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Abstract

Microplastic pollution has emerged as a critical global environmental issue, and Bangladesh is no exception, with
its land and water ecosystems increasingly impacted by these widespread contaminants. This research examines
the identification, characteristics of microplastics found in collected greywater samples originating from student
residence at CUET. Greywater samples were gathered from kitchen sinks, showers, and wash basins, aiming to
detect microplastics in different size ranges due to the high risks associated with smaller particles. Microplastics
were identified through density separation method, categorized using FT-IR analysis, and their relative
concentrations were measured. The analysis of greywater samples showed the presence of microplastics, identified
as fibers, fragments, and films composed of various types of polymers. FT-IR analysis identified several polymers,
including Nylon, Polystyrene, Polypropylene, Low-Density Polyethylene (LDPE), High-Density Polyethylene
(HDPE), Low-Density Polyethylene Terephthalate (LDPET), and High-Density Polyethylene Terephthalate
(HDPET). The relative concentration of microplastics indicates the percentage of various polymer types found in
a sample. In wash basin and shower water, Nylon was observed to be the most prevalent, with concentrations of
87.25%, 81.76%, and 64.21%. These results highlight the extensive presence of microplastics in greywater,
revealing the diversity of polymers and emphasizing the urgent need for efficient treatment to mitigate
environmental risks.
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1. Introduction

The management of waste, particularly plastic waste, constitutes a significant environmental challenge for
numerous countries worldwide. It is crucial to develop effective waste management plans, especially for highly
durable plastics that degrade very slowly in the environment. The ongoing production and consumption of plastics
have resulted in significant environmental pollution over time. Microplastics (MPs), defined as plastic particles
smaller than 5 mm (Hongprasith et al. 2020) originate from a variety of sources, including both primary and
secondary MPs. These sources encompass the direct manufacturing of small plastic pellets and microbeads, often
found in products like cosmetics, synthetic fabrics, and personal care items such as scrubs, toothpaste, and lotions.
Additionally, MPs can emerge from the disintegration of larger plastic materials. These smaller pieces persist in
the environment, contributing to pollution (Hidalgo-Ruz et al. 2012) Consequently, MPs have now become
widespread in nature, accumulating in food chains and posing risks due to their toxicity (Teuten et al. 2009)

Greywater, which is domestic wastewater that excludes toilet waste, generally represents 50-80% of total
household water usage (Santasmasas et al. 2013) and significantly contributes to MP pollution. MPs from personal
care products, laundry effluents, and cleaning agents enter the wastewater stream, ultimately contaminating
wastewater treatment facilities (Esfandiari and Mowla 2021). Among these, synthetic fibers released during
laundering are a major type of MPs found in greywater, primarily consisting of polyester (PES), polyamide (PA),
polypropylene (PP), and acrylic, with PES and PA accounting for 14-50% of the total MPs (Pedrotti et al. 2020).

Recent research has detected the presence of emerging pollutants in the water systems of Bangladesh, adding
new challenges to water quality issues related to recycling and reuse. Microplastics are identified as particularly
concerning emerging contaminants. A study conducted on the Surma River in northeastern Bangladesh revealed
the widespread occurrence of microplastics in both sediment and surface water samples (Izlal et al. 2024). The
identified microplastics in water samples ranged from 8 to 18 items/L (mean = SD: 12.33 £ 2.98 items/L), and
in sediment samples, they varied from 360 to 1120 items/kg (mean * SD: 522.67 + 197.84 items/kg) (lIzlal et al.
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2024).

The presence of emerging pollutants in water sources throughout Bangladesh poses serious implications for the
treatment and reuse of greywater. Conventional treatment techniques, like sand filtration, may struggle to
effectively remove microplastics and other emerging contaminants, possibly leading to their presence in treated
greywater that is intended for irrigation.

Various separation techniques exist for extracting microplastics from sediments or environmental mineral
compositions based on the size, shape, or density of both the sediments and the microplastics themselves.
Techniques such as elutriation columns (Claessens et al. 2013) sediment-microplastic isolation (SMI) (Coppock
et al. 2017), pressurized fluid extraction (Fuller and Gautam 2016), and density separation utilizing various salt
solutions have been investigated. Nonetheless, all these methods have limitations and cannot completely or easily
separate all forms of microplastics from sediments (Konechnaya et al. 2020).

To identify microplastic particles, Fourier Transform Infrared (FTIR) spectroscopy is employed (Vianello et al.
2013). pu-FTIR spectroscopy offers a simple and efficient technique for detecting and identifying microplastics
because of its non-invasive and non-destructive nature, simple sample preparation, and ability to correlate with
IR radiation for thick samples (Ojeda, Romero-Gonzélez, and Banwart 2009). FTIR facilitates detection and
qualitative identification of microplastics as various chemical functional groups absorb infrared radiation at
specific wave numbers, producing distinct fingerprint spectra. The spectra obtained are typically validated against
a polymer spectrum library. Identification of small microplastic fibers down to sizes of 10-20 um is achievable
using reflectance, transmission, and attenuated total reflectance (ATR) modes. The minimum limit is determined
by the diameter of the IR beam (Shim, Hong, and Eo 2017).

However, identifying complex microplastic contamination, especially in greywater samples with lower
concentration levels within intricate matrices, necessitates the use of multi-step analytical methods. Therefore, the
primary objective of this research is to evaluate a newly developed multistep approach that integrates (i) density
separation and filtration, (ii) FTIR spectroscopy analysis to definitively identify microplastic particles, and (iii)
determine their relative concentration in greywater samples.

2. Materials and Methods

2.1 Sampling Area

The study was conducted in Chittagong University of Engineering and Technology (CUET) and samples were
collected from two student residences - Sufia Kamal Hall (91°58°20”E and 22°27°53”N) and Shahid Mohammad
Shah Hall (91°58°10”E and 22°27°41”N).

Shaheed
Mohammad

Sufia Kamal Hall Shah Hall

Figure 1. Location of Greywater Sampling

2.2 Sample Collection

Eighteen grey water samples were collected from two students residences of Chittagong University of Engineering
& Technology (CUET). The sampling locations included three different sources: kitchen, shower, and wash
basin. Nine samples were collected from each hall, with three samples collected from each source. Samples were
collected using the grab sampling method, as it is a quick and easy method to collect water sample at a specific
point in time. The samples were collected in clean, pre-labeled containers to prevent contamination. The samples
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were transported to the laboratory immediately after collection and then analyzed to determine key water quality
parameters.

2.3 Density Separation Method

Density separation represents a fundamental physical method for isolating microplastics from environmental
matrices, exploiting differences in specific gravity between plastic particles and surrounding materials. The
technique relies on creating a solution with density higher than common plastic polymers (typically ranging from
0.9-1.6 g/cmd), allowing plastic particles to float while denser materials like sediments sink.

2.4 FT-IR Analysis Process

FTIR (Fourier Transform Infrared) analysis is a commonly used method for identifying and classifying MPs in
soil and water samples. Referenced spectrum libraries can be used to identify target MPs and their constituent
polymers in a sample. The process begins with a ceramic light source that emits infrared light. This light is then
directed into an interferometer, which is the core component of the FTIR system. The interferometer splits the
infrared beam using a beam splitter; one portion is directed towards a fixed mirror, while the other is directed
towards a moving mirror. As the moving mirror travels, it creates an interference pattern.

The infrared beam, now containing this interference pattern, passes through the microplastic sample. Microplastics
absorb specific frequencies of infrared light that correspond to the vibrations of their chemical bonds. A high-
sensitivity DLATGS (Deuterated Triglycine Sulphate doped with L-alanine) detector measures the intensity of
the infrared light that transmits through the sample. This detector signal contains crucial information about the
frequencies of light absorbed by the microplastics.

Following this, the interferogram, which is the detector signal as a function of mirror position, undergoes a
mathematical transformation using a Fourier Transform. This transformation converts the signal from the time
domain into the frequency domain, resulting in an infrared spectrum. The final output is a plot of infrared light
intensity versus wavenumber, where the peaks in the spectrum correspond to specific vibrational frequencies of
the chemical bonds present in the microplastic material. By comparing the obtained spectrum to reference spectra
of known polymers, we can accurately identify the type of plastic present in the sample.

2.5 Relative Concentration of Microplastic

Relative concentration of microplastics refers to the proportion of different types of microplastic polymers present
in a sample, expressed as a percentage. This metric helps to quantify the abundance of each polymer type
compared to the total amount of microplastics identified in that sample.

. . Peak Area of Polymar
Relative Concentration (%) = Y72 x 100 (1)
Total Peak Area

3. RESULTS AND DISCUSSION

3.1 Microplastics
The analysis of greywater samples from student residences at CUET revealed the presence of microplastics,
identified as fibers, fragments, and films, composed of a diverse range of polymers.

3.2 Shape of Microplastics

Fibers are small and thin thread-like microplastics, having high length-to-width ratio and often coloured with
uniform width and smooth surface. They mainly come from synthetic textiles such as clothing. They are
characterized by their uniformity in width and texture. In our observation, fibers were found in the SKH shower
sample, highlighting their shedding during laundry and personal hygiene activities. Flakes are irregularly shaped
pieces of plastic, can be hard or flexible. These can be resulting from the breakdown of larger items such as bottles
and containers. These microplastics are non-uniform in shape and can have sharp edges or weathered surfaces as
a result of weathering in the environment. Fragments were found in the SKH and SMSH wash basin, kitchen and
shower, indicating that the diverse appearance of these particles is consistent with their classification and that
plastic was a major contributor. Films are microplastic sheets that can bend or fold, are usually transparent or
translucent with a rough or torn edge. Most come from the breakdown of thin plastic goods, like bags and food
wrappers. They are lightweight and have an irregular edge. In our observation, films were detected in the SMSH
wash-basin sample. Foams are lightweight, porous microplastics with a compressible, sponge-like texture,
commonly resulting from the breakdown of packaging materials like polystyrene foam. They can be white and
come in different shapes — round or irregular. Foam was detected in the sample from the SKH wash basin.
Pellets or nurdles are small, round or cylindrical microplastics used as raw materials in plastic production,
typically ranging from 2-5 mm (0.08-0.20 in) in size. They tend to be disk-shaped or oblong or cylindrical objects
that are commonly dumped and scattered during their transportation or treatment. Pellet or nurdle was detected
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3.3 FT-IR Spectroscopy Analysis
Fourier Transform Infrared (FTIR) spectroscopy was employed to determine the polymer compaosition in samples
collected from different sources within the residences. Notably, distinct polymer profiles were observed depending
on the location of sample collection.

Table 1. Identification of MPs in Greywater Samples

ICCEI 2025

Identified Polymer

Functional Group(s)

Samples with
Detected
Microplastics

Probable Source in
Greywater

Low-Density Polyethylene
Terephthalate (LDPET)

High-Density Polyethylene
Terephthalate (HDPET)

Low-Density Polyethylene
(LDPE)

High-Density Polyethylene

(HDPE)

Polypropylene (PP)

Polystyrene (PS)

Nylon (NL)

Teflon (TEF)

Ester (—COO-),
Aromatic ring

Ester (—COO-),
Aromatic ring

Alkane (—CHy—,
—CHs)

Alkane (—CHo—,
—CHs)

Alkane (—CHz—,
—CHs), methyl

Aromatic ring
(—CsHs), alkane

Amide (—CONH-),
amine (—NHy)

Fluorocarbon (—CF;
—CF2-)

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

SMSH- Shower,
Kitchen, Wash Basin
SKH- Shower,
Kitchen, Wash Basin

Synthetic fibers (polyester)
from clothing and textiles
(laundering), Food and
beverage containers,
Plastic films, Packaging
materials.

Synthetic fibers (polyester)
from clothing and textiles
(laundering), Food and
beverage containers,
Plastic films, Packaging
materials.

Plastic bags, films,
shampoo, lotions,
conditioner, facewash,
food packaging, flexible
lids, cosmetic tubes.

Detergent bottles, shampoo
bottles, milk jugs, plastic
pipes, bottle caps, cutting
boards.

Yogurt containers, bottle
caps, plastic cutlery,
reusable food containers,
synthetic fibers (e.g.,
carpets, clothing, non-
woven fabrics), appliance
parts, hygiene product.

Disposable cups, plates,
and cutlery, disposable
razors, cosmetic
containers, rigid foam
packaging (e.g.,
Styrofoam).

Synthetic fibers from
clothing and textiles,
toothbrushes.

Non-stick cookware
coatings, plumbing tape,
certain chemical-resistant
seals.
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Polyethylene Oxide (PEO) Ether (—CH>—CH> SMSH- Shower, Thickening agents in
-0-) Kitchen, Wash Basin cosmetics and personal
SKH- Shower, care products (e.g.,
Kitchen, Wash Basin shampoos, conditioners),

detergents,
pharmaceuticals.

3.4 Relative Concentration of Microplastics
Microplastic analysis from wash basin, kitchen, and shower samples at Sufia Kamal Hall (SKH) and SMS Hall

(SMSH) revealed Nylon as the dominant polymer, reflecting extensive textile shedding. Nylon concentrations
ranged from 14% to 87%, with Polystyrene, Polypropylene, LDPE, HDPE, LDPET, HDPET, Teflon, and
Polyethylene Oxide present at lower levels. This pattern highlights the significant contribution of synthetic textiles
and common plastic packaging to indoor microplastic pollution.

Table 2. Relative Concentration of Various Polymer

Low- High-
Density  Density
Polyst Polyet Polyeth  Polyeth

| Polypro Teflon  hylene | |

sample Nylon  yrene pylene LDP HDP (TEF) Oxide ylene ylene

(NL)%  (PS) E% E% Tereph  Tereph
(PP) % % (OPE)
% % thalate thalate

(LDPE  (LDPE
% T%

SMSH Shower 546 gs2 830 547 547 503 508 049 049

Sample 1
SMSH Shower 4521 420 763 429 763 48 486 058 058
Sample 2
SMSHKitehen 3505 1007 1431 898 898 85 85 235 235
Sample 1
SMSHKitchen 6183 654 802 671 671 697 697 - -
Sample 2
SMSHWash = 5931 534 606 534 53¢ 517 517 . -
Basin Sample 1
SMSHWash 589 182 182 085 085 18 18 098 098
Basin Sample 2
SKHWash g7 95 . - 081 081 081 - 0804  0.804
Basin Sample 1
SKH Wash 17 1543 10 872 872 11 872 11 11
Basin Sample 2
SKHShower g 76 081 252 o081 081 377 081 0202  0.202
Sample 1
SKHShower 6,51 479 671 479 479 551 469 - -
Sample 2
SKHKitchen 3903 1246 1057 653 653 1388 653 015 015
Sample 1
SKHKtchen 1434 1066 1565 611 611 113 746 343  3.43
Sample 2
4. Conclusion

Microplastics were detected in all samples collected from the student residences, with consistent findings observed
across both study areas. Morphological analysis identified five distinct microplastic shapes within the samples,
with fibers and fragments predominating, followed by films, foams, and pellets. The fibers were predominantly
attributed to the laundering of synthetic textiles. Fourier Transform Infrared Spectroscopy (FTIR) analysis
revealed that the most frequently occurring polymer types included Nylon, Polystyrene, Polypropylene, Low-
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Density Polyethylene (LDPE), High-Density Polyethylene (HDPE), as well as Low-Density and High-Density
Polyethylene Terephthalate (LDPET and HDPET). These polymers are ubiquitous in consumer products and
everyday materials, underscoring the pervasive nature of microplastic contamination in domestic greywater
sources.
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