015 Lake Ontario, Canada pellets 352
Ballent et al. 2016 Lake Ontario, Canada fibers/fragments 980
Di and Wang 2018 Ellllriiz Gorges Reservoir, fibers 82
This study Horseshoe Lake Ref B fragment 1,140
Lacustrine harbor  This study Cleveland Harbor fragment 5,019
This study Lorain/Toledo Harbor fragment 1,083
Riverine Vermaire et al. 2017 Ottawa River, Canada fibers/fragments 220
Klein et al. 2015 Rhine River, Germany fragments 904
Horton et al 2017 River Thames tributaries, fibers/fragments 350

United Kingdom

2 Converted number of particles per ml to kg/dry wt. using an average sediment density of 1,600 kg m?® (Fettweis et al. 2007) and a
1.25 average wet/dry ratio (Van Cauwenberghe et al. 2015).

quantities (3,305 and 7,960 particles/kg dry wt.) similar to those found at Cleveland Harbor and Corpus Christi Harbor,
but were otherwise 3-7 times higher than those observed at the remaining sites in the present study. Studies in Durban
Bay in South Africa and Tokyo Bay, Japan (Naidoo et al. 2015, Matsuguma et al. 2017) reported similar quantities
(1,165 and 1,845 particles’kg dry wt.) to those sites in this study. In contrast, studies in Tolo Harbor, Japan, and
harbors in Belgium (Tsang et al. 2017, Claessens et al. 2011), reported quantities (121 and 167 particles/kg dry wt.)
10-15 times lower than those observed in this study. On a smaller scale Claessens et al. (2011) reported considerable
variance within sites for three harbors ranging 2-4 times in magnitude from the lowest abundance. Similarly, Ballent
et al. (2016) reported that downstream sites in a river and creek both had 1-2 times higher abundance of microplastics
than sites 1 km upstream. The variation suggests factors that affect microplastic abundance (e.g., population density,
waste management, underwater geomorphology) likely have a greater impact on quantities between and within sites
rather than a group of similar sites as might be expected (Ballent et al. 2016, Claessens et al. 2011). It has also been
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suggested that waterways with a history of pollutant stressors (e.g., industrial activity, excess nutrients, high turbidity
from erosion, degraded habitat, etc.) may have higher microplastic concentrations (Burton 2017, Sedlak 2017). The
sample sites in this study are part of inland and intracoastal waterways, coastal channels, ports, harbors, and turning
basins which make up a diverse array of highly modified depositional environments. These areas are often part of
major transit routes for commodities and often support many industrial activities and commonly have a higher
population density, all of which are known sources of general microplastic pollution (Browne et al. 2011). The
occurrence of microplastics in bottom sediments at every sample site in this study (including freshwater and marine
reference sites) along with those of similar studies provides corroborating evidence that microplastic presence is
ubiquitous in bottom sediments of both marine and freshwater environments and should be anticipated in dredged
sediments.

CONCLUSIONS

The objective of this research was to measure the occurrence and abundance of microplastics in sediments collected
from waterways where dredging is occurring. These data indicate that microplastics are relatively ubiquitous in bottom
sediments, with microplastics occurring in all sites sampled (e.g., Great Lakes, Gulf of Mexico, Long Island Sound,
Atlantic Ocean, and the Mississippi River) including freshwater and marine reference sites. The number of particles
for all samples ranged from 162 particles/kg dry wt. (min) to 6,110 particles’kg dry wt. (max). In terms of frequency
of occurrence of particle shapes, fragments>fibers>spheres>foams>films. The polymers were predominately
identified as PEP particles followed by PS and a variety of other polymer types. The occurrence of microplastics at
every sample site in this study indicates that presence of microplastics should be anticipated in dredged sediments,
consistent with the occurrence and abundance of microplastic particles observed in bottom sediments elsewhere by
other investigators. These data provide additional insight to key parameters (e.g., environmentally relevant
concentrations, shape, polymer composition) necessary to inform ecological risks of microplastic exposures.
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