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Abstract—The Global production of plastics has exceeded over
300 million metric tons. Billions of tons of plastic waste that is
generated gets accumulated as plastic debris in soil, sediments,
oceans and surface water with no obvious strategy to tackle them.
The plastics disposed in the water and land ultimately disintegrate
to microplastics, widely accepted as particles <5 mm size. These
microplastics are ubiquitous contaminants prevalent in the
environment and pose great ecological hazard. Ensuring
sustainability of coastal marine areas worldwide and reducing
biodiversity loss has long been identified as a global challenge.
However, dearth of scientific strategies and standardized
protocols for fast and accurate detection of microplastics is a
matter of concern and needs immediate attention. Therefore,
robust, reliable and high through-put detection method for
microplastics in oceanic environment is highly sought after. Quite
a few studies have explored the potential of Nile red a
solvatochromic dye in detection of microplastics. However, often
Nile red alone cannot be used in quantifying microplastic due to
false positives generated by staining of organic matter. In this
work, we have adopted a method based on costaining of
microplastics using Nile red dye and Methylene blue by
fluorescence microscopy. We have observed that Nile red
overestimated microplastic particles and this study serves as
foundation to our future work.

Keywords—Microplastics, Nile Red, Methylene blue, costaining,
fluorescence microscopy.

I. INTRODUCTION

Plastic litter is a globally acknowledged issue with
mismanagement and poor disposal of plastics. Existence of
microplastic (size <5 mm)[1] in the aquatic ecosystem such as
lakes, rivers, seawater, marine coastal areas, and oceans has
garnered critical attention as it exerts toxic impact on marine
organisms and planktons. Marine microplastics are mainly
categorised as: (1) primary microplastics that are manufactured
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in 5 mm size or less, e.g.: micro beads, microfibers from
clothing, nurdles[2] and (2) secondary microplastics that are
generated due to disintegration of macroplastics (generated
from plastic waste such as bottles, plastic bags, disposable
cutlery etc.) influenced by ultraviolet irradiation, high
temperatures, and mechanical shear forces[3], [4].
Microplastics are known to act as vectors for other
environmental contaminants such as PAH, PCB,
pharmaceuticals, thus enhancing their toxicities[5]. Due to
accumulation of microplastics of varying size, composition,
density, color and shape in the marine environment, detection
of microplastics is very challenging. Microplastics that persist
in the marine environment are ingested by different marine
species (fish, shellfish, turtles, sharks and marine algae)
resulting in potential hazards[6]-[8]. They are subsequently
transferred to higher tropic levels via food chain and may pose
serious threat to human health[9]. Assessing microplastics in
the marine environment requires accurate sampling,
identification, both qualitative and quantitative detection
approaches. Nonetheless, high complexity in quantification of
microplastics in the environment is due to lack of standardized
protocols for analysis of microplastics for distinguishing and
quantifying smaller size fractions smaller than 1mm resulting
in miscalculation of microplastic concentration. Visual
inspection of microplastics with microscopic techniques have
been employed resulting in underestimating or overestimating.
Chemical identification techniques such as FTIR and Raman
spectroscopy ~ provide  qualitative  confirmation  but
implementing it for vast oceanic samples can be expensive,
slow paced and tedious[10]. Method of detection of
microplastics should be robust, reliable, cost-effective, offer
high through-put and precisely enumerating microplastics in a
diversified ecological template. Fluorescence staining methods



have gained elevated significance due to simplistic and
sensitive approach.

NR dye (9-diethylamino-5- benzo[a]phenoxazinone
(Figure 1) have been used by various groups in tagging the
microplastics and microfibers. It has also been occasionally
used to determine the lipid content of animal cells and
microorganisms, such as mammalian cells, bacteria, yeasts and
microalgae[11], [12]. Maes et al. have developed NR staining
method for detecting and quantifying microplastics with a
possible drawback of staining organic species such as marine
algae resulting in false positives[13]. Shim et al. have used wet
peroxide method in combination with NR staining of
microplastics in marine samples followed by further
confirmation by FTIR to fully distinguish microplastics from
biogenic matter[14]. Limitations of NR were clearly
highlighted while quantifying microplastics in field samples
due to the ability of NR in staining biological organic matter.
Erni-Cassola et al. have employed H>O, digestion followed by
NR staining for detecting strongly hydrophobic microplastics
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Figure 1. Structure of Nile Red
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(PP, PS, nylon 6 and PE)[15]. However, the protocol cannot be
applied for detecting less hydrophobic samples such as PUR,
PC, PVC, and PET which constituted ~25% of the European
plastic demand in 2015, as chitin and wood lignin also
fluoresced when stained with Nile red resulting in false
negatives. Recently, Stanton et al. have adopted a costaining
approach by using NR in combination with 4',6- diamidino-2-
phenylindole (DAPI), which binds to biological samples[16].
This method accounted for the extent to which NR could
overestimate microplastic particles using DAPI to identify
DNA-specific organic matter stained by NR. Although majority
did not, plastics of some colors autofluoresced in the blue
wavelengths of light used to observe DAPI fluorescence.
Recently, staining method utilizing fluorescent dyes - Safranine
T, fluorescein isophosphate, Nile red was developed based on
the thermal expansion and contraction characteristics of the
plastic[17]. Konde and coworkers have investigated Nile Red
staining in combination with photoluminescence spectroscopy
to detect the polymer type and to differentiate plastics from
non-plastics[18].

NR, a lipophilic dye with phenoxazine nucleus (Figure
1) is solvatochromatic i.e. its fluorescence intensity and colour
depend upon the relative hydrophobicity of the solvent. For
instance, in the presence of midpolar solvents (e.g.
dichloromethane) fluorescence is reddish while in less polar
solvents (e.g. hexane) it is yellow-gold. On the other hand, the
dye’s fluorescence is quenched in aqueous environments thus
acting as a hydrophobic probe.

In the present study, we have developed a Nile Red
(NR) dye-based methodology for staining of microplastics and
their detection by fluorescence microscopy. In our work, we are

currently investigating a costaining approach by using
methylene blue (MB)[19], a well-known biological stain as a
second dye in combination with NR. In our ongoing research,
we have applied this method for few oceanic soil samples
where, MB binds with most of the organic or biological matter
to get rid of false positives that usually result in overestimation
of microplastics due to NR.

II.  MATERIALS AND METHOD

Methylene blue stock solution (10%) was prepared
by dissolving MB in water and subsequently, working
solutions of 0.1% and 0.6% MB were used. NR stock solution
of 100 mg/l was prepared in n-hexane. While preparing the NR
stock solution in hexane, it was first dissolved in small amounts
of acetone and then made up to a known volume in hexane.
This is due to the lower solubility of NR in hexane. Working
solution of 0.5 mg/l was prepared from the stock solution after
suitable dilution. All NR and MB flasks were covered in
aluminum foil.

Pretreatment of samples prior to detection and
quantification of microplastics by NR tagging and fluorescence
microscopy is necessary. Initially microplastics are separated
from soils/sediments and collected onto a filter paper. A highly
dense salt solution such as zinc bromide (our laboratory
method), is used to separate the microplastics from
soils/sediments which have a lower density to that of the salt
solution. Following density separation, the microplastics (fibers
and fragments) floating on the salt solution are filtered onto a
Whatman filter paper, 55 mm dia. of 1.2 um particle size
retention by vacuum filtration. For the examination of the
samples, a Nikon SMZ1500 Stereosco.pic Zoom Microscope
and Leica DM5000 B Fluorescence Microscope (FM) were
used. The samples were examined in the FM at magnification
of 10 and under three wavelengths: UV excitation (360/340
nm) — blue emission (470/40 nm), blue excitation (480/40
nm) — green emission (530/27 nm) and green excitation
(560/15 nm) — red emission (590 nm). A series of blank
experiments were initially performed to ensure there was no
contamination or interference from the samples and dyes
used.

Staining with Nile red of Microplastics

The microplastics of different polymer types were
prepared from everyday products which were initially cut into
small pieces. These small plastic pieces were cryo-milled into

microplastics using the SPEX Sample Prep — 6775
Polypropylene (PP), Polyvinylchloride (PVO),
polytetrafluoroethylene  (PTFE), Polycarbonate (PC),

polyethylene (PE) from biodegradable bags and polyethylene
terephthalate (PET) from a bottle. The filter papers were
further carefully washed with 500 pl water (50 pl at a time)
after about 30 mins of staining to remove excess dye.
Fluorescence measurements of the samples were recorded
using the settings.



Staining with Methylene Blue and Nile Red

All the standards (PVC, PC, PTFE, PP, PET and PE)
were stained with 0.1% and 0.6% MB (sprayed ~2 times until
the whole area was stained) followed by 200 pL of NR and
fluorescence were recorded after 30 min.

Figure 2. Oceanic sample prior (left) and upon (right) staining
with both methylene blue and nile red

Considering the purpose of using MB was to minimize
interference from organic matter, the experiment was
conducted on two Oceanic soil samples to simulate real
conditions. The samples were stained with 0.6% MB, followed
by NR (200 pL) addition (Fig. 3).The final and most important
aim of this experiment is to test the utility of MB on reducing
the background interference of environmental samples.
Considering detection of MPs based on color is not feasible
with a FM, the MPs were identified based on their shape and
fluorescence either as fibers or particles/fragments. Long or
curled fluorescing strips were considered as fibers and
amorphous or circular fluorescing pieces were considered
fragments. However, we are in process of further testing and
validating this newly designed method with abroad range of
oceanic samples to assess the efficacy of the process in vast
environmental matrices.

III.  RESULTS AND DISCUSSIONS

Microplastics fluoresced in all the three
wavelength filters available for the fluorescence microscope-

UV excitation (360/40 nm) — blue emission (470/40 nm), blue
excitation (480/40 nm) — green emission (530/27 nm) and green
excitation (560/15 nm) — red emission (590 nm). However,
Fluorescence was best observed in the green emission which is
consistent with our previous work[20] and hence this
wavelength emission was chosen for subsequent analysis.

Fig. 3 illustrates staining of standard PVC with NR
alone and costaining with MB (0.1% and 0.6%) and NR where
we try to analyze effect of concentration MB may have on the
fluorescence. However, no significant difference was observed
on the fluorescence produced from the two concentrations. Fig.
4 represents effect of costaining on Oceanic soil sample with
MB and NR. Staining of oceanic samples with 0.6% MB
appeared to give better results than with 0.1% MB We could
not determine the optimal MB concentration upon addition of
NR on the MB stained standards, but 0.6% MB clearly
diminishes the fluorescence generated from biological matter
more effectively. A remarkable outcome of this experiment
was that the fluoresced particles standing out from the dark
background which indicated that MPs fluoresce upon NR
staining while MB staining reduces fluorescence of non- plastic
materials.

IV. CONCLUSION

The findings from this study represent a new
methodology for detection of microplastics using co-
application of NR and MB. Our method involving a co-staining
approach and FM, appears promising as MB has good
biological staining ability thereby minimizing interferences and
reducing false positives caused by NR alone. Detection of
microplastics by staining followed by fluorescence microscopy,
provides relatively cheaper and faster detection in comparison
to the more expensive and time-consuming spectroscopic
techniques. The method developed is also useful for providing
information such as shape and size of Microplastics which
would be useful for risk assessment based studies. This method
might prove to be efficient in quantifying microplastics
accurately. The present research provides preliminary
understanding which can be further developed for the
identification and quantification of microplastics in oceanic and
marine environment. Our future work will be dedicated to
extending this work to more rigorous assessment of various

a
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Figure 3. Staining of standard PVC with 200 uL NR (a), 0.1% MB and 200 pL NR (b) and 0.6% MB and 200 pL NR (c)



Figure 4. Effect of costaining on Oceanic soil sample with MB and NR: staining of oceanic soil sample with 200 pL of NR (a), 0.6% MB and 200 uL of NR
(b) and 0.1% and 200 pL of NR

environmental matrices to differentiate microplastics from
natural biological material. We also intend to work on
designing an excitation and emission filter of the specific
bandwidth to distinguish between polymer types.

[10]
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