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—I
Microplastics are emerging contaminants and have found significant interest due to their pervasive nature and potential health impacts on |
different life forms. A number of methods have been investigated so far, including the use of synthetic and recently natural coagulants, |
however, protein extracts derived from plant-based materials have not been extensively studied for such applications. Therefore, there is
an urgent need to develop a sustainable treatment technology for the removal of microplastics. In this study, coagulation experiments were |
conducted under varying conditions such as pH, coagulant type and concentration using jar test apparatus for removal of microplastics |
from aqueous samples. The proteins extracted from two natural coagulants, Moringa oleifera and Benincasa hispida, have been studied |
for the removal of microplastics in aqueous samples. It was found that M. oleifera protein extracts achieved microplastics removal of
94.14 + 11.0% at a dosage of 30 mL/L whereas B. hispida protein extracts achieved 88.29 + 10.7% removal at 40 mL/L at pH 7. |
Therefore, the novelty of the study lies in evaluating the impact of M. oleifera and B. hispida seed protein extracts for the removal of |
microplastics. The findings suggest that the M. oleifera and B. hispida can be effective, sustainable, eco-friendly and affordable alternatives |
to chemical coagulants for treatment of microplastics in aqueous systems. |
|
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INTRODUCTION

The production of plastic products has rapidly increased
for diverse industrial uses including transportation, packaging,
construction, agriculture, manufacturing, electronics, furniture,
toy and leisure items, automobiles and medicine [1] as it is
longlasting, resistant to degradation, inert and easy to shape,
with very low production costs [2]. It has, therefore, become
an important material for everyday use. The production of
plastics has increased from 1.5 million metric tons in 1950 to
413.8 million metric tons in 2023 [3]. Plastic production is
thus expected to increase at a significant rate hereafter [4].
However, improper handling and disposal of discarded plastic
have led to their increasing accumulation in every compartment
of the environment-air, water and soil. According to Geyer et
al. [5], plastic wastes are recycled (9%), incinerated (12%),
dumped in the environment, or landfilled (79%) after the end
of their lifespan. The longevity of plastics is estimated to be
hundreds or even thousands of years depending on their consti-

tution and resultant properties [6]. However, plastics break
down into smaller particles due to ultraviolet radiation from
sunlight, wave action and wind abrasion [7]. This alarming
trend highlights the urgent need for effective waste manage-
ment and reduction strategies to address the growing plastic
pollution crisis. Microplastics generally refer to plastic debris
<5 mm in diameter, including fibers, fragments and films [8].
According to their sources, two classifications of microplastics
are currently recognized; primary and secondary microplastics,
which are typically <5 mm [9]. Primary microplastics are inten-
tionally manufactured to this size to be added to personal care
products, while secondary microplastics result from the frag-
mentation of larger plastic debris by physical, chemical and
biological processes in the environment [ 10]. Major polymers
encountered in microplastics include polyethylene tereph-
thalate (PET), polyvinylchloride (PVC), polystyrene (PS),
polyethylene (PE) and polypropylene (PP) [11]. Out of these,
PE is one of the most widely used plastics globally, commonly
used for manufacturing single-use plastic products, accounting
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for approximately 50% of plastic wastes [12]. It has been esti-
mated that the global discharge of microplastics would increase
from 0.017 Mt in 2000 to 0.749 Mt in 2060 [13].

Consumption of water is a significant source of micro-
plastics in humans [14] and these particles are also present in
numerous food products typically packaged in plastic, thereby
contributing substantially to environmental pollution and the
accumulation of microplastics in ecosystems, including within
various organisms.. Studies have detected microplastics in
poultry meat [15], fish [16], shellfish [17], honey [18], sugar
[19], salt [20], milk [21], tea [22], beer [23], fruits, vegetables
[24], mother’s milk [25] and human heart [26]. According to
research, the effluent of wastewater treatment plants (WWTPs)
is an important source of microplastics for the aquatic environ-
ment [27]. Since primary microplastics are smaller, they can
spread throughout more aquatic systems and are more likely
to be accidentally consumed, which disrupts the immune systems
of different aquatic life [28]. The rising prevalence of micro-
plastics in the environment is a significant global pollution
concern. Microplastics can persist in the ecosystem for exten-
ded periods as insoluble in water and non-degradable, exacer-
bating environmental degradation and posing risks to wildlife
and human health [29]. The impact of microplastics on human
health varies based on the routes and sources of exposure, which
can include ingestion, inhalation and dermal contact [30]. This
widespread presence in our food and beverage supply raises
concerns about the potential health implications of micro-
plastics. It has been reported by the World Wildlife Fund (WWF)
that humans consume up to 5 g of plastic (one credit card) every
week (~ 700 mg/capita/day) [31]. The microplastics accumulate
in the spleen, kidneys, brain, lungs, reproductive system, plac-
enta and fetal tissues [32]. Moreover, microplastics have been
detected in the human bloodstream too [33]. Such exposure to
microplastics leads to oxidative stress and cytotoxicity and
microplastics can be translocated to other tissues as well. Micro-
plastics may also contribute to a higher incidence of immune
or neurodegenerative diseases [34]. Microplastics have become
emerging pollutants of growing concern and there is an urgent
need to develop methods for the removal of microplastics. The
large size plastic particles are removed via screening systems
but the removal of small-sized microplastic particles is quite
challenging and requires a series of treatment processes [35].
Microplastics can be removed (to various degrees) from aquatic
systems and wastewater through physical, chemical and bio-
logical treatments, including coagulation, adsorption, magnetic
separation, membrane filtration and photodegradation [36].
About 66% of microplastics in influent may be eliminated by
current primary and secondary treatment methods [37]. Since
wastewater treatment facilities discharge a significant portion
of their plastics into the environment, it is imperative to reduce
this pollution.

Coagulation is a simple and cost-effective technology used
in water and wastewater treatment plants. Coagulation is the
process of destabilizing and aggregating particles into big flocs
to remove contaminants from suspended particles and colloidal
forms. After settling, the aggregates can be extracted from water
by employing a solid-liquid separation technique [38]. Research

on natural coagulants as alternatives to chemical coagulants
has grown in the wake of the Sustainable Development Goal.
Natural coagulants are more appealing than chemical coagu-
lants since they are inexpensive, non-toxic, renewable and
biodegradable [39]. Nevertheless, there is limited studies on
using natural coagulants to remove microplastics; instead, most
studies concentrate on removing turbidity and COD. According
to recent study, Moringa oleifera and Benincasa hispida seed
powder have proven efficient in removing microplastics
successfully [40]. Charge neutralization and bridging are the
most probable mechanisms of action of natural coagulants [41].
So far, the extracts of natural coagulants were used in water and
wastewater treatment including the seed extracts of yard-long
bean and snake gourd as efficient coagulants for removing turb-
idity [42], date seed extracts removed turbidity and colour in
textile wastewater [43]. Recently, M. oleifera cationic protein
(MOCP) and protein-coated sand (f-sand) were developed to
remove pristine and photo-weathered polyethylene (PE) micro-
plastics [44]. Utilizing these natural coagulants for coagulation
is an appropriate and sustainable way to address the issue of
microplastics in aqueous systems including wastewater effluent.

Coagulation-based removal of microplastics has been a
focus of research for some time, although a significant portion
of this work is based on the use of synthetic coagulants. Recently,
there is a growing interest in a more sustainable approach, i.e.
the use of plant-based products as coagulants for microplastics
removal from aqueous systems. However, such work is very
limited and lacks detailed investigation on plant-based proteins
for microplastics removal. The present work is aimed at testing
the potential effectiveness of a coagulant protein extracted from
M. oleifera and B. hispida in removing microplastics. This study
carried out the extraction of the protein responsible for prom-
oting the coagulation/flocculation process according to a preli-
minary study and use of the proteins extracted from M. oleifera
and B. hispida for microplastic treatment. This approach aims
to utilize the natural coagulant properties of these proteins to
enhance the removal process, offering a sustainable solution
for addressing microplastic pollution in water systems. The study
focuses on evaluating the efficiency of these extracts in binding
and flocculating microplastics, contributing to environmental
remediation efforts. Then the quality of water was evaluated
pre and post-coagulation/flocculation treatment by determining
the concentration of microplastics. This study aims to (i) assess
the effectiveness of the coagulation technique for microplastic
removal, (ii) thoroughly investigate the effect of coagulation
factors such as pH, type and concentration of coagulant on the
microplastics removal; and (iii) explore the potential of M.
oleifera and B. hispida seed protein extracts for microplastics
removal. The findings of this study could offer valuable insights
for enhancing the removal process.

EXPERIMENTAL

Microplastic sample preparation: The synthetic micro-
plastic samples were prepared using 100 mL Milli-Q water
heated at 90 °C and poured into disposable paper cups, lined
with plastic on the inside and commonly used for serving beve-
rages such as water, tea, coffee, efc. These cups were then prop-
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erly covered with aluminum foil to prevent any dust particles
from the surroundings entering and contaminating the prepared
sample while left undisturbed for 15 min. The microplastics
leach out from the inner lining of the cup into the solution, on
exposure to hot water [40].

Characterization: The extracted microplastics were
characterized using Fourier transform infrared (FTIR) spectro-
scopy (Agilent Cary 630) to identify their functional groups,
bonds and chemical composition. The scanning electron micro-
scopic (SEM) analysis (FEI Quanta 200) was used to determine
the surface morphology of the particles.

Protein extraction of natural coagulants: Fig. 1 outlines
the steps involved in protein extraction from natural coagulants.
Protein extraction from natural coagulants involves isolating
and purifying proteins from plants. The M. oleifera and B.
hispida seeds were procured directly from the fruit. Then the
process of sample preparation starts with washing, drying and
grinding of seeds into a fine powder or paste. The sample was
mixed with a solvent, such as water, saline solution or buffer,
depen-ding on the protein’s solubility. The pH can be adjusted
to improve the solubility. The mixture was stirred or agitated
for 1-2 h under controlled conditions to prevent denaturation.
Filtration or centrifugation removes insoluble residues, yiel-
ding a protein-rich supernatant. Further purification can be
achieved through precipitation methods such as salting out with
ammonium sulfate, isoelectric precipitation or organic solvents.
Then the extracts are stored at 4 to —18 °C for further use.

Selection of natural coagulant

v

Drying and grinding of seed
extracted from natural coagulant

v

[ Selecting solvent for protein extraction ]

v

Centrifugation

v

Characterization and storage

Fig. 1. Steps involved in protein extraction from natural coagulants

M. oleifera seed protein extraction: In the extraction
process of M. oleifera proteins, the defatting of seeds was carried

out using three-position heating and stirring mantles. Here,
10 g of M. oleifera seed powder was placed inside the Soxhlet
extraction chamber and 170 mL of n-hexane was added to
the heating chamber. Then, the evaporation of hexane was
carried out through three 30 min cycles to ensure the complete
extraction of oils. After the hexane became colourless, the M.
oleifera residue cake was dried for 24 h in desiccator [45,46].
The extraction process used a 1 M NaCl solution to enhance
the protein solubility. The solution was added to the defatted
M. oleifera seed cake and mixed using a magnetic stirrer for
30 min [47]. The resulting solution was centrifuged for 10 min
at 6000 rpm. The solution was diluted at a factor of 10 and then
the protein concentration was measured by the Bradford method
(Thermo-Fisher, USA) [48], which is a colorimetric protein
assay based on an absorbance shift from red to blue using a
dye Coomassie Brilliant Blue G-250 (Bradford reagent). The
assay measures absorbance at 595 nm (Ases) to be 0.45 and the
protein concentration was calculated using a standard curve
generated from known protein standards (usually bovine serum
albumin (BSA)) as 2.25 mg/mL. Therefore, the protein concen-
tration in the original sample was calculated by considering
the dilution factor as 22.5 mg/mL.

B. hispida protein extracts: In the extraction process of
B. hispida proteins, the seeds were cleaned and ground in cold
phosphate-buffered saline (PBS), which creates an isotonic
environment and keeps the pH steady. PBS and powdered seeds
were combined in a 1:4 (w/v) ratio to help release the proteins
into the mixture. Overnight, the mixture was stirred at around
4°C. The mixture was filtered to get rid of the solid seed material
after homogenization. For 25 min, the supernatant was centri-
fuged at 10,000 g. Saturated ammonium sulfate (80%) was
added to precipitate and concentrate the proteins. After that,
the precipitated proteins were dissolved in a minimum amount
of buffer and dialyzed using a cellophane membrane against a
5 mM of sodium phosphate buffer (pH 7). The solution was
centrifuged once again after dialysis to eliminate any insoluble
elements that might have developed during the precipitation
and dialysis processes. After the elimination of water from the
dialysate by lyophilization, a concentrated protein was produced
that can be used further [49]. The solution was diluted at a factor
of 10 as the protein concentration was high. The absorbance
of sample was determined as 0.28 at 595 nm and the standard
curve (created from BSA standards) shows that an absorbance
of 0.28 corresponds to a protein concentration of 1.4 mg/mL.
Therefore, the protein concentration in original solution of B.
hispida seed extract was determined as 14 mg/mL using Brad-
ford method. The M. oleifera and B. hispida extract were stored
at 4 to —18 °C to maintain the coagulation protein in the extract.
It generally loses coagulation activity at room temperature
because the coagulation protein present in the solution decreases.

Coagulation-flocculation process: The jar test is the most
extensively used experimental apparatus for investigating and
optimizing coagulation-flocculation with 1 L jars equipped
with six-paddle stirrers. The procedure was followed to test the
effectiveness of the coagulants using 500 mL leached synthetic
samples placed in glass jars. The pH values of 5, 7 and 9 were
commonly selected for experiments. The pH of the samples
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was adjusted by adding 0.1 M HCl and 0.1 M NaOH to analyze
the change in the release of microplastics. The protein extracts
of M. oleifera and B. hispida in different dosages (10-60 mL)
were added to the prepared sample. This allowed testing of the
coagulant concentrations to determine the optimal dosage for
effective treatment. The coagulant caused microplastics to dest-
abilize and aggregate. Then, the stirrers were activated to mix
the coagulant evenly throughout the sample at a high speed for
2 min and then slow speed for 20 min. After mixing, the coagu-
lated particles began to clump together to form larger flocs,
allowing the water to undergo a flocculation process. Then
the jars were left undisturbed for 90 min to allow the flocs to
settle to the bottom of the jar in the sedimentation process. The
supernatant was separated and further characterized to deter-
mine the optimal dosages of coagulants.

Quantification of microplastics: The number of micro-
plastics was determined using a naeubers counting chamber.
After treatment, the supernatant using different M. oleifera and
B. hispida dosages at pH 5, 7 and 9 was collected using a pipette
and diluted at 1:3 as it is highly microplastic concentrated.
The diluted sample of 10 uL. was added to the counting chamber
and a coverslip was placed on it so that dust particles would not
interfere. The counting chamber was placed under a trinocular
microscope and the grid lines of the chamber were observed.
Then, the number of microplastics was counted at 400X in
the selected 5 squares out of large 9 squares using the logical
count method.

Depending on the number of microplastics (MPs) in the
selected 5 number of squares, the concentration of microplastics
in the samples can be calculated using the formula mentioned
below:

. . 4
Concentration (MPs/mL) = No. of MPsx Dilution factorx10 )

Number of squares

The concentration for each pH and dosage was calculated
by taking the average of 5 samples.

Removal efficiency: The difference in microplastics after
treatment was calculated by subtracting the concentration of
the sample after treatment from the concentration of the initi-
ally prepared sample. The removal efficiency was calculated
using the formula:

C-GC %100 )
C

i

Removal efficiency (%) =

where C; represents the concentration of the initially prepared
sample and C; represents the concentration of sample after treat-
ment.

RESULTS AND DISCUSSION

Identification of polymer type: The FTIR analyses of
microplastics extracted from the prepared sample to identify
the polymer type. The bands at 2918 cm™ and 2848 cm™ can
be attributed to the CH stretch of all the hydrocarbon consti-
tuents present in the polymers. The peaks positioned at 1464
and 1471 cm™ correspond to CH, bend and the peaks located
at 732 cm™ represent CH, rock (Fig. 2). Therefore, it is con-
cluded that these peaks in samples closely match HDPE [50].

0.2 -
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S g g g
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Fig. 2. FTIR spectra of microplastics extracted from the disposable cup

Thus, FTIR results of the different samples show that the plastic
films extracted from the samples were HDPE grade plastics
and that any microplastics leached through exposure to hot
water/beverage were made of HDPE.

Morphology of extracted microplastics: The extracted
microplastics were viewed under ESEM at 1000 to 25,000X
magnifications as shown in Fig. 3. The microplastics were seen
to be either irregularly shaped or to have a distinct shape (such
as spherical or rod-like). Moreover, the microplastics of smaller
sizes were dispersed throughout the field of vision and formed
tiny, agglomerated clusters. For each sample, a range of particle
sizes was indicated by the presence of particles of different
sizes throughout the field of vision.

Concentration of microplastics in the prepared sample:
The average number of microplastics in the prepared sample
was determined as 13.6 + 0.54 at a dilution of 1:3. Then the
microplastics concentration in the samples was calculated (eqn.
1) as 82,000 + 3240 MPs/mL.

Concentration of microplastics after using protein
extracts: The concentration of microplastics in the sample
was determined after using M. oleifera and B. hispida protein
extracts.

M. oleifera protein extracts: The number of microplastics
calculated in the counting chamber is mentioned in Table-1. It
is the average of 5 samples with their standard deviation. The
average number of microplastics seen at a 1:3 dilution follo-
wing treatment with M. oleifera-extracted proteins at different
pH and doses is shown in Table-1. The findings at pH 5
demonstrate a distinct pattern: the microplastic count stays
comparatively high at lower protein concentrations (10 mL/L),
with an average of 11.6 +0.54 microplastics. The microplastic
count drops further to 4.2 + 0.44 microplastics as the M. oleifera
protein concentration rises to 60 mL/L, resulting in the most
significant reduction as there are more active coagulants
available to interact with microplastics. This suggests that M.
oleifera proteins at higher concentrations have a greater effect
on lowering the quantity of microplastics. At pH 7, the dosage
of 10 mL/L consistently produced 9 + 0 microplastics throug-
hout the five samples, but at 30 mL/L decreased to an average
of 0.8 + 0.44 microplastics, indicating good efficacy. The
microplastic count did, however, marginally increase to 2.6 +
0.54 as the dosage was increased to 40 mL/L. It then climbed
further at 60 mL/L, with an average of 8.4 + 0.54 microplastics.
According to this, coagulation efficiency peaks at 30 mL/L
and decreases with increasing dosage. At pH 9, for a dosage
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Fig. 3. SEM image representing different sizes and shapes of microplastics

TABLE-1
AVERAGE NUMBER OF MICROPLASTICS ON DILUTION 1:3 AFTER USING
EXTRACTED PROTEINS OF Moringa oleifera AT pH 5, 7 AND 9

Sample pH 10 mL/L 20 mL/L 30 mL/L 40 mL/L 50 mL/L 60 mL/L
5 11.6 £ 0.54 11+0 72+0.44 6.8 +0.83 4.4 +0.54 4.2 +0.44
7 9+0 48 +0.44 0.8 +0.44 2.6 +0.54 5.4+0.54 8.4+0.54
9 10.6 +0.54 70 30 22+044 4+0 7.8 +0.44

of 10 mL/L, the average number of microplastics was 10.6 £
0.54, which decreased to 2.2 + 0.44 MPs at 40 mL/L. However,
the microplastic count increased again to 7.8 + 0.44 micro-
plastics at a higher dosage of 60 mL/L. This suggests that the
optimal dosage for microplastic removal at pH 9 is around 40
mL/L, with effectiveness decreasing beyond this point. After
finding the number of microplastics in 5 squares of the counting
chamber at dilution 1:3, the concentration of microplastics in
samples was determined using eqn. 1.

The concentration of microplastics that remained after
treatment with M. oleifera-extracted proteins at various dosages
(10 to 60 mL/L) and pH values (5, 7 and 9) is summarized in
the Table-2. Effective microplastic removal at higher dosages
was demonstrated by the gradual decrease in the microplastic
concentration at pH 5 as the dosage increases, from 69,600 +
3240 microplastics at 10 mL/L to 25,200 + 2640 microplastics
at 60 mL/L. The microplastic concentration first sharply drops
at pH 7, hitting a low of 4,800 microplastics at 30 mL/L from
54,000 = 0 microplastics at 10 mL/L, then rises again to 50,400

+ 3240 microplastics at a higher dosage of 60 mL/L. Likewise,
the microplastic concentration decreases at pH 9 from 63,600 +
3240 microplastics at 10 mL/L to 13,200 + 2640 microplastics
at 40 mL/L, increasing at higher dosages. M. oleifera seeds
contain cationic proteins that can act as effective coagulants.
This shows that the effectiveness of removing microplastics is
greatly influenced by pH and dosage, with the best outcomes
occurring under particular circumstances.

B. hispida protein extracts: The number of microplastics
observed on the counting chamber after treatment in the selec-
ted 5 squares of counting chamber are mentioned in Table-3.

Table-3 summarizes the number of microplastics observed
at various pH (5, 7 and 9) and dosages (10 to 60 mL/L) of B.
hispida extracted proteins. at pH 5, using a 1:3 dilution. At 10
mL/L dosage, the number of microplastics remained consis-
tently high, averaging 12.4 + 0.54. The microplastic count
decreased to 5.2 + 0.44 microplastics at 50 mL/L but rose
again to 7 = 0 microplastics at 60 mL/L. This indicates that the
most effective dosage for microplastic removal at pH 5 is 40

TABLE-2
CONCENTRATION OF MICROPLASTICS AFTER REMOVAL USING EXTRACTED PROTEINS OF Moringa oleifera
pH/Dosage 10 mL/L 20 mL/L 30 mL/L 40 mL/L 50 mL/L 60 mL/L
5 69600 + 3240 66000 = 0 43200 = 2640 40800 + 4980 26400 + 3240 25200 + 2640
7 54000 = 0 28800 + 2640 4800 + 2640 15600 + 3240 32400 + 3240 50400 + 3240
9 63600 + 3240 44400 + 0 18000 + 0 13200 + 2640 24000 = 0 46800 + 2640
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TABLE-3
AVERAGE NUMBER OF MICROPLASTICS ON DILUTION 1:3 AFTER USING
EXTRACTED PROTEINS OF Benincasa hispida AT pH 5, 7 AND 9

Sample pH 10 mL/L 20 mL/L 30 mL/L 40 mL/L 50 mL/L 60 mL/L
5 12.4 +0.54 12+0 7.6 +0.89 5.6 +0.89 52+044 7+0
7 11.2+0.44 6.6 +0.54 50 1.6 +0.89 3.4+0.89 2.8+0.44
9 11.4 +0.89 8.2 +0.44 5.8+0.83 3.8+1.09 2.4 +0.89 32+044

mL/L. While at pH 7, the average microplastic count at 10
mL/L was 11.2 + 0.44 which dropped to 5 microplastics at 30
mL/L. But at 40 mL/L, the microplastic count dramatically
dropped to 1.6 + 0.89 microplastics, indicating peak efficacy.
At higher dosage, however, the microplastic count increased
somewhat, averaging 2.8 + 0.44 microplastics at 60 mL/L.
This suggests that at pH 7, 40 mL/L is the ideal dosage for
microplastic elimination; above this, the effectiveness begins
to decrease. The average microplastic count at pH 9 was 11.4
+ (.89 at 10 mL/L. With increased efficacy, the count further
decreased to 3.8 + 1.09 microplastics at 40 mL/L. At 50 mL/L,
the microplastic count was at its lowest at 2.4 + 0.89 and at 60
mL/L, it slightly increased to 3.2 + 0.44 microplastics. This
indicates 50 mL/L as the most effective dosage for removing
microplastic at pH 9, with efficacy marginally declining at
higher concentrations.

The concentration of microplastics that remained after
the treatment with proteins isolated from B. hispida at various
pH levels (5, 7 and 9) and doses (10 to 60 mL/L) is summarized
in Table-4. At pH 5, the microplastic concentration dropped
from 74,400 + 3240 at 10 mL/L to 31,200 + 2640 at 50 mL/L
and then slightly rising to 42,000 + 0 at 60 mL/L. The concen-
tration dramatically decreased at pH 7, going from 67,200 +
2640 at 10 mL/L to a low of 9,600 + 2640 at 40 mL/L before
increasing once more to 16,800 + 2640 at 60 mL/L. The micro-
plastic concentration increased to 19,200 + 2640 at 60 mL/L
after falling from 68,400 + 2640 at 10 mL/L to 14,400 + 2640
at 50 mL/L at pH 9. This suggests that the best conditions for

removing microplastics are 40 mL/L and pH 7 indicating the
greatest reduction in microplastic concentration. The high con-
centration of active proteins in extracted M. oleifera and B.
hispida allowed rapid and effective microplastics removal even
at very low dosages. However, the extraction process for these
proteins is expensive than preparing the other forms of natural
coagulants.

A comparitive study towards the efficiency of removal
of microplastics: Fig. 4a shows the percentage of microplastics
removed using protein extracts from M. oleifera at varying
dosages (10 to 60 mL/L) and pH values (5, 7 and 9). Elimina-
tion efficiency rose from 15.12 + 8.5% at 10 mL/L to 69.26 +
9.9% at 60 mL/L at pH 5. After reaching a peak of 94.14 +
11.0% at 30 mL/L at pH 7, the removal dropped to 38.53 +
9.4% at 60 mL/L. From 22.43 + 8.8% at 10 mL/L to 83.90%
at 40 mL/L, efficiency increased at pH 9 before declining to
42.92% at 60 mL/L. Overall, the most successful removal was
at 30 mL/L, with pH 7 exhibiting the highest peak efficiency.
Fig. 4b displays the percentage removal of microplastics using
protein extracts from B. hispida. The removal efficiency rose
from 9.26 + 8.3% at 10 mL/L to a high of 61.95 + 9.6% at 50
mL/L at pH 5, after which it fell to 48.78 + 5.9% at 60 mL/L.
With modest drops at higher dosages, removal was more succe-
ssful at pH 7, peaking at 88.29 + 10.7% at 40 mL/L after begin-
ning at 18.04 + 7.9% at 10 mL/L. The elimination efficiency
started at 16.58 + 7.8% at 10 mL/L at pH 9 and increased to
82.43 + 10.4% at 50 mL/L before slightly declining to 76.58
+ 10.2% at 60 mL/L. In general, 40 mL/L showed the best

TABLE-4
CONCENTRATION OF MICROPLASTICS AFTER REMOVAL USING EXTRACTED PROTEINS OF Benincasa hispida
pH/Dosage 10 mL/L 20 mL/L 30 mL/L 40 mL/L 50 mL/L 60 mL/L

5 74400 = 3240 72000 + 0 45600 + 5340 33600 + 2640 31200 + 2640 42000 + 0

7 67200 + 2640 40800 + 3240 54400 £ 0 9600 =+ 2640 20400 + 2640 16800 + 2640

9 63400 + 2640 49200 + 2640 34800 + 4980 22800 + 6540 14400 + 2640 19200 + 2640
<120 100
3 X 8.29
& < 90 (b)
?1 || ° z —+5 / i 82.43 /%5 |
k5 .7 § 80| |=7 e ?/
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removal of microplastics, at pH 7 for protein extracts from B.
hispida. The comparison between M. oleifera and B. hispida
protein extracts for the removal of microplastics revealed that
M. oleifera extracts generally achieved higher peak efficiencies
but exhibited significant declines at higher dosages. The adsor-
ption and charge neutralization of particle surfaces are consi-
dered the main mechanisms for coagulation. These proteins
adsorb onto the surface of microplastics and neutralize the
charge. Then the particles begin to aggregate to form larger
particles called flocs which can be further removed [44,51].

A recent study used chitosan for removing polyethylene
microplastics in synthetic wastewater and achieved 81.5/%
removal at a pH of 6 with 100/mg/L dosage [52]. Another
study investigated the use of B. hispida and M. oleifera seeds
powder that resulted in 83.73 + 1.41% at 100 mg/L and 86.99
+ 1.41% at 150 mg/L, respectively, over synthetic coagulants:
alum resulted in 86.58 + 1.22% removal at 50 mg/L [40]. While
the majority of studies have focused on chemical coagulants,
Yao et al. [53] applied polyaluminum sulfate (PAS) at a concen-
tration of 7.5 g/L, resulting in polystyrene (PS) microplastics
removal efficiency of 90.4% [53]. Among the different coagu-
lants tested, Polyaluminium chloride (PAC) alone removed
97% PS microbeads while Al,(SO4); and FeCl; removed 67
% and 48 % PS microbeads, respectively [54]. It was demonst-
rated by Yu et al. [55] that the highest PS microplastics removal
efficiency of 94.28% was achieved when active silicic acid
(10 mg/L) was used as a coagulant aid in conjunction with a
polyaluminum ferric chloride (60 mg/L). Additionally, a study
conducted in Poland assessed the effectiveness of AICl;-6HO
and FeCls3-6HO at a concentration of 0.05 g/L, achieving in
PVC microplastics removal of 89.2 + 6.2% and 66.8 + 14%),
respectively [56]. Furthermore, an investigation on the use of
Alx(SO,); and anionic polyacrylamide (APAM) resulted in
93.47%, 81.25% and 29.48% removal for PA, PS and PE
microplastics, respectively. The combination of chemical coag-
ulant with natural coagulant (Al(SO4);+MO) resulted in a 50%
reduction of Al,(SO.)s. The microplastics removal efficiencies
0f 92.99%, 80.48% and 28.94% for PA, PS and PE microplastics,
respectively were obtained with 40 mg/L of Al,(SO4); and 60
mg/L of M. oleifera [51].

These chemical coagulants used in water treatment can
be costly and harmful to the environment. They can produce
toxic waste and cause contamination of water with metals, which
can be a threat to human health. Such as, the use of aluminum
salts has been linked to Alzheimer’s disease [39]. Therefore,
natural coagulants are found to be more effective and can be
used as an alternative to chemical coagulants as they are sust-
ainable and environmentally friendly. Natural coagulants have
functional groups that neutralize negatively charged micro-
plastics. Overall, M. oleifera extracts are highly effective at
optimal dosages, while B. hispida extracts provide more consi-
stent removal across varying conditions. Although their effici-
ency in eliminating microplastic is beneficial, their increased
expense might prevent them from being widely used in water
treatment. It is essential to balance the advantages of effective
microplastic removal and the practicality of using these mater-
ials. To maximize the usage of M. oleifera and B. hispida seed

powders in water purification procedures, it is essential to
address the cost concerns and explore more economical extra-
ction methods. This approach would help harness their effective
microplastic removal capabilities while ensuring practicality
and sustainability in water treatment processes.

Conclusion

In today's world, plastic is one of the materials that is
utilized the most frequently. Despite its harmful effects on all
organisms, it is favoured due to its affordable, strong and adapt-
able. It becomes microplastic once disposed into the environ-
ment, which increases the risk. Therefore, coagulation has
emerged as a promising method for removing microplastics.
In this study, a synthetic solution was prepared using micro-
plastics extracted from common-use disposable cups. These
microplastics were removed by extracted proteins of two natural
coagulants viz. M. oleifera and B. hispida, which have been
successfully applied to water and wastewater treatment earlier.
M. oleifera protein extracts achieved optimal microplastic
removal of 94.14 + 11.0% at a dosage of 30 mL/L and pH 7,
demonstrating their high effectiveness in this specific condi-
tion. However, their removal efficiency decreased significantly
at higher dosages, indicating a peak performance at this optimal
dosage. In contrast, B. hispida protein extracts were more cons-
istent, peaking at 88.29 + 10.7% removal at 40 mL/L and main-
taining stable efficiency across various dosages and pH levels.
Further, the sludge obtained after treatment using M. oleifera
and B. hispida is generally considered non-toxic and biodegra-
dable. It is generated in smaller amounts than alum sludge
and can be potentially used in agricultural applications. Unfort-
unately, protein extracts have several limitations; they degrade
over time when exposed to UV light and temperature change.
The large-scale extraction of these proteins could be economi-
cally unfeasible compared to synthetic coagulants. It may be
challenging to scale up the use of extracted proteins of M.
oleifera and B. hispida in terms of sourcing enough plant mate-
rials and maintaining effectiveness in larger systems. There are
several research gaps and issues that need to be further exam-
ined and explored in future research related to M. oleifera and
B. hispida. It is recommended to use real water and wastewater
samples, instead of synthetic samples, in future studies to vali-
date the effectiveness of M. oleifera and B. hispida in removing
M. oleifera and B. hispida.
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