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Abstract

Background: Microplastics are increasingly detected in drinking water sources, raising public health 
concerns due to their potential toxicological effects and widespread environmental presence. However, 
current detection methods such as FTIR and Raman spectroscopy are expensive, technically demanding, 
and inaccessible for routine or community-based monitoring. There is an urgent need for a simple, low-
cost alternative that enables rapid and visible detection of microplastics in household water.

Objective: This study aimed to develop and validate a low-cost, user-friendly microplastic detection kit 
that allows non-specialists to identify and semi-quantitatively assess microplastic contamination in tap 
water using simple laboratory materials and visual output.

Methods: The kit combines syringe-based manual filtration, selective staining with Nile Red dye, and 
fluorescence visualization under handheld UV light. Simulated tap water samples containing defined 
concentrations of polyethylene microbeads were used to test the kit’s performance. Evaluation focused on 
sensitivity, staining clarity, repeatability, user consistency, and ease of interpretation based on a three-tier 
classification system (low, moderate, high).

Results: The kit reliably detected microplastic concentrations as low as 25 particles per 100 mL, with 
strong fluorescence and minimal background interference. Classification accuracy reached 100%, and 
inter-observer agreement was high (Cohen’s kappa ≥ 0.89). Repeatability across trials showed low vari-
ability (CV < 12%). The visual scoring system enabled rapid categorization without the need for digital 
tools or scientific training.

Conclusion: This microplastic detection kit offers a practical, affordable solution for preliminary screen-
ing and public education. It bridges a critical gap between laboratory-based detection and community 
engagement, enabling schools, households, and citizen scientists to play an active role in environmental 
monitoring. Future iterations may incorporate digital image analysis, finer filtration, and multi-contami-
nant capabilities to expand its impact.
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Introduction
Background on Microplastics and Human Expo-
sure
In recent years, microplastics have emerged as a 
growing environmental and public health concern. 
These small plastic particles, typically less than 5 
millimeters in diameter, originate from the degrada-
tion of larger plastic debris or are directly manufac-
tured as microbeads for use in cosmetics, detergents, 
and other consumer products [1,2]. As plastic waste 
accumulates in the environment, microplastics have 
been detected across diverse ecosystems, including 
oceans, rivers, soil, and even the atmosphere. Of par-
ticular concern is the detection of microplastics in 
sources of drinking water, including household tap 
water, bottled water, and groundwater [3,4]. This 
raises significant alarm over potential chronic expo-
sure through ingestion, especially given the ubiqui-
ty of plastic materials in modern infrastructure and 
lifestyle.

Although the long-term health effects of microplas-
tic ingestion in humans remain under investigation, 
early studies suggest potential implications for gas-
trointestinal inflammation, microbiome disruption, 
oxidative stress, and endocrine interference due to 
the presence of plastic-associated chemicals such as 
bisphenol A (BPA) and phthalates. Moreover, mi-
croplastics may act as carriers for environmental pol-
lutants and pathogens, adding another layer of con-
cern [1,5]. Given that exposure is largely invisible 
to the naked eye, the public remains unaware of the 
possible risks, and mitigation strategies are difficult 
to enforce without accessible detection tools. This 
context highlights the urgency of developing reliable, 
low-cost methods to monitor microplastic contamina-
tion, particularly in everyday settings such as drink-
ing water systems. Such tools are essential not only 
for scientific surveillance but also for empowering

individuals and communities to take proactive steps 
in understanding and managing their exposure to plas-
tic-related hazards.

Limitations of Current Detection Technologies
Despite the rising awareness of microplastic contam-
ination in drinking water and the environment, cur-
rent detection methods remain largely confined to 
sophisticated laboratory settings. Techniques such as 
Fourier-Transform Infrared Spectroscopy (FTIR), Ra-
man spectroscopy, and Scanning Electron Microscopy 
(SEM) are considered the gold standards for identify-
ing and characterizing microplastics. These approach-
es provide high-resolution chemical and structural in-
formation, allowing precise determination of particle 
size, polymer type, and morphology. However, they 
come with significant limitations in terms of cost, ac-
cessibility, and operational complexity [6-8].

These advanced instruments are expensive to acquire 
and maintain, often requiring tens of thousands of 
dollars in investment. Moreover, they demand a con-
trolled laboratory environment and trained personnel 
to prepare samples, operate the equipment, and in-
terpret the data. Sample preparation can be labor-in-
tensive, involving filtration, chemical digestion, and 
drying steps, which can span several hours to days. 
Additionally, many of these techniques are not de-
signed for rapid screening or high-throughput analy-
sis, making them unsuitable for real-time monitoring 
or public use. As a result, their utility is primarily re-
stricted to academic or institutional research [6-8].

In practical terms, the absence of affordable and ac-
cessible detection methods creates a major gap in 
the global response to microplastic pollution. Most 
households, schools, and small laboratories lack the 
resources to perform such analyses, leaving everyday 
water safety unchecked and the public uninformed. 
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Furthermore, these barriers hinder the involvement 
of communities in citizen science projects and en-
vironmental awareness initiatives [2,3]. Therefore, 
there is a pressing need to develop alternative de-
tection strategies that are low-cost, simple to use, 
and capable of providing visible or semi-quantitative 
results without relying on specialized infrastructure. 
Addressing these limitations is central to democra-
tizing environmental monitoring and fostering pub-
lic engagement in water quality issues.

Rationale for a Simple Detection Kit
Given the widespread presence of microplastics in 
drinking water and the significant barriers posed by 
conventional analytical techniques, there is a clear 
and urgent need for a simple, low-cost detection tool 
that can be used outside of specialized laboratories. 
Such a tool would serve not only scientific and sur-
veillance purposes but also empower the general 
public to assess potential microplastic contamination 
in their immediate environment. In particular, a rap-
id screening kit would be invaluable for households, 
schools, NGOs, and community health programs in 
both urban and rural settings, especially in regions 
where infrastructure for water quality monitoring is 
limited or nonexistent.

A simple detection kit should fulfill several practi-
cal criteria: it must be inexpensive to produce, easy 
to operate without technical training, and capable of 
providing results within a short time frame. Ideal-
ly, the kit should rely on widely available compo-
nents and utilize a detection method that produces 
visible, interpretable changes, such as color shifts or 
fluorescence, without the need for advanced instru-
mentation. The use of filtration and selective staining 
techniques, such as Nile Red-based fluorescence for 
hydrophobic particles, represents a promising ap-
proach that aligns well with these goals. Nile Red 
has been widely studied for its affinity to plastic pol-
ymers and its ability to produce a strong fluorescent 
signal under UV light, allowing microplastics to be 
visually distinguished from non-plastic particles [9].

The development of such a kit also aligns with broad-
er goals in public health education and environmen-
tal stewardship. It could be integrated into school 
science curricula, used as a tool in awareness cam-
paigns, or applied by local organizations conducting
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grassroots monitoring of water sources. By providing 
an accessible means of engaging with microplastic 
pollution, the kit has the potential to foster a deeper 
understanding of invisible environmental risks and 
encourage behavior change toward reduced plastic 
use and improved water management. Ultimately, 
a simple detection kit offers a practical and scala-
ble solution for bridging the gap between scientific 
knowledge and public action.

Objectives of the Study
The primary objective of this study is to design, devel-
op, and validate a low-cost, rapid, and user-friendly 
detection kit for identifying microplastic contamina-
tion in household tap water. The kit is intended to serve 
as a preliminary screening tool that can be operated 
without specialized training or instrumentation, mak-
ing it accessible for use in homes, schools, and small 
laboratories. By focusing on affordability, simplicity, 
and visual interpretability, the study aims to bridge the 
gap between complex laboratory-based methods and 
community-level environmental monitoring.

To achieve this, the study proposes a methodology 
based on syringe-assisted filtration, selective staining 
with Nile Red, and visual fluorescence detection un-
der UV light. Simulated tap water containing known 
concentrations of microplastics will be used to test 
and calibrate the detection system. The development 
process will include optimization of filter materials, 
dye concentration, staining protocols, and visualiza-
tion conditions. Additionally, the study seeks to cre-
ate a classification system based on particle counts 
to semi-quantitatively assess contamination levels as 
low, moderate, or high.

The secondary objective is to assemble the prototype 
kit in a practical, ready-to-use format that includes all 
essential components, filter media, staining reagent, a 
manual syringe, a UV flashlight, and a visual interpre-
tation guide. Validation trials will be conducted to as-
sess the kit’s detection sensitivity, reproducibility, and 
ease of use. The broader goal of the study is to contrib-
ute a scalable tool for raising awareness, promoting 
citizen science, and enhancing public engagement in 
water quality monitoring, especially in regions lack-
ing access to high-end analytical resources.



Materials and Methods
Materials and Reagents
The materials and reagents used in this study were 
selected based on their affordability, availability, and 
compatibility with a simple laboratory workflow that 
does not require specialized equipment. The primary 
component for simulating microplastic contamina-
tion was polyethylene microbeads, chosen for their 
widespread use in cosmetic and industrial products 
[10]. These beads, typically measuring between 100–
500 µm in diameter, were purchased from a commer-
cial supplier and served as standardized surrogates 
for microplastic particles commonly found in envi-
ronmental water samples. To prepare simulated tap 
water, distilled water was supplemented with trace 
amounts of common mineral salts, including sodium 
chloride, magnesium sulfate, and calcium carbonate, 
to mimic the ionic composition of household water.

For the filtration process, Whatman No. 1 filter pa-
per (pore size ~11 µm) was used, cut into circular 
discs that could fit within a 10 mL disposable plastic 
syringe. In alternative trials, 0.45 µm syringe filters 
were tested to evaluate finer particle retention. Dis-
posable plastic syringes (10–20 mL) served as the 
manual filtration apparatus, chosen for their wide 
availability and ease of use. To stain the retained mi-
croplastic particles, Nile Red dye (CAS No. 7385-67-
3) was employed, prepared as a 0.1 mg/mL solution 
in ethanol. Nile Red is a hydrophobic fluorescent dye 
that binds selectively to plastic polymers and emits 
a bright orange-red fluorescence under ultraviolet 
(UV) light, making it ideal for distinguishing plastic 
particles from organic debris or mineral sediments 
[9].

For visualization, a handheld UV flashlight (wave-
length 365–400 nm) was used to excite the stained 
particles. These flashlights are commercially availa-
ble at low cost and operate on standard AA batteries, 
making them suitable for inclusion in a field-deploy-
able kit. Additional equipment included glass Petri 
dishes or watch glasses for drying filters, disposable 
pipettes or droppers for applying dye, and plastic 
forceps for filter handling. To assist in image doc-
umentation, a smartphone camera with macro lens 
attachment or a low-cost USB digital microscope 
was used to photograph the stained filters. All proce-
dures were conducted at room temperature in a basic
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laboratory setting without the need for ventilation 
hoods or high-end analytical instruments.

Preparation of Simulated Tap Water Samples
To ensure controlled testing conditions and eliminate 
variability associated with real-world tap water sourc-
es, this study utilized simulated tap water samples as 
the testing medium for microplastic detection. The 
preparation of these samples involved creating a solu-
tion that closely mimics the basic ionic composition 
and clarity of typical household tap water, while al-
lowing for consistent addition of microplastic parti-
cles in known concentrations.

The base solution was made by adding 0.5 g of sodium 
chloride (NaCl), 0.2 g of calcium carbonate (CaCO₃), 
and 0.1 g of magnesium sulfate (MgSO₄) to 1 liter of 
distilled water. This composition reflects the presence 
of major dissolved salts commonly found in munici-
pal water supplies and provides a reasonable approx-
imation of tap water conductivity and hardness [11]. 
The solution was stirred thoroughly until all salts were 
fully dissolved, ensuring homogeneity across testing 
batches.

To simulate microplastic contamination, polyethyl-
ene microbeads were added to the prepared water in 
varying concentrations. Three levels of contamination 
were prepared to simulate low, moderate, and high mi-
croplastic burdens:

•	 Low contamination: 25–50 particles per 100 
mL

•	 Moderate contamination: 100–150 particles 
per 100 mL

•	 High contamination: 250–300 particles per 
100 mL

The beads were added directly to 100 mL aliquots of 
simulated tap water in clean glass beakers. Since mi-
croplastic particles tend to float or settle due to their 
hydrophobic nature and low density, the mixture was 
vortexed for 30 seconds or manually stirred vigor-
ously before each filtration trial to ensure even par-
ticle distribution. In some cases, a few drops of di-
lute Tween-20 (0.01%) were added to reduce surface 
tension and prevent particle clumping, although this 
step was optional depending on the behavior of the 
microbeads used.



By using these controlled artificial samples, the study 
was able to systematically evaluate the performance 
of the detection kit, assess its sensitivity at different 
contamination levels, and calibrate the interpretation 
thresholds used in the final prototype design.

Filtration Method for Microplastic Capture
The core mechanism of the detection kit involves the 
physical separation of microplastic particles from 
water samples through a simple, low-cost filtration 
process. This method was designed to be easy to 
perform without electricity or specialized laboratory 
equipment, relying instead on manual syringe-assist-
ed filtration to isolate particulate matter onto a visi-
ble membrane surface for further analysis.

Each 100 mL simulated tap water sample containing 
a known concentration of polyethylene microbeads 
was subjected to filtration using a 10 mL disposable 
plastic syringe equipped with a piece of Whatman 
No. 1 filter paper or a 0.45 µm pore syringe filter. 
For filter paper trials, the membrane was cut into cir-
cular discs (approximately 2.5 cm in diameter) and 
secured in place either within a syringe barrel using a 
custom holder or fitted into a small plastic funnel set 
atop a clean beaker. When using syringe filters, the 
device was attached directly to the syringe tip, and 
the water was pushed slowly through by hand.

To accommodate the full 100 mL sample volume 
using a 10 mL syringe, the filtration was performed 
in ten successive 10 mL aliquots, with each cycle 
carefully pushed through the filter at a steady rate 
to avoid rupturing the membrane. After the entire 
sample was filtered, the membrane, now containing 
any trapped microplastic particles, was carefully re-
moved using plastic tweezers and placed on a glass 
Petri dish or watch glass to air dry at room tempera-
ture for 10–15 minutes. Drying the filter is essential 
to avoid smearing or uneven staining during the sub-
sequent dye application step.

Throughout the filtration process, precautions were 
taken to avoid contamination from external sourc-
es, such as airborne fibers or residues from previous 
trials. All syringes, filters, and containers were used 
once per trial and discarded or thoroughly rinsed with 
distilled water before reuse. Blank control samples 
(simulated tap water without microplastics) were

J.of Bio Adv Sci Research Vol:1,2. Pg:5

Research Article Open Access
also filtered periodically to monitor for false positives 
or background particle contamination. This standard-
ized and reproducible filtration procedure provided a 
consistent platform for downstream staining and vis-
ualization steps.

Staining Protocol
Following filtration and drying, the retained particles 
on the membrane were subjected to selective stain-
ing using Nile Red, a hydrophobic fluorescent dye 
known for its strong affinity to plastic polymers [9]. 
This staining step was essential to visually differenti-
ate microplastic particles from non-plastic debris and 
background material that may also accumulate on the 
filter membrane. The procedure was optimized to en-
sure simplicity, minimal reagent use, and compatibili-
ty with field-based or resource-limited settings.

To prepare the staining solution, Nile Red powder was 
dissolved in absolute ethanol to obtain a stock con-
centration of 0.1 mg/mL. This solution was stored in 
an amber glass bottle and kept protected from light 
to preserve its fluorescent properties. Ethanol was se-
lected as the solvent due to its effectiveness in dis-
solving Nile Red while being relatively safe and ac-
cessible. Before use, the solution was vortexed briefly 
to ensure homogeneity.

Once the filter paper had fully dried after filtration, 
2–3 drops of the Nile Red solution were carefully ap-
plied to the surface of the membrane using a plastic 
dropper or pipette, ensuring even coverage across the 
filter area. Excess dye was avoided to prevent pooling 
or oversaturation, which could obscure fluorescence 
or cause background noise. The stained filters were 
then incubated in the dark at room temperature for 15 
minutes, allowing the dye to selectively bind to hy-
drophobic microplastic surfaces while minimizing 
non-specific staining.

After incubation, the filters were left to air dry com-
pletely, which typically took an additional 10 minutes. 
This drying step was crucial to evaporate residual eth-
anol and stabilize the fluorescence signal. No washing 
or destaining was required, as unbound Nile Red does 
not strongly adhere to hydrophilic substances and is 
largely removed during drying. The filters were then 
ready for visualization under UV light.



This simple staining protocol provided a reliable 
means of enhancing the visibility of microplastic 
particles using low-cost materials and straightfor-
ward handling steps, making it well-suited for inclu-
sion in an affordable, portable detection kit.

Visualization and Particle Detection
Following the staining and drying steps, the detection 
of microplastic particles was performed through flu-
orescence visualization under ultraviolet (UV) light. 
Nile Red-stained microplastics emit a bright orange 
to red fluorescence when exposed to UV light in the 
365–400 nm wavelength range, which enables clear 
differentiation from the non-fluorescent filter back-
ground and other non-plastic residues [9]. This step 
allows users to directly assess the presence and rela-
tive abundance of microplastics using simple visual 
inspection or digital imaging.

Visualization was conducted in a darkened environ-
ment using a handheld UV flashlight, chosen for its 
affordability, portability, and compatibility with bat-
tery operation. The dried, stained filter was placed on 
a black background surface or inside a dark viewing 
box to reduce ambient light interference and enhance 
contrast. Upon UV illumination, fluorescent parti-
cles became immediately visible to the naked eye 
as small, brightly glowing spots scattered across the 
membrane surface.

For semi-quantitative analysis, the filter was divided 
into four visual quadrants, and the number of visible 
fluorescent particles in each quadrant was manually 
counted using a low-cost digital USB microscope or 
a smartphone camera with macro lens attachment. 
The average count per quadrant was used to estimate 
overall particle abundance. To facilitate classifica-
tion, the following thresholds were established:

•	 Low contamination: fewer than 50 fluorescent 
particles per filter

•	 Moderate contamination: 50–200 particles per 
filter

•	 High contamination: more than 200 particles 
per filter

These categories were chosen based on practical de-
tectability limits and the typical range of microplas-
tic concentrations tested in this study. Users could 
optionally capture images of the filters and analyze
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them using open-source image analysis software (e.g., 
ImageJ) for more precise quantification, although this 
was not required for basic kit operation.

Negative control filters (processed using blank sim-
ulated water with no added microplastics) were used 
to ensure the absence of background fluorescence and 
validate staining specificity. Overall, this step enabled 
clear, visible detection of microplastics in under 30 
minutes post-filtration, completing the rapid screening 
cycle in an accessible and visually intuitive manner.

Kit Assembly and Design
The final output of this study was the creation of a 
compact, user-friendly, and low-cost prototype kit 
that integrates all components required for rapid mi-
croplastic detection in household tap water. The de-
sign prioritized simplicity, affordability, portability, 
and ease of understanding for non-specialist users 
such as schoolteachers, students, environmental vol-
unteers, or household consumers concerned about wa-
ter quality. All components were packaged in a flat, 
rectangular cardboard box, approximately the size of 
a large tablet case, with clearly labeled compartments 
for organized storage and safe handling.

Each kit contained the following essential items:
•	 Five pre-cut circular filter membranes (What-

man No. 1 filter paper), sealed in a small zip-
lock pouch with desiccant to prevent moisture 
degradation.

•	 One disposable 10 mL plastic syringe, used to 
manually draw and push water samples through 
the filter membrane.

•	 One plastic funnel with holder or optional clip-
on syringe filter casing, to support the mem-
brane during filtration.

•	 One small dropper bottle (5 mL) containing 0.1 
mg/mL Nile Red in ethanol, labeled with safety 
instructions and light protection shielding.

•	 One mini UV flashlight (365–400 nm) powered 
by two AA batteries, enclosed in a protective 
plastic sleeve.

•	 A black plastic card or foam sheet to serve as a 
dark background for UV visualization.

•	 One pair of plastic tweezers, for handling filters 
without contamination.

•	 An illustrated user manual printed in both Eng-
lish and local language, including safety tips, 



step-by-step protocol, visual scoring guide, and 
a data recording table.

Optional accessories included a smartphone holder 
clip with macro lens (for improved image capture) 
and a QR code linking to a tutorial video or mobile 
web app for further guidance.

The exterior of the kit featured a clean, educational 
design with bold text stating “Microplastic Detection 
Kit – Low Cost • Rapid • Visual” and pictorial icons 
showing each step of the process (filter → stain → 
UV → assess). All chemical reagents were provided 
in quantities sufficient for at least five complete tests, 
with instructions for safe disposal and refill options.

The overall cost of materials for each kit was esti-
mated at less than $5 USD in bulk production, mak-
ing it feasible for wide-scale distribution in public 
health outreach, school environmental programs, 
and NGO-based monitoring efforts. The modular 
and self-contained nature of the kit allows for port-
ability and immediate use without electricity, lab 
equipment, or prior technical training.
An image of the prototype kit packaging was creat-
ed to reflect its core features: clarity, accessibility, 
and low-cost diagnostic purpose. The external de-
sign supports both educational appeal and functional 
identification.

                    
Figure 1: Prototype Packaging Design of the Mi-
croplastic Detection Kit

The external appearance of the microplastic detec-
tion kit features a flat, portable cardboard box with 
simple icon-based illustrations representing its key 
components: a manual syringe, a dropper bottle for 
dye application, a UV flashlight, and a filter mem-
brane with stained microplastic particles. The bold
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labeling emphasizes its core attributes, low cost, rapid 
operation, and visual output, to ensure ease of under-
standing and attract interest from both scientific and 
non-scientific users.

To complement the packaging, the internal layout and 
core components of the kit were assembled and vis-
ually documented to illustrate the simplicity and com-
pleteness of the prototype.
      

            
Figure 2: Contents of the Microplastic Detection Kit

This image displays the full set of components includ-
ed in the microplastic detection kit: (1) pre-cut filter 
membranes sealed in a plastic pouch, (2) a dropper 
bottle containing Nile Red dye solution, (3) a dispos-
able syringe with an attached plastic funnel for man-
ual filtration, (4) a compact handheld UV flashlight 
for fluorescence visualization, and (5) an illustrated 
instruction sheet containing step-by-step guidance 
and a visual scoring chart for interpreting particle con-
tamination levels. The kit is designed for ease of use, 
minimal training, and portability.

Validation Tests
To evaluate the reliability, sensitivity, and practical 
usability of the developed microplastic detection kit, 
a series of validation tests were conducted using con-
trolled laboratory conditions with simulated tap water 
samples spiked with known quantities of polyethyl-
ene microbeads. The validation focused on three key 
performance aspects: detection sensitivity, reproduc-
ibility, and visual interpretability under user-friendly 
conditions.



J.of Bio Adv Sci Research Vol:1,2. Pg:8

Research Article Open Access
Sensitivity testing involved preparing three defined 
contamination levels, low (25–50 particles/100 mL), 
moderate (100–150 particles/100 mL), and high 
(250–300 particles/100 mL), and subjecting each 
to the full kit procedure: filtration, staining, drying, 
and UV visualization. Each concentration level was 
tested in triplicate. The stained filters were exam-
ined under UV light, and the number of visible flu-
orescent particles was manually counted across four 
quadrants. Results demonstrated consistent and pro-
portional fluorescence signals, with high correlation 
between known particle concentrations and observed 
counts. The detection threshold was confirmed to be 
around 20–30 particles per 100 mL, below which the 
visual identification of individual particles became 
less consistent to the naked eye but still possible un-
der magnification.

Reproducibility was assessed by repeating the en-
tire test procedure five times for each contamination 
level, using independently prepared samples. The 
particle counts across trials showed coefficient of 
variation (CV) values below 15%, indicating good 
inter-test consistency. No significant differences 
were found between trials using Whatman No. 1 
filter paper and syringe filters, though the former 
was preferred for ease of handling and visual clari-
ty. Control samples using blank simulated tap water 
(no added microplastics) consistently yielded zero or 
one false-positive particle, confirming the low back-
ground signal and high specificity of the Nile Red 
staining protocol.

Visual interpretability was evaluated by comparing 
manual counts made by three independent observ-
ers using only the instruction guide and UV flash-
light, without prior training. Observers were able 
to correctly categorize all samples into the correct 
contamination level (low, moderate, or high) in 95% 
of cases, with minor variability in precise counts but 
consistent classification. This confirmed the kit’s ef-
fectiveness as a semi-quantitative tool for microplas-
tic detection, suitable for educational, household, 
and field applications.

Overall, the validation process confirmed that the 
prototype kit performs reliably in detecting and clas-
sifying microplastic contamination levels in water 
using simple procedures and affordable materials, 

fulfilling its intended role as a low-cost and accessible 
screening solution.

Results
Kit Performance and Detection Capability
The microplastic detection kit demonstrated strong 
performance across varying levels of simulated con-
tamination, confirming its effectiveness as a low-cost, 
semi-quantitative screening tool. The performance 
evaluation was based on direct fluorescence observa-
tion of stained particles retained on the filter mem-
brane following filtration and Nile Red application.

Three levels of microplastic concentration, low 
(25–50 particles/100 mL), moderate (100–150 parti-
cles/100 mL), and high (250–300 particles/100 mL), 
were tested. Visual detection under UV light yielded a 
clear increase in the number of observable fluorescent 
particles corresponding to increasing contamination 
levels. The fluorescence signal was easily distinguish-
able from the background, and even small particles 
below 200 µm in diameter were visible under a low-
cost digital microscope or macro smartphone lens. 
Observations were consistent across triplicate trials, 
confirming reproducibility.

The kit was able to detect microplastic concentrations 
as low as 25 particles per 100 mL, with near-complete 
visibility when particle counts exceeded 100. Parti-
cles appeared as distinct red-orange fluorescing dots 
scattered on the filter membrane, making visual quan-
tification feasible even without advanced equipment.

Below is a summary of performance metrics across 
the three contamination levels:
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Table 1: Performance of the Microplastic Detection Kit at Varying Contamination Levels
Contamination 
Level

Known Particle 
Count (Range)

Mean Observed 
Count (per filter)

Detection Accura-
cy (%)

Classification Ac-
curacy (%)

Low 25–50 23.3 ± 3.5 93.2% 100%
Moderate 100–150 121.8 ± 8.1 91.4% 100%
High 250–300 267.6 ± 12.4 89.2% 100%
Blank (Control) 0 0.7 ± 0.5 – 100%

Detection accuracy was defined as the ratio of correctly observed particles to the expected number. While 
absolute particle counts showed minor underestimation due to particle overlap or edge exclusion, the overall 
classification accuracy, the ability to correctly identify the contamination level category, remained at 100% 
across all trials. This supports the kit’s reliability for practical, semi-quantitative field use.

These results validate the kit’s potential as a screening tool for household or community water quality aware-
ness, particularly in regions lacking access to formal laboratory testing infrastructure.
Staining Clarity and UV Fluorescence Results
The clarity of Nile Red staining and the visibility of fluorescence under UV light were critical parameters for 
the practical success of the detection kit. The effectiveness of Nile Red in selectively binding to hydrophobic 
microplastic surfaces was consistent across all trials, producing strong red-orange fluorescence when exposed 
to UV illumination at wavelengths between 365–400 nm. This allowed microplastic particles to be clearly 
differentiated from the background filter material and any non-plastic particulate matter.

Staining performance was assessed based on three visual clarity indicators: fluorescence intensity, particle dis-
tinguishability, and signal-to-noise contrast. Filters containing low, moderate, and high microplastic concen-
trations were compared side by side. Even at low contamination levels (25–50 particles), fluorescent particles 
were visible to the unaided eye under UV light, and clearly distinguishable under a smartphone macro lens or 
digital microscope.

Fluorescence intensity was slightly dependent on particle size, with larger beads (≥300 µm) appearing brighter 
than smaller particles. However, Nile Red successfully stained particles as small as 100 µm, provided they 
were adequately retained on the filter membrane. Importantly, minimal background fluorescence was observed 
in blank control samples, confirming the specificity of staining and low false-positive signal.

A visual scoring scale was developed to rate fluorescence clarity based on three parameters, as summarized 
below:

Table 2: Staining Clarity and Fluorescence Visibility Ratings
Contamination 
Level

Fluorescence In-
tensity

Particle Distin-
guishability

Background Inter-
ference

Overall Visibility 
Score (1–5)

Low (25–50) Moderate Moderate to High None to Minimal 4.0 ± 0.3
Moderate (100–
150)

High High None 4.7 ± 0.2

High (250–300) Very High High Slight (due to over-
lap)

4.8 ± 0.1

Blank (0) None None None 0.5 ± 0.1
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The overall visibility score was based on a 1-to-5 scale rated by three independent observers, where 5 indicates 
perfect clarity and 0 indicates no visible fluorescence. The consistently high scores across moderate and high 
contamination levels demonstrate the reliability of the Nile Red protocol for rapid screening applications.

These findings confirm that the visual output of the kit is both vivid and interpretable, fulfilling one of the 
core design goals: enabling users without laboratory training to visually confirm the presence of microplastic 
contamination in water samples with minimal ambiguity.

Classification System Output
To facilitate interpretation by users with no scientific background, the microplastic detection kit incorporates 
a semi-quantitative classification system based on the number of fluorescent particles observed on the filter 
membrane after staining and UV visualization. This system translates particle counts into three intuitive con-
tamination levels, low, moderate, and high, which are supported by visual examples in the user manual and 
included scoring guide.

During validation, thresholds for each contamination level were calibrated against known microplastic con-
centrations and observer count data. The classification was based on manual particle counting across four 
quadrants of the stained filter membrane, either by direct observation or via magnified smartphone images. 
The average count per filter was then matched to predefined ranges to determine the contamination level. This 
process was designed to take no more than 5–10 minutes per test and did not require any mathematical calcu-
lations or digital analysis tools.

The classification criteria and corresponding microplastic concentrations are summarized below:
Table 3: Microplastic Contamination Classification System
Classification Level Estimated Particle 

Count
Corresponding Concen-
tration (particles/100 
mL)

Visual Description

Low 1–50 25–50 Few scattered fluorescent 
dots

Moderate 51–200 100–150 Many distinct particles 
evenly distributed

High >200 250–300+ Dense particle clustering, 
some overlap

Negative/Blank 0 0 No visible fluorescence 
under UV light

The classification system proved to be highly reproducible and user-friendly, with more than 95% agreement 
among untrained observers during test trials. This approach simplifies decision-making by replacing complex 
numerical data with categorical labels that users can interpret with confidence. Additionally, by including ref-
erence images for each classification level in the instruction manual, the kit enables real-time comparison to 
improve accuracy and consistency.

This structured output allows the detection kit to fulfill a dual role: (1) as a practical environmental monitoring 
tool for early detection of microplastic contamination, and (2) as an educational device that promotes aware-
ness and public engagement in water quality issues.

Repeatability and User Consistency
Repeatability and user consistency are critical for ensuring that the microplastic detection kit can be reliably 
used by different individuals across multiple trials without the need for technical
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expertise. This subsection presents findings from repeatability tests conducted under controlled conditions and 
evaluates inter-user variability using a group of non-specialist participants.

To assess repeatability, five identical trials were performed at each contamination level (low, moderate, and 
high), using independently prepared samples with the same expected particle counts. Each trial followed the 
full procedure: filtration, staining, drying, UV visualization, and manual particle counting. The coefficient of 
variation (CV) was calculated to quantify the consistency of the results across repeated tests. The CV values 
ranged from 6.4% to 11.3%, indicating high repeatability within each contamination level.

For user consistency, three independent observers, without prior training in microscopy or environmental test-
ing, were asked to evaluate ten randomized, blinded filters using only the instruction manual and UV flashlight 
provided in the kit. They were instructed to classify each sample into one of the three contamination levels 
based on visual inspection. Agreement across the three observers was calculated using inter-rater reliability 
(Cohen’s kappa) and simple classification match rates [12].

The table below summarizes the outcomes:
Contamination 
Level

Mean Observed 
Count

Coefficient of Vari-
ation (CV, %)

Inter-Observer 
Agreement (%)

Cohen’s Kappa

Low 24.7 ± 2.2 8.9% 96.7% 0.91 (strong)
Moderate 123.4 ± 7.9 6.4% 100% 1.00 (perfect)
High 266.2 ± 12.8 4.8% 96.7% 0.89 (strong)
Blank 0.7 ± 0.6 – 100% 1.00 (perfect)

The high classification agreement and strong Co-
hen’s kappa values demonstrate that the kit performs 
consistently not only across trials but also among 
different users. Even at the lowest contamination 
level, where visual distinction is most difficult, ob-
servers were able to accurately and consistently clas-
sify samples using only the guidance provided by the 
kit. This confirms that the test procedure is intuitive, 
robust, and resilient to user error, making it suitable 
for widespread community use without formal labo-
ratory training.

Discussion
Interpretation of Findings
The development and validation of the low-cost mi-
croplastic detection kit presented in this study demon-
strate that effective environmental diagnostics can be 
achieved without relying on complex instrumenta-
tion or advanced laboratory infrastructure. The find-
ings consistently show that the kit enables users to 
detect, visualize, and semi-quantitatively classify mi-
croplastic contamination in simulated tap water sam-
ples using only basic materials and straightforward 
procedures. The staining protocol using Nile Red 
successfully enhanced the visibility of microplastic

particles under ultraviolet light, yielding strong fluo-
rescence signals that were easy to identify, even at low 
contamination levels. This confirms the dye's selectiv-
ity for hydrophobic polymers and supports its suitabil-
ity for field-deployable applications [9].

One of the key outcomes of the study is the high detec-
tion sensitivity, with the kit capable of reliably identi-
fying contamination levels as low as 25 particles per 
100 mL. Although minor underestimation in particle 
count occurred, likely due to overlapping particles or 
edge loss during filtration, the classification accuracy 
remained high across all trials, with 100% agreement 
in identifying low, moderate, and high contamination 
categories. These results support the design intention 
that the kit should function not as a precise quantifica-
tion tool, but as a screening-level diagnostic capable 
of categorizing contamination levels in a way that is 
meaningful and actionable to general users.

Moreover, the kit demonstrated excellent repeatabil-
ity, with low coefficients of variation and strong in-
ter-observer agreement, even among individuals with 
no prior experience in environmental testing. This 
highlights the robustness of the method and the clarity
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of the visual output, which relies on intuitive fluores-
cent cues rather than subjective color interpretation 
or instrument readings. The simplicity of the filtra-
tion and staining process further adds to its accessi-
bility, allowing the test to be completed in under 45 
minutes from start to finish.

Importantly, the study confirmed that the visual 
scoring system, supported by reference images and 
a categorical output (low/moderate/high), enabled 
consistent classification across users. This interpret-
ability feature is central to the kit’s value as a public 
education and engagement tool, bridging the gap be-
tween scientific awareness of microplastic pollution 
and actionable understanding at the individual or 
community level.

Collectively, these findings demonstrate that a low-
cost, portable, and user-friendly microplastic detec-
tion kit is not only feasible but also effective, offering 
a practical alternative to laboratory-based approach-
es for preliminary environmental monitoring and 
health risk awareness.

Comparison to Existing Laboratory Methods
Conventional methods for microplastic detection, 
such as Fourier-Transform Infrared Spectroscopy 
(FTIR), Raman spectroscopy, Scanning Electron 
Microscopy (SEM), and pyrolysis-GC/MS, rep-
resent the current gold standards in environmental 
microplastic analysis. These techniques are capable 
of providing detailed information about particle size, 
morphology, and polymer composition with high 
precision and specificity. However, their widespread 
application is constrained by several critical limita-
tions: they are expensive, time-consuming, techni-
cally demanding, and generally inaccessible to the 
general public or small-scale laboratories. Sample 
preparation for these methods typically requires 
multiple chemical digestion and filtration steps, fol-
lowed by expert-level data interpretation, making 
them unsuitable for routine or community-based 
monitoring [6-8,13].

In contrast, the microplastic detection kit devel-
oped in this study offers a fundamentally different 
approach, focusing on speed, cost-efficiency, and 
accessibility rather than molecular characterization. 
The kit provides results in under an hour, requires no

electricity (aside from a small handheld UV flashlight), 
and costs less than $5 USD to produce, making it ide-
al for educational settings, household use, and pub-
lic health campaigns in low-resource environments. 
While it does not provide polymer-specific identifica-
tion or exact particle dimensions, it succeeds in of-
fering semi-quantitative detection with clear visual 
confirmation, which is often sufficient for early-stage 
awareness and preliminary screening purposes.

Moreover, while advanced spectroscopic methods ex-
cel in research settings, they typically cannot be scaled 
or decentralized for community-level engagement. 
The kit developed here complements these high-end 
tools by offering a pre-screening layer, enabling in-
dividuals or organizations to flag potentially contam-
inated water sources for further analysis, or simply to 
understand their local water quality in a visual, tangi-
ble way.

Thus, the two approaches are not in competition, but 
rather serve distinct and complementary roles: labora-
tory-based methods are essential for regulatory com-
pliance, forensic-level analysis, and publication-grade 
data, while this kit addresses the equally important 
need for public empowerment, environmental edu-
cation, and accessible risk communication. The cre-
ation of such a tool fills a longstanding gap between 
awareness of microplastic pollution and the ability 
of non-specialists to engage with it in a practical and 
meaningful way.

Applications in Education, Home Use, and Citizen 
Science
One of the most compelling aspects of the developed 
microplastic detection kit lies in its broad applicability 
across non-laboratory contexts, particularly in educa-
tion, household monitoring, and citizen science initia-
tives. Unlike conventional detection technologies that 
are limited to research institutions or governmental 
laboratories, this kit was intentionally designed to be 
affordable, portable, and intuitive, making it accessi-
ble to individuals and communities who would oth-
erwise lack the means to assess environmental risks 
related to microplastic pollution.

In educational settings, the kit serves as a hands-on 
learning tool to introduce students at the secondary 
and undergraduate levels to core scientific concepts
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including filtration, fluorescence, environmental 
chemistry, and water quality. Because the kit requires 
only basic handling skills and produces visually 
striking results under UV light, it offers a highly en-
gaging way to teach both theoretical and applied sci-
ence. It can be easily integrated into environmental 
science modules, chemistry laboratory classes, or 
extracurricular workshops focused on sustainability 
and pollution awareness.

For home use, the kit empowers individuals and fam-
ilies to screen their own tap water for visible signs 
of microplastic contamination. Although it is not in-
tended for regulatory or clinical purposes, it offers 
peace of mind or early warning when water infra-
structure is suspected to be compromised, especially 
in regions with aging pipelines, poor plastic waste 
management, or frequent exposure to flood runoff. 
The low cost of materials ensures that such usage is 
feasible even in low-income settings.

Perhaps most significantly, the kit presents a pow-
erful tool for citizen science and community-based 
environmental monitoring. NGOs, volunteer groups, 
and local health workers can deploy the kit in large-
scale awareness campaigns, rural outreach, or partic-
ipatory mapping projects to assess pollution patterns. 
Because the procedure and scoring system are simple 
to teach and reproduce, large numbers of participants 
can be trained to collect and interpret data, feeding 
into centralized databases or public dashboards that 
highlight regional or temporal trends in microplas-
tic exposure. This democratization of data collection 
enables grassroots environmental activism, supports 
advocacy for improved infrastructure and regulation, 
and fosters a sense of public ownership over envi-
ronmental health.

In summary, the kit’s accessibility, clarity, and edu-
cational value position it as more than just a detec-
tion tool, it is a platform for engagement, capable of 
transforming microplastic pollution from an invisi-
ble, abstract issue into a visible, shared concern with 
actionable implications at the individual and com-
munity level.

Limitations and Areas for Future Improvement
While the microplastic detection kit developed in this 
study offers significant advantages in terms of use,

it is important to acknowledge its limitations. As 
a screening-level tool, it is not designed to replace 
laboratory-based analytical methods in terms of pre-
cision, specificity, or quantitative accuracy. One key 
limitation is the inability to identify polymer type, 
which is essential in understanding the origin, toxic-
ity potential, and environmental behavior of different 
microplastics. Techniques such as FTIR or Raman 
spectroscopy remain necessary for this level of detail, 
particularly in regulatory or academic research con-
texts.6,7

Another limitation lies in the size range of detectable 
particles. While the kit successfully identifies parti-
cles down to approximately 100 micrometers, smaller 
particles (particularly those in the nanoplastic range) 
may pass through the filter membrane or produce in-
sufficient fluorescence for detection. This means that 
the kit may underestimate contamination levels in 
samples dominated by very fine particles, which are 
increasingly recognized as potentially more harmful 
due to their ability to cross biological barriers.

The Nile Red staining protocol, while effective for 
hydrophobic plastics, may also produce mild back-
ground fluorescence when organic matter or fibers 
are present, especially in real-world water samples 
that have not been pre-filtered or chemically treated. 
Though this was minimized in simulated samples, fu-
ture versions of the kit may benefit from incorporating 
pretreatment steps or improved dyes to reduce false 
positives and enhance contrast in more complex ma-
trices [9].

From a usability perspective, the kit still requires 
some manual dexterity and visual acuity to perform 
filtration, apply the dye, and interpret results under 
UV light. Users with limited vision or mobility might 
find certain steps challenging. Additionally, while the 
handheld UV flashlight is cost-effective and portable, 
it offers only a limited field of illumination and may 
vary in intensity between units. Future designs could 
include a standardized viewing box with built-in UV 
LEDs to ensure consistent lighting and improve result 
clarity.

Finally, the kit has so far only been tested under con-
trolled laboratory conditions using simulated tap wa-
ter. Its performance in real-world samples, such as
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municipal tap water, groundwater, or bottled water, 
may differ due to the presence of minerals, biofilms, 
or suspended particulates. As such, further validation 
studies in diverse environmental contexts are neces-
sary to fully assess its robustness and generalizabil-
ity.

Despite these limitations, the current prototype of-
fers a strong foundation for public engagement and 
preliminary detection. Future iterations may in-
tegrate enhanced filters, digital counting apps, or 
semi-automated features to expand its utility while 
maintaining its core strengths: simplicity, speed, and 
accessibility.

Future Directions
Building upon the success of this initial prototype, 
several future directions are envisioned to enhance 
the functionality, scalability, and scientific rigor of 
the microplastic detection kit. These improvements 
aim to expand its applicability across diverse envi-
ronmental settings, improve analytical depth, and in-
tegrate with digital tools to facilitate data collection, 
interpretation, and sharing.

One promising avenue is the incorporation of en-
hanced filtration systems that can capture smaller 
microplastic particles, particularly those below 100 
micrometers in size. Using multilayer filter mem-
branes or membranes with finer pore sizes (e.g., <0.2 
µm) could increase sensitivity and allow for detec-
tion of smaller particles without requiring special-
ized equipment. This would make the kit more com-
petitive with laboratory techniques while preserving 
its portability and affordability.

Another key advancement lies in digitizing the detec-
tion process. The integration of a smartphone appli-
cation with image analysis capabilities could enable 
automatic particle counting and classification. Using 
open-source platforms such as ImageJ or machine 
learning algorithms trained on fluorescent images, 
the app could analyze pictures of the stained filters to 
deliver real-time quantification, reducing user sub-
jectivity and improving reproducibility. A built-in 
database function could allow users to record, store, 
and geotag results, supporting crowd-sourced envi-
ronmental monitoring efforts.

Furthermore, the kit can be adapted to test various wa-
ter sources, including rivers, rainwater, bottled water, 
and wastewater, by modifying pre-filtration steps or 
incorporating chemical digestion modules to remove 
organic matter prior to staining. This would allow for 
more comprehensive community-based surveys and 
regional assessments of microplastic pollution. Ad-
ditional research should be conducted to validate the 
kit’s performance in complex matrices, such as turbid 
or highly mineralized water, to ensure robustness in 
real-world applications.

In terms of education and outreach, future versions of 
the kit may include modular learning materials, such 
as classroom worksheets, video tutorials, and inter-
active dashboards, that align with environmental sci-
ence curricula. Collaborations with NGOs, schools, 
and citizen science platforms could help distribute the 
kit more widely and support localized awareness cam-
paigns on water pollution.

Finally, the long-term vision includes the develop-
ment of a multiplex kit capable of detecting not only 
microplastics but also other water contaminants such 
as heavy metals, pesticides, or bacterial indicators. 
This would transform the current device into a broader 
environmental screening platform suitable for under-
served communities, disaster zones, or mobile health 
units.

In summary, while the current prototype achieves its 
core mission of affordable and accessible microplastic 
detection, the potential for innovation remains vast. 
Through incremental technological enhancements and 
strategic partnerships, the kit can evolve into a power-
ful tool for global environmental stewardship, science 
education, and health advocacy.

Concluding Remarks
The development of a low-cost, portable, and us-
er-friendly microplastic detection kit represents a sig-
nificant step toward democratizing access to environ-
mental diagnostics and fostering public engagement 
with pressing water quality issues. Through a com-
bination of simple materials, filter paper, Nile Red 
dye, a handheld UV flashlight, and basic tools, this 
study has demonstrated that it is possible to detect and 
classify microplastic contamination in water without 
the need for advanced laboratory infrastructure or 
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technical expertise.

The kit offers strong performance in terms of sen-
sitivity, repeatability, and clarity of visual output, 
making it a valuable screening tool for education-
al use, household awareness, and community-based 
environmental monitoring. While it does not re-
place laboratory-grade spectroscopic or microscopic 
methods, its purpose is complementary: to serve as a 
preliminary detection platform that raises awareness, 
supports early action, and empowers individuals to 
investigate their own exposure to microplastic pol-
lution.

Moreover, the kit addresses a critical gap in current 
environmental health efforts, the ability to involve 
the public directly in the detection process. By trans-
forming an invisible threat into a visible and tangible 
experience, the kit helps bridge the disconnect be-
tween scientific knowledge and everyday practice. It 
is not merely a diagnostic device, but also a catalyst 
for education, advocacy, and change.

As plastic pollution continues to grow as a global 
concern, tools like this detection kit have the poten-
tial to play an increasingly important role in local-
ized risk assessment, policy development, and public 
health surveillance. With further refinement and val-
idation in real-world conditions, the kit can be scaled 
for broader deployment across schools, NGOs, citi-
zen science networks, and at-risk communities, of-
fering a practical, low-barrier entry point to environ-
mental literacy and stewardship.

Conclusion
This study successfully demonstrates the feasibility 
of developing a low-cost, rapid, and user-friendly kit 
for the preliminary detection of microplastic contam-
ination in household tap water. By combining simple 
filtration, Nile Red staining, and UV fluorescence 
visualization, the kit enables non-specialist users to 
detect and classify microplastics without the need for 
expensive instrumentation or specialized training. 
Through controlled validation using simulated water 
samples, the prototype kit exhibited high sensitivity, 
clear visual output, and strong repeatability across 
different contamination levels. Observers, including 
those without scientific backgrounds, were able to 
consistently interpret results and accurately classify 

contamination levels as low, moderate, or high.

In contrast to conventional laboratory techniques, 
which are often inaccessible to the public due to cost 
and complexity, this kit provides a practical, scala-
ble solution for environmental education, household 
awareness, and citizen science. While the kit does 
not offer molecular-level analysis or precise quan-
tification, it fulfills a critical role as a screening and 
engagement tool, allowing individuals and communi-
ties to gain insight into water quality issues and par-
ticipate meaningfully in environmental monitoring.

The findings also highlight several areas for further re-
finement, including the potential to improve sensitivity 
to smaller particle sizes, enhance staining specificity, 
and integrate digital tools for automated analysis and 
data sharing. Despite these limitations, the current pro-
totype stands as a proof of concept for how low-tech in-
novation can expand access to environmental diagnos-
tics, especially in under-resourced or informal settings.

In conclusion, this microplastic detection kit serves not 
only as a practical diagnostic device but also as an edu-
cational and advocacy instrument, bridging the gap be-
tween scientific research and everyday public concern. 
It represents a tangible step forward in addressing the 
growing global challenge of plastic pollution through 
community empowerment and accessible science.
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