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Abstract: Nanotechnology and nanomaterials have gained much attention in recent years due to their
remarkable features. Among nanoparticles, photocatalytic material, such as zinc oxide, have shown
tremendous applications in each and every field of science. In the present research, investigators
have synthesized zinc oxide nanoparticles (ZnONPs) using Scallion’s peel extract. ZnONPs were
both spherical and rod-shaped, where the size for spherical particles was 40-100 nm and rod-shaped,
particles size was more than 200 nm as confirmed by microscopic techniques. The typical trademark
bands of ZnONPs at 400-800 cm ! were revealed by infrared spectroscopy, which also showed bands
of carbonyl and hydroxyl groups. The hydrodynamic size by particle size analyzer (PSA) shows
a size near about 200 nm in diameter. Furthermore, the synthesized ZnONPs were used to assess
their potential as a micronutrient for the plant and nano adsorbent for the removal of antibiotics
(ampicillin) and methylene blue dye from the simulated wastewater. The antibiotic and dye removal
were observed under UV light and visible light against contact time. In comparison to control seeds,
seeds grown with ZnONPs have shown better germination and seedling. It could be concluded that
ZnONPs acted as an important nanosized source of nutrition for agricultural applications. Thus,
the effect of ZnNONPs has been proven as a nano-based nutrient source for agricultural purposes.
The remediation study found that remediation of both ampicillin and methylene blue dye was
efficient under UV light under similar experimental parameters from the simulated wastewater by
the ZnONPs.

Keywords: wastewater; spring onion; simulated wastewater; photocatalytic; antibiotics

1. Introduction

Nanotechnology deals with producing and using materials up to 100 nm in size [1].
The novel properties of nanoparticles (NPs) are extensively applied in various fields for
instance material science, food industry, cosmeceuticals, medicines, biomedical devices,
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environmental remediation, agriculture, packaging, and information technology applica-
tions [2]. Among different types of NPs, metal oxide NPs are considered more valuable
because of their unique properties. Zinc oxide nanoparticles (ZnO-NPs) have been at-
tracting the attention of investigators in couple last few years due to their photocatalytic
nature, high surface area to volume ratio (SVR), and high efficiency [3]. Zinc and its oxide
forms have several important roles in a biological system, for instance, synthesis and
degradation of carbohydrates, proteins, lipids, and nucleic acids [4]. Zn deficiency causes
several abnormalities in plants, such as chlorosis, small leaves, and stunted growth. It is
required for auxin synthesis and actively activates enzymes, such as phosphoryl hydrolase,
dehydrogenase, protease, and peptide [5].

The various pieces of the literature show that the soil properties hamper the efficient
nutrient uptake from the soil, especially NPs. Thus, there is a need for a biologically
mediated synthesis of ZnONPs, which should also be economical. In addition to this, if
the biological synthesis is from waste material, then the cost of NPs and ultimately its
application technique cost will also be lower [6].

Scallions (spring onion) peel is rich in several phytochemicals, which may help in the
formation of ZnONPs of desired morphology. Previously, several investigators reported
the phyto-mediated ZnONPs, for instance Demissie et al. (2020) synthesized ZnONPs by
using extracts of Koseret leaves (Lippia adoensis), where the size of NPs was 22 nm (average
size). The investigators have further assessed the Koseret leaves-mediated synthesized
ZnONPs’ potential for antibacterial activity against Gram-positive and Gram-negative
bacteria [7]. Naseer (2020) synthesized ZnONPs using Cassia fistula and Melia azadarach via
green synthesis and studied their antimicrobial activities [8]. Kahsay (2021) reported the
synthesis of ZnONPs whose average crystallite size was found to be 20 nm as calculated by
XRD. ZnONPs were synthesized by using Becium grandiflorum aqueous leaf extract which
was further applied as an antimicrobial agent and adsorption of methylene blue Faisal
and their team reported the synthesis of ZNnONPs from the aqueous extract of the fruit
of Myristica fragrans. Moreover, investigators further utilized the synthesized ZnONPs
for biomedical and environmental applications [9]. In another approach, a team led by
Alamdari used Sambucus ebulus leaves extract for the synthesis of the wurtzite phase of
ZnONPs with an average size of 17 nm [10]. Modi and Fulekar, (2020) used peel extracts of
Allium sativum for the synthesis of ZnONPs. In addition to this, there are several examples
where investigators observed the effect of ZnONPs on crop and non-crop plant growth.
Recently, Modi and their team synthesized ZnONPs from the dried peel of onion (from the
vegetable market) and showed its toxicity on the growth of the Triticum sativaum plant [11].
One more recent attempt made by a team led by Igbal synthesized ZnONPs of an average
size of about (26 nm) by using Elaeagnus angustifolia (EA) leaf extracts [12]. Fakhari and
their colleagues used the leaf extracts of Laurus nobilis L. for the preparation of ZnONPs by
using various precursors of zinc [13].

Nanotechnology has shown drastic developments in the agricultural sectors in recent
years. It is widely used in agriculture sectors as nano fertilizers, nano agrochemicals,
nanosensors, nano pesticides, and nano herbicides [14]. All these help in the increase in
food production, and ensure sustainable agriculture and food security. Being nano-sized,
all these agriculturally important materials have a high surface area to volume ratio (SVR),
which have numerous advantages, such as more adsorption sites, and more surface area for
interaction with minerals, nutrients, or with plant roots. Several investigators have shown
the use of nanomaterials and nanofibers in the agriculture sector for instance Mamun
and their teams have provided a depth investigation of the NPs in the agriculture sector.
Investigators emphasized the importance of nano fertilizers, due to high SVR, and slow
release of nutrients to the plants [4].

Previously several investigators have also tried to synthesize ZnONPs biologically,
for instance, Li and their team synthesized ZnO microtubes by using hemp fibers as a
temple. The size of the agglomerated ZnO microtubes was up to 100 nm with lattice
fringes of 0.248 nm. The particle was crystalline and confirmed by the XRD and scattering
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area electron diffraction pattern (SAED). Finally, the synthesized ZnO microtubes were
used for the low temperature, nitric oxide gas sensing at ppb level [15]. Mansour and
their team reported the synthesis of ZnONPs using red seaweed whose surface area was
113.751 m? g~ ! and an average pore size of 2.527 nm. The ZnONPs were used for the
removal of IVR2 dye, and removal was about 99% at 6 pH [16]. Song and their team also
synthesized porous ZnO microtubules for the selective detection of nitric oxide at ppb level
at low temperature [17].

Water-based pollution is one of the global challenges in the whole world. Every year a
large amount of natural water resources is polluted by the discharge of toxic organic and
inorganic pollutants from industries and domestic places. For instance dyes, pesticides and
antibiotics are one of the most common organic pollutants present in wastewater [18]. These
organic pollutants have adverse effects on the aquatic flora and fauna. Moreover, such
organic pollutants may also cause serious threats to human beings, leading to cytotoxicity,
cancer, skin diseases, etc. [19,20]. Antibiotics are mainly dumped into the water bodies
from the pharmaceutical industries, hospitals, unused antibiotics from houses, etc. The
antibiotics from these sources interact with the normal microflora of the environment and
lead to antibiotic resistance [21]. Once the exposed microbes develop antibiotic resistance,
it becomes very difficult for the patient during antibiotic therapy treatment. In order to
prevent antibiotic resistance by microbes, these antibiotics must be treated by the industries
much more efficiently by using a photocatalytic nanomaterial, such as ZnONPs. Earlier
Zhou and their team have also shown the removal of antibiotics from swine wastewater by
using anaerobic digestion as a strategic approach [22]. A team led by Hasan also showed
the remediation of antibiotics from the wastewater. In addition to this, the investigators
also showed the adverse effect of antibiotics on microbial communities [23]. Alameri and
their team first developed activated carbon from Azolla filiculoides biomass, which was
embedded with magnetic and ZnONPs, the size of the developed nanocomposite was
2.26 nm, and the surface area was 1401 m? g’l. Second, the developed NC was used for
the removal of ciprofloxacin (CIP) from the wastewater and here, the removal efficiency
of 100% within 1 h 15 min when the CIP concentration was 10 mg/L, having pH of 5
and temperature 30 °C [24]. Yilmaz and their group synthesized activated carbon (AC)
from Lemna minor plant. The AC was then decorated with magnetite NPs. Furthermore,
the developed NC was used for the removal of CIP antibiotics. Investigators reported
100% removal of CIP within 1 h and 15 min when the dose of the NC was 0.75 g/L [25].
Kyzas and their reported the ultrasound-mediated degradation of CIP by using ultrasound
and ferrous ions-activated HyO; and persulfate. The investigators obtained 100 percent
removal of CIP within 50 min at pH 3 [26]. Balarack and their reported the removal of
azithromycin from the wastewater by using porous AC obtained from Azolla filiculoides.
Within a time period of 1 h 15 min, there was the removal of about 87% and 98% at 303 K
and 333 K, respectively [27]. In all such approaches plant-mediated, AC was used directly
or as supporting material for embedding different NPs, such as magnetite and ZnONPs,
but no attempts were made the removal of antibiotics by using ZnONPs alone. Moreover,
none of the above-mentioned has reported the removal of amoxicillin removal from the
wastewater. Thus, the current approach is different from the previously reported method.
Musawi and their team reported the removal of 99.3% of levofloxacin within 90 min by
using nanocomposite (MWCNTs/CoFe;Oy4) [28].

With the continuously increasing population, there is a huge demand for textiles and
clothes around the whole globe. Moreover, the biological laboratories use various stains
and dyes which are finally drained into the sewer from where they are mixed with the
nearby water bodies or microbes present in this aquatic system. Among the most widely
used dyes in scientific laboratories are methylene blue [29-32], while in the textile aniline
dyes, azo dyes, etc. These dyes are discharged into the water bodies leading to various
harmful effects, which, in long term, may cause skin diseases and cancer [33]. Thus, there is
a need to remediate these dyes, especially methylene blue dyes, which are commonly used
in science laboratories and disposed of into the sewage system without treating it. Several
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attempts were made by different investigators the removal of MB dye from wastewater or
from simulated wastewater. For instance, Patel and their team emphasize the removal of
textile dyes from wastewater by microbial approach [33]. Ghanamoorthy and their team
also showed the potential of photocatalytic nanocomposites for the removal of MB dyes
from wastewater [34]. In addition to this, Modi and their team showed the remediation of
dyes from simulated wastewater by using ZnONPs [35]. Choudhary and their team also
showed the MB dye removal from the river and effluent water by using nano clay [36].

Even though there are several techniques available for the remediation of organic
pollutants from wastewater, such as adsorption, precipitation, coagulation, electroplating,
sedimentation, flocculation, etc. However, the majority of these techniques are not only
ineffective, but it generates harmful by-products which is a challenging issue. Thus, there is
aneed for a technology which completely mineralizes organic pollutants, such as antibiotics
and methylene blue dye, without generating any byproducts. Thus, a photocatalytic
nanoparticle [37], such as ZnONPs, is the based approach for remediation is the most
effective method.

The present work emphasizes the ZnONPs synthesis by using the scallion’s onion
peel waste and observing the phytotoxicity of the synthesized zinc oxide nanoparticles on
wheat saplings and antibiotic removal from simulated water. The synthesized ZnONPs
were thoroughly analyzed by sophisticated instruments for detailed information about the
particles. Finally, the objective was to observe the effect of various ppm dosages of ZnONPs
on wheat sapling growth. Another objective of this work was to assess the potential of
scallion-mediated synthesized ZnONPs for the remediation of antibiotics (ampicillin) from
the simulated wastewater. Moreover, yet another objective was to assess the potential
of scallion-mediated synthesized ZnONPs for the remediation of dye (methylene blue)
from simulated wastewater. In addition to this, one more objective was to observe the
photocatalytic effect of ZnONPs on the antibiotic and dye removal in the presence of UV
and visible light.

Synthesis by such type of plant waste material could prove to be the economical,
eco-friendly, and biocompatible approach. Moreover, such a type of approach will also
minimize the solid waste that arises from the accumulation of peels generated from scallions
and attracts flies and mosquitoes, which act as a vector for several diseases.

2. Materials and Methods
2.1. Materials

Zinc chloride (Sigma Aldrich, Germany, 98.9% AR grade), Ethanol (SRL, Gujarat,
India), Sodium hydroxide pellets (SRL, Gujarat, India, 98%, Analytical grade), Ampicillin
(Himedia, New Delhi, India, AR grade), Methylene blue dye (Chemall, New Delhi, India,
AR grade), scallions” onion peel, and wheat seeds.

2.2. ZnONPs Synthesis by Using Scallions Peel Extract
2.2.1. Preparation of Scallion’s Skin Extract

The scallion’s onion peel was obtained and washed 2-3 times with distilled water
to remove the large dirt and dust on its surface. The scallion’s peel was dried in an oven
and became a dry powder by using a blender (Japan: JP KKMG 750-Watt), as shown in
Figure 1. Since the grinding was non-homogenous, the powdered particles were sieved to
remove larger particles. The fine powder was collected, and 10 g was taken and soaked in
double distilled water (ddw) in a round bottom (RB) flask. About 100 mL (80%) ethanol
was added to the RB flask and vigorous stirring was completed at 400-500 rpm along with
heating at 60 °C for 20 min. After 20 min, the mixture was cooled to room temperature (RT).
Furthermore, the reaction mixture was transferred to a falcon tube and centrifugation of
the reaction mixture was completed at 7000 rpm for 5 min. The supernatant was collected
while the residue was discarded. For the synthesis of ZnONPs, 50 mL of filtrate was taken.
The qualitative and quantitative analysis of the scallion’s onion peel extract was carried out
by using standard methods [38].
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Figure 1. (a) Photograph of scallion’s onion and (b) dried peel from scallions.

2.2.2. Synthesis of ZnONPs

A 2 mM ZnCl, solution was prepared by mixing it with the 200 mL ddw, which was
continuously kept stirring for 20 h on a magnetic stirrer. From the previous experiments per-
formed by the author, standard parameters were followed, i.e., throughout the experiment
pH was kept near 8 by using 1 M NaOH alkali solution. The aqueous solution of ZnCl,
was shifted to a 250 mL round bottom flask (RBF), which was fitted with a reflux condenser.
To, the aqueous solution of 2 mM ZnCl, about 30 mL of scallion’s onion peel extract was
poured dropwise. The mixture was continuously agitated along with rigorous stirring at
400-500 rpm and was observed for color change. After 30-35 min, there was a change in
the color of the reaction solution and after that, the mixture was continuously stirred at
400-500 rpm for 4 h. Once the reaction was over, the mixture was transferred to a falcon
tube and centrifugation was completed at 7000 rpm for 7 min to obtain the solid particles.
Furthermore, the supernatant was decanted while the solid particles were mixed with ddw,
and again, it was centrifuged. This process was repeated several times in order to remove
any impurities present in the particles. Finally, after 2-3 washing, the solid particles were
retained while the supernatant was discarded. Finally, the solid particles were transferred
to a Petri plate and oven-dried at 70-80 °C till they dried completely. The dried powder
was then calcinated at 400 °C in a mulffle furnace (Patel Scientific, Ahmedabad, Gujarat,
India) by increasing the temperature 5 °C per minute. The schematic diagram (Figure 2)
shows the steps involved in the synthesis of ZNONPs by using scallion peel extract.
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Figure 2. Schematic diagram for synthesis of ZnONPs using scallion peel extract.

2.2.3. Characterization of ZnONPs

In order to confirm that the ZnONPs were synthesized by using dried scallions peel
extract, various analytical techniques were used. For UV-Vis analysis, a pinch of powder
sample was added in ddw and sonicated for 10 min to disperse the samples. The samples
were screened for 200 nm to 600 nm at a resolution of 1 nm. The analysis was done by
an Agilent-made spectrophotometer (Carry win 60, Santa Clara, CA, USA). For morpho-
logical features field emission scanning electron microscope (FESEM) of Nova Nanosem,
450 FEI (The Netherlands) were used, while for the crystalline structure X-ray diffraction
(XRD) was completed by using D-8 Advanced, Focus P-XRD, Bruker (Germany). The
presence of various functional groups in the synthesized NPs was analyzed by Fourier
transform-infrared spectroscopy (FTIR). FTIR measurements were completed in the range
of 4004000 cm™1, by using SP 65, Perkin Elmer, (Germany), at a resolution of one nm. The
analysis was completed by preparing the KBr pellet method, where ZnONPs powder was
mixed with KBr in a ratio of 2:198 mg. The thoroughly mixed mixture was then pressed
with a mechanical press to obtain a disc of 1-2 cm. The particle size distribution of the
sample is an important feature that was analyzed by using a particle size analyzer of the
following made, Malvern, Zetasizer, S90 (USA). For analysis, 1-2 mg ZnONPs were taken
in a 2 mL Eppendorf tube. The Eppendorf tubes were sonicated thoroughly for five minutes
in an ultrasonicator (Sonar, 40 kHz). Furthermore, for average particle size measurement,
approximately 1 mL dispersed sample was taken in the cuvette and measurements were
performed at RT.

2.2.4. Phytotoxicity of the ZnONPs on the Plant Growth

Here, ZnONPs were synthesized by peel extract of scallions onion, which was further
used as a micronutrient for the wheat plant. ZnONPs of the following ppm solution were
prepared: 50, 150, 300, 600, 900, and 1200 ppm, respectively, of ZnONPs were prepared. The
wheat seeds were purchased from a local vendor, then it was thoroughly washed with ddw
at least 2-3 times and kept at RT. The procedure for studying phytotoxicity on the wheat
plant was similar to the previous studies reported by Modi et al., where the phytotoxicity
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on the wheat plant was observed but the synthesis of ZnONPs was varied out by using
peels of onion collected from the vegetable market [11].

2.2.5. Seedling Exposure

The wheat seeds were suspended in the ddw in order to check their viability as the
seeds that float at the top will not be used for the experimental study, while the seeds which
settled at the bottom were further used. These settled seeds were further washed with ddw
2-3 times followed. Furthermore, these seeds were added to the ZnONPs aqueous mixture,
which was kept under sonication for two hours for proper dispersion of the particles. Once
the sonication was over after two hours the seeds were left undisturbed in the same solution
overnight. After 24 h, the soaked seeds were taken out and placed in the respective earthen
pots for the further effect of ZnONPs on plant growth [39].

2.2.6. Physico-Chemical Analysis of Soil

For the experimental analysis soil was collected from the University area (Gandhinagar,
Gujarat). The soil was loamy sand, which was passed through sieve sets and used for
physicochemical analysis.

2.2.7. Root and Shoot Length

Here, the length of the root was measured from the point below the hypocotyls to the
end of the tip of the root, while the length of the shoot was taken from the cotyledon’s base.
For measuring both roots and shoot, a thread and a scale were used.

2.2.8. Seed Germination Test

The calculation of relative seed germination rate (RSG) and relative root growth (RRG)
was completed by using the equation and germination index (GI).

RSG Rate = (Sc/Ss) x 100

RRG = (Rs/Rc) x 100

GI = (RSG/RRG) x 100

In the above formula, Ss stands for the total number of germinated seeds in the sample,
and Sc represents the total number of germinated seeds in the control. In addition to this,
Rs represents the average root length in the sample and Rc represents the average root
length in the control.

2.2.9. Fresh and Dry Weight

A weighing balance was used for measuring the fresh weight of both the root and
shoot of seedlings separately. Once the fresh weight was taken for the seedlings, it was then
transferred to a hot air oven at 60 °C for two days; after which their dry mass was measured.

2.2.10. Preparation of Ampicillin and Methylene Blue Aqueous Solution

About 500 mL of an aqueous solution of 400 ppm ampicillin and 300 ppm of methylene
blue dye was prepared in double distilled in a separate volumetric flask, respectively.
Furthermore, both samples were divided into 2 equal parts of 200 mL in a beaker for further
experimental investigation. Figure 3a shows an image of Ampicillin, while Figure 3b is
showing an image of methylene blue.
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Figure 3. Molecular structure of (a) ampicillin and (b) methylene blue.

3. Results and Discussions
3.1. UV-Vis Measurement of Synthesized ZnONPs

UV-Vis is the basic technique for the preliminary investigation of the synthesized
ZnONPs. Figure 4 shows a UV-Vis spectrum of ZnONPs synthesized by scallion peel extract.
From the figure, it is clear that the UV has a peak at 380 nm for the synthesized ZnONPs.
While in general, the peak for ZnONPs may fall in the range of 355-380 nm depending on
the size and other features of the material. An earlier a team led by Shahmari also reported
a band at 357 nm, which was attributed to the intrinsic band gap of Zn-O absorption [40]. A
team led by Talam also obtained a UV-Vis band at 355 nm for the synthesized ZnONPs [41].
Igbal and their team obtained a UV-Vis band at 399 nm, synthesized from L. nobilis leaf
extract [13]. Fakhari and their team also obtained a band at 385 nm for the synthesis of
ZnONPs [13]. Numerous investigators have also reported similar spectra in the range of
355-380 nm for ZnONPs, for instance Khan and their team [42-45].

0.7 380nm

ABS

04 =

03

0.2 Il l A ' 2 l A l 2 ' ('l l 2 ' Il
300 350 400 430 500 550 600 650 700

WL(nm)

Figure 4. UV-Vis spectra of ZnONPs synthesized by scallions peel.
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3.2. Microscopic Analysis of ZnONPs by FESEM and TEM

From Figure 5a, FESEM of ZnONPs, it is clearly visible that the particles are spherical
and irregularly rod-shaped. Since no capping agent or surfactant was used, spherical
particles are showing aggregation and their size is relatively increased. Figure 3a shows
a FESEM image of ZnONPs at 1 micron where particle morphology is not differentiable.
Moreover, particles are showing aggregation. Figure 5b shows the FESEM micrograph of
ZnONPs at 200 nm resolution, where there are two types of particles: the majority of the
particles are spherical shaped whose size is 40-100 nm, while a few of them are present
as rod-shaped whose size is above 200 nm. Fakhari and team also obtained spherical to
bullet-shaped particles which were synthesized by zinc acetate and zinc nitrate, respectively,
which were showing aggregation. The investigators concluded that the agglomeration is
due to the polarity and electrostatic attraction of ZnONPs. In addition to this, Madan and
their team also obtained similar observations [13].

o odle )
2y’ EHT = 3.00kV Signal A= SE2

EHT = 3.00 kv Signal A= SE2
1 WD =109 mm Mag= 500KX Time :15:46:49 WD =108mm Mag= 50.00 KX

(b)

(0) (d)

Figure 5. FESEM micrographs of ZnONPs (a) at 2 um scale and (b) 200 nm synthesized by scallion’s
peel extract at 1 um, TEM images of ZnONPs at 200 nm scale (c¢) and SAED pattern (d).
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In addition to this, due to the drying and heating of the scallion’s onion peel, most
of the natural phytochemicals, such as flavonoids, terpenoids, etc. were reduced or trans-
formed. Thus, these phytochemicals were not present for the capping of the NPs during
synthesis which would have controlled the size of the synthesized ZnONPs. The second
factor for the aggregation and large size of the particle is the calcination of the particles,
which leads to the fusion of the ZnONPs at an elevated temperature. Additionally, the
capping agent, which was present initially on the surface of the NPs, was lost during the
calcination at 400 °C. Similar experiments were performed by Modi and their team obtained
almost similar results. Here, the authors have synthesized ZnONPs from the dried onion
peel waste. Earlier a few investigators also reported the aggregation of the plant-mediated
synthesized ZnONPs, of which, one is Talodthaisong and their team and the second one
was by Haque et al., 2020. The latter group used leaves extract of Azadarichta indica for
the synthesis of ZnONPs. The obtained ZnONPs were hexagonal, spherical, and rod-like,
which were highly agglomerated to form a large particle [46,47]. The results obtained
were in agreement with Modi et al., 2022, by using Allium cepa peel [38]. Igbal and their
colleagues synthesized ZnONPs of average size ~26 nm.

While Figure 5c¢ depicts the TEM image of synthesized ZnONPs at a 200 nm scale,
which shows that there are two types of particles, i.e., one is spherical shaped whose size is
below 200 nm (40-100 nm), while a few are more than 200 nm and are rod-shaped. The
smaller and spherical particles are more dominant than the large irregular rod-shaped
particles. The image also shows the aggregation of a few small spherical-shaped particles,
whose reason is the calcination of the ZnONPs at a high temperature. Figure 5d shows
the scattering area electron diffraction (SAED) pattern, which confirms that the obtained
ZnONPs are crystalline in nature. Igbal and their team reported ZnONPs of size ~26 nm
from the leaf extracts of Elaeagnus angustifolia L. [12]. Khan et al., 2019 also observed similar
results for the chemically synthesized ZnONPs where the investigators reported different
morphology of ZnONPs by using a different type of Zinc precursor [45].

3.3. Particle Size Distribution (PSD) Pattern of ZnONPs by PSA

The PSD of the synthesized ZnONPs is exhibited in Figure 6. The graph clearly shows
that the particle sizes are varied, but the average size of the ZnONPs is 200 nm in diameter.
There are some particles whose size is even more than 200 nm, which is due to the second
population species, i.e., rod-shaped particles. Additionally, there are a few agglomerated
particles also which are contributing to the average size of the particles by PSA [47,48]. Since
the PSA does not provide actual size rather it provides hydrodynamic size in comparison to
FESEM and TEM, the size reported by PSA is larger than both the microscopic techniques.
The results obtained here were close in resemblance with a team led by Modi [11], and
Modi and Fulekar 2020, who synthesized ZnONPs by using onion peel waste and garlic
peel waste, respectively. Recently, Igbal and their team obtained a hydrodynamic size of
about 205.9 nm, whose zeta potential was 13.8 mV along with a PDI of 0.132 [12].
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Figure 6. Particle size distribution of ZnONPs synthesized by scallion’s peel extract.

3.4. Identification of Functional Groups of ZnONPs by FTIR

FTIR analysis was completed to find out the active bioactive compounds in the scal-
lion’s peel. Typical FTIR spectra of synthesized ZnONPs are shown in Figure 7, which
have characteristic bands of ZnONPs at 510.3, 603.9, and 790.1 cm~!. The bands from
400-800 are attributed to the weak and strong stretching vibrations of the Zn-O bond. The
presence of bands in this region also confirms the formation of ZnONPs. Igbal and their
team also obtained a band at 498.25 cm ™!, which was attributed to the Zn-O stretching
vibrations [12]. A band obtained at 1122.5 cm™! is attributed to the C-O stretching and
also due to the amide group in the synthesized ZnONPs, which was also obtained by Igbal
and their team at 1106.12 cm~!. This particular group might be coming from the peel of
scallions. In addition to this, a deep band at 1625.7 cm ! is attributed to the C=O stretching.
Moreover, this particular band could also be due to the (-OH) group in the ZnONPs. A
small band near 2500 cm ! is due to the atmospheric CO, adsorbed on the ZnONPs. A
broad band at 3420.1 cm ™! is attributed to the (-OH) group present in the ZnONPs. The
results obtained here were in close resemblance with earlier results obtained by Modi and
Fulekar [38]. A team led by Rajendran and Belely have also obtained similar results for the
chemically synthesized and green route synthesized, respectively [44,49]. Igbal and their
team also obtained a band at 3480.15 cm !, which was due to the alcohols and phenols of
OH stretching [12].
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Figure 7. FTIR spectra of synthesized ZnONPs.

3.5. Thermogravimetric Analysis (TGA) and DSC Studies of ZnONPs

The thermal characters of ZnONPs were examined by the TGA, depicted in Figure 8a.
The scallion peel mediated synthesized ZnONPs displayed a weight loss (reaction interval
area) between ~50 °C (initial temperature ~ T;) and 574 °C (final temperature ~ Ty) due to
the elimination of physically adsorbed water and the breakdown of organic/hydroxide
components [50]. However, the TGA graph showed a descending trend in weight loss up
to =574 °C may be due to the physically adsorbed organic molecules, while before ~50 °C,
there is no significant peak regarding weight-loss features. Rambabu and their group also
observed the thermal stability of DP-ZnO-NPs with <10 wt% loss up to 700 °C, by using
DSC/TG analysis [51]. The ZnONPs were of 30 nm size synthesized by Phoenix dactylifera
waste. There is no significant variation in weight loss peaks in the TGA graph after ~574 °C
for as prepared ZnO as it is not functionalized with different chemical components [52]. The
synthesized ZnO has its crystalline hexagonal geometry (confirmed by XRD), which is often
considered a chemically stable phase. However, it is studied that the lightweight organic
substances are absorbed onto the stable ZnO surfaces. Therefore, the mass drop curve is
clearly obtained by the organic degradation/decompositions while the ZnONPs remained
stable with their lattice orientations, and hence, the mass drop does not start at 100% [53].
Figure 8b shows the DSC curve of the synthesized ZnONPs, which revealed endothermic
peaks at around 285 °C. The broad peak at around 285 °C is probably due to the loss of
chemically adsorbed volatile organic molecules and the formation of ZnONPs [54,55].
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Figure 8. TGA (a) and DSC (b) analysis of ZnONPs synthesized by Scallion’s peel.

3.6. Phase Identification of ZnONPs by XRD

The crystallinity and crystallite size of the ZnONPs were studied by using XRD
analysis and the XRD profile is shown in Figure 9. The XRD characteristics peaks for the
synthesized ZnO crystal particles are located at 26 = 31.50°, 34.01°, 36.07°, 47.01°, 56.34°,
62.67°, 66.01°, 67.51°, 69.22°, and 76.91° correspond to the crystallographic planes of (100),
(002), (101), (102), (110), (103), (200), (112), (201), and (202), respectively.

ty (auw)
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10 20 30 40 50 60 70 80
Diffraction angle (20)

Figure 9. XRD profile of ZnONPs synthesized by scallion’s peel.
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The diffracted pattern of the XRD indicates a hexagonal crystalline geometry agreeing
on the JCPSD card no. 01-007-2551. The average crystallite size of the ZnONPs was 42 nm
as calculated by applying the Scherrer equation [24]. Igbal and team also obtained peaks
at 32.37 (100), 34.14 (002), 36.72 (101), 46.79 (102), 57.75 (110), 65.61 (103), 68.14 (112), and
69.94 (201) in the ZnONPs crystalline lattice. The investigators concluded the broader
peaks in the synthesized XRD pattern are due to the small size of the ZnONPs [12]. Similar
peaks were also reported by Modi and Fulekar 2020 [38], and Modi et al. 2022 [11] for the
ZnONPs synthesized by the garlic peel extract and Allium cepa peel extract, respectively.

3.7. Physico-Chemical Analysis of the Soil Used

The soil which was used for the experimental studies was analyzed for its physico-
chemical properties, for which the collected soil was analyzed for total nitrogen P, K, S,
Zn, Fe, Mn, and Cu. Additionally, the collected soil was also screened for various physical
parameters, such as conductivity and pH. The total N was about 0.87%, K was 3.65%, Mn
(29.1%), and Cu (1.92%) were considered high. While P (5%), Zn (4.2 ppm), and Fe (8.4
ppm) were considered as low and medium, respectively. As far as conductivity and pH are
concerned, pH is somewhat near neutral, i.e., 7.6, and conductivity is 1.35, which is directly
associated with the ions. The results obtained with the wheat plants are shown in Table 1.

Table 1. Results for wheat saplings.

Treatment S'aeed. Seedling Growth (cm) Fresh Weight (g) Dry Weight (g)
Germination %  Root Length  Soot Length Root Soot Root Soot
Control 45 6.29 9.31 0.042 0.211 0.0113 0.046
50 ppm 60 9.16 11.33 0.124 0.415 0.063 0.081
150 ppm 70 11.59 12.76 0.088 0.570 0.058 0.112
600 ppm 100 9.6 11.35 0.126 0.585 0.044 0.105
900 ppm 100 9.57 10.63 0.126 0.665 0.068 0.109
1200 ppm 65 8.46 9.56 0.074 0.434 0.049 0.071

3.8. Effect of Dosage of ZnONPs on the Seed Growth of the Wheat Plant

Figure 10 shows the various wheat seeds grown after different concentrations of
ZnONPs. In the case of control seeds, the seed germination in wheat was noticed at just
45%, whereas an increase in the seed germination was noticed along with a gradual increase
in the dosage (ppm) of ZnONPs.

At 50 ppm and 150 ppm, a 60% and 70% increase in the growth of seed germination
was noticed, respectively. In addition to this, when the dosage of ZnONPs was 600 ppm,
an increase in seed germination was noticed of about 100%. Furthermore, a decrease in
seed germination was noticed for instance at 900 ppm, (100%) and at 1200 ppm (70%),
respectively. Initially, low seed germination was noticed while using a lower dose of
ZnONPs; after which, a slight increase in seed germination was observed with an increase
in the dosage of ZNONPs. When the dosage of ZnONPs was higher, wheat plants started
showing a phytotoxic effect which could be due to the heavy metal nature of Zn [56]. The
ppm at which the wheat sapling showed maximum root length (11.59 cm) was 150 ppm of
ZnONPs, and the least growth (6.29 cm) was noticed with the control sapling. As far as
shoot length is concerned, the highest growth (12.76 cm) and lowest growth (9.31 cm) at
150 ppm and control, respectively. The ppm at which maximum fresh weight (0.126 g) of
wheat plant root was obtained at 600 ppm and 900 ppm, while the lowest (0.042 g) was
in the control plant. Whereas in the case of soot weight, the highest was (0.665 g) and the
lowest was (0.211 g) at 900 ppm and control, respectively. Among the dry weight of root,
the highest was observed (0.068 g) and lowest (0.011 g) at 900 ppm and control, respectively
while the highest weight of soot highest was (0.112 g) and lowest (0.046 g) at 150 ppm and
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control, respectively. Several investigators have also performed similar work and obtained
close results for instance a team led by Adrees and Tondey separately concluded that zinc
promotes wheat plant growth as it is an essential micronutrient. Moreover, investigators
also concluded that if a high dosage of zinc is used as a micronutrient for the plant, then it
may exhibit to phytotoxic effect [26]. As a result, delay in the growth of the plant will be
observed, which will be visible in the form of short root or soot length, wet weight, and dry
weight [57,58].

300 ppm 600 ppm 1200 ppm
I e

Figure 10. Growth of wheat seeds after treatment with different concentrations of ZnONPs.

4. Removal of Antibiotics and Dye from Wastewater under Visible and UV Light
4.1. Ampicillin Antibiotic Removal from Simulated Wastewater

For studying ampicillin removal from the simulated wastewater samples, about
200 mL of sample was taken in two separate beakers, to which 3 mg ZnONPs was added in
each beaker. One beaker was kept in visible light while the other one was under UV light
inside a laminar airflow (LAF) along with continuous stirring at 400 rpm with the help of a
magnetic stirrer. An initial sample (at 0 min) was collected first for analysis. Furthermore,
an aliquot was taken every 10 min to 1 h from both samples and analyzed by an Agilent-
made spectrophotometer (Carry win 60, USA). The ampicillin has a maximum absorbance
at (Amax = 207 nm), so the UV-Vis absorbance was taken at this particular wavelength.

From the UV analysis of dye removal under visible light, Figure 11a shows the initial
sample the intensity was highest. Furthermore, there was slight a decrease in the peak
intensity of the ampicillin from 10 min to 60 min. In addition to the peak of ampicillin,
there were peaks of ZnONPs also in the samples as it was not filtered or centrifuged before
the analysis of the samples.

The ZnONPs based ampicillin removal under UV light also shows that there was
slight decrease in the intensity of antibiotic from 0 min to 60 min gradually. In addition
to ampicillin peaks, there are several other prominent peaks which also might be due to
the ZnONPs present in the samples and/or other components formed during the photo
catalytic degradation of ampicillin. From Figure 11b, it is quite obvious that in the initial
sample there was no other peaks except for ampicillin, but after that, the samples there were
several large and small peaks, which indicates the degradation of the ampicillin into several
other products with the increase in the contact time. The percentage degradation of the of
ampicillin antibiotics from simulated wastewater was calculated by using this formula.

Absorbance at zero time — absorbance at interval time

Degradation percentage (%) = x 100 (1)

bsorbance at zero time
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Figure 11. UV —Vis absorbance spectra of ampicillin antibiotic from simulated water under (a) visible
light and (b) UV light with time by ZnONPs.

Previously several investigators also reported the nanoparticles-based remediation of
several antibiotics from the wastewater, but only a few attempts were made for the ampi-
cillin removal by using biologically synthesized ZnONPs. Zhou and their team remediated
the antibiotics present in the swine wastewater in an anaerobic digestor with enhanced
efficiency [59]. Hassan and their team also summarized various approaches applied for the
removal of antibiotics from wastewater [22]. Earlier, Chaba and their team also showed the
remediation of amoxicillin from wastewater by using nanocomposite developed by carbon
nanofibers coated zinc oxide. The investigators concluded that the developed nanocom-
posite exhibited maximum adsorption of amoxicillin when the dose of nanocomposite
was 156 mg/g, and the kinetic study reveal that the adsorption method could be best de-
scribed by pseudo-first-order reaction and the equilibrium data filled a Langmuir isotherm
model [60]. Musawi and their team also reported the degradation of amoxicillin under UV
light by using a nanocomposite (Fe,O3 /bentonite/TiO, (Fe;O3/B/TiO;). The antibiotic
was removed up to 100% within 60 min in UV light while 98.8% removal was seen under
visible light [61]. Moreover, Musawi and their team removed the same antibiotic by using
under UV light by using y-Fe,O3@SiO,@ZIF8-Ag. Here, the authors reported the 100%
removal of amoxicillin within 60 min [26,62].
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4.2. Methylene Blue Dye Remouval from Simulated Wastewater

For studying the MB dye removal by using a photocatalyst, about 3 mg ZnONPs was
added in 2 separate beakers having 200 mL of MB dye. One beaker was kept in visible
light while the other one was under UV light (Philips 22W) inside a laminar airflow (LAF),
under continuous stirring at 400 rpm by using a magnetic stirrer. An initial sample (at
0 min) was collected first for analysis. Furthermore, an aliquot was taken every 10 min to
60 min from both samples and analyzed by a UV-Vis spectrophotometer. The MB dye in
distilled water has a maximum absorbance at (Amax = 665 nm), so the UV-Vis absorbance
was taken at this particular wavelength [63].

Initially, there was a strong intensity peak for the methylene blue dye at 665 nm, which
gradually decreased with respect to time (0 min to 60 min) as evident from Figure 12a.
The intensity of the peak gradually decreased from 0 min to 30 min; after which, the peak
intensity increased. From Figure 12a, it is clear that the least concentration of methylene
blue has reached after 30 min; after which, the concentration of dye increased in the
sample. This could be due to the ZnONPs that might have reached equilibrium; after
which, desorption started to occur.

Figure 12b indicates the methylene blue dye removal under UV light. From Figure 12b,
it is clear that the highest intensity peak was at 0 min and there was a sudden decrease in
the intensity of the peak at 10 min. After 10 min, the intensity of the peak reached much
lower indicating the removal of the majority of the MB dye under UV light. The lowest
intensity was obtained at 50 min; after which, there was a slight increase in the intensity of
MB dye.

Previously several investigators have also remediated the MB dye from the wastewa-
ter or from simulated water by using ZnONPs as nano photocatalysts under visible and
UV light. For instance, Nguyen and Nguyen 2020 reported the removal of MB dye from
wastewater by using ZnONPs synthesized at different temperatures (450 °C, 550 °C, 650 °C,
and 750 °C, respectively) by thermal decomposition method. The investigators observed
that after 40 min about 99% MB dye was removed under UV light. The photocatalytic
degradation of MB dye followed a first-order reaction [64]. Here, both investigators also
assessed the nano photocatalyst for their reusability. Fouda and their colleagues synthe-
sized 3-33 nm ZnONPs by using marine green macroalgae, Ulva fasciata. Furthermore,
the investigators used the ZnONPs for the removal of MB dye under dark and visible
light conditions. Moreover, the materials were also used for the antimicrobial activity
and reusability cycle of ZnONPs. The investigators showed that the maximum dye re-
moval percentage was (84.9 + 1.2%) after 2 h 20 min when the dosage of ZnONPs was
1.0 mg mL~!, at 7 pH and at 35 °C under UV light. Moreover, the removal percentage of
MB dye was only 53.4 & 0.7% in dark conditions under similar parameters [65]. In another
experiment, Fouda and their team developed 10-55 nm sized nanocomposites from the
varying concentration of copper oxide NPs and ZnONPs, synthesized by using biomass
filtrate of Penicillium corylophilum As-1(fungus). Investigators concluded that when the
concentration of Zn was increased in the nanocomposite, the size of the nanocomposite also
increased. The maximum MB dye removal obtained was 97% after 1 h and 25 min by using
CuO/Zn0Oy /gy nanocomposite [66]. Patwa and their group synthesized ~250 nm ZnONPs
by using fresh lemon juice and zinc acetate. The size of the ZnONPs was confirmed by
using diffraction light scattering (DLS). The authors observed a 25% reduction in MB dye
under UV light within 30 min. Kahsay and their group synthesized ZnONPs, from an
aqueous leaf extract of Dolichos Lablab L. (source of reducing and capping agent), of average
particle size 29 nm. The investigators removed MB dye along with rhodamine B and orange
II under visible and near UV light. The MB dye was removed up to 80% at 11 pH in
210 min [67]. Rambabu and their group synthesized ZnONPs of a mean size of 30 nm by
using Phoenix dactylifera waste. The removal percentage of MB dye was about 90% [51].
Table 2 shows various biological synthesized ZnONPs and their application for removal of
MB dye under UV-light.
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Figure 12. UV —Vis absorbance spectra of methylene blue dye from simulated water under (a) visible
light and (b) UV light with time by ZnONPs.
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Table 2. Photocatalytic degradation of MB dye by using plant and microbe-assisted ZnONPs under
UV light and solar irradiation.

ZnO Plant/Microbe Synthesis Dosage of Percentage Degradation

Photocatalyst Precursor Used Size and Shape Method  Phtocatalyst Removal Rate/Time Ref.
ZnONPs D 99 40 [64]
) Phyco- I
Ulva fasciata 3-33 nm assisted 1.0 mg mL ~85 140 [65]
Penicillium
CuO-ZnONPs corylophilum 10-55 nm 97% 85 [66]
NC
As-1
Phoenix o
ZnONPs dactylifera waste 30 nm 90% [51]
ZnO NPs Zn acetate 29 nm lg L1 80% 210 min
Hexagonal rods
Fresh lemon (250 nm width and o .
ZnO cubes juice 1000 nm length), Sol gel - 25% 30 min [68]
Cubes (250 nm)
Codonopsis
ZnO flowers  Zn nitrate laccetzlgtoa_ root Flower, 500 nm 90.3% 40 min [69]
precipitation)
ZnONPs Zn nitrate Camelia sinesis Sphere 8 mm 55-99%
leaves
. Rod and .
ZnO NPs (iarhtc (%e;}ls) hexagonal Chfgn}tlc? - a 065'8 ) [70]
extrac 7 77 nm precipitation ppm
ZnQO/crystalline .
nanocellulose GPE 59.51 nm i&fﬁfgﬁn (138'811) [70]
nanocomposite precip bp
ZnONPs Zinc nitrate 90.5% 180 min
Spherical . Chemical co- This
ZnONPs 2nCl Scallion peel 50-90 nm precipiatation study

5. Dye Removal Mechanism

Here, in the present study, the UV light-based photocatalytic degradation showed
better results for MB dye removal in comparison to visible light. The UV-light-based remedi-
ation of MB dye involved various phenomena, such as photoexcitation and separation, and
hence, migration of charges from the valence band (VB) to the conductance band (CB) of
nano photocatalyst. In addition to these events, there is also a surface oxidation-reduction
process [66,71]. In the presence of UV light, the surface of ZnONPs is struck by photons (hv)
of light, which is almost equal to or more than the BG of ZnO. Consequently, there is the
excitation of electrons, which forms electron-hole pairs. From these electron-hole pairs; the
former is transferred to the VB while the latter is transferred to CB as shown in the equation.
Equation (2). The electrons, which are generated over here, are carried to the surface of the
ZnONPs, which are involved in the redox reactions. The h+ on the VB interacts with the
H,0 or OH (hydroxide ions) forming eOH (hydroxyl radicals), according to equation (III).
The electrons present on the CB react with the O, molecule and form superoxide anion
radical (¢O%"). This event is followed by the production of hydrogen peroxide (H,O,),
according to Equations (4)—(6). In the last step, the produced radical species reacts with
MB dye and transforms into intermediate products that will be hydrolyzed into harmless
products (i.e., CO; and H,0) according to Equation (7) [72,73] Figure 13
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Figure 13. Mechanism of photocatalytic degradation of MB dye under UV-light adapted from.

6. Conclusions

There are several elements and their oxides that act as important nutrients for the
developing plants, but its excess quantity may lead to the toxicity to the plant. Zinc and
zinc oxide nanoparticles are essential nutrients required for various metabolic activities.
Zinc oxide nanoparticles synthesized by biological routes, such as a plant, could solve
the problem of biocompatibility since the plant extract acts as a source of capping agents.
The ZnONPs synthesized by scallion’s peel were of size 40-100 nm (spherical-shaped)
and above 200 nm (rod-shaped), which have several functional groups as confirmed by
the FTIR. It was found that ZnONPs enhance the growth of seeds up to certain dosages;
after which, the concentration of element reaches a toxic level and affects the plant. The
obtained results show that ZnONPs at lower to high dose increases seedling growth, seed
germination percentage, and fresh and dry weight indicating that the dose of ZnONPs up
to 600 ppm is not toxic for wheat plants. Both antibiotic and methylene blue dye removal
study was carried out under visible and Uv-light for one hour. The remediation study
found that remediation of both ampicillin and methylene blue dye was efficient under UV
light under similar reaction parameters from the simulated wastewater by the ZnONPs.
Thus, it is possible to utilize scallion for the green synthesis of ZnONPs and could apply
them for the remediation of ampicillin and methylene blue dyes under visible and UV light
effectively and efficiently in simulated and wastewater water.
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