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Despite widespread awareness that enormous consumption of plastics is not sustainable, the global production
and use of plastics continue to grow. This generates vast amounts of plastic waste and microplastics, ending up e.
g., in the marine environment. There are serious challenges in detecting and measuring microplastics, especially
in highly diluted natural samples. Here, a new alternative microplastic detection method based on plasmonenhanced fluorescence (PEF) was developed and tested using fluorescence microscopy. In particular, gold
nanopillar-based substrates, displaying (i) high electromagnetic field enhancement, and (ii) surface super
hydrophobicity and high adhesion properties, were utilized to enhance the fluorescence emission signal from
microplastics in water samples. The fluorescence microscopy imaging revealed remarkable fluorescence
enhancement by the PEF substrates on the microplastic particles and fibers with different sizes of both con
ventional, low-density polyethylene, and biodegradable poly (butylene adipate-co-terephthalate). The limit of
detection and quantification by this method was estimated to be as low as 0.35 and 1.2 femtograms, respectively.
The observed fluorescence enhancement of the gold nanopillar substrates for the microplastics was ca. 70 times
greater than the case of having the microplastics on a glass substrate. Additionally, 3D FEM simulations were
performed to further investigate the system’s electromagnetic field distribution near the nanostructures. This
new method makes undyed microplastics visible in fluorescence microscopy, even particles and fibres too small
to be imaged with conventional light microscopy. This can be a great tool for microplastic research, helping us to
detect, study, understand microplastic dynamics in water based systems.

1. Introduction
The global plastic production, use, and waste generation are at an alltime high, with a production exceeding 368 million metric tons (Mt) per
year [1]. As of 2015, approximately 8300 Mt of virgin plastics had been
produced and 6300 Mt of plastic waste had been generated, 79% of
which was accumulated in landfills or ended up in natural environments
such as rivers, lakes, and often finally in the world’s oceans [2]. Another
recent contribution to global plastic waste is due to the COVID-19

pandemic and consequent rise in utilization of single-use medical
equipment such as gloves, masks, and test kits [3]. Microplastics,
defined as plastic particles or fibers with a size less than 5 mm, origi
nating from manufacturing plastics (primary sources) and the degra
dation of plastic wastes (secondary sources), have become an emerging
global concern [4–8]. Their persistence in the environment is estimated
to be hundreds or even thousands of years, depending on the type of
plastic and their habitats [9]. Recently, the presence of microplastics has
been recognized in many unexpected substances/matrices such as in
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drinking water and bottled water [10,11], human placenta [12] and
gentoo penguins (Pygoscelis papua) from the remote and pristine Ant
arctic region [13]. Microplastics are abundant and generated in high
numbers anywhere macroscopic plastics are present [14,15]. For
example, 25,000 microplastic particles are released from one disposable
plastic cup into one cup of hot water in 15 min [16]. Microplastics are
prone to accumulate in the environment and pose a significant risk to
ecosystems globally [17–21]. For instance, microplastics enriched with
organic pollutants and trace metals can be ingested by different organ
isms and consequently contaminate food chains [22]. Organic pollutants
are not only the primary additives used in plastic products, they are also
adsorbed or absorbed by the microplastics from the surroundings [23],
causing potential toxic effects for numerous bio-organisms [24].
Improved detection of microplastics in various sample matrices is
essential for the understanding of microplastic dynamics in natural en
vironments and maybe most of all in natural waters [25]. Common
techniques include microscopy (e.g. optical, scanning and transmission
electron, atomic force) for physical characterization of their shape, size,
and numbers, and spectroscopic analysis (Fourier transform infrared
and Raman) for chemical identification based on vibrational informa
tion from chemical bonds [26–28]. The presence of a variety of natural
particles such as sediments with the same size range as microplastics
poses a major challenge in the analysis of environmental matrices
through visual inspection using normal optical microscopy [26–28]. In
view of this, fluorescence microscopy can be a useful tool in dis
tinguishing microplastic from inorganic particles. However, most plas
tics do not have high enough intrinsic fluorescence for a clear
observation under fluorescence light excitation and microplastic sam
ples usually need to be stained using fluorescent dyes, such as Nile Red,
before the observation with fluorescence microscopy [29,30].
On the other hand, substrates that consist of plasmonic metal
nanoparticles have been shown to enhance the fluorophore emission
intensity by several orders of magnitude, a phenomenon called plasmonenhanced fluorescence (PEF) or surface-enhanced fluorescence (SEF)
[31–35]. The enhancement is mainly attributed to the much larger ab
sorption and scattering cross-sections of the plasmonic nanostructures
than that of molecular fluorophores [31,34]. The fluorescence
enhancement by plasmonic nanostructured substrates is of value for
detecting minute amounts of weakly emitting analytes and species, with
an improved limit of detection, and a shorter analysis time; especially
for analytes and species which are not detectable by conventional singlemolecule fluorescence techniques [31,34,36–39]. PEF is a member of
the family of surface-enhanced spectroscopy techniques together with
surface-enhanced Raman scattering (SERS) [40,41]. The SERS meth
odology has been used recently to significantly enhance the detection
signal of microplastics and nanoplastics [22,42,43].
In line with SERS, also the PEF techniques have potential advantages
in the detection of microplastic samples, since microplastics usually
have very weak intrinsic fluorescence, are tiny in size and may occur at
low concentrations, for instance in water samples. In this study, PEF
substrates were employed for the first time to facilitate the detection of
microplastics using fluorescence microscopy. The previously developed
gold nanopillar (AuNP) substrates that have been optimized for SERS
measurements [44,45], were utilized in this study. The substrates have
other interesting properties apart from the beneficial plasmonic prop
erties [44]; for example, the AuNP surface can be tailored to display
superhydrophobic and highly adhesive properties, which enables
concentrating the samples before analysis [46,47]. Microplastics of both
conventional low-density polyethylene (LDPE) as well as biodegradable
poly (butylene adipate-co-terephthalate) (PBAT) in MilliQ water sam
ples were placed on the PEF substrates and examined in an optical/
fluorescence microscope. LDPE is one of the most used plastics, and
PBAT, a semi-aromatic polyester, has been regarded as a promising
biodegradable alternative to LDPE, especially in applications of mulch
films and plastic shopping bags [48]. Two optical filters with different
excitation and emission wavelengths were employed to reveal the

fluorescence emission of microplastics that were placed on PEF sub
strates. The morphology of microplastics on the substrate was also
examined using scanning electron microscopy. The fluorescence
enhancement factor by the PEF substrates, as well as the limit of
detection and quantification, were determined, and 3D Finite-ElementMethod (FEM) simulations were performed to understand the underly
ing mechanisms of the AuNP substrate for PEF. Besides, epoxy micro
plastics, one of the commonly detected microplastics in oceans (released
from boat paints), were also tested using this method. The results pre
sent a new method/tool to visualize microplastics in fluorescence mi
croscopy without dying for detecting, studying, understanding
microplastics in nature.
2. Experimental section
2.1. Materials
PBAT with a trademark of Ecoflex® F Blend C1200 and LDPE with a
trademark of LUPOLEN 2420 K was purchased from BASF (Germany)
and ALBIS (Sweden), respectively. A curing epoxy system with a low
viscosity epoxy resin (Araldite LY 1564/Aradur 22962) was purchased
from Huntsman (the USA).
2.2. Microplastic sample preparation
PBAT and LDPE microplastics in water samples prepared in the
previous work were used [48]. The details of sample preparation are
described in ref [48]. In brief, extruded PBAT and LDPE films were
aged/exposed to MilliQ water and artificial seawater at 23 ◦ C for up to
10 weeks, and microplastics were formed and released into the water
samples during the exposure. Epoxy microplastics were prepared by
crushing a glass fiber-reinforced epoxy composite plate which was
manufactured by vacuum infusion and cured according to supplier
recommendation. The obtained microplastics were then added in MilliQ
water for further investigation.
2.3. AuNP substrate preparation
AuNP substrates were produced as described in ref [45], and are also
commercially available from Silmeco ApS (Danmark). In short, verti
cally standing silicon (Si) nanopillar structures (~50 nm in diameter,
~600 nm in height) on a 6 in. Si wafer were obtained via the Si reactive
ion etching (RIE) process using SF6 and O2 gases, followed by 1 min O2plasma cleaning. Next, a gold metal film (200 nm thick) was deposited
on the Si nanopillar structure using electron-beam evaporation at a 1
nm/s deposition rate. Finally, the wafer was diced into single 3x3 mm
chips using a laser micromachining tool (3D-Micromac AG, D-09126
Chemnitz, Germany). The AuNP substrates were kept in a desiccator
(250–280 mbar) for a minimum of 4 weeks prior to the experiments.
2.4. Method development of using PEF substrates for microplastic
detection
The sampling procedure, described in ref [49], involved placing a 2
µl droplet of a microplastic containing water sample on the AuNP sub
strate, and then allowing the water to evaporate in a cleanroom envi
ronment, before microscopy measurements. An upright Olympus BX 63
microscope, equipped with an Olympus DP72 cooled color camera and
2.5x/0.08, 5x/0.15, 10x/0.30, 20x/0.45 and 50x/0.8 objectives, were
used to detect the microplastics placed on the AuNP substrate. U-FUN
and U-MWBV2 optical filters, which have excitation and emission filters
BP 360 – 370 nm / LP420 nm and BP 400 – 440 nm / LP 475 nm,
respectively, were used for fluorescence observation. The number of
samples was: 12 PBAT, 8 LDPE, 2 Epoxy, which was the number of
evaporated and analyzed sample droplets. For PBAT and LDPE type
more than 100 fluorescence images was acquired. Similarly, some
2
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Fig. 1. SEM images of the gold nanopillar substrates viewed from a 45◦ angle (a), side (b, b1), and top (c). Scalebars are 200 nm long.

microplastic sample droplets were evaporated on microscope glass slides
and analyzed for comparison.
The intrinsic fluorescence from the pristine PBAT and LDPE plastic
films (fabricated as described in ref [48]) was measured in a 60◦ angle to
minimize Rayleigh scattering into the detector. Excitation/emission
matrix scans were performed in 200 – 600 nm ranges, with a 2.00 nm slit
widths, on a Horiba Fluoromax 4 instrument. Specific emission scans
were selected from the matrix scans.

3. Results and discussion
3.1. Gold nanopillar substrates
Fig. 1 shows the structure of the employed plasmonic AuNP sub
strates. The gold nanopillars are 750 nm in height, and ca. 50 and 100
nm in diameter for the bottom and top parts, respectively. The substrates
can be characterized as a superhydrophobic AuNP surface, i.e. water
placed on the surface forms droplets with a large contact angle and a
small contact area [46]. Water droplets are also strongly adhered by the
mechanism of elasto-capillarity, which pulls the water down into the
substrate by capillary forces. At the same time, the liquid drying process
pulls the gold-capped Si pillars closer into micro-sized clusters, which,
due to the inter-particle localized surface plasmon-resonance coupling,
enhances the electromagnetic field and forms the so-called electro
magnetic hot spots [46,47]. Due to the mechanism of elasto-capillarity
water is pulled down between the gold nanopillars, resulting in some
nanopillars being pulled together while others are pulled apart by
capillary forces. Likely, larger polymer particles and fibres can interact
better at pulled apart locations, while smaller can interact good every
where, but possibly the best nanopillar interaction and fluorescence
enhancement can be achieved at pulled together locations.
Overall, the AuNP substrates display several advantageous proper
ties. Firstly, the NP-based SERS-active substrates have shown to yield
SERS enhancement factors of up to 108 and uniformity of the SERS signal
intensity across a 3x3 mm surface below 10% RSD [47]. In addition, the
surfaces are contaminant-free due to the fabrication in the cleanroom
environment [44,45]. Secondly, the NP-based substrates have a super
hydrophobic surface leading to a minimal droplet imprint on the surface
and a high local concentration of non-volatiles after evaporation [47].
Thirdly, despite the fact that the NP surfaces have superhydrophobic
properties, the substrates also show a very high adhesion of water
droplets, hence generating elasto-capillarity effects that pull the flexible
nanopillars into clusters forming multiple electromagnetic hot spots
[46]. Furthermore, the AuNP substrates can yield fluorescence

2.5. Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) characterization of the gold
nanopillar substrates was performed using a Zeiss Supra 40 VP field
emission scanning electron microscope (Jena, Germany). SEM analysis
of the microplastics placed on the gold nanopillar substrates was per
formed after the water evaporation from the initially placed 2 µl
microplastic-containing droplets.
2.6. Simulation
3D FEM simulations were performed using COMSOL MULTIPHYSICS
version 5.5. The electromagnetic field distribution near the nano
structures was calculated by solving scattering fields in series. A flat
surface port located at the top of the solution domain was used to excite
linearly polarized incident electromagnetic fields. A perfectly matched
layer was employed to eliminate nonphysical reflections. The model
geometry of the nanopillar was drawn from the information in SEM
images. For simplicity, and to reduce calculation time, gold caps were
modelled as ellipsoids. The minimum gap distance between adjacent
nanopillars was 2 nm. Materials were modeled by refractive indices as a
function of wavelength [50]. The structures were placed in a vacuum
environment.
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Fig. 2. Fluorescence matrix scans of (a) PBAT and (b) LDPE films, and specific fluorescence emission scans for the plastics with excitations at (c) 360 nm and (d) 400
nm, which are wavelengths relevant for the employed optical filters in the fluorescence microscopy. Insert in c shows the molecular structure of PBAT.

Fig. 3. OM reflective image (a) and U-MWBV2 fluorescence images (b-e) of PBAT microplastics placed on a PEF substrate. The PBAT microplastics were those formed
during 5 weeks of exposure to Milli-Q water at 23 ◦ C [48].
4
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Fig. 4. Microscopy images of PBAT microplastics on the PEF substrates: (a) OM reflection (b) U-FUN fluorescence and (c) U-MWBV2 fluorescence. Scale bars are 10
μm long. The PBAT microplastics were those formed during 8 weeks of exposure to MilliQ water at 23 ◦ C [48].

enhancement on the order of 10 – 1000 times [51,52]. Lastly, the surface
of gold-coated SiNPs can readily be functionalized to specifically capture
certain molecules or particles even within the hot-spots, which has been
demonstrated in ref [53].

fluorescence microscope demonstrated below. To further pinpoint these
fluorescence microscopy wavelengths, specific fluorescence emission
scans for these two plastics with excitations at 360 nm and 400 nm are
shown in Fig. 2c and d, respectively. The lowest wavelengths in the
intervals, 360 – 370 and 400 – 440 nm, the same as the excitation
wavelength region of U-FUN and U-MWBV2 optical filters, respectively,
were chosen to minimize scattering disturbance of the spectra. PBAT
demonstrated greater fluorescence over LDPE in blue and green for both
excitation wavelengths, which can be attributed to the presence of
conjugated benzyl groups with delocalized π-electrons and possibly also
polarizable ester groups in PBAT polymer chains (see insert in Fig. 2c).
Overall, LDPE seemed to have very poor intrinsic fluorescence except
within the 200 – 250 nm excitation wavelength (Fig. 2b). However, the
emission at this low excitation wavelength demonstrates the potential
for blue and green emission if excitation can be enabled for the higher
microscopy wavelengths, by for example PEF.
Fig. 3a-e show optical microscope (OM) reflective image and U-

3.2. PEF technique for microplastic detection
Many polymers have intrinsic fluorescent properties, however, most
often their intrinsic fluorescence is relatively weak. Here, the intrinsic
fluorescence from the pristine PBAT and LDPE plastic films was first
examined. Fig. 2a and b show that the regions for fluorescence were
located at very low excitation wavelengths (about 200 – 250 nm) for
both polymers, and at emission wavelengths of 325 – 500 nm for PBAT
and 300 – 550 nm for LDPE. Besides, PBAT shows an additional region
for fluorescence at higher excitation wavelengths, around 300 – 350 nm,
with emission wavelengths of 325 – 400 nm. This region also reaches up
into wavelengths relevant for the employed optical filters in the

Fig. 5. OM reflective (a and d) and fluorescence microscopy U-FUN (b, e) and U-MWBV2 (c, f) images of a blank sample (a, b, c) and LDPE in MilliQ water (d, e, f).
The latter represented the LDPE system after 8 weeks exposure to MilliQ water at 23 ◦ C [48]. Scale bars are 10 µm long.
5
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Fig. 6. SEM images of PBAT microplastics on the PEF substrates. The PBAT microplastics were those formed during 5 weeks of exposure to MilliQ water at 23 ◦ C
[48]. The arrows in b point at microplastics reaching down into the space between the nanopillars, and arrows in d point at the gold nanopillars adhered to the
microplastic.

MWBV2 fluorescence images of the PBAT microplastics on the PEF
substrates. The PBAT microplastics with different morphologies (fibers,
rods, dots, and dissolved (or melted) matter) and different sizes could be
clearly observed in the fluorescence microscopy images. Dissolved (or
melted) matter refers to the soluble hydrolysis products which were
formed during the ageing and solidified within the particle area after
water evaporated. The PBAT microplastics fluoresced green under UMWBV2 fluorescence. In contrast, the reference sample, situated on a
glass substrate did not show any fluorescence (not shown). These find
ings indicated a highly enhanced fluorescence from the AuNP substrates,
which made the microplastics visible/observable in fluorescence mi
croscopy, without the need of being stained by fluorescent dyes. The
long PBAT microplastic fibers were also observed in the conventional
OM (Fig. 3a). However, differently than from the fluorescence images,
many of the smaller microplastics were difficult to observe in the OM
images.
Fig. 4 shows that the PBAT microplastics fluoresce in blue under the
U-FUN optical filter in contrast to green under the U-MWBV2 optical
filter. However, the long fibers and many small particles can barely be
seen in the OM and the U-FUN cases but are clearly seen in the UMWBV2 case. A more noticeable example of invisible microplastic

particles becoming visible using the PEF substrates can be seen in Fig. 5.
The sample (Fig. 5d-f) represented MilliQ water containing LDPE par
ticles formed during 8 weeks of exposure at 23 ◦ C [48]. The images of
the blank sample (Fig. 5a-c) show no particles in either the OM or
fluorescence images. LDPE sample images show no particles in the OM
image, but fiber-like particles of a length of a couple of micrometers are
clearly visible in the fluorescence images (Fig. 5d-f). Also here, the UFUN filter yielded a blue color for the LDPE microplastics with a much
lower intensity than with the green color under the U-MWBV2 filter.
Hence, it can be concluded that the fluorescence enhancement of the
AuNP substrates on both LDPE and PBAT microplastics was greater in UMWBV2 fluorescence than U-FUN fluorescence.
The microplastics on the PEF substrates were also examined with
SEM. As shown in Fig. 6, the PBAT microplastics with different sizes and
shapes (fiber, rod, particulate) observed in the fluorescence microscope
(Figs. 3 and 4), were also observed/confirmed with SEM; the small rodlike/dot PBAT microplastics were a couple of micrometers long and the
microplastic fibers had a diameter of 1–2 μm. Moreover, it could be
clearly seen that the microplastics are laying on the PEF substrates after
the water evaporates, and some small microplastic particles seem to
have a focus near or reaching down into the nanopillar “forest” (Fig. 6a
6

X.-F. Wei et al.

Chemical Engineering Journal 442 (2022) 136117

Fig. 7. Fluorescence image (U-FUN) of the PBAT microplastic particles on AuNP substrates (a,b) and on a microscope glass slide (c), and (d) histograms of the
measured areas within the particle and outside (blank). The microplastic sample was the one formed after 8 weeks of exposure to MilliQ water at 23 ◦ C [48]. A LOD
= 0.35 and LOQ = 1.2 femtograms, respectively, were calculated according to standard approximation; three (LOD) and ten (LOQ) times the standard deviation of
the blank divided by the linear slope (up to the next concentration level, here signal (s) level). The enhancement factor (EF) was calculated signal-to-noise (S/N)
ratios according to SNP/NNP / SGlass /NGlass.

and b). Fig. 6c and d show that the nearby nanopillars were drawn to
wards and adhered tightly to the rod-shaped microplastic particle,
forming many nanopillar clusters that mechanically supported the par
ticles. Note that the formed nanopillar clusters lead to the generation of
many hot spots with extra high plasmonic fluorescence enhancement
[46]. The good adhesion between the microplastic particles and nano
pillars, and the formation of supporting nanopillar clusters resulted from
the elasto-capillarity effects of the substrates [46].

determining the total sample mass (this will give a slightly poorer
detection limit). Hence, the amount of PBAT in the 4x4x4 pixel was
estimated to be 172 femtograms (using a volume of 0.137 µm3 and a
density of 1.25 g/cm3), which was used for the detection limit calcula
tion. Based on this, the limit of detection (LOD) was calculated to be 0.35
femtogram and the limit of the quantification (LOQ) became 1.2 fem
togram detection, using the U-FUN filter cube and the blue RGB channel.
A similar calculation was performed for a PBAT particle on a glass mi
croscope slide for comparison reasons and an enhancement factor of 68
was estimated (Fig. 7). This indicates that the fluorescence enhancement
of the gold nanopillar substrates for the PBAT microplastics was 68 times
greater than the case of having the microplastics on a glass substrate.
Another example of using this PEF method for improving the
detection of microplastics is given in Fig. 8. Artificial seawater droplets
containing PBAT microplastics were placed on the PEF substrates, and
the salt in seawater crystallized during drying. The microplastic fiber
among the salt crystals was clearly revealed in fluorescence microscopy
images, while it was hardly seen in the conventional microscopy image.
In addition, epoxy microplastics were also tested and they also

3.3. Detection limits and enhancement factor
For an estimate of detection limits of fluorescence measurements on
these substrates, a similar approach as in ref [49] was used. In brief, a
well-isolated particle (i.e. with dark background) was chosen (Fig. 7),
which showed a fluorescence image (U-FUN filter) was first chosen. A
4x4 pixel area was selected for individual quantifications, to scale well
with the size of the particle. Considering that the particle had a 3D-sym
metry and that a large part of the particle volume will contribute to the
fluorescence signal, the whole volume was considered when
7
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Fig. 8. Images of a PBAT fiber among salt crystals; (a) OM image, (b) fluorescence microscopy image using a U-MWBV2 filtercube and (c) fluorescence microscopy
image using a U-FUN filtercube. Gold nanopillar substrates are present but are not observed through the layers of salt and the fluorescence enhancement was
therefore low. The scale bars are 25 μm long.

Fig. 9. Images of epoxy particles in an evaporated MilliQ water droplet (2 µl); (a) SEM, (b) OM, (c) fluorescence microscopy image using a U-FUN filtercube and (d)
fluorescence microscopy image using a U-MWBV2 filtercube. Scale bars are 100 µm.

fluoresced strongly in blue and green in fluorescence microscopy using a
U-FUN and U-MWBV2 filtercube, respectively, the same as LDPE and
PBAT microplastics (Fig. 9). The result shows that this new method has

high potential feasibility for other types of microplastics.
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Fig. 10. (a) Simulated spectrum of maximum electrical field enhancement for a trimer of gold nanopillars. (b) Simulated spectra of absorption and scattering crosssections for a trimer of gold nanopillars. (c-e) Distribution of |E|2/|E0|2 on the surface of and near a trimer of gold nanopillars. Left: top view showing |E|2/|E0|2 on
the surface of the nanopillars; Right: side view showing |E|2/|E0|2 on the surface of the nanopillars, and in the nearby medium in a cross-sectional cut through the hot
spot. Scale bars: 100 nm.

3.4. Simulations

be seen that at 405 nm excitation, the enhanced field was weak and very
localized. By increasing the excitation wavelength to 532 and 633 nm,
the enhanced field became much stronger, and extended to the nearby
medium by tens of nanometers. Therefore, referring to the greenish
fluorescent image of the microplastics, it can be concluded that the
major contribution to the observed enhanced fluorescence was the nearfield enhancement across the radiation wavelengths. Furthermore, near
the excitation wavelengths, the maximum electrical field enhancement
was ~ 12 with the U-FUN filter (360 – 370 nm excitation) and ~ 20 with
the U-MWBV2 filter (400 – 440 nm excitation). Although near-field
enhancement at the excitation wavelengths (UV-blue) played a minor
role in the overall fluorescence enhancement as shown in Fig. 10(a), it
also contributed to the greater fluorescence enhancement with UMWBV2 filter than with the U-FUN filter (Figs. 4 and 5). Besides, the
simulation results suggest that a much greater fluorescence enhance
ment of PEF on microplastics will be obtained if an excitation filter over
BP 500 nm is used in fluorescence microscopy, i.e., if the microplastic at
hand has a fluorescence to enhance in the relevant wavelength range.

To understand the enhanced fluorescence results, 3D FEM simula
tions were performed. The electromagnetic enhancement of PEF derives
from two parts: I) The near-field enhancement |E|2/|E0|2 at the excita
tion wavelength (where E is enhanced field and E0 is without
enhancement); II) The near-field enhancement |E|2/|E0|2 across the ra
diation wavelengths [31]. In other words, the enhanced re-radiated
dipolar fields excite the adsorbate, and, if the resulting molecular radi
ation remains at or near resonance with the enhancing object, the
scattered radiation will again be enhanced [31]. Fig. 10a shows the
simulated spectrum of maximum |E|/|E0| near a trimer of gold nano
pillars. The maximum |E|/|E0| lingers around 20 when increasing the
wavelength of excitation from 350 to 500 nm, due to loss attributed to
the inter-band transition of gold. Further increase of the wavelength of
excitation beyond 500 nm dramatically boosted the maximum |E|/|E0|,
due to the excitation of strong localized surface-plasmon resonances.
The maximum |E|/|E0| reached ~ 750 at 620 nm excitation. This trend
is also shown in Fig. 10b by the simulated scattering spectrum. Since the
size of the nanopillars was relatively big, scattering was dominant over
absorption, as shown in Fig. 10b. Fig. 10c-e illustrate the distribution of |
E|2/|E0|2 on the surface of, and near a trimer of gold nanopillars. It can

4. Conclusions
In this study, the concept of plasmonic-enhanced fluorescence was,
9
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for the first time, employed to enhance the fluorescence signal of
microplastics with the goal to develop a new microplastic detection
method. Gold coated silicon nanopillar substrates with strong electro
magnetic field enhancement properties were tested as an analytical tool
for the detection of undyed microplastics in a fluorescence microscope.
Due to the remarkable fluorescence enhancement by the AuNP sub
strates, both LDPE and PBAT microplastics that have low intrinsic
fluorescent properties became visible/detectable, even particles
completely invisible in conventional light microscopy. Both PBAT and
LDPE microplastics on the PEF substrates fluoresced most strongly in
green when excitated with 400 – 440 nm wavelength, where the weak
intrinsic green fluorescence likely is scattering enhanced by the PEF
substrate. The estimated fluorescence enhancement factor on the PBAT
microplastics reached a value close to 70. Epoxy microplastics also
fluoresced strongly using the PEF substrates. Simulations indicated that
the major contribution to the observed enhanced fluorescence was the
near-field enhancement across the radiation wavelengths. Apart from
fluorescence enhancement, the substrates showed additional advan
tages, for improved detection of microplastics in dilute water samples,
such as superhydrophobicity and high adhesion to sample droplets.
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