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Abstract

Pharmaceutical waste containing antibiotics is a major contributor to water pollution. The widespread use of ciprofloxacin (CIP), an
antibiotic, causes residues to accumulate in the environment, especially in aquatic habitats, causing ecological damage. A dispersive
solid-phase extraction (DSPE) method was selected to trace CIP residues in the natural environment. Graphene oxide (GO) serves
as an absorbent in the DSPE procedure. To achieve the best results, an evaluation is needed to identify the most favorable
absorption conditions for CIP. This study used a modified Hummers method to produce GO from cassava peel waste, which
contains a lot of carbon and cellulose. Then the GO was characterized by Fourier transform infrared (FTIR) spectroscopy, X-ray
diffraction (XRD), Raman spectroscopy, and scanning electron microscopy (SEM). The response surface method (RSM) was based
on a Box-Behnken Design (BBD). The CIP adsorption conditions were determined by considering the adsorbent dosage, pH, CIP
concentration, and contact time. The adsorption capacity of 99.87% was achieved under the following conditions: pH 4.4; contact
time of 35.2112 min; concentration of CIP 619.119 ppb; and adsorbent dosage 23.3237 mg. The method demonstrated linearities R>
0f 0,9987 with a detection limit of 4.05 ppb and a quantification limit of 13.50 ppb, and %RSD in the range 3—5%, and recovery of
98.90%. It confirms that GO from cassava peel waste has the potential to be an adsorbent for the antibiotic CIP. This study provides
a novel approach by employing cassava peel-derived GO for DSPE, achieving nearly complete CIP removal (99.87%), thereby
offering a sustainable and highly sensitive method for environmental monitoring.

Keywords: cassava peel, ciprofloxacin antibiotic, dispersive solid-phase extraction, graphene oxide, response surface
methodology

1. INTRODUCTION remarkable stability and solubility in water, even at
different pH levels. The global mean concentration

The issue of water contamination has become a  of CIP in surface water varies from 10 to 100,000

prominent global concern. Pharmaceutical waste
significantly contributes to water pollution. People
commonly use ciprofloxacin (CIP), a second-
generation fluoroquinolone antibiotic, to treat Gram
-negative bacterial infections like Escherichia coli
and Salmonella spp., as well as Gram-positive
infections like Staphylococcus aureus [1][2]. The
widespread utilization and production of CIP can
lead to the buildup of residues in the environment,
especially in the aquatic ecosystems. The aquatic
environment has discovered CIPs due to their
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ng/L, with lakes having the highest levels, ranging
from 2.5 to 6.5 mg/L [3]. Accumulation of CIP
residues can have detrimental effects, including
reducing bacteria's capacity to create dangerous
compounds, causing environmental harm, hindering
animal cartilage development, and spreading
diseases such as skin and intestinal infections.
Therefore, it is crucial to carefully observe and
track the presence of CIP residues, especially in
aquatic environments, to prevent adverse impacts
on human health and ecosystem endowment levels
[4][5]-

Currently, scientists have developed techniques
sampel preparation, examples include solid-phase
extraction (SPE) and disperse SPE (DSPE), to
effectively and securely monitor antibiotics in the
environment [6][7]. Nevertheless, the use of SPE
technologies is associated with column obstruction,
complexity, high costs, time-consuming procedures,
and a lack of repeatability [8]. The DSPE approach
was chosen because it has several advantages over

traditional SPE procedures, including lower solvent
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Table 1. Selected levels of independent variables in BBD design.
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Figure 1. The FTIR spectra of (a) GO and (b) GO-CIP after adsorption.

usage, lower cost, and faster sample preparation
time. The DSPE approach uses sorbents to isolate
the analytic from its matrix. Mesoporous materials
or nanomaterials, such as graphene oxide (GO) can
be employed as adsorbents to eliminate antibiotic
waste [6][9]. Several studies have demonstrated that
GO can be utilized to adsorp antibiotics such as
ceftriaxone, CIP, norfloxacin, and lemofloxacin
[10]-[12].

GO is conventionally synthesized using non-
renewable  mineral rendering  its
production process unsustainable. In pursuit of

resources,

more cost-effective and sustainable alternatives,
researchers have explored potential materials, such
as agricultural waste, which is abundant, cheap, and
renewable. In Lampung, cassava production yields
an average of 25 tons/ha during harvest, generating
significant cassava peel waste [13]. The part that is
used is the outer layer of the cassava skin, which is
brown-red in color and is usually considered waste
[14]. Cassava skin has a fairly high carbon content

0f 59.31% and cellulose of 43.426%. With this high
carbon content, cassava skin can be utilized to
become GO [15]. This study employed the modified
method to produce GO. Fourier
transform infrared (FTIR), scanning electron
microscopy (SEM) and X-ray diffraction (XRD)
were carried out for its characterization. As a result,
cassava peel GO has the potential to be a promising

Hummers

adsorbent for treating CIP antibiotic residues [14]
[15].

Several parameters, including pH, GO adsorbent
dose, contact time, and CIP concentration, can help
achieve optimal conditions for CIP adsorption in
the aquatic environment. The RSM approach can
optimize CIP adsorption conditions. The RSM
technique surpasses standard optimization methods
in terms of efficiency, effectiveness, and cost-
effectiveness  [16]. Multiple studies have
demonstrated that using RSM can improve the
process of adsorption of heavy metals, methadone,
methylene blue, and textile waste in water bodies.
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The RSM technique is employed to determine the
optimal state, the interaction of several parameters,
and their influence on CIP adsorption [17]-[19].
Therefore, this study introduces cassava peel waste
as a novel, low-cost, and sustainable precursor for
the synthesis of GO, which is subsequently applied
in the solid phase of the DSPE method for CIP
analysis. Unlike previous studies, this work
highlights the unique use of cassava peel as an eco-
friendly carbon source, integrates response surface
methodology (RSM) to optimize multiple
parameters simultaneously. The main contribution
of this research lies advancing the development of
eco-friendly adsorbent materials
demonstrating their practical applicability in
analytical methods for environmental monitoring.

while

2. MATERIALS AND METHODS

2.1. Materials
The
chemicals

present study used analytical-grade
without any further purification.
Hexpharm Jaya supplied the CIP antibiotic to
prepare the standard solution. Additional chemicals,
including concentrated sulfuric acid (H,SQOy), iron
(IIT) chloride hexahydrate (FeCl;-6H,0), methanol
(CH;0H), 30% (H20,),

triethanolamine acetonitrile

hydrogen peroxide
(C¢HsNO3), and
(C,H;3N), were acquired from Supelco Sigma
Aldrich and utilized without further modification.
The chemicals utilized in this research included
barium chloride (BaCl,, Merck TM), potassium
permanganate  (KMnO,, Merck TM), 37%
hydrochloric acid (HCI, Smart-Lab), sodium
hydroxide (NaOH, Merck TM), and distilled water.

Local farmers in Lampung Province provided the
raw material for the study, which was cassava peel
waste.

The experiment relied on several instruments,
such as an analytical balance (AND HR-150A, with
a capacity of 152 g and a precision of 0.1 mg), a pH
meter (Water Tester EZ-9901), a hot plate magnetic
stirrer (Stuart Biocote R200000 685), an ultrasonic
device (1510 Branson), a centrifuge (Fischer
Scientific 1827001027164), and an oven (Memmert
55). The resulting GO material was characterized
using advanced analytical instruments, including
the XRD apparatus (XPERT PRO Panalytical
PW3040/60), the FTIR instrument (Agilent Cary
630), and the SEM apability (EVO® MA 10). The
determination of CIP concentration in various
samples was carried out using Shimadzu LC-2050C
high  performance chromatography (HPLC)
equipment.

2.2. Methods

2.2.1. Preparation of Bio Graphite from Cassava
Peel Waste

The cassava peel waste was thoroughly washed
with water to remove any contaminants. The
pristine cassava peel waste was thereafter sliced
into small fragments and left to desiccate for a
period of 24-36 h in the sun. After the initial drying
step, the cassava peels were subjected to a second
drying process in an oven at 100 °C for a duration
of 1.5 h. Once the cassava peels had completely
dried, they were fragmented into smaller fragments
and placed into a crucible cup, with a total weight
of around 6 g. The crushed material underwent a

=, meme g, s womgly
(a)
Figure 2. SEM images of GO at magnifications of (a) 7500x and (b) 10,000x%.
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Figure 3. The XRD spectrum of GO cassava peel waste.

high-temperature treatment, reaching a maximum
temperature of 350 °C, which was maintained for a
duration of 2 h. After cooling in a desiccator for 15
min, the material was crushed with a mortar and
pestle before passing through a 100-mesh sieve. A 5
g of the final carbon material from the previous step
were weighed and added to 1 L. Then, 500 mL of
distilled water was added to the beaker, and a
magnetic stirrer was used to agitate the mixture at
600 rpm. A 4 mL of FeCl3-6H,0O solution was
added to this suspension [20]. The mixture was
retained at room temperature and the stirring speed
was increased to 900 rpm. A 1 M HCl was gradually
added to the combined solution until the pH was
nearly adjusted to two. At 60 °C, the stirring was
maintained for 5 h. The graphite precipitate was
then separated from the
centrifugation. After washing the precipitate with
distilled water until it achieved a neutral pH of 7, it
was filtered through filter paper. After that, the
precipitate was dried in an oven for 8 h at 50 °C and
5hat 110 °C. Furthermore, a desiccator was used to
cool the dry material for 15 min [21].

supernatant  using

2.2.2. Preparation of GO using the Modified
Hummers Method

Graphite, weighing 1 g, was mixed with 23 mL
of concentrated H,SO, in a 500 mL beaker to create
GO. The liquid was continually agitated using a
magnetic  stirrer

and maintained at a low

temperature in an ice bath for a duration of 30 min.
Subsequently, a total of 3 g of KMnO, were
gradually added into the mixture, ensuring that the
temperature stayed below 10 °C. The agitation was
thereafter sustained for an additional 30 min at 35 ©
C. The temperature of the combination was raised
gradually by adding 46 mL of distilled water until it
reached 98 °C. After reaching the intended
temperature, left at
temperature for approximately 15 min [22][23]. In

the mixture was room
order to enhance the effectiveness of the oxidation
reaction, a volume of 140 mL of distilled water was
introduced into the mixture. During a 10-min period
of stirring using a magnetic stirrer, 10 mL of a 30%
H,0; solution was added gradually. The resulting
suspension was thoroughly washed multiple times
with a 5% HCI solution in order to eliminate the
sulfate ions. Testing with a BaCl, solution
confirmed the suspension's absence of sulfate ions,
as evidenced by the absence of a white precipitate.
The object was thoroughly cleaned with distilled
water until it reached a pH of 5. The solution was
thereafter subjected to centrifugation at a speed of
5000 rpm for 10 min in order to isolate the
precipitates. The resulting solid was dispersed in
450 mL of distilled water, subjected to sonication
for 30 min, and subsequently filtered using filter
paper. The isolated precipitate was subsequently
dehydrated at 60 °C for 5 h [22][23].
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2.2.3. Characterization of GO

The GO material underwent a thorough analysis
using a diverse range of analytical instruments to
figure out its properties and characteristics. An
FTIR instrument identified the functional group of
GO. The SEM was used to analyze the
morphological properties, elemental content, and
quantitative composition of the GO. An XRD
technique was employed to examine the structural
organization and crystalline properties of the GO
material and assess its level of crystallinity.

2.2.4. Standard Preparation

A solution was prepared by dissolving 25 mg of
CIP-HCI in 50 mL of mobile phase. The solution
was diluted at a ratio of 1:2 to achieve
concentrations of 60, 80, 100, and 250 ppb of the
reference solution.

2.2.5. Chromatographic Condition

An isocratic elution was performed using a
mobile phase composed of 1% triethanolamine
buffer and 80% acetonitrile (97:3 ratio). Before use,

Table 2. The results of the BBD.

Run Adsorbent Dose (mg) CIP concentration (ppb) pH Contact time (min) % Adsorption
1 20 650 2 10 90.02
2 20 1000 2 35 97.37
3 20 650 6 35 95.91
4 30 650 6 10 95.84
5 10 1000 6 35 96.65
6 20 300 2 35 91.38
7 30 650 10 35 19.77
8 10 650 6 60 95.89
9 20 650 6 35 95.76
10 20 1000 10 35 33.01
11 10 650 6 10 95.47
12 30 650 6 60 95.48
13 20 1000 6 10 96.58
14 30 1000 6 35 97.04
15 10 650 2 35 95.51
16 10 300 6 35 90.43
17 20 1000 6 60 97.08
18 20 650 6 35 95.60
19 20 650 6 35 95.59

20 20 650 6 35 95.75
21 20 300 10 35 91.67
22 20 300 6 10 90.54
23 20 300 6 60 95.74
24 30 300 6 35 90.63
25 20 650 10 10 79.87
26 20 650 2 60 95.49
27 30 650 2 35 94.11
28 10 650 10 35 19.08
29 20 650 10 60 41.88
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Figure 4. (a) Normal probability of student residuals, (b) residuals versus predicted, and (c) residuals

versus run number.

we filtered it using a 0.45-um nylon disc filter
(Millipore) and sonicated it for 20 min. The rate of
flow was 1.2 mL/min, and the volume injected was
20 pL. The separation was achieved using a
Hypersil C18 column with dimensions of 4.6 x 150
nm and a particle size of 5 um. The separation was
carried out at 25 °C using a PDA detector [24].

2.2.6. Experimental design of Box Behnken Design
(BBD)

BBD was used for the experiment. This method
involves changing variables at three levels: high
(+1), middle (0), and low (-1), along with five extra
central replication points, which can be seen in
Table 1. The BBD design generated 29 tests using
the supplied parameters. These experiments were
meticulously and precisely organized using Design-
Expert software (DX13).

The study involved conducting tests in a
sequential manner, following the values pointed out
in Table 1 of the BBD design. Each sample
consisted of a combination of a certain
concentration of the antibiotic CIP solution with a

defined quantity of the GO adsorbent. This

combination took place under controlled pH
conditions and for a specified duration of contact.
The GO was subsequently isolated through the
process of centrifugation and filtration, enabling the
determination of the residual antibiotic
concentration in the solution using HPLC. A fitness
analysis was conducted to ascertain the accuracy
and reliability of the obtained data. Equation (1)
designated the response variable as the percentage
of antibiotic adsorption;

—Cx
Co

(1)

Co
Adsorption (%) =

x 100%

Where C, and C, represent the initial and final
concentrations of CIP in solution (ppb). The
analytical method was validated by determining the
calibration curve, linearity, %recovery,
repeatability, relative standard deviation percentage
(%RSD), detection limit (LOD), and quantification
limit (LOQ). The calibration curve was constructed
using standard CIP solutions at concentrations of
60, 80, 100, and 250 ppb. Linearity was evaluated
by plotting concentration versus peak area, yielding
a correlation coefficient (R?) greater than 0.999.
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The LOD and LOQ values were -calculated
according  to  International = Council  for
Harmonisation of Technical (ICH) guidelines using
the formulas LOD = 3.3 x (o/S) and LOQ = 10 %
(o/S), where o is the standard deviation of the

response and S is the slope of the calibration curve.
3. RESULTS AND DISCUSSIONS

3.1. GO Characterization

The GO produced was analyzed using XRD,
SEM, and FTIR techniques. Fig. 1 displays the
results of adsorption characterization using FTIR
for GO and GO-CIP. Following CIP adsorption,
certain GO peaks remain constant. These findings
suggest that adsorption does not alter substance
structure. The of the GO and GO
characterization after adsorption (Fig. 1(a) and 1(b))
reveal the presence of C—O-C stretching vibrations
at wavelengths 1036 and 1088 cm-1, respectively.
Additionally, vibrations at 1419 cm-1 indicate C-H
bending, while vibrations at 1676 and 1700 cm-1

results

indicate aromatic C=C and C=0O stretching
vibrations at COOH, respectively [25][26]. The
presence of an additional signal at 1211 cm-1
indicates CIP has been well adsorbed into GO, as
demonstrated by the adsorption of the C—F group on
CIP [27]]28]. The signal at 1558 cm-1 corresponds
to the N-H bending motion of the secondary amine
[29]. The FTIR spectra demonstrate the effective
method of producing GOs, as they exhibit
functional groups that are appropriate for pure GO.
Sujiono and Surekha discovered that GO consists of
oxygen-based functional groups such as epoxy (C—
0-C), carbonyl (C=0), carboxyl (COOH), and
hydroxyl (O—H). The observation of the C—F group
of CIP and the N-H bending group of secondary
amine at 1211 cm-1 indicates the successful
attachment of CIP to GO. Unfortunately, the
characterization results did not reveal the presence
of any C—N group, necessitating more analysis [30]
[31].

Fig. 2 presents the SEM morphology of GO,

Table 3. Results of analysis of variance (ANOVA).

Source Sum of Squares dF Mean Square F-Value P-Value
Model 12870.91 14 919.35 4.80 0.0029*
A-Adsorbent dose of GO 0.0018 1 0.0018 9.458E-06 0.9976
B-CIP concentration 88.87 1 88.87 0.4637 0.5070
C-pH 6467.58 1 6467.58 33.75 <0.0001*
D-Contact time 59.70 1 59.70 0.3115 0.5856
AB 0.0091 1 0.0091 0.0000 0.9946
AC 1.09 1 1.09 0.0057 0.9409
AD 0.1537 1 0.1537 0.0008 0.9778
BC 1044.97 1 1044.97 5.45 0.0349%
BD 5.51 1 5.51 0.0287 0.8678
CD 472.50 1 472.50 2.47 0.1387
A’ 354.67 1 354.67 1.85 0.1952
B? 53.87 1 53.87 0.2811 0.6043
C? 3889.60 1 3889.60 20.30 <0.0005*
D’ 62.46 1 62.46 0.3259 0.5771
Residual 2683.11 14 191.65
Lack of Fit 2683.11 10 268.30 15961.28 <0,0001*
Pure Error 0.0672 4 0.0168
Cor Total 15554.02 28
*Significant
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Table 4. Fit statistic.

Std. Dev.
13.84

C.V (%) R?
16.29 0.8275

Average
85.00

Adjusted R

Predicted R?
0.0064

Adeq Precision

0.6550 7.9102

where at 7,500 magnification the sheets appear
fragmented with thin, peeling layers, while at
10,000% magnification the surface resembles a
stack of thin leaves with relatively flat regions and
slightly wavy creases. This morphology indicates
that exfoliation occurred during the oxidation and
ultrasonication processes, producing thin layered
structures typical of GO. The presence of folds,
wrinkles, and stacked sheets confirms the wide
surface area and peeling sheet characteristics
reported by Rinawati et al. [10] , although partial
agglomeration still due to
interactions.

occurs interlayer

The GO cassava peel was characterized using
XRD. The results showed an amorphous
difractogram (Fig. 3) with two main peaks at 12.78°
and 24.20°, indicating a carbon-based substance.
The 20 peak at 12.78° is a characteristic of the
material GO. This is in line with the study by
Donato et al. [32], where GO has characteristics
with a peak 260 ranging from 9° to 12°. According to
Rinawati et al. [10], the GO difractogram pattern
manufactured from corncob creates a 20 peak at
10.62° and 23.42° with amorphic forms. Imperfect
graphite oxidation during synthesis or the
incoherence of the generated structures could be the
cause of the difractional peak's enlargement and
shift, leading to amorphous forms. Graphite raw
materials originating from agricultural waste and
poor graphite oxidation could be responsible for
this [17]. In this study, the broad peak at 12.78°
confirms the oxidation of graphite into GO due to
the expansion of interlayer spacing, while the peak
at 24.20° indicates residual graphitic domains. The
absence of sharp peaks and the observed
broadening confirm the amorphous nature of GO,
characterized by disordered layers and defects that
distinguish it from crystalline graphite.

3.2. Experimental Design and Optimization of
DSPE using BBD

The BBD experiment lead to the execution of 29
experiments to optimize CIP adsorption. RSM
model was used to look into how the adsorption of

the CIP antibiotic affected four response variables:
the amount of adsorbent, the pH level, the contact
time, and the concentration of CIP. The goal was to
examine CIP's optimization process under various
scenarios. Table 2 displays the experiment's results,
as well as a statistical examination of the response
using quadratic statistical models from DX-13
software. The mathematical equation for the second
model, shown in Equation 2, is derived from the
experimental design and statistical analysis of the
response using a quadratic model. A positive mark
on a variable in the equation indicates that the
variable has an impact on %CIP adsorption,
whereas a negative mark on the variable indicates
that the wvariant has little impact on %CIP
adsorption.

%Adsorption = 95.72 — 0.0123A— 2.72B — 23.22C
—2.23D + 0.0478AB + 0.5224AC —
0.1960AD — 16.16BC — 1.17BD —
10.87CD — 7.39A% + 2.88B*
24.49C* + 3.10D? (2)

The results obtained from the diagnostic tests
shown in Fig. 4. Diagnostic tests are used to explain
residual behavior following model regression. A
normal distribution graph examines data against the
theoretical normal diversion, with the dots forming
an estimate of a straight line and deviation from the
line indicating an atypical distribution. The normal
distribution graph (Fig. 4(a)) shows favorable
outcomes for the experiments conducted on %
adsorption because the generated values align
closely with the linear line of Fig. 4(b) showing a
graph comparing the predicted adsorption outcome
to the actual one. Generally, the experimental point
is close to a straight line, showing normal
distribution consistency. It also shows that the
model provides an accurate prediction of
experimental data. Fig. 4(c) shows a residual vs.
running graph. It reveals a random distribution of
data points without any discernible pattern. These
diagnostics collectively support the notion that the

model performs well [33]. The diagnostic test
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Figure 5. Response surface (3D) and contour (2D) plot: interaction between adsorbent dose and pH (a and
b), interaction between adsorbent dose and contact time (c and d), interaction between CIP concentration
and pH (e and f), interaction between CIP concentration dan contact time (g and h), interaction between pH
and contact time (i and j), interaction between adsorbent dose and CIP concentration (k and 1).

results also support the ANOVA test results
obtained in Table 3. The ANOVA results show that
the model is statistically significant, with 12870.91
sum square models and a P value of 0.0029 (P <
0.05). The P value is a standard metric used to
determine the urgency of each coefficient. A P-
value less than 0.05 indicates a significant and
favorable model condition. Table 3 shows that the
pH wvariable (C), the interaction of CIP
concentration and pH (BC), and the pH square
value (C2) shows statistical significance (P value <
0.05), indicating pH is important factor.

In comparison with previously reported dSPE
methods, the performance of cassava peel-derived
GO in this study is highly competitive. Nejad et al.
[6] reported recoveries between 85-95% for
antibiotic extraction using GO-based dSPE, while
Chen et al. [23] achieved more than 90% removal
efficiency for CIP using GO under optimized

conditions. Similarly, Salihi et al. [12] and Rinawati
et al. [10] demonstrated CIP adsorption efficiencies
exceeding 90% with GO derived from synthetic and
agricultural precursors, respectively. In our study,
the optimized cassava peel-based GO can be
reached over 95% CIP removal, which is superior
to or at least comparable with these reported values,
while offering the added advantage of employing a
low-cost and sustainable agricultural waste source.
An adequate model condition should have an
insignificant lack of fit value. However, this model
produces a lack of fit value with a P value of less
than 0.0001, indicating significant results. A
significant lack of fit may occur if the design point
variation against the projected value is substantially
greater than the repeat variation toward the average
value. In this study, a significant lack of fit could be
attributed to the model's data variation size. The R?
values indicate the model's ability to explain data
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diversity. The R* value of the model is 0.8275
(Table 4). The excellent model compatibility
requirement, defined as R? > 0.8 and R? close to 1,
implies a high degree of consistency between the
experimental and suggested model data. This
indicates that the model has satisfactorily met the
standards of an adequate model (82.75%), with only
17.25% of all variables not explained by the model.
The predicted and adjusted R? values must deviate
by less than 0.2. When the discrepancy between the
predicted and adjusted R* values is higher than 0.2,
it indicates that there may be a problem with the
model or the experimental data [34]. According to
the data, the difference between predicted R? values
and R%*-adjusted values is 0.6486. The sufficient
precision number is a measure of the signal's
responsiveness to noise ratio. A value greater than 4
shows a strong between  the
experimental results and the predictions made by

correlation

the model. In this experiment, the accuracy value
was 7.9102, which is greater than 4. This indicates
that the model matches well with the experimental
results and predictions. In statistical analysis, the
coefficient of variation (CV) is a statistical measure
that indicates the model's quality. A CV score
10% the model's
consistency and reliability [35]. Maged et al.
consider CV values exceeding 10% as acceptable,
while values exceeding 30%
unacceptable. The model achieves a CV value of
16.29%, which is greater than 10%. This indicates

below indicates level of

are considered

repeatability and reliability [28].

3.3. Interaction Effects Within Process Variables
and Their Effect on CIP Removal

The three-dimensional surface plot shows the
four factors' primary influence. As shown in Fig. 5
the study looked at how absorbent amount, pH,
contact time, and CIP concentration affected the
productivity of residual CIP adsorption. The graph
shows the relationship between the amount of
adsorbent (GO) and the pH level (Fig. 5 a and b).
The best results were obtained when 15-23 mg of
GO was in a soluble form at pH 2-6. The graph
highlights these conditions in red. The best
conditions for CIP adsorption are a pH range of 4
7, a concentration of 300-700 ppb, and a CIP
adsorption rate of 97% (Fig. 5 e and f). The optimal
conditions are a pH range of 2 to 5, a concentration
higher than 780 parts per billion, and a CIP
adsorption rate of over 100%. Fig. 5 1 and j shows
the most effective CIP adsorption settings at pH 3-5
for contact durations ranging from 10 to 60 min.
The optimal conditions occurred when the pH was
below 6. Otherwise, at a pH over 7, the productivity
of CIP adsorption decreases by more than 90%
compared to the mass of GO, contact duration, and
CIP concentration.

CIP exhibits different ionic states depending on
the solution pH. At pH values below 5.90, it carries
a positive charge, while it predominantly exists in a
neutral or zwitterionic state in the pH range of 5.90

that the model has an acceptable level of to 8.89. When the pH exceeds 8.89, CIP shifts to a
10 30 300 1000

A Adsorbent dose= 23 3237

B:CIP concentrabon = 619.119

-

L

2 10

CpH = 4.45957

10 60

D:Conlact ume = 35.2112

19.08 9737

% Adsorption = 99.87

Destrability = 1.000

Figure 6. Ramp solution for desirability approach.

230

[§) PANDAWA



J. Multidiscip. Appl. Nat. Sci.

50000 -
40000 -
« 30000 A
9]
< 20000 -
10000 y =381.44x + 73.095
0 R2=0.9987
0 20 40 60 80 100 120
Concentration CIP (ppb)

Figure 7. Curve standar calibration CIP.

negatively charged form. These protonation—
deprotonation behaviors strongly influence its
adsorption onto GO. The highest adsorption
efficiency of CIP is generally observed under acidic
to neutral pH conditions. In an acidic environment,
the amine group of CIP becomes protonated (-
NH;"), which reduces its ability to interact with the
carboxyl functional groups of GO [36].
Nevertheless, at pH 5, around 80% of the carboxyl
groups on GO are deprotonated (COO-), making
the GO surface negatively charged. The presence of
oppositely charged species under these conditions
facilitates strong electrostatic attraction between
GO and CIP, leading to enhanced adsorption. As
the solution pH increases beyond 7, GO undergoes
further deprotonation of its carboxyl groups,
resulting in a more negatively charged surface. At
the same time, CIP transitions into its negatively
charged state, thereby creating electrostatic
repulsion between the two species. This repulsive
interaction significantly weakens the binding
affinity of CIP toward GO, ultimately lowering the
adsorption capacity of the [23].
Therefore, the pH of the solution plays a decisive
role in determining the adsorption mechanism, with

adsorbent

acidic to near-neutral conditions being optimal for
maximizing CIP removal.

The study shows that all contact times with GO
masses between 17 and 22 mg achieve the optimal
conditions for CIP adsorption productivity, with a
rate exceeding 95%. After a duration of 26 min, the
rate at which adsorption occurs begins to drop as a
result of a gradual reduction in the quantity of
active sites available. Eventually, the adsorbent
reaches a state of saturation, resulting in a decline in
the efficiency of CIP adsorption. Similarly, the

relationship between the mass of GO and the
concentration of CIP centers the impact Fig. 5 k and
l. The most favorable conditions were obtained
when the GO mass ranged from 15 to 24 mg and
the CIP concentration ranged from 300 to 360 ppb.
An object with a mass of less than 15 mg could not
achieve CIP's ideal adsorption. This may be due to
a lack of sufficient active sites at the concentration
tested by CIP. When the GO mass exceeds 24 mg, it
results in a decrease in CIP adsorption productivity
across all evaluated CIP concentrations. This is due
to the occurrence of overlapping circumstances
during the adsorption process, which are attributed
to the adsorbent density. These circumstances
reduce the number of active sides and surface area.
However, in general, a GO mass of 10-30 mg is
capable of adsorbing CIP at a concentration of 300—
1000 ppb, which results in a CIP adsorption
productivity of over 87% [37]. Fig. 5 g and h show
that the interaction effect of contact time and CIP
concentration led to the best results at all contact
times (10—-60 min) and CIP concentrations that were
tested, with CIP productivity results above 90%. All
evaluated contact times at pH 3-5 resulted in an
optimal condition for CIP adsorption productivity,
with results surpassing 90%. Accordingly, the
contact time variable has an insignificant effect on
%CIP for fluctuations in CIP concentration from
acidic to neutral pH.

3.4. Optimization of the Responses

An optimization research was carried out to
determine the ideal combination of CIP adsorption
parameters that resulted in the maximum percentage
of CIP adsorption. The reaction is optimized by
utilizing a desirability-based approach. Desirability
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analysis calculates the total desirability by taking
the geometric average of each individual desire.
The desirability values span from 0 to 1. A
desirability grade close to 1 reflects the high level
of accuracy in the optimization process. The
optimization process yields a desirability value of 1,
represented visually as a ramp [34]. The diagram
shown in Fig. 6. The optimization results indicate
that the adsorption percentage reached its highest
value at 99.87%. The optimal conditions for CIP
adsorption are a pH of 4.4, a mass of 23.3237 mg of
GO, a concentration of 619.119 ppb of CIP, and a
contact period of 35.2112 min.

Adsorption occurs when GO and CIP engage via
7-n interaction and hydrogen bonding. Also, there
are two C=0 groups in CIP: a fluorine group with a
negative partial charge can form a hydrogen bond
with a positively charged OH group on GO; and a
positively charged OH group on CIP can form a
hydrogen link with a negatively charged partial
C=0 group on GO adsorbent [38].

The calibration curve of CIP exhibited excellent
0.9987. The LOD and LOQ values
4,05 and 13.50 ppb,
respectively, indicating the high sensitivity of the
method for detecting trace levels of CIP (Fig. 7).
The adsorption efficiency of the method reached up
to 99.87%, which is in agreement with the
optimized adsorption conditions. Furthermore, the
method showed good precision, with %RSD values
ranging from 3-5%, and a recovery of 98.90%,
confirming its reliability and

linearity R?

were determined as

robustness for
quantitative analysis.

4. CONCLUSIONS

This study demonstrates cassava peel, an
abundant agricultural waste, as a sustainable and
eco-friendly carbon source for the synthesis of GO.
The application of RSM allowed for the
simultaneous optimization of multiple parameters,
resulting in a cassava peel-derived GO with
enhanced adsorption properties. Characterization by
FTIR, XRD, and SEM confirmed the presence of
oxygen-containing functional groups, an amorphous
structure, and a  characteristic  sheet-like
morphology, indicating the successful formation of
GO. Under optimized conditions (pH 4.4, 35.21
min contact time, 619.12 ppb CIP concentration,

and 23.32 mg adsorbent), the material exhibited
outstanding adsorption efficiency of 99.87%,
alongside high analytical reliability (LOD 4.05 ppb,
LOQ 13.50 ppb, %RSD 3-5%, recovery 98.90%).
These findings demonstrate that cassava peel-
derived GO 1is a highly effective, low-cost, and
environmentally friendly adsorbent suitable for
solid-phase DSPE applications, contributing to
sustainable environmental monitoring strategies.
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