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Abstract

The current work presents a Novel, Carbon Dot fluoroprobe to selectively identify and quantify Microplastics (MPs) released
from Surgical facemask and Cosmetic Personal Cleansers. Solid Fluorescent Green Carbon Dots (SFGCDs) are synthesized
for the first time from a high carbon source natural resin, obtained from Araucaria araucana (Monkey puzzle tree). The
increased carbon content is responsible for the green colour of the CDs. SFGCDs function as a TURN OFF fluoroprobe on
detection of MPs through dynamic quenching mechanism, which is confirmed from Stern Volmer Plot with an R? value of.
The minimum LOD being 0.0063 g/1 for > 6 pm diameter MPs. The agglomeration of microplastics released from surgical
mask and cosmetic cleansers on functions as an insulator on the surface of SFGCDs, forbidding ease of electron- hole trans-
fer between the donor- SFGCDs and acceptor-MPs. The release of MPs from the donor surface results in reappearance of
fluorescence obeying FRET mechanism. The detection of MPs/ microfibres released by disposable surgical mask is studied
by the degradation of the surgical face mask for a period of 50 days, followed by detection. Turn- OFF in fluorescence of
SFGCDs observed in presence of micro fibre Turns On, as remediation of MPs is done by a simple filtration technique. The
results demonstrate the potential of the fluoroprobe towards real time detection of MPs and simple remediation of MPs to
conserve the ecosystem. The SFGCDs is stable and can be reused for nearly 3 cycles for the detection of MPs. A single PL
peak obtained on detection of MPs in presence of monovalent, divalent trivalent ions and biomolecules authenticates the
selectivity and stability of SFGCDs to function as an efficient fluoroprobe towards sensing of MPs.
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Introduction

>4 T. Mary Vergheese ' UN goal 14 mentions to conserve and sustainably use the
maryvergheese@mec.edu.in oceans, seas and marine resources responsibly where in
Department of Chemistry, Madras Christian College, the target by 2025 is to prevent and significantly reduce
Chennai 600059, Tamil Nadu, India pollution of all kinds in particular plastic debris. Plastics,
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the non- biodegradable pollutant only disintegrates in the
environment as mega plastics (Iength > 50 cm), macro plas-
tics (length>5 to 50 cm), meso plastics (length 5 mm to
5 cm), microplastics (Iength 1 mm to 5 mm), nano plastics
(length <1 mm) [1]. Research shows a longer shelf life of
Microplastics (MPs) and the percentage of pollution due to
MPs in water is the highest compared to air and land [2-5].
One type of substance that may readily enter a person’s body
through food chains is MPs [6].Thus, MPs affects the health
of every organism i.e. Increases the algal growth in marine
system, suffocates breathing of soil and humans and finally
MPs becomes a menace to the ecosystem. Microplastics are
polymers like Polyethylene (PE), Polypropylene(PP), poly-
vinyl chloride (PVC), polystyrene (PS), polyamide (PA) and
PET [7, 8]. Microscale grains or debris of plastics according
to the US National Oceanic and Atmospheric Administration
(NOAA) are classified as primary and secondary MPs [9].
When bigger raw plastic particles are exposed to chemical
and physical variables such as weathering, pressure, and UV
light, secondary MPs are formed [10—12]. The identification
of MPs in the environment becomes very tedious because
UV radiation, oxidation and mechanical forces break MPs
to fragments smaller than 5 um in diameter.

During and post COVID-19 pandemic the use of dis-
posable surgical mask has become an inevitable part of
our daily life. Once after use, they are carelessly thrown
off into the ecosystem without obeying proper disposal pro-
cedures. These disposed masks degrade in environment to
release MPs in the form of fibres, reach the water stream
and continues degrading. As its size is very small, colour-
less, it remains unnoticed to naked eye, and hence becomes
a concern to the inhabitants in the environment [13]. Earlier
studies revealed surgical masks shed more than 100 to 200
microfibers over a week, identifying these fibres as polypro-
pylene [14].The other sources of MPs are industries such as
textiles, pharmaceuticals and cosmetics which utilize MPs
for various applications [15]. MPs, a ubiquitous environ-
mental pollutant sought widespread attention after reports
about its pollution caused to human health [16, 17], marine
life [14], and agricultural pollutants [18] were brought to
attention by researchers. The health of habitats in land and
water becomes a concern due to build-up of MPs of vary-
ing sizes and types enter their food chain making detection
and remediation of MPs inevitable to protect the earth and
preserve the BLUE.

Earlier studies have reported the detection of MPs by
CeO, NPs using Electrochemical method [19], Surface
nanodroplet by Microfluidic detection using Raman Spec-
troscopy [20], by Au NPs using SERS detection [21], by
Au NPs thin film using SERS [22], by Ag NPs using SERS
[23], by Au NPs using Colorimetric method [24]. Fourier
transform infrared spectroscopy (FTIR) [25], scanning
electron microscopy—energy-dispersive X-ray (SEM—-EDX)
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[26], thermal analysis [27] and Raman spectroscopy [28]
are a few techniques reported to detect MPs. The above-
mentioned techniques are not economical and at the same
time the precursors used are also not easy to synthesize and
commercialize. Detection of MPs by Carbon Dots (CDs) is
not yet reported, similarly the Photoluminescence technique
to detect MPs using CDs as the nanoprobe is also not yet
been reported. CDs are non -toxic, ecofriendly and easy to
synthesize. Hence, this current work reports the detection of
MPs by naked eye using nontoxic, economical, ecofriendly
nanoprobe CDs synthesised from green source by means of
a simple fluorescence technique.

Cosmetic products contain coloured and colourless MPs
and the detection of the same is very difficult when it reaches
the water stream. Similarly, disposable masks when reaches
water stream gets degraded to [29] extremely small, fibre-
shaped microplastics which are more dangerous to nature.
Thus, the current work aims in detection of MPs released
from cosmetic cleanser and disposable face mask.

Carbon dots (CDs), fluorescent carbon-based nanoma-
terial with a size of less than 10 nm is gaining popularity
in recent years [30, 31]. These carbon-based nanomaterials
have sp? /sp> skeletons with ample functional groups such
as carboxyl, hydroxyl, amine, etc. with a graphite lattice or
amorphous carbon form [32]. The covalent character of the
carbon skeleton structure enhances CDs stability and func-
tions as a potential tool for various application. CDs are
reported to be non-toxic and highly biocompatible. Fluo-
rescence is one of the important characteristic features of
CDs where the electron—hole pair recombination occurs in
minuscule sp? carbon clusters embedded in the sp® matrix
[33, 34] Fluorescent quenching, change in colour of the fluo-
rescence or increase in intensity of fluorescence etc. can be
observed which is the resultant of chemical contact, excited-
state reaction, energy transfer, and complex formation which
contribute to the above-mentioned phenomena. Thus CDs
are potential precursors because of its excellent optical quali-
ties, robust absorption, intense luminescence [35], and excel-
lent light stability and hence has wide application in the field
of biosensors [25, 36-39] in biomedicine [40], metal sensing
[31, 41-43] catalysis [44], as light-emitting diodes [45], in
dye degradation [46] latent fingerprint sensing [47, 48] etc.
The continual persuasion of benign synthetic pathways is
fuelled by a plethora of intriguing precursors found in nature
[49]resulting in green synthetic procedures to obtain CDs
[2, 50-54]. The objective of the study is i) to detect MPs
from cosmetic cleansers using CDs obtained from environ-
mentally friendly green source ii) identify the mechanism
responsible for the detection of MPs iii) study the degrada-
tion of surgical face mask over a period of time and iv) apply
CDs to detect MPs released from surgical facemask.

The resin obtained from the plant Araucaria Araucana
(common name-Monkey Puzzle tree) is used for the synthesis
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Fig. 1 One pot synthesis of
SFGCDs from Araucaria arau-
cana resin

Araucaria
araucand
tree with
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of carbon dots because, i) There are no reports yet in earlier
literature where the resin from this tree is been used as a
source for the synthesis of CDs ii) the resin has a high car-
bon content in the form of flavonoids, terpenes, saponins,
tannins with functional groups present are phenols, carboxyl,
carbonyl, hydroxyl as shown in Table S1. Moreover the car-
bon content in the resin is reported to be nontoxic [55, 56]
we chose this resin for the synthesis of CDs.

The Identification and quantification of MPs using CDs
from a plant resin, Araucaria araucana (Monkey Puzzle
tree) by an environment-friendly microwave method is
reported here. The detection of MPs in cosmetic personal
cleansers by naked eye using CDs as the probe by simple PL
technique is conducted and based on the detection ability of
the probe, the CDs are applied to detect MPs in the form of
fibres released from disposable surgical facemasks in water.

Materials and Methods
Materials

The precursor for the synthesis of CDs a resin from an
indigenous gymnosperm Araucaria araucana commonly
called “monkey puzzle tree” found in Kanyakumari district,
Tamil Nadu, India. Source of MPs -Disposable Surgical face
masks purchased from Pharmacy, Cosmetic personal Cleans-
ers containing microbeads/ MPs purchased from cosmetic
products outlet. Double distilled water is used for immersing
the surgical face mask for the degradation studies.

Instrumentation

UV-Vis spectra is recorded using Perkin Elmer Lambda
35 UV/Visible spectrometer in the range 400-800 cm™".
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SEM-EDX response is studied using FEI-Quanta FEG
200F with high resolution. Fourier Transform Infrared
(FTIR) spectra is measured using The Perkin Elmer
Spectrum1. FT-IR spectrometer consisting of globar
and mercury vapor lamp as source to study the entire
IR region of 450-4000 cm™!. X-ray diffraction studies is
done using BRUKER D8 VENTURE SC-XRD system
with Cu-Ka radiation. PL analysis is carried out using
Spectro fluorimeters—Horiba (DST-PURSE) and Varian
(UGC-UPE).

Synthesis of CDs

CDs is synthesized from natural resin obtained from Arau-
caria araucana using facile one pot microwave assisted
hydrothermal, environment-friendly, green method. The
synthesis represented in (Fig. 1) is carried out by dissolving
5 g of resin in 25 ml double distilled water and heated in a
domestic 800W microwave oven for 20 min. The synthesized
pale brown coloured CDs is centrifuged at 5000 rpm for
30 min, the residue is dried, ground using motor and pestle.
The obtained CDs are solid, sand coloured under visible
light and exhibit green fluorescence under UV radiation and
final product is named as Solid Fluorescent Green Carbon
Dots (SFGCDs). 0.1 g of SFGCDs is utilized throughout
the study.

Extraction and Detection Procedure of Microplastics

Cosmetic personal cleanser is dissolved in hot water, the
resultant solution is filtered using Whatman filter paper
of pore size 6 um. The residue obtained is MPs in bead
form, which is mixed with SFYCDs and used for the selec-
tive detection studies. Similarly, a new disposable surgical
face mask is purchased from the pharmacy, immersed in
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Fig.2 a) UV response of
SFGCDs b) Tauc plot ¢)
PL response of synthesized
SFGCDs
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double distilled water (distilled water is used to prevent
the effect of monovalent and divalent ions in the study)
and the degradation of the mask is studied for a period
of 50 days ie. Responses was noted on the 30th, 45th and
50th day. Detection of MPs is done by addition of SFYCDs
to the water containing MP fibres. The detection of MPs
released from cosmetic cleanser and surgical face mask in
water is analysed using PL studies.

Results and Discussion

The one-pot synthesis of SFGCDs using microwave
method from plant resin is a low-cost, non-toxic and
eco-friendly technique. It is observed, the synthesized
SFGCDs does not exhibit fluorescence in presence of vis-
ible light, whereas it shows green fluorescence in presence
of UV light (Fig. 1). In presence of UV light, some of the
electrons in CDs get enough energy, gets excited, breaks
out from the atoms permitting them to travel around the
CDs forming a conduction band where electrons are free to
flow through the material. When these electrons return to
the atom’s outer orbit (the valence band), they emit light.
The energy difference between the conduction band and
the valence band results in green fluorescence [57].

Optical Studies — UV-Vis and PL Spectral Analysis
of SFGCDs

The optical property of the synthesized SFGCDs is con-
firmed by UV-Vis and PL spectral analysis. CDs derived
from plant sources usually have a strong peak in the UV
region with its tail extended into the visible area confirm-
ing the presence of low energy surface centres related to
functionalization of CDs. The peaks in Fig. 2a confirms
the presence of Aromatic & orbitals due to the formation
of graphitic carbon structure [58]. The peak at 250 nm
is due to the T — w* transition of C=C bond, at 343 nm
due to n— nn* transition of the C=0 bond [59] respec-
tively confirming the presence of 15-acetoxylabd-8(17)
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en-19-ol,15,19diacetoxylabd-8(17) en and 24 diterpenes
[60, 61] in SFGCDs. Tauc plot Fig. 2b confirms the band
gap of SFGCDs is 2.8 eV which is due to quantum con-
finement effect and radiative recombination of the surface-
confined electrons and holes [62-65]. Figure 2c represents
the PL spectrum of SFGCDs with the emission wavelength
at 474 nm on excitation at 350 nm, confirming plant-based
CDs show maximum emission at excitations between 350
and 370 nm.

The peak in the PL is associated with the recombination
of electron—hole pairs and band-to-band transitions. The
conjugated aromatic systems, ascorbic acid, polysaccha-
rides, esters, carboxylic acid, terpenoids, and carbohydrates
are responsible for the green fluorescence of SFGCDs [66,
67]. While synthesizing SFGCDs, conjugated aromatic sys-
tems are formed and eventually emission states arise on the
surface of SFGCDs. CDs that emit green light with long
wavelengths are of great significance for extending the light-
absorption ranges and realizing the effective utilization of
light [68]. The green fluorescence corresponds to n—n* tran-
sitions of the edge states [69—71]. The observed PL response
due to bandgap (HOMO-LUMO) transitions correspond to
conjugated n-domains [72]. Thus, the fluorescent nature of
SFGCDs arise due to band gap transitions,

Morphological Characterization of SFGCDs —XRD,
FTIR, SEM-EDAX, TEM Analysis

Figure 3a shows a broad, sharp, single XRD peak of
SFGCDs centred at 20 =21°confirming the presence of
graphitic carbon, amorphous in nature with an interplanar
spacing of 0.45 nm, which is nearly equal to the spacing
between (002) planes in bulk graphite (3.34). A wider lattice
spacing (0.37 nm) of SFGCDs than ordinary bulk graphite
(0.34 nm) indicates partial crystallization and considerable
graphitization. The partial degree of crystallization/graphiti-
zation in SFGCDs might be due to their partial turbostatic
carbon structure [73] and densely packed oxygen-bearing
functional groups on the surface. The crystalline size cal-
culated using Debye- Scherrer equation demonstrate to be
3.16 nm proving SFGCDs as nanoparticles [74]. Scherrer
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Fig.3 A XRD pattern of syn-
thesized SFGCDs b FTIR spec-
trum of synthesized SFGCDs
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equation D=KA / (§ cos ) where D is the average thick-
ness in the vertical direction of the crystal face, K—Scherrer
constant=0.89, A the wavelength of X-ray, § the half-high
width of the diffraction peak of the sample, and 0 being the
diffraction angle(deg).

The FTIR response (Fig. 3b) of the synthesized SFGCDs
shows intense peak around 1034 cm™! in the fingerprint
region confirming the presence of -OH functional group.
The prominent peak at 1693 cm™" is due to C = O stretching,
peak around 2924 cm™! and broad band from 3000 cm™! to
3293 cm™! attributed to C-H, O-H stretching. Similarly, the
peak at 1379 cm™! contributes to O—H bending at the fin-
gerprint region. Further, the peak at 883 cm™' corresponds
to the geminal disubstituted C =C and the peak at 780 cm™!
is due to meta-disubstituted benzene compounds. Thus,
FTIR examination reveals the presence of carboxyl, ketone,
ester, and alcohol groups on the surface of the synthesized
SFGCDs sp? /sp’ core carbon [65]. The presence of increase
in carbon content and functional groups on the surface of
SFGCD:s is responsible for their superior green photolumi-
nescence nature which corroborates with earlier literature
authenticating [60, 61] the presence of 15-acetoxylabd-8
(17) en-19-0l, 15,19-diacetoxylabd-8 (17) en-19-ol, and 24
diterpenes in the resin.

The SEM- EDX image (Fig. 4a) of SFGCDs depict uni-
formly sized cubical structure confirming the synthesized
SFGCDs are enriched with a high Carbon matrix authenti-
cating the presence of only Carbon and Oxygen and absence
of Nitrogen or other elements. Moreover, the EDAX meas-
urements of SFGCDs are in agreement with the FTIR data
and the qualitative analysis Table S1 emphasizing the pres-
ence of only C=0, COOH, O-H functional groups. The
TEM image Fig. 4b of SFGCDs shows lattice spacing value
of 0.44 nm. The weak and broad diffuse rings in the SAED
pattern (Fig. S1) confirms amorphous nature [75] corre-
sponding to the basal plane distance of graphite with the
existence of several well-defined lattice fringes, evenly dis-
persed in SFGCDs with an average size of 3.63 nm which is
in good agreement with the XRD results.
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Detection of Microplastics (MPs) from Cosmetic
Personal Care Cleansers & Disposable Surgical Mask
in Water Using SFGCDs

The simple naked eye detection of MPs from water is based
on the fluorescent property of SFGCDs and the hydrophobic
nature of MPs in aqueous environment. Detection of MPs
by the fluoroprobe is clearly explained based on the varia-
tions observed in the optical property, FTIR, SEM response
of SFGCDs,

Detection of MPs Released from Cosmetic Cleansers

The UV-Vis response of SFGCDs in presence of MPs from
Cosmetic Cleansers Fig. 5a, shows a peak at 213 nm. Aa
shift of the response towards lower wavelength (red shift)
with increase in intensity compared to 343 nm for bare
SFGCDs (Fig. 2a) confirm the presence of MPs and also
substantiates the increase in carbon content on the sur-
face of SFGCD matrix. Figure 5b shows a small decrease
in band gap of 2.3 eV compared to bare SFGCDs. The PL
response Fig. Sc shows decreased intensity of 1,20,000cps
with an hypsochromic shift to 370 nm compared to 474 nm
and 6,80,000cps intensity of bare SFGCDs (Fig. 2¢) with a
TURN OFF in fluorescence. The above observations confirm
the presence of MPs on the SFGCDs matrix. The increase in
carbon content in the form of polyethylene agglomerated on
the surface of SFGCDs forbids electron- hole recombination
resulting in TURN- OFF Fluorescence.

TURN OFF in fluorescence, a consequence of the pres-
ence of MPs on the surface of SFGCDs, is further estab-
lished by the SEM- EDX response. Figure 6 Clearly shows
the agglomeration of MPs on the surface of SFGCDs. The
agglomeration of MPs function as an insulator thereby for-
bidding electron- hole recombination between the valence
band and conduction band of SFGCDs. Similarly, as MPs
cover the surface of SFGCDs a change in the morphology
of CDs is clearly observed from the SEM response (Fig. 6).
The observed change in morphology is the reason for the
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Fig.5 a) UV-Vis response of SFGCDs in presence of MPs (b) Tauc plot ¢) PL response SFGCDs in presence of MPs

TURN OFF in fluorescence. Further, Fig. 6- EDAX response
also clearly points the increase in carbon content due to
agglomeration of MPs on the surface of SFGCDs which
further substantiates the presence of MPs i.e. hydrophobic
polymers like PE, PP, polyvinyl chloride (PVC), polysty-
rene (PS), polyamide (PA) and PET [7, 8]on the surface of
SFGCDs. Thus, the decrease in PL intensity with Turn OFF
in fluorescence of SFGCDs in presence of MPs as observed
in Fig. 5c affirm the detection ability of MPs by SFGCDs.
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Further, the type of polymer responsible for the Turn-
Off in Fluorescence of SFGCDs is confirmed by the FTIR
response Fig. 7a &b. Figure 7a is the FTIR spectra of pure
MPs extracted from personal cosmetic cleansers. The promi-
nent peak at 3377 cm™! is due to O—H stretching and the
peaks around 1618 cm™! and 1721 cm™! are attributed to
C=0 and C=C stretching proving the MPs contain poly-
ethylene group. Figure 7b shows the FTIR response of MPs
on SFGCD matrix. It clearly shows the broadening of O—-H
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peak of SFGCDs and additional signals at lower wavelength
region 1693 em™!,1374 cm™!, 880 cm™! are observed com-
pared with the FTIR spectra of bare SFGCDs (Fig. 3b).
Henceforth, it confirms SFGCDs matrix is covered by only
Polyethylene MPs, which results in Turn OFF in fluores-
cence of SFGCDs [76].

Effect of Concentration of MPs on the Detection
Ability of SFGCDs

Figure 8a depicts the decrease in PL intensity of SFGCDs
with increase in addition of MP’s (0.1 g, 0.5 g, 1 g, 2 g).
Thus, it is a clear proof that SFGCDs functions as an effi-
cient fluoroprobe towards detection of MPs. The hypsoch-
romic shift followed by decrease in PL intensity of SFGCDs
with increase in concentration of MPs (Fig. 8a) electron
acceptor insulator molecules i.e., the polyethylene MPs
which cover the surface of SFGCDs. Since the quenching
molecules (MPs) are poor electron donors, electron transfer
is forbidden between the valence band and conduction band
of SFGCDs which results TURN OFF in fluorescence of
SFGCDs. Increase in concentration of MPs onto the SFGCD
matrix leads to their agglomeration on the surface result-
ing in surface passivation. We know that the photolumines-
cence in CDs is due to the radiative recombination of the
surface-trapped electrons and holes [77]. The carbon core of
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SFGCDs is very small which creates a homogenous particle
surface. The agglomeration of organic polymer functional
groups on SFGCDs disrupts radiative recombination result-
ing Turn-Off in Fluorescence. Figure 8b the Stern Volmer
plot shows a linear relation between I/I and the increase
in weight of MPs ranging from 0.1 to 2 g through a linear
regression equation

I,/1 = 0.0011[MPs] + 0.932

confirming Dynamic quenching mechanism being respon-
sible for the detection of MPs. The values of the correlation
coefficient (R=0.99) clearly indicate the effect of linearity
of the system. The minimum limit of detection of MPs by
SFGCDs probe is calculated to be 0.0063 g/l using standard
deviation.

Proposed Mechanism for Detection of MPs

The stern- Volmer Plot Fig. 8b confirms Dynamic quench-
ing mechanism as responsible for detection of MPs. Fur-
ther Fig. 9 explains the FRET mechanism responsible for
quenching. Figure 0.6. SEM- EDX response, Fig. 7b. FTIR
response & Fig. 8a confirms the MP is agglomerated on
the surface of SFGCDs resulting in effective quenching in
green fluorescence. Thus, the quench in fluorescence with
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increase in addition of MPs is due to the binding of elec-
tron acceptor MPs onto the surface of SFGCDs, resulting in
trapping of excited electrons and hence Turn Off in fluores-
cence. Similarly, from Fig. 8a it is clearly observed, increase
in addition of MPs broaden PL response of SFGCDs, the
energy available for emission gets essentially depleted when
MPs agglomerate on the surface of SFGCDs with a reduced
ability to excited state (FRET). A consequence observed
with decrease in fluorescence intensity and decrease in
transmittance percentage [78] Fig. 7b. Thus, it is clear that
MPs quench the radiative emission by effectively blocking
electron- hole (charge) recombination, thereby enabling
SFGCDs to function as an easy and effective fluorescent
probe towards detection of MPs. As the MPs are released
from the surface of SFGCDs, the FRET between SFGCDs
and MPs is terminated and fluorescence reappears which
explain the remediation of MPs [79].

Detection of Microplastics Released from Unhealthy
Disposal of Surgical Facemask in Water

During and after the COVID 19 pandemic, careless disposal
of used surgical face mask remains as a treat to the environ-
ment. Various types of masks like surgical or medical, FFP2,
NO95, cotton, and activated carbon masks are being used by
common man since the Covid-19 pandemic [80].The pri-
mary source of increase in synthetic and natural microfibres
in freshwater after the COVID 19 pandemic is due to the
careless disposal of single use, reusable surgical facemask.
Inappropriate and unhealthy practices of disposing surgical
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mask results in accumulation of MPs in land, water and
air. Poly propylene and plasticizers in surgical mask break
down to plastics in the environment. The plastics from sur-
gical facemasks further breaks down into Microfibre/MPs
when exposed to UV radiation, mechanical stress or even
hydrolysis.

In the current study, the degradation of a single use sur-
gical facemask in DD water is studied for a period of 30,
45 and 50 days. Based on the detection ability of MPs by
SFGCDs from the above study, SFGCDs are applied towards
the detection of MPs released from facemask. atactic poly-
propylene [81], polyamide, polyethylene or phthalates are
the forms of MPs which are released from the surgical face-
masks [82, 83]. Studies indicate that the careless disposal
of face masks in the environment results in the formation
of mean 2.1+ 1.4%10"! pieces/m? of mask. [84, 85]. The
total number of microplastics released from surgical mask
can be calculated using the formula [83], N=C, / A; * A,
N =Total no. of microplastics, C, = Average amount of
microplastic in image, A;=Image area, A =Total area of
the filter membrane.

The filtered microfibres are then placed separately in an
aluminium foil for morphological analysis (Fig. 10). Fig-
ure 10a shows the photograph of the degraded surgical mask
on the 50th day. The SEM picture (Fig. 10b &c) depicts
the fibres released from the surgical mask since 15th day.
It confirms the degradation nature of mask in water, which
shows the intensity of danger due to MPs to the aquatic
environment in specific and to the ecosystem by large. Fig
S2 depicts the FTIR response of MP fibres from surgical
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Fig. 9 Dynamic quenching
mechanism in SFGCDs to
detect microplastics
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face mask which confirming the presence of polyester and
polypropylene.

Samples were collected on the 30th day, 45th day and
50th day. Figure 11a confirms degradation of surgical mask
in water with MP fibres from the masks released into water.
For the experimental investigation, 1 ml of water contain-
ing microfibres (30th day sample) and 0.1 g of SFGCDs are
stirred for 30 min. Figure 11b clearly shows the decrease in
PL intensity of SFGCDs with TURN OFF in fluorescence,
confirming presence of MPs on the surface of SFGCDs.
The continuous decrease in fluorescence with the increase
in concentration of microfibres released into water with the
degradation of mask on the 30th, 40th and 50th day confirms
that, as days pass by from 30th day to 50th day, the amount
of microfibres released into water increased and a decrease
in PL intensity with broadening of PL response, a shift of

the PL peak towards lower wavelength confirming increased
concentration of microfibre/MP.

The microfibres made up of polypropylene and plasti-
cizers consist of conjugated alkenes. The agglomeration of
microfibres on the surface of SFGCDs reduce the band gap
of SFGCDs. Since MPs function as an insulator, their pres-
ence on the surface of SFGCDs forbid electron—hole recom-
bination between the conduction band and valence band, as
observed in presence of cleansers. The energy available for
emission gets essentially depleted when MPs agglomerate on
the surface of SFGCDs which results in the reduced ability
to transfer energy from SFGCDs to MPs in an excited state
(FRET), a consequence observed with fluorescence inten-
sity getting lowered. But, when the microfibre solution was
filtered using Whatman filter paper having pore size 6 um
SFGCDs regained its fluorescence confirming easy electron
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Fig. 10 a) Photograph of surgical face mask on the 50" day in aqueous environment. b & ¢) SEM image of microfibres released from surgical

face mask
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Fig. 12 Bar graph representing the selective detection of MPs in pres-
ence of interfering monovalent, divalent, trivalent ions and biomol-
ecules (SLS-Sodium Lauryl sulphate, CA-citric acid, Man-Mannitol)

—hole recombination between the valence band and conduc-
tion band of SFGCDs.

Selective Detection of MPs

Figure 12 shows the selective detection of MPs in presence
of interfering monovalent (Na*, Ag+) divalent (Zn**, Hg?",
Fe?*, Cu?*) trivalent (AI’*, Fe?*) ions and biomolecules
(mannitol, Citric Acid, Sodium Lauryl Sulphate (SLS) mol-
ecules of cosmetic cleansers, surgical facemask and ions
present in water. The result confirms that the background
inferences and false positive signals are avoided by using
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the turn-on or off luminescence approach and reflect actual
circumstances when working with real samples [86]. The
exceptional optical properties of SFGCDs with no extra
peaks in the PL response prove it as an effective and sus-
tainable tool towards Identification and quantification of
Microplastics. Table S2 clearly substantiates the novelty
of SFGCDs to detect MPs with the lowest detection limit
reported till date by a simple naked eye technique compared
to the earlier reported methods.

Remediation of MPs Using SFGCDs

Figure 13 clearly depicts the remediation of MPs by simple
separation method. Figure 13 clearly depicts 0.1 g addi-
tions of microplastics from personal cleansers to SFGCDs
results in TURN OFF in fluorescence in presence of UV
light. When the mixture of SFGCD and MPs are separated
by a simple filtration using Whatman filter paper of pore
size 6 um fluorescence of SFGCDs TURNS ON as shown
in Fig. 13c. Figure 13d depicts the PL response in presence
of 2 g of MPs and after remediation of MPs. The PL inten-
sity of SFGCDs increases to 500000au with remediation
of MPs. An increase in fluorescence intensity with shift
of emission peak back to higher wavelength (bathochro-
mic shift) 473 nm similar to bare SFGCDs confirms the
remediation of MPs from aqueous environment. Further,
the increase in PL intensity signifies reoccurrence of radi-
ative recombination of electron—hole leading to TURN
ON in fluorescence in SFGCDs (FRET). Thus, the syn-
thesised SFGCDs functions as a versatile fluoroprobe. A
recent study also proved the affinity of carbon nanomaterial
towards microplastics [87, 88]
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Stability of SFGCDs

SFGCDs as they are insoluble in water can be recycled
multiple times for the detection of MPs. Figure 14 confirms
SFGCDs can been reused nearly 3 times continuously for the
detection and remediation process wherein the PL intensity
of SFGCDs remains the same. Further, as i) only 0.1 g of
SFGCDs is used for detection of MPs ii) SFGCDs are reused
and recycled, the whole process helps in reducing carbon
footprint and sustaining a safe aqueous environment.

A drawback observed during the remediation process of
MPs is, the Whatman filter paper used for remediation can
be used only once. Our future studies are i) to analyse if the
SFGCDs agglomerated with the microparticles can be modi-
fied into a composite to construct energy storage device ii)
construct environmentally friendly reusable filters with less
than 6 pm pore size for remediation of nano plastics.

Downloaded for personal academic use. https://kxdigital.pages.dev/

Conclusion

In summary, SFGCDs is synthesised for the first time
from the resin of Araucaria araucana through microwave
approach. The synthesised SFGCDs is non-toxic as the pre-
cursor is a resin of natural origin and exhibits green fluores-
cence. The formation of SFGCDs is confirmed by the PL,
UV-Vis absorption peak, SEM-EDAX, HR-TEM, FTIR and
XRD measurements confirming amorphous, cubic morphol-
ogy, presence of only carbon and oxygen with a particle size
of 3.63 nm. The synthesised SFGCDs was applied towards
selective detection and remediation of MPs released from
personal cosmetic cleansers and disposable surgical mask.
In presence of MPs, the dynamic quenching mechanism
leads to TURN OFF in fluorescence of SFGCDs confirmed
by Stern- Volmer plot. The decrease in intensity is due to
forbidden electro- hole recombination between the valence
band and conduction band and agglomeration of MPs on
the surface of SFGCDs. Thus, SFGCDs function as a tem-
plate towards detection of MPs. A simple filtration technique
helps in remediation of MPs above 6 pm size with a detec-
tion limit of 0.0064 mg/1. The application of the fluoroprobe
is studied towards detection of micro fibres released from
surgical face mask which are disposed in water bodies. The
degradation of surgical facemask at regular intervals of time
to nanofibers is studied and the detection of the same using
SFGCDs is clearly explained in the current work. The selec-
tive detection of MPs in presence of monovalent, divalent,
trivalent ions, biomolecules and the reuse of SFGCDs only
for 3 consecutive cycles confirming the stability of SFGCDs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10895-025-04152-x.
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