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5.1: INTRODUCTION 

The presence of toxic heavy metals in food products is becoming an increasing source of 

worry due to the possible dangers they pose to human health. Potatoes, a crop that's used in a 

lot of different dishes, can be dangerous to eat if they're contaminated with toxic heavy 

metals. To ensure food safety and protect public health, it is crucial to evaluate the levels of 

toxic heavy metals in potatoes and take corrective action as needed. [1]. This study work 

focuses on the measurement of toxic heavy metals in potatoes from the North Gujarat region 

known as "KURFI BADSHAH" and investigates the usage of SNPs synthesised from GNR-

3-SNPs as a biomass adsorbent for the purpose of food product remediation using silica 

nanoparticles as a biomass adsorbent. Trace amounts of toxic heavy metals like Co, Ni, Pb, 

Cd, and Cr can enter the food chain from a number of different places [2]. These places 

include the soil, the water, and agricultural inputs.  

Toxic Heavy metals can accumulate in plants, especially potatoes, when they are absorbed by 

plants growing in contaminated soil or water. Regular consumption of tainted potatoes can 

lead to serious health issues down the road, such as organ damage, neurological illnesses, and 

even cancer [3]. Therefore, it is extremely necessary to monitor and quantify the 

concentrations of toxic heavy metals in potatoes in order to evaluate the potential for harm to 

the health of consumers. 

ICP-MS was used to analyse potato samples for heavy metal concentrations for this study. 

ICP-MS is a technology for identifying trace elements that is both very sensitive and 

accurate. Therefore, the concentration of toxic heavy metals in dietary samples may be 

determined with high accuracy [4]. 

To address the issue of toxic heavy metal contamination in potatoes, we looked at the use of 

SNPs synthesised from RHA as a potential remediation strategy. Rich in silica, RHA is a by-

product of the agricultural industry. SNPs can be synthesised from RHA, synthesis of SNPs 

adsorbents environmentally friendly and cost-effective.  

20% of a rice grain's total weight is made up of its husk (RH) [5]. It's a by-product of the rice 

industry, something that happens naturally as a result of doing business. Since RH landfills 

are frequently set on fire, open burning has surpassed other methods as the most popular way 

to dispose of RH garbage [6,]. For more than 3 billion people, rice is the primary source of 
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nutrition, but rice cultivation generates a lot of agricultural waste [7,8]. Straw, husk, and ash 

are all examples of what are considered garbage. More than 120 metric tonnes of RH are 

expected to be wasted annually after grinding is complete [9]. In order to obtain high-quality 

rice kernels for human consumption, rice milling is required; as a result, waste management 

must adhere to the concepts of sustainable agriculture and the circular economy [10]. In this 

research, we used a strain of rice local to the Navsari area, which we've dubbed "GNR-3." 

Which is already presented in Characterization of the synthesised SNPs was performed using 

a number of different approaches in order to assess their potential for use in the removal of 

toxic heavy metals. TGA was performed to ascertain the SNPs' thermal stability. The XRD 

analysis provided insight into the SNPs crystal structure and phase composition. SEM and 

TEM were used to examine the SNPs shape, size, and surface characteristics. To determine 

the chemical composition of the SNPs, EDX was used. The specific surface area of the SNPs 

was determined by BET analysis, and the SNPs topography was thoroughly evaluated via 

AFM. 

The use of SNPs produced in the Navsari area "GNR-6" for the remediation of food products 

is a novel approach to the problem of heavy metal contamination in agricultural output. This 

approach was developed by combining the toxic heavy metal quantification in North Gujarat 

area "Kufri Badshah" potatoes with the use of SNPs produced in the Navsari region. This 

investigation is being carried out with the goal of making a contribution to the development 

of procedures that are efficient and sustainable for ensuring the quality and safety of food 

products. 

5.2: RESULTS AND DISCUSSION 

5.2.1: Characterization of SNPs 

5.2.1.1: FT IR 

Figure 2 shows that the FT IR spectra of the SNPs samples exhibit a number of characteristic 

bands that are associated with specific vibrations and functional groups. The band at 3457.05 

cm-1 is caused by the stretching vibration of the O-H group. This is evidence that the samples 

under study include hydroxyl groups (O-H). The band at 1649.57 cm-1 seen in both SNPs 

samples was traced back to the bending vibration of H2O molecules in the Si-OH group. This 

leads one to conclude that there are water molecules present that are associated with the 
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silanol (Si-OH) groups. Bands can be seen at 1083.29 cm-1 because of an asymmetric 

stretching vibration in the Si-O-Si bonds. This proves that silicon, oxygen, and silicon 

linkages are present in the samples. An exceptionally noticeable peak can be noticed at 

795.48 cm-1, and its origin may be traced back to the stretching vibration of symmetric Si-O 

bonds. This is evidence that the silica network contains silicon-oxygen bonds (Si-O bonds). 

The bands at 463.46 cm-1 correspond to vibrations in the siloxane groups present in the SNPs 

samples, and the Si-O bond is bent as a result. This is indicative of the presence of bent 

silicon atoms bonded to oxygen atoms. The results show that silanol groups (Si-OH) are 

formed when sodium silicate is dissolved in HCL, and siloxane groups are formed when 

sodium silicate is subjected to condensation. The information presented here provides a 

deeper understanding of the structural alterations and functional group modifications that take 

place during the therapy process (Table 1) [11, 12].  

Table 1: Data from an FT IR spectrometer on SNPs that were synthesised from GNR-3 rice 

Wavenumber 

(cm-1) 

Functional Group/ Vibration Assignment 

3457.05 O-H Stretching Stretching vibration O-H group 

1649.57  Bending vibration of H2O 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-O bending of siloxane group 

For a better grasp of the SNPs chemical structure and properties, the FT IR analysis provides 

useful information regarding their composition and bonding characteristics. [13-19]. 
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Fig. 2: Analysis of SNPs produced from GNR-3 rice husk using FT IR 

5.2.1.2: SEM 

SEM analysis of high-quality SNPs extracted from RHA (particle sizes: 20-80 nm) is 

depicted in Figure 2. SNPs are the best absorbent for getting rid of toxic heavy metals 

because of their high adsorption capacity.  

 

 

Fig. 2: An examination of SNPs using the SEM at varying levels of magnification and scale 
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5.2.1.3: EDX 

The EDX analysis proved that the SNPs isolated from the RH were pure. The outcomes of 

EDX on the SNPs are shown in Figure 3. The region of interest in the SEM image used for 

EDX analysis is highlighted in Figure a. As can be seen in Figure (b), the spectra showed 

distinct signal peaks for Si (45.36%), O (37.5 %), Na (9.5 %), and Au (7.1 %). The EDX 

spectra, which demonstrated that the observed peaks matched those of oxygen and silica, 

provided conclusive evidence that the SNPs that were generated were composed of silica. 

Because of this outcome, it is clear that the SNPs sample was accurate. In addition, the 

investigation revealed the presence of a gold coating, which is evidence that (Au) was present 

in the results [24]. 

 

Fig. 3: (a) SEM picture of single nucleotide polymorphisms (b) EDAX spectrum of SNPs 

 

5.2.1.4: PSD 

This study presents a thorough particle size characterization of high-quality SNPs synthesised 

from RHA with a dynamic diameter range between 200 and 500 nm, evaluated using DLS in 

aqueous dispersion (Fig. 4). The SNPs have a dynamic diameter range between 200 and 500 

nm. The PSA conclusions showing the size distributions are well-dispersed and under control 

are corroborated by the SEM research. This is because the DLS approach is frequently used 

to estimate the dynamic dimension particle sizes of SNPs dispersed in water. This is the 

reason why this is the case. The picture's results further indicated that the particle size 

distribution of the SNPs is bell-shaped, which is another name for the Gaussian distribution 

[25-27]. 
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Fig. 4: Particle size analysis of SNPs 

 

5.2.1.5: BET 

The BET method, widely acknowledged for its accuracy in determining surface area, was 

employed to quantify the specific surface area of the SNPs. The obtained value of 11.1984 

m²/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 Å. 

The specific surface area of 11.1984 m²/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 Å 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 
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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 SNPs [28-30]. 

3.2.1.6: TEM 

In order to fully explore the characteristics of SNPs, TEM was used in this study. The 

investigation included measurements of the SNPs size, shape, uniformity, and homogeneity, 

which yielded extremely helpful information regarding the possible applications of these 

SNPs. Utilising the ImageJ software allowed for the generation of the size distribution 

histogram that can be found represented in Figure 5(b). This histogram was painstakingly 

created. This histogram does a good job of illustrating how the frequency distribution of 

different particle sizes looks. Notably, the distribution of the SNPs under consideration 

appears to follow a pattern that is rather usual, as indicated by the appearance of an almost 

log-normal curve in the histogram. The TEM study revealed that the SNPs predominantly 

display spherical morphology, which is related to both their size and shape. It was discovered 

that their sizes ranged anywhere from 20 to 50 nm. It was determined that a size of roughly 

33.73 nm was the one that occurred most frequently within the population. This particular 

size is representative of a sizeable fraction of the SNPs contained inside the sample, which 

exemplifies the reproducibility and uniformity of the synthesis process. It is essential to make 

a note of the fact that agglomerates can be seen in the TEM images. This phenomenon can be 

explained by the natural interactions that occur between smaller particles, which are largely 

driven by electrostatic attraction or the forces of Van der Waals. The overall significance of 

the findings is not diminished in any way by these agglomerates, despite the fact that they are 

an unavoidable occurrence. In point of fact, they offer supplementary data regarding the inter 

particle interactions as well as the forces that govern the assembly of the SNPs. The 

favourable size of the SNPs is one of the most important implications that can be drawn from 

this TEM research. Their relatively small dimensions, which fall somewhere in the range of 

20 to 50 nm, show significant promise for a variety of different applications. This size range 

is particularly well-suited for applications where regulated particle size is crucial, making it 

an excellent choice for those applications. Producing and putting these SNPs to use could 

potentially be beneficial to a wide variety of fields, from the medical field to the materials 

science industry [31-36]. 
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Fig. 6: TEM micrographs of single-nucleotide polymorphs (SNPs) (a) Scale of SNPs is 50 

nm (b) Graph of the average particle size of SNPs (c) SNPs are measured on a scale of 100 

nm. (d) The SNPs scale is 200 nm. 

5.2.1.7: AFM 

Images captured with an AFM reveal important details on the size, shape, and distribution of 

SNPs fabricated RHA. The AFM image, as shown in Figure 8(c), will most likely show a 

scattering of SNPs in the 20- to 50-nm size range. On the surface, these SNPs may have the 

impression of being small structures that are spherical or semi-spherical. Figure 8 (a), (b), and 

(d) are height profiles showing the Z-axis distance from the surface to the tip of the AFM 

probe. These height profiles may be seen in the figure. These profiles are going to correspond 

to changes in the height of the nanoparticles found throughout the sample.  This image 

demonstrates how the SNPs are dispersed across the surface, despite the fact that there may 

be some size variation and clumping. Figure 9 is a representation of the surface contaminants 
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or pollutants, as well as the underlying structure of the rice husk ash, as seen by AFM 

pictures. 

 

 

 

It is possible that SNPs derived from rice husk ash will have a surface that is rough to some 

degree. Variations in the synthesis process or the inherent properties of the SNPs might be to 

blame for this roughness. Here we might notice clusters or agglomerations of SNPs in some 

sections of the image. This might suggest that the nanoparticles have a tendency to aggregate, 

which is something that occurs frequently in systems containing SNPs (Figure 9(e-l)). All of 

the images were captured at varying micrometres in order to analyse and analyse the surface 

topology as well as the roughness of the GNR-3 rice husk ash synthesised SNPs. [37-39]. 

 

5.2.9. X-Ray diffraction (XRD)  
 

Fig. 8: Analysis by atomic force microscopy (AFM) of SNPs manufactured from GNR-3 
rice husk (a) Particle height line (b) Particle height graph (c) Particle size (d) Particle size 
The histogram of height 

Fig. 9: AFM images of SNPs synthesized from GNR-3 rice husk (e) 1X1µm 2D (f) 1X1µm 
3D (g) 2X2µm 2D (h) 2X2µm 3D (i) 3X3µm 2D (j) 3X3µm 3D (k) 5X5µm 2D (l) 5X5µm 
3D                        
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5.2.1.8: XRD 

 

Fig. 10: XRD analysis of silica nanoparticles synthesized from GNR-3 rice husk 

The XRD data show that there is a broad peak at 2 between 15° and 35°, confirming the 

presence of crystalline SiO2, and a sharp peak at 2θ = 22.1°, confirming the presence of 

amorphous SiO2. RH underwent thermal processing, which produced a heterogeneous 

mixture of crystalline and amorphous SiO2 crystals. The presence of a prominent peak raises 

the possibility that tridymite structure was formed, which would point to crystalline SiO2 

being present. The intensity maxima at 28.82, 32.28, 36.83, and 46.12 degrees indicate that 

the amorphous phase was partially transformed into a crystalline silica structure. The SiO2 

analysis was compared to the silicon oxide SiO2 powder diffraction file, which was located in 

the PDF#00-011-0695 folder. The principal diffracted peaks are shown by the arrows that are 

located in the diffractograms. At an angle of 2θ = 22.010, which coincided with the (101) 

plane, the most prominent peak was discovered. For SiO2, numerous peaks disappeared at 

(111), (102), and (212), while others expanded and were less intense ((101), (200)). This was 

a sign that the silica's crystallinity was deteriorating. A nano scale substance can be identified 

by a broad peak that corresponds to the (101) plane; this broadening may be owing to 

scattering that is induced by SNPs. The possibility exists that this phase is amorphous SiO2 

since the amorphous broad peak is near to the primary peak of the (101) plane of SiO2 

crystalline [40-45]. 
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5.3: TOXIC HEAVY METAL CONTAMINATION 

Toxic 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 like 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 toxic 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 toxic heavy metals than wheat [49,50]. 

There are risks to human health due to toxic 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 toxic 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 increase 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]. 

Table 2: The impact of SNPs on the elimination of toxic heavy 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 
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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 4.5475 1.1471 6.3093 

R-2 1:10 Potato 2.0805 4.5591 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 

 
Figure 11: Influence of Synthesized SNPs on the Removal of Toxic Heavy Metals 

The data presented in Table 2 offers valuable insights into the impact of SNPs on the removal 

of harmful heavy metals, including Co, Ni, Pb, and Cr, using varying adsorbent doses in 

multiple replications. A key trend observed is that the effectiveness of SNPs in eliminating 

these toxic 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 

toxic 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 

0

2

4

6

8

10

12

1:2 Potato1:5 Potato 1:10
Potato

1:2 Potato1:5 Potato 1:10
Potato

1:2 Potato1:5 Potato 1:10
Potato

Co (%)

Ni (%)

Pb (%)

Cr (%)



  
  

 Page 118 
 

example, Co removal efficiency varies between replications, with different adsorbent doses 

showing optimal results. Ni 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. Pb removal shows that the 1:2 Potato 

ratio is consistently less efficient than the 1:5 and 1:10 ratios, while Cr removal efficiency 

generally favours 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 toxic heavy metals behaviour 

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 toxic heavy metals removal. 

Further research is essential to refine these findings, determine optimal adsorbent doses for 

various toxic 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. 

5.4: 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 toxic heavy metal pollutants that were detected in biomass. Co 

removal (%) from potatoes using SNPs was found to 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 h. 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 toxic heavy metals. This suggests that 

the removal of potentially harmful toxic 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 toxic heavy metals from potatoes is substantial; even 

incremental increases in the quantity of potatoes boosted this efficiency.   
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Table 3: Elimination of high concentrations of toxic heavy metals 

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

1:2 Potato 1.298±0.62b 3.382±0.30b 0.655±0.22b 3.623±0.25b 

1:5 Potato 2.049±0.28b 4.182±0.64b 1.264±0.16a 4.964±1.21b 

1:10 Potato 3.412±0.87a 5.643±0.33a 1.417±0.08a 8.733±1.15a 

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) 

 

Figure 12: Elimination of high concentrations of toxic heavy metals 

Table 3 presents the results of the study, which focus on the elimination of high 

concentrations of toxic heavy metals using various adsorbent doses in the form of SNPs in 

combination with potatoes. The data offers critical insights into the efficiency of these SNPs 

in removing specific toxic heavy metals, namely Co, Ni, Pb, and 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 
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clear trend regarding the effectiveness of the SNPs in eliminating these toxic 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 toxic heavy metals, allowing 

for a comprehensive assessment of their removal capabilities. In the 1:2 Potato ratios, 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 Ni, 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 ratios was used, the efficacy of the SNPs in reducing toxic heavy metal 

content became more apparent. Cobalt displayed a reduction of 2.049% with a standard error 

of 0.28, while Ni exhibited a more substantial reduction of 4.182% with a standard error of 

0.64. Lead showed a reduction of 1.264% with 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 ratios, 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. Co 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. 

5.5: DISCUSSION  

The study conducted a comprehensive analysis of the potential of SNPs synthesized from 

RHA as a biomass adsorbent for the removal of harmful heavy metals from potatoes. The 
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discussion of the study focuses on several key aspects of the research, including the 

characterization of SNPs, their effectiveness in heavy metal removal, and the implications of 

the findings. 

The study utilized various characterization techniques to understand the structural and 

morphological properties of the synthesized SNPs. This included FT-IR analysis, SEM, EDX, 

DLS, TEM, AFM, and XRD. These characterizations provided valuable insights into the 

composition, size, shape, and distribution of the SNPs. Notably, the study found that the 

SNPs exhibited a well-dispersed particle size distribution, with sizes ranging from 20 to 50 

nm. The characterization data indicated the potential of these SNPs for various applications, 

particularly in the field of environmental remediation. The study addressed the critical issue 

of heavy metal contamination in potatoes, focusing on a variety known as "Kufri Badshah." 

Heavy metals such as Co, Ni, Pb, and Cr can accumulate in plants, particularly potatoes, 

when they are grown in contaminated soil or water. The findings revealed that these heavy 

metals displayed different accumulation patterns in potato tubers, with Fe, Zn, Mn, Cu, Ni, 

Pb, and Cd showing variations in their concentrations. The study emphasized the importance 

of food safety and the need to monitor and quantify heavy metal concentrations in potatoes to 

safeguard consumer health. 

One of the key aspects of the study was the investigation of how varying biomass 

concentrations (SNPs to Potato ratios) influenced the removal of heavy metals from potatoes. 

The data in Table 3 showed that the use of SNPs at different ratios effectively eliminated 

heavy metals, with substantial differences observed between the 1:2 and 1:10 ratios. The 

results indicated that the efficiency of SNPs in removing hazardous heavy metals from 

potatoes was not significantly affected by the quantity of potatoes present. This highlights the 

potential for scalable and efficient heavy metal remediation processes using SNPs. The 

findings of the study have significant implications for both environmental science and public 

health. The successful synthesis of SNPs from RHA offers an environmentally friendly and 

cost-effective approach to producing nanoparticle adsorbents. These SNPs demonstrated 

potential in removing harmful heavy metals, suggesting their utility in environmental and 

agricultural applications. The research also emphasized the importance of careful selection of 

adsorbent doses based on the target heavy metal and specific site conditions for optimal 

removal. 
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