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Abstract: Microplastics (MPs), typically defined as plastic fragments smaller than 5mm, are pervasive in

terrestrial and marine ecosystems. There is a need for rapid, portable, low-cost detection systems to assess

health and environmental risks. Fluorescent tagging with Nile Red (NR) has emerged as a popular detection

method, but variations in fluorescent emissions based on NR solvent, plastic polymer, excitation wavelength,

and additives complicate standardization. In this study, seven plastic samples stained with acetone-based NR

were analyzed using a fluorescent spectrometer to identify optimal emission peaks across UV-Vis excitation

wavelengths. These findings aid in selecting appropriate excitation wavelengths and optical filters for future

detection systems. Additionally, a straightforward polymer identification scheme was validated against field-

collected plastic samples, whose material composition was confirmed via Fourier Transform Infrared Spectroscopy.

This work contributes towards developing accessible microplastic detection technologies by characterizing the

fluorescent properties of NR-stained plastics and enhancing the capability for effective environmental monitoring.

Future research will expand the dataset to include diverse plastics with varying additives and weathering, and

incorporate computer-vision tools for automated data processing and polymer identification.

Keywords: microplastics; fluorescence spectroscopy; Nile Red, pollution monitoring

1. Introduction

Microplastic detection presents numerous challenges due to the diverse shapes, densities, physical
degradation, additives, and chemical compositions of plastics in the natural environment. Currently,
there is no standardized detection and analysis process for microplastics; typically, multiple instru-
ments are required for plastic identification. Assessing microplastic presence in marine environments
necessitates quantifying both concentration and polymer composition. However, consumer plastics
often contain additives that influence their visual appearance and degradation rates, resulting in
significant variability in size, shape, and other material characteristics that complicates standardization
of detection methods.

Common detection techniques include visual analysis, fluorescence microscopy, Fourier Trans-
form Infrared Spectroscopy (FTIR), Raman Spectroscopy, and pyrolysis gas chromatography mass
spectrometry (Py-GC-MS) [1]. While visual analysis is straightforward, it lacks chemical composition
data and is prone to errors with small particles. FTIR provides detailed information about chemical
bonds and functional groups, making it suitable for qualitative detection and compositional analy-
sis, despite being limited to particles larger than 20 µm [2]. However, FTIR instrumentation is not
field-portable. Raman Spectroscopy, which uses inelastic light scattering, can analyze microplastics
below 20 µm without sample drying, but it suffers from challenges posed by weak signals and spectral
interference from fluorescence [3]. Py-GC-MS identifies microplastic composition based on thermal
signatures but is destructive, making it unsuitable for evaluating physical properties like appearance
and morphology, which are important in detection surveys [4].

Moreover, the high monetary cost of laboratory equipment for these spectroscopy and spectrome-
try techniques can be prohibitive for research communities with limited funding [3]. The methods
described can also be incredibly time-consuming [1,3,5]. Thus, there is a pressing need for a rapid,
microplastic detection system that cost hundreds, not thousands, of dollars and that can be easily
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accessed and deployed by various coastal communities. This work aims to address this gap by provid-
ing data and proof-of-concept configurations for developing robust, low-cost, and portable detection
systems. Fluorescent tagging with solvatochromatic dyes has emerged as a low-cost, accessible method
for staining plastics. Notably, Nile Red (NR) gained popularity following a 2017 Nature publication by
Maes et al. (2017), which demonstrated a high recovery rate of NR-dyed microplastics from spiked
sediment samples. Subsequent studies have confirmed that Nile Red is the most effective dye for
staining microplastics [6–10]. This hydrophobic dye exhibits minimal fluorescence in water and prefer-
entially binds to plastics due to its lipophilic nature. The fluorescence emissions from NR-dyed plastics
vary in color and intensity depending on the type of plastic, ranging from yellow to deep red. Maes
et al. (2017) also highlighted that the solvatochromatic properties of Nile Red could be utilized for
categorizing plastics based on polymer surface polarity [6]. Additionally, Nile Red is inexpensive, and
its fluorescent emissions can be detected using low-cost photodiodes or cameras. Studies have also
shown that Nile Red stains organic materials more slowly than plastics, which can help reduce false
positives in environmental samples [6]. These features make Nile Red an ideal choice for low-cost,
field-portable microplastic detection, combining ease of visual analysis with insights into chemical
composition.

However, fluorescent staining methods with Nile Red are not standardized; a literature review
reveals considerable variation in solvent choices, staining protocols, excitation wavelengths, and optical
filters used in experimental setups [1,11–15]. Identifying the strongest fluorescence emission peaks for
NR-stained plastics across various excitation wavelengths will refine experimental configurations and
aid in developing standardized protocols. Consistent selection of excitation wavelengths and optical
filters can maximize plastic fluorescence intensity, and measuring spectra at multiple wavelengths can
uncover key spectral patterns for polymer identification.

This study aims to provide fluorescent emission data that will provide a basis for standardizing
Nile Red-based fluorescent tagging experiments. Seven plastics stained with acetone-based Nile Red
were characterized for three excitation wavelength using a fluorescence spectrometer. A preliminary
polymer identification scheme based on the collected fluorescent peaks is discussed. Furthermore, a
proof-of-concept low cost microplastic imaging system is presented. Images taken with the system are
paired with the spectral data to highlight visual and spectral patterns that can be incorporated into
machine learning/artificial intelligence-based tools.

2. Materials and Methods

This study used seven commercially available plastics: polypropylene (PP), polyethylene (PE),
polystyrene (PS), polyester, polyurethane (PUR), polyvinyl chloride (PVC), and nylon. The plastic
types selected contain a range of densities, form factors, and include the most common polymers used
in current research studies using Nile Red for staining MPs [1,16,17]. Table 1 contains further details on
the sample materials used in this study. The polymer composition types were verified using a Bruker
Alpha II FTIR spectrometer. All spectra were recorded in transmittance mode in the infrared spectral
range 4000-400 cm−1 using a resolution of 4 cm−1 and 64 scans per sample. The recorded spectra were
then compared with commercial spectra libraries for verification.

Staining protocols were adapted from a variety of literature sources [1,6,16,18,19]. To prepare
plastics for fluorescence spectroscopy characterization, materials were cut or shaped into approximately
30 mm x 30 mm sample sizes. They were then washed with ultrapure Milli-Q water and vacuum-
filtered onto Whatman glass filters. After drying, 1 mL of a 10 µ g/mL acetone Nile Red solution was
pipetted onto the plastic, which immersed the samples. At this concentration, a good balance between
fluorescence intensity and background interference can be achieved [6,16,20]. Acetone was selected
as the solvent based on ease of access and popularity in literature [1,9,17,21]. After 15 minutes, the
samples were washed with Milli-Q water to remove residual dye. All solutions and suspensions were
prepared using Milli-Q water.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 July 2024                   doi:10.20944/preprints202407.2045.v1

https://doi.org/10.20944/preprints202407.2045.v1


3 of 13

Table 1. Overview of plastic materials tested.

Material Source Form Factor

Polypropylene (PP) McMaster-Carr Translucent sheet
Polyethylene (PE) McMaster-Carr White sheet
Polystyrene (PS) McMaster-Carr White sheet
Polyester (Poly) Craft store stuffing/fill Fiber

Polyurethane (PUR) McMaster-Carr White foam
Polyvinyl Chloride (PVC) McMaster-Carr White pipe

Nylon McMaster-Carr Translucent sheet

2.1. Fluorescence Spectrometer Parameters

A fluorescence spectrometer fully characterized the emission wavelength peaks of plastic samples
stained with Nile Red (NR). In this experiment, the system used fixed excitation wavelengths to excite
the dyed samples and scanned the emission wavelengths to record the resulting spectral peaks.

Figure 1 displays a schematic that describes data collection for emission spectra in a fluorescence
spectrometer.

Figure 1. Fluorescence spectroscopy experimental set-up.

A Cary Eclipse fluorescence spectrometer equipped with a Xenon flash lamp was employed
for spectral data collection. Plastic samples were excited at three distinct wavelengths: 405 nm, 465
nm, and 525 nm, which are standard wavelengths used to excite Nile Red [1]. Multiple studies have
presented fluorescence emission spectra for unstained plastics or specific Nile Red-stained plastics at a
single excitation wavelength, usually in the UV range [7,21–24]. However, compiling a comprehensive
dataset of plastics using various excitation wavelengths has proven challenging. To address this, our
study was designed to analyze each plastic sample using three different excitation wavelengths. These
wavelengths can also be easily replicated using commercially available inexpensive light sources such
as ultra-violet (UV), blue, and green LEDs, which are commonly used in low-cost Nile Red-based
microplastic detection systems.

To filter out the excitation light from the fluorescence spectrometer, long pass filters made from
Schott glass were utilized. Given that the long pass filters did not sharply eliminate the excitation light
from the Xenon lamp, the scanned emission wavelength ranges were chosen to allow for a minimum
5 nm gap between the scanning range and the long pass filter cut-on wavelength. Table 2 provides
further details on long pass filter models and selected emission wavelength ranges.
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The voltmeter sensitivity was adjusted for each sample to enhance the separation of excitation
peaks. A scan rate of 600 nm/min, a data interval of 1 nm, and an averaging time of 0.1 seconds were
used. Both the excitation and emission slits were set to 5 nm.

Table 2. Overview of optical filters and excitation/emission wavelength parameters.

Excitation Wavelength Scanned Emission Wavelength Range Long Pass Filter Cut-On Wavelength Long Pass Filter Type

405 nm 460 - 700 nm 455 nm Edmund Optics SCHOTT GG455
465 nm 535 - 700 nm 530 nm Edmund Optics SCHOTT OG530
525 nm 575 - 700 nm 570 nm Edmund Optics SCHOTT OG570

3. Results

3.1. Spectral Data from Nile Red-Stained Lab Plastic Materials

The following section presents the fluorescent spectrometer results. The fluorescent emission
spectra of plastic samples stained with NR and excited at 405 nm, 465 nm, and 525 nm excitation
wavelengths are shown in Figure 2 and the prominent peaks for each excitation wavelength are
enumerated in Table 3. The raw results were first processed using the Savitzky-Golay smoothing
method with a window size of 11 nm and a polynomial order of 3. The emission intensity was
normalized to values ranging 0 to 1. The data was then plotted in MATLAB, and a peak finder
algorithm was used to label prominent peaks.

Figure 2. Fluorescent emission spectra of Nile Red-stained lab plastics for different excitation wave-
lengths [25].

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 July 2024                   doi:10.20944/preprints202407.2045.v1

https://doi.org/10.20944/preprints202407.2045.v1


5 of 13

Table 3. Fluorescent emission peaks of Nile Red-stained plastics for different excitation wavelengths
[25].

Plastic Type Emission peaks for 405 nm excitation Emission peaks for 465 nm excitation Emission peaks for 525 nm excitation

Polyethylene (PE)
485 nm 541 nm 581 nm
529 nm 573 nm
552 nm 633 nm

Polystyrene (PS)
485 nm 562 nm 595 nm
529 nm
553 nm

Polypropylene (PP)
485 nm 542 nm 581 nm
530 nm 572 nm
553 nm 635 nm

Nylon
485 nm 604 nm 605 nm
529 nm
552 nm
605 nm

Polyester (Poly)
469 nm 613 nm 614 nm

Polyurethane (PUR)
485 nm 622 nm 626 nm
552 nm
630 nm

Polyvinyl chloride (PVC)
485 nm 580 nm 591 nm
529 nm
553 nm
589 nm

The blue spectra on the left column of Figure [2] presents the fluorescent emission peaks of plastics
excited at 405 nm. Some plastics, particularly polyester, exhibit autofluorescence at this wavelength.
The spectra indicate that all plastics, except polyester (poly), display fluorescent peaks at 485 nm and
552 nm, with polyethylene (PE), polystyrene (PS), polypropylene (PP), nylon, and polyvinyl chloride
(PVC) sharing peaks at 485 nm, 529 nm, and 552 nm. Additionally, nylon, polyurethane (PUR), and
PVC show fluorescence in the range of 580 nm to 650 nm. These additional spectral peaks can serve as
distinguishing factors in a polymer identification model. Polyester, due to its high autofluorescence,
lacks discernible peaks apart from one around 469 nm.

The orange spectra in the middle column illustrates the fluorescent emission peaks of plastics
excited at 465 nm. PE and PP exhibit similar spectra with peaks around 541 nm, 572 nm, and 633 nm,
with peak intensity decreasing as the wavelength increases. PS and PVC display peaks between 560
nm and 580 nm, while nylon, polyester, and PUR show more red-shifted peaks in the 600 nm to 620
nm range. The fluorescent emission peaks of plastic samples stained with Nile Red and excited at 465
nm indicate that PE and PP are less fluorescent compared to the other plastics, as evidenced by the
area under their normalized intensity curves.

The yellow spectra in the right column displays the fluorescent emission peaks of plastics excited
at 525 nm. A broad and smooth emission curve can be observed across all plastics, with peak
wavelengths clustered within approximately 40 nm of each other. PS, PUR, nylon, and polyester
display more red-shifted peaks compared to PE, PP, and PVC.

3.2. Polymer Identification Scheme

Initial analysis of the data indicates distinguishable patterns among groups of plastics stained
with Nile Red when excited at different wavelengths. Given that all tested plastics exhibited similar
spectral peaks under 525 nm excitation, emission peaks under 405 nm and 465 nm excitation appear
particularly critical for polymer identification.

Figure [3] outlines a preliminary polymer categorization framework derived directly from spectral
data of Nile Red-stained plastics. This framework holds promise for identifying unknown plastic
polymers or classifying them into specific groups. However, using Nile Red alone poses challenges in
distinguishing between PP and PE, or among nylon, PUR, and PVC. Spectral peak positioning, such as
the leftward shift of PVC peaks compared to nylon and PUR under 465 nm and 525 nm excitation, may
assist in further categorization. The identification scheme presented in Figure 3 serves as a preliminary
basis that can be expanded upon in future work.
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Figure 3. Polymer Identification Scheme [25].

3.3. Spectral Data from Nile Red-stained Field Plastic Samples

To verify if plastics found in the natural environment could be identified using the collected
spectral dataset, field trials were conducted. Plastics were gathered from the shore at Magazine Beach
in Cambridge, Massachusetts, and their chemical composition was confirmed using FTIR. Only those
plastics whose polymer composition was successfully verified by FTIR were included, resulting in a
dataset of 5 polypropylene (PP) samples and 3 polyethylene (PE) samples. These samples were then
examined with a fluorimeter. Figure 4 illustrates the fluorescent emission spectra for five polypropylene
and three polyethylene field samples for excitation wavelengths of 405 nm, 465 nm, and 525 nm.

The data from the field trials demonstrate that the preliminary polymer identification scheme
shown in Figure [3] successfully identified 80% of the polypropylene samples and all polyethylene
samples based on their spectral peaks. One polypropylene sample lacked a prominent peak at 572 nm
but displayed the other requisite peaks. For 525 nm excitation, the polyethylene samples exhibited
no visible peaks, suggesting that the long-pass filter may have restricted the spectral window. It is
currently challenging to distinguish between polyethylene and polypropylene based on spectral data
alone. Since a plastic’s spectral data depends on the polymer, additives, pigments, and fluorescent
dyes, a larger and more diverse dataset is needed to accurately capture the spectral footprint of each
polymer. Future research should also explore alternative methods for differentiating plastic polymers
with similar fluorescent spectra.
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Figure 4. Fluorescent emission spectra of Nile Red-stained field plastics for different excitation wave-
lengths [25]

3.4. Pairing Spectral Data with Low-Cost Microplastic Imaging

Several studies on automated image analysis methods for microplastic detection using Nile Red
exist in academic literature. Meyers et al. (2022) describe a semi-automated approach utilizing a
machine-learning model that classifies microplastics based on their RGB profiles [26]. While their
model effectively differentiated plastics from organic materials and identified polymer types, it was
trained and validated on high-quality images captured with fluorescence microscopy. Although their
work shows promise for adaptation to a more affordable approach, it would require retraining on
images obtained with a field-portable camera, as opposed to a fluorescence microscope. Similarly,
Sturm et al. (2023) developed an automated imaging method for Nile Red-stained plastic particles
intended for wastewater treatment facilities. Their methodology involved digestion to reduce false

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 July 2024                   doi:10.20944/preprints202407.2045.v1

https://doi.org/10.20944/preprints202407.2045.v1


8 of 13

positives from organic materials, but the most significant costs were linked to the use of fluorescence
microscopy [27]. If low-cost imaging techniques can be utilized to train a comparable model, this
method could become viable for cost-effective applications alongside strategies to eliminate false
positives.

To understand how the collected spectral data could correlate with visual appearance, the imaging
system presented in Figure 5 was specifically designed and constructed to illuminate and capture
images of stained plastic samples using similar excitation wavelengths and long pass filters compared
to the fluorescence spectrometer experiments at a low cost. This system primarily comprises of a
Raspberry Pi (RPi) Model 4B and a 64-megapixel Arducam Hawkeye camera equipped with autofocus
capabilities. Images were obtained using the libcamera library with the exposure value set to 10 and
saved in .jpg format without alteration prior to presentation here. The long pass filters employed
to characterize the fluorescence emission spectra of the stained plastics were mounted below the
camera prevent excitation light from interfering with the images. The excitation sources included
UV, blue, and green LEDs located just beneath the filter, emitting wavelengths of 405 nm, 465-470
nm, and 525-530 nm, respectively, according to manufacturer specifications. Two LED sets—UV and
RGB—were connected to the RPi, allowing for seamless switching between them. The total cost of the
system, including long pass optical filters, was under $450; without the filters, it was below $200.

Figure 5. Low cost microplastic imaging set up [25].

Imaging was conducted in a dark room to enhance image quality and minimize optical interfer-
ence. The images presented in Figure 6 are fragments of less than 5 mm cut from the samples analyzed
in the fluorescence spectrometer so their spectral data can be compared to their visual images.

Figure 7 pairs raw spectral data of each plastic with images of the plastic taken from Figure
6 for each excitation wavelength. Based on these images, this section will qualitatively note visual
differences in fluorescent intensities and color emissions under various excitation wavelengths to
highlight characteristics that may distinguish between polymers. At a plastic’s highest emission
intensity peak for a specific wavelength and optical filter, it is anticipated that the microplastic will
appear brightest for that combination. Conversely, the plastic is expected to exhibit the least brightness
at the lowest emission intensity peak for the same parameters.
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Figure 6. Images of Nile Red-stained lab plastics for different excitation wavelengths [25]
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Figure 7. Images of Nile Red-stained lab plastics paired with raw fluorescent emission data for different
excitation wavelengths [25]
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For each plastic, it can be observed that the brightest image corresponds to a peak with the highest
intensity, such as with polyurethane, located in the bottom left corner of Figure [7]. Polyurethane
is brightest at an excitation wavelength of 525 nm, which matches the fluorescent intensity graph.
The visual color of the plastic also corresponds well to the peak of the 525 nm profile located near
630 nm. Other plastics can similarly exhibit reasonable colors that match the emission peak. While
this system is a low-cost prototype, further refinement may help standardize images and provide the
foundation for a computer vision tool to automatically classify the microplastic polymer based on
visual appearance.

4. Discussion

This work presented preliminary fluorescent emission data of Nile Red-stained plastic polymers
stained with Nile Red and highlighted distinguishable spectral patterns that can be applied towards a
polymer identification model.

The recorded peaks were a result of the specific combination of excitation wavelengths, long-pass
filters, and scanned emission wavelength ranges used in this study. Prominent peaks may exist in
regions that were not recorded, such as between the excitation wavelength and long pass filter cut-on
wavelength or between the long pass filter cut-on wavelength and the start of the scanned emission
wavelength range.

The data also suggest that the long-pass filters used in this project need refinement. Specifically,
the 570 nm cut-on filter often encroaches into the spectral window of polypropylene and polyethylene
when excited at 525 nm. Future efforts should focus on optimizing long-pass filters to maximize
spectral windows and employing a laser for excitation instead of a Xenon lamp to reduce noise from
excitation fluorescence.

The results indicate that while the spectra of Nile Red-stained plastics can provide a basis for
polymer classification, the overlap of spectral peaks at certain wavelengths may limit reliability.
High-resolution spectral characterization and advanced spectral processing techniques such as decon-
volution could potentially address these challenges. Given that the fluorescence spectra of stained
plastics reflect a combination of polymer type, additives, pigmentation, and fluorescent dye, further
comprehensive spectral testing across a wide range of polymer types and weathered conditions is
necessary to capture common additives, pigments, and physical states of consumer plastics found
in the natural environment. Expanding and encoding the dataset to develop an automated tool for
extracting and matching spectral peaks might reveal additional distinguishing factors for polymer
identification models.

The spectral data obtained in this study can be used to inform future microplastic experiments
that use acetone-based Nile Red and excitation wavelengths of 405 nm, 465 nm, and 525 nm. Overall,
this work contributed towards the development of a novel polymer identification method for Nile
red-stained plastics through the characterization of spectral peaks paired with visual images taken
with a proof-of-concept low-cost system. The data provided can build the foundation for future
standardized Nile Red-based fluorescent tagging experiment protocols and the design of low-cost
microplastic imaging systems.
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