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ABSTRACT

The application of chromium sulfate in tanning operations yields chromium-laden wastewater, posing significant
environmental risks. This research explored electrocoagulation as a remedial measure for tannery effluents. Varied
parameters — pH (4, 7, 10), electric currents (0.5, 1.0, 1.5 A), and durations (1, 2, 3 h) — were optimized to dimin-
ish the chromium content. Evaluation based on initial and final chromium concentrations demonstrated 99.94%
removal efficiency at pH 4, 1.5 A, over 3 hours. Achieving the 0.6 mg/L target concentration occurred at pH 4,
0.91 A, for 3 hours. This study highlighted the effectiveness of electrocoagulation in chromium mitigation within
tannery wastewater, showcasing its potential as an environmentally sustainable remediation.
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INTRODUCTION

Tanning, a process applied to raw animal
skins and hides for leather production, serves to
safeguard leather against microbial degradation,
heat, and moisture (Bacardit et al., 2014; Siva-
kumar, 2022; Wu et al., 2020). Chromium (Cr),
extensively utilized across industries like printed
circuit board manufacturing, metal processing,
electroplating, and metal finishing (Guertin et al.,
2016), prominently features in many leather tan-
ning procedures using chromium sulfate (Tejada
Tovar etal., 2021). Nevertheless, the surplus chro-
mium sulfate in wastewater poses a critical issue
due to chromium (Cr) being a hazardous heavy

metal (Prasad et al., 2021; Tamjidi and Esmaeili,
2019). The toxicity of a heavy metal correlates
with its ion valence; for instance, Cr®" exhibits ap-
proximately 100 times greater toxicity than Cr**,
along with its highly corrosive and carcinogenic
nature (Abdulmalik et al., 2023; DesMarias and
Costa, 2019; Song et al., 2024). Furthermore, the
exposure to Cr heavy metals can lead to dermati-
tis and, in cases of excessive uptake, trigger rhi-
nitis (Bandara et al., 2020). Understanding these
implications is crucial in addressing the environ-
mental and health impacts of chromium residues
in tannery effluents.

Various methods are employed to mitigate
chromium contamination in wastewater, including
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adsorption (Hashem et al., 2024; Madhusudan et
al., 2023; Masood et al., 2023), reverse osmo-
sis (Bratovcic et al., 2022; George et al., 2015;
Pan et al., 2023), chemical precipitation (Brato-
vcic et al., 2022; George et al., 2015; Hosseine
Amirhandeh et al., 2022), and oxidation-reduc-
tion processes (Wang et al., 2018; Zhang et al.,
2023). Adsorption entails the use of materials like
activated carbon or zeolite to absorb chromium,
necessitating periodic replacement and incurring
higher operational costs. Reverse osmosis relies
on pressure and consumes substantial energy to
separate chromium, while chemical precipita-
tion using additives like iron sulfate or calcium
hydroxide may elevate the chemical waste levels.
Oxidation-reduction processes transform chro-
mium into less hazardous forms but often require
additional treatment steps. However, electroco-
agulation stands out for its selective targeting of
suspended particles, yielding larger, stable flocs
and minimal sludge production (Deghles and
Kurt, 2017a; Moussa et al., 2017), demonstrating
the substantial potential for efficient chromium
reduction while ensuring an environmentally
friendly approach, especially relevant in indus-
tries like leather tanning.

The electrocoagulation process occurs within
an electrolysis vessel fitted with electrodes (cath-
ode and anode) facilitating direct electric current
conduction, immersed in the wastewater serving
as an electrolyte. The applied electrical energy at
the anode induces the dissolution of aluminum
into the solution, reacting subsequently with hy-
droxyl ions from the cathode, forming aluminum
hydroxide. This compound initiates coagulation
and flocculation processes, effectively eliminat-
ing suspended particles from the wastewater
(Afiatun et al., 2019). Essential parameters in-
fluencing electrocoagulation efficacy encompass
voltage, duration, wastewater pH, and the con-
ductivity of the electrocoagulation reactor and
electrodes (Xu et al., 2019).

In Indonesia, the majority of small-scale
leather tanning industries, managed by local
communities, grapple with challenges in treat-
ing chromium-containing waste (Deghles and
Kurt, 2017b). Traditional treatment methods,
such as precipitation and chemical coagulation,
have limitations in achieving efficient chromium
removal. These issues persist due to the preva-
lent use of PAC (poly aluminum chloride) and
PAS (poly aluminum sulfate), known for their
poor stability, limited coagulation efficiency,

and sluggish floc formation time (Astuti et al.,
2022; Aziz et al., 2017; Nti et al., 2021). More-
over, the utilization of PAC contributes to the
presence of toxic AI** in processed water, pos-
ing potential hazards (Simbarta Tarigan et al.,
2021). Despite these remedies, their widespread
adoption in wastewater treatment may still lead
to residual sludge and environmental concerns,
emphasizing the urgency to explore more ef-
ficient and eco-friendly alternatives like elec-
trodeposition technology within these smaller-
scale industrial setups. The electrocoagulation
process, however, stands out as an innovative
and sustainable alternative.

The existing literature lacks an in-depth ex-
ploration of the electrocoagulation process spe-
cifically tailored for chromium removal in leather
tanning effluents. While conventional methods
have been employed, their limitations in terms
of efficiency and environmental impact neces-
sitate the exploration of novel technologies. The
conducted study addressed this research gap by
providing a detailed investigation into the electro-
coagulation process, evaluating its performance,
and identifying areas where it surpasses conven-
tional techniques. In this study, electrocoagula-
tion optimized parameters such as pH, electric
current, and time to effectively remove residual
Cr from the treated wastewater. The primary aim
of the study was to assess the cost-efficiency of
the electrocoagulation process in treating waste-
water derived from the leather tanning industry,
focusing on optimal pH, electric current, and
detention time conditions. The emphasis of the
treatment is on chromium, a heavy metal, cor-
relating it with the best operational parameters
through a statistical approach using Response
Surface Methodology (RSM). This approach is
anticipated to offer guidance in selecting the most
suitable operational conditions for treating simi-
lar types of wastewater.

MATERIAL AND METHOD

Characterization of wastewater from
home-based leather tanning industries

The tannery wastewater used in this study
was sourced from a home-based facility located
in Cianjur, West Java, Indonesia. Samples were
directly collected from the influent wastewater
channel within the facility and subsequently
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stored in polypropylene bottles at 4°C until
further analysis. The wastewater samples col-
lected originated from the inlet of the wastewa-
ter treatment. The quantity of samples procured
was aligned with the number of experiments
conducted. Given the presence of 27 variations,
the number of experiments performed corre-
sponded to 27 trials. Each trial necessitated the
use of 1,000 ml of sample, culminating in a total
required sample volume of 27 liters. The origi-
nal characteristics of the home-based tannery
wastewater included a temperature of 25.1°C,
pH at 25.1°C of 8.31, and a Cr®" concentration
of 245.1 mg/L.

Electrode and reactor preparation

The electrodes utilized in this study were de-
rived from aluminum plates. Electrode prepara-
tion involved the following steps: 1) aluminum
plates were cut into dimensions of 6 cm x 15 cm;
2) the electrodes were cleansed using acetone; 3)
the aluminum plates were heated to a temperature
of 105°C for 1 hour in an oven and then weighed
to attain a consistent weight; and 4) the aluminum
plates were stored in a desiccator until their use in
the electrocoagulation experiments.

The study employed a batch system. The re-
actor utilized can be seen in Figure 1. The pre-
paratory stages for the electrocoagulation reactor
were as follows: 1) the prepared aluminum plates
were placed with a 4 cm gap on a support struc-
ture. The distance between electrodes affects the
electrolyte resistance—Ilarger distances result in
higher resistance, thereby reducing the flow of
current; 2) one aluminum plate was connected

RECTIFIER

to the negative pole (cathode), and another pre-
pared aluminum plate was linked to the positive
pole (anode) via an ammeter connected to a recti-
fier; and 3) the electrodes were placed in a 1-liter
chemical glass serving as the reactor, containing
1 liter of wastewater.

Experimental design

The experiment setup was structured utilizing
statistical software. Optimization modeling em-
ployed the Box-Behnken Design (BBD) for op-
timum conditions. BBD encompassed 27 experi-
mental sets, conducted in duplicate. Key indepen-
dent variables including the pH, electric current
(EC), and duration were systematically adjusted
to optimize the electrocoagulation process for
maximum Cr removal efficiency. Concurrently,
efforts were made to identify the factors related to
cost efficiency. An operational cost analysis was
conducted to determine the expenses incurred
during the electrocoagulation process. Within this
study, the operational cost calculation focused
solely on evaluating the energy consumption and
electrode consumption. The ranges for initial pH,
current density, and EC time spanned 4-10, 0.5—
1.5 (A), and 1-3 hours, respectively, as depicted
in Table 1. The outcomes of the process were rep-
resented as the percentage of removal, calculated
using Equation 1.

% R =0t 5 100% (1)

in

where: % R — Removal (%); C, — Concentration
inlet (mg/L); C — Concentration outlet
(mg/L).

REACTOR

AMPEREMETER

Figure 1. Electrocoagulation apparatus
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The response variable (Y) obtained was sub-
sequently analyzed using Minitab 17, resulting
in a linear model tested for significance (p-val-
ue) and regression model adequacy (lack of fit).
During the process optimization stage, each re-
sponse had its optimization goals set within the
software. This program conducted optimization
based on the entered variable data and response
measurements. The output from the optimization
stage provided recommendations for several new
optimal formulas according to the program. The
objective of optimization was to seek the best
conditions that reconcile all objective functions.

RESULTS AND DISCUSSION

pH variations during the electrocoagulation
process

In the meticulous exploration of the electroco-
agulation process, deliberate adjustments to the pH
levels of wastewater samples were orchestrated at
three distinct points: 4, 7, and 10. Fig. 1 clearly il-
lustrates the dynamic shifts in pH over the course of
the electrocoagulation, providing a comprehensive
view of the intricate interplay between pH varia-
tions and the electrochemical processes involved.
After 3 hours, a discernible surge in the wastewater
pH was observed. This elevation is attributed to the
liberation of OH" ions and H, gas facilitated by the
cathodic reaction. The degree of pH modulation is
intricately connected to the cathode current density
and the extent of AI** hydrolysis (Monteiro et al.,
2022). The electrocoagulation process unfolds as a
sequence of oxidation and reduction steps. Specifi-
cally, at the anode, H" is generated by the oxida-
tion of H,O, while at the cathode, OH- is produced
through the reduction of H,O. Notably, elevating
the pH value results in a more pronounced increase
in the production of OH" ions compared to H* ions
(Aljaberi et al., 2022). This highlights the profound
influence of meticulous pH control in fine-tuning
the overall efficiency of the electrocoagulation
process. This intricate interplay between pH ad-
justments and electrocoagulation emphasizes the
significance of meticulous pH control to fine-tune
the overall efficiency of the process. The complex
relationship between cathode reactions, current
density, and hydrolysis underscores the need for a
profound comprehension of these factors to refine
the accuracy and effectiveness of electrocoagula-
tion in wastewater treatment.

Table 1. Experimental design of electrocoagulation
process of tannery wastewater

wn | fel | G | Ferd
(Ampere)
1 4 0.5 1
2 4 0.5 2
3 4 0.5 3
4 4 1.0 1
5 4 1.0 2
6 4 1.0 3
7 4 15 1
8 4 1.5 2
9 4 1.5 3
10 7 0.5 1
11 7 0.5 2
12 7 0.5 3
13 7 1.0 1
14 7 1.0 2
15 7 1.0 3
16 7 15 1
17 7 1.5 2
18 7 1.5 3
19 10 0.5 1
20 10 0.5 2
21 10 0.5 3
22 10 1.0 1
23 10 1.0 2
24 10 1.0 3
25 10 1.5 1
26 10 1.5 2
27 10 1.5 3

Temperature changes during
the electrocoagulation process

In the realm of liquid waste processing, tem-
perature emerges as a pivotal determinant influ-
encing chemical reactions. The temperature fluc-
tuations of liquid waste under treatment hinge
on variables, such as pH, current strength, and
processing duration. A visual representation of
these temperature dynamics is portrayed in Fig-
ure 3, which delineates the shifts occurring dur-
ing the electrocoagulation process. As Figure 3
illustrates, the electrocoagulation process triggers
a temperature surge ranging from 23°C to 38°C.
The apex of this temperature increase materializes
at an electrical current of 1.5 Amperes and a pH
level of 4. Noteworthy are the direct correlation
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Figure 3. Changes to pH over time

between higher electrical currents and more pro-
nounced temperature spikes. The temperature
elevation during electrocoagulation is instigated
by the release of AI** metal hydroxide ions. This
liberation prompts a pH elevation in the electro-
coagulation process, unleashing heat energy that

exerts an influential effect on the reaction rate
(Cai et al., 2022; Dakhem et al., 2022).
Consequently, protracted electrocoagulation
periods can yield a substantial escalation in tempera-
ture due to the sustained release of heat energy. This
phenomenon emanates from the diverse reactions
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intrinsic to electrocoagulation, encompassing elec-
trolysis, hydrolysis, and redox reactions, all of
which yield heat as a byproduct (Lopez-Guzman
et al., 2021; Winoto et al., 2020). The underlying
chemical process is encapsulated in the Eq. 2.

AP*+3H,0 — Al(OH), + 3H" + 3¢

AH =-419.6 kJ (2)
The negative AH reaction value (-419.6 kJ)
signifies the exothermic nature of the reaction.
Exothermic reactions emit heat, which dissipates
into the surrounding environment, elevating the
solution temperature (Ullah, 2021). The heat gen-
erated has the potential to raise the temperature
of the wastewater, thereby influencing both the
efficacy of the treatment process and the quality
of the final effluent (Wang et al., 2022). Conse-
quently, meticulous monitoring and regulation of
temperature throughout the electrocoagulation
process become imperative, ensuring optimal
performance, and mitigating potential adverse
environmental impacts (Mao et al., 2023).

Electrode mass changes
in the electrocoagulation process

As the electric current was elevated, there
was a corresponding increase in the oxidation of
aluminum (Al). The anodic oxidation led to the
dissolution of AI** cations in the water (Benea et
al., 2022). Figure 4 illustrates the theoretically an-
ticipated reduction in Al mass. The data depicted

in Figure 4 highlight the disparities between theo-
retical calculations and actual outcomes. Notably,
the actual reduction in anode mass was found to
be lower than the theoretically predicted values.
This diminution in anode mass can be attributed
to multiple factors, including energy conversion
into heat, current loss due to the resistance of
connecting materials, and the quality of the anode
material (Meng et al., 2020).

The heightened reduction in electrode mass
was particularly pronounced in electrocoagula-
tion processes conducted with elevated currents.
The data on electrode mass reduction serve as a
valuable metric for estimating the optimal elec-
trode replacement time. Further insights into the
comparative conditions of aluminum—pre-usage,
usage as a cathode, and usage as an anode—are
elucidated in Figure 5. This comparative analysis
sheds light on the evolving state of the aluminum
electrodes throughout the electrocoagulation pro-
cess, providing valuable information for optimiz-
ing operational parameters and enhancing the ef-
ficiency of the electrocoagulation system.

Wastewater quality analysis

Prior to the application of electrocoagulation,
the chromium (Cr) content in the wastewater sam-
ple measured 245.1 mg/L. Subsequently, the Cr
content exhibited variations based on factors such
as pH, electric current, and duration, as depicted
in Figures 6-8. Electrocoagulation, illustrated in
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Figure 4. Anode mass reduction
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Figure 5. Electrode comparison: (a) aluminum
plate before use, (b) aluminum plate as
cathode, (c) aluminum plate as the anode

Figures 68, demonstrated a notable decrease in
Cr content. The electrochemical reactions occur-
ring at the anode and cathode were described by
the Equations 3 and 4. (Suyati et al., 2019):

At the anode:

Al — AP + 3¢ 3)

2H,0 +2e — H, + 20H @)

At the anode, aluminum (Al) metal dissolved

to form AI** ions, subsequently hydrolyzing to
produce solid Al(OH),, a water-insoluble sub-
stance. AI(OH), functioned as a coagulant within
the electrocoagulation cell, participating in the
coagulation-flocculation process. The reaction se-
quence involved the formation of AI(OH), and H
ions, followed by the generation of AI(OH)* ions
(Zaied et al., 2020), which facilitated Cr removal:

Al+3H,0 — AI(OH), + 3H* (5)
AI(OH), + H,O — AI(OH)* +H"  (6)

The formed AI(OH)* ions aided in binding to
Cr, promoting the removal of Cr from the waste-
water through the formation of [Cr(Al(OH),),]
s. Additionally, the decrease in Cr content re-
sulted from the precipitation of Cr(OH), due to
the interaction between Cr in the wastewater and
OH- ions:
3AI(OH)* + Cr** — [Cr(Al(OH),),], (7)
Cr’*+ 30H — Cr(OH), 8)

The Cr(OH), precipitate served as an electro-
positive floc core, attracting excess OH- ions and
forming flocs of Cr(OH)*, which, in turn, attract-
ed other metal cations present in the wastewater
(Boinpally et al., 2023). At the cathode, Cr** was

reduced to solid (Zaied et al., 2020), attaching to
the cathode rod:
Cr'+3e — Cr 9
Concurrently, the H, gas production occurred
at the cathode, leading to the ascent of dirt formed
in the wastewater to the surface. The production of
H, gas was accompanied by the formation of hy-
droxide ions, which bound to pollutants and formed
non-dissolvable compounds that floated to the re-
actor surface (Ali Maitlo et al., 2019). The reduc-
tion in the Cr content was particularly pronounced
under acidic conditions (pH 4), as observed in
Figures 6-8, with the optimal reaction occurring at
pH 4 compared with neutral (pH 7) and base con-
ditions (pH 10) at different electrical current. The
larger the electric current strength used, the greater
the chromium concentration that can be removed.
To achieve acidic conditions, sulfuric acid (H,SO,)
was added, dissociating at the cathode:

H,SO, — 2H" + SO, (10)

Under acidic conditions, H, gas production
increased through H* reduction:

2H' +2¢” — H, (11)

The enhanced production of H, gas resulted
in greater amounts of the contaminant floating on
the surface and increased Cr separation from the
wastewater. Prolonging the electrocoagulation pro-
cess further amplified the separation of metal ions
(Zaied et al., 2020). As depicted in Figures 4-6,
an increase in process time correlated with a de-
crease in the Cr content, attributed to the accelerat-
ed oxidation of Cr’* and the formation of Cr(OH),,
generating small particles that formed settleable
flocs (Hasan et al., 2021). The reduction in the Cr
content was also influenced by the concentration
of AI** cations in the wastewater, where a higher
concentration led to increased cation absorption
into the solution. In contrast to precipitation and
chemical coagulation, electrocoagulation demon-
strates superior performance in terms of chromium
removal efficiency and operational flexibility. The
process ensures the generation of stable and easily
separable flocs, resulting in enhanced separation
efficiency and reduced sludge volume.

The optimum condition
of the electrocoagulation process

Response Surface Methodology (RSM)
serves as a comprehensive set of statistical and
mathematical tools for the enhancement and
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Figure 7. Chromium concentration at an electric current of 1 A

optimization of processes affected by various
variables. This methodology involves the cre-
ation of a predictive model to evaluate the impact
of individual variables on the response of inter-
est (Dahish, 2023; Sulaiman et al., 2023). In the
context of this study, RSM, executed through the
Minitab 18 application, was employed to optimize
the electrocoagulation parameters, specifically
pH, electric current, and duration. The outcomes

indicated that both pH value and electric current
significantly influenced chromium (Cr) content (p
< 0.05), whereas the impact of time was found
to be statistically insignificant (p > 0.5). Fur-
thermore, the RSM results revealed that pH (x),
electric current (x,), and time (x,) collectively in-
fluenced Cr content (y) with a high coefficient of
determination (R? = 0.96), while other unidenti-
fied variables played a minor role (R*=0.04). The
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optimization of parameters was undertaken utiliz-
ing RSM and the Minitab application (Lamidi et
al., 2023). The RSM equation derived for optimal
electrocoagulation is expressed as follows:

-37.7+29.28 x1-49.2x2-28.2 x3-

1.031 x12 +21.7 x20 + 3.70 x32 - 2.71 x1 x(12)
X2+ 1.477 x1 X x3+3.53 x2 X x3

y =

where: y represents the Cr concentration (mg/L),

x, denotes pH, x, represents electric cur-
rent (A), and x, corresponds to time (h).

Figure 9 illustrates that electrocoagulation
conducted at pH 4, an electric current of 1.29 A,
and a duration of 2.07 h resulted in a substantial
reduction of the Cr content from 245.1 to 0.6
mg/L, signifying the most optimal conditions
achieved through the optimization process.

Optimum

Energy consumption, electrode
consumption, and specific energy

Electrocoagulation presents several discern-
ible advantages over conventional methods.
Firstly, it facilitates the rapid and efficient remov-
al of Cr** ions through the formation of insoluble
metal hydroxide flocs. The process is adaptable
to a diverse range of effluent characteristics and
operates with relatively low energy consumption.
Moreover, electrocoagulation minimizes the need
for additional chemical reagents, thereby mitigat-
ing the overall environmental impact associated
with treatment processes.
The analysis of energy consumption, elec-
trode consumption, and specific energy in elec-
trocoagulation for chromium removal under

pH Elec. Current Time
. High 10,0 1,50 30
B 0'4.732 Cur [4,01 [1,2879] [2.0707]
Predict Low 40 050 1,0
Chrom
Targ: 0,60
y = 0,6024
d = 0,99998
S & | __?_:“:h

Figure 9. Optimal conditions for electrocoagulation taken from the RSM software
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Table 2. Energy consumption, electrode consumption, and specific energy

Variance Energy consumption Electrode consumption Specific energy
(KWh/m?) (kg/m3) (kWh/kg Cr)

pH4-05A-1h 1.31 0.047 5.67

pH4-05A-2h 2.88 0.093 12.24
pH4-05A-3h 4.98 0.140 20.93
pH4-10A-1h 4.61 0.093 19.69
pH4-1.0A-2h 7.86 0.187 33.21

pH4-1.0A-3h 13.83 0.280 57.66
pH4-15A-1h 8.145 0.140 34.47
pH4-15A-2h 15.39 0.280 64.33
pH4-15A-3h 22.95 0.420 93.69
pH7-05A-1h 1.525 0.047 8.93

pH7-05A-2h 2.84 0.093 17.98
pH7-05A-3h 4.59 0.140 26.89
pH7-1.0A-1h 433 0.093 22.73
pH7-1.0A-2h 8.68 0.187 46.67
pH7-1.0A-3h 12.81 0.280 67.03
pH7-15A-1h 8.775 0.140 45.81

pH7-15A-2h 15.87 0.280 82.46
pH7-15A-3h 23.49 0.420 121.40
pH10-05A-1h 1.445 0.047 11.32
pH10-05A-2h 3.09 0.093 20.26
pH10-0.5A-3h 3.825 0.140 31.80
pH10-1.0A-1h 3.35 0.093 24.04
pH10-1.0A-2h 7.3 0.187 43.45
pH10-1.0A-3h 11.82 0.280 80.41

pH10-15A-1h 6.645 0.140 38.66
pH10-15A-2h 15.51 0.280 100.58
pH10-15A-3h 22.14 0.420 158.54

varying pH values, electric currents, and durations
is presented in Table 1. The data in Table 1 illus-
trate a notable influence of time and electric cur-
rent on both energy and electrode consumption.
Specific energy, denoted in kilowatt-hours (kWh),
represents the energy required to eliminate 1 kg
of total Cr mass. A lower specific energy value
indicates greater efficiency in the electrocoagu-
lation process, thereby reducing the overall cost
associated with the Cr removal from wastewater
(Hasan et al., 2021). When examining the results
it was found that the lowest specific energy of 5.67
kWh/kg Cr was achieved under conditions of pH
4, an electric current of 0.5 A, and a duration of 1
hour. However, these optimal parameters did not
result in the desired reduction of the Cr content
from 245.1 to 0.6 mg/L, failing to meet the quality
standard. In contrast, the conditions of pH 4, an
electric current of 1.28 A, and a duration of 2.07

10

hours led to a specific energy of 52.63 kWh/kg Cr.
Meanwhile, the highest efficiency was observed at
pH 4, an electric current of 1.5 A, and 3 hours,
although this configuration demanded a substan-
tial specific energy of 93.69 kWh/kg Cr due to the
elevated electric current and extended duration.
These findings underscore the intricate trade-off
between achieving optimal efficiency and manag-
ing the associated energy costs in the electroco-
agulation process for Cr removal.

CONCLUSIONS

In conclusion, the conducted study delved
into the electrocoagulation process for chromium
removal in leather tanning effluents, revealing its
distinct advantages over conventional methods.
Addressing a crucial research gap, the research
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provided nuanced insights into the dynamic inter-
play of pH, temperature, and anode mass through-
out the process. Notably, the study identified the
pivotal role of initial pH, highlighting optimal ef-
ficiency at pH 4, an electric current of 1.5 A, and
a duration of 3 hours, resulting in an impressive
99.94% reduction in the chromium content from
245.1 to 0.15 mg/L. Validating these findings, the
Response Surface Methodology (RSM) indicated
that a chromium concentration of 0.6 mg/L can
be achieved at pH 4, an electric current of 1.29
A, and a duration of 2 hours. This meticulous pa-
rameter selection, guided by the electrocoagula-
tion process, demonstrates its high effectiveness
in chromium removal and offers crucial insights
for sustainable and efficient wastewater treatment
in the leather industry.
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