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Aim: This study examines the photolytic and photocatalytic activities of a
polyethylene glycol-capped zinc ferrite nanocomposite aimed at removing
sethoxydim herbicide residues from pond water.

Material and Methods: Zinc ferrite nanoparticles were produced using the sol-
gel method with precursors like zinc nitrate and iron nitrate. A clear PEG solution
was formed by dissolving 1 g of PEG in distilled water. PEG-ZnFe,O,4
nanocomposites were synthesized by heating and calcining the mixture at
300 °C for 3 h. Polyethylene glycol capped zinc ferrite nanocomposites (PEG-
ZnFe>,O4 NCs) were characterized using various methods such as TEM, SEM, FT-
IR, UV-Vis spectroscopy, and XRD. Two sets of spiked concentrations were
prepared for experiments, one with the catalyst (PEG-ZnFe,O,4) and the other
without it. The samples were exposed to sunlight, collected at predetermined
intervals, and filtered using a 0.45 uym PTFE membrane filter. The filtrates were
collected into amber-colored vials before being validated using HPLC. The
method validation process involved analyzing untreated control samples,
working standard, and test solutions for method specificity, and calibration
solutions were analyzed using HPLC at various concentrations.

Results and Discussion: The fortified samples were analyzed using the HPLC
method to extract and quantify sethoxydim in pond water. The limit of
quantification (LOQ) was established by performing five injections of recovery
samples at a fortification level of 0.03 pug/mL for sethoxydim for low-level
recovery. The limit of detection (LOD) was determined to be 0.01 pg/mL. The
adsorption study assessed the effect of adsorbent dosage by mixing a 50 ml
solution with various doses of PEG-ZnFe,O4, NCs. The study found that
sethoxydim’s half-life in pond water without a catalyst was 4.80 days, while in
the presence of a catalyst, it was 8.42 h.

Conclusion: When compared to photolysis, research on photocatalysis has
revealed greater efficiency and quicker reactions, while the DT50 value, or
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half-life, holds considerable importance in environmental pond water. This study
proposes new applications for PEG-ZnFe,O4 NCs in environmental remediation
and waste water treatment.
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polyethene glycol-zinc ferrite nanocomposites, catalytic activity, sethoxydim, DT50, X-ray
diffraction, scanning electron microscopy, transmission electron microscopy

Introduction

A substance can accelerate a chemical reaction by absorbing
light energy while remaining unchanged. This process is commonly
referred to as photocatalysis. It is widely used for energy conversion,
organic synthesis, and environmental applications (Zhu and Wang,
2017; Chakravorty and Roy, 2024; Sabatier and Prize, 2020). The
process involves redox reactions, electron excitation, and light
absorption (Bhattacharjee and Roy, 2024). There are three types
of photocatalysis: heterogeneous, homogeneous, and plasmonic
(Boon et al., 2018; Chaturvedi et al., 2012; Hassaan et al., 2023).
Plasmonic photocatalysis uses metal nanoparticles (NPs) to improve
light
photocatalysis involves the catalyst and reactants in the same

absorption and reaction efficiency. Homogeneous
phase, whereas heterogeneous photocatalysis involves the catalyst
in a different phase than the reactants (Rao et al., 2016; Soc et al.,
2020; Nageswara Rao et al., 2019).

Photocatalysis is a promising technology for pollution reduction
and sustainability that provides numerous environmental benefits
(Nageswara Rao et al,, 2021; Zhao et al., 2021; Daqa et al.,, 2023;
Mohan et al., 2021; Prabakar et al, 2021). Some of the primary
benefits include air purification, water treatment, soil remediation,
sustainable energy generation, self-cleaning surfaces, and reduced
reliance on fossil fuels (Series; Hammouche et al., 2021; Aisida et al.,
2019; Dabagh et al., 2023). Photocatalytic materials such as TiO, are
used in building and road coatings to reduce urban air pollution
(Arinzechukwu et al., 2022). They help break down pollutants such
as NO,, VOCs, and carbon monoxide. Water treatment effectively
removes heavy metals and other persistent contaminants from
wastewater while also breaking down organic pollutants, dyes,
pesticides, and medications. Soil remediation improves soil health
and reduces toxicity. Additionally, photocatalysis contributes to the
production of green fuels such as methanol and biodiesel (Saafan
et al., 2021; Lo et al., 2016; Anastassiadou et al., 2019; Sevilla-moran
et al., 2014; Sevilla-Moran et al., 2010).

The photocatalytic (ZnFe,0,)
nanocomposites (NCs) capped with polyethylene glycol (PEG)

activity of zinc ferrite
was investigated (Calvo et al., 2017). PEG capping improves the
stability, biocompatibility, and functionality of zinc ferrite
nanoparticles (Saleh et al, 2020). These nanoparticles have
improved the structural and optical properties of nickel-zinc
ferrite nanocomposites, as well as their effectiveness as MRI
contrast agents. PEG capping agents are essential in nanoparticle-
based applications such as biomedical and environmental
remediation (Nasrollahzadeh et al.,, 2021).

Sethoxydim, a post-emergent herbicide, is applied to
horticultural crops to selectively control grass weeds. It is
frequently sold under the brands Past, Torpedo, Ultima, Vantage,
Conclude, and Result (Ningthou et al., 2022). One of its chemical

properties is the ability to inhibit acetyl-CoA carboxylase, an enzyme
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required for lipid biosynthesis in grasses (Taghizade Firozjaee et al.,
2018; Bruckmann et al., 2022; Singh and Yadav, 2024). The formula
is C;;H,9NO5S. With an average half-life of 5 days in soil, it degrades
via photolysis and microbial metabolism and has a water solubility
of 4,000 parts per million. It is effective against both annual and
perennial grasses, such as wild oats, crabgrass, and Japanese stilt
grass (Dehghani et al., 2024). It works best on small, actively growing
grasses and must be completely covered for optimal results (El-
nahhal and El-nahhal, 2021).

Nanocatalysts play an important role in removing pesticide
residues from water through sophisticated oxidation techniques,
adsorption, and photocatalysis (Marican and Durdn-lara, 2018).
These techniques improve water quality and contribute to
environmental sustainability by speeding up the breakdown of
harmful substances (Sousa et al, 2021). PEG-capped ZnFe,0O,
nanocomposites can effectively facilitate the photolytic and
photocatalytic degradation of sethoxydim herbicide residues
present in pond water (Sattar et al, 2021). The PEG layer
enhances dispersion, surface stability, and biocompatibility and
prevents the aggregation of nanoparticles. The photolytic process
involves the direct breakdown of sethoxydim without a catalyst,
while photocatalysis leads to the generation of reactive species
(Sattar et al., 2021; Bajwa and Sandhu, 2014; Yang and Wang,
2008). The experimental setup employs hydrothermal or sol-gel
methods, X-ray diffraction (XRD), Fourier-transform infrared (FT-
IR) spectroscopy, transmission electron microscopy (TEM), and
UV-VIS. Expected outcomes include the disappearance of
characteristic sethoxydim bands, a reduction in absorbance peaks,
and nearly complete degradation (Kurian, 2021).

The nanocomposite is characterized by recyclability and low
toxicity, making it a promising candidate for scaling up agricultural
runoff treatment (Punyasamudram et al., 2024). PEG capping offers
several advantages for nanoparticles and nanocomposites,
particularly in environmental and biomedical applications. Key
benefits include enhanced stability, improved dispersibility,
reduced toxicity, surface functionalization, photocatalytic
enhancement, and environmental compatibility. PEG-capped
nanocomposites are versatile for chemical sensing, pollutant
degradation, and therapeutic delivery. In the photocatalytic
ultraviolet activates  a

photocatalyst, creating a redox environment in an aqueous solution.

process, radiation semiconductor

Semiconductors act as sensitizers for light-induced redox
processes due to their electronic structure, which is characterized
by a filled valence band and an empty conduction band. The energy
difference between the valence and conduction bands is called the
band gap. Semiconductors absorb photons with energies equal to or
greater than their band gap or threshold energy (Eg) and excite
electrons in the occupied valence band to the unoccupied
conduction band, leading to excited state conduction band
the valence band. The

electrons and positive holes in
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recombination of these charge carriers is effectively prevented to
utilize them for redox reactions involving adsorbed species.
Semiconductors absorb light of energy greater than or equal to
the band gap energy (Eg) and promote an electron from the valence
band to the conduction band, creating an electronic vacancy or hole
(h+) at the valence band edge. This hole can initiate further
interfacial electron transfer or other chemical reactions to an
adsorbate or diffuse into the bulk solvent with surface-bound
OH- ions. The photogenerated electron is usually in the
conduction band edge, and the hole is in the valence band edge.
The
chromatography (HPLC)-photodiode array (PDA) to determine

analysis  incorporates  high-performance  liquid
the residue levels of sethoxydim herbicide present in water
samples. This approach food safety, analyzes

environmental impacts, and supports compliance with regulations.

ensures

Materials and methods
Materials

The sethoxydim reference standard (purity 99.82%) was
procured from LGC Laboratories GmbH.

Sethoxydim 12.5% EC was acquired from the Secunderabad
local market. The HPLC-grade acetonitrile (purity 99.9%), HPLC-
grade water (purity 99.99%), ortho-phosphoric acid (purity 85.6%),
zinc nitrate (purity 99.5%), iron nitrate (purity 99.3%), AR-grade
ethylene glycol (99.4%), and PEG-8000 (with an average molecular
weight of approximately 8,000 g/mol) were supplied by M/s. Merck
India Ltd., Mumbai.

Preparation of ZnFe,O4 nanocomposite

Zinc ferrite nanoparticles were generated through the sol-gel
method. The precursors included 0.5 g of zinc nitrate [Zn
(NOs3),:6H,0] and 0.575 g of iron nitrate [Fe (NOs);-9H,0]. The
sol-gel approach involved dissolving the precursors in 50 mL of
ethylene glycol (C,H4O,) and magnetically stirring the mixture at
1,000 rpm for 2 h at room temperature to yield a consistent 0.1 M
aqueous solution. To thoroughly remove the liquid, the solution was
dried at 130 °C for 6 h. To crystallize the resulting dry powder, it was
annealed at 500 °C for 1 h in a furnace.

Preparation of polyethylene glycol
A colorless PEG-8000 solution was achieved by dissolving
approximately 1 g of PEG-8000 in 100 mL of distilled water at

50 °C and stirring with a magnetic stirrer for 5 min at 1,000 rpm. For
later use, the corresponding solution was stored in a glass container.

Synthesis of PEG-ZnFe,O4 NCs

Two grams of ZnFe,O, powder was placed in a 100 mL glass
beaker, 50 mL of PEG solution was added, and the mixture was
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stirred continuously at 1,000 rpm for 1 h before being heated at 80 °C
for 2 h and calcined at 300 °C for 3 h to produce PEG-ZnFe,O4 NCs.

Characterization of PEG-ZnFe,O4 NCs

The produced nanoparticles were characterized using various
methods, including X-ray diffraction (Rigaku SmartLab SE
Multipurpose X-ray Diffractometer), which determined the
crystallite size, phase composition, and lattice parameters.
Functional groups and bonds in precursors and products are
identified using Fourier-transform infrared spectroscopy (Agilent
4300-FT-IR Spectrometer). Scanning electron microscopy (SEM)
can reveal the size, shape, distribution, and morphology of PEG-
ZnFe,O4 NCs. A transmission electron microscope (Tescan-TEM)
was used to investigate the size, shape, and crystal structure of PEG-
ZnFe,0,4 NCs. The UV-visible spectrometer UV-VIS-NIR JASCO,
V570, was used to record the absorption spectrum of PEG-ZnFe,0,
powder samples in the range of 200-800 nm of wavelength using a
combination of tungsten and deuterium lamps.

Pond water collection

Pond water was collected from Shameerpet Pond. The latitude is
17.5917° N, and 78.5822° E is the longitude.

Preparation of mobile phase A (0.1% OPA)

Accurately, 1 mL of ortho-phosphoric acid was transferred into
a 1,000 mL mobile-phase bottle containing approximately 500 mL of
HPLC-grade water. The volume of the solution was made up to
1,000 mL with HPLC-grade water, sonicated for 15 min to mix
completely, and filtered through a 0.45-um filter.

Preparation of mobile phase B

Acetonitrile was used as the mobile phase B.

Preparation of diluent

Methanol was used as the diluent.

HPLC conditions

The sethoxydim content was determined using HPLC under
specific instrument conditions. The instrument was a Shimadzu
with a PDA detector, 250 nm wavelength, and a mobile phase of
95%: 5% v/v (0.1% OPA:acetonitrile). The column was a
Phenomenex C18 column (250 mm x 4.6 mm, 5 p), with a
30 °C oven temperature, 1.0 mL/min flow rate, 20 uL injection
8 min run time,

volume, and approximately 4.0 min

retention time.
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Method validation

Method specificity

Untreated control samples of pond water extract, acetonitrile,
0.1% ortho-phosphoric acid, working standard, and test solutions
were assayed for method specificity.

Linearity of response

Weighing 10.02 mg of reference standard into a 50 mL
volumetric flask and diluting with acetonitrile yielded a stock
solution of sethoxydim standard. The correct volume of stock
solution was then diluted into various 10 mL volumetric flasks,
and acetonitrile was added to bring the flasks to volume, resulting in
a series of calibration solutions. The calibration solutions (L1, L2, L3,
L4, L5, and L6) were analyzed using HPLC at concentrations of
0.01 pg/mL, 0.03 pg/mL, 0.5 ug/mL, 1.0 pg/mL, 2.0 ug/mL, and
5.0 ug/mL. The correlation coefficient was determined by plotting a
of the
observed peak area.

linear curve standard concentration against the

Assay accuracy and precision

The validation process involves analyzing fortified samples and
an untreated (blank) pond water sample. Fortified samples were
prepared by adding a known amount of sethoxydim and working up
the sample volume. The HPLC method was then used to extract and
quantify the amount of sethoxydim in pond water. The
concentrations of the fortified samples were 1 x LOQ = 0.03 pg/
mL and 10 x LOQ = 0.3 pg/mL. Method validation was carried out
using five replicates at each level of fortification. The response area of
the fortified samples was used to calculate the percentage recovery
and relative standard deviation.

Limit of quantification

The limit of quantification (LOQ) indicates the lowest validated
level that provides adequate recovery. The LOQ was defined by
performing five injections of recovery samples at a fortification level
of 0.03 pug/mL for sethoxydim, and low-level recovery was used to
establish the LOQ.

Limit of detection

The limit of detection (LOD) was established at approximately
three times the dilution of the LOQ solution. The LOD
concentration fell within the linearity range. The LOD was
determined to be 0.01 pg/mL.

Adsorption study (effect of adsorbent dosage)

To assess the effect of adsorbent dosage, a 50 mL solution was
mixed with various doses of PEG-ZnFe,O, NCs (50 mg, 100 mg,
150 mg, 250 mg, and 500 mg), while keeping other parameters
unchanged. The initial concentration of sethoxydim was established
at 1.0 pg/mL, with a contact time of 30 min. Afterward, all samples
were filtered using 0.45-pm filter paper and injected into the HPLC.

Photolytic and photocatalytic studies

A concentration of 1.0 pg/mL of the sethoxydim reference
standard was utilized to investigate the photolytic and
photocatalytic behavior of sethoxydim residues in water across all

occasions. At every fortification level, single replications were
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carried out in addition to the control samples for comparison.
Two sets of spiked concentrations were made for the
experiments. PEG-ZnFe204 NCs (catalyst) were applied to one
set of samples, and it was not applied to the other. The samples were
placed in direct sunlight. Aliquots of the sample were taken at
specified intervals. During this time, water samples were taken at
temperatures between 24 °C and 40 °C. Samples collected at different
sampling times were filtered using 0.45-pm PTFE membrane filters,
and the filtrates were collected into amber-colored vials. Before
HPLC analysis, each sample was stored in the dark at 5 °C. The
samples containing PEG-ZnFe204 NCs were centrifuged for 5 min
at 5 °C using a Beckman cooling centrifuge with 4,000 rotations per
minute. To prevent further degradation of the residues, the
supernatants were transferred to amber-colored bottles and
stored in the dark at 5 °C until analysis.

Samples were collected on various occasions until the
concentrations of T1 dropped below the LOQ specified by
Nageswara Rao et al., 2021. After completing the analysis based
on the occasions and concentrations, we calculated the half-life
(DT50) of sethoxydim using the provided formula.

The first-order kinetics form is

Ct
-In — =k, 1
n = (1)
tl In2  0.6931
5 =DT50 = == ——, )

where CO is the herbicide concentration at time zero, Ct is the
herbicide concentration at time t, and k is the rate constant.

Sample extraction

The representative homogenized 5 mL aliquot of the
photocatalytic and photolytic water sample was dried using a
vacuum rotary evaporator. It was then diluted with acetonitrile to
the mark. Following this, the solution was filtered through a 0.45-pum
filter, and finally, it was injected into the HPLC-PDA.

Results and discussion
Characterization of PEG-ZnFe204 NCs

FT-IR analysis

The FT-IR spectra (Figure 1) of zinc ferrite nanocomposites
capped with PEG reveal distinct functional groups. The band at
400-650 cm™" confirms the formation of the spinel ferrite structure
by distinct metal-oxygen stretching vibrations (Zn-O, Fe-O). PEG
coating bands from 800 cm ™ to 2,000 cm ™ indicate effective surface
functionalization. C=0 stretching (~1,700 cm ™) of PEG ether bonds
is present. The stretching O-H (~3,400 cm™') of PEG’s hydroxyl
groups increases its hydrophilicity and biocompatibility. These
stability  of
nanocomposites by confirming their successful capping with PEG.

functional groups increase the zinc ferrite

XRD analysis
Figure 2 shows the powder XRD pattern for PEG-ZnFe,0, NCs
with peaks (311). The observed diffraction peaks associated with Zn
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FIGURE 2

XRD results of PEG-ZnFe,O,4 NCs.

FIGURE 3
SEM image of PEG-ZnFe,O4 NCs.

Frontiers in Environmental Chemistry

10.3389/fenvc.2025.1673525

ferrite NP Bragg reflections were successfully identified as the (220),
(311), (222), (400), (422), (440), and (511) planes. These planes
correspond to a pure phase with spinel structure and are consistent
with the standard Joint Committee on Powder Diffraction Standards
(JCPDS) card no. 73-1964. The diffraction peaks of spinel ferrites
from PEG-ZnFe,O, NCs were similar to those of Zn ferrite NPs.
Similar PEG-ZnFe,O, NC diffraction patterns indicate that the
crystalline structure of Zn ferrite NPs was unaffected by the PEG
coating. The results indicate that the PEG coating was applied
successfully to the surface.

SEM analysis

FE-SEM image (Figure 3) shows an agglomeration of
spherical nanoparticles. The small size and high surface
energy of nanoparticles cause them to agglomerate easily. The
FE-SEM image reveals that PEG-ZnFe,0, NCs agglomerate due
to the capping agent’s effect on crystal size modification. FE-
SEM cannot accurately measure particle sizes due to
agglomeration.

TEM analysis

Figure 4 shows a transmission electron microscope image of
ZnFe,0, nanoparticles, illustrating their morphology, particle
dimensions, and crystalline structure. These characteristics
encompass spherical or quasi-spherical forms, particle sizes
between 10 nm and 50 nm, lattice fringes that signify
crystallinity, and occasionally aggregated clusters resulting
from magnetic interactions. Grasping these properties is
essential for comprehending the behavior of ZnFe,O, in
photocatalytic, magnetic, or sensing applications. PEG-
ZnFe,04 NC sizes range from 10 nm to 60 nm. The sample
has a different spherical structure, high crystallinity, and particle
aggregation. ZnFe,O, NCs coated with PEG have a different
shape and structure.

UV-VIS spectroscopy and optical properties
of PEG-ZnFe,O4 nanoparticles

UV-Vis spectroscopy elucidates the optical properties of
ZnFe,04 nanoparticles, which display strong absorption
within the visible range, characterized by an absorption edge
approximately between 580 nm and 600 nm. The narrow band
gap of 1.9 eV makes it advantageous for photocatalysis utilizing
visible light. ZnFe, 0, is particularly effective for the degradation
of dyes and organic pollutants and is often paired with other
semiconductors to increase charge separation and photocatalytic
efficiency. PEG-capped ZnFe,0, nanoparticles reveal a narrower
band gap than uncapped ZnFe,0,, due to improved crystallinity
and a decrease in surface defects. PEG-ZnFe,0, produced via co-
precipitation or hydrothermal methods shows band gap values
in the range of 1.85-1.95 eV, exhibiting broader and more
intense absorption, along with enhanced photocatalytic
performance. The UV-VIS spectroscopy and the calculated
band gap for ZnFe,04 NPs and PEG-ZnFe,0, NCs are shown
in Figure 5.
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FIGURE 4
TEM images of (a) ZnFe,O4 NCs (b) PEG-ZnFe,O4 NCs.
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FIGURE 5
(a) UV=VIS spectroscopy and (b) the calculated band gap for ZnFe,O4 NPs and PEG-ZnFe;O4 NCs.
TABLE 1 Detector linearity test of sethoxydim.
Standard code Standard concentration (ug/mL) Sethoxydim standard area
Linearity-1 0.01 325
Linearity-2 0.03 1,026
Linearity-3 0.5 17,206
Linearity-4 1 34,625
Linearity-5 2 66,702
Linearity-6 5 170,089
Intercept 4.10
Slope 33,951.80
Correlation coefficient (r) 1.0000
Coefficient of determination (r?) 0.9999

Frontiers in Environmental Chemistry 06 frontiersin.org


https://www.frontiersin.org/journals/environmental-chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fenvc.2025.1673525

Ramaraju et al.

10.3389/fenvc.2025.1673525

1801
160000
140000
120000
100000

80000

Areain mAU

y = 33951.80x + 4.10, R? = 0.9999

3 4 5

Concentration in pg/mL

FIGURE 6
Linearity curve of the sethoxydim standard.

TABLE 2 Recovery and repeatability of sethoxydim in pond water at
0.03 pg/mL and 0.3 pg/mL.

Recovery (%) of sethoxydim in pond
water

Sample code

LOQ Level _ R1 82.21
LOQ Level _ R2 84.65
LOQ Level _ R3 84.19
LOQ Level _ R4 83.69
LOQ Level _ R5 85.02
LOQ X10 Level _R1 87.12
LOQ X10 Level _ R2 88.23
LOQ X10 Level _ R3 86.52
LOQ X10 Level _ R4 89.04
LOQ X10 Level _ R5 88.41
Average 85.91
Standard Deviation 2.29
%RSD 2.67

Method validation

Specificity

The analytical method was found to be specific. There
was no interference observed at the retention time of the
sethoxydim peak. The percentage difference in retention
times of the test item and the reference standard was found
to be within +5.0%.

Frontiers in Environmental Chemistry

Linearity

The linearity of the method was established by injecting six
different concentrations of the sethoxydim reference standard into
HPLC-PDA their
concentrations (ug/mL) against the respective peak areas. The

and by plotting respective  standard
area of concentration results are presented in Table 1. The peak
areas obtained from the different standard concentrations were used
to calculate the linear regression equation, which is Y = 33,951.80X +
4.10, with a correlation coefficient of 0.9999. A calibration curve is

shown in Figure 6.

Recovery and repeatability

The recovery control samples (n = 2) at each of two fortification
levels, equivalent to 0.03 pg/mL and 0.3 pg/mL for sethoxydim in
pond water, were assayed using HPLC-PDA. The results are
presented in Table 2. The representative chromatogram (LOQ
X10 Level _ R1) was illustrated in Figure 7.

Limit of quantitation
The LOQ was established to be 0.03 pg/mL from the lower level
recovery test in pond water.

Adsorption study (effect of adsorbent dosage)
Figure 8 illustrates that the efficiency of metal ion removal
generally increases with an increase in the dosage of PEG-ZnFe,0,
NCs. The removal efficiency for sethoxydim increased (26.4%,
31.8%, 38.6%, and 45.2%) as the adsorbent dosage increased
(50 mg, 100 mg, 150 mg, 250 mg) and then decreased to 42.1%
at 500 mg. The mass of the adsorbent also increased in line with the
removal efficiency. This can be explained by the increasing number
of binding sites that are available with a greater amount of
adsorbent. The highest adsorption of sethoxydim was found at
an adsorbent dosage of 250 mg, which signifies the optimal dosage.
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FIGURE 8 Photolysis curve of sethoxydim in the absence of PEG-ZnFe,O4
Effect of mass on adsorption efficiency for sethoxydim by PEG- NCs in pond water (without catalyst).

ZnFe,O4 NCs.

TABLE 3 Photolysis of sethoxydim under direct sunlight in pond water (without catalyst).

Occasion (days) Residue level (ug/mL) Sethoxydim

0 0.998 —-0.0009 Slope -0.063
1 0.745 -0.1278 Half-life (DT50) 4.80

3 0.489 -0.3107

5 0.187 -0.7282

10 0.092 -1.0362

20 0.056 -1.2518

30 BDL BDL Intercept -0.169

CcC 0.950
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TABLE 4 Photocatalysis of sethoxydim in the presence of PEG-ZnFe,O, NCs under direct sunlight in pond water.

Occasion (hours) Residue level (ug/mL) Sethoxydim

0 0.996 -0.0017 Slope -0.036

3 0.696 ~0.1574 Half-life (DT50) 8.42

6 0.369 ~0.4330

12 0233 ~0.6326

24 0.108 ~0.9666

36 0.045 ~1.3468

48 BDL BDL Intercept —-0.107
cc 0.922

1.0

o Q o
'S o @
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FIGURE 10
Photocatalysis curve of sethoxydim in the presence of PEG-
ZnFe,O4 NCs in pond water (with catalyst).

Photolytic studies and photocatalytic studies

The half-life of sethoxydim was 4.80 days in pond water
without the catalyst, as shown in Table 3 and Figure 9. In
contrast, the half-life of sethoxydim in the presence of the
catalyst in pond water was 8.42 h. The results are shown in
Table 4 and Figure 10.

Conclusions

This study presents a rapid and effective analytical approach
employing HPLC-PDA to measure sethoxydim in residues across
three different types of buffers. The mobile phase, which includes
acetonitrile and 0.1%
commendable separation and resolution, with a notably short
analysis  time  of min  for

ortho-phosphoric  acid, achieved

approximately 8 each
chromatographic run.

Validation parameters, encompassing linearity, recovery,
precision, and LOQ, and DT50 values, were successfully
established by adhering to the guidelines of the South African
National Civic Organization (SANCO) and the Environmental
Protection Agency (EPA). Thus, the proposed analytical method
and dissipation data could be advantageous for routine

Frontiers in Environmental Chemistry

monitoring, residue laboratories, and researchers in the
assessment of sethoxydim in residues in various commodities
such as crops, water, and soil samples. The investigation revealed
that PEG-ZnFe,O4 NCs successfully remove sethoxydim
residues, which pose a considerable environmental and public
health risk, from water. The DT50 value, representing half-life, is
crucial in environmental chemistry, and studies on
photocatalysis show both effectiveness and fast dissipation
times. This study proposes new applications for PEG-
ZnFe,O, NCs in

wastewater treatment.

environmental remediation and
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