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Purpose of the study: This study aims to optimize the solid phase extraction
method using a chelating disk for the concentration of Cr(I1l) and Fe(I1l) metals
in water samples, determine the optimum concentration conditions, evaluate the
percent recovery, and examine the effect of the presence of alkali and alkaline
earth metal matrices on the effectiveness of separation and analysis using ICP-
AES.

Methodology: The study used an experimental method with solid-phase
extraction based on 3M Empore Chelating Disk chelating disks, Varian 720 ES
ICP-AES instrument analysis, Eppendorf micropipettes, InoLab pH meters, and
OHAUS analytical balances. Standard chemicals from Merck were used for
solution preparation. The stages included sample preparation, pH optimization
and HNO3 concentration, recovery test, RAL statistical analysis, F test, and
BNT test.

Main Findings: The optimum concentration condition was obtained at pH 5.5
with HNO3 concentration of 2 M. The recovery percentage of Cr(III) reached
98.9% and Fe(III) was 99.1%. The concentration test showed a recovery of 97—
100% at various concentrations and sample volumes. In the matrix test, the
recovery of Cr(III) and Fe(IIT) was 99.0% and 99.6%, respectively, while alkali
and alkaline earth ions showed low recovery so they did not interfere with the
adsorption process of the target metal.

Novelty/Originality of this study: This research provides new insights into the
selectivity of chelating disks under complex matrix conditions and expands the
application of solid-phase extraction for more efficient and accurate ICP-AES-
based trace metal analysis.
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1. INTRODUCTION

Heavy metal pollution in aquatic environments is a critical issue that has received widespread attention
due to its impact on human health and ecosystem stability [1], [2]. Metals such as chromium and iron are commonly
found in industrial waste from the metal plating, textile, leather tanning, and mining industries [3], [4]. In water,
these metals can accumulate and potentially cause toxic effects if concentrations exceed established thresholds
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[5][6]. Chromium in certain forms is known to be toxic and can trigger physiological disorders in living organisms.
Therefore, monitoring Cr(I1I) and Fe(III) levels in water samples is a crucial step in environmental quality control.
Chromium and iron are metal elements that play different roles in environmental systems [7]. Iron is an
essential element required by living organisms in certain amounts, but at high concentrations it can cause changes
in water quality and disrupt biological processes [8], [9]. Meanwhile, chromium, particularly in certain ionic forms,
can have negative impacts when accumulated in aquatic systems [10], [11]. The presence of these two metals in
aquatic environments is generally at trace concentrations, making them difficult to detect directly without
pretreatment. These conditions require sensitive and selective analytical methods to obtain accurate data.

One widely used metal analysis technique is Inductively Coupled Plasma—Atomic Emission Spectrometry
(ICP-AES) [12], [13]. This technique offers advantages such as high sensitivity, simultaneous multi-element
analysis capabilities, and a wide linearity range. ICP-AES has been widely applied for metal analysis in various
environmental matrices, including surface water, groundwater, and industrial wastewater [14], [15]. However, for
metal analysis at very low concentrations, the direct use of ICP-AES often faces limitations due to low analyte
concentrations and matrix interference. Therefore, a preprocessing step in the form of concentration is required
before measurement.

Solid-phase extraction (SPE), a widely used concentration method for trace metal analysis, offers several
advantages over liquid-liquid extraction methods, including less solvent use, a simpler procedure, shorter analysis
time, and improved separation capabilities [16], [17]. One effective SPE medium for metal ion separation is a
chelating disk, a disk containing a complexing group that selectively binds metal ions [18], [19]. The interaction
between the chelating group and the metal ions allows the metal to be retained on the disk surface, which can then
be eluted using specific solvents [20]. The use of chelating disks offers significant opportunities to improve the
efficiency of metal concentration prior to instrumental analysis.

The success of a solid-phase extraction process is significantly influenced by several operational
parameters, such as sample pH, eluent type and concentration, and the presence of interfering ions in the matrix
[21], [22]. The pH value influences the form of metal speciation and the ability of the active groups on the chelating
disk to interact with target ions. The concentration of nitric acid as an eluent also determines the effectiveness of
metal ion release from the disk surface after the adsorption process [23], [24]. Furthermore, the presence of alkali
and alkaline earth metal ions in water samples can create adsorption competition, affecting analyte recovery
efficiency [25], [26]. Therefore, optimizing these parameters is essential to achieve optimal concentration
conditions.

Several previous studies have reported the use of solid-phase extraction for heavy metal concentration,
but most have focused on the analysis of a single metal or used conventional sorbents with limited selectivity [27],
[28]. Research related to the use of chelating disks for the simultaneous concentration of Cr(III) and Fe(III),
particularly evaluating the influence of alkali and alkaline earth ion matrices, is still relatively limited.
Furthermore, many studies have not systematically examined the relationship between sample pH, HNO3
concentration, and the recovery efficiency of these two metals. This research gap highlights the need to develop a
more comprehensive method for metal analysis in complex water matrices. The novelty of this research lies in the
integrated optimization of concentration parameters using a chelating disk and evaluation of its performance under
matrix conditions that mimic real-world environmental samples.

The urgency of this research is based on the need for an accurate, efficient, and applicable analytical
method for water quality monitoring. A method capable of providing high recovery under complex matrix
conditions is essential to support environmental monitoring and enforcement of regulations related to heavy metal
pollution. Developing an optimal concentration procedure will also increase the sensitivity of ICP-AES
measurements in detecting trace metals. Based on this, this study aims to determine the optimum sample pH and
HNO3 concentration for concentrating Cr(IIl) and Fe(IIl), the percent recovery of Cr(Ill) and Fe(Ill) from the
concentration under optimal conditions, and the percent recovery of Cr(IIl) and Fe(Ill) in the presence of alkali
and alkaline earth metal matrices. The results of this study are expected to contribute scientifically to the
development of solid-phase extraction-based heavy metal analysis methods using a chelating disk.

2. RESEARCH METHOD
2.1. Research Materials

The materials used in this study included Merck FeClI3-6H20, CrCI3-6H20, MgSO4-7H20, KNO3,
NaNO3, and CaS04-2H20 solids. In addition, 65% nitric acid (HNO3) solution, 100% acetic acid (CH3COOH),
and 25% ammonium hydroxide (NH4OH) solution were also used, all of which were obtained from Merck,
Germany. Other supporting materials were distilled water and 3M Empore Chelating Disk chelating discs with a
diameter of 1 cm which were used as solid-phase extraction media. All of these materials were used without further
purification treatment.
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2.2. Research Tools

The equipment used in this study included Eppendorf micropipettes with a volume range of 100—-1000
pL and 500-5000 pL, a set of vacuum devices, droppers, beakers with a capacity of 100 mL and 250 mL, and a
glass funnel. In addition, iron tongs, a container, a glass stirrer, tweezers, sample bottles, and a spray bottle were
also used as supporting equipment during the research process. Measurements of acidity were carried out using an
InoLab pH meter, while material weighing used an OHAUS analytical balance. The main instrument for metal
content analysis was the Varian 720 ES ICP-AES equipped with a set of 5 mL plastic syringes.

2.3. Research Stages

This research phase began with material preparation to ensure all solutions and reagents were ready for
use according to analysis requirements. Next, a chelating disk column was prepared as the solid-phase extraction
medium used in the metal concentration process. A calibration curve was then determined to obtain a linear
relationship between the concentration of the standard solution and the instrument response, which served as the
basis for analyte quantification [29], [30]. The next stage was parameter optimization, which included determining
the optimum sample pH and the optimum HNO3 concentration as the eluent in the metal desorption process. After
obtaining optimum conditions, the study continued with a concentration test of Cr(III) and Fe(Ill) using the
chelating disk. The next stage was testing the percent recovery of Cr(III) and Fe(III) in the presence of interfering
ion matrices to evaluate the effect of alkali and alkaline earth metals on concentration efficiency. All measurement
data were then analyzed to determine the optimal concentration conditions, evaluate method effectiveness, and
assess the performance of the solid-phase extraction method in metal analysis using ICP-AES.

2.4. How the Research Works

The study began with the preparation of stock solutions of Cr(III), Fe(IlI), Mg(II), K(I), Na(I), and Ca(II)
with a concentration of 1000 mg/L made from the respective solids using 1 M HNO3 solvent. Next, pH adjusting
solutions were prepared, namely pH 3 from 1 M HNO3 and pH 4-7 from a mixture of CH3COOH and NH4OH.
A 1 cm diameter chelating disk was installed in a 5 mL plastic syringe coated with fiber on both sides, then
assembled with a vacuum system. The chelating disk column was conditioned through washing with distilled
water, pH adjustment using a buffer solution, flowing a sample mixture of Cr(Ill) and Fe(III), and elution using
HNO3. The concentrated eluate was then collected and analyzed using ICP-AES. A calibration curve was made
from a standard solution of a mixture of Cr(III) and Fe(IIl) at several concentration variations to obtain a linear
relationship between concentration and emission intensity. Parameter optimization was carried out by varying the
pH of the sample (3—7) and the concentration of HNO3 (0.5-3 M) to determine the optimum concentration
conditions. After the optimum conditions were obtained, a concentration test was carried out using variations in
the concentration and volume of the metal mixture sample. Furthermore, a recovery test was carried out by adding
a matrix of Na(I), K(I), Mg(II), and Ca(Il) ions to evaluate the effect of interfering ions on concentration efficiency.
All analysis results were calculated in the form of percent recovery to assess the performance of the solid phase
extraction method using a chelating disk.

2.5. Data Analysis

The research data were analyzed quantitatively through the calculation of linear regression equations and
correlation coefficients (R?) to construct calibration curves for Cr(III) and Fe(IIl) metals based on the relationship
between standard concentrations and emission intensities measured using ICP-AES. The average value of each
measurement was calculated from the results of repetitions to obtain representative data. The effectiveness of
concentration was evaluated through the calculation of percent recovery by comparing the metal concentrations
before and after the adsorption process, as well as the determination of the theoretical concentration factor based
on the ratio of sample volume to eluent volume [31], [32]. In the matrix test, the percent removal and matrix
recovery were calculated to determine the effect of interfering ions on the target metal adsorption process.
Furthermore, the data on sample pH optimization and eluent concentration were analyzed statistically using the
Completely Randomized Design method at a 95% confidence level through the F test. If there was a significant
difference between treatments, then it was continued with the Least Significant Difference (LSD) test to determine
the best treatment.

3. RESULTS AND DISCUSSION

In this study, the concentration of Cr(IIT) and Fe(III) metals and the separation of alkali and alkaline earth
matrices were carried out using the solid phase extraction method with Chelating disk adsorbent. In general, this
study consists of several stages, namely parameter optimization which includes optimization of the pH of Cr(III)
and Fe(IIl) metal samples and HNO3 concentration, Cr(III) and Fe(III) metal concentration test, and Cr(IlI) and
Fe(III) metal recovery test in the presence of a matrix.
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3.1. Parameter Optimization
3.1.1. Optimization of pH of Cr(III) and Fe(III) Metal Samples

In the sample pH optimization stage, the adsorption process of Cr(III) and Fe(III) metals was carried out
using a chelating disk containing an active iminodiacetate (IDA) group. The pH value is an important parameter
because it greatly affects the ability of metal ions to bind to the IDA group when the sample solution is flowed
through the column. In this study, optimization was carried out with variations in pH 3, 4, 5, 5.5, 6, and 7. The
IDA group acts as a complexing ligand that binds Cr(III) and Fe(Ill) ions through the formation of chelate
compounds. Before the binding process takes place, the IDA group first undergoes deprotonation by releasing H*
ions at certain pH conditions. The results of observations on the effect of pH on the adsorption of Cr(IIl) and

Fe(III) are then presented in the form of a relationship curve between sample pH and percent recovery in Figures
1 and 2.
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Figure 1. Relationship curve between pH Cr(III) and %recovery

Based on the results of the F test analysis using a completely randomized design (CRD), it was found that
pH variations had a significant effect on the adsorption of Cr(III) metal on the chelating disk. This was indicated
by the calculated F value being greater than the F table, so there was a significant difference between pH
treatments. Therefore, the analysis was continued with the Least Significant Difference (LSD) test to determine
the differences between treatments more specifically. The LSD test results showed that pH had a significant effect
on the formation of complexes between Cr(IIl) ions and iminodiacetate (IDA) groups on the chelating disk. The
recovery values at pH 5.5 and 6 did not show a significant difference, so the optimum pH range for Cr(III)
adsorption was within that range. However, in this study, pH 5.5 was chosen as the optimum condition because at
higher pH, Cr(III) began to precipitate so that the adsorption process did not take place optimally. Based on Figure
1, Cr(III) adsorption shows an increase in percent recovery in the pH range of 3 to 5.5, then decreases at pH 6 and
7. At pH 3, the amount of metal adsorbed is still relatively low because the IDA group has not been completely
deprotonated, resulting in suboptimal metal ion binding capacity. The increase in recovery at pH 5.5 occurs
because the IDA group undergoes optimal deprotonation through the release of H* ions, forming negatively
charged groups that effectively bind Cr(IIl) ions. This condition allows for the formation of a stable chelate
complex between Cr(IIl) and the active group on the chelating disk.

The decrease in percent recovery at pH 6 and 7 is due to a hydrolysis reaction that triggers the formation
of chromium hydroxide precipitates, Cr(OH)3. This precipitate formation reduces the number of free Cr(III) ions
that can interact with the IDA group, thus decreasing adsorption efficiency. Theoretically, the very low Ksp value
of Cr(OH)3 indicates that this compound readily precipitates at higher pH conditions. Based on theoretical
calculations, Cr(III) precipitation begins to occur at a pH of around 6.16. Measurement data show that the Cr(III)
recovery percentage at pH 3, 4, 5, 5.5, 6, and 7 is 91%; 96.4%; 98.4%; 98.9%; 95.4%; and 66.6%, respectively.
Thus, based on the results of ICP-AES measurements and statistical analysis, the optimum pH for Cr(III)
adsorption is determined at pH 5.5.
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Figure 2. Relationship curve between Fe(IlI) pH and % recovery

Based on the results of the F-test at a 5% significance level as per Appendix L.5.1, it was found that pH
variation had no significant effect on Fe(IIl) adsorption on the chelating disk. This is indicated by the calculated F
value being smaller than the F table, thus concluding that Fe(III) ions can still be adsorbed well in the pH range of
3-7. Nevertheless, this study determined pH 5.5 as the optimum condition because it produced the highest recovery
percentage, at 99.1%.

Based on Figure 2, Fe(III) adsorption showed an increase in recovery percentage in the pH range of 3 to
5.5, from 96.2% to 99.1%. After passing the optimum pH, recovery percentage decreased at pH 6 and 7 to 96.1%
and 96.0%, respectively. This pattern indicates that the Fe(IlI) adsorption process is most effective at pH 5.5.
Under these conditions, the iminodiacetate (IDA) group undergoes optimal deprotonation, transforming both
carboxylate groups into negatively charged forms capable of strong binding with Fe(III) ions. This interaction
results in the formation of a stable chelate complex and increases the efficiency of metal adsorption on the chelating
disk surface.

The decrease in recovery percentage at pH 6 and 7 is thought to be due to a hydrolysis reaction that
triggers the formation of iron hydroxide precipitates, Fe(OH)3. This precipitate formation reduces the number of
free Fe(Ill) ions available to interact with the IDA group, resulting in a less than optimal adsorption process.
Theoretically, based on the Ksp value of Fe(OH)3 of 3.8 x 1073, precipitation begins to occur at a pH of around
6.54. If the pH is further increased, the likelihood of precipitate formation increases, thus further decreasing
adsorption efficiency. In general, the adsorption capacity of the IDA group for Cr(IIT) and Fe(IIl) metals is in the
pH range of 4-6, with optimum stability at pH 5.5. Based on the results in Figure 1 and Figure 2, it can be
concluded that the optimum conditions for adsorption of both metals on the chelating disk were obtained at pH
5.5.

3.1.2. Optimization of HNO3 Concentration

In this optimization stage, the desorption process of Cr(IIl) and Fe(IIl) metals is influenced by the
concentration of HNO3 solution used as an eluent. The selection of HNO3 is based on its properties as a strong
acid that is effective in releasing metal ions from the active group of the chelating disk without causing significant
interference to the analysis process using ICP-AES. The desorption mechanism occurs when the H" ion from
HNO?3 interacts with the deprotonated carboxylate group (CH2COO") on the iminodiacetate (IDA) group, so that
the group is re-protonated to CH2COOH. This process causes the metal ion previously bound to the IDA group to
be released from the surface of the chelating disk. The reaction mechanism is shown in Figure 3.

(|IH2C00' CH,COOH
R— CH,— NH* Mt ———3% R—CH,—NH* +
¥ HNO;
CH,C00~ CH,COOH  pn+

Figure 3. Reaction of the IDA Group with HNO3

In the elution process, H* ions from HNO3 replace the position of metal ions bound to the IDA group, so
that Cr(III) and Fe(IIT) metals are desorbed and carried out with the eluent. The desorption eluate was then analyzed
using ICP-AES to determine the metal content that was successfully separated from the adsorbent media.
Optimization of the HNO3 concentration was carried out to obtain the optimum eluent concentration that was able
to desorb the metal maximally, resulting in the highest percent recovery. The variations in HNO3 concentration
used in this study were 0.5 M; 1 M; 2 M; and 3 M. The measurement data are presented in the appendix, while the
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relationship between eluent concentration and percent recovery of Cr(Ill) and Fe(III) metals is shown in Figures 4
and 5.
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Figure 4. Relationship curve between HNO3 concentration and % recovery of Cr(III)

In Figure 5, it is known that at a concentration of 0.5 M - 2 M there is an increase, while at a concentration
of 3 M there is a decrease. At a concentration of 0.5-2 M the % recovery obtained is 62% -99%, while at a
concentration of 3 M the % recovery obtained is 95%. At a concentration of 0.5-2 M there is an increase in
desorption because HNO3 will protonate the acetyl group (COO-) to form an acetate group (COOH) which results
in the chelate bond with the Cr(III) metal ion being released. The higher the concentration of HNO3, the more H+
will replace the Cr(II) metal. At a concentration of 2 M is the most optimum concentration.
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Figure 5. Relationship curve between HNO3 concentration and % recovery of Fe(III)

Based on Figure 5, the Fe(III) recovery percentage increased with increasing HNO3 concentration from
0.5 M to 2 M, from 64.1% to 99.1%. However, at a concentration of 3 M, recovery decreased to 95.0%. This
pattern indicates that increasing the eluent concentration to a certain limit can increase the effectiveness of Fe(III)
ion desorption from the chelating disk surface, but at excessively high concentrations, measurement efficiency
tends to decrease.

The results of statistical analysis using a completely randomized design (CRD) using the F test showed
that variations in HNO3 concentration significantly affected the desorption of Cr(III) and Fe(III). This is indicated
by the calculated F value being greater than the F table. Further analysis using the Least Significant Difference
(LSD) test showed significant differences between treatments, particularly at a concentration of 2 M, which
provided optimum results for both metals. Therefore, the HNO3 concentration of 2 M was determined as the
optimum concentration for the desorption of Cr(III) and Fe(III).

Increasing the concentration of HNO3 affects the desorption capacity because the higher the acid
concentration, the greater the number of H' ions available to replace the metal ions bound to the iminodiacetate
(IDA) group. This ion exchange process causes the release of metals from the chelating disk surface to be more
effective. Based on the research results, at an optimum HNO3 concentration of 2 M, a recovery percentage of
98.9% was obtained for Cr(III) and 99.1% for Fe(IIl). The decrease in recovery at a concentration of 3 M is thought
to be caused by the high concentration of the solution which affects the analysis process using ICP-AES. A solution
that is too concentrated can interfere with the nebulization process in the nebulizer, so that the number of aerosol
droplets entering the torch is reduced and the detected emission intensity is lower.
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3.2. Cr(IIT) and Fe(IIT) Metal Concentration Test

The concentration test was conducted to determine whether the Chelating disk could concentrate metals
at low concentrations with a large enough sample volume. The variations of the samples were 0.5 mg/L in 10 mL;

0.5 mg/L in 20 mL; 0.05 mg/L in 50 mL; 0.1 mg/L in 100 mL. After being measured using ICP-AES, the %
recovery was obtained as shown in Tables 1 and 2.

0 129

Table 1. Cr(III) Concentration Test Data
Concentration

C Early (mg/L)  Vsample (mL)  V eluent (mL) Level C end (mg/L) % recovery
0.5 10 10 1 0.5 100
0.5 20 10 2 0.99 99
0.05 50 10 5 0.246 98.4
0.1 100 10 10 0.976 97.6

Table 2. Fe(IIT) Concentration Test Data

C Early (mg/L)  Vsample (mL) V eluent (mL) Conizrjg?tlon C end (mg/L) % recovery
0.5 10 10 1 0.5 100
0.5 20 10 2 0.99 100
0.05 50 10 5 0.249 99.6
0.1 100 10 10 0.978 97.8

Based on the data above, it can be seen that if the concentration of Cr(III) and Fe(I1l) metals is lower, the
sample volume required is greater so that a larger concentration factor is obtained. This is the basic principle of
the concentration technique. From the results of the table above, it can be concluded that the Chelating disk can
bind metals well even with low concentrations and quite large volumes. When applied to waters, a relatively large
sample volume is required at very low metal concentrations, so that the metal concentration can be measured
precisely after concentration with the Chelating disk.

3.3. Recovery Test of Cr(III) and Fe(IlI) Metals in the Presence of Matrix

In this study, the sample matrices examined were Na(l), K(I), Ca(Il), and Mg(Il) because they are
generally found in natural water and can interfere with the detection of Cr(Ill) and Fe(Ill) during ICP-AES
measurements. Alkali and alkaline earth metals have low ionization energies, making them more readily ionized
in the argon plasma of ICP-AES than other metals. In large quantities, ionization of these alkali and alkaline earth
metals can suppress the ionization of other metals (e.g., transition metals) in the plasma, leading to measurement
errors. Furthermore, high concentrations of alkali and alkaline earth metals can damage the ICP-AES optics.
Therefore, the alkali and alkaline earth metals must be separated before measuring transition metals, which are
present in much lower concentrations.

The analysis process was carried out by adding the following matrixes: Na(I) 20 mg/L; Ca(II) 50 mg/L;
K() 10 mg/L; Mg(1l) 15 mg/L in a mixture of Cr(III) and Fe(III) samples with concentrations of 0.5 ppm each. In
the matrix sample, the % matrix recovery is calculated to determine how much alkali metal is still left in the
Chelating disk, the smaller the % matrix recovery, the better. The calculation of the % matrix removal is intended
to determine how much matrix has been lost, and the greater the amount produced, the better. From the results
obtained, it is known that relatively little alkali metal is bound in the Chelating disk. The data are shown in Table
3.

Table 3. Recovery Test Data on Metal Tons and Matrix

No Logam Yrecovery Y%removal
1 Cr (1I1) 99 1
2 Fe (IIT) 99.6 0.4
3 K 2.74 97.26
4 Mg (1) 8.107 91.9
5 Na 0.75 99.25
6 Ca (1) 0.0712 99.92

From the data above, the % recovery of metals from the ICP-AES detection results is Cr(III) 99% and

Fe(Ill) metal while in the matrix K 2.740%, Mg(II) 8.107%, Na 0.750%, and Ca(II) 0.0712% then in % removal
obtained K 97.26%, Mg(II) 91.893%, Na 99.25%, Ca(II) 99.92%. It can be concluded that the matrix adsorbed in
the Chelating disk is only a little because the matrix cannot form chelates with the IDA group while in metals, the
IDA group is quite good in forming chelates. Alkali and alkaline earth matrices cannot form chelates on the
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Chelating disk because the matrix is more easily solvated with water and rarely complexed so that the IDA group
tends to bind to the transition. In the formation of chelate complexes, d orbitals are utilized, whereas these alkalis
do not have these orbitals.

When the sample is inserted into a column containing a Chelating disk, Cr(I1I) and Fe(IIl) metals will
form chelates with the IDA group while Na(I), K(I), Ca(Il), and Mg(Il) metals will dissolve into ionic states and
come out with the solvent. If viewed from the ionization energy, Cr(IlI) and Fe(III) metals tend to form chelates
more easily than alkali metals. This is because Cr(IlI) and Fe(III) have smaller atomic radii and greater ionization
energy than Na(I), K(I), Ca(Il), Mg(II) metals. The greater the ionization energy, the easier it is for an element to
form chelates and vice versa if the ionization energy is small then it is more difficult to form chelates and tends to
dissolve in ionic states. So when measuring the sample, a greater % recovery of Cr(III) and Fe(III) is obtained
compared to Na(I), K(I), Ca(II), Mg(II).

The results of this study indicate that the use of iminodiacetate (IDA)-based chelating disks has good
adsorption and desorption capabilities for Cr(III) and Fe(III) ions in the solid-phase extraction process. The success
of the adsorption process is influenced by the solution pH, as pH determines the degree of deprotonation of the
active IDA group in forming complexes with metal ions. In highly acidic conditions, the active group is not
optimally deprotonated, resulting in low metal binding capacity. Conversely, at excessively high pH conditions,
metal hydroxide precipitates begin to form, reducing the number of free ions in the solution [33], [34]. This
indicates that pH regulation is a critical factor in maintaining the stability of metal complexes during the extraction
process.

The effectiveness of using HNO3 as an eluent indicates that the metal desorption process from the
chelating disk surface is significantly influenced by the concentration of H+ ions in the solution. As the acid
concentration increases, up to the optimum level, the protons increase the ability to replace metal ions on the IDA
group, resulting in more effective metal release [35]. However, at excessively high concentrations, measurement
efficiency decreases due to increased interference with the nebulization process during ICP-AES analysis [36],
[37]. These conditions indicate that optimizing eluent concentration is not only crucial for increasing metal
recovery but also for maintaining the stability of analytical instrument performance during the measurement
process.

The chelating disk's ability to maintain high recovery values at low metal concentrations demonstrates
that the solid-phase extraction method has good sensitivity for analyzing trace metals in water samples [38], [39].
The lower the metal concentration in the sample, the larger the sample volume required to increase the
concentration factor and optimally detect the metal using ICP-AES. This demonstrates that the developed method
has potential for application in environmental quality monitoring, particularly in waters with very low heavy metal
content but with the potential to cause toxic impacts if accumulated continuously.

The presence of alkali and alkaline earth ions in the sample did not significantly affect the recovery of
Cr(IIT) and Fe(II). This indicates that the chelating disk has good selectivity for transition metal ions compared to
other matrix ions. The IDA group more readily forms complexes with transition metals due to the involvement of
d orbitals in the coordination bond formation [40], [41]. Meanwhile, alkali and alkaline earth ions tend to remain
in dissolved ion form and are therefore less adsorbed on the disk surface. This selectivity is a crucial advantage in
heavy metal analysis because it minimizes matrix interference, which often occurs in environmental samples with
complex ionic compositions.

The results of this study align with several previous studies that have shown that solid-phase extraction
methods can increase the sensitivity and selectivity of heavy metal analysis at trace concentrations. Research by
Badawy et al., [16] explains that SPE techniques offer high efficiency in metal concentration due to the use of
fewer solvents and superior separation capabilities compared to conventional extraction methods. Furthermore,
research by Ahmad et al., [26] shows that metal preconcentration using a chelating agent-based material can
improve the accuracy of trace metal analysis in environmental samples with complex matrices. These findings
reinforce the potential for the use of IDA-based chelating disks in this study to be developed as an effective and
applicable heavy metal analysis method for water quality monitoring.

This research makes a significant contribution to the development of a more selective, sensitive, and
efficient solid-phase extraction-based heavy metal analysis method for environmental analysis. The developed
method increases the effectiveness of Cr(IIT) and Fe(III) concentration at low concentrations, thus supporting more
accurate water quality monitoring activities [42], [43]. Furthermore, the use of a chelating disk with high recovery
and low matrix interference has the potential to be applied to the analysis of environmental samples with complex
ion compositions. Academically, this research also expands the development of ICP-AES applications combined
with preconcentration techniques for trace heavy metal analysis in environmental chemistry and instrumental
analysis.

This research still has several limitations that require consideration. The study focused only on the
analysis of Cr(IIl) and Fe(IIl), so the method's effectiveness against other types of heavy metals has not been
comprehensively evaluated. Furthermore, the testing used laboratory-made samples with conditioned matrices,
which do not fully represent the complexity of natural environmental samples such as river water, industrial
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wastewater, or groundwater [44], [45]. This study also did not assess the stability of the chelating disk during
repeated use or the influence of other instrumental parameters on the sensitivity of ICP-AES. Therefore, further
research is needed to test the performance of the method on various types of real environmental samples with more
complex matrix conditions.

4. CONCLUSION

Based on the results of the research that has been conducted, it can be concluded that the concentration
process of Cr(IIl) and Fe(II) metals using chelating disks shows optimum conditions at a sample pH of 5.5 with
an HNO3 eluent concentration of 2 M. This condition provides the most effective adsorption and desorption
results, resulting in the highest percent recovery for both metals. In the concentration test, the percent recovery of
Cr(IIT) and Fe(III) metals was relatively uniform, which was in the range of 97-100%. These results indicate that
the chelating disk has high effectiveness in the concentration process of both metals, even though it was carried
out at different concentrations and sample volumes. Thus, the solid phase extraction method using chelating disks
has been proven to be able to provide good performance in concentrating Cr(III) and Fe(III) metals. In the recovery
test with the presence of a matrix, the percent recovery of Cr(III) and Fe(III) metals remained high, at 99.0% and
99.6%, respectively. Meanwhile, the recovery of alkali and alkaline earth metal ions detected was relatively low,
namely K(I) of 2.740%, Mg(Il) of 8.107%, Na(I) of 0.750%, and Ca(II) of 0.0712%. These results indicate that
the presence of alkali and alkaline earth metal matrix does not have a significant effect on the recovery of Cr(III)
and Fe(III), so this method has good selectivity for the analysis of target metals in water samples. Further research
is recommended to test the solid-phase extraction method using chelating disks on real environmental samples
such as river water, industrial wastewater, and groundwater to obtain more applicable method validation in
complex matrix conditions. Furthermore, future research can develop the use of other types of adsorbents or
complexing groups to increase the selectivity and efficiency of simultaneous concentration of various heavy
metals.
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