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Abstract: Microplastics persist in aquatic systems and are difficult to remove using 
conventional filtration methods, prompting the development of low-cost, bio-based 
alternatives. This study presents a proof-of-concept chitosan filter derived from shrimp-
shell waste, evaluated as a membrane sheet and as a coating on cellulose filter papers. 
FTIR confirmed chitosan formation, showing characteristic –OH/–NH stretching (~3450 
cm⁻¹), amide I (~1650 cm⁻¹), amide II (~1570 cm⁻¹), and polysaccharide fingerprint peaks 
(1200–1000 cm⁻¹). Filtration experiments used a fixed 50 mL mixed-microplastic 
suspension processed under vacuum through five media: chitosan membrane, coffee 
filter paper, Whatman No. 42, and their chitosan-coated variants. Filtration time was 
recorded to derive the apparent filtration rate, and retained residues were assessed by 
visual inspection, stereomicroscopy, and morphometric size measurements in Fiji 
(particle size range reported as projected digital measurements). Coffee-based media 
exhibited the highest throughput (>50 mL/min), the chitosan membrane showed 
intermediate throughput (10 mL/min), and Whatman-based media were the slowest 
(7.14 mL/min). Chitosan-containing media displayed localized deposition and broader 
retained size ranges (up to 3.5 µm) compared with uncoated cellulose. Overall, the results 
support a waste-to-resource chitosan filtration approach that adds surface-mediated 
retention alongside passive sieving, with promising potential for application in 
laboratory-scale and pilot-scale wastewater treatment systems. 
 
Keywords: Bio-based filtration; Chitosan; FTIR characterization; Microplastic; Shrimp 
shell waste 

  

Introduction  
 

Plastic pollution in aquatic environments 
represents a significant global concern because of its 
persistence, ubiquity, and the associated risks to both 
ecosystems and human health (Davis and Raja, 2020). 
Larger plastic debris undergoes physical and chemical 
degradation, resulting in the formation of microplastics, 
defined as plastic particles smaller than 5 mm. 
Microplastics exhibit resistance to natural degradation 
and are conveyed through rivers, home effluents, and 
industrial wastewater (Karbalaei et al., 2018). Within 

aquatic systems, microplastics are ingested by a range of 
organisms, accumulate in biological tissues, and transfer 
through food webs, ultimately reaching humans and 
presenting health risks (Badawi et al., 2025). 
Additionally, microplastics adsorb hazardous 
substances, including heavy metals and persistent 
organic pollutants, which may enhance toxic effects and 
contribute to health problems such as inflammation, 
oxidative stress, and organ damage (Nawaz et al., 2025; 
Sethia et al., 2024). 

Despite the rise in research on microplastic 
extraction from water, considerable technological 
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obstacles remain due to the diminutive size, structural 
variability, and biodegradation resistance of 
microplastics (Uogintė et al., 2022). Conventional 
treatment processes, such as sedimentation and 
filtration, often exhibit limited efficiency, especially for 
smaller microplastics or under variable operational 
conditions (Kamani et al., 2024). These challenges 
highlight the necessity for innovative filtration strategies 

that are selective, efficient, and environmentally 
sustainable, and that can function as pre-treatment or 
modular filtration units (Sanjeev and Manjunath, 2025). 
Bio-based materials have therefore attracted 
considerable interest as alternatives, as they rely on 
renewable resources and have reduced environmental 
impacts (Rajendran et al., 2025). 

Chitosan, a cationic biopolymer derived from the 
deacetylation of chitin in seafood-processing residues 
such as shrimp shells, has attracted significant interest 
due to its abundance and favorable physicochemical 
properties (Lapointe et al., 2020; Wang et al., 2025). The 
combination of amino and hydroxyl functional groups 
allows for significant interactions with suspended 
particles, making it useful as a natural coagulant or 
flocculant in water purification procedures (Bavel et al., 
2023). These properties indicate that chitosan may 
facilitate microplastic removal through mechanical 
filtration, electrostatic attraction, and floc-mediated 
retention mechanisms (Picos-Corrales et al., 2020). 
Although the efficacy of chitosan in eliminating 
turbidity, heavy metals, and organic contaminants is 
well established, investigations into chitosan–cellulose 
composite filters as a floc-filtration mechanism for 
microplastic extraction, especially under regulated 
wastewater conditions, remains limited (Badawi et al., 
2025; Thathsarani et al., 2025). 

This study presents a novel bio-based filtration 
platform that combines the co-flocculation potential of 
shrimp-shell-derived chitosan with the mechanical 
strength of cellulose, establishing a proof-of-concept for 
microplastic removal from wastewater. The fabricated 
filters were characterized for structural properties and 
evaluated under controlled conditions to determine 
filtration performance and microplastic retention 
efficiency. This approach addresses the urgent demand 
for sustainable, cost-effective microplastic removal 
technologies and offers a scalable solution for 
wastewater treatment. 
 

Method  
 
Time and Place 

The research was conducted from October 2025 to 
January 2026. Synthesis and preliminary performance 
testing of the Chitosan Floc-Filter took place at the 

Center of Marine Ecology and Biomonitoring for 
Sustainable Aquaculture (Ce-MEBSA) Laboratory, 
Diponegoro University, Semarang. Physicochemical 
characterization of chitosan was carried out at the 
Physics Laboratory, Universitas Negeri Semarang. 
 
Materials and Equipments 

Shrimp shell waste sourced from local fisheries was 
used as the primary feedstock for chitin and chitosan 
synthesis. Processing involved analytical grade sodium 
hydroxide (NaOH, Emsure® Merck) and hydrochloric 
acid (HCl, Emsure® Merck), and chitosan was dissolved 
in a 1% acetic acid solution. Coffee filter paper and 
Whatman No. 42 filter paper were selected for filter 
fabrication. For filter performance testing, pure plastic 
pellets (PET, PP, ABS, HDPE) from primary plastic 
stores served as standardized microplastic simulants, 
and these were supplemented with natural microplastic-
containing river water samples. Deionized water 
(conductivity <1 μS/cm) was consistently used for 
washing, dilution, and experimental rinsing. 

Standard laboratory glassware (Pyrex®, UK) 
including beakers, stirring rods, measuring cylinders, 
and droppers; disposable Petri dishes (OneLab®, 
Indonesia); analytical balance (Ohaus Pioneer PA214C, 
USA); oven; grinder; vacuum pump filter system 
(Rocker 300-MF31, Taiwan); Hotplate and Magnetic 
stirrer (Thermo Scientific, USA); stereomicroscope 
(Nikon SMZ25, Japan); binocular light microscope 
(Olympus CX21, Japan). pH adjustments and 
measurements were conducted using a Mediatech pH 
meter (South Korea) with standard buffer solutions. 

 
Procedure 
Preparation of Shrimp Shell Raw Material 

Shrimp shell waste was thoroughly washed under 
running water to eliminate residual flesh and impurities. 
The purified shells were desiccated in an oven at 60 °C 
until completely dehydrated, then pulverized into a fine 
powder for further chemical processing. 
 
Deproteinization 

The chitin precursor was produced by 
deproteinizing shrimp shell powder with 1 N NaOH 
solution at a solid-to-liquid ratio of 1:4 (g powder/ml 
NaOH). The suspension was heated at 60 °C for 30 
minutes with continuous stirring at 750 rpm. Following 
treatment, the mixture was filtered, and the solid 
fraction was washed repeatedly with distilled water 
until a neutral pH was achieved. The solid was then 
dried in an oven at 100 °C for 24 hours. 
 
Demineralization 

The dried, deproteinized solid underwent 
demineralization by immersion in 1 N HCl solution, 
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followed by heating at 60 °C for 30 minutes with stirring 
at 750 rpm. The suspension was filtered, and the solid 
residue was rinsed with distilled water until a neutral 
pH was reached. The material was then dried in an oven 
at 100 °C for 24 hours to yield dry chitin. 
 
Deacetylation  

Chitin was converted to chitosan through 
deacetylation using 80% NaOH solution. The chitin was 
immersed in the NaOH solution, then heated and stirred 
at 60 °C for 60 minutes at 750 rpm. The mixture was 
filtered, and the solid phase was washed with distilled 
water until a neutral pH was achieved. The final solid 
was dried in an oven at 100 °C for 24 hours to obtain 
chitosan. 

 
Chitosan Characterization 

Chitosan samples were analyzed using Fourier 
Transform Infrared (FTIR) spectroscopy to identify 
characteristic functional groups and determine the 
degree of deacetylation (DD). The presence of amide 
groups (1650-1660 cm⁻¹, C=O stretching) from residual 
chitin and amine groups (3300-3500 cm⁻¹, N-H/O-H 
stretching) from chitosan were specifically targeted. 
The degree of deacetylation was calculated using the 
standard FTIR method based on the ratio of amide I 

(1655 cm⁻¹) to amide II (1560 cm⁻¹) peak intensities 
according to the equation: 

 
DD (%) = 100 × [1 - (A₁₅₆₀/A₁₆₅₅)/(A₁₅₆₀/A₁₆₅₅)ₖᵢₜᵢₙ] (1) 
 
Spectra were recorded in the range 4000-500 cm⁻¹ with 
32 scans at 4 cm⁻¹ resolution using KBr pellet technique. 
 
Chitosan Filter Fabrication 

Five grams (5 g) of synthesized chitosan powder 
were dissolved in 1% acetic acid using a hotplate 
magnetic stirrer (750 rpm, 60 °C) until fully 
homogenized, then 15 mL aliquots were cast into Petri 
dishes and oven-dried at 60 °C for 60 minutes to form 
thin polymeric films, which were coagulated by 
immersion in 0.1 M NaOH for 10 minutes, rinsed with 
deionized water to neutral pH, and dried at 60 °C for 10 
minutes to produce flexible chitosan filter sheets. 
Chitosan filter sheets were visually characterized by five 
independent observers to assess flexibility, uniformity, 
and structural integrity prior to performance testing. 

 
Preparation of Microplastic Test Suspension 

Plastic pellets composed of PVC, ABS, PET, and 
HDPE were pulverized using a grinder to produce 
microplastic particles. Final particle sizes were estimated 
from projected digital measurements using Fiji image 
analysis software on stereomicroscope images: PVC 
(0.12–10 μm), ABS (0.14–9 μm), PET (0.1–9 μm), and 

HDPE (0.1–15 μm). Minimum values represent the 
smallest projected dimensions detectable within the 
image frame and should be interpreted as digital 
projections rather than absolute particle sizes. For each 
microplastic type, 5 g was suspended in 1.5 L of 
deionized water to create a standardized test matrix, 
resulting in a total of 20 g microplastics in 1.5 L (13.3 g/L 
concentration). This elevated concentration simulates 

highly contaminated industrial wastewater conditions, 
as reported in filtration performance studies, and 
facilitates clear differentiation between filter types (Napi 
et al., 2023; Talvitie et al., 2017). The suspension was 
homogenized using a magnetic stirrer at 750 rpm for 10 
minutes to ensure uniform particle distribution before 
filtration testing. 

 
Filtration Performance Testing 

Microplastic test suspensions were filtered through 
chitosan-based filter sheets. Uncoated coffee filter paper 
and Whatman No. 42, along with their chitosan-coated 
variants, were used as comparative controls. Vacuum-
assisted filtration was performed using a Rocker 300-
MF31 system, and filtration time was recorded for a 
fixed volume per run to derive the apparent filtration 
rate. Each condition was tested in duplicate. Retained 
residues were examined using a stereomicroscope 
(Nikon SMZ25, 50–100×), with observations made across 
five standardized fields of view per sample. Post-
filtration, all filter media were visually evaluated by five 
observers using a predefined 1–5 scoring rubric for 
physical integrity, flexibility, and surface deposition to 
assess chitosan-specific contributions to filtration 
behavior. 

 
Data Analysis 

Descriptive-comparative methods were employed 
to evaluate the feasibility of shrimp shell-derived 
chitosan as a microplastic filtration medium. FTIR 
analysis confirmed the presence of characteristic 
chitosan functional groups, verifying material identity 
and active sites. Filtration rate (mL/min, calculated as 50 
mL divided by filtration time) was measured to assess 
flow resistance across different media types. Retention 

patterns were examined both macroscopically (deposit 
distribution) and microscopically using a Nikon SMZ25 
microscope. Fiji software was used to quantify the size 
range (minimum to maximum, μm) of retained particles 
across treatments. 
 

Result and Discussion 
 
FTIR Characterization of Extracted Chitosan 

FTIR analysis demonstrated that the shrimp shell 
waste extract displayed absorption bands matching 
stablished chitosan spectral signatures (Table 1). The 
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broad band at approximately 3450 cm⁻¹ corresponds to 
overlapping –OH and N–H stretching vibrations, 
confirming the presence of hydroxyl and amine groups. 
These properties are crucial for filtering efficacy because 
of their involvement in hydrogen bonding and pH-

dependent electrostatic interactions with suspended 
microplastics (Jeje and Edema, 2021; Lusiana et al., 2013). 
The C–H stretching peaks in the 2930–2960 cm⁻¹ range 
further confirm the integrity of the polymer backbone. 

 
Table 1. FTIR peak assignments of shrimp-shell chitosan extracts and their relevance to microplastic filtration 

Peak 
region 
(cm⁻¹) 

Chitosan A Chitosan B 
Functional group 

assignment 
Relevance to microplastic filtration Reference 

~3450 3451.25 3451.39 
–OH / N–H 

stretching 

Provides polar/amine functionalities supporting 
hydrogen bonding and pH-dependent 

electrostatic interactions with suspended 
particles 

Jeje & Edema, 
2021 

2960–
2850 

2930.70 
2962.20; 
2933.53; 
2892.12 

C–H stretching Confirms aliphatic polymer backbone 
Lusiana et al., 

2013 

~1650 1651.26 1651.35 
Amide I (C=O) 

and/or bound water 
contribution 

Supports hydrophilicity/wettability, facilitating 
surface–particle contact during filtration 

Cheung et al., 
2015 

1577–
1569 

1569.01 1576.65 
Amide II (N–H 

bending) 

Consistent with deacetylated chitosan and 
amine-related surface functionality (vs. neutral 

cellulose) 

Hong et al., 
2021 

1205–
1030 

1204.63; 
1157.09; 
1072.44; 
1030.94 

1205.09; 
1157.46; 
1073.37; 
1027.98 

Polysaccharide 
fingerprint (C–O–C 

and C–O) 

Confirms glycosidic/carbohydrate framework 
relevant for filter matrix formation 

Rahman et al., 
2022; Pathirana 

et al., 2023 

~896 896.64 895.99 β-glycosidic linkage 
Supports polysaccharide backbone 

identity/structural framework 
Pathirana et al., 

2023 

 

 
Figure 1. FTIR spectra of extracted shrimp-shell chitosan from two independent batches (Chitosan A and Chitosan B). 

 

The C–H stretching vibrations observed in the 
2930–2960 cm⁻¹ region further support the presence of 
the polymer backbone. In the mid-wavenumber region, 
the band near 1650 cm⁻¹ is typically assigned to amide I 

(C=O stretching) and contributions from bound water, 
both characteristic of hydrophilic biopolymers. The 
spectral characteristics may improve wettability and 
promote interaction between the filter surface and 
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suspended particles during filtration (Cheung et al., 
2015). The amide II band at 1569–1577 cm⁻¹ (N–H 
bending) is also consistent with deacetylated chitosan, 
indicating successful conversion from chitin and 
distinguishing chitosan from neutral cellulosic media, 
which lack amine-related spectral features (Hong et al., 
2021). 

The polysaccharide fingerprint region (1200–1000 

cm⁻¹) offers further structural validation, indicating C–
O–C and C–O vibrations linked to glycosidic bonds and 
the carbohydrate ring configuration. The β-glycosidic 
signal near 896 cm⁻¹ offers further evidence of 
polysaccharide backbone integrity characteristic of 
chitosan (Pathirana et al., 2023). Collectively, these 
spectral characteristics confirm the identity of the 
extracted product as chitosan and establish a chemical 
basis for the particle retention behavior. 

Beyond confirming characteristic chitosan 
functional groups, these FTIR results also demonstrate 
batch-to-batch consistency (Figure 1.). Spectra 
of Chitosan A and Chitosan B show aligned peak 
patterns across major bands—particularly at ~3450 cm⁻¹ 
(–OH/N–H), ~1650 cm⁻¹ (amide I), ~1569–1577 cm⁻¹ 
(amide II), fingerprint region 1200–1000 cm⁻¹, and ~896 
cm⁻¹ (β-glycosidic). This spectral consistency confirms 
that the extraction and deacetylation process from 
shrimp shell waste produces reproducible chitosan, 
suitable as raw material for microplastic filtration 
performance testing. 

Minor variations in peak intensity or bandwidth 
between batches are expected and may result from slight 
differences in degree of deacetylation, bound water 
content, or measurement technical factors (sample 
thickness, ATR contact quality). However, since key 
peak positions remain consistent, these differences do 
not alter the primary interpretation that the material 
exhibits chitosan chemical characteristics 
with polar/amine groups relevant for particle 
interactions during filtration. 

 
Physical Characteristics of the Chitosan Filter 

Membrane 
The chitosan-based filter was constructed as a thin, 

membrane-like sheet (about 0.2–0.5 mm thick) with a 
yellowish-cream hue, typical of deacetylated chitin-
derived polymers. Unlike fibrous cellulose media with 
defined pore structures, the chitosan membrane formed 
a dense, crack-free matrix in its intact regions, 
suggesting that particle retention occurs primarily via 
surface-mediated mechanisms rather than size-
exclusion filtration. The membrane conformed well to 
mold geometry, though peripheral edges showed slight 
unevenness and occasional microcracks due to 
differential shrinkage during solvent evaporation. The 
matte, non-glossy surface exhibited rough-granular 

texture from uniformly distributed fine chitosan 
particulates, contrasting with fibrous cellulose filter 
papers. Post-drying brittleness manifested as minor 
edge cracks, linked to non-uniform thickness and water 
evaporation shrinkage. Nevertheless, the central region 
of the membrane (approximately 70% of the surface 
area) remained compact and mechanically intact, 
supporting its suitability for vacuum-assisted filtration.  

 

 
Figure 2. Macroscopic appearance of the fabricated chitosan 

membrane filter derived from shrimp-shell waste. 
 

The chitosan membrane exhibited a dense 
polymeric matrix with micro-voids of 6–20 µm (median 
~8 µm), alongside larger shrinkage-induced cracks (89–
423 µm) that may contribute to preferential flow. This 
structure suggests retention occurs primarily via 
surface-mediated adhesion rather than size-exclusion. 
The membrane exhibited rapid wettability, consistent 
with the presence of hydrophilic –OH and –NH₂ 
functionalities as confirmed by FTIR (Table 1). In 
addition to serving as a physical barrier, these functional 
groups offer a mechanistic basis for particle adhesion 
and retention. This effect is particularly relevant for 
microplastics with organic coatings or biofilms, which 
display increased affinity for polar or charged surfaces 
compared to neutral cellulose-based media (Qin et al., 
2024). Overall, these characteristics demonstrate the 
formation of a cohesive membrane suitable for filtration 
testing. 

 
Macroscopic Visualization of Particle Deposition by 
Chitosan-Based Filters 

Macroscopic retention patterns were evaluated 
across five media (chitosan membrane, coffee filter 
paper, Whatman No. 42, and their chitosan-coated 
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variants). A blank control using deionized water was 
processed under the same filtration protocol and 
showed no visible deposits, confirming that the 
observed residues originated from the microplastic 
suspension. 

Uncoated commercial membranes (coffee filter 
paper and Whatman No. 42) exhibited fine, uniformly 
distributed “peppered” speckles across most of the 

active filtration area. This consistent deposition pattern 
aligns with passive retention mechanisms, chiefly 
physical interception and sieving within fibrous pore 
networks, alongside progressive surface loading (cake 
formation) characteristic of dead-end filtration as flow 
pathways become more resistive (Enfrin et al., 2020; 
Cohen et al., 2025). In this retention mode, capture sites 

are distributed throughout the filtration zone rather than 
concentrated in specific regions.  

Conversely, pure chitosan membranes exhibited 
distinct, well-defined aggregates encircled by 
comparatively clear background areas, signifying an 
alternative retention mechanism. Along with 
mechanical sieving, surface-mediated adhesion drives 
localized particle consolidation at preferential sites. This 

mechanism is enhanced by –OH and –NH₂ groups 
(Table 1), which facilitate hydrogen bonding and pH-
dependent electrostatic interactions (Risch et al., 2021; 
Putranto et al., 2023). Random particle interactions are 
transformed into self-amplifying deposition by initial 
anchor particles, which initiate cluster formation.

a)  

 

b) 

 

c) 

 
 

d) 

 

e) 

 
 

Figure 3. Macroscopic visualization of microplastic particle retention across different filtration media: (a) chitosan 
membrane filter, (b) chitosan-coated coffee filter, (c) chitosan-coated Whatman filter, (d) uncoated coffee filter, and (e) 

uncoated Whatman filter. 
 

Chitosan-coated composites had intermediate 
characteristics, characterized by moderate clustering 
over a cellulose-like speckled substrate. The cellulose 
substrate allows for distributed mechanical interception, 
and the chitosan coating adds extra surface functionality 
that improves adhesion and deposition without 
producing the noticeable localized clumping seen in 
pure chitosan membranes. This hybrid pattern suggests 
a combined retention mechanism (Biopolymers 
Filtration Group, 2021). These contrasting deposition 
morphologies highlight key performance characteristics. 
While chitosan's localized aggregates improve retention 
of fine particles, they also increase local hydraulic 
resistance and mechanical stress, resulting in post-

filtration brittleness and edge cracking that may facilitate 
preferential flow through defect propagation (Qin et al., 
2024; Risch et al., 2021).  

 
Filtration Rate 

Filtration rate testing demonstrated significant 
throughput differences among the five media when 
filtering a fixed 50 mL microplastic suspension (Table 2). 
Coffee filter paper, among the cellulose-based options, 
achieved the fastest filtration (< 1 min; > 50 mL/min), 
which aligns with its larger pore size range (20–25 μm) 
and correspondingly low initial hydraulic resistance 
(Enfrin et al., 2020). On the other hand, Whatman No. 42 
demonstrated the slowest filtration (± 7 min; 7.14 
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mL/min), which is in line with its denser pore network 
that limits flow through smaller channels and finer 
retention rating (~2.5 μm) (Enfrin et al., 2020; 
Balkenbusch et al., 2025). The chitosan membrane alone 
displayed intermediate throughput (± 5 min; 10 
mL/min), situating its performance between the coarse 
and fine cellulose benchmarks. 
 

Table 2. Filtration time and apparent filtration 
rate across filter media 

Filter medium 
Filtration 

time (± min) 

Apparent 
filtration rate 

(mL/min) 

Coffee filter paper < 1 > 50 

Chitosan-coated coffee 
filter 

< 1 > 50 

Chitosan membrane filter ± 5 10 

Whatman No. 42 ± 7 7.14 

Chitosan-coated Whatman ± 7 7.14 

 
Table 3. Size distribution of microplastics retained 
by different filter media 

Filter medium 
Minimum 

(µm) 
Maximum 

(µm) 

Coffee filter paper 0.447 1.919 

Chitosan-coated coffee filter 0.719 3.517 

Chitosan membrane filter 0.142 3.334 

Whatman No. 42 0.107 1.708 

Chitosan-coated Whatman 
No. 42 

0.194 2.066 

 
Chitosan-coated filter membranes generally 

retained the hydraulic properties of their cellulose 
substrates. The chitosan-coated coffee filter maintained a 
high throughput (> 50 mL/min), whereas the chitosan-
coated Whatman filter exhibited performance 
comparable to the uncoated Whatman filter. This 
outcome suggests that the chitosan coating did not 
significantly increase bulk flow resistance under the 
tested conditions (Risch et al., 2021). However, filtration 
time is affected not only by the inherent pore structure 

but also by dynamic particle deposition during dead-end 
filtration. As retained particles accumulate, a deposit 
(cake) layer forms and increases hydraulic resistance. 
This effect is typically more pronounced in media with 
lower baseline permeability (Cohen et al., 2025; 
Balkenbusch et al., 2025).  

The intermediate filtration rate of the chitosan 
membrane reflects its film-like structure and localized 
particle accumulation in the filtration zone. This 
deposition creates regions of high resistance, slowing 
flow compared to the more porous coffee filter paper, 
even if the entire surface is not blocked. FTIR analysis 

revealed the presence of –OH/–NH₂ functionalities 
(Table 1), which facilitate adhesion and retention of 
dispersed particles, including microplastics with organic 
coatings or biofilms that exhibit heightened affinity for 
polar or charged surfaces (Bhagat et al., 2024; Putranto et 
al., 2023). 
 
Microscopic Visualization of Retained Particles 

Microscopic examination (50–400× magnification) 
of filtration residues revealed distinct deposition 
features across media, underscoring correlations 
between surface morphology, retention patterns, and 
filtration-rate trends (Table 2). Differences in fiber 
openness, pore density, and surface chemistry likely 
influenced particle-media interactions and the resultant 
flow-deposition behavior (Enfrin et al., 2020). 

Coffee filter paper displayed an open cellulose fiber 
matrix (20–25 μm interstices), in which residual 
microplastic particles were typically disseminated and 
situated individually between fibers, without creating a 
dense surface accumulation. This sparse retention 
pattern is associated with its elevated throughput (>50 
mL/min; Table 2), as less hydraulic resistance facilitates 
swift flow while constraining conditions for 
consolidated surface loading (Al-Juboori et al., 2025). In 
contrast, the chitosan-coated coffee filter demonstrated 
more pronounced surface attachment, with particles 
accumulating as localized deposits and early-stage 
clusters on coated regions. This pattern signifies an extra 
contribution from chitosan-mediated adhesion, aligning 
with the presence of polar –NH₂/–OH functionalities 
that are lacking in uncoated cellulose substrates (Risch et 
al., 2021). 

Uncoated Whatman No. 42 showed denser and 
more uniformly distributed deposits within its finer pore 
structure (~2.5 μm), with fine fragments often occupying 
much of the field of view. This higher deposit density 
corresponds to a longer filtration time (±7 min; Table 2), 
indicating heightened surface loading and augmented 
resistance during dead-end filtration in denser material 
(Balkenbusch et al., 2025). The chitosan-coated Whatman 
exhibited an intermediate morphology, characterized by 
a retained tightly packed cellulose framework and a 
chitosan layer that partially obscured pore openings. 
Retained particles manifested as distinct dark granules 
and luminous or transparent fragments within the fiber 
matrix, signifying retention through mechanical sieving 
and supplementary surface adhesion from chitosan 
(Putranto et al., 2023). The production of large 
aggregates was less evident, probably because to the 
dense substrate structure. 

The chitosan membrane showed a contrasting 

pattern, with retained residues appearing as prominent 
clusters or aggregates firmly attached to the granular 
membrane matrix, resulting in a clumped deposition 
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pattern consistent with macroscopic observations. This 
clustering indicates that retention on chitosan entails not 
only pore-scale sieving but also surface-mediated 
adhesion and localized particle agglomeration. These 
processes may be especially relevant for smaller 
fragments that can escape size-exclusion capture (Bhagat 
et al., 2024; Risch et al., 2021). This effect is 
mechanistically possible due to the cationic nature of 

chitosan. Protonated amine groups (–NH₃⁺) may adsorb 
onto negatively charged microplastic surfaces 
depending on the solution pH, while polymer chain 
bridging can destabilize suspended particles and 
facilitate aggregation, with intra-aggregate hydrogen 
bonding potentially enhancing aggregate stability 
(Putranto et al., 2023; Risch et al., 2021)

 

 

 
a) 

 
b) 

 
c) 

 

 
(d) 

 
(e) 

Figure 4. Microscopic visualization of microplastic particle retention across different filtration media: 
(a) chitosan membrane filter, (b) chitosan-coated coffee filter, (c) chitosan-coated Whatman filter, (d) 

uncoated coffee filter, and (e) uncoated Whatman filter. 

 
 

Size Distribution of Retained Microplastics Across 
Filter Media 

Morphometric examination of residual microplastic 
residues revealed specific minimum and maximum size 
ranges within the evaluated filtration media (Table 3). 
Chitosan-based membran filter demonstrated a wider 
range of retained particle sizes than uncoated cellulose. 
The chitosan-coated coffee filter exhibited the greatest 
maximum maintained size (3.517 µm), succeeded by the 
independent chitosan membrane (3.334 µm), both 
exceeding the maxima recorded for uncoated cellulose 
media (coffee filter: 1.919 µm; Whatman No. 42: 1.708 
µm). Very low minimum values were also detected 
across several media (e.g., Whatman: 0.107 µm; chitosan 
membrane: 0.142 µm), suggesting that retention under 
the existing dead-end filtration conditions was affected 
by both nominal pore attributes and dynamic surface 
phenomena that occur during operation (Enfrin et al., 
2020). These broader size retention ranges in chitosan-
containing media are consistent with the surface-
mediated adhesion and aggregate growth mechanisms 

described in the preceding microscopic analysis, further 
supporting chitosan's role beyond passive sieving. 

Consistent with these findings, the chitosan-coated 
Whatman filter exhibited only a modest increase in 
maximum retained size (2.066 µm compared to 1.708 µm 
for uncoated Whatman), presumably attributable to the 
limitations of the denser substrate structure. The more 
porous configuration of the coffee-filter support 
facilitated an enhanced level of surface-driven 
deposition and aggregate formation in the chitosan-
coated format (Balkenbusch et al., 2025). These size-
distribution patterns support the macroscopic and 
microscopic evidence that chitosan modifies filtration 
behavior, shifting it from primarily size-exclusion 
capture to include additional surface-mediated retention 
mechanisms capable of retaining both larger fragments 
and very fine particles under the tested conditions. 

Overall, this proof-of-concept study demonstrates 
that chitosan derived from shrimp shells can be 
produced and functions as an effective microplastic 

filtration medium. The chitosan membrane 
demonstrates unique retention characteristics and 
collects a wider spectrum of microplastics compared to 
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uncoated cellulose controls. The primary innovation is 
the development of a waste-to-resource chitosan 
membrane filter platform that can be used as either a 
standalone membrane or a coating. This platform allows 
retention beyond passive filtration by promoting 
surface-mediated deposition and aggregation. However, 
key limitations include the use of a controlled 
microplastic suspension rather than actual wastewater, 

the absence of quantitative removal metrics and 
comprehensive size-distribution data, and the post-
filtration brittleness of the chitosan membrane. Future 
investigations should evaluate removal efficiency and 
particle size distributions under actual settings, and 
refine membrane formulation to enhance mechanical 
durability while preserving retention performance. 
 

Conclusion  

 
Shrimp shell waste was successfully converted into 

chitosan, as confirmed by FTIR analysis, and fabricated 
into functional filtration media for microplastic, 
evidenced by distinct macroscopic clumping, 
microscopic aggregation, and expanded size retention 
(max 3.517 μm vs. cellulose 1.919 μm). Compared to 
commercial filter membrane with cellulose filters, 
chitosan-containing systems, both pure granular 
membrane and cellulose coatings, demonstrated 
surface-mediated retention pathways via cationic 
flocculation alongside mechanical interception, while 
filtration throughput remained substrate-dominated. 
These findings establish a low-cost, bio-based proof-of-
concept for chitosan floc-filtration technology, 
providing a foundation for quantitative validation of 
removal and mechanical optimization toward practical 
deployment.  The demonstrated feasibility of this waste-
to-resource approach suggests promising potential for 
integration into laboratory-scale and pilot-scale 
wastewater treatment systems, particularly as a low-cost 
pre-treatment or modular filtration unit. 
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