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1. Introduction

Abstract

The highly toxic systemic neonicotinoid insecticide Acetamiprid may
seriously damage aquatic ecosystems and human health when it
reaches into water bodies. Therefore, there is an urgent need to create
environmentally friendly, inexpensive, and efficient adsorbents to
remove Acetamiprid from effluents. The current study presents research
on converting Moringa oleifera seed waste (MOS) obtained from oil
industry wastes into beneficial nano sorbent. In order to maximize the
removal of Acetamiprid from contaminated wastewater, adsorption
study examined the effects of solution pH, agitation time, Acetamiprid
concentration, and temperature. The adsorption equilibrium was
modeled with Langmuir isotherm. The adsorption kinetics was modeled
with power function and Elovich equation. Depending on Langmuir
models, maximum adsorption capacity for nano sorbent reached 70.22
mg-g™*, which is 5.8 times higher than gmax of bulk MOS. According to
the thermodynamic analysis, Acetamiprid adsorption occurs
spontaneously and exothermically. The three main mechanisms of
adsorption on nMOS were found to be hydrogen bonding, electrostatic
interlinkage, and m—r interactions. The sorption capacity in the first
four cycles of the adsorption-desorption investigated a slight decrease
from 94% to 88%, indicating the effective reuse of nMOS in
Acetamiprid removal from effluents. Overall, the experimental findings
revealed that nMOS is a low-cost, environmentally friendly, and
promising nanosorbent that may be used to treat Acetamiprid-
contaminated effluents.

Continuous and indiscriminate exposure of pesticides in different agricultural activities has led to
undesired environmental contamination. Neonicotinoids, a type of pesticide commonly used in
agriculture, have been particularly controversial due to their harmful effects on pollinators such as
bees. Studies have shown that neonicotinoids can impair bee navigation, reproduction, and overall
health, posing a serious threat to the stability of ecosystems and food production. In response to this
issue, many countries have started to restrict or ban the use of neonicotinoids, emphasizing the need
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for more sustainable and eco-friendly farming practices [1], [2]. Acetamiprid is a neonicotinoid
insecticide that is commonly used in agriculture to control pests. It works by interfering with the
nervous system of insects, causing paralysis and eventually death. Due to its effectiveness and
relatively low toxicity to mammals, Acetamiprid has become a popular choice among farmers.
However, there have been growing concerns about its impact on pollinators, particularly bees, as
studies have shown that it can be harmful to their health and contribute to their decline. As a result,
there is an ongoing debate about the continued use of Acetamiprid and the need for more sustainable
alternatives in pest control bodies [3]. Due to its long half live (DT50), Acetamiprid remains active
in the environment for an extended period of time. This allows for prolonged control of insect pests,
reducing the need for frequent reapplication [4], [5], [6]. Nowadays, nanomaterials are employed to
capture and remove neonicotinoids at the molecular level. This approach offers a highly efficient and
cost-effective solution for the removal of these harmful pesticides from wastewater [7], [8].
Application of nanosized materials in remediation of wastewater has gained much attention due to
their unique physicochemical characteristics such as small sizes (<100 nm), high specific surface
areas, high adsorption capacities and reactivity resulting in enhanced performance over their bulk
counterparts. Moringa oleifera seeds are an effective and low-cost method used in water treatment
plants to remove impurities and purify the water. These seeds contain natural coagulants that can bind
together particles and suspended solids in the water, making it easier to filter and remove them. The
seeds are crushed and added to the water, allowing the coagulants to work their magic. This simple
and cost-effective method has been proven to be highly effective in improving water quality,
especially in areas where access to clean drinking water is limited. Furthermore, the use of Moringa
oleifera seeds in water treatment is environmentally friendly as it does not introduce harmful
chemicals into the water supply. Additionally, the affordability of Moringa oleifera seeds makes this
method sustainable and accessible for communities with limited resources, ensuring a consistent
supply of clean and safe drinking water for those in need. This method has the potential to greatly
improve public health and reduce waterborne diseases. Different studies have reported the potential
of several sorbents for acetamiprid removal. (Paramasivan et al., 2019) [9] has found that, acetamiprid
removal efficiency onto Graphene magnetic nanoparticle was 72% and (Choumane et al., 2016) [10]
reported that the low adsorption capacity for bentonite clay, and kaolin in removing Acetamiprid
could be explained by the low specific surface area for them. While (Cobas et al., 2016) [11] evaluated
the potentials of a cheap biosorbent (chestnut shells) for the removal of acetamiprid, the reports
described the applicability of the biosorbent in eliminating acetamiprid pesticide. The adsorption
processes were best explained by pseudo-second-order and Freundlich isotherm kinetic models.
Mesoporous activated carbon from starch (ACS) was applied to remove pesticides from wastewater
[12]. The adsorption study conducted by (Lu et al., 2022) [13] showed that the use of activated carbon
as a sorbent achieved an even higher acetamiprid removal efficiency of 85%. These findings highlight
the importance of exploring different sorbents for the effective removal of acetamiprid from water
sources. Ball mill is grinding technique that is used to reduce the particle size of materials. It is
commonly used in industries such as mining, construction, and ceramics. The grinding media inside
the ball mill can be made of steel, ceramic, or even rubber, depending on the material being processed.
The size of the balls and the speed of rotation can be adjusted to achieve the desired fineness of the
final product. Overall, the ball mill is a versatile and efficient tool for grinding and pulverizing
materials. Due to the high efficiency of nano particles, we have hypothesized that synthesis of nano-
adsorbent using the priceless byproduct moringa seeds wastes would greatly enhance the capacity of
bulk counterpart for removal of an emerging contaminant from wastewater. The proposed nano-
moringa oleifera seeds (nMOS) adsorbent is novel, green, effective and low-cost nanomaterial and a
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substitute of expensive, restricted and inefficient methods such as irradiation, coagulation, ion
exchange, physical treatments, flocculation, chemical precipitation and electrochemical destruction
[14], [15], [16], [17].

The current study aims to explore the adsorption capacity of nMOS and assess their effectiveness in
removing Acetamiprid from wastewater. By comparing the results with previous studies, a
comprehensive understanding of the adsorption behavior of Acetamiprid can be achieved, leading to
the development of more efficient treatment methods for its removal from wastewater. Furthermore,
synthesis and application of nMOS as a low- cost solution to generate green nano-sorbents from
invaluable materials would exhibit a precise role in the environmental remediation and the global
environmental challenge issue.

1. Methods and tools

1.1.Nano-sized MOS (nMOS) adsorbent

Moringa oleifera seeds (MOS) were procured from Ministry of Agriculture - Cairo. Solvent extraction
method was used to extract the oil from the moringa seeds[18] . The resultant material is defined as
(press cake), which is the residuals of the seeds after oil extracting process. The press cake was oven
dried at 60 °C for 1 h to get rid of any access solvent. After this step, dried Moringa seeds were
crushed and passed through two different sieves. The first sieve mesh was 2 mm. The proportion that
was passed through the 2 mm sieve was determined as Bulk Moringa oleifera seeds (bMOS). A
fraction of bMOS was passed through the second sieve which was 51-um. Passed particles were
mechanically ground using the precision ball mill (Fritsch, Germany) to diminish je particle size less
than 100 nm following the method reported by Elkhatib et al., 2015 [19]. Fritsch Planetary Mono
Mill Pulverisette 6 classic line equipped with 80-ml stainless steel grinding bowl and 150 g of 1 mm
steel grinding balls. The grinding process was performed at 650 rpm disk speed for 75 min. To
maintain an optimum viscosity for grinding, 48 ml of isopropyl alcohol were added to the sample.
The samples were ground in cycles in which 3 min grinding time is followed by a programmed
pausing time of 10 min to avoid over pressure. After several (3) cycles, the outside temperature of
the bowl was checked (below 70 °C). The characteristics of the ground samples were investigated
using scanning electron microscopy combined with energy-dispersive X-ray spectroscopy (SEM-
EDX,)and Fourier transmission infra-red (FTIR) analysis.

1.2. Characterization of Acetamiprid

The commercial formulation of Acetamiprid was purchased from Syngenta Agro (Egypt). Stock
solution of (1000 mg/I) was prepared and kept in darkness. Serial dilution with deionized water was
used to obtain the desired range of concentrations. To detect the maximum wavelength for
Acetamiprid determination, spectrophotometric measurements were performed in the range 190-400
nm using GENESYS 10S UV-Vis Spectrophotometer. Full scan spectrum was obtained with A max
at 245 nm [10], [20]. 5 Standard solutions for the calibration curves were prepared by the stepwise
dilution of the stock solution to obtain concentrations in the range of 1:50 mg/I.

2.3.  Adsorption studies

The adsorption tests of Acetamiprid on bMOS and nMOS were performed by mixing 0.1 g of
adsorbent with 40 mL of Acetamiprid solution. The mixtures were shaken at 160 rpm for a maximum
of 24 h at 25°C. At the end of the test, the suspension was centrifuged at 4000 rpm (1800 g) for 5 min
and the supernatant was filtered using a 0.45 pum membrane. The final concentration in the supernatant
was determined by UV-Vis spectrophotometry at 245 nm.
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The percentage of Acetamiprid removal from aqueous solution was calculated according to equation
Removal (%) = ((CO —Ce) / C0)*100 [eq.1]

Where CO is the initial concentration in mgL™, Ce is the final concentration in mgL™.

The adsorption capacity (ge) of the absorbent in equilibrium with the liquid phase was calculated
using equation2

ge (mg-g-1) = (CO0 —Ce)-V/m [eq.2]

Where V is the liquid phase volume expressed in L and m is the adsorbent mass expressed in g.
Various adsorption tests of Acetamiprid on MOS adsorbent were designed and performed to
determine the influence of contact time (5 - 120 min), pH solution (pH=2-11), MOS adsorbent dose
(0.1- 0.4 g), temperature (298.15 — 318.15 K) and initial concentrations (10 - 400 mgL™), in the
adsorption equilibrium, adsorption kinetics and thermodynamics.

3. Results and Discussion

3.1. Characterization of nMOS

Figure (1A) revealed scanning electron microscopy (SEM) image of nMOS which showed a smooth
morphology devoid of surface breaks. Particle structures appeared significant change after adsorption
on nMOS (Fig. 1B). There were lots of pores and tiny spherical forms. Several agricultural
adsorbents, including orange peel [21] and wheat straw [22] have been reported in the literature to
exhibit comparable surface changes affected by adsorption processes. The elemental composition of
nMOS both before and after adsorption was determined using the EDS analysis. Certain elements,
like carbon (55.68%), oxygen (33.96%), and nitrogen (9.45%), had high percentages in the results,
while other elements had relatively low percentages such as sulfur (0.59%), phosphorus (0.26%), and
calcium (0.07%) . Depending on sorption process, higher percentages of calcium (0.12%), oxygen
(34.10%), and nitrogen (13.43%) were found in nMOS confirming the Acetamiprid sorption on
nMOS. The Fourier-transform infrared spectroscopy (FTIR) spectra of nMOS before adsorption was
analyzed , the active band at 3375.5 cm-1 is related to —OH and —NH2 stretching vibration present in
lignin, proteins, carbohydrates, fatty acids, while the band at 2926.5 cm-1 is related to the aliphatic
C—H group [23]. The strong peak at 1656.87 cm-1 is corresponded to the C—O bond of amides or
N-H bending in proteins[24], [25] , whereas the bands at 1540.51 and 1060.19 cm 1 can be related
to C=0 stretch (Chaari et al., 2019; Fernandez et al., 2015b). The FTIR spectrum of Acetamiprid
loaded NMOS has shown changes in the peak intensity and wave number. The changes in wave
number and peak intensity reveal the interaction of Acetamiprid and the function groups of moringa
such as —OH bond, C-H group, C-O bonds of amides and N-H groups in carbohydrates, fatty acids
and proteins . These functional groups have a main role in the adsorption reaction [26], [27].

3.2.  Acetamiprid adsorption isotherms

To comprehend and interpret the adsorption process, the Acetamiprid adsorption process on bMOS
and nMOS must be represented using adsorption isotherm models. Six adsorption isotherm models
were used to calculate isotherm parameters. Best fitted models for experimental data are shown in
Table (1). The Langmuir model with lower standard error (SE) values and higher R? values
demonstrated that the Acetamiprid adsorption by bMOS and nMOS adhered to the model (Fig. 2).
According to the Langmuir isotherm, the maximum adsorption capacity (gmax) was determined to
be 70.22 mgg-1 for nMOS and 12.00 mgg-1 for bMOS. For Acetamiprid , the nMOS gmax value was
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ISKME  X5:880  Sum
Fig.1 Scanning Electron microscope for a) nMOS before adsorption and b) nMOS after adsorption.

o

5.8 times greater than the bMOS value. The greater nMOS specific surface area can explain the
enrichment in adsorption capacity. (Table 2) illustrates the maximum adsorption capacity for several
sorbent materials in adsorption neonicotinoid and similar pesticides. This study reported high
adsorption capacity comparing with other studies due to high specific surface area for nMOS 4.6 m2
g -1 as reported in previous study [28]. (Choumane et al., 2016) [10] reported that the low adsorption
capacity for bentonite clay, and kaolin could be explained by the low specific surface area for them.
The fact that Langmuir isotherm fits the experimental data very well confirms the monolayer
coverage of Acetamiprid onto MOS nano particles (gm= 70.22 mg/g) and also the homogeneous
distribution of active sites on the adsorbent, since the Langmuir equation assumes that the surface is
homogeneous. This suggests that the Acetamiprid molecules are uniformly adsorbed onto nMOS,
forming complete monolayer coverage. The value of gm, which represents the maximum adsorption
capacity, further reinforces the idea that all available active sites on nMOS surface are occupied by

the pesticide molecules.

O nMOS (Exp)
——nMOS (Langmuir)

A bMOS (EXP)
——bMOS (Langmuir)

_N

Sorbed Acetamiprid, qe (mg/g)

0 20 40 60 80 100 120 140
Concentration at equilibrium, Ce (mg/l)

Fig.2 Langmuir isotherm for Acetamiprid adsorption onto nMOS.
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Table 1. Sorption isotherm models for Acetamiprid adsorption by nMOS and bMOS.

Adsorption isotherms Description Parameters nMOS bMOS
Kr = constant of Freundlich (the Kr (mL/g) 1.6061 2.3419
Freundlich adsorption volume of the adsorbent) 1/n 0.5411  0.4647
G —KpC ™ n = constant (intensity of the analyte R? 0.9335  0.9708
sorption) SE 0.2919 0.1482
. _ . . . Omax (Mg/g) Ve vy 1.+
Langmuir Qmax = maximum adsorptlf)n capacity Ke (L/mg) 00934  0.0788
Gmax K1 Ce Kv = constant of Langmuir (free energy )
° 1+K,C of adsorption) R 0.9953 ~ 0.9908
L e P SE 00082  0.0125

AQ = variation of adsorption energy AQ (Umol)  13667.0  16503.1

i —AH
Temkin RT E{ = c)onstant of Temkin Ko (Limg) L2914 0.0993
0 = Ean"Ce TO_‘t oerature (K R? 0.9554  0.9847
= temperature (K) SE 0.0791 0.009

R = universal gas constant.

Table 2. Maximum adsorption capacity for different sorbents in removing neonicotinoids
pesticides.

Sorbents Pesticide Adsorption capacity References
Sludge-Based Activated Carbons Thiamethoxam 126.8 [29]
Granular activated carbon Thiamethoxam 60 mg/g [30]
Ricinodendron heudelotii shells Imidacloprid 43.48 mglg [31]
Peanut shell Imidacloprid 8.68 mg/g [32]
Tangerine peels Acetamiprid 35.70 mg/g [33]
Bentonite clay Acetamiprid 9.17 mglg [34]
Kaoline Acetamiprid 7.85 mg/g [34]
magnetic copper-based metal-organic | Thiamethoxam 2.88 mg/g [35]
framework
Nano Moringa Oleifera sedes. nMOS Acetamiprid 70.22 mg/g This work
Bulk Moringa Oleifera sedes Acetamiprid 12 This work

Additionally, the good fit of the Langmuir isotherm indicates that there is no preferential adsorption
occurring on specific regions of the adsorbent, further supporting the hypothesis of a homogeneous
distribution of active sites.According to Ry value , the isotherms' shapes can be classified as
irreversible when (RL = 0), favorable (0 < RL <1), linear (RL = 1), unfavorable (RL > 1), or favorable
(0 <RL <1). Rl is a dimensionless constant called separation factor or equilibrium parameter which

. Where Co (mg/L) is the initial pesticide

1+ K;C
concentration and KL (L/mg) is the Langmuir constant related to the energy of adsorption. In this
study, the RL values for the nMOS. Acetamiprid interactions were found to be within the range of 0-
1, indicating a favorable uptake of the Acetamiprid process. This suggests that the adsorption of
Acetamiprid onto the nMOS surface is thermodynamically feasible and that the system is reversible
to some extent.

is defined by the following equation R,
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3.3.0ptimization of parameters affecting Acetamiprid removal by nMOS.

3.3.1. Contact time: The contact time refers to the duration that the adsorbent and the adsorbate are
in contact with each other. By increasing the contact time, more adsorbate molecules can come into
contact with the adsorbent surface, leading to increased adsorption efficiency. This allows for a higher
removal rate of pollutants or contaminants from the solution. Therefore, optimizing the contact time
plays a crucial role in maximizing the adsorption performance and ensuring effective purification or
separation processes. The impact of contact duration on the Acetamiprid adsorption by nMOS was
investigated at 100 mg-L™* for a duration of 5 minutes to 24 hours. During the first fifteen minutes,
the adsorption of Acetamiprid on nMOS proceeded very quickly and tended toward the equilibrium
plateau (Fig. 3). Within 30 minutes, approximately 93% of Acetamiprid on nMOS had been removed,
bringing the maximum adsorption capacity to a close.

3.3.2. Adsorbent dose: The adsorbent dose greatly affects the total specific surface area and binding
sites of the adsorbent. The influence of nMOS adsorbent dose (0.10-0.40 g) on the Acetamiprid
removal was examined. The results showed that increasing the adsorbent dose has led to a significant
increase in the total specific surface area and binding sites availability for adsorption. This, in turn,
resulted in a higher efficiency of removal. At the lowest adsorbent dose of 0.10 g, removal efficiency
was found to be relatively low, indicating that there were limited binding sites available for
adsorption. However, as the adsorbent dose was increased to 0.20 g, the Acetamiprid removal
efficiency improved significantly, suggesting that a higher dosage of adsorbent led to a greater
number of binding sites for the pesticide molecules to attach to.

3.3.3. Effect of solution pH: The pH of the liquid phase is a crucial parameter that effects adsorption
behavior because of the major influence of the pH on ionization of functional groups and adsorbate
surface charge [36], [37] . At low pH values, functional groups may be protonated and carry a
positive charge, leading to repulsion between the adsorbate and the adsorbent surface. On the other
hand, at high pH values, functional groups may be deprotonated and carry a negative charge,
facilitating the attraction between the two. Therefore, the pH of the liquid phase must be carefully
controlled to optimize the adsorption process and ensure efficient removal of ions from the solution
[38]. Numerous tests were conducted at various pH values between pH 2 and pH 11 in order to
investigate the effect of solution pH on the adsorption process. The results of the experiment showed
that the maximum nMQOS removal capacity (93%) was reached at pH = 4 (Fig. 3). However when
pH value increased up to 6, removal efficiency decreased.

3.3.4. Adsorption kinetics

The findings resulted from the study of adsorption kinetics of nMOS for Acetamiprid removal at
various time intervals are displayed in (Fig4). After the first fifteen minutes, the rate of adsorption
process was quite rapid. After that, it started to slow down and achieved equilibrium after thirty
minutes, removing about 93% of the Acetamiprid. Four Kinetic models were fitted to the adsorption
kinetic data. Table (3) contains a list of the parameters and the kinetic models. The high standard
error (SE) indicates that neither the parabolic diffusion model nor the first order model accurately
represented the adsorption kinetics. On the other hand, the power function kinetic model and the
Elovich model displayed the lowest SE values and the highest determination coefficients (R?)
represented best fitted for kinetics data (fig.4).
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Log q (mg/g)

qt (mg/g)

Table 3. Kinetics models parameters for Acetamiprid adsorption by nMOS and bMOS.
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Fig.3 Effect of contact time and pH on removal Acetamiprid efficiency
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Fig.4 Kinetics model for adsorption Acetamiprid onto nMOS

. A . Adsorbent
Adsorption kinetic model Description Parameters MOS BVIOS
Elovich B = constant related to the extent of o (mg/ g min) 1.1380 0.3781

1 surface coverage B (mg/g) 0.2273 0.7521

qc = gIn(1 +apo o = the initial adsorbed rate R2 09895  0.9810

SE 0.5508 0.7451

Power function kp = apparent adsorbed rate coefficient Ko (mint) 0.9987 0.9930
q = Kk,Cot?/™ 1/m = constant. 1/m 0.6047 0.5919

Co = initial concentration of R? 0.9151 0.9535

Acetamiprid SE 0.0972 0.0689
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The power function model parameters (ka and 1 /m) were calculated from the slope and the intercept
of the linear plots (log g versus log t), The SE values of the power function model were much lower
than the SE values of the Elovich kinetic model, which indicate that kinetics of Acetamiprid can be
best described by the power function kinetic model, as shown in table3. The effectiveness of nMOS
in removing Acetamiprid can be compared using the desorption rate parameter (kp) of the power
function model. Elovich equation plots of adsorption Acetamiprid exhibited linear relationships exist
between "gt" and "In t". The Elovich equation parameters, a and p were calculated from the slope and
intercept of the linear plots and reported in Table (2). The amount of Acetamiprid adsorbed by nMOS
is higher than that adsorbed by bMOS. According to (Fouad, 2023) [39] a constant represents the
chemisorption rate at zero coverage and 3 based on the extent of surface coverage and chemisorption
activation energy. The Elovich equation is fit with experimental adsorption data for nMOS more than
bMOS, as indicated by higher values of o constant related to the adsorption rate.

3.4.Adsorption Thermodynamics

The thermodynamic parameters of Acetamiprid sorption: Gibbs free energy (AG®), enthalpy (AH®)
and entropy (AS°) are crucial in understanding the driving forces and feasibility of sorption process.
AG® provides information about the spontaneity of the sorption reaction, where a negative value
indicates a favorable process. AH® represents the heat exchange during the sorption, while AS®
reflects the change in randomness of the system. These thermodynamic parameters help in predicting
the conditions required for efficient sorption and provide insights into the overall stability and
energetics of the system adsorbent [40], [41]. Overall, understanding these parameters is essential for
the successful design and implementation of efficient sorption systems. Next equations were used to
calculate the parameters of thermodynamics. Higher temperatures result in less effective removal by
nMOS, as indicated by the increasing (negative) AGe values. The adsorption of Acetamiprid rises
with temperature, indicating that adsorption process is exothermic, as indicated by the negative
magnitude of enthalpy change (AH).

AG=-RT In K¢ [eq. 3]

In Kc = AS°/R - AH®/RT [eq. 4]

Where K¢ is equilibrium constant obtained by the Langmuir equation (K¢ = ge/Ce at 298 — 318
K), R is the gas constant (8.314 J-mol™-k?), and T is temperature expressed in Kelvin.

3.5.Proposed mechanism

Three main interactions between Acetamiprid and nMOS have been proposed: (1) - interaction, (2)
electrostatic interactions, and (1) hydrogen bonding. (1) Hydrogen bonding interaction: Since
Acetamiprid contains O (strong H donors) and the nMOS H acceptor (OH) contains OH groups, it is
suggested that a hydrogen bond will form between Acetamiprid strong H donor and the nMOS H
acceptor. (2) Electrostatic interactions: The positively charged adsorbent functional groups on the
surface of nMOS interact with the negatively charged binding sites of Acetamiprid. (3) The n—n
interaction: Oxygen molecules on the surface of NMOS operate as electron donors because the
material's surface is relatively rich in & electrons. Therefore, the n—n interaction between the =«
electron on the nMOS surface and the © electron cloud of Acetamiprid molecules may occur.

3.6. Reusability of nMOS for Acetamiprid removal

Reusability of nMOS is important for economic and practical application of the adsorption process.
Thus, sequential batch adsorption-desorption tests were performed to assess nMOS reusability.
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Fig.5 Effecting of temperature on removal efficiency.

The tests involved subjecting the nMOS to multiple cycles of adsorption and desorption, mimicking
real-world scenarios.The experiment was conducted in triplicate, combining 0.1 g of nMOS with 20
mL of pesticide solution and shaking for half an hour. After centrifuging the mixture, the
concentration of Acetamiprid in the supernatant was measured. Acetamiprid was desorbed with the
addition of 20 mL of deionized water after the supernatant solution was discarded. There were five
iterations of this technique (Fig. 5). For five consecutive cycles, the adsorption-desorption procedures
were carried out repeatedly. The results showed that the nMOS maintained its adsorption capacity
even after several cycles, indicating its potential for long-term use. This finding is significant as it
allows for cost-effective and sustainable implementation of the adsorption process in various
industries.

100
90 -
80 -
70 -

60 -
50 A
40 A
30 -
20 -
10 -+
0 T T T T
1 2 3 4 5

Number of Cycles

Acetamiprid Removal (%)

Fig.5 Sorption - Desorption tests for nMOS after 5 sorption cycles

Conclusion

The effective production and application of a nanomaterial obtained from the waste of Moringa
oleifera seeds (nMOS) for the removal of Acetamiprid pesticides from effluents. Both of Langmuir
model isotherm and power function model fitted well the adsorption data. Furthermore, the
thermodynamic analysis indicated that the adsorption process is exothermic, spontaneous, and
beneficial. Proposed adsorption processes for Acetamiprid adsorption on nMOS included electrostatic
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interactions between the adsorbate and the adsorbent (nMOS), as well as - and hydrogen bonding.
After five consecutive cycles, high removal efficiency of nMOS reduced slightly, indicating
outstanding reusability for nano sorbent. The results of this study demonstrated the high potential of
MOS nanoparticles for wastewater remediation.
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