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Abstract

The increasing activity of paint and body repair workshops has contributed to the increasing volume of liquid waste
containing heavy metals, especially lead (Pb), which is toxic and has the potential to pollute aquatic environments.
Long-term exposure to Pb can have negative impacts on human health and ecosystem balance, so that effective,
economical, and environmentally friendly waste treatment efforts are needed. One alternative that can be applied is
the use of natural materials as adsorbents, such as kepok banana peels (Musa paradisiaca), which contain cellulose,
hemicellulose, and lignin with active functional groups that have the potential to bind heavy metal ions. This study
aims to determine the effect of variations in contact time on the adsorption efficiency of Pb metal and evaluate the
ability of kepok banana peels as a natural adsorbent in reducing Pb levels in paint and body repair workshop
wastewater. The research method used is an adsorption process with contact time variations of 0, 30, 60, 90, 120,
and 150 minutes. The parameters observed include the initial concentration of Pb (Co), the final concentration of Pb
(Ct), the amount of Pb absorbed, and the removal efficiency. The results showed that increasing the contact time
significantly affected the effectiveness of the adsorption process. The Pb removal efficiency increased gradually from
0.00% at O minutes to 47.69% at 90 minutes of contact time, which is the optimum condition for adsorption. At that
time, the Pb concentration decreased from 0.65 mg/L to 0.34 mg/L, with the amount of Pb adsorbed reaching 0.31
mg/L. However, after passing the optimum contact time, the adsorption efficiency decreased at 120 and 150 minutes,
which was thought to be caused by adsorbent saturation and the possibility of a desorption process. Based on the
results obtained, it can be concluded that kepok banana peel has quite good potential as a natural adsorbent in
reducing Pb metal levels from paint and body repair workshop industrial waste. The utilization of this organic waste
is not only effective in the waste treatment process, but also supports the concept of sustainable environmental
management through the application of simple, inexpensive, and environmentally friendly technology.

Keywords: Adsorption, Kepok Banana Peel, Heavy Metal Pb, Contact Time, Paint and Body Repair Workshop
Waste.

INTRODUCTION

The growth of the automotive industry in Indonesia, particularly paint and body repair
workshops, contributes significantly to the economic sector. However, these activities also create
environmental problems in the form of liquid waste containing heavy metals, one of which is lead
(Pb). Lead is widely used in vehicle paint materials and as a byproduct of body repair processes,
making it likely to accumulate in the environment. High Pb content in waste is very dangerous because
it is toxic, difficult to degrade, and can contaminate groundwater and harm human health, such as
causing damage to the nervous system, kidney disorders, and reduced cognitive function (Yulia dan
Putra, 2024).

Quantitatively, the chemical composition of vehicle paint shows that inorganic pigments make
up about 20-30% of the total formulation, with heavy metals present within them. Lead compounds
(Pb), such as lead chromate (PbCrO4) and lead carbonate (PbCQO:s), generally occur in the range of
0.5-5% of the pigment fraction or about 0.1-1.5% of the total paint weight, depending on the type and
color of the paint. In addition to Pb, chromium (Cr) is present at around 0.2-2% as chromates or
oxides, zinc (Zn) at about 1-3% in the form of zinc oxide (ZnO), and iron (Fe) at around 2—6% as iron
oxide (Fe20s). Resin or binder constitutes about 30-50% of the paint formulation and is dominated by
organic polymer compounds, while solvents range from 15-30% and consist of aromatic and ketone
compounds. Additives account for only about 1-5%, but they may contain metals such as cobalt (Co)
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and manganese (Mn), each at approximately 0.01-0.1% as driers. These heavy metal contents
significantly contribute to the high concentrations of Pb and other metals in liquid waste from paint
and body repair workshops (Yulia dan Putra, 2024).

Various methods have been developed to reduce Pb levels in industrial wastewater, such as
chemical precipitation, membrane filtration, and electrocoagulation. However, these methods often
require high costs, hazardous chemicals, and generate new residues that are difficult to manage.
Therefore, alternative technologies that are more economical, environmentally friendly, and easy to
apply are needed. One widely studied method is adsorption using natural materials (Deswita et al.,
2023).

Kepok banana peel (Musa paradisiaca) is an abundant organic waste in Indonesia, especially
as a byproduct of consumption and banana-processing industries. Banana peel contains lignocellulose,
cellulose, hemicellulose, as well as hydroxyl and carboxyl functional groups that can bind heavy metal
ions through ion exchange mechanisms and electrostatic interactions. The use of kepok banana peel
as an adsorbent not only helps reduce Pb levels in paint and body repair workshop waste but also adds
value to organic waste that was previously unused (Ali et al., 2020).

Thus, research on the utilization of kepok banana peel as an adsorbent to reduce Pb levels in
industrial waste from paint and body repair workshops is important to conduct. In addition to
supporting efforts to control environmental pollution, this study also contributes to the application of
the waste-to-product concept and the sustainable use of local resources.

RESEARCH METHODS

Research Location and Time

This research was conducted for approximately three months, from October to December 2025,
in the Chemical Engineering Laboratory of ATIM.
Materials and Equipment
Materials

The materials used in this study were kepok banana peels, liquid waste from paint and body

repair workshops, and 1 M HCI.
Equipment
The equipment used in this study included an oven, blender/grinder, sieve, pH meter, orbital
shaker/agitator, centrifuge (optional), pipette, burette, 100 mL reaction flask (Erlenmeyer flask),
AAS/ICP-OES spectrophotometer for Pb measurement, desiccator, analytical balance.
Research Variables
Fixed Variables
The fixed variables in this study were the sample surface area (250 um) and the sample mass, which
was 1 gram (Ali et al., 2020).
Independent Variable
The independent variable in this study was contact time (30, 60, 90, 120, 150 minutes).
Research Process
1. Adsorbent Preparation
Wash the kepok banana peel thoroughly with running water, then with distilled water.
Dry it in an oven at 60-80°C until dry.
Grind it and sieve it to a powder size of 250 pum.
Activate it with hydrochloric acid (HCI).
Store it in a closed container until used.
Adsorption Process
Prepare five Erlenmeyer flasks, each containing 10 mL of paint and body repair workshop
wastewater solution.
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b. Add the same dose of kepok banana peel adsorbent (1 g) to each solution.
c. Adjust the pH of the solution to the optimum value (pH 5).
d. Stir using a shaker with varying contact times: 30, 60, 90, 120, and 150 minutes.
e. After the contact time is reached, the solution is filtered to separate the adsorbent.
f. Measure the residual Pb concentration in the filtrate using AAS/ICP-OES.
Data Analysis

Calculate the Pb reduction efficiency:

_ Co-C

%Removal = R x 100
0

with:
Co = initial concentration (mg/L)
Ct = concentration at time t (mg/L).

Flow diagram

Kepok banana peel <+«— washed clean with running water, then with

distilled water

A4
Kepok banana peel «—

Prepare 5 Erlenmeyer flasks, each containing 100
mL of liquid waste from a paint shop and body
repair shop. Add the same dose of banana peel

Waste Solution «—

adsorbent (1 g) to each solution.

Waste Soluti -« [
aste splution 30, 60, 90, 120, and 150 minutes.

Figure 1. Research Flowchart

RESULTS AND DISCUSSION

Dried using an oven at a temperature of 60-80°C
until dry, ground and sieved to a certain powder
size (for example <250 pum), then activated.

Stir using a shaker with varying contact times:

Analysis Results —— Data analysis and processing was carried out

In an effort to reduce environmental pollution caused by paint and body repair workshop waste,
an effective, economical, and environmentally friendly processing method is needed. One alternative
that can be utilized is the use of natural adsorbents, such as kepok banana peel (Musa paradisiaca),
which has the potential to absorb heavy metals. This study aims to assess the ability of kepok banana
peel as an adsorbent in reducing Pb metal levels, by examining the effect of contact time on changes
in Pb concentration in solution. The results of observations include the initial concentration (Co), final
concentration (Ct), the amount of Pb absorbed, and removal efficiency, which are then presented in

the following table as a basis for discussing the performance of the adsorption process.

509


mailto:editorijhess@gmail.com

International Journal Of Health, Engineering And Technology (IJHET) E-ISSN 2829 - 8683
Volume 5, Number 1, May 2026, Page. 507 - 514
Email : editorijhess@gmail.com

0.70 ~

0.65
0.59
0.46
0.40
i 0.37
0.34 I
0 30 60 90 120 150

Contact Time (minutes)

Final Concentration, Ct (mg/L)
© o o o o
N w B (€] D
o o o o o

o

=

o
1

o
o
S

Figure 2. Pb Metal Reduction Analysis Results

The graph shows that the final Pb concentration (Ct) decreased with increasing contact time
between the waste solution and the kepok banana peel adsorbent. At 0 minutes of contact time, the Pb
concentration remained at its initial value of 0.65 mg/L because no adsorption had yet occurred. After
30 minutes, the Pb concentration decreased to 0.59 mg/L, indicating that the adsorption process had
begun, although still limited.

A more significant decrease occurred at 60 minutes of contact time, when the Pb concentration
decreased to 0.46 mg/L. This indicates that the longer the contact time, the more Pb ions interact with
the adsorbent surface. The peak concentration decrease occurred at 90 minutes of contact time, with a
Ct value of 0.34 mg/L. Under these conditions, the adsorption process was most effective because
most of the active sites on the kepok banana peel surface were still available to bind Pb ions.

However, after the optimum contact times, at 120 and 150 minutes, the Pb concentration
actually increased slightly to 0.37 mg/L and 0.40 mg/L, respectively. This phenomenon may be caused
by adsorbent saturation, where most of the pores and active groups in the kepok banana peel are filled
with Pb ions, resulting in decreased adsorption capacity. Furthermore, the possibility of desorption or
re-release of Pb ions into the solution may also contribute to this increase in concentration (Kardiman
etal., 2019).

Overall, these results indicate that kepok banana peel (Musa paradisiaca) has good potential as
a natural adsorbent for reducing Pb levels in paint and body repair industry wastewater. The optimum
contact time in this study was 90 minutes, which resulted in the greatest reduction in Pb concentration.
These findings reinforce the point that utilizing organic waste as an adsorbent is not only technically
effective but also supports efforts towards more environmentally friendly and sustainable waste
management.
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Figure 3. Analysis Results of Adsorbed Pb Amount

The graph shows that the amount of Pb adsorbed by the kepok banana peel adsorbent increased
with increasing contact time. At a contact time of 0 minutes, no Pb adsorption occurred (0.00 mg/L)
because no interaction between the adsorbent and the solution had yet occurred. After 30 minutes, the
amount of Pb adsorbed increased to 0.06 mg/L, indicating that the adsorption process had begun,
although it remained relatively low because Pb ion diffusion to the adsorbent surface was not optimal.

The increase in Pb adsorption became more significant at a contact time of 60 minutes, with a
value of 0.19 mg/L. This indicates that the longer the contact time, the greater the opportunity for Pb
ions to diffuse and bind to active sites on the adsorbent surface. This process is influenced by the
presence of functional groups such as hydroxyl (—OH), carboxyl (-COOH), and amine (-NH>) in the
kepok banana peel, which play a crucial role in the adsorption mechanism through electrostatic
interactions, ion exchange, and complex bond formation with Pb** ions.

Peak Pb adsorption occurred at a contact time of 90 minutes, with a value of 0.31 mg/L. Under
these conditions, most of the adsorbent's active sites were still available and functioning optimally to
bind Pb ions. This indicates that the adsorption process had reached a near-equilibrium state, where
the adsorbent's Pb ion absorption rate was at its maximum.

However, after the optimum contact time, at 120 and 150 minutes, the amount of Pb adsorbed
decreased to 0.28 mg/L and 0.25 mg/L, respectively. This decrease indicates that the adsorbent was
beginning to experience saturation of active sites, resulting in a decline in its Pb ion binding capacity.
Furthermore, desorption, the release of some of the Pb ions bound to the adsorbent surface back into
the solution, can also occur due to weak bonds at some active sites or changes in the system's
equilibrium (Rosema et al., 2021).

Related to wastewater Pb quality standards, based on Regulation of the Minister of
Environment of the Republic of Indonesia Number 5 of 2014, the maximum Pb content limit in
industrial wastewater is 0.1 mg/L. The results showed that the lowest final Pb concentration was
obtained at 90 minutes of contact time, at 0.34 mg/L, which is still above the established quality
standard. This condition indicates that although kepok banana peels have quite good adsorption
capacity, the single adsorption process under these operating conditions does not fully meet the quality
standard. Therefore, further optimization is needed, such as increasing the adsorbent dosage,
modifying the adsorbent, or using a multistep adsorption process (Rosema et al., 2021).

Overall, the results of this study indicate that kepok banana peel (Musa paradisiaca) has the
potential as a natural adsorbent in absorbing heavy metal Pb through the interaction mechanism of —
OH, —COOH, and —NH: groups with Pb?" ions. The optimum contact time for adsorption is at 90

511

https://ijhet.com/index.php/ijhess/


mailto:editorijhess@gmail.com

International Journal Of Health, Engineering And Technology (IJHET) E-ISSN 2829 - 8683
Volume 5, Number 1, May 2026, Page. 507 - 514
Email : editorijhess@gmail.com

minutes, before the saturation of active sites and the possibility of desorption, thus providing a strong
scientific basis for further development in the treatment of liquid waste containing heavy metals.
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Figure 4. Removal Efficiency Analysis Results

The graph shows that the removal efficiency of Pb metal by the kepok banana peel adsorbent
increased with increasing contact time until it reached optimum conditions. At a contact time of 0
minutes, the removal efficiency was still 0.00% because no adsorption process had occurred between
the waste solution and the adsorbent. After 30 minutes, the removal efficiency increased to 9.23%,
indicating that the Pb adsorption process had begun, although it remained relatively low.

A more significant increase in removal efficiency occurred at a contact time of 60 minutes,
reaching 29.23%. This indicates that the longer the contact time, the greater the opportunity for Pb
ions to interact with the adsorbent surface and bind to available active sites. The highest removal
efficiency was achieved at a contact time of 90 minutes, at 47.69%. This indicates that the kepok
banana peel adsorbent is most effective in reducing Pb levels in paint and body repair industry waste.

However, after the optimum contact time, removal efficiency decreased at 120 and 150
minutes, to 43.08% and 38.46%, respectively.

This decrease indicates that the adsorbent's capacity begins to diminish due to saturation of
active sites, preventing all Pb ions from binding optimally. Furthermore, the possibility of desorption,
the release of adsorbed Pb ions back into the solution, can also contribute to the decrease in removal
efficiency at longer contact times (F. Sari et al., 2022).

Overall, these results indicate that the use of kepok banana (Musa paradisiaca) peels as a
natural adsorbent has considerable potential for reducing Pb levels from paint and body repair industry
wastewater. The optimum contact time obtained in this study was 90 minutes, with a removal
efficiency of nearly 50%. These findings confirm that appropriate contact time regulation plays a
crucial role in improving adsorption process performance and the effectiveness of wastewater
treatment.
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CONCLUSION

Based on the analysis results, it can be concluded that:

Variations in contact time have been shown to affect the adsorption efficiency of Pb metal.
Removal efficiency increased with increasing contact time and reached an optimum value at 90
minutes with an efficiency of 47.69%. After this time, efficiency tended to decrease due to adsorbent
saturation and possible desorption, indicating that contact time is a critical factor in determining the
success of the adsorption process.

Kepok banana peel (Musa paradisiaca) has been shown to have quite good ability to reduce Pb
levels in paint and body repair workshop wastewater. This is demonstrated by the decrease in Pb
concentration from 0.65 mg/L to 0.34 mg/L under optimum conditions, with the amount of Pb
adsorbed reaching 0.31 mg/L. Thus, Kepok banana peel has the potential to be used as an effective,
economical, and environmentally friendly natural adsorbent in the treatment of waste containing heavy
metals.
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