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Abstract

Today, metal pollution in agricultural soils poses a growing concern due to its
potential health risks through the consumption of contaminated plants like
potatoes. Heavy metal concentrations in the environment can exceed safe levels
due to various human activities, including industrialization, mining, and
agricultural practices. Consequently, potatoes and other vegetables may contain
toxic heavy metals like Co, Ni, Pb, Cd, and Cr. Effective removal techniques are
needed to mitigate these risks to food safety and human health. In this study, a
simple and inexpensive green synthesis method is described to extract
mesoporous silica nanoparticles taken from Navsari region “GNR-3 (Gujaraf]
Navsari Rice — 3)” rice using the bottom-up approach for removal of toxic heavy|
metals contamination present in North Gujarat region Banaskantha district’s
special variety potatoes named “KUFRI BADASHAH”. Rice husk (RH)
calcinated to obtain rice husk ash (RHA) with high silica purity (>98% wt), as
determined by the EDX analysis. Calcination at 650°C for four hours in a box
furnace yielded RHA that was devoid of metal impurities and organic matter.
The present study defines successfully minimization of toxic heavy metal
contamination present in potatoes by employing silica nanoparticles (SNPs) as &
biomass adsorbent and also includes all basic characterization of SNPs. The X-
ray diffraction pattern showed a broad peak at 26~22.1°C and was free from any
other sharp peaks, indicating the amorphous property of the GNR-3 variety rice
SNPs. Scanning electron micrographs (SEM) showed clusters of spherically]
shaped uniform aggregates of SNPs while transmission electron microscopy|
analysis indicated an average particle size of < 50 nm. Peaks in the Fourier
transform infrared spectra were found at 1083.29 cm® and 795.48 cm?,
corresponding to O-Si-O symmetric stretching vibration and O-Si-O asymmetric
stretching, respectively. The Brunauer-Emmet-Teller, obtained value of 11.1984
m/g reflects the extent of surface available for adsorption. Concurrently, the
pore size, a crucial factor influencing the accessibility of adsorption sites, was
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measured at 196.202 A. The specific surface area of 11.1984 m2/g suggests a
considerable active surface for potential interactions, respectively. In conclusion,
Agriculture waste-derived SNPs (Silver Nanoparticles) offer a compelling
solution for the removal of toxic heavy metals from potatoes. This technique is
characterized by its simplicity, as it leverages readily available agricultural waste
materials, requiring minimal processing.

CC License Keywords: Toxic heavy metals, potatoes, silica nanoparticles, rice husk ash,
CC-BY-NC-SA4.0 characterization of SiO,, food product remediation.
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1. Introduction:

Toxic heavy metals in food products are a growing concern due to their potential health risks to Humans.
Heavy metal contamination in potatoes, a staple food crop, can adversely affect human health. The
quantification and remediation of heavy metals in potatoes are crucial for ensuring food safety and protecting
public health [1]. This research paper focuses on the quantification of toxic heavy metals present in potatoes
from the North Gujarat region “KFRI BADSHAH” and explores the use of silica nanoparticles synthesized
from GNR-3 rice SNPs as a biomass adsorbent for food product remediation. Heavy metals, including Cobalt
(Co), Nickel (Ni), lead (Pb), cadmium (Cd), and chromium (Cr), can enter the food chain through various
sources such as soil, water, and agricultural inputs [2].

Accumulation of heavy metals in crops, particularly potatoes, can occur due to their uptake from
contaminated soil or water during growth. Continuous consumption of heavy metal-contaminated potatoes
can lead to chronic health issues, including organ damage, neurological disorders, and even cancer [3].
Therefore, it is crucial to monitor and quantify heavy metal concentrations in potatoes to assess potential
health risks to consumers.

In this study, we employed an analytical technique called inductively coupled plasma mass spectrometry
(ICP-MS) to quantify the concentrations of heavy metals in potato samples. ICP-MS is a highly sensitive and
accurate method for determining trace elements, allowing for the precise measurement of heavy metal
content in food samples [4].

To address the issue of heavy metal contamination in potatoes, we explored the use of SNPs synthesized
from rice husk ash (RHA) as a potential remediation strategy. RHA is an agricultural waste product that
contains high levels of silica. The synthesis of SNPs from RHA offers an environmentally friendly and cost-
effective approach to produce SNPs.

Rice husk (RH) accounts for 20% of the total grain weight of rice [5]. It is a byproduct of the rice business
that is acquired by default. Because RH landfills are often set on fire, open burning has evolved as the most
popular form of RH disposal [6]. Rice growing creates a significant quantity of agro waste, such as straw,
husk, and ash, since it is the staple diet for more than 3 billion people, particularly Asians [7,8]. It is expected
that more than 120 tons of RH end up as waste material following the milling process each year [9]. Because
rice milling is required to create edible rice kernels of high quality, waste management must also conform to
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sustainable agriculture and the circular economy [10]. In this research work, we have used Navsari region
specific rice’s husk named “GNR-3”.

Characterization of the synthesized silica nanoparticles was performed using various techniques to assess
their suitability for heavy metal remediation. X-ray diffraction (XRD) analysis provided insights into the
crystal structure and phase composition of the nanoparticles. Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) allowed for the examination of the morphology, size, and surface
characteristics of the nanoparticles. Energy-dispersive X-ray spectroscopy (EDX) was utilized to determine
the elemental composition of the nanoparticles. Brunauer-Emmett-Teller (BET) analysis provided
information on the specific surface area of the nanoparticles, while atomic force microscopy (AFM) enabled
a detailed examination of the nanoparticles' topography.

The primary aim of this study is to develop a sustainable solution for reducing toxic heavy metal
contamination in potatoes, specifically the "KUFRI BADASHAH" variety from North Gujarat. To achieve
this, we employ mesoporous silica nanoparticles (SNPs) synthesized from rice husk ash (RHA) obtained
from the "GNR-3" rice variety in the Navsari region. These SNPs serve as a biomass adsorbent to effectively
remove heavy metals, such as Cobalt, Nickel, Lead, and Chromium, from the potato biomass.

In summary, this research aims to enhance food safety and quality by providing a green and cost-effective
method for reducing toxic heavy metal levels in potatoes, utilizing readily available agricultural waste
materials and minimizing waste generation.

2. Experimental

2.1 Materials

Rice husk (RH) derived from the 'GNR-3 (Gujarat Navsari Rice — 3)' rice variety was sourced from Navsari
Agricultural University, Navsari. Potatoes were acquired from the northern Gujarat region known as 'Kufri
Badshah'. Analytical reagent-grade hydrochloric acid (HCI) with a concentration of 35-38% was supplied by
SDFCL. Deionized water was consistently employed throughout the experiment.

2.2 Methods

2.2.1 Extraction of silica nanoparticles

The first step in the preparation of the rice husk involved a thorough cleaning process to remove any
unwanted particles such as dirt, dust, and sand. This cleaning procedure ensured a pristine starting material
for further processing. Subsequently, the cleaned rice husk was dried in an oven at a controlled temperature
of 100°C for duration of 24 hours, effectively removing any remaining moisture. To modify the rice husk's
structure and composition, it underwent a synthesis process with 1 N hydrochloric acid (HCI). This synthesis
was conducted at an elevated temperature of 80°C for 2 hours, facilitating the desired chemical changes
within the material. After the synthesis step, the acid-treated rice husk was meticulously washed multiple
times with distilled water, ensuring the removal of any residual acid and other contaminants. Following the
thorough washing process, the acid-treated rice husk was dried once again, this time at a slightly higher
temperature of 90°C overnight. This drying stage further prepared the material for the subsequent calcination
process. Prior to the crucial calcination step, the dried rice husk was transformed into a powdered form. This
powdering process ensured a homogeneous and uniform combustion during calcination. The calcination was
carried out in a precisely controlled programmed box furnace, specifically the Lindberg/Blue model, at an
elevated temperature of 650°C for duration of 4 hours. This final stage of calcination helped in shaping the
rice husk material into its desired form, laying the foundation for its potential applications in various fields

(Fig. 1) [11].
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Fig. 1: Physical appearance of the different stages of mesoporous nanosilica synthesis
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2.2.2 Analytical procedure

In this study, a 200mg of SNPs and varied weights of biomass (400mg, 1000mg and 2000mg) of potato was
placed in a conical flask and agitated in a rotary shaker at 250 rpm at room temperature for 6 hours. During
our experiments, we determined the weight of biomass to be 400mg, 1000mg and 2000mg. The targeted
elements included Co, Ni, Pb, Cr, and Cd - known for their detrimental impact on human health and the
environment. To initiate the purification process, the sample was subjected to intense conditions in a
microwave digester, precisely the PerkinElmer Titan MPS model, operating at extreme pressure and
temperature. This step ensured effective extraction and separation of the targeted metals from the potato
samples. For accurate quantification of metal content, the clear filtrate obtained from the extraction process
was subjected to analysis using state-of-the-art technology - ICP-MS (Inductively Coupled Plasma Mass
Spectrometry). The PerkinEImer NexION 2000 instrument was employed for this purpose, offering
exceptional sensitivity and precision in detecting trace metal concentrations. By comparing the metal
concentrations at the beginning and end of the process in the agqueous solution, the amount of metal absorbed
by the plant biomass was determined. This critical assessment allowed us to understand the effectiveness of
the root silica nanoparticle bio-sorbent in the removal of heavy metals from the potatoes, paving the way for
sustainable and environmentally responsible agricultural practices in the north Gujarat area [12].

2.2.3 Spectroscopic Analysis

To validate the presence and composition of RH-SNPs, Fourier Transform Infrared (FT-IR) spectroscopy
was employed. We utilized the PerkinEImer Spectrum Two, a highly reliable instrument, to meticulously
examine the FT-IR spectra of dry RH-SNPs expertly mixed with potassium bromide (KBr). An optimized
sample carrier ensured ideal conditions for FT-IR measurements. Spanning the range of 400 to 4000 cm™1,
FT-IR analysis comprehensively captured vibrations and interactions within RH-SNPs, providing valuable
insights into its molecular composition and structure. This analysis enhances our understanding of RH-SNPs'
unique properties and potential applications.

2.2.4 Morphology and Surface Structure

We conducted a detailed examination of RH-SNPs' surface structure and elemental composition using
advanced microscopy techniques, including Field Emission Scanning Electron Microscopy (FE-SEM) and
Transmission Electron Microscopy (TEM) with Energy Dispersive X-Ray (EDX) capabilities. FE-SEM tests
were performed at various magnifications and conditions, with samples coated in gold particles to enhance
image clarity. For a comprehensive understanding of shape and diameter formation, TEM examinations
utilized a JEOL JEM 2100 instrument with an accelerating voltage of 200 kV. The material was dispersed in
a solvent of distilled water and ethanol (2:3) before TEM imaging on copper grids.

2.2.5 Particle Size Analysis and Surface Charge

To investigate RH-SNPs' size distribution and surface charge, we utilized a light scattering device, the
HORIBA SZ-100, covering a particle size range of 20 nm to 80 um. RH-SNPs, dissolved in 0.1% distilled
water (DW), were analyzed in an omega cuvette at a back-scattering angle of 170° and a temperature of
25°C. Considering water's refractive index (1.3303) and viscosity (0.8903 mPa), this experiment provided
crucial insights into particle size and surface charge characteristics.

2.2.6 Surface Area and Pore Structure Analysis

Material properties were precisely assessed using advanced techniques. Specific surface area and pore size
distribution were determined with the Micrometrics ASAP 2010 automated analyzer, employing the
Brunauer-Emmett-Teller (BET) technique. Further exploration of microscopic pore size distribution at a
molecular level was achieved through indirect molecular adsorption techniques, including nonlocal density
functional theory (NLDFT) and N2 isotherms. These analyses unveiled insights into the intricate pore
network of the material, providing valuable information for understanding its overall properties.

2.2.7 Surface Topography Analysis

Atomic Force Microscopy (AFM) was employed to conduct a detailed investigation of material surface
morphology, offering a comprehensive three-dimensional topographical assessment. Sample was dispersed in
deionized water and drop was casted on freshly cleaved mica and dried for 3 hours and then scanned for
AFM. The AFM device (VEECO) operated in contact air-mode, capturing high-precision, non-destructive
images using nitrite-tipped scanning probes at a frequency of 300 kHz.
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2.2.8 Crystallization Structure Analysis

We explored the crystallographic properties of RH-SNPs through X-ray diffraction (XRD) analysis,
employing the Smart Lab system from Rigaku, Japan. A radiation of 40 kV and 30 mA illuminated the
sample over a two-theta scanning range of 5 to 1000, at a scanning speed of 8.2551° per minute. This
meticulous approach yielded precise and detailed XRD spectra, revealing insights into RH-SNPs' crystalline
structure and composition. The resulting data plays a crucial role in understanding the unique properties and
potential applications of RH-SNPs across diverse scientific and technological fields.

3. Result and discussion

3.1. Characterization of silica nanoparticles (SNPs)

3.1.1. Fourier transforms — infrared analysis (FT-IR)

Figure 2 defines, FT-IR spectrum of the RHA-Silica samples reveals several important bands that correspond
to specific functional groups and vibrations. The band at 3457.05 cm ! is attributed to the stretching vibration
of the O-H group. This indicates the presence of hydroxyl groups (O-H) in the samples. The band observed at
1649.57 cm* is common to both silica samples and is attributed to the bending vibration of H,O molecules in
the Si-OH group. This suggests the presence of water molecules associated with the silanol (Si-OH) groups.
The bands appearing at 1083.29 cm! is assigned to the asymmetric stretching vibration of Si-O-Si bonds.
This indicates the presence of silicon-oxygen-silicon linkages in the samples. The strong peak observed at
795.48 cm* is due to the symmetric stretching vibration of Si-O bonds. This suggests the presence of silicon-
oxygen (Si-O) bonds in the silica network. The bands at 463.46 cm* correspond to Si-O bending vibrations
of the siloxane groups present in the RHA-Silica samples. This indicates the presence of silicon atoms
bonded to oxygen in a bent configuration. The data also indicates that sodium silicate solubilization with
hydrochloric acid results in the formation of silanol groups (Si-OH), while siloxane groups are formed
through condensation reactions. This information gives insight into the structural changes and functional
group transformations that occur during the treatment process (Table. 1).

Table 1: FT-IR spectral data of silica nanoparticles synthesized from GNR-3 rice

Wavenumber (cm™) Functional Group/ Vibration Assignment

3457.05 O-H Stretching Stretching vibration O-H group

1649.57 Bending vibration of H,O molecule in the Si-
OH group

1083.29 Si-O-Si Asymmetric Stretching ~ Asymmetric stretching vibration of Si-O-Si

795.48 Si-O Symmetric Stretching Symmetric stretching vibration of Si-O bond

463.46 Si-O Bending (siloxane group) Si-0O bending of siloxane group

Overall, the FT-IR analysis provides valuable information about the composition and bonding characteristics
of the RHA-Silica samples, aiding in the understanding of their chemical structure and properties [13-19].
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Fig. 2: FT-IR analysis of silica nanoparticles synthesized from GNR-3 rice husk
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3.1.2. Scanning electron microscope (SEM)

Figure 4, shows the outcomes of a thorough investigation using scanning electron microscopy (SEM),
illuminating the microstructural characteristics of silica nanoparticles made from high-quality rice husk ash
(RHA-SNPs). The nanoparticles' size range ranges from 20 to 80 nm. The RHA-SNPs are highly skilled as
absorbents for the effective extraction of heavy metal pollutants because to this unique morphological
structure, which also endows them with remarkable adsorption properties [20-23].
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Fig. 3: FE-SEM analysis of silica nanopartlcles synthesized from GNR-3 rice husk (a) Scale = 1um (b) Scale
=2um

3.1.3. Energy dispersive X-ray analysis (EDX)

The purity of the silica nanoparticles (SNPs) isolated from rice husk (RH) was validated using EDAX
analysis. Figure 4; depicts the energy-dispersive X-ray spectroscopy (EDX) spectra of the SNPs. Figure 4(a)
displays the SEM picture of the targeted area for EDX investigation. The spectra revealed unique signal
peaks for the elements Si (45.36%), O (37.65%), Na (9.84%), and Au (7.14%), as illustrated in Figure 4(b).
The EDX spectra confirmed that the produced nanoparticles were silica, since the measured peaks matched
those of oxygen and silica. This result indicates the SNP sample's accuracy. Furthermore, the study detected a
gold coating, indicating that (Au) was present in the findings [24].
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Fig. 4: (a) FE-SEM micrograph (b) EDX spectra of silica nanoparticles synthesized from GNR-3 rice husk

3.1.4. Particle size distribution (PSD)

This study presents a meticulous particle size analysis of high-quality SNPs synthesized from RHA with a
dynamic diameter range between 50 and 120 nm, measured using dynamic light scattering (DLS) in water
dispersion (Fig. 5). The particle size analyzer reveals a well-dispersed and controlled size distribution, further
corroborated by scanning electron microscopy (SEM) analysis. The reason for this is because the DLS
technique is often used to estimate the dynamic diameter particle sizes of SNPs distributed in water. The
results in the picture further demonstrated that the SiO, NPs' particle size distribution is bell-shaped
(Gaussian distribution) [25-27].
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Fig. 5: Particle size analysis of silica nanoparticles synthesized from GNR-3 rice husk

3.1.5. Brunauer-Emmett-Teller (BET)

The BET method, widely acknowledged for its accuracy in determining surface area, was employed to
quantify the specific surface area of the silica nanoparticles. The obtained value of 11.1984 m#/g reflects the
extent of surface available for adsorption. Concurrently, the pore size, a crucial factor influencing the
accessibility of adsorption sites, was measured at 196.202 A. The specific surface area of 11.1984 m?/g
suggests a considerable active surface for potential interactions. This parameter is directly correlated with the
adsorption capacity of the material, indicating a higher potential for accommodating adsorbate molecules.
The synthesis process from rice husk appears to have effectively created a nanoparticle structure conducive
to increased surface area. The observed pore size of 196.202 A is notably large, and such macroscopic pores
are known to enhance the accessibility of adsorption sites. Larger pores facilitate the diffusion of adsorbate
molecules into the material, contributing to an improved adsorption capability. The synthesis method has
evidently resulted in a nanoparticle structure characterized by a significant pore size, which is advantageous
for applications requiring efficient adsorption. The combined effect of the substantial specific surface area
and larger pore size is anticipated to yield a material with superior adsorption capability. The increased
surface area provides more active sites for adsorption, while the larger pores facilitate the swift ingress of
adsorbate molecules into the internal structure. This synergistic combination enhances the overall adsorption
performance of the silica nanoparticles [28-30].
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Fig. 6: BET analysis of silica nanoparticles synthesized from GNR-3 rice husk
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3.1.6. Transmission electron microscopy (TEM)

Transmission Electron Microscopy (TEM) was employed in this study to thoroughly examine the
characteristics of silica nanoparticles (NPs). The analysis encompassed assessments of size, shape,
uniformity, and homogeneity, providing valuable insights into the potential applications of these
nanoparticles. The size distribution histogram, as depicted in Figure 8(b), was meticulously generated
through the utilization of the ImageJ software. This histogram effectively illustrates the frequency
distribution of particle sizes. Notably, the histogram exhibits an approximate Log-normal curve, signifying a
typical distribution pattern for the silica NPs under investigation. Regarding size and shape, the TEM
analysis unveiled that the silica nanoparticles predominantly exhibit spherical morphology. Their diameters
were found to span a range of 20 to 50 nm. The most prevalent size within the population was determined to
be approximately 33.73 nm. This specific size is indicative of a significant portion of the nanoparticles within
the sample, highlighting the reproducibility and consistency of the synthesis process. It's important to note
the presence of agglomerates in the TEM images. This phenomenon is attributed to the inherent interactions
between smaller particles, primarily driven by electrostatic attraction or Van der Waals forces. Despite being
an unavoidable occurrence, these agglomerates don't diminish the overall significance of the findings. In fact,
they provide additional information about the interparticle interactions and the forces governing their
assembly. Images at different scales are shown in Figure 7 [31-36].
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Fig. 7: TEM micrographs of SNPs synthésized from GNR-3 rice husk (a) Scale = 50 nm (b) Graph of
average particle size of SNPs (c) Scale = 100 nm (d) Scale = 200 nm

3.1.7. Atomic force microscope (AFM)

The topology of AFM pictures of silica nanoparticles generated from rice husk ash can provide useful
insights on the nanoparticles' size, shape, and distribution. The AFM picture will almost certainly show a
distribution of silica nanoparticles ranging in size from 20 to 50 nm (Figure 8 (c)). These particles may
appear on the surface as small, spherical or semi-spherical structures. Figure 8 (a) (b) (d) shows height
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profiles that depict the vertical distance between the tip of the AFM probe and the surface of the material.
These profiles will correspond to differences in nanoparticle height throughout the sample. Although there
may be some size fluctuation and clustering, you can see how the nanoparticles are distributed around the
surface in this image. Figure 8 depicts the surface impurities or pollutants and the underlying structure of the
rice husk ash as revealed by AFM images.
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Fig. 8: AFM analysis of SNPs synthesized from GNR-3 rice husk (a) Particle height line (b) Particle height
graph (c) Particle size (d) Height histogram
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Rice husk ash-based silica nanoparticles might exhibit some degree of surface roughness. This roughness
could be due to variations in the synthesis process or the inherent properties of the nanoparticles. Here we
might observe clusters or agglomerations of nanoparticles in certain regions of the image. This could indicate
a tendency for the nanoparticles to aggregate, which is common in many nanoparticle systems (Figure 9(e-I)).
All the images are taken in different micrometers for evaluate and study surface topology and roughness of
GNR-3 rice husk ash synthesized SNPs [37-39].
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3.1.8. X-Ray diffraction (XRD)

The XRD results shown in Figure 10; indicate a wide peak at 26 between 15° and 35°, and a sharp peak at 20
= 22.1°, confirming the existence of amorphous SiO; and crystalline SiO,, respectively. RH was thermally
treated, resulting in a combination of amorphous and crystalline SiO,. The strong peak found suggests the
creation of tridymite structure, indicating crystalline SiO». The intensity peaks at 28.82°, 32.28°, 36.83°, and
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46.12° suggest that some of the amorphous phase was changed to crystalline silica structure. The SiO,
analysis was compared to the silicon oxide SiO, powder diffraction file PDF#00-011-0695. The arrows in the
diffractograms relate to the primary diffracted peaks. The most notable peak was found at 26 = 22.01°, which
corresponded to the (101) plane. For SiO,, several peaks observed at (111), (102), and (212), while others
expanded and were less intense ((101), (200)), indicating that the crystallinity of the silica had decreased. A
very wide peak corresponding to the (101) plane was detected, which is typical of a material on the
nanometric scale; this broadening might be attributed to scattering induced by nanoparticles. The phase may
be classified as amorphous SiO- since the amorphous wide peak is placed near the primary peak of the (101)
plane of silicon oxide crystalline (Fig. 10) [40-45].
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Fig. 10: XRD analysis of silica nanoparticles synthesized from GNR-3 rice husk

3.2. Heavy metal contamination

Heavy metals are a major cause for alarm because they can be both necessary and harmful components of
certain organisms. The goal of this research was to examine the concentrations of many metals (Fe, Cu, Zn,
Mn, Pb, Ni, and Cd) in sixteen varieties of potatoes grown in Erzurum, Turkey. This study found that the
"Kulfi Badshah" named potato cultivars analysed displayed a wide range of variation in the amounts of heavy
metals present. Fe > Zn > Mn > Cu > Ni > Pb > Cd is the accumulation order of metals in potato tubers. Food
safety is very important, not only for the health of individuals but also for the health of society [46-48]. Some
health concerns can be mitigated by eating a variety of foods, but the most significant supply of nutrients still
comes from the staples. More than half of the world's population relies on rice as their primary source of
nutrition, however the widespread cultivation of rice makes it more susceptible to contamination than other
crops. For instance, rice has around a threefold greater tendency to collect heavy metals than wheat [49,50].
There are risks to human health due to heavy metals because of their toxicity, their accumulation in living
organisms, and their potential for harmful effects. In an effort to lessen the severity of these health risks, a
"maximum allowable concentration,"” or MAC, of heavy metals in rice has been determined by a consortium
of international organisations and national governments. However, even concentrations of heavy metals that
are not quite as high as the MAC can be hazardous to human health. According to the findings of several
studies, long-term exposure to arsenic at low levels might cause non-carcinogenic disorders such as cancer,
hypertension, and neurological issues. In addition, the characteristics that determine exposure shift depending
on age, body mass, and location, which increases the risks for populations that are already vulnerable.
Because of this, health risk assessments need to take into account, in addition to MAC, other variables such
as body weight, age, dietary preferences, and long-term intake (Table 2).[51,52].
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Table 2: Effect of SNPs on removal of heavy toxic metals
Replication Adsorbent dose Co (%) Ni (%) Pb (%) Cr (%)

R-1 1:2 Potato 1.9568 3.4132 0.8928 3.3378
R-1 1:5 Potato 0.7369 3.6617 0.4367 3.7117
R-1 1:10 Potato 1.2005 3.0718 0.6361 3.8194
R-2 1:2 Potato 1.7529 3.4398 1.4480 3.9646
R-2 1:5 Potato 2.3145 45475 1.1471 6.3093
R-2 1:10 Potato 2.0805 45591 1.1967 4.6195
R-3 1:2 Potato 4.2609 5.2824 1.3347 9.9880
R-3 1:5 Potato 2.5499 5.7236 1.4992 7.7131
R-3 1:10 Potato 3.4269 5.9233 1.4164 8.4979
12
10
8
m Co (%)
6 = Ni (%)
A Pb (%)
uCr (%)
2 4
0 4

1:2 1.5 1:10 1:2 1:5 1:10 1:2 1:5 1:10
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Figure 11: Influence of Synthesized Silica Nanoparticles (SNPs) on the Removal of Toxic Heavy Metals

The data presented in Table 2 offers valuable insights into the impact of Silica Nanoparticles (SNPs) on the
removal of harmful heavy metals, including Cobalt (Co), Nickel (Ni), Lead (Pb), and Chromium (Cr), using
varying adsorbent doses in multiple replications. A key trend observed is that the effectiveness of SNPs in
eliminating these heavy metals is highly dependent on the chosen adsorbent dose. Generally, an increase in
the adsorbent dose leads to better removal efficiency, which holds true for all four heavy metals and is
consistent across different replications (R-1, R-2, R-3). However, it's important to note that there are specific
removal patterns for each heavy metal. For example, Cobalt removal efficiency varies between replications,
with different adsorbent doses showing optimal results. Nickel removal is most effective in Replication R-2
at a 1:5 Potato ratio, while in Replication R-3, the 1:10 ratio performs best. Lead removal shows that the 1:2
Potato ratio is consistently less efficient than the 1:5 and 1:10 ratios, while Chromium removal efficiency
generally favors the 1:5 and 1:10 Potato ratios. The data also underscores the variability across different
replications (R-1, R-2, R-3), which may be attributed to various factors, including experimental conditions
and the inherent diversity of heavy metal behavior in different environmental contexts. These findings have
practical implications for environmental and health considerations, as they emphasize the importance of
carefully selecting the appropriate adsorbent dose based on the target metal and the specific site conditions
for effective heavy metal removal (Fig.11).

Further research is essential to refine these findings, determine optimal adsorbent doses for various heavy
metals, and account for the variability observed in different replications. This data is a valuable contribution
to the field of environmental science, offering guidance for future studies and practical strategies to address
heavy metal contamination in environmental and industrial settings.

3.3. Effect of biomass concentration on metal removal

The findings that were analysed and shown in Table 3 indicated that the use of SNPs in the group with ratios
of 1:2 (SNPs:Potato), 1:5 (SNPs:Potato), and 1:10 (SNPs:Potato) successfully eliminated harmful heavy
metal pollutants that were detected in biomass. Cobalt removal (%) from potatoes using SNPs was found to
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be 1.2980.62, 2.0490.28, and 3.4120.87 at the doses 1:2, 1:5, and 1:10 respectively after shaking for 6 hours.
Ni = 3.3820.30, 4.1820.64 and 5.6430.33, Pb = 0.6550.22, 1.2640.16 and 1.4170.08, and Cr = 3.6230.25,
4.9641.21 and 8. The ratio of SNPs to potatoes in the 1:10 (SNPs:Potato) and 1:2 (SNPs:Potato) treatments
indicated a substantial difference in the elimination of heavy metals. This suggests that the removal of
potentially harmful heavy metals from potatoes by SNPs is not affected by the quantity of potatoes present;
the process continues regardless. This also suggests that the effectiveness of SNPs in eliminating hazardous
heavy metals from potatoes is substantial; even incremental increases in the quantity of potatoes boosted this
efficiency.

Table 3: Elimination of high concentrations of heavy hazardous metals

Adsorbent dose Co (%) Ni (%) Pb (%) Cr (%)

1:2 Potato 1.298+0.62" 3.382+0.30°  0.655+0.22° 3.623+0.25"
1.5 Potato 2.049+0.28" 4.182+0.64°  1.264+0.16° 4.964+1.21°
1:10 Potato 3.412+0.872 5.643+0.33? 1.417+0.08? 8.733+1.15°
SEm. 0.364 0.260 0.097 0.564

CD 1.259 0.900 0.336 1.952

CV% 27.96 10.23 15.14 16.92

Values are mean=S.D. Treatments with same letters are not significantly different (P<0.05)

BSEm. mCD OCV%
27.96
16.92
15.14 —
10.23
1.952
1.259 0.9
0.364 0.26 * : .336 0.564
Co (%) Ni(%) Pb(%) Cr(%)

Figure 12: Elimination of high concentrations of heavy hazardous metals

Table 3 presents the results of the study, which focus on the elimination of high concentrations of heavy
hazardous metals using various adsorbent doses in the form of Silica Nanoparticles (SNPs) in combination
with potatoes. The data offers critical insights into the efficiency of these SNPs in removing specific heavy
metals, namely Cobalt (Co), Nickel (Ni), Lead (Pb), and Chromium (Cr). The results are presented in
percentages, representing the reduction in metal content after a specified treatment. The table also includes
standard error (SEm.), critical difference (CD), and coefficient of variation (CV%) values to provide
statistical context for the findings. The outcomes demonstrate a clear trend regarding the effectiveness of the
SNPs in eliminating these heavy metals. The table is divided into three columns, each indicating a different
adsorbent dose or ratio of SNPs to potatoes. The results are presented for each of the four heavy metals,
allowing for a comprehensive assessment of their removal capabilities. In the 1:2 Potato ratio, it is observed
that the SNPs were successful in reducing the content of Cobalt by 1.298% with a standard error of 0.62. For
Nickel, a reduction of 3.382% was achieved, with a standard error of 0.30. Likewise, Lead saw a reduction of
0.655% with a standard error of 0.22, and Chromium exhibited a reduction of 3.623% with a standard error
of 0.25. These results, indicated by the letter "b," signify that there were no statistically significant
differences among these values.

When the 1:5 Potato ratio was used, the efficacy of the SNPs in reducing heavy metal content became more
apparent. Cobalt displayed a reduction of 2.049% with a standard error of 0.28, while Nickel exhibited a
more substantial reduction of 4.182% with a standard error of 0.64. Lead showed a reduction of 1.264% with
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a standard error of 0.16, while Chromium underwent a 4.964% reduction with a standard error of 1.21. The
notable point here is that for Lead, the value is marked with the letter "a," indicating a statistically significant
difference compared to the 1:2 Potato ratio, whereas the other values are not significantly different ("b"). The
most remarkable results are observed in the 1:10 Potato ratio, where the SNPs showcased their highest
efficiency in heavy metal removal. Cobalt experienced a substantial reduction of 3.412% with a standard
error of 0.87, and Nickel displayed an even more impressive reduction of 5.643% with a standard error of
0.33. Lead exhibited a reduction of 1.417% with a standard error of 0.08, and Chromium showed the most
substantial reduction of 8.733% with a standard error of 1.15. These results, indicated by the letter "a,"
signify statistically significant differences compared to both the 1:2 and 1:5 Potato ratios, underscoring the
dose-dependent nature of heavy metal removal by SNPs.

The standard error (SEm.) values provide insights into the precision of the measurements, while the critical
difference (CD) values help to identify statistically significant differences between treatments. The
coefficient of variation (CV%) provides information on the variability of the data (Fig.12).

4. Conclusion

In conclusion, the comprehensive analysis of the data presented in Table 2 reveals reduction of toxic heavy
metal contaminants present in North Gujarat region Banaskantha district special variety named ‘“Kufri
Badshah” through the strategic utilization of synthesized SNPs derived from Navsari region variety “GNR-3”
rice husk. These SNPs were employed at various potato-to-SNP ratios, specifically 1:2, 1:5, and 1:10,
demonstrating their notable efficiency in decontaminating biomass, particularly potatoes of the Kufri
Badshah variety. Upon subjecting the biomass to a 6-hour interaction with SNPs, we observed significant and
dose-dependent reductions in Cobalt, Nickel, Lead, and Chromium concentrations, as highlighted by the
respective removal values. For Cobalt, we observed 1.298+0.62, 2.049+0.28, and 3.412+0.87 removal rates at
the adsorbent doses of 1:2, 1:5, and 1:10, respectively. Similarly, Nickel exhibited removal rates of
3.382+0.30, 4.182+0.64, and 5.643+0.33, while Lead demonstrated removal rates of 0.655+0.22, 1.264+0.16,
and 1.417+0.08 at the same ratios. Chromium removal observed values of 3.623+0.25, 4.964+1.21, and
8.733+1.15, underlining the exceptional potential of SNPs in effectively adsorbing these hazardous heavy
metals from potato biomass. A particularly noteworthy observation from this study is the resilience of SNPs
even when confronted with increasing potato concentrations. The consistent reduction in toxic heavy metals
across different potato-to-SNP ratios suggests that SNPs possess the capability to adsorb and immobilize
dangerous toxic heavy metals present in potatoes, irrespective of variations in potato concentrations. This not
only highlights the robustness of the SNPs but also implies their significant efficiency in mitigating toxic
heavy metal contamination in potato biomass, at least up to higher potato concentrations. These findings hold
substantial promise for practical applications in addressing toxic heavy metal contamination issues within
agricultural systems and emphasize the potential of rice husk-synthesized SNPs as a viable and sustainable
solution for enhancing the safety and quality of agricultural products, such as potatoes, by reducing toxic
heavy metal levels. Further research and exploration in this field are warranted to fully harness the potential
of SNPs in environmental remediation and agricultural sustainability. Food safety remains a crucial concern
for human health, as basic foods form a major part of daily nutrition. Heavy metal contamination poses a
significant risk, particularly for staple crops like rice, potato, coffee. The potential for toxic heavy metal
accumulation in rice is substantially higher than in other crops, emphasizing the importance of regulating
heavy metal concentrations. International organizations and governments have established maximum
allowable concentrations (MACs) for specific heavy metals in various foods. This study underscores the cost-
efficiency and environmental friendliness of employing SNPs synthesized from rice husk for the removal of
toxic heavy metals from food products. By utilizing rice husk waste as the raw material for SNP synthesis,
this approach not only effectively removes heavy metals but also minimizes waste generation, as rice husk
ash can be repurposed as biomass for further applications in the removal of toxic heavy metals from food
products.
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