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Abstract

Introduction: Nickel (Ni(ll)) and chromium (Cr(VI)) are associated with serious
health risks, including respiratory problems, kidney damage, and cancer, along
with potential threats to ecosystems. Given their persistence and significant toxicity,
effective removal from contaminated water is essential to mitigate these health risks.
This study explores the efficacy of acid-treated potato peels (ATPP) as an economical
and readily accessible biosorbent for the removal of Ni(ll) and Cr(VI) from water
solutions. Methods: The study explored two biosorbents: raw potato peels (RPP)
and ATPP. Fourier Transform Infrared (FTIR) spectroscopy was utilized to analyze
changes in surface functional groups. Batch biosorption experiments were performed
using distinct contact times (30-180min), pH (3—11), and biosorbent dosages (0.1—
0.5 g). The Mann-Whitney U test was applied for the statistical analysis. Results
and Discussion: The FTIR analysis indicated an enhancement in carboxyl groups
on the ATPP surface after acid treatment, with stronger transmittance peak at 1645
cm™. ATPP showed significant improvements in biosorption capacity compared to
RPP, removing 18.23% of 10 mg/L Ni(Il) at pH 5 in 120minutes using 0.5 g of ATPP.
For Cr(VI), 52.28% removal was achieved at pH 7 with 0.2 g of ATPP within the
same time frame. Statistical analysis confirmed the superior performance of ATPP
in removing Ni(ll) (p = 0.024) and Cr(VI) (p = 0.004). Conclusion: ATPP offers
significantly higher biosorption capabilities than RPP attributed to the increased
presence of carboxyl groups on the modified surface, indicating potential for eco-
friendly effective material in mitigating the heavy metal pollution's health risks.

INTRODUCTION

Rapid industrialization is necessary for economic

These heavy metals present substantial risks to the
environment and human health because of their poor-
biodegradability, harmful effects, and ability to accumulate

growth and development but poses a high risk of heavy
metal pollution without preventive measures and strict
regulations. Various anthropogenic processes, including
agricultural, electroplating, mining, leather tanning,
and battery manufacturing, introduce these metals into
the environment (1-8). In Malaysia, river pollution has
intensified as industrial and domestic waste discharges
continue unabated, affecting regions like Kedah, Pulau
Pinang, Selangor, Kuala Lumpur, Johor, and Sarawak by
2024 (9-12).

The most common heavy metals found in
industrial wastewater include nickel, chromium, lead,
zinc, arsenic, cadmium, selenium, and uranium.

Cite this as :

in living organisms. Once released, they have the
potential to pollute water bodies, soil, and air, causing
harmful impacts on ecosystems and human well-being
(2,4,6).

Cr(VIl) is a potent carcinogen, with extensive
evidence linking it to lung cancer, liver damage, and
respiratory problems. Its high solubility and the ability
to penetrate biological membranes allow it to easily
infiltrate cells, generating reactive oxygen species which
trigger oxidative stress, deoxyribonucleic acid damage,
and, eventually, cancer (2,4,6,13-14). Ni(ll) exposure has
also been known to cause kidney damage, lung cancer,
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and dermatitis. This is because it can disrupt cellular
functions through oxidative stress and inflammation
(1-6). Chronic exposure to these heavy metals, even
at low levels, highlights the critical need for efficient
remediation solutions that minimize the associated risks
to health.

Hence, the wastewater system has a very
important role especially for industries that discharge
heavy metalsinto the environmentin orderto meet USEPA
and WHO standards in the preservation of human life.
Current standard limits for nickel in drinking water have
been set by the USEPA at 0.1 mg/L and for WHO at 0.07
mg/L. At the same time there are set guideline values
for the total chromium in drinking water at 0.1 mg/L and
0.05 mg/L according to USEPAWHO (15-16). Therefore,
an integrated strategy of prevention, remediation and
public health intervention is necessary to safeguard
ecosystems and human health against the threat of
Cr(Vl) and Ni(ll) in waters. Environmental pollution
may be minimized through enhancement of the laws
and ensuring compliance to the standardized industrial
discharge parameters, encouraging the adoption of less
toxic production procedures and materials (17-18).

Due to these health risks, sustainable and cost-
effective Cr(VI) and Ni(ll) removal from contaminated
water sources is a priority. lon exchange, chemical
precipitation, and electrochemical treatment are
expensive, ineffectual at low metal concentrations,
and produce secondary contaminants that must be
addressed (13-14,19). Biosorption, which employs
agricultural waste as biosorbents, removes heavy
metals from water cheaply and sustainably, benefiting
humans and ecosystems. Agricultural waste, which often
accumulates due to improper disposal, can be recycled
into wastewater pollution removal materials (13-14). By
turning byproducts into biosorbents, waste management
issues can be solved while delivering an environmentally
acceptable and cost-effective wastewater treatment
solution.This dual advantage emphasizes agricultural
wastes’ ability to encourage sustainable environmental
practices and advance remedial technology (13-14,19).

Previous research has shown that various
agricultural wastes, such as coconut husks, fruit peels,
and sugarcane bagasse, are superior at removing
heavy metals from water-based solutions due to
their large surface area and abundance of functional
groups capable of adsorbing metal ions (19-26).
Synergistic combinations of different agricultural wastes,
modifications with magnetism or polymeric compounds
also give attention to biosorbents in environmental
remediation (27-31). This study focuses on potato peels
as an agricultural waste that aligns to the principles of

313

Vol. 16 No.4 October 2024 (312-320)

green chemistry and sustainable development, offering
a low-cost and ecologically friendly method of water
purification. Furthermore, the high concentration of
lignin and cellulose, biopolymers found in potato peels,
promotes metal binding via complexation and ion
exchange pathways (22-26).

Chemical treatments, such as acid treatment, can
improve the effectiveness of potato peels in biosorption
by increasing surface area and introducing additional
functional groups such as carboxyl, hydroxyl, and
phenolic groups, which have a high affinity for metal ions
and thus improve biosorption efficiency (32-33). These
alterations improve the chemical reactivity and surface
area of the biopolymer, thus turning biosorbents more
efficient and environmentally friendly for the removal
of heavy metals from water sources, hence optimizing
ecologically friendly cleanup operations (32-34). Even
though few researches have been made to dedicate
research in acid-treated agricultural residues, information
pertaining to the application of ATPP in removing Ni(ll)
and Cr(VI) is scanty (13,32,35). The purpose of this
study is to determine the potential of ATPP biosorbents
in the removal of Ni(ll) and Cr(VI) in aqueous solution
with consideration of factors including contact time, pH,
and biosorbent dose. The research seeks to evaluate
the hypotheses regarding a significant difference in the
biosorption rates of Ni(ll) and Cr(VI) across different
conditions such as contact time, pH, and the amount
of biosorbent used. Furthermore, it is suggested that
ATPP shows a notably higher percentage of removal
for Ni(ll) and Cr(VI) when compared to RPP. This study
emphasizes on the effectiveness of potato peels as
cost effective and effective means of treating water and
remediating health risks associated with heavy metal
pollution, by comparing RPP and ATPP biosorbents. The
results can aid developing countries experiencing rapid
industrialization and pollution since the approach offers a
low-cost method of water purification. The method utilizes
the agricultural waste hence minimizing pollution while
at the same time eradicating pollution from Cr(VI) and
Ni(ll) to reduce the public health risks. This intervention
supports the United Nations Sustainable Development
Goals (SDGs); specifically SDG 6 for clean water and
sanitation, SDG 12 for sustainable consumption and
production, and SDG 14 for life below water (34).

METHODS

A total of 10 g of Solanum tuberosum potato
peels were collected from Café Murni, which is located
at the Universiti Sains Malaysia (USM) Health Campus in
Kelantan, Malaysia. The research encompassed two varieties
of potato peels: untreated (RPP) and acid-treated (ATPP).



Jurnal Kesehatan Lingkungan/10.20473/jkl.v16i4.2024.312-320

An experimental design was utilized, consisting of
batch biosorption experiments conducted in a controlled
laboratory setting. The performance of RPP and ATPP
was compared under various conditions, including
contact times (30, 60, 90, 120, 150, 180 minutes), pH
levels (3, 5, 7, 9, 11), and biosorbent dosages (0.1, 0.2,
0.3, 0.4, 0.5 g) in controlled initial concentration of Ni(ll)
and Cr(VI) aqueous solutions.

FTIR spectroscopy, Flame Atomic Absorption
Spectrophotometer (FAAS) was used for the
characterization and the quantification of Cr(VI) and Ni(ll)
ions in the aqueous solutions. Data were analyzed using
IBM Statistical Package for the Social Sciences (SPSS)
Statistics 26, specifically employing the Mann-Whitney
U Test to compare the performance of RPP and ATPP.
These methods provided a comprehensive assessment
of the biosorption capacity of ATPP, emphasizing their
potential as effective and sustainable biosorbents for
Ni(ll) and Cr(VI) removal, thus minimizing the health
risks associated with Ni(ll) and Cr(VI) pollution.

Chemicals

Nickel (Il) chloride salt (NiCl,), chromium (VI)
oxide salt (CrO,), sodium hydroxide (NaOH), and
hydrochloric acid (HCI) were obtained from Merck.
Reagents of all the elements are of an analytical grade
purity and were used as it is except that, pH of solution
was adjusted to by using 1M HCI and 1M NaOH. The
solvents utilized were laboratory-made distilled and
deionized water.

Preparation of Biosorbents

The preparation of RPP involved a modification
method by thoroughly washing the obtained potato peels
to remove any adhering dirt before drying in an oven at
60°C. The drying process was carried out until a constant
weight was achieved. The dried peels were finely ground
and stored in airtight containers for further use (35).

Acid treatment with 0.1 M HCI was employed
for the preparation of ATPP to enhance the biosorption
capacities. The steps involved mixing 10% (w/v) of
RPP powder with a 0.1 M HCI solution. The mixture was
stirred continuously for 24 hours at room temperature.
After the acid treatment, the mixture was then filtered,
and the solid residue was washed several times with
distilled water to remove any excess acid. The residue
was then dried in an oven at 60°C and stored in airtight
containers for further use.

Characterization of Biosorbents

The chemical characterization of RPP and
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ATPP biosorbents was performed utilizing the KBr pellet
technique, scanning from 400 to 4000 cm-1 on the FTIR
Bruker Tensor 27 Spectrometer. The FTIR spectra of
both biosorbents were recorded and compared to identify
changes in functional groups induced by acid treatment.

Batch Biosorption Study

Abatch biosorption system was studied to assess
the influence parameters of contact time at 30-minutes
interval (30, 60, 90, 120, 150, 180 minutes), pH (3, 5, 7,
9, 11), and biosorbent dosage (0.1, 0.2, 0.3, 0.4, 0.5g)
to investigate the efficacy of RPP and ATPP towards
Ni(Il) and Cr(VI) biosorption. 1.0 g of RPP and ATPP
were added in two different 250 mL beakers containing
100 mL of a 10 mg/L Ni(ll) ion solution. The solution was
then stirred at 30°C using a magnetic stirrer before being
collected in falcon tubes. The steps were repeated using
a Cr(VI) solution.

FAAS by Perkin Elmer Analyst FAAS, Perkin
Elmer Analyst 800 was used to determine the
concentrations of heavy metal Ni(ll) and Cr(VI) ions
before and after biosorption. Blank experiments were
conducted to ensure the accuracy and precision of the
measurements. For all the parameters, the process was
replicated three times to get a sample size of n = 18 for
each parameter.

Biosorption Calculation and Data Analysis
The removal percentage (%), was calculated
using the following Eq. 1 (35-36).

Co_ Ce

% = x 100

=]

where C and C_are the initial and equilibrium
concentrations (mg/L)

Data were analyzed using SPSS Statistics
26 and the Mann-Whitney U Test as a non-parametric
statistical test to assess significant differences in
biosorption capacities between Ni(ll) and Cr(VI) under
various conditions.

Manuscript Assistance

The drafting of the initial literature review and
discussion sections was supported by OpenAl's GPT-4
model. The Al was used to generate concise reviews
of relevant literature and write preliminary discussions
based on experimental results. The authors critically
analyzed, modified, and supplemented the Al model’s
generated content to ensure scientific rigor, coherence,
and conformity with the study’s findings.
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RESULTS

The effectiveness of potato peels (RPP and
ATPP) as biosorbents for the removal of Ni(ll) and
Cr(VI)was analyzed under various influence parameters,
including contact time, pH levels, and biosorbent dosage,
utilizing FAAS for the analysis. FTIR spectra for both
RPP and ATPP were compared to identify the functional
groups present in potato peels and understand their
roles in biosorption behavior.

FTIR Analysis

FTIR spectra of both RPP and ATPP were
illustrated in Figure 1 in the region of 4000-400 cm™.

Figure 1 reveals significant changes in the
surface chemistry and biosorption capabilities of ATPP.
Both biosorbents exhibited similar IR absorption bands,
indicating shared common functional groups. A broad
transmittance band was observed at 3399 cm™ is
attributed to the presence of hydroxyl (—OH) groups,
suggesting the presence of water or alcohol. The
transmittance band at 3399 cm™' for RPP is broader than
that of ATPP, indicating a higher absorption of water on
the surface of RPP (35). C-H stretching vibrations are
observed at 2921 cm'. The transmittance band at 1645
cm™ shows that carboxyl (-COOH) groups are present.
In the range of 800-1360 cm™, there’s a band peaking
at 1028 cm™, indicated to the stretching of C—-O-C and
C-C bonds in the carbohydrate ring which are more
pronounced for ATPP.

(=)}
<o W O L

(=]

Transmittance (%T)

[ T LY BNV e}
m

wh

1028
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30
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3200 2800 2400 2000 1600
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Figure 1. FTIR Spectra of RPP and ATPP Biosorbents

1200 800

However, there are significant differences in
the functional group compositions between RPP and
ATPP. ATPP exhibits higher percent transmittance of
-COOH and moderate C-O-C and C—C band at 1645
cm™ and 1028 cm™, respectively compared to RPP due
to the esterification during acid treatment. These peaks
are more pronounced in ATPP, reflecting modifications
in surface chemistry and structure due to HCI treatment

315

Vol. 16 No.4 October 2024 (312-320)

which enhances the biosorbent’s ability to interact
with metal ions. The FTIR-KBr spectra confirmed the
presence of cellulose and lignin in potato peels.

Batch Biosorption Findings

A comparative investigation was performed
to assess the removal percentage of Ni(ll) and
Cr(Vl) by RPP and ATPP, involving three influence
parameters: contact time, pH and biosorbent dosage.

Effect of Contact Time

The effect of contact time on the percentage
removal of Ni(ll) and Cr(VI) ions is illustrated in Figure
2 and 3, respectively. Using 0.3 g of RPP and ATPP
biosorbents with an initial concentration of 10 mg/L at pH
7, the removal efficiency for both metals increases with
contact time, reaching equilibrium around 120 minutes.
Using 0.3 g of RPP and ATPP biosorbents with an initial
concentration of 10 mg/L at pH 7, the removal efficiency
for both metals increase with contact time and plateaus
after 120 minutes, indicating this as the optimum contact
time for the removal of Ni(ll) and Cr(VI). Beyond this
point, improvements in efficiency become minimal. For
Ni(ll), the percentage removal rises from 7.9% to 12.1%
for RPP and from 18% to 23.3% for ATPP. Similarly, for
Cr(VI), the removal efficiency increases from about 12.4%
to 22.5% for RPP and from 25.6% to 38.3% for ATPP. By
120 minutes, ATTP is able to remove 23.34% of Ni(ll)
and 38.34% of Cr(VI), while RPP achieves approximately
12.05% and 22.48% removal rates for Ni(ll) and Cr(VI)
respectively. Higher percentage removal exhibited by
ATPP indicates a higher biosorption capacity compared
to RPP for both Ni(Il) and Cr(VI) removal.
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Figure 2. Effect of Contact Times (30 — 180 Minutes) on
Percentage Removal of Ni(Il) using 0.3 g RPP and ATPP
Biosorbents with 10 mg/L Initial Concentration at pH 7
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Figure 3. Effect of Contact Times (30 — 180 Minutes) on
Percentage Removal of Cr (VI) using 0.3 g RPP and ATPP
Biosorbents with 10 mg/L Initial Concentration at pH 7

Effect of pH

The influence of pH on the removal efficiency of
Ni(ll) and Cr(VI) ions using 0.3 g of ATPP biosorbents
with an initial concentration of 10 mg/L is depicted in
Figure 4. The best removal efficiencies were observed at
pH 5 and 11 for Ni(ll) and pH 7 for Cr(VI), achieving 73-
74% and 48.01% removal, respectively. However, pH 11
for Ni(ll) cannot be utilized as an optimum pH because
metal ions Ni (Il) were observed to have precipitated
at pH 11, forming nickel (II) hydroxides. These findings
highlight pH 5 and pH 7 as critical for maximizing the
biosorption capacity of ATPP towards the removal of
Ni(ll) and Cr(VI) ions in aqueous solutions.

50 wNi(ID)

m Cr(VI)
60
40
20 J_l Il
0
3 5 7 9 11
pH

Figure 4. Effect of pHs (3 — 11) on Percentage Removal of
Ni(II) and Cr(VI) Ions using 0.3 g ATPP Biosorbents with
10 mg/L Initial Concentration

Removal Percentage (%)

Effect of Biosorbent Dosages

The effect of biosorbent dosage on the removal
efficiency of Ni(ll) and Cr(VI) ions using ATPP at pH 5 and
7, respectively. Specifically, the highest removal efficiency
of 18.23% was achieved with 0.5 g of biosorbent, while
the lowest efficiency was observed with 0.1 g at pH 5
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for Ni (ll). Similarly, the biosorption efficiency of Cr(VI)
ions exhibited dependence on biosorbent dosage, as
shown in Figure 5. Across the same range of biosorbent
dosage, 0.2 g of ATPP demonstrated the highest
removal efficiency at 52.28% in 150 ml of Cr(VI) solution
at pH 7. In contrast, higher dosages (0.3 g, 0.4 g, and
0.5 g) led to a gradual loss in removal efficiency. Based
on these batch biosorption evaluations, it has been
found that ATPP is an efficient biosorbent for removing
10 mg/L aqueous solutions of Ni(ll) and Cr(VI) at pH 5
and pH 7, respectively, when utilized at optimal doses of
0.5gand 0.2 g.
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Figure 5. Effect of Biosorbent Dosage (0.1 - 0.5 g) on
Percentage Removal of Ni(I) and Cr(VI) Ions using ATPP
with 10 mg/L Initial Concentration at pH S and pH 7
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Statistical Analysis

Table 1 provides a statistical comparison of the
median percentage removal of Ni(ll) and Cr(VI) between
RPP and ATPP using the Mann Whitney U test. Results
revealed an enhancement in biosorption capacity after
acid activation, rejecting the null hypothesis. Specifically,
ATPP exhibited a higher median Ni(ll) removal (13.72%,
IQR 1.809) compared to RPP (11.82%, IQR 2.455) with
a Z statistic of -2.250 and a p-value of 0.024 (<0.05).
Similarly, for Cr(VI) ion biosorption, ATPP exhibited
a significantly higher median removal percentage
(36.96%, IQR 8.921) than RPP (21.68%, IQR 6.450).
The Mann Whitney U test yielded a Z statistic of -2.892
and a p-value of 0.004 (<0.05), also indicating a rejection
of the null hypothesis and confirming substantial
differences in Cr(VI) biosorption capacity between the
two biosorbents.

Table 1. Comparison of Median Percentage Removal of
Ni(IT) and Cr(VI) between RPP and ATPP

Median (IQR)
. 1<t *
Variable Raw Acid-  Zstatistic P value
Treated
Ni(II) removal (%) 11.82 (2.455) 13.72 (1.809) -2.250 0.024
Cr(VI) removal (%) 21.68 (6.450) 36.96 (8.921)  -2.892 0.004

*Mann Whitney U test



Jurnal Kesehatan Lingkungan/10.20473/jkl.v16i4.2024.312-320

DISCUSSION

The removal of heavy metals like Chromium
(Cr(VI)) and Nickel (Ni(ll)) from wastewater is crucial
due to their severe toxicological effects on human
health. Cr(VI) and Ni(ll) are among the most harmful
pollutants which linked to cancer, nephrotoxicity, and
pulmonary issues. Chronic exposure to heavy metals,
even at low levels, poses important public health issues,
necessitating effective remediation solutions not just for
environmental compliance but also for mitigating the
associated health hazards (1-9).

Potato peels have emerged as a sustainable
and cost-effective biosorbent for heavy metal removal
from water, which aligns with SDG 6 for clean water and
sanitation, SDG 12 for sustainable consumption and
production, and SDG 14 for life below water (15-16,34).
The structural features of potato peels, particularly their
high lignin and cellulose content, are important to the
biosorption process. These biopolymers facilitate the
adsorption of heavy metals through complex molecular
interactions, with lignin acting as a binding agent and
cellulose providing the structural integrity needed for
effective biosorption.

The presence of functional groups in potato
peels, notably —OH and —COOH, plays a crucial role in
their capacity to adsorb heavy metals. Specific functional
groups of —OH and —COOH that adsorb heavy metals
belongs to potato peels, observed in Figure 1 at 3399 cm™’
and 1645 cm ' for both RPP and ATPP which are crucial
for forming strong complexes with metal ions. -COOH
groups can form strong complexes with metal ions, which
improve biosorption via electrostatic interactions. While
—OH groups, present in cellulose and lignin, participate
in hydrogen bonding and increase the binding capacity
for metal ions (33). As lignin act as binding agent, it can
also hinder the accessibility of cellulose, making it difficult
for adsorbates to interact with the cellulose. Thus, acid
treatment gives helps by breaking down the structural
barriers and reduces inhibitory substances while
enhancing the release of functional groups, increase
the surface area and porosity of biosorbents that boost
biosorption capacity (23,25-26).

Figure 1 distinctly show significant differences
between RPP and ATPP, particularly in the enhancement
of functional groups critical for biosorption. Sharper band
observed at 3399 cm™, associated with —OH groups,
reflects the reduced presence of surface-bound water
and the increased availability of hydroxyl groups for
metal ion interaction. The prominent increase in the
peak at 1645 cm™ in the ATPP spectrum corresponds
to a higher concentration of —-COOH groups, indicating
that acid treatment significantly increases the number of
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active binding sites. These —COOH groups are essential
for metal ion chelation, directly contributing to the
superior adsorption capacity of ATPP compared to RPP.
A moderate band peaking at 1028 cm™, indicated to the
C-0O-C and C—C stretching vibrations in the carbohydrate
ring specifically in cellulose, which substantiate the
enhanced biosorption performance of ATPP for Cr(VI)
and Ni(ll) removal (14,19,21-22,35). ATPP’s improved
performance from the enhanced functional group after
acid treatment is important in terms of public health,
as effective removal of Cr(Vl) and Ni(ll) is directly
proportional to a reduction in the risk of cancer, kidney
damage, and other metal-related health issues (2,4,6).
ATPP’s ability to reduce toxic metal concentrations to
levels below regulatory limits substantially improves
both environmental sanitation and public health. This
increased efficiency is crucial for effectively lowering
metal concentrations in contaminated water, minimizing
the potential of chronic health problems caused by these
hazardous metals (4). The batch biosorption experiments
with contact times ranging from 30 to 180 minutes and an
initial concentration of 10 mg/L of Ni(ll)and Cr(Vl)on 0.3 g
of RPP and ATPP biosorbents highlight the importance of
optimizing contact time for metal removal. The observed
plateau in removal effectiveness after 120 minutes for
both Ni(ll) and Cr(VI) suggests that extending the duration
yields negligible improvement. The equilibrium for both
biosorbents is reached at 120 minutes, indicating that
this time frame is ideal for maximizing removal efficiency.
After this phase, the process stabilizes, and any further
time becomes inefficient.

ATPP consistently outperformed RPP, with
maximal efficiency of removal for both metals at 120
minutes, suggesting significant metal ion-biosorbent
interaction. This rapid collapse in metal concentrations
is crucial for lowering exposure risks, as even low levels
of Cr(VI) and Ni(ll) can cause carcinogenesis and
nephrotoxicity. For public health, the ability to remove
significant quantities of metal is critical (4,6).

Treating water at these pH values can mitigate
public health risks from Ni(ll) and Cr(VI) contamination.
The best pH settings for Ni(ll) and Cr(VI) were pH 5 and
pH 7, respectively, for biosorption. Functional group
protonation and binding site availability are highly pH-
sensitive. Electrostatic interactions between metal ions
and functional groups on ATPP are most favorable at
these pH levels, leading in efficient metal ion binding and
elimination.

In strongly acidic conditions, high concentrations
of hydrogen ions (H*) compete with metal ions for the
same active biosorption sites, thereby reducing the
efficiency of metal removal. Conversely, at higher pH
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values, deprotonation of functional groups on the ATPP
surface can reduce the positive charge density, leading
to decreased binding efficiency and competition between
metal ions and hydroxide ions (28,37-40).

The observed differences in pH trends between
Cr(VI) and Ni(ll) biosorption are due to their distinct
ionization states and interactions with the biosorbent.
Ni(ll), a divalent cation : Ni**, shows maximum adsorption
at acidic pH, where the biosorbent surface favors cation
binding. At higher pH levels, Ni(ll) produces Ni(OH),,
limiting the concentration of free metal ions available for
biosorption, thereby reducing overall removal efficiency.
In contrast, Cr(VI) exists as anionic species: CrO,* or
HCrO,, which are efficiently adsorbed at neutral pH due
to electrostatic interactions with protonated functional
groups on biosorbent (13,38).

The amount of biosorbent used also played
a crucial role in the removal efficiency of Ni(ll) and
Cr(VI). It was found that by increasing the biosorbent
dosage, the biosorption of Ni(ll) ions was significantly
improved. For Ni(ll), the increase in biosorbent dosage
initially provides more active sites, leading to improved
biosorption. However, this effect was not observed for
Cr(VI) ions due to particle aggregation and the resulting
decrease in effective surface area (38-40). Beyond a
certain point, additional biosorbent does not translate to
higher removal efficiency. These findings emphasize the
importance of optimizing biosorbent dosage to maximize
removal efficiency to levels safe for humans, aligning
with regulatory standards and public health goals while
minimizing material usage (13,16,27).

The removal efficacy of Cr(VI) and Ni(ll) using
ATPP differed significantly, with Cr(VI) removing 52.28%
at pH 7 and Ni(ll) removing 18.23% at pH 5 during the
same contact time. Cr(VI) has a higher removal rate than
Ni(Il) with ATPP due to its anionic form, which binds more
efficiently to the biosorbent. Ni(ll)’s divalent cationic form
is sensitive to pH, precipitating as Ni(OH), at higher pH,
limiting adsorption (41-43).

The Mann Whitney U test confirmed a significant
increase in biosorption capacity after acid activation.
Both biosorbents effectively removed Ni(ll) and Cr(VI),
with ATPP showing superior biosorption capabilities
outperforming RPP for both environmental cleanup and
public health. ATPP’s 52.28% removal of Cr(VI) at pH
7 and 18.23% removal of Ni(ll) at pH 5 contribute to
reducing metal concentrations to meet WHO and EPA
water safety standards. Cr(VI), a known carcinogen,
poses severe health risks including lung cancer, kidney
damage, and respiratory issues, while Ni(ll) exposure
is linked to kidney dysfunction, dermatitis, and potential
carcinogenic effects. By efficiently reducing these toxic
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metals, ATPP mitigates the risks associated with heavy
metal exposure and bioaccumulation, reducing public
health hazards. Additionally, ATPP’s use as an eco-
friendly biosorbent supports SDG 6, SDG 12 and SDG
14, contributing to waste valorization and reducing the
environmental footprint of water treatment processes
(34).
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CONCLUSION

This study revealed the enhancement in
biosorption capacity for Ni(ll) and Cr(VI) ions by ATTP
compared to RPP. Using a constant initial concentration
of 10 mg/L in 150 mL solutions, optimized parameters
were identified as pH 5, 0.5 g biosorbent dosage, and
120 minutes for Ni(ll), and pH 7, 0.2 g biosorbent dosage,
and 120 minutes for Cr(VI). Statistical analysis using
the Mann Whitney U test showed that ATPP achieved
a median removal of 13.72% for Ni(ll) (Z = -2.250, p =
0.024) and 36.96% for Cr(VI) (Z = -2.892, p = 0.004),
both significantly higher than RPP. Characterization
through FTIR analysis confirmed that the introduction
of —COOH group at peak of 1645 cm™ on the surface
of ATPP due to esterification significantly improved its
biosorption capacity. Future research should explore
further optimization parameters such as temperature and
initial metal ion concentrations to enhance the biosorption
capacities of ATPP. Alternative activation methods,
different potato cultivars, and other agricultural wastes
might collaborate to improve biosorption effectiveness
under a variety of environmental circumstances.
Furthermore, synergistic mixtures of potato peels with
other agricultural wastes, as well as modifications with
magnetism or polymeric chemicals, have the potential
to widen biosorbents’ use in environmental remediation.
Heavy metal removal must be effective in order to reduce
health hazards connected with toxic element exposure,
such as respiratory disorders and cancer. By furthering
our understanding and application of biosorption, this
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research contributes to the advancement of sustainable
water treatment technologies and supports the larger
goal of ensuring access to safe, clean water, thereby
lowering the health risks associated with heavy metal
contamination.
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