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6.1: INTRODUCTION

The prevalence of poisonous toxic heavy metals in the soil of the Kerala region has presented
a considerable obstacle for those involved in the coffee industry there. These metals not only
endanger the taste of the coffee, but they also raise worries about the potential effects they
could have on human health. Coffee plants may store heavy metals including Pb, Cd, and As
that they absorb from polluted soil [1-3]. This could reduce the quality of the final coffee

product that is consumed by humans.

The removal of toxic heavy metal contamination from agricultural systems has been
investigated from a number of different angles over the course of many years. The traditional
approaches include both physical and chemical treatments, such as washing the soil and
precipitation. These treatments can be both expensive and harmful to the environment. As a
direct consequence of this, there is an increasing demand for creative and long-term solutions

to successfully address this problem [4-7].

The usage of adsorbents made from biomass has gained attention in recent years as a
potentially beneficial strategy for the remediation of polluted sites. When it comes to the
production of adsorbents, biomass materials, such as waste from agricultural production,
offer a resource that is both renewable and economical. RHA is an example of one of these
types of biomass waste that is abundantly available in agricultural regions such as North
Gujarat. RHA has a high silica content, which enables it to be extracted and converted into

nanoparticles with superior adsorption capabilities [8-12].

Investigating the use of SNPs produced from RHA in coffee remediation could have
substantial repercussions for the overall quality of coffee as well as the long-term viability of
the ecosystem. The prevalence of harmful heavy metals in the soil of Kerala, a state that is
well-known for its coffee production, presents the state with a number of unique issues.
Utilising the adsorption properties of these SNPs in the indigenous coffee-growing districts of
Kerala could provide a long-term and environmentally responsible solution to the problem of

heavy metal contamination.

In addition, it is of the utmost significance to investigate the efficacy of RHA-derived SNPs
in the context of this discussion. It would not only solve the urgent problem of toxic heavy

metal accumulation in coffee plants, but it would also contribute to improving the general
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quality and safety of the coffee that is produced in the region. This would be a win-win
situation. This uncharted territory offers an intriguing prospect for multidisciplinary inquiry
and cooperative work among agricultural specialists, environmental scientists, and

stakeholders in the coffee sector [13-15].

In this research, we propose a new biomass adsorption method that makes use of RH-
synthesized SNPs from the Navsari special variety "GNR-3" to remove potentially toxic
heavy metals from Robusta coffee grown in the Kerala region. This strategy uses RH to
produce the SNPs. We hope that by utilising the adsorption characteristics of these SNPs, we
will be able to give a solution that is both long-term and economical for the problem of

enhancing the quality and safety of the coffee that is produced in the area.

6.2: RESULT AND DISCUSSION

6.2.1: SNPs: Their Properties Analysed

In order to assess the synthesised SNPs potential for use in heavy metal removal, a thorough
set of analytical methods was used to characterise them. The SNPs atomic structure and
atomic phase could be deduced via an XRD analysis. Scanning and transmission electron
microscopy were utilised to learn more about the SNPs structure and surface chemistry. We
determined the elemental composition of the sample using EDX, and the surface area of the
sample was revealed using BET analysis. AFM was applied in order to conduct in-depth

research on the topography of nanoparticles.

6.2.2: Heavy Metal Contamination

The essential or harmful nature of toxic heavy metals makes it quite concerning that they are
found in food. This is a problem that is of great concern. Here, we assess the concentrations
of many metals like Fe, Cu, Zn, Mn, Pb, and Ni in coffee from the Kerala region. The safety
of our food supply is crucial to our health and the health of our communities. Even while
eating a diversified diet can minimise the risk of certain health problems, the majority of the
nutrients we obtain still comes from our regular meals. Half of the world's population, for
instance, eats rice as their main staple food. In contrast, rice is more susceptible to toxic
heavy metal contamination than other crops. When compared to wheat, it may accumulate
heavy metals at a rate almost three times higher. Toxic heavy metals' toxicity,

bioaccumulation, and potential health effects are all major causes for alarm. Maximum
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Allowable Concentrations (MAC) for heavy metals in rice has been determined by
international organisations and national governments in an effort to reduce the severity of the
associated health risks. However, there are still potential dangers to human health even at
quantities lower than the MAC. According to research, long-term exposure to even relatively
low levels of toxic heavy metals can result in non-carcinogenic illnesses such as cancer,
hypertension, and neurological issues. Additionally, the hazards of exposure vary depending
on factors such as age, body mass, geography, and dietary preferences, which makes
vulnerable people more susceptible. Therefore, in addition to adhering to MAC values, health
risk assessments should take into consideration numerous aspects such as body weight, age,
dietary habits, and long-term consumption patterns in order to conduct an exhaustive analysis

of the potential health hazards associated with heavy metal exposure [29-32]. (See Table 2).

Table 2: The impact of SNPs on the elimination of toxic heavy metals

Replication Adsorbent dose Co (%) Ni (%) Pb (%) Cr (%)
R-1 1:2 Coffee 2.2319 2.8623 1.0853 3.8175
R-1 1:5 Coffee 1.938 2.1502 1.1267 6.5654
R-1 1:10 Coffee 2.0805 3.3446 1.3641 4.6266
R-2 1:2 Coffee 2.9762 3.0661 2.032 2.8555
R-2 1:5 Coffee 2.9901 3.34 2.2268 3.6661
R-2 1:10 Coffee 2.9827 2.5199 2.1186 3.5165
R-3 1:2 Coffee 3.4652 4.0042 3.3077 1.7528
R-3 1:5 Coffee 3.3086 4.1336 3.3453 1.4516
R-3 1:10 Coffee 3.834 4.551 3.7672 1.0493
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Figure 2: The impact of SNPs on the elimination of toxicheavy metals

The table 2 presented is a summary of research data related to the removal of high
concentrations of toxic heavy metals, namely Co, Ni, Pb, and Cr, using varying doses of a
Coftee-based adsorbent. The adsorbent doses are denoted as "1:2 Coffee" "1:5 Coffee" and
"1:10 Coffee" indicating the ratio of adsorbent to the metal solution applied. For instance, in
the case of "1:2 Coffee" the percentages of residual metals are as follows: Co at 2.083%, Ni
at 2.786%, Pb at 1.192%, and Cr at 5.003%. Each of these values is accompanied by its
standard error, providing a measure of the uncertainty associated with the measurement. The
critical difference (CD) is also provided, which is used to determine if the differences
between any two values are statistically significant. A higher CD suggests greater

significance.

Additionally, the coefficient of variation (CV %) is included, indicating the relative
variability in the data compared to the mean. Higher CV% values suggest greater data
variability. These results are crucial for assessing the effectiveness of the potato-based
adsorbent in removing these heavy metals, which can have significant implications for

environmental and health considerations in cases of contamination. Further analysis and
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interpretation of these data can help to determine the most effective adsorbent doses for

heavy metal removal

6.2.3: Effect of biomass concentration on metal removal

SNPs were applied to coffee biomass in our research at three distinct ratios: 1:2 (SNPs:
Coffee), 1:5 (SNPs: Coffee), and 1:10 (SNPs: Coffee). Each of these ratios resulted in a
significant reduction in the amount of heavy metal pollutants in coffee biomass. After 6 hours
of shaking, the toxic heavy metal removal measurements for Co were determined to be
2.0830.15, 2.9830.01, and 33.5360.27 at the doses 1:2, 1:5, and 1:10 respectively. The
removal measurements for Ni were 2.7860.60, 2.9750.42, and 4.2300.29; the removal
measurements for Pb were determined to be 1.1920.15, 2.1260.10, and 3.4730.2. According
to the results of the relative ratios, the 1:10 ratio was shown to be significant in efficiently
reducing the amount of toxic heavy metal present in coffee biomass (Table 3). When
compared to the ratio of 1:2 (SNPs: Coffee), the elimination of heavy metals by SNPs was
significantly different when the ratio was 1:10 (SNPs: Coffee). This suggests that even if the
amount of potatoes that are added to the coffee is doubled, the SNPs will still be able to
remove the harmful heavy metals. This also suggests that the effectiveness of SNPs in
eliminating toxic heavy metals from coffee is significant; even an increase in the amount of

potatoes showed a rise in this efficiency. [33-37].

Table 3: Elimination of high concentrations of heavy hazardous metals

Adsorbent dose  Co (%) Ni(%) Pb(%) Cr(%)
1:2 Potato 2.083+0.15°  2.786=0.60" 1.192+0.15° 5.003+1.41°
1:5 Potato 2.983+0.01°  2.975+0.42° 2.126+0.10° 3.346+0.43°
1:10 Potato 3.536:0.27°  4.230+0.29° 3.473+0.26 1.418+0.35°
SEm. 0.102 0.262 0.104 0.506
CD 0.354 0.906 0.360 1.751
CV% 6.19 13.62 7.95 26.92

Values are mean£S.D. Treatments with same Ietters are not significantly different (P<0.05)
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Figure 3: Elimination of high concentrations of heavy hazardous metals

The table presented is a summary of research data related to the removal of high
concentrations of toxic heavy hazardous metals, namely Co, Ni, Pb, and Cr, using varying
doses of a Coffee-based adsorbent. The adsorbent doses are denoted as "1:2 Coffee" "1:5

Coffee" and "1:10 Coffee" indicating the ratio of adsorbent to the metal solution applied.

For instance, in the case of "1:2 Coffee" the percentages of residual metals are as follows: Co
at 2.083%, Ni at 2.786%, Pb at 1.192%, and Cr at 5.003%. Each of these values is
accompanied by its standard error, providing a measure of the uncertainty associated with the
measurement. The critical difference (CD) is also provided, which is used to determine if the
differences between any two values are statistically significant. A higher CD suggests greater

significance.

Additionally, the CV% is included, indicating the relative variability in the data compared to
the mean. Higher CV% values suggest greater data variability. These results are crucial for
assessing the effectiveness of the Coffee-based adsorbent in removing these heavy metals,
which can have significant implications for environmental and health considerations in cases
of contamination. Further analysis and interpretation of these data can help to determine the

most effective adsorbent doses for toxic heavy metal removal.
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6.3: DISCUSSION

The discussion section of this research aims to provide a comprehensive analysis of the
results presented in Table 3 and Figure 3. These findings revolve around the effectiveness of
a potato-based adsorbent in removing toxic heavy hazardous metals from coffee biomass at
different adsorbent doses. The following points are discussed in detail: The study utilized
three different adsorbent doses (1:2 Coffee, 1:5 Coffee, and 1:10 Coffee) and evaluated their
impact on the removal of toxic heavy metals. It's evident from the data that increasing the
adsorbent dose results in a progressively more effective removal of toxic heavy metals. This
is a crucial observation, as it suggests that higher concentrations of the adsorbent lead to
better toxic heavy metals removal. The study focused on four heavy metals, namely Co, Ni,
Pb, and Cr. Each metal displayed its unique removal pattern based on the adsorbent dose. For
instance, Co and Ni showed the highest removal efficiency at the 1:10 Coffee ratio, while
Lead and Chromium followed similar trends. Understanding these variations is essential for
tailoring remediation strategies to target specific contaminants effectively. The data presents
standard errors and CD to assess the statistical significance of the results. These statistical
measures indicate that differences in metal removal between various adsorbent doses are
significant. This suggests that the choice of adsorbent dose can substantially impact the
effectiveness of the removal process. The CV% is provided for each metal and adsorbent
dose combination, indicating the relative variability of the data. Higher CV% values suggest
greater data variability, which is a crucial consideration when interpreting the results.
Understanding data variability helps researchers assess the reliability and consistency of their
findings. The study's findings have significant implications for environmental and health
considerations in cases of toxic heavy metal contamination. The ability to efficiently remove
toxic heavy metals from coffee biomass, a product consumed by many, is essential for

ensuring food safety and human health.

This research provides valuable insights into the potential of potato-based adsorbents for
toxic heavy metal remediation. Future studies can build upon these findings, exploring
different biomass-based adsorbents and their applications in diverse contexts. The results also
have practical applications in environmental remediation and could lead to the development
of cost-effective and environmentally friendly methods for heavy metal removal in various
settings. The data presented in Table 3 and Figure 3 demonstrates the effectiveness of Coffee-

based adsorbents in removing toxic heavy metals from coffee biomass. The findings
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underscore the importance of selecting appropriate adsorbent doses and offer insights into the
variability of data. These results contribute to the broader field of environmental science and
may inform strategies for addressing heavy metal contamination in food products and
beyond. Further research is needed to refine and expand upon these findings to develop

sustainable solutions for heavy metal remediation.
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