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Abstract—Micro- and nanoplastics (MNPs) are small plastic
particles that result from the degradation of larger polymeric
chains. MNPs are highly persistent and have been detected in
human brain tissue, marine ecosystems, and fetuses. Although
the long-term effects of plastics on human health and the
environment remain uncertain, they are suspected to be harmful.
In this work, we present a scenario in which a common MNP,
Polyethylene Terephthalate (PET), is found in water samples with
contaminants of crude oil derivatives. By using the differences in
acoustic standing-wave behavior and the material characteristics
of each contaminant, we will separate the plastic from the oil
and determine PET’s composition. We aim to develop a device
that uses acoustophoresis (sound waves) and electrochemical
impedance spectroscopy (EIS) to separate and detect MNPs in
water samples. The proposed device is a three stage microfluidic
system fabricated on a lithium chip. It includes an input reservoir,
piezoelectric transducers (PZT) for acoustophoretic separation
of microplastics from the oil contaminants, PZT’s to separate
microplastics from nanoplastics, and a set of EIS electrodes to
measure the size distribution, counts, and concentrations of the
separated microplastic plastic group. This paper serves as a
theoretical reference for the device, using common micro- and
nanofabrication techniques such as photolithography, electron
beam evaporation, plasma bonding, etc. The device serves as a
proof of concept not only for detecting MNPs, but also a cost-
effective alternative to conventional microscopic and filtration
based detection methods.

Index Terms—acoustophoresis, electrochemical, microfluidics,
microplastics, nanoplastics, spectroscopy, transducer, polyethy-
lene terephthalate

I. INTRODUCTION

A. Context

Before you continue reading, take a moment to observe
the numerous plastic items in your surroundings. Plastics are
inevitable in modern life. In the past 15 years alone, roughly
half of all plastics ever produced were manufactured, and
production is expected to double or triple by 2050. Excessive
use and improper disposal has led to widespread pollution and
numerous related environmental and health issues [1]. Some
plastics are often called ”forever chemicals”, with research
indicating that the plastic polymers fragment beyond the
micron scale (<1 µm), breaking down further into the nano
range at exponentially higher quantities. Determining the exact
toxicity of MNPs is an extremely complex problem, as it
requires the detailed characterization of each particles prop-
erties, composition, and impacts on various morphologies [2].

Assessing the effects of MNPs is beyond this paper’s scope,
instead we focus on methods for detecting and separating these
particles.

For this study, we investigate MNPs and other contami-
nants associated with bottled water production. Studies have
identified more than 17 different polymers within bottled
and tap water [3]. According to a chemical imaging study
using stimulated Raman scattering (SRS) microscopy, the
concentration of nanoplastics is approximately 2.4±1.3×105

particles per liter of bottled water, which is about 90% of
the total plastics in the water by mass [2]. The remaining
10% (around 3 × 104 particles per liter) are classified as
microplastics and are predominantly smaller than 2 µm [2].
Common MNPs in bottled water include PET, polyamide (PA),
polypropylene (PP), polyvinyl chloride (PVC), polystyrene
(PS), polyethylene (PE), and cellulose (shown in Table I). PET
and PE are often used as packaging materials, whereas other
polymers such as PA, PP, PS, and PVC are likely introduced
into the water before or during production [2].

TABLE I: Common Microplastics in the Water-Bottle
Packaging Industry and Their Approximate Densities [4]

Polymer Density
(g/cm3)

Typical Sources Notes

PE 0.94 Bags, Packaging, Bottles Most widely used consumer plastic
PP 0.91 Caps, Straws, Containers Floats in water
PS 1.05 Foam Packaging, Utensils Available as foam or rigid forms
PET 1.38 Bottles, Textiles (Polyester) Common in microfibers
aValues are approximate; densities vary with polymer grade, additives, and temperature.

By examining differences in density (plastic particle type),
quantity, and size, plastic polymers can reveal potential con-
tamination sources during water production and impacts to
human health or the environment. According to [2], PET is
a major contributor by mass in three popular plastic bottled
brands, with particle sizes predominantly in the 1-2 µm range
[2].

A secondary contaminant in our ideal water specimen is oil.
When oil leaks from spills, it can undergo a series of natural
biochemical and physical processes know as ”weathering” [5].
Ultimately, the oil breaks down into small bubbles that can re-
main in the environment for long periods of time. Additionally,
metal working fluids used in machining processes generate
both airborne and dissolved particles. Particles smaller than
10 µm can remain suspended in an indoor environment for
a long time, creating opportunities for inhalation hazards or
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cross-contamination with water sources [6]. Crude oil deriva-
tives associated with the bottled water industry could include
mineral oil for hydraulic fluid, lubricants (oil/grease) for
manufacturing machines, and silicone injection mold release
agents. Given these unique scenarios, a complex relationship
exists between oil droplet size and various factors such as
temperatures effect on oil dispersion into droplets, as well as
mixing energy, viscosity, and binding energy of the molecule
[7]. To create a controlled condition, we assume oil droplets
whose mean size (10 µm) is realistic to real-world settings and
reported in previous literature [8].

Existing solutions for both MNPs and oil particles involve
filtration, affinity, and density-based separation techniques.
Both passive and active microfluidic systems exist for particle
sorting including electrical, magnetic, optical and mechanical
systems [9]. In terms of MNP water purification, alumina,
ceramics, and polycarbonate filters remain highly specific and
require continued replacement or cleaning to continue their
effectiveness [10]. On the detection side, various microscopic
imaging techniques such as Raman spectroscopy, fluorescence
microscopy, and laser direct infrared spectroscopy are used
for particle identification [3] [11] [12] [10]. Although high-
throughput filtration methods are effective for removing con-
taminants, a rapid microscopic free identification is needed to
quickly test MNP contamination and overall water quality to
determine if more advanced filtration is needed.

B. Scenario

In this scenario, we consider a plastic water bottle manu-
facturing plant that utilizes PET to produce plastic bottle lids.
Routine operations result in MNP accumulation in the plant’s
wastewater. Simultaneously, an industrial process involving
crude oil derivatives generates tiny oil droplets that end up
in the same waste water as PET. This sensor’s goal is to
separate PET from the oil contaminants and measure the
plastic’s concentration based on particle size. We believe such
a sensor would be broadly applicable to similar scenarios
involving other types of contaminants, provided the sensors
parameters are modified based on the specific contaminant
or MNP targeted for separation and detection. This ideal
and somewhat realistic scenario is designed to evaluate the
effectiveness of a theoretical sensor by using a sample of
distilled water (experiment dependent), MNPs (mean size of
1 µm ± 100 nm), and oil particles (mean size of 10 ± 1 µm).
In terms of concentrations, we acknowledge prior literature
values (e.g., 2.0 × 103 fibers/L) as used by [4], but actual
test concentrations should be experimentally determined for
specific applications.

II. BACKGROUND INFORMATION

A. Microfluidics

Microfluidics allows for the separation, mixing, and reaction
of substances on a miniaturized scale. These systems use chan-
nels (1 µm to 300 µm wide) and reservoirs for manipulating
matter. Within the past 20 years, the field of microfluidics
has expanded to lab-on-chip devices, organ-on-chip, droplet
microfluidic devices, optofluidics, and acoustofludics [13].

Fig. 1: Workflow for the sensor: sample preparation, dilution,
oil pollutant separation, microplastic concentration and

separation, plastic detection, and data analysis.

The feasibility for microfluidics revolves around the unique
physical laws for liquid in small quantities. At the micron
scale, viscous forces dominate inertia which allows for fluids
to travel though fabricated channels in laminar streams [13].
Ideal laminar flow indicates that the parallel fluid streams
only mix by slowly molecular diffusion and remain largely
”separated.” Oftentimes, researchers will tune the Reynolds
number (Re) by adjusting channel width, flow rate, microchan-
nel material, and fluid viscosity [14]. Depending on whether
laminar or turbulent flow is needed, a low Re is wanted for
laminar behavior while higher Re is wanted for mixing. In
our oil and microplastic separation device, laminar flow is
preferred for the ability to maintain spatial control over each
particle stream without major effects from motion or diffusion
[13].

Ideally, constant pressure driven flow further minimizes any
unwanted turbulence within the microchannels [4]. Addition-
ally, channel dimensions are of significant influence in mi-
crofluidics. Typically, sub-millimeter channels limit volumetric
throughput, but this is acceptable for our sensor as it is for the
identification or particles rather than bulk filtration [12].

Microfluidic chips are usually fabricated with some com-
bination of photolithography and etching on silicon, glass,
or polymer substrates. The choice of substrate affects optical
clarity, chemical compatibility, robustness, flexibility, acoustic
impedance, etc. Polydimethylsiloxane (PDMS) remains popu-
lar for low cost prototyping despite the adhesion of molecules
to its surface (depending on whether they are hydrophobic
or hydrophilic) [13]. The surface adsorption described can be
mediated with polymeric coatings such as polyethylene glycol
(PEG), which reduces particle adhesion to the surfaces.

Ultimately, the proposed acustofludic separation of particles
is a non-destructive technique that uses standing waves to
manipulate suspended particles [9]. In our design, IDTs will
generate standing waves that propagate though the channel
walls and exert forces on the particles in the liquid for
subsequent separation (basic process outlined in Figure 1). The
microfluidic physics presented here are intentionally simpli-
fied, as the primary focus of this paper is for device fabrication
rather than complete feasibility. We acknowledge the modeling
assumptions and practical limitations, which will be examined
in the discussion section.
B. Acoustophoresis

1) Acoustophoretic Channel Fundamentals: Acoustophore-
sis in microfluidic channels is used to isolate PET microparti-
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cles from the solution. This process uses standing acoustic
waves to create lateral pressure nodes in the direction of
laminar fluid flow within a segment of the microfluidic channel
[15] [16]. The density and size characteristics of the micropar-
ticles influence their response to the variable force by moving
towards propagated wave nodes or antinodes, thus sorting
material [17]. The figure (2) below depicts this movement.

Fig. 2: Model of Acoustophoresis in Microfluidics, where
blue particles concentrate on nodes, and yellow concentrate

on anti-nodes [17].

To stimulate acoustic forces, a surface acoustic standing
wave (SASW) topology is selected. This method, compared
to the more common bulk acoustic standing wave (BASW)
design, allows finer control of the induced forces within the
fluidic channel [16] [18]. To produce SASWs, an alternating
current (AC) voltage specific to the geometry of an inter-
digital electrode (IDT) and the cross-sectional geometry of
the microfluidic channel is applied. The generated wavelength
creates a standing wave with n nodes along the channel. The
generated electric field by the IDT is absorbed by a piezo-
electric substrate LiNbO3, where it expands and contracts to
the applied field, thus generating a standing force against the
solution within the chamber [16] [17].

The primary advantage of acoustophoresis is in its ability
to separate particles by density, allowing an excellent and no
contact method of material dependent separation [19] [20]. The
equation below characterizes the acoustic forces, where R, ρ,
and β are radius, density, and compressibility respectively.

Fac = QU2R3 φ(ρp, βp), φp =
5ρp − 2ρm
2ρp + ρm

− βp

βm
(1)

From 1, the acoustic forces are cubed dependent on the
radius of the particle and related to the particle’s difference in
density from the solution. The sign of the magnitude of Fac is
determined by the density and compressibility comparison to
the median solution [19].

Calculations of the contrast factor of PET and crude oil
result in values of 0.55 and -1.337 respectively. This means the
crude oil will respond with a force in the opposite magnitude
of the PET. PET particles will gravitate towards standing wave
pressure nodes, while crude oil will gravitate towards the anti-
pressure nodes.

2) Acoustophoretic Channel Design: This sensor uses a
cascade of acoustophoresis levels where the first stage primar-
ily concentrates sorting particles by material (PET vs. crude
oil). Since the magnitude of the force is proportional to the
cubed radius of the particle, a longer 2nd stage is needed
for the removal particles smaller than 1 µm, where acoustic
forces are not as dominant. Figure 3 depicts a transparent and
top-down view of the core features for the design.

In the first stage particles are introduced from the sample
collection reservoir to a 100 µm width microfluidic channel

Fig. 3: Original conceptual layout of the multistage
acoustophoretic–EIS microfluidic chip. A 100 µm × 50 µm

green inlet carries the mixed sample. Stage 1: black PZT
IDTs generate a standing wave that deflects oil droplets into
yellow outlet channels. Blue DI-water side inlets maintain

continuous flow. Stage 2: purple PZT IDTs redirect
nanoplastics toward the red collection channels and

reservoirs, while larger microplastics proceed downstream.
The tan chamber contains gold interdigitated electrodes for

impedance spectroscopy of the isolated microplastics.

with an n = 1 standing acoustic 17.44MHz wave. Details
regarding the design choice of this frequency are covered in the
following section. The acoustic wave applied induces a posi-
tive force on PET, moving it to align with the standing wave’s
pressure nodes, while the crude oil moves to the anti-nodes.
The magnitude of this force is reduced for smaller particles,
therefore the channel length is designed to be long enough for
minimally 1 µm particles to align [20]. The combined output
channels are 50 µm wide, accepting 50 percent of the initial
sample volume.

In the second stage, microplastic particles are then sorted by
size, where particles less than 1 µm are discarded. This is to
prevent smaller non-plastic particles, dominated by Brownian
motion from appearing in the sorted solution. Two 25 µm
channels are inserted to a 100 µm channel, centered along 0.25
and 0.75 fractions of the width of the channel. This is such
that the particles introduced are between the acoustic nodes
and antinodes. Additionally, two 12.5 µm wide channels along
the sides, and one 25 µm wide channel in the center introduce
de-ozonide water to ensure constant fluid volume per cross
sectional area and laminar flow. The reservoir’s colored in
blue of figure 3 depict this design. The same n = 1 standing
acoustic 17.44MHz wave is introduced. The acoustic forces
on the particles vary by the particle’s size. Larger particles
align quicker than smaller ones [21]. The acoustic channel for
this chamber is designed such that only particles larger than
1 µm will have a strong enough acoustic force to align before
the end of the chamber.

3) Acoustophoretic IDT Design: For proper wave prop-
agation and uniform pressure nodes along the microfluidic
channel, standing waves must travel along the surface of the
piezoelectric surface towards the walls of the channel [15].
For best performance, inter-digital electrodes are designed as
shown in Figure 4.

To generate a single-mode (n = 1) standing wave in a
microfluidic channel of width w = 100 µm, we require the
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Fig. 4: SASW IDT geometry [15]

width to match half the acoustic wavelength:

w =
λ

2
⇒ λ = 2w = 2× 100 µm = 200 µm

Given λ, the IDT is designed with by length to match Figure.
4.

The speed of sound in water is approximately:

v = 1500m s−1

The resonant frequency is then:

f =
v

λ
=

1500m s−1

200 µm
=

1500

200× 10−6
= 7.5MHz

SAW Consideration on LiNbO3: For a surface acoustic
wave (SAW) propagating on a Y-cut, Z-propagating LiNbO3

substrate, the SAW velocity is: [22] [20]

vSAW ≈ 3488m s−1

To couple efficiently into a standing wave in the fluid with
λ = 200 µm, the required IDT frequency is:

fIDT =
vSAW

λ
=

3488

200× 10−6
= 17.44MHz

Ultimately, to form a single-mode standing wave across
a 100 µm wide water-filled channel, the IDTs operate at
approximately 17.44MHz and 50 µm from the edge of the
channel to launch a surface acoustic wave with wavelength
200 µm.
C. EIS with Nanopatterned Electrodes

EIS is a label-free technique used to characterize the in-
terfacial properties of electrochemical systems by applying
a small-amplitude sinusoidal voltage and measuring the re-
sulting current response over a wide frequency range. By
analyzing the system’s impedance as a function of frequency,
EIS provides insight into charge transfer resistance, double-
layer capacitance, diffusion processes, and dielectric properties
within electrochemical cells. The presence of microplastics
within the electrochemical cell disrupts ionic transport and
alters the local dielectric environment, affecting measured
impedance. EIS data is typically interpreted using equivalent
circuit models (e.g., Randles circuit) or fitted empirically to
extract parameters relevant to sensor performance, such as
sensitivity and detection limits [23]. However, interpretation
of EIS data can be subjective and model-dependent; recent
studies have demonstrated the utility of machine learning
approaches for more robust analysis and correlation with target
analytes [24].

In this system, EIS is used after acoustophoretic sorting and
focusing to detect and quantify separated PET microplastics.
The EIS detection chamber functions as a two-electrode cell
with reduced graphene oxide (rGO)-coated gold electrodes.
The polar nature of rGO enhances electrochemical sensitivity
to PET, a polar polymer, by supporting dielectric interactions.
Additionally, the high effective surface area and electrical
conductivity of rGO enhances PET detection by amplifying
impedance changes associated with particle presence [25].

D. Support Vector Machines Interpretation of EIS

To improve the robustness of MNP detection, we will
use support vector machines (SVMs) to classify impedance
features from EIS spectra. This approach overcomes several
limitations of traditional equivalent circuit modeling, which
can be subjective and poorly suited for nonlinear systems.
SVMs are particularly effective for small, high-dimensional
datasets, allowing for the discrimination of subtle differences
in impedance responses related to variations in MNP and oil
droplet sizes and concentrations [26]. The SVM will be trained
and developed as described in the methods section below.

III. MATERIALS AND METHODS FOR FABRICATION

The fabrication process of this sensor requires many conven-
tional microfabrication techniques, such as photolithography,
electron-beam (e-beam) evaporation, and liftoff. It also relies
on soft lithography for microfluidic fabrication to streamline
and simplify repetitive manufacturing. This section details the
fabrication process of each component of this sensor. Wafer-
scale fabrication enables multiple devices to be manufactured
at once. A great amount of inspiration for this fabrication pro-
cess was Marco Travagliati’s microfluidic fabrication process
[27].

A. Piezoelectric Transducer and EIS Electrodes

The fabrication of interdigitated transducers (IDTs) and
EIS electrodes begins with a 128° Y-cut lithium niobate
LiNbO3 wafer, chosen for its piezoelectric properties that
enable acoustophoretic manipulation.

The LiNbO3 wafer is first cleaned by sequential sonication
in acetone and 2-propanol for 10 minutes each, then dried
using nitrogen gas. The nitrogen as opposed to other gases
helps to prevent unnecessary oxidation. A dehydration bake
at 115° C for 15 minutes follows to improve PR adhesion.
Shipley S1818, a positive PR is spin coated at 4000 rpm for
1 minute to achieve a thickness of approximately 2 µm [27].
The coated wafer is then soft baked at 90°C for 1 minute. A
darkfield photomask with IDT patterns, EIS electrode patterns,
and electronic interconnects is aligned to the sample and
exposed to UV light at an intensity of 55mJ/cm2 [27]. The
sample is developed in Microposit MF319 developer for 1
minute, then immediately rinsed in DI water and dried with
nitrogen gas to prevent overdevelopment. This is followed
by a 5 minute hard bake at 115° C to remove residual
moisture and improve metallization uniformity. Next, a 10 nm
titanium adhesion layer is deposited using e-beam evaporation,
followed by a 100 nm gold layer. Liftoff is then performed
by sonicating the wafer in acetone for 15 minutes, followed
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thorough rinsing with DI and drying with nitrogen gas. Wafers
are then diced into individual sensor systems.

rGO is electrodeposited onto gold EIS electrodes from a
0.5 mg/mL graphene oxide solution (pH 4) by applying a
cathodic potential of -1.0 V vs. Ag/AgCl for 300 seconds.
This electrochemical reduction forms a thin, conductive rGO
layer that enhances surface area and interfacial sensitivity
for impedimetric MNP detection. This will be verified by
performing EIS measurements of MNP suspensions with and
without rGO-coated electrodes and comparing the relative
sensitivity of the two electrode surfaces.

B. Microfluidics

Microfluidics are separately fabricated via soft lithography
and bonded to patterned electrodes to streamline fabrication
and enable modular system integration. First, a master mold
of the channel layer is created. To do so, a silicon wafer is se-
quentially sonicated in acetone and 2-propanol for 10 minutes
each, followed by drying with nitrogen gas. A dehydration
bake is performed at 200°C for 10 minutes to ensure good
adhesion of further patterning materials. SU-8 2050 (a negative
PR) is selected as the mold material due to its inertness and
rigidness for the target thickness of 50 µm. It is spin-coated
at 3000 rpm until a 50 µm thickness is achieved. The PR is
soft baked at 90°C for 1 minute on a hot plate. Next, it is
exposed with an intensity of 175mJ/cm2. The non-exposed
SU-8 is then developed using propylene glycol methyl ether
acetate (PGMEA) for 5 minutes. The re-usability of this mold
improves the efficiency of resource utilization and scalability
of microfluidic fabrication. It also improves yield consistency
for the large 50 µm fabricated fluidic channels.

To cast microfluidics using the mold, PDMS is first prepared
by mixing Sylgard 184 Part A and B in a 10:1 ratio. It is
then centrifuged for 2 min at 1320g for degassing. The PDMS
is then slowly poured onto the master SU-8 mold in a petri
dish to a total 1mm height. The petri dish is placed in a
vacuum chamber for 30 minutes to degas the PDMS further.
The PDMS is then cured at 80°C for 1 hour. The solidified
PDMS is then de-molded. Plasma treatment is then used to
adhere the microfluidic device to the LiNbO3 substrate.

C. SVM Development

To train the SVM, fluids containing known concentrations
and sizes of MNPs and oil droplets will be injected into the
sensing system and EIS measurements will performed. EIS
data will be labeled with concentrations and size distributions
and used as model input. Cross-validation will be used to
improve generalization and the SVM’s performance will be
assessed by injecting additional solutions with known parti-
cle concentrations and comparing predicted values to actual
values.

IV. DISCUSSION

A. Microfluidics

The microfluidic channels are crucial in establishing an
environment for highly effective acoustophoretic separation
of PET from crude oil. Additionally, they must be capable
of carrying a wide range of particles diameters, from 100nm

to 10um. The microfluidic channels in this design minimally
have a 1250um2 cross-sectional area, allowing particles to
flow freely with low risk of blockages. Variations in the con-
centration of particles along their flow may increase the risk of
microfluidic blockages- although this risk is low. Additionally,
undesirable particle adhesion to microfluidic walls reduce
microfluidic area and EIS sensitivity. To further reduce the
risk of the issues mentioned, our designed could be modified
by transitioning the plastic into another hydrophobic buffer
with a higher viscosity. [21] Additionally, design would need
to test fluid flow rate and pressure loss across the device to
ensure proper laminar movement of the particles. [14]

In addition to the structural limitations of microfluidic chan-
nels, interference of acoustic waves between acoustophoretic
stages also may reduce the effectiveness of this process. To
best study these effects, different layouts involving dampening
structures, such as reverse-polarity generated waves, or low
dielectric constant blockage materials around the IDT’s and
microfluidic channels could be added.

B. Piezoelectric Transducer
The piezoelectric transducers, while ideal for wave SASW

propagation, have limitations. First, the quality of wave prop-
agation is based on how the material propagates the wave
along the surface of the LiNbO3 substrate. This propagation
is improved with thinner IDTs, however, ultra thin films do
not remain as stable under process, voltage, and temperature
[28]. To compromise stability with quality of propagation,
our design uses a 100 nm thick structure to improve sta-
bility. Additionally, standing wave creation is based on the
intended number of standing nodes and path-length between
the electrodes. This determines the resonating frequency.
Some literature [21] suggests the overall net acoustic force
is limited by the resonating frequency by particle size. To
prove this, additional experimentation would be required to
prove the frequency threshold would provide the net acoustic
force required on the smaller particles. Variation in ambient
temperature also change the IDT’s resonant frequency and the
LiNbO3 substrate’s response, reducing the total effectiveness
of acoustophoresis [29]. Additional experiments on this device
would be required to prove its effectiveness under these
stresses.

C. EIS Detection
Given that EIS is highly sensitive to changes in fluid

composition (e.g., ionic strength and pH), variations in the
surrounding environment can lead to unpredictable fluctua-
tions in impedance, complicating the interpretation of MNP-
related signals. Additionally, the non-specific interactions of
microplastics with electrode surfaces or the surrounding fluid
may also introduce noise, further reducing the accuracy and
reproducibility of the detection. As a result, control of fluid
composition and advanced data processing techniques are
necessary to improve the reliability of EIS-based MNP de-
tection. These potential limitations may be reduced by using
robust data for SVM training that accounts for variations
in environmental conditions, enhancing the sensing system’s
ability to detect and quantify MNPs.
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ABBREVIATIONS

Alternating Current, AC; Bulk Acoustic Standing Wave,
BASW; Computer Aided Design, CAD; Electrochemical
Impedance Spectroscopy, EIS; Electron-beam, E-beam; Inter-
digital Electrode, IDT; Micro- and Nanoplastic, MNP; Pho-
toresist, PR; Polyamide, PA; Polydimethylsiloxane, PDMS;
Polyethylene, PE; Polyethylene Glycol, PEG; Polyethylene
Terephthalate, PET; Piezoelectric Transducer, PZT; Polypropy-
lene, PP; Polystyrene, PS; Polyvinyl Chloride, PVC; Propylene
Glycol Methyl Ether Acetate, PGMEA; Reduced Graphene
Oxide, rGO; Reynolds Number, Re; Support Vector Machines,
SVMs; Surface Acoustic Standing Wave, SASW;

AI USAGE STATEMENT

ChatGPT was used for deep research and textual editing
with all content remaining original to the authors.

V. APPENDIX

https://github.com/jogoebel/Microplastic Sensor.git
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