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Microplastic pollution constitutes a pressing global environmental issue impacting nearly every facet of human
activity. This specific environmental challenge exerts profound yet still poorly understood influences on health,
social dynamics, and industrial practices. A major obstacle for further investigation and mitigation of
microplastics lies in their heterogeneity in size and composition. Additionally, the multitude of sources
contributing to microplastic emissions further complicates their study. To enhance current detection and
analytical methodologies for microplastics, this study exploits a novel approach for the easy and specific
identification of microplastics within diverse environmental samples (including air, soil, lake water, rain, snow,
and marine sediment) collected from various geographical locations across Canada. This method relies on
fluorescent conjugated polymer nanoparticles that can be used to identify microplastics after minimal
preparation. In all examined samples, originating from diverse sources and environments, microplastics were
consistently present in the form of fragments and/or fibers, with polyethylene terephthalate (PET) emerging
as the most abundant type, as confirmed via Raman spectroscopy either before or after labeling. This

approach significantly streamlines the microplastic identification process, reducing the time needed for
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Accepted 2nd Decermber 2024 extraction and isolation. Our findings corroborate the efficacy of nanoparticle labeling for microplastic

detection, offering promising avenues for their facile, specific, and reliable identification. Ultimately, this
novel procedure holds potential to enhance remediation efforts targeting microplastics in the environment,
thereby advancing our understanding of their global impact.
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Environmental significance

Microplastic (MP) pollution is a global issue that poses significant health, social, and industrial risks. More than ever, sensitive, specific, and direct analytical
methods are needed to measure MP concentrations and trace their origins. Current methods are complex, costly, and time-consuming. This work demonstrates
the effectiveness of new conjugated polymer nanoparticles for detecting MPs in diverse environmental samples with minimal processing. This fluorescence-
based approach, tested on air, rain, snow, water, soil, and sediment across Canada, showed consistent MP detection verified by Raman spectroscopy. Our
method's simplicity and sensitivity offer new opportunities for MP pollution mitigation and sensing device development, offering novel and original avenues for
the evaluation and mitigation of microplastics, ultimately resulting in important impact across environmental sciences.

century.’” It is estimated that cumulative production of plastics
is ~8.3 billion tons. Of this, ~6.3 billion tons are waste, yet only
9% of the waste is recycled.* In the environment, MPs are
formed by the natural degradation of plastic waste.” Therefore,

Introduction

Microplastic (MP) contamination of water and air streams has
become one of the major environmental concerns of the 21%

“Department of Chemistry & Biochemistry, University of Windsor, 401 Sunset Ave.,
Windsor, Ontario, N9B 3P4, Canada. E-mail: mutusb@uwindsor.ca; srondeau@
uwindsor.ca

School of the Environment, Trent University, 1600 West Bank Drive, Peterborough,
Ontario, K9L 0G2, Canada

‘Ontario Ministry of the Environment, Conservation and Parks, 125 Resources Road,
Toronto, Ontario, MOP 3V6, Canada

f Electronic supplementary information (ESI) available: Detailed materials and
instrumental section; experimental procedure for materials preparation;
synthesis of the F-HA-CPNs; procedure for soap isolation and sample

“Air Quality Processes Research Section, Environment and Climate Change Canada,
Egbert, ON, LOL 1NO, Canada

“Department of Earth Sciences, University of Toronto, 22 Ursula Franklin St.,
Toronto, Ontario, M5S 3B1, Canada

270 | Environ. Sci.: Adv., 2025, 4, 270-278

preparation; Raman spectra of environmental microplastics from various
sources; pristine microplastics coated with F-HA-CPNs; Raman spectra
controls of sample adhesives, CPNs, SDS, and glass microscope slides. See
DOI: https://doi.org/10.1039/d4va00239¢

i These authors contributed equally to this work.

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://crossmark.crossref.org/dialog/?doi=10.1039/d4va00239c&domain=pdf&date_stamp=2025-01-30
http://orcid.org/0000-0001-6296-6431
http://orcid.org/0000-0003-0487-1092
https://doi.org/10.1039/d4va00239c
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4va00239c
https://pubs.rsc.org/en/journals/journal/VA
https://pubs.rsc.org/en/journals/journal/VA?issueid=VA004002

Open Access Article. Published on 03 12 2024. Downloaded on 2026-02-21 6:54:12.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

it is worrisome that this amount of plastic waste will in time,
pose an overwhelming MP accumulation problem in the envi-
ronment. This constitutes a global challenge that remains to be
fully understood especially with respect to the effects of MPs on
living systems.®” The key to elucidating the effects of a potential
toxin such as MPs, requires sensitive, specific, and direct
analytical methods for determining their concentration (dose)
in untreated environmental samples.® These same techniques
can also be utilized to effectively identify specific sources and
pathways for MPs to enter and how they are temporally
distributed across the environment.

The current MP identification and detection methods are
often time consuming due their heavy reliance on multiple,
laborious, complex extraction, and concentration steps.”** The
final MP identification is then accomplished by Fourier-
transform infrared (FTIR) spectroscopy or Raman spectros-
copy and, to a minor extent, gas chromatography and various
mass spectrometry techniques.””® While often showing high
resolution, these detection methods are less than ideal for
detection at the source of contamination due to their
complexity, lack of portability, and costs."*'”*® Optical detection
of microplastics has recently been investigated using fluores-
cent dyes such as Nile Red."?® Notably, this approach shows
great promise in streamlining the detection and identification
workflow for various types of microplastics. While this field is
advancing rapidly, the continued development and refinement
of precise detection techniques for microplastics remains crit-
ically important in our efforts to understand and combat the
pervasive issue of plastic pollution in the environment. Each
environmental source and condition presents a unique set of
challenges and characteristics, making it essential to have
specific detection methods tailored to these variables.”** By
honing our ability to probe MPs in diverse environmental
components (air, water, sediment, etc.), we can gather crucial
data to guide targeted interventions and make informed deci-
sions for mitigating the environmental impact of these persis-
tent pollutants.

Our team previously reported a universal high-affinity probe
for the detection of MP contaminants that was based on
conjugated polymer nanoparticles (CPNs).>* These MP-specific
nanoparticles termed, F-HA-CPNs, were prepared from the
nanoprecipitation of a semiconducting polymer and a fluores-
cein-tagged hyaluronic acid (F-HA), an amphiphilic polymer.
The F-HA-CPNs were found to selectively bind with picomolar
affinity to pristine lab-made MPs even in the presence of soil
collected from outdoor surroundings. The CPNs were also
tested on an environmental sample obtained through aqueous
filtration/concentration, demonstrating the ability to detect
MPs through fluorescence microscopy. While this work high-
lighted the potential of CPNs to specifically bind to MPs, the
development of this approach was performed mostly on
controlled samples, which can be significantly different in
terms of surface and physicochemical properties from envi-
ronmental samples collected directly at the source of
emission.>*?®

To further explore the detection of MPs through labelling
with CPNs, and to expand their application to various
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environmental MP samples, this work investigates and provides
compelling evidence that the recently developed F-HA-CPNs can
maintain their specific interactions with MPs from a myriad of
environmental samples, enabling the fluorescence-based
detection of MP contaminants irrespective of their origins,
collection techniques, and structural characteristics. Here, we
tested the F-HA-CPNs on environmental samples including air,
rain, snow, lake water, soil, and marine sediment samples iso-
lated from various locations across Canada (Fig. 1). These
samples underwent minimal processing to simplify analysis
and were then directly mixed with F-HA-CPNs, followed by
characterization by fluorescence microscopy. In all cases, the
particles yielding positive fluorescent signals with F-HA-CPNs,
were verified by Raman spectroscopy as being a MP polymer.
Overall, this work highlights the potential for the widespread
application of the F-HA-CPNs to identify a wide spectrum of MP
samples, from different environmental contexts and structural
features. This also opens new avenues for further exploration
and adaptation of this approach in the ongoing effort to address
the challenges posed by MP pollution in our communities.

Materials

Tetrahydrofuran (THF), sodium phosphate, and sodium
dodecyl sulfate (SDS) were purchased from Millipore Sigma
Canada (Oakville, Canada). Fluorescein-labeled hyaluronic acid
was purchased from TdB Laboratories (Uppsala, Sweden). Pol-
y(diketopyrrolopyrrole-co-thiophene) was synthesized via Stille

Fig. 1 Geographical map of the samples investigated. Location of
sampling sites for (A) soil, (B) air, (C and D) rainfall, snow and surface
water at Harp Lake, and (E and F) sediment samples.
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cross-coupling polycondensation. Detailed

procedures can be found in ESL}

experimental

Instrumentation

Raman spectroscopy was performed using a WiTec Alpha 300R
system (Raman, AFM, True surface Profilometer, and SNOM)
using a 532 nm laser and 20 x objective lens. All Raman spectral
data was processed using Project FIVE (5.2) software and
matched using the Wiley KnowlItAll spectral database. Dynamic
scattering techniques were carried out using a Panalytical
Zetasizer (Malvern) and nanoparticle concentrations were ob-
tained using a Viewsizer 3000 (Manta Instruments). Fluorescent
microscope images were obtained on an epifluorescent Zeiss
Axiovert 200 with a fluorescein filter set from Chroma (Bellows
Falls, VT). Water-based samples were freeze dried using the
Labconco Freeze Dry System, Freezone 4.5.

Preparation of F-HA-CPNs

Fluorescein-labeled hyaluronic acid conjugated polymer nano-
particles were prepared following previously reported proce-
dures.”**”?® Nanoparticles showed a bimodal size distribution,
with a zeta-average of 126 nm and polydispersity index of 0.54,
as measured by dynamic light scattering techniques. Nano-
particle concentration in water was 1.86 x 10'® particles per
mlL, as determined by nanoparticle tracking analysis. Samples
were stored at 4 °C prior to use.

Environmental sample collection

The samples were collected according to previously reported
procedures.”**® Soil samples were collected using a stainless-
steel trowel from the campus of the University of Windsor,
Windsor, Ontario (42.305°N, —83.067°W) on October 23, 2023
(Fig. 1A). Air samples were collected using passive air sampling
slides at a rural site about 1 hour north of Toronto (45.380°N,
—79.135°W) on June 14, 2022 (Fig. 1B). Three water samples
were collected from Muskoka, Ontario (44.233°N, —79.780°W)
(Fig. 1C and D). On March 7, 2023, a snow sample was collected
from the frozen surface of Harp Lake (45.380°N, —79.135°W)
using a pre-cleaned shovel and 18 L bucket. On July 11, 2023,
a grab sample was collected from the outflow of Harp Lake
(45.376°N, —79.126°W) at the point of monitored discharge
using a 500 mL PET jar that was triple rinsed with filtered
Reverse Osmosis water and stream water. A two-week rainfall
sample (13-27 June 2023) was collected nearby from the Dorset
Environmental Science Centre (45.221°N, —78.932°W) using
a bulk precipitation collector. Marine sediment samples were
collected during August and September 2021, from the eastern
Canadian Arctic (77.197°N, —78.593°W) (Fig. 1E and F) using
a box corer from the CCGS Amundsen (depths varying from
641-1372 m).

Sample treatment procedure pre-detection

For water-based samples (Harp Lake outflow, snow, and rain-
fall), 40 mL of each sample was frozen and successively freeze
dried using the Labconco Freeze Dry System for a duration of 48
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hours. For the sediment samples, 0.1 g of sediment was sub-
jected to an SDS solution, the mixture was agitated until
bubbles formed, isolating MPs in the lipophilic meniscus. The
bubbles were deposited, dried and fixed on tape on glass slides
before being analyzed by Raman Spectroscopy.*® Once the
samples were collected minimal processing was performed
which included graph smoothing and cosmic ray removal fol-
lowed by background subtraction and normalization on each of
the raw spectrum. Air and soil samples were analyzed by Raman
spectroscopy without any initial preparation. All samples were
rinsed with a dilute SDS solution and successively labelled with
10 pM of the F-HA-CPN probe in a phosphate buffer solution
(0.1 M, pH 8.5) for observation using fluorescence microscopy. A
volume between 10 to 50 puL of CPNs was used for labelling
depending on the sample size. Tape was used to adhere the
particles from various freeze-dried water-based samples to
microscope slide for both Raman and fluorescent identifica-
tion. The composition of these tapes includes PET, high
ethylene random copolymer, and PP, of which PP was primarily
used (see ESIt). Careful consideration was taken to ensure the
Raman was calibrated and was precisely aligned with the
camera focal point during acquisition to avoid misidentifica-
tion of MP species.

MP sources and details

Environmental samples (air, rainfall, snow, lake water, soil, and
marine sediment) for microplastics analysis were collected from
a range of study sites across southern Ontario and the Canadian
Arctic (Fig. 1); these sites have been used to assess the transport
and fate of microplastics. Extracting microplastics from
different environmental media is labour intensive, requiring
media-specific protocols, which is further impeded by low
microplastic concentrations typically observed in remote loca-
tions.**** Soil samples collected from the University of Windsor
were representative of urban microplastic contamination sour-
ces. The air samples were collected from the Centre for Atmo-
spheric Research Experiments, which 1is a regionally
representative monitoring station operated by Environment
and Climate Change Canada; the samples were collected using
slides that were coated with an adhesive to capture atmospheric
microplastics, which presents a challenge for spectrometric
analysis techniques. Rainfall, snow, and surface water was
collected from Harp Lake, which is a rural headwater lake, more
than 200 km away from large urban and industrial centers.
Harp lake has been intensively monitored by the Ministry of the
Environment, Conservation, and Parks (Ontario, Canada) since
the mid-1970s to better understand the impacts of multiple
stressors including atmospheric deposition on water quality.
The primary source of microplastics in rainwater and snow is
postulated to be atmospheric transport from populated areas.
In addition, the outflow from Harp Lake is influenced by the 96
shoreline residences. The sediment samples were collected
from remote regions with diffuse sources in the northern
Atlantic Ocean along with water that has been transported
through the Canadian Archipelago. In general, sediment and
soil are challenging matrices, as separating plastics from

© 2025 The Author(s). Published by the Royal Society of Chemistry
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organic and inorganic matter is labour intensive and time
consuming, requiring a digestion step to remove organic
matter, followed by density separation to extract plastic from
mineral particles.

MP identification

The chemical composition of the samples was confirmed by
comparing the Raman spectra with the Wiley KnowlItAll spectral
database. A hit quality index (HQI) above 80% was considered
a very strong match, indicating high confidence in the identi-
fication. An HQI between 70-80% was regarded as a reasonably
good match also indicating confidence in the identity of the
material. HQI values below 70% were considered poor, often
indicating noisy spectra and some uncertainty in the identity
which may require further analysis due to potential factors like
sample degradation or contamination. For these samples,
common sense was used when confirming the identity of the
species by considering peak location and intensity. For indi-
cated samples (see ESIt), a second HQI match was selected only
if it more accurately represented the experimental data based
on the number and location of peaks. In addition to single-
component matches, 2- and 3-component systems were
considered using the Wiley KnowlItAll spectral database when
applicable and specified.

Results and discussion
MP detection

The fluorescent MP-labelling technique employed here allows
for the easy detection of MPs in complex samples. The image in
Fig. 2 depicts representative data showing the workflow for the
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Fig. 2 Identification and labelling of low-density polyethylene
microplastic fiber found in a freeze-dried Harp Lake outflow sample.
The Raman spectrum in panel (A) corresponds to the fiber marked with
ared "+" in panel (B). This spectrum matches low density polyethylene
plastic. Panel (C) shows a fluorescent image taken with a fluorescein
filter set of this fiber labeled with a 10 pM F-HA-CPN probe solution.
Scale bar is 300 microns.
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identification of MPs in each sample discussed. In each case,
environmental samples were surveyed for MP using Raman
spectroscopy (Fig. 2A). Next, these samples were visualized
under an optical microscope (Fig. 2B) and finally, via fluores-
cence microscopy after the application of F-HA-CPNs (Fig. 2C).
Notably, non-plastic particles were not labeled as shown by the
dark or gray spots (Fig. 2C), demonstrating the selectivity of the
F-HA-CPNs to MPs. This Raman validation followed by fluo-
rescent labelling approach was utilized for all samples dis-
cussed below, unless otherwise specified. It is important to note
that the workflow used is the reverse of what would ultimately
be employed by end users in the field to label, detect, and
identify microplastics. This reverse workflow was deliberately
chosen to confirm the presence of microplastics in environ-
mental samples using established protocols prior to verify the
accuracy and reliability of the detection method and its
selectivity.

The F-HA-CPNs specifically labeled the MPs despite the
presence of large amounts of non-plastic contamination. This
was confirmed by Raman spectroscopy, further demonstrating
the utility and simplicity of the F-HA-CPN method for the
detection of MPs.

Detection of MPs in water-based samples

Our investigation began by focusing on water-based samples,
which inherently pose a range of distinct sampling issues and
important analytical challenges."”” One of the primary chal-
lenges stems from the variability in the volume of water samples
across different surveys, where only a fraction of these samples
can undergo analysis.***® Further, samples are generally limited
to surface water collection, omitting the potential for MPs to
settle at different water densities.*>*”*® Samples taken from
non-urban areas generally require large volumes to detect the
diversity of MPs. To overcome the difficulties of working with
large sample volumes, the typical method involves the filtration
of substantial volumes through nets, with the detection and
abundance of MPs in the water samples being intricately linked
to the characteristics of the sampling nets. Specifically, these
factors are closely dependent on the mesh size and opening area
of the net, generally resulting in the loss or under reporting of
smaller MPs (those less than the net mesh size). Consequently,
the development of an efficient and streamlined approach for
the detection of MPs in various water-based samples becomes
highly desirable.

For the water samples investigated, freeze-drying was
utilized to concentrate the samples with minimal risk of losing
smaller MPs. The water-based samples were then resuspended
in a minimal amount of F-HA-CPNs diluted in a phosphate
buffer solution. The buffer solution was observed on the
microscope using the F-HA-CPNs before use to ensure there
were no MPs present contaminating the solution (Fig. S11). The
water-based samples analyzed in this study include rain, snow,
and lake water samples. These samples contained a variety of
different MP compositions and morphology. In these samples,
the MPs were selected against common natural debris. This is
evident in Fig. 3 which depicts the presence of organic matter,
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or non-plastic particles, which were not labeled. Once again,
this can be observed as dark debris under visible light (Fig. 3,
left) and absent of fluorescent signal when using fluorescence
microscopy (Fig. 3, right), while MPs were labelled, illustrating
the selectivity of the F-HA-CPNs to MPs (Fig. 3, top right).

In the Harp Lake water samples, MPs were successfully
detected by the CPNs, and their identity was confirmed by
Raman spectroscopy. These identified MPs took the form of
both fibers, and fragments of various sizes. Fig. 4 depicts both
visible and fluorescent images (left and right, respectively) of
Harp Lake water, snow, and rain samples (top to bottom,
respectively). In the Harp Lake water sample, there was an
abundance of fragments, mostly PET or polyester (Fig. S21) with
the presence of some fibers, which were generally types of PE
(Fig. 2). Additionally, a PET/p-(vinyl butyral) blend was identi-
fied (Fig. S3t1) as well as low-density polyethylene (LDPE,
Fig. S41). Some contaminants were also identified including
nanoscale tris(2-ethylhexyl) trimellitate, a plasticizer for poly-
vinyl chloride (PVC, Fig. S5t). Notably, using the F-HA-CPNs
allowed for the detection of a relatively high quantity of
micron-size MPs within the samples, which is more than 40
times higher than previous work focusing on headwater lakes in
the same region (average lake microplastic concentration of
1.78 particles per L).> While further validation is imperative,
the high number of particles detected by the CPN can be
attributed to its ability to detect smaller particles that are often
missed by traditional methods such as Raman microscopy.
Additionally, with the minimal preparation that is required,
there is less possibility of losing MPs, unlike traditional
methods.

In contrast to Harp Lake water, snow samples contained the
lowest relative number of MP particles. Nevertheless, the iden-
tity of the MPs was generally PET (Fig. S61) in the form of

Fig. 3 Visible (left) and fluorescent (right) images of a Harp Lake water
sample (top) and snow samples (bottom) containing high amounts of
organic contamination with MPs (boxed in red) and without MPs,
respectively. Scale bars are 100 microns.
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Fig. 4 Visible (left) and fluorescent (right) images of a polyester
microplastic fiber, and polyethylene fragments from a Harp Lake
outflow sample (top) as well as polyethylene terephthalate fragment
from a snow sample (middle) and a polyethylene terephthalate fiber
from a rain sample (bottom). All fluorescentimages are labelled with 10
pM F-HA-CPNs. Scale bars are 100 microns.

fragments (Fig. 4, middle) but LDPE (Fig. S71) was also identi-
fied. In addition to the microplastics identified by the new F-HA-
CPN method, Raman spectroscopy revealed additional non-
labelled contaminants, including dolomite (Fig. S8t), and
quartz (Fig. S91). Finally, the rain samples contained relatively
low amounts of MPs; however, PET (Fig. S107) was still the most
abundant (Fig. 4, bottom). In addition, when considering only
a one component system trioctyl trimellitate was identified
(Fig. S11At); however, when considering a 3-component system,
this spot was identified as a blend of PET, PP, and bis(2-
ethylhexyl) adipate (Fig. S11Bt). Due to the significantly
higher HQI of the 3-component system, this was selected as the
identity. The morphology of the MPs in these samples varied
from fragments to fibers. Nevertheless, the F-HA-CPNs were
capable of selectively and sensitively binding to the various MP
compositions and morphologies identified regardless of their
characteristics (Fig. 4). In the snow and rain samples depicted
in Fig. 4, there are little if any non-plastic debris present, which
was not always the case (Fig. 3); the presence of organic matter
(likely plant matter) as well as various minerals were observed in
the water samples using Raman spectroscopy.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Detection of MPs in sediment and soil samples

The dry soil samples did not undergo any pre-detection prepa-
ration (Fig. 5, top left) and were directly deposited onto a glass
microscope slide before being labelled with the F-HA-CPNs and
characterized by fluorescent microscopy. Raman spectroscopy
was finally used to confirm accurate MP identification by the F-
HA-CPNs. The soil sample contained PET (Fig. S121) predomi-
nantly in the form of fragments, which was successfully labeled
using the CPNs and is shown as the bright spot in Fig. 5, top
right. Here, the black background is non-plastic organic debris
found within the soil, which was not labelled by the CPNs,
further demonstrating the selectivity of the probe to MPs. In
contrast, the sediment samples (0.1 g) required some sample
preparation via SDS soap isolation, which was used to reduce
the amount of organic debris present and to concentrate the
MPs present. These samples were found to contain PET
(Fig. S137) in the form of fragments with some fibers present as
well. In addition to PET, polyester (Fig. S141) MPs were also
identified via Raman spectroscopy. Cellulose (Fig. S15At) was
also identified via Raman spectroscopy; however, when this
particle was considered as a 3-component system, it had
a significantly higher HQI for a blend of cellulose, PA-1121, and
methylene blue (Fig. S15BT). Thus, the 3-component system was
taken as the true identity. It is important to mention that our
overall findings are in agreement with previous reports inves-
tigating Canadian arctic sediment samples for MPs.** These
reports confirmed concentrations of MPs in sediments ranging
from 0.6 to 4.7 particles per g dry weight (dw). Microfibers
comprised 82% of all these MPs, followed by fragments at
15%.* While final concentrations were not determined, our
method of detection confirmed the previous observations per-

formed through optical microscopy/Raman spectroscopy

Fig. 5 Visible (left) and fluorescent (right) images of polyethylene
terephthalate microplastic fragment from a soil sample (top) and
images of a variety of MPs as well as non-labelled minerals and organic
matter from sediments sample (bottom). Scale bars are 100 microns.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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identification procedures. The non-labelled matter, identified
through Raman spectroscopy, was also observed in relatively
large amounts in previous reports on Canadian artic sediment
samples. This matter, primarily consisted of minerals such as
quartz (Fig. S1671), and labradorite (Fig. S171) were shown as
dark spots present in the labeled sample (Fig. 5, bottom right).
Notably, the fluorescence detection employed is not limited by
the size of the particle as fluorescence microscopy can detect
from microscale to single molecules. In all cases, the MPs
detectable by the fluorescent microscope were selectively
labelled with the F-HA-CPN (Fig. 5).

Detection of MPs in air samples

Like the soil samples, the air samples did not require any
preparation before their analysis by Raman spectroscopy. This
was due to the nature of the samples, which were captured in
a relatively small surface area, i.e., on a microscope slide. In
addition, these samples were stuck directly to the sampling
adhesive, making it difficult to remove and preprocess. Due to
the hydrophobic nature of the samples after collection, a small
amount of SDS was applied to the microscope slides to ensure
an even distribution of the water-soluble F-HA-CPNs. A pristine
unused passive air sampling slide was exposed to and labelled
with F-HA-CPNs in phosphate buffer to test for the possibility of
MP contamination (Fig. S18t). The results reveal that the air
sampling slides did not contain any MPs prior to sampling. In
this sample, the predominant MP identified was PET fibers
(Fig. S1971). This sample contained very little contamination
with organic and inorganic debris, and due to the high
concentration of PET MP fibers within the sample, the fluo-
rescent image was well labelled and bright (Fig. 6, right). This
composition was to be expected, as PET has been identified in
various reports to be one of the major constituents of airborne
microplastic.**™** While concentrations were not determined in
the air samples, our detection methods confirm the presence of
a large quantity of PET fibers and fragments in these samples.
This non-quantitative finding supports findings from the liter-
ature from various cities in Europe and Asia that reported
concentrations of this airborne pollutants up to 400 particles
per m>.*

Since confirming the nature of microplastics through Raman
spectroscopy on-site is challenging due to the technique's lack

Fig. 6 Visible (left) and fluorescent (right) images of polyethylene
terephthalate microplastic fibers from an air sample. Scale bars are 100
microns.
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of portability, we investigated post-labeling identification using
the CPNs. To ensure that CPNs do not interfere with Raman
spectroscopy identification, we treated a native microplastic
sample—composed of polycarbonate (PC), PET, PP, and poly-
styrene (PS)—with F-HA-CPN (10 pM) on microscope slides and
dried them overnight. These samples were then subjected to
Raman spectroscopy. As shown in Fig. S20-S23, the Raman
spectroscopy successfully identified the true composition of all
samples, regardless of the labeling with F-HA-CPNs. This
demonstrates the ability to first visualize the microplastics
using CPNs and then successively characterize and identify the
composition of the labeled microplastics via Raman
spectroscopy.

Conclusions

This work explored the utilization of conjugated polymer
nanoparticles for the selective labeling and identification of
microplastic contaminants in various environmental samples
obtained from different media. To verify the potential of this
new labeling technique as an alternative tool that can work
across various media, our investigation focused on microplastic
samples obtained from soil, air, rain, lake water, snow, and
marine sediment. In all samples, microplastics were present in
the form of fragments and/or fibers, with PET being the most
abundant type, as confirmed via Raman spectroscopy. The
reasons behind this finding are not fully understood, but it may
stem from an underestimation of PET abundance in environ-
mental samples using current methods. While soap-based
extraction has not been shown to selectively target PET, this
possibility cannot be entirely ruled out and warrants further
investigation. The novel identification and detection method
explored in this study requires minimal to no sample prepara-
tion and has proven efficient for detecting particles ranging
from micron to sub-micron sizes. Additionally, the use of fluo-
rescence spectroscopy enables the identification of various
types of MPs and is not limited by sample size; with appropriate
photon counting techniques, fluorescence microscopy can even
detect single molecules. As previously reported, our probe
demonstrated a high affinity for microplastics compared to
common contaminants found in samples. It is important to
note that many parameters still need to be controlled and
optimized to achieve rapid detection of all microplastics,
regardless of their sources and size. Moreover, the nano-
structure and surface chemistry of the microplastics and their
impact on detection remain to be fully understood and opti-
mized. Given their synthetic tunability and affinity modulation
through design, conjugated polymer nanoparticles represent
a promising tool for detecting environmental contaminants
directly at the point of emission. Their use in conjunction high-
throughput devices, including microfluidics, is also particularly
promising for rapid labeling and isolation of MPs for further
source tracing. As research into remediation practices for
microplastics in the environment continues to expand,
advancements in identification methods, such as the work
presented here, are crucial for enhancing our collective under-
standing of the effects of microplastics on the environment.
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