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ABSTRACT: Sampling the aquatic environment for microplastic concentration is
inherently difficult because of variations in microplastic concentration, shape, and
density and the potential for contamination. We present an assessment of a method
for microplastic sampling that uses a peristaltic pump to pump water through a
series of in-line stainless-steel mesh filters. Following filtration, the stainless-steel
filters were treated using previously published methods to isolate microplastics,
adjusted for the stainless-steel mesh filters. Microplastics were identified using
micro-Fourier transform infrared (4uFTIR) spectroscopy in transmission mode. This
method was tested in the laboratory using standard polyethylene beads and was

Isolation of
microplastics

Infrared
microscopy

applied to two sample sites at the Las Vegas Wash in Nevada. The results showed

that 70% of the polyethylene beads were recovered after the peristaltic pump and laboratory steps with minimal blank
contamination. The advantages of the peristaltic pump sampling method are it (1) supports a range of sample volumes, (2) reduces
sample handling, (3) reduces the potential for contamination, (4) provides flexibility in sampling locations, and (5) supports a
variety of filter types. Using stainless-steel mesh filters allows for (1) streamlined and direct field-to-laboratory sample processing, (2)
UFTIR transmission mode analysis of filter-mounted microplastics, and (3) reduced filter and sample processing costs.
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1. INTRODUCTION

Synthetic plastic compounds were developed in the early 20th
century, and widespread use of plastics began in the mid-20th
century." Microplastics (plastic particles with at least three
dimensions >1 nm to <$§ mm)2 in particular are an emerging
environmental concern because of their durability and small size.
Recently, freshwaters have been found to contain substantial
microplastic contamination, with rivers acting as a major conduit
of microplastics to the marine environment.” >

Sampling aquatic environments for microplastic concen-
tration is inherently difficult because of the variations in
microplastic concentration, shape, and density.” Many fresh-
water environments exhibit low microplastic concentrations,
and therefore require a large sample volume.® For example, the
American Society for Testing and Materials (ASTM)’
recommends 1500 L for water samples with low to very low
suspended solids. The complex sample matrix of freshwaters
(e.g, algae, sediment, inorganic/organic materials, and bio-
logical materials) can interfere with and further complicate
microplastic detection.® Low per liter microplastic concen-
trations also necessitate careful contamination control proce-
dures both in the field and in the laboratory.”'® Lastly, the small
size of microplastics requires sophisticated analytical ap-
proaches.” The ideal microplastic sampling approaches limit
contamination while maximizing sample throughput and they
are followed by laboratory methods that minimize sample
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handling and contamination in the process of effectively
isolating and identifying microplastic particles. This paper
presents methods for sampling, laboratory processing, and
analysis that address these needs.

Several sample collection procedures for microplastics in
marine and freshwater environments have been presented in the
existing literature (e.g. refs 6, 11, and 12). Net sampling and
grab sampling are the most common microplastic sampling
methods. Net sampling involves sampling the water surface
using a neuston, bongo, or other types of plankton nets with a
flow meter to determine the sample volume. The mesh is
typically composed of nylon with a mesh size of 300 pm,
althou§h some nets use a smaller mesh size (e.g, <100
um).> " The net is typically designed to sample the top 0.5
m of water while it is pulled behind a boat'* or held by
individuals at the water surface.® After sample collection, the net
is rinsed in a sample container and the material is stored until
laboratory analysis. The primary benefit of the net method is it
can filter large sample volumes (hundreds of liters), and
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therefore measure microplastics at low per liter concentrations.
However, given the large surface area of the net, its plastic (i.e.,
nylon) makeup, and inevitable exposure to air, it is difficult to
control for contamination. It is also challenging to ensure all
particles are rinsed from the mesh into the sample container.
The net can also entrain large debris (e.g., leaves and sticks) and
become clogged in high-matrix environments."

In contrast to net collection, the grab sampling approach™'*'®
entails sampling waters with a container of known volume that is
subsequently filtered in the lab. This method is limited by the
volume of the sample container and the capability to carry
multiple liters of water from each sample collection site.
However, contamination can be controlled through filtration in
a laboratory environment, and analysis is easier because there is
less matrix material (e.g., sediment, algae, or other biological
materials) than larger volume net samples. Previous studies
comparing these two approaches noted that grab samples tend
to exhibit higher microplastic counts per liter.”'

Other microplastic sampling methods use portable pumps to
pump water through stacked sieves,”'*'”7*® in-line filters,”' ~**
or into sample bottles.”* These approaches allow for sample
collection at various water depths, controlled sample collection
volumes, and the option to vary the filter diameter and filter pore
size.”'#!71%2> When using stacked sieves, it may be difficult to
control for contamination from atmospheric sources unless the
sieves are covered with a non-plastic cover.'® In contrast, the in-
line filter approach isolates the water sample from the
atmosphere (preventing potential contamination), but it may
be subjected to contamination from pump tubing. Previous in-
line filter approaches used a large, custom-built system,”"**
involved backflushing filters into jars,lg’26 or involved back-
flushing onto alternative filters.”® Therefore, there is a need to
develop a portable (i.e., able to be carried in a backpack) and
commercially available sampling approach that reduces sample
handling and contamination potential (i.e., limits exposure to
the atmosphere).

After freshwater sampling, the filtered material is brought back
to the laboratory to isolate microplastic particles. This is
typically conducted through a series of isolation and digestion
steps.”" ">~ Isolating microplastics from particulate matter is
typically conducted using a dense (1.2 to 1.8 g/cm?) liquid (e.g,,
NaCl, ZnCl,, and CaCl,) that allows the glastic particles to float
and the denser particulates to sink.”'"*"*****! Care must be
taken to choose a solution with an appropriate density for the
plastics of interest.”” For freshwater samples, an organic material
is typically digested using an oxidizer and acid, base, and/or
enzymatic digestion. These chemicals can dissolve or alter
microplastics, and therefore they must be used with caution.''
The microplastic isolation process may require multiple cycles of
a given matrix-removal step or other separation processes.29

The size, shape, and polymer type of the microplastics can be
determined once they are isolated from the sample matrix.
Microplastic polymer identification approaches include infrared
(IR) microscopy, Raman spectroscopy, pyrolysis-GC/MS, and
visual identification to determine size, shape, and color. The
identification approach used in this study was micro-Fourier
transform IR (uFTIR) spectroscopy. Details on these other
approaches can be found in the literature.”** For uFTIR, the IR
absorbance is dependent on the chemical properties of the
plastic such that different plastic types produce unique spectra.
This method is also nondestructive and collects magnified bright
field images of the particles, making #FTIR an ideal approach for
simultaneously identifying plastic type as well as particle size,
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shape, and color. The yFTIR detects and analyzes plastic
composition in particles down to ~10 ym, while spatial mapping
techniques acquire the spectra for all particles in a defined
analytical area.

The material a sample is mounted on to is a critical
consideration for yFTIR measurement. Many microplastic
studies mount samples on filters, but many filters exhibit an
absorbance that can interfere with or mask the IR transmission
spectra of the sample.*® Various filter options have been used for
microplastic analysis—such as cellulose acetate, glass fiber,
silicone, and polycarbonate filters—and users should consider
the possible IR interferences for each filter type.”*”* Filter costs
also vary widely (<$1 to >$20 per filter), with silicone filters
being more expensive.” Other approaches include selecting
particles of interest and manually moving them from the filters to
an IR transparent slide for analysis.'”*° However, microplastics
can be friable and statically charged, leading to broken and/or
lost particles. One filter type that has been used for microg)lastic
environmental sampling is stainless-steel mesh filters.”"***°~*
Other studies tested using stainless-steel mesh filters for organic
matter digestion of the sample*" or for the 4FTIR identification
of polymer type.*”* In this study, we built on that prior work by
assessing the use of stainless-steel mesh filters for in-line sample
filtration, laboratory processing, and yFTIR analysis in trans-
mission mode for polymer identification.

Throughout these steps, care must be taken to eliminate
potential contamination from sample handling, reagents, and
exposure to the field and laboratory environment.®'*** Best
practices include ensuring the prefiltration of all regents,
carefully washing all laboratory glassware, positive control
steps (cotton lab coats, clean air environments, etc.), and
ensuring careful monitoring through regular blank assess-
ments 65102844

To address the sampling, laboratory, and yFTIR analysis
needs outlined above, we assessed a portable, field-deployable
peristaltic pump with a series of in-line filters for microplastic
sampling. We also tested the capability of stainless-steel mesh
filters to isolate microplastics and for FTIR identification of the
polymer type. Our work demonstrated the applicability of the
stainless-steel mesh for the entire sample life cycle, from sample
collection to streamlining laboratory processing and subsequent
MFTIR transmission mode sample mapping.

The methodology was subsequently tested in the laboratory
using standard polyethylene (PE) beads and applied to the Las
Vegas Wash (LVW) in Nevada, United States. The preliminary
observations are presented herein. The LVW was selected to test
these methods in the presence of a complex environmental
sample matrix on waters of local and regional importance and in
a location with microplastic data that were collected using other
methods. Water in the LVW flows from Las Vegas into Lake
Mead, which serves as a primary water source for neighboring
states, recreation, and biota. Previous work demonstrated
significant microparticle contamination of the water,”> which
is potentially because of the high anthropogenic use and input
(inclu;ligg4 gtormwater drainages and four wastewater treatment
plants).™

2. METHODS

This section describes the (1) laboratory method used to assess
the peristaltic pump approach, (2) method to isolate micro-
plastics adjusted for the stainless-steel mesh filters, (3)
laboratory blank assessment, (4) field application of the
peristaltic pump and stainless-steel filter method, and (S)
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Figure 1. Peristaltic pumping (A) of water was followed by density separation (B), organic matter oxidation (C), and microscopy (D). Photo in (A)

shows a 47 mm diameter filter housing.

Table 1. Count and Percent of the 125—150 gm Polyethylene (PE) Beads Recovered for each Step: Peristaltic Pump (Pump),
Zinc Chloride (ZnCl,) Density Separation, and Hydrogen Peroxide (H,0,) Oxidation”

initial pump volume pump pump %
sample ID count L count recovery
VMPS23 243 60 223.5 92
VMPS24 176 60 159 91
VMPS2S 202 60 193.5 96
VMPS26 274 60 257 94
VMPS27 137 10 113 83
VMPS28 151 10 119.5 79
VMPS29 148 10 120 81
VMPS21 370 60 316 85
average 88
o 6

A

ZnCl, ZnCl,% H,0, H,0,%
count recovery count recovery total % recovery
182 81 178 98 73
146 92 110 75 63
152 79 148 97 73
218 85 200 92 73
84 90 70
6 10 S

Total recovery” is the total percent beads recovered from the initial count to the count after H,0, oxidation.

detection of stainless-steel filter-mounted microplastics using
optical and IR microscopies.

2.1. Peristaltic Pump and Filter Setup. The peristaltic
pump sampling method consists of a 230 mL funnel connected
to silicone pump tubing (inner diameter: 6.35 mm; outer
diameter: 11.12 mm; VWR, Wayne, Pennsylvania, United
States) and the peristaltic pump (Figure 1A). The peristaltic
pump is battery-operated (SERIES II Geopump, Geotech,
Colorado, United States) and is fitted with a 60 to 600 rpm
rotor. The in-line sample collection filters attach to the tubing
outlet downstream of the pump (Figure 1A). The user has the
flexibility to implement various filter types (e.g, different
materials), filter diameters, and/or various filter pore sizes (in
decreasing size fraction in the direction of the water flow). The
volume of water that passes through the filter(s) can be
measured to determine sample volume (Figure 1A).
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2.2, Peristaltic Pump Laboratory Test. Particle losses
may occur during field sampling, laboratory processing, and
analysis regardless of the method used. Therefore, we used
plastic beads to test microplastic recovery rates from the
peristaltic pump sampling setup and laboratory processing
method to help assess and account for microplastic losses.**

The peristaltic pump was set up as described above (section
2.1) and included one 47 mm diameter filter casing containing a
stainless-steel mesh filter with a 102 ym pore size connected in-
line to the tubing outlet downstream of the pump (Figure 1A).
We chose a 102 ym stainless-steel mesh filter as this was similar
in size to the 100 um neuston net used in previous studies.*
Filters were composed of grade 304 stainless-steel mesh (TWP,
California, United States) with a 66 ym wire diameter and a 102
pum mesh pore size. Filters were cut in-house to reduce costs and
were precleaned by sonication prior to use. The filter was housed
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in a polycarbonate filter casing (Pall Laboratory, New York,
United States). We then used 125 to 150 um PE beads
(Cospheric, Santa Barbara, CA) to test the plastic recovery. We
placed PE beads onto weighing paper and precounted the beads
using a Nikon SMZ1500 stereomicroscope. The beads were
flushed into a funnel connected to the silicone peristaltic pump
tubing. This was followed by flushing 5 to 55 L of filtered
deionized water (S um stainless-steel filter) from a spigot
flowing to the mouth of the funnel and noting the total amount
using a 20 L bucket with marked 5 L increments. Following the
deionized water, we added 1 L of a filtered 0.5% solution of
liquid cleaner (micro90, 0.7 um glass fiber, GF/F filter). The
liquid cleaner was poured into the funnel and followed by S L of
the filtered deionized water for a total of 10 to 60 L of water
(Table 1). We then removed the stainless-steel filter from the
filter casing, placed the filter in a petri dish (Pall Analyslide petri
dish), and dried it at 40 °C for 8 to 12 h. To reduce potential
contamination, the lid of the petri dish was kept loosely in place
during the drying process. The dry stainless-steel filters were
imaged (described in section 2.6), the PE beads were counted to
determine the percent recovered from the peristaltic pump
method, and the filter was stored in the dark until further
laboratory processing. The silicone tubing was flushed with 60 L
of filtered deionized water between samples.

2.3. Isolation of Microplastics. Similar to previous studies,
we applied density separation and wet oxidation to remove
particulate matter, oxidize organic materials, and isolate the
microplastics.””® These methods were adjusted for the stainless-
steel filters to reduce the potential for contamination. Filters
with standard PE beads (as described in section 2.2) were used
to assess the recovery of microplastics at each step of the
isolation process (Table 1). First, we conducted density
separation and then conducted wet oxidation. The order of
these steps can be interchangeable depending on the sample.

For density separation, we adopted a similar approach to
Imhof et al.’" and Coppock et al."” using zinc chloride (ZnCl,)
and a separation column. The separation column was composed
of a glass tube (Chemglass, Vineland, NJ, United States), a
stainless-steel ball valve with silicone O-rings (McMaster Carr,
Douglasville, GA, US) in the center of the glass tube, and a
silicone stopper at the bottom of the glass tube (Figure 1B). The
stainless-steel filter was removed from the petri dish and inverted
into a stainless-steel funnel. Filtered ZnCl, (0.7 um GF/F filter
with a solution density of 1.5 g cm™) was used to backflush the
material off the sample filter and into the separation column with
the ball valve in the open position. We agitated the backflushed
material for 5 min, allowed the sample to settle for 1 h, and
repeated the S min agitation. The sample was then left
undisturbed for 4 h to allow the denser particulate material to
settle. After 4 h of settling, the ball valve was closed and the
supernatant containing less dense particulates (<1.5 g cm™) was
poured into a 250 mL funnel connected to a 47 mm
polycarbonate filter housing containing the original backflushed
filter. The glass separation column was rinsed with ZnCl, twice
followed by filtered deionized water to ensure the recovery of all
materials. The filter housing was additionally rinsed with ~200
mL of filtered deionized water to rinse the remaining ZnCl, salts.
The filter was removed from the filter housing, dried at 40 °C in
the original petri dish, and subsequently imaged (see section
2.6). The PE beads were counted to assess the percent recovered
after the ZnCl, process, and the filter was stored in the dark until
further laboratory processing.
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To remove organic particles, the filter was placed inside a filter
housing and the sample outlet port was plugged. Prefiltered (0.7
um glass fiber, GF/F filter) 10% hydrogen peroxide (H,0,) was
pipetted into the filter casing (Figure 1C) and the top of the filter
casing was covered to prevent contamination. The filter was left
for 12 to 24 h at room temperature (~23 °C). H,0, was drained
through the sample outlet port, and the filter was rinsed with
filtered deionized water. The filter was removed from the filter
housing, stored in the original petri dish, and dried at 40 °C.
After drying, the stainless-steel filter was imaged and the PE
beads were counted to assess the percent recovered after the
H,0, wet oxidation process.

2.4. Laboratory Blanks. Laboratory blanks were prepared
and analyzed for the peristaltic pump, ZnCl, density separation,
and H,0, wet oxidation steps. To assess potential contami-
nation during the peristaltic pump step, 25 to 35 L of filtered
deionized water followed by 1 L of 0.5% micro90 (0.7 um GF/
F) and ~S L of filtered deionized water were passed through the
peristaltic pump tubing and onto an in-line 102 ym stainless-
steel mesh filter. In total, this process took <2 h to complete per
sample. To assess potential contamination during density
separation and wet oxidation, blank stainless-steel filters were
processed in the same manner as the PE bead samples. All blank
filters were dried and imaged using a microscope, and the
particles were counted.

2.5. Applying the Method to the Las Vegas Wash. We
applied the peristaltic pump and laboratory processing methods
to two Las Vegas Wash sites (LVWO04 and LVWO0S) sampled on
September 13 and 14, 2019 (Figure 2 and Table S1). Similar to
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Figure 2. Map of the Las Vegas Wash (LVW). Yellow dots indicate
sampling locations for this study and the green dot indicates the LVW
sampling location from Baldwin et al.**

the setup described in section 2.1, we fitted the silicone
peristaltic pump tubing inlet with a 250 mL polypropylene
funnel to intake surface water by aligning the top of the funnel
with the surface (e.g,, sampling top ~0—5 cm) (Figure 1A). We
secured the funnel to a rebar stake away from shoreline eddies
approximately 3 to 4.5 m from the shoreline. Using the
peristaltic pump, the tubing was flushed with ~20 L of LVW
surface water prior to installing the in-line filters. After flushing,
three 25 mm diameter polypropylene (MilliporeSigma,
Darmstadt, Germany) filter housings were connected in-line
to the silicone tube outlet. Filter holders were prepared with 1
mm, 335 ym, and 102 ym stainless-steel filters from high to low
size cutoffs along the direction of the flow. Water outflow was
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collected in a bucket marked with S L increments to calculate the
total volume for each filter. Filtration volumes were 27 and 30 L
for LVW04 and LVWOS, respectively (Table S1). Unlike in the
laboratory tests, we did not rinse the tubing with the 0.5%
micro90 solution, which was shown in the laboratory to increase
standard PE bead recovery. At each site, sample filtration took
<2 h to complete.

After sampling, the stainless-steel filters were kept in their
filter housings, which were capped and stored in the refrigerator
prior to laboratory processing. The filter housings were used as
sample reaction vessels for the wet oxidation process. We filled
the sealed filter casings with prefiltered 10% H,0O, and allowed
the filtered samples to oxidize for 24 h at room temperature, as
described above. We drained and rinsed the stainless-steel filters
with filtered deionized water. We then conducted the density
separation for particulate matter removal (see the method
outlined in section 2.3). After laboratory processing, the 102 ym
filters were oven-dried at 40 °C for at least 24 h. This study
focused on the 102 um filters, which was the smallest size
fraction collected and captured particles between 335 and 102
pum. This size fraction most closely parallels the standard PE
bead size (i.e.,, 125—150 um) used to test method recovery. Data
from the 1 mm and 335 um filters are not presented herein.

2.6. Microscopy. Optical microscopy was used to visually
count the standard beads at each step of the process. We used a
Nikon SMZ1500 stereo microscope coupled with an Olympus
DP2S camera. We took images of the entire 47 mm stainless-
steel sample filter at 20x magnification and stitched them
together using Adobe Photoshop. Standard PE beads were
counted twice by two individuals. The average difference
between the two observers was 2.4 bead counts per filter,
approximately 1.3% of the average bead count (Table 1).
Laboratory blanks were treated in the same manner as samples
and no difference in counts between the two observers was
noted. The microplastic polymer type was identified using a
Thermo Nicolet iN10 MX instrument housed at DRIL. We
analyzed the stainless-steel filters in transmission mode using the
imaging detector mercury cadmium telluride (MCT)-cooled
array with an aperture size of 25 ym X 25 pm and step size of 25
um, a spectral resolution of 8 cm™ (from 4000 to 715 cm™),
and a number of 64 scans. The Norton—Beer strong apodization
function was applied by the instrument software. The back-
ground spectra using the same settings were automatically
collected every 60 min. A previous study showed that mapping a
filter at a 20 to 35 yum step size and an aperture size of 50 ym X
50 um was adequate for detecting particles <100 ym.** Results
were corrected for baseline drift in the instrument software, and
data were exported and processed using the Systematic
Identification of MicroPLastics in the Environment (siMPle)
program.*”~>' The publicly available standard data set™ was
imported into the siMPle and used to compare and identify the
collected spectra. We tested the siMPle program using known
standard plastic materials and adjusted the threshold to match
accordingly (Table S2). One randomly selected area of the
VMPS2S standard (Table 1) with PE beads was analyzed, and
two randomly selected areas of each LVW stainless-steel filter
were analyzed to test the method.

2.7. Contamination Reduction Procedures. To reduce
potential microplastic contamination, reagents were prefiltered
using a Whatman 0.7 pum GF/F filter and stored in glass
containers. The laboratory deionized water was filtered usinga 5
um stainless-steel filter. All laboratory ware, filter housings, and
filters were cleaned with a filtered 1% micro90 solution (a
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general cleaner), sonicated, and rinsed with filtered deionized
water. The laboratory air was filtered using an MERV-13 filter.
Cotton lab coats were required in the laboratory, and the
laboratory working space, including bench tops and walls, were
regularly wiped using a natural sponge or a lint-free wipe.
Samples, laboratory glassware, and reagents were kept capped or
covered with a heavy-duty aluminum foil whenever possible.

3. RESULTS AND DISCUSSION

3.1.Laboratory Testing Results. We counted the standard
PE beads before and after each sample collection and treatment
step (i.e., initial count, after peristaltic pump, after ZnCl,, and
after H,0,). Results are shown as the percentage of beads
recovered for each step and the total beads recovered
throughout the process (Figure 3 and Table 1). On average,
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Figure 3. Percent of the polyethylene (PE) beads (125—150 ym in
size) recovered for each step. PE beads were counted before and after
the peristaltic pump (Pump), zinc chloride (ZnCl,) density separation,
and hydrogen peroxide (H,0,) oxidation steps. The percent of PE
beads recovered was calculated for each step. The “Total” is the percent
total beads recovered from the initial count relative to the final count
after H,0, oxidation. Whiskers represent the 5/95 percentile and
numbers above the whiskers are the n values.

88 + 6% (n = 8) of the PE beads were recovered from the
peristaltic pump step. More PE beads were recovered during wet
oxidation (90 & 10%, n = 4) than during density separation (84
+ 6%, n = 4) (Figure 3), potentially because of the adherence of
particles to the walls of the glass separation column used for
density separation. In total, 70 & 5% of the PE beads were
recovered.

Few previous studies have conducted plastic recovery
assessments of each step of the laboratory process.'” Lenz and
Labrenz”' tested a custom-built in-line filtration approach using
polyamide particles that were 450 and 480 gm in length and
diameter, respectively. A recovery of 98.0 + 0.89% (n = 3) from
the filtration process was observed. Similarly, Wang et al.>’
tested the filtration-based approach by pumping 100 particles
ranging from 100 ym to 6 mm through a 50 um steel sieve. The
results showed a recovery of 92.7 + 4.5% (n = 3) plastic particles
through the pumping system.> The results of the pumping
system in this study were slightly lower (88 + 6%, n = 8), but the
microplastic beads used were smaller on average than these
previous studies, which may account for the difference. Simon et
al.’” added a known number of polystyrene beads (100 ym in
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size) to treated wastewater samples. The wastewater sample was
then processed using a surfactant, cellulase enzymes, sieving, and
H,0, and Fenton’s reactions. Through this process, 77.7 +
11.6% of beads were recovered.”” Vollertsen and Hansen* also
added a known number of polystyrene beads (100 ym diameter)
and high-density PE to raw wastewater. The water was treated
with sodium dodecyl sulfate, cellulase, and H,O,. Recovery rates
were 78 17 and 61 & 29% for polystyrene and high-density PE,
respectively, from the wastewater samples.54 Mintenig et al?’
added PE beads (90 to 106 ym) to 1 L of water and processed
the positive control samples in the same manner as their river
samples, which included adding sodium dodecyl sulfate,
potassium hydroxide, H,O,, and ZnCl, for separation. Results
showed between a 79.0 and 93.1% recovery depending on the
location of the sample preparation.”’ A total recovery of 70 5%
of 125—150 um standard PE beads in this study was similar to
other published microplastic recovery rates.

Blank results showed minimal particle counts during the
various steps (Tables S3 and S4). More particles were observed
from the peristaltic pump and ZnCl, blank (averages of 4.8 and
4.3 particles, respectively) when compared with the H,0, blank
(average of 0.8 particles). The higher particle counts from the
peristaltic pump blank was potentially because of the silicone
tubing shedding microparticles, as supported by the dominance
of translucent fragments observed in the peristaltic pump blanks
(Table SS and Figure S1). In addition to the translucent
fragments, we observed red, blue, and black fibers and
translucent films (Table S5). The California State Water
Resources Control Board’s” definition of microplastics includes
silicone. A more resistant tubing or tubing made of a higher
density polymer could be used (e.g, polytetrafluoroethylene, an
average density of 2.2 g cm ™) so that if particles shed, they could
be easily removed during density separation. Alternatively, the
UFTIR spectra of the silicone tubing could be measured and
compared with the samples. The increased ZnCl, blank was
potentially a result of this step requiring more handling of the
sample (backflushing) and multiple rinses of the glass column
that may have contributed to the increased blank. Combining
this density separation method with the density separation
approach presented by Mani et al.>> could potentially reduce
blank contamination.

Previous studies showed similar blank contributions. Wang et
al.>? tested the blank contribution of their pumping system and
found 0.33 + 0.58 and 0.67 =+ 0.58 particles after pumping 20 L
of distilled water through a 50 um sieve. Mintenig et al.?’
showed 11.1 particles per sample on average after laboratory
processing of their blanks (1 L of Milli-Q water) on the
laboratory bench. Lower particles per sample were observed
when samples were processed in the laminar flow hood.*’
Vermaire et al.*® filtered 100 L of tap water through a 100 ym
filter, processed their blanks using H,0,, and identified 0.02
particles L™". Mintenig et al.*” filtered blank water onto stainless-
steel filter cartridges (124 mm long) and found 21 particles per
blank sample. The long polypropylene filter housings were
thought to be the source of the contamination.”” The plastic
filter housings used in this study were not found to shed plastics,
as observed in the previous study, but stainless-steel filter
housings could be used, which range in cost from $300 to $600.
Alternatively, combining the approach presented here with the
microplastic reactor approach™ could also prevent contami-
nation from the plastic housings.

To test the application of the stainless-steel filters to uFTIR
spectroscopy, we imaged the stainless-steel filters with PE
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standard beads that underwent laboratory processing. Using the
siMPle program, all the PE beads (125—150 ym) in the analysis
area were identified on the 102 ym stainless-steel mesh filter in
transmission mode (Figure 4). The uFTIR spectroscopy results
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Figure 4. Micro-Fourier transform infrared (4FTIR) identification of
standard polyethylene (PE) beads of 125—150 ym in size on a stainless-
steel filter with 102 ym pore size. The mapped area was 3.8 mm by 2.9
mm. Axes show the scale in micrometers, and the red box shows the
imaged area. uFTIR spectroscopy was conducted in transmission mode
using the imaging array detectors, and the results were processed in
siMPle. Spectral results are overlain on the co-located optical image.

shown here further support the application of these filters in
identifying microplastics in transmission mode, supporting
previous applications of these types of filters.””** These results
are promising because previous studies either had to account for
the IR absorbance of the filter (e.g., refs 35 and 49) or preselect
putative microplastics using a light microscope followed by
UFTIR measurement.'® The stainless-steel mesh filters are
therefore a valuable tool that addresses yFTIR analytical
limitations and streamlines data collection for microplastic
research.

3.2. Las Vegas Wash. The peristaltic pump and stainless-
steel filter-based method for sampling and laboratory processing
were tested by sampling LVW surface water at two locations.
When conducting fieldwork, we minimized sample handling by
keeping the filter in the housing until after the wet oxidation step
that was conducted once we returned to the laboratory (see
section 2.5). This approach further reduced potential particle
loss and contamination by limiting filter handling,

Spectral analysis of the uFTIR data in siMPle revealed
polycarbonate, acrylate, and polypropylene in the analyzed areas
of the LVW stainless-steel filters (Figure 5). These particles were
primarily clear fragments, which made them difficult to detect
with the optical microscope. The microplastics measured an
average of 187 ym in the major dimension and 93 ym in the
minor dimension (Table 2). The plastic types identified in this
study were commonly observed in studies of surface waters from
other rivers in urbanized areas.'**"*" >’
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Figure S. Las Vegas Wash (LVW) micro-Fourier transform infrared (4FTIR) spectroscopy results. Results from LVW04 from the two regions of the
stainless-steel filter (102 ym opening) are shown in (A) and (B). Imaged area sizes are 1.5 by 1.43 mm for (A) and 3 by 2.9 mm for (B). Results from
LVWOS from the two regions of the stainless-steel filter (102 ym opening) are shown in (C) and (D). Imaged area sizes are 3 by 3.4 mm for (C) and 3.7
by 3.1 mm for (D). Axes show the scale in micrometers and the red box shows the imaged area. uFTIR spectroscopy was conducted in transmission
mode using the imaging array detectors and results were processed in siMPle. Spectral results are overlain on the co-located optical image.

Table 2. Characteristics of Polymers Identified by siMPle from the Las Vegas Wash

site identifier polymer® major dimension (um)“ minor dimension (ym)“ color shape
LVW04 1 polycarbonate 3524 97.1 transparent fragment
LVW04 2 polycarbonate 177.1 98.9 transparent fragment
LVWo4 3 polycarbonate 95.7 582 transparent fragment
LVWo04 4 acrylate 185.1 124.7 black fragment
LVWO0S 1 polycarbonate 199 108 translucent fragment
LVWO0S 2 polypropylene 118.1 76 transparent fragment

“Determined using the siMPle program.

Baldwin et al.** measured microparticle contamination of the indicated high microparticle contamination at the Las Vegas Bay
LVW using a 100 gm neuston net from one LVW site located site (9.7 particles m™3), but spectroscopic methods were not
much closer to the Las Vegas Bay (Figure 2). Their findings used to measure the plastic type.” Rather, the particle shape
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(e.g., foam, film, fiber, bead, or fragment) was used to categorize
the microparticles observed.”> Baldwin et al.*> showed a
diversity of microparticle shapes from LVW water samples,
with the dominant shape being fibers. In our study, the siMPle
program did not identify microplastic fibers. Additional uFTIR
and microplastic morphology (i.e.,, size, shape, and color)
analyses of the LVW sample filters are needed to compare our
data with the Baldwin et al.** results.

4. CONCLUSIONS

The method for microplastic field sampling used in this study is
portable and easy to use. The peristaltic pump method uses
commercially available products that do not require custom-
ization. The peristaltic pump method is adaptable to numerous
sampling locations (e.g., freshwater, remote and hard-to-access
locations, as well as shore-based and surface sampling, and it is
potentially adaptable to seawater, boat-based, and depth
sampling). It also supports various in-line filter types and sizes,
is relatively inexpensive (approximate costs in US dollars are
$1300 for the pump, $20 for a rechargeable battery, $200 for
pump tubing, and $18 for the in-line filter housing), and can
filter 100 L in ~3 h. These factors make this method applicable
to a range of sampling locations and sample types. Additionally,
we observed high particle recovery (88%) and minimal blank
contribution during laboratory testing of the peristaltic pump
sampling method. The potential limitations of peristaltic pump
sampling include shedding of the silicone pump tubing and
clogging of the filters in waters with high matrix materials.

The stainless-steel filters provide a streamlined approach for
the entire microplastic sampling process from sample collection
and laboratory processing to uFTIR spectroscopic analysis.
Storing stainless-steel filters in the filter housing prior to
laboratory processing further limits sample handling, and the
filter housings are suitable vessels for the wet oxidation digestion
processes. The stainless-steel filters also support streamlined
laboratory processing in part because of their resistance to
corrosion during H,O, and ZnCl, treatments. The reduced
sample handling also reduces particle loss during laboratory
processing—on average 90% PE bead recovery during H,0, and
84% PE bead recovery during density separation. The low-cost
(~$1 per filter) stainless-steel filters are affordable, easy to
decontaminate, and potentially adaptable to other processing
steps (such as enzymatic digestion”**) and for other sample
types (e.g., ocean water, biota,40 or wastewater) (not shown
here). Lastly, the 102 ym mesh stainless-steel filters are suitable
as a sample-mounting substrate for #FTIR in transmission
mode. The 102 ym mesh pore size is relatively large, but the
availability of smaller (e.g, 20 ym) mesh pore sizes”* is
promising for studying smaller microplastics, although the lower
limit of stainless-steel mesh pore size is ~20 ym. In summary,
the peristaltic pump and stainless-steel mesh filters are
promising for microplastic sampling, laboratory processing,
and analysis and have the potential to be used for a variety of
sample types and locations.
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