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Microplastics (MPs) are a part of our daily lives and persist in the environment all

across the globe. As a recently recognized emerging pollutant, there is a call to

action to mitigate and monitor microplastics. Despite traditional remediation

and characterization methodologies, MP-related challenges still exist.

Electrochemical strategies for microplastic remediation have been reported

in recent years, but very few reports exist on using electrochemical sensors for

monitoring microplastics. Therefore, this minireview highlights the

opportunities within the existing electrochemical remediation platforms

towards sensor design and development, and elaborates on microplastic

electrochemical sensors so far.
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Microplastics chemistry and relevance

An estimated 8 million tons of plastic waste enter the ocean each year, affecting close

to 700 marine species (Piazza et al., 2022). Without proper management, the undesired

release of microplastics (MPs) into the environment can contribute to environmental

stressors and negative effects for such ecosystems, plants, and further down the food

chain. With the current trend, the accumulation of secondary MPs in the environment is

predicted to rise 155–265 million tons by the year 2060, with 13.2% of this being

contributed by MPs (Lebreton and Andrady, 2019; Sobhani et al., 2020).

Microplastics are made from synthetic organic polymers such as polyethylene (PE),

polypropylene (PP), polystyrene (PS), poly(ethylene terephthalate) (PET), and poly(vinyl

chloride) (PVC), among others (Andrady, 2011; Cole et al., 2011; Oliveira et al., 2022).

Plastics can be characterized based on size, namely macro-plastics (>25 mm),

mesoplastics (5–25 mm), microplastics (MPs) (0.1 μm-10 mm) or nanoplastics

(<100 nm) (Cole et al., 2011; Sobhani et al., 2020; Oliveira et al., 2022). MPs vary in

polymer type, size, shape, persistence and matrix, and thus are challenging to accurately

measure (Cole et al., 2011; Sobhani et al., 2020; Kiendrebeogo et al., 2021; Oliveira et al.,

2022). MPs are generally produced directly from industrial sources or indirectly generated
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from larger plastics (Cole et al., 2011; Sobhani et al., 2020;

Kannan and Vimalkumar, 2021).

The main concerns surrounding the ubiquity of MPs in the

environment is regarding their impact on human and marine

health (Prata et al., 2020; Sobhani et al., 2020). Considering that

MPs are not visible to the naked eye due to their small sizes, they

can readily enter marine ecosystems through runoff, as industrial

waste and direct emissions from populated areas without being

detected (Andrady, 2011; Smith et al., 2018; Kiendrebeogo et al.,

2021; Oliveira et al., 2022) and have been found in many of our

everyday foods (Prata et al., 2020; Smith et al., 2018; Sobhani

et al., 2020). MPs also have a high adsorption capacity and act as a

matrix/carrier for other harmful environmental pollutants (Cole

et al., 2011; Sobhani et al., 2020; Oliveira et al., 2022). MP

exposure through ingestion, inhalation or dermal contact,

introduces adverse effects on health. Reports of hepatic stress,

formation of granulomas, bronchial reactions, chronic

pneumonia or bronchitis, pneumothorax, respiratory lesions,

changes in gut microbe composition and metabolism and

cognitive impairment have all been associated with MP

exposure in humans (Prata et al., 2020; Prata, 2018).

Current strategies for MP remediation are mainly based on

biodegradation using fungi, bacteria and enzymes (Corona et al.,

2020). However, photodegradation, thermal treatments and

chemical treatments have also been applied to MP removal

(Hermanová and Pumera, 2022; Wu et al., 2017; Hu et al.,

2021;, 2022). More recently, the photocatalysis, and plasma-

based oxidation, amongst others, have been developed as an

alternative low toxicity generating strategy for MP remediation

(Wu et al., 2017; Hu et al., 2022). However, MPs are generally

highly resistant to bio- and photo-degradation resulting in low

efficiency removal (Cole et al., 2011; Sobhani et al., 2020; Hu

et al., 2021). These characteristics make monitoring, and removal

of MP waste important but a challenging task. Thus, for

improving monitoring MP transport and regulatory practices,

the detection of MPs is of utmost importance.

Other reviews on the topic of monitoring and measuring

MPs have been covered in recent publications (Guo et al., 2022;

Ivleva, 2021; Yu et al., 2022). The electrochemical review on using

boron-doped diamond electrodes for detection of plastic

leachates, small organic molecules, has also been published

(Oliveira et al., 2022). In this mini-review, we present recent

discoveries on using electrochemical methodologies for

remediating and monitoring MPs directly, and the

technological opportunities for MP pollutants.

Electrochemical remediation of
microplastics

Remediation of MPs includes removal, degradation or

recycling from the environment. All of these strategies can be

achieved by using electrochemistry. For example, removal ofMPs

has been achieved through electrocoagulation.

Electrocoagulation is a low-cost and environmentally-friendly

solution for removing pollutants and contaminants from water

(Zeboudji et al., 2013). The technique involves a process in which

a metal electrode produces cations (anodic dissolution) under an

electric field which then bind to MPs to coagulate them into

larger precipitates that can be removed by filtration (Elkhatib

et al., 2021; Kim and Park, 2021; Perren et al., 2018; Sharma et al.,

2021). During this process, the selection of the optimized applied

electric field is crucial for facilitating electrocoagulation to

maximize remediation efficiency, while minimizing the

electrical energy consumption (Shen et al., 2022). The power

of electric field strength and its ranges for electrocoagulation are

dependent on the interelectrode distance between the anode/

cathode. The closer the electrodes, the stronger the electric field.

In the electrocoagulation of total organic carbon of municipal

wastewater, the strength of the electric field was highest with an

interelectrode distance of 0.5 cm and lowest with 2 cm. Hence, it

can also be said that the DEP (dielectrophoresis) force is also

highest at 0.5 cm. In general, the positively charged metal ions

and their complexes electrostatically interact with negatively

charged MPs leading to MP aggregation (Figure 1A). Using a

bench-scale stir-tank batch reactor and wastewater, two

electrodes (anode and cathode made from aluminum) were

used in parallel. The effects of wastewater pH and

conductivity, and applied current density were operational

parameters tested to determine the effectiveness of the

method in wastewater treatment of MPs. The MPs were

substantially removed up to 90–100% efficiency in simulated

wastewater using electrocoagulation. The process was also

applicable in a wide range of wastewater pH values (3–10)

demonstrating that the low-cost technique has the potential to

remove other forms of MPs in a variety of domestic wastewaters

and industrial effluents (Perren et al., 2018). In this process, the

anode/cathode material plays a critical role in remediation

efficiency. For example, the aluminum electrodes were found

to be more effective than iron electrodes (Ozyonar and

Karagozoglu, 2011). Using the Al electrode, removal efficiency

of MPs was >90% compared to that achieved using the Fe

electrode, which ranged from 59–85% for PE, PMMA,

cellulose acetate (CA) and PP MPs (Shen et al., 2022).

Additionally, the MP flocs produced by iron anode had dense

precipitation and fast sedimentation, which may have been

contributed as a result of iron corrosion. Hence, faster

corrosion of iron compared to aluminum leads to less

effective application. The flocs produced by aluminum anode

had a small floc size which was attributed to a larger surface area

for MP remediation, resulting in fast speed, and strong

adsorption capacity. The phosphate removal efficiency using

electrocoagulation was 100 and 84.7% using Al and Fe

electrodes respectively. The electrode mass depletion was also

observed to be lower for the Al electrode compared to the Fe

electrode under the same experimental conditions (Behbahani

Frontiers in Sensors frontiersin.org02

Martic et al. 10.3389/fsens.2022.958633

https://www.frontiersin.org/journals/sensors
https://www.frontiersin.org
https://doi.org/10.3389/fsens.2022.958633


FIGURE 1
Illustration of electrochemical remediation and monitoring approaches for MPs. (A) Schematic of microplastic removal from water by
electrocoagulation process. (B) Schematic of electrocoagulation of microbeads from waste water (Perren et al., 2018). (C) Membrane-electrode
assembly (MEA) for electrooxidation of polymer breakdown products, specifically ethylene glycol oxidation into formate (Zhou et al., 2021). (D) The
schematic of MPs passing through a flow cell for impedancemeasurements (left). Change in impedance as a function of particle type: organism,
seeds, or plastic (inset shows little overlap between plastic and organism indicating excellent differentiation abilities) (Colson and Michel, 2021). (E)
Optical microscopy images of the carbon fiber electrode in the absence and presence of MPs (left). The chronoamperogram (right) of the PE MPs
(blue line) and in the absence of MPs (black line) (the inset provides an enlarged view of a transient current-time signal resulting from a collision event
between MP and electrode (Shimizu et al., 2017). (F) Schematic of a device for continuous MP sorting based on MP electrophoretic mobilities,
showing BPE across microchannel. Optical image (left) of two types of MPs (different sizes) being nearly qualitatively sorted into the middle and top
outlet channels according to their electrophoretic mobility (Davies and Crooks, 2020). (G) Schematic of exoelectrogenic biofilm on electrode
surface and its interactions with MPs (left). Current density output in MEC as a function of increasing MP concentrations (right) (Wang et al., 2022).

TABLE 1 The comparison of electrode material, electrolyte, reaction time and efficiency of various electrocoagulation setups.

Anode material Cathode material Electrolyte Time Efficiency (%) Ref.

Al Cu Na2SO4 (0.05 M) 4 h 92–98 Shen et al. (2022)

Fe Cu Na2SO4 (0.05 M) 4 h 59–85 Shen et al. (2022)

Al Al NaCl (2 g/L) 1 h 99 Perren et al. (2018)

Al Al N/A 30 min 90 Kim and Park, (2021)

Al Al N/A 1 h 94 Elkhatib et al. (2021)
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et al., 2011). The aluminum electrode was preferred to iron since

it had a higher removal rate of COD, turbidity, and phosphate.

The optimum operating conditions were found for original

pH (7.8), 100 A/m2, and 10 min EC time and obtained

removal efficiencies of COD, turbidity, and phosphorus (72,

98, and 98%), respectively (Ozyonar and Karagozoglu, 2011).

The comparison of anode/cathode material, electrolyte type,

reaction time and efficiency for various electrocoagulation

methods are compared in Table 1. Clearly, efficiency is lower

when Fe and Cu were used as anode and cathode materials,

respectively. Using Al as an electrode material afforded the most

efficient electrocoagulation.

The MP flocs produced by iron anode had dense

precipitation and fast sedimentation, while the flocs produced

by aluminum anode had fast speed, and strong adsorption

capacity. Electrocoagulation was further expanded for removal

of PE, PP, PMMA and cellulose MPs (Figure 1A) (Shen et al.,

2022). The removal rates also varied from 50 - 99%, depending

on the MP types, and more efficient rates with PP compared to

the slowest rates with PMMA. Using the electrocoagulation

removal process for MP, it is important to consider energy

consumption required for the actual operation of this

remediation strategy. During electrocoagulation the plastic

MPs are charge neutralized by metal ions, such as Al(III)

(Figure 1B), which in turn form flocs leading to froth

floatation or sedimentation (Perren et al., 2018). The

precipitates or floats formed during electrocoagulation may be

used as indicators of MP presence, and exploited as sensor

signaling probes in the future.

A degradation of MPs is also possible by carrying out

electrochemical oxidation of polymeric materials. The diverse

reactive oxygen species formed at high concentrations, including

hydroxyl radical and hydrogen peroxide, during an

electrochemical process react with polymeric chemical bonds

in MPs (Kiendrebeogo et al., 2021). The electrooxidation of MP

requires harsh oxidation mediators such as silver, cobalt or

cerium ions, all of which are characterized with redox

potentials above 1.7 V (Weber and Ramasamy, 2020). Unlike

metallic electrodes, the boron-doped diamond electrode (BDD)

has been a popular choice due to its capability for degradation

and detection of various pollutants (Fernandez et al., 2020).

Furthermore, the degradation of MPs in water, specifically PS

MPs, was achieved by using BDD and electrooxidation processes.

Within several hours of electrolysis, MPs were degraded directly

(~90%) into gaseous products such as CO2 rather than smaller

particles (Kiendrebeogo et al., 2021). The mechanism of the

degradation of PS can be described as the formation of hydroxyl

radicals generated from water at the anode surface, followed by

the radical-initiated breaking the polymer C-H bond, leading to

the formation of a C-O bond. The polymeric C-C bonds of PS

were effectively broken as well.

Further oxidation of the polymeric chain eventually led to its

decomposition into CO2 and water. The subsequent CO2

production may be used in a sensor development to detect the

presence of MPs. To improve MP degradation, various operating

parameters were investigated such as a current intensity, anode

surface, electrolyte type, electrolyte concentration, and reaction

time to optimize the electrooxidation process. Other anode

electrode materials, such as metal oxide (iridium oxide) and

titanium electrode as the cathode were also tested for breaking

down of MPs (Kiendrebeogo et al., 2021). The BDD electrode

exhibited higher oxidation potentials compared to other anode

materials. The reaction rate for the degradation of MPs was also

observed to be higher using the BDD compared to the above-

mentioned anode electrodes. BDD electrodes were observed to

have a better MP removal efficiency (%) compared to mixed

metal oxide and iridium oxide anodes. The higher removal

efficiency was attributed to the BDD’s ability to generate a

higher rate of hydroxyl radicals. Alongside MPs, nanoplastics

(NPs) are also persistent plastics in the environment and may

stem from weathering of MPs. The hydroxyl radicals from water

discharge and sulfate radicals from electrolyte were active agents

for NP degradation. The process had a higher degradation

efficiency (86.6%) and was 2.6 times more effective than the

traditional (sulfate radical free) process. Indeed, the sulfate

radical remediated oxidation has been reported to be more

effective than hydroxyl radical mediated oxidation (Divyapriya

and Nidheesh, 2021; Nidheesh and Rajan, 2016). The NPs were

also degraded by using BDD or carbon felt electrodes with over

85% efficiency (Kiendrebeogo et al., 2022). This approach was

also successfully applied for anodic oxidation of PS as well

(Kiendrebeogo et al., 2021). Other electrochemical

transformations such as oxidative dehydrogenation of alkanes

may provide additional avenues for MP remediation

(Kiendrebeogo et al., 2022; Kiendrebeogo et al., 2021; Weber

and Ramasamy, 2020). However, such new chemistries for

electrochemical degradation of plastics remain largely

underexplored.

In addition to anodic oxidation, cathode reduction

treatments have also been explored to degrade MPs. The

electrocatalytic treatment of MPs using titanium dioxide/

graphite (TiO2/C) cathode resulted in high dechlorination

efficiency of polyvinyl chloride (PVC) at 75% after 6 h at

constant applied potential of −0.7 V vs. Ag/AgCl. The

degradation pathway began with the dechlorination of PVC

via cathodic reduction and the anodic oxidation of the

hydroxyl radicals simultaneously (Miao et al., 2020). Unlike

anodic oxidation, this process allows for removal of

halogenated polymers. The formation of halogenated side

products, such as HCl or perchlorates may be measured to

indirectly monitor MP presence in a sensor application.

Although removal and degradation are normally the main

goals of MP remediation, product conversion is also a viable

solution. Recycling and repurposing of MPs can also generate

new value-added chemicals while simultaneously removing MPs

from the environment. The electrocatalytic upcycling of
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polyethylene terephthalate (PET) to chemicals such as potassium

diformate, terephthalic acid and hydrogen gas - which have

valuable industrial application - has been recently achieved

(Zhou et al., 2021). The membrane-electrode assembly (MEA)

based on the nickel plate anode and stainless steel cathode was

employed to evaluate ethylene glycol oxidation to formate using

nickel-modified cobalt phosphide (CoNixP) as the electrocatalyst

(Figure 1C). While the polymer required initial chemical

treatment to form monomers, such as terephthalic acid and

ethylene glycol, the use of electrocatalyst resulted in high

current densities at 1.7 V vs. RHE, with high selectivity

(>80%) and faradaic efficiency (>80%) for formate product. In

this work, the value-added chemical formation fromMPs was the

focus, however, one could imagine using formic acid, hydrogen

gas or terephthalic acid as indicators in sensor design and

development to detect MPs present in a sample of interest.

Overall, electrochemical processes for remediation of MPs

are on the order of hours compared to traditional methodologies,

which makes these electrochemical methods advantageous for

practical applications. Although the electrochemical remediation

strategies have shown great potential in solving the MP crisis,

there are still challenges associated with MP. Current

electrochemical processes may require high applied potentials

or chemical oxidation which may lead to undesirable side

reactions. The current procedures for isolation,

characterization, and measurement are poorly defined which

make MP remediation difficult. Future directions for

electrochemical remediation of MPs may include standardized

procedures, multi-faceted platform capable of simultaneous

removal, degradation and recycling, more rapid and scalable

MP remediation process, design and development of

nanomaterials/electrode materials and catalysts, and

development of novel electrochemical methods (Chellasamy

et al., 2022; Goh et al., 2022). It is clear however that

electrochemical remediation yields a variety of chemical

entities, as indirect indicators of MPs, which may be utilized

as sensing probes for the presence of MPs. The detection of MPs

by using electrochemical sensors is critical for environmental

monitoring, understanding transport and the fate of MPs and is

discussed in the next section.

Electrochemical sensors for
microplastics

The electrochemical sensors have been widely applied for

detection of environmental pollutants, including leachates from

MPs (Oliveira et al., 2022), but their uses for MP detection are

rather scarce, and are only now gaining attention. The

development of electrochemical sensors for MPs are of

particular interest because of the short response time, simple

operation, portability, and low cost associated with

electrochemical devices. Unlike other conventional methods,

the electrochemical methods are also easily extended to infield

testing of a wide range of sample types, without a need for prior

MP purification or isolation. Up-to-date, the MPmonitoring and

sensing has been achieved by using a label free electrochemical

impedance spectroscopy (EIS), amperometry and voltammetry.

Sensing of PE MPs was achieved with an EIS-based sensor in

conjunction with flow cytometry (Colson andMichel, 2021). The

sensor was made up of a flow cell with Au-plated circuit boards,

containing all Au-plated electrodes, for EIS detection, and the

flow cytometry for particle detection (Figure 1D). This method

was based on the concept that the change in real part of the

impedance at low frequency should be proportional to particle

volume. Hence, the change in impedance is a result of the MP

particles flowing over electrodes, and at the low frequency, the

change in impedance is proportional to the MP particle volume

(Figure 1D). Using this system, the plastic and biological particles

could be distinguished at any frequency measured. Interestingly,

the biological particles induced negative change in impedance,

while MPs induced a positive change, allowing this platform to be

used for MPs detection in complex media. The clean water flow

was tested in real-time and compared to water spiked with

known MPs to determine the sensitivity of the sensor and its

ability to measure and differentiate various sizes of the MPs. If

MP was present in solution tested, the impedance would change,

causing peaks, and allowing for quantification of particle size. To

link impedance change to the particle size, the linear relationship

between particle diameter and the cube root of the real

impedance change was used. Ultimately, this sensor was

capable of quantifying and sizing the MP beads (including

biological structures within the 210—1200 µm size range), and

the PE MPs (212—1000 µm). The sensor had a recovery

rate >90% for MPs in the 100–300 um size range, and a 1%

false positive rate for detecting biological materials as MPs

(Colson and Michel, 2021). While EIS was successfully used

as a label free method for detection of particles including MPs,

the next generation sensor should aim at distinguishing between

other types of MP particles, beyond PE, as well as MP detection in

field.

Particle impact electrochemistry has also been utilized in the

detection of spherical PE MPs (1–22 µm) (Shimizu et al., 2017).

The particle-electrode impact method is widely used to study

particles suspended in solution. The particle impact with the

carbon fiber microwire electrode resulted in a rapid current

response during chronoamperometry measurements. The

electrochemical analysis set up consisted of an undivided

three-electrode setup, held at a specific potential to observe a

desirable reaction, and the signal change measured was a result of

particle-electrode collision. The collision of particles to the

electrode produced a transient current response, or spike,

which was analyzed to detect MP (Figure 1E). The current

spike in chronoamperogram was due to MP collision with the

working electrode due to the reduction of oxygen in PE MP

particles. Using this method, an excellent correlation was
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established between the frequency of the spikes and MP particle

concentrations, with an R2 value of 0.96 (Shimizu et al., 2017).

Overall, this method of detection provided a more reliable and

accurate measurement of MP compared to conventional

methods. While the method was applied to detection of

electrically insulating MPs, detection of conductive particles is

also possible.

The alternative method for MP detection is a serial faradaic

ion concentration polarization (fICP) technique (Davies and

Crooks, 2020). The fICP sorts the MPs based on the

electrophoretic mobilities. The electrophoretic mobilities of

the MPs affect the interaction with the electric field gradients

(EFG). Particles with larger electrophoretic mobility focus at a

position with a low electric field. Whereas smaller electrophoretic

mobilities are focused in a higher electric field. A trifurcated

trunk was used to sort MPs into different chambers by placing

the bipolar electrodes (BPE) in proximity to the trunk. The

positioning of the BPE places the IDZ and EFG across the

opening of the bifurcated channel. Thus, providing a sorting

mechanism for the MPs, moving the particles with the larger

electrophoretic mobility into the lower channel, and the smaller

into the upper channel. The fICP was utilized to control the flow

of PS MP in a trifurcated microchannel. This method allowed for

continuous focusing, sorting, and separating MPs. Sorting of

MPs based on their electrophoretic mobilities was possible due to

their interactions with electric field gradients, and being

ultimately detected using optical and fluorescence microscopy.

As the MPs moved toward the cathodic end of the bipolar

electrodes, the electric field gradients directed the trajectory of

the MPs toward the trifurcated microchannels, which sorted the

MPs based on their electrophoretic mobilities and size

(Figure 1F). This approach makes it possible to continuously

and in real-time monitor MPs in water systems, as well as isolate

or preconcentrate various MPs on demand without a need for

membrane-based separation, which further simplifies this

technology. Importantly, interfacing of fICP with other

techniques would allow for additional flexibility in sensor

design and development, but this is an opportunity that has

not been exploited yet for MP detection. More recently, a low-

cost and high-throughput method was developed based on the

multiuse resistive pulse sensor (Pollard, et al., 2020). This

microfluidic sensor, based on silver wire, monitored a change

in current by the translocation of an analyte (MP) through a

narrow constriction. The device was used to monitor MPs in tea

bags, as well as algae detection, in order to demonstrate the utility

of this method for counting and monitoring MPs in the presence

of biological particles, which currently remains a challenge.

In addition to impedimetric and amperometric sensors forMPs,

other examples of dual-mode sensors also have been reported. Using

voltammetry and impedance, a sensor for detection of PE MP by

using exoelectrogenic biofilms has been developed (Wang et al.,

2022). Electroactive bacteria film used in microbial electrochemical

systems showed a great promise as an energy efficient approach for

wastewater MP detection. The biofilms were exposed to MPs to

determine the response and investigate the electrochemical biofilm

properties, biofilm morphology, extracellular polymeric substances

(EPS), andmicrobial structure in response toMPs. A three-electrode

setup consisted of a carbon fiber brush anode as a working electrode,

Ag/AgCl as a reference electrode, and a titanium, woven wire mesh

as a cathode counter electrode. The increased internal resistance was

due to PE-MP binding to biofilm (Wang et al., 2022). EIS was

performed tomeasure the impedance of theMFCs andMECs, using

Nyquist plots, before and after binding. The resistance of the cells

increased due to the presence of PE-MP. Most of the resistance,

calculated from the equivalent circuit model, was due to the

resistance to charge transfer, Rct. In addition, the toxic effects of

the PE-MPs can also result in increased population of dead cells,

causing a significant increase in the Rct. The current density did not

change inmicrobial fuel cells when PEMPwas present. However, in

the microbial electrolysis cell, there was a decrease in current signal

with increasedMP concentrations, a trend which was stable for over

42 days (Figure 1G). The decrease in signal was due to the increased

internal resistance due to PE MP binding to biofilm (Wang et al.,

2022). Therefore, for sensing of PE MP using exoelectrogenic

biofilms, the microbial electrolysis cells would have to be utilized

to quantify the concentration of the MP present. In future, a

microbial electrolysis cell may also be used for differentiation of

MP types and size to extend its application to a real-life setting. In

addition, the identical method may be repurposed for the

remediation of MP in the microbial electrochemical systems for

treating wastewater.

While electrochemical methodologies have been applied to MP

remediation, the sensors for MPs remain under discovered. The

evidence of successful electrochemical sensors for MP exists, but

additional sensor design and development in MP monitoring is

needed. Several of MP remediation strategies represent perfect

opportunities for developing new testing tools. For example, MP

remediation may be indirectly used for sensing purposes such as

detection of MP coagulation, sensing of MP byproducts by using

anodic oxidation or reduction of MP, detection of MP interactions

with biofilms or other biologicals, etc. To advance electrochemical

sensors for MPs, the current challenges include MP identification

and differentiation, standardized procedures for MP isolation,

characterization and environmental monitoring and tracking, and

MP detection in a variety of sample types (soil, soil runoffs, various

watersheds and pools, wastewaters and industrial effluents,

agricultural watersheds, atmosphere, etc.). The electrochemical

devices could also provide means of continuous monitoring of

transport and fate of MPs through the environment in real-time.

Important aspect of MP chemistry is its degradation into smaller

NPs and hence detection and monitoring of plastic particles

downstream from MP is also required. The MP easily interacts

with and adsorbs other biomolecules and using electrochemical

methodologies to gain insight into their fundamental interactions

will provide us with new avenues for MP monitoring, and

remediation.
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Conclusion and outlook

MP is a part of our everyday lives and can be found all over

our planet Earth, from the Arctic to the ocean floor. The

challenges associated with end-of-life of these materials still

need to be resolved, and MP monitoring and remediation are

the immediate calls to action to mitigate this pollutant. The

electrochemical methods have opened a great door of

opportunities for fundamental discoveries about MPs,

remediation tools, and fabrication of sensors for their

monitoring. Hence, electrochemical methodologies are

powerful tools which can transform our understanding of

MPs in the environment and facilitate their monitoring and

remediation.
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