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ABSTRACT

Cadmium (Cd) is a heavy metal with high toxicity that can enter the body through contaminated food
chains, so wastewater containing cadmium needs to be treated before being discharged into the
environment. This study uses adsorption methods to reduce Cd(II) concentration in artificial wastewater
by utilizing modified sengon wood sawdust cellulose as a bioadsorbent. Adsorption tests were
conducted in batch mode at room temperature with constant stirring, and the results were analyzed using
AAS. The objective of this study was to determine the optimum adsorption conditions using Response
Surface Methodology (RSM) and to determine the adsorption capacity of the modified bioadsorbent
based on the Freundlich or Langmuir adsorption isotherm models. The variations in bioadsorbent dose
in this study were 2, 4, and 6 g/L; adsorption time variations were 30, 60, and 90 minutes; pH variations
were 3, 4, and 5. Based on the design expert 13 RSM software, the optimum adsorption conditions for
citric acid-modified bioadsorbent are a bioadsorbent dose of 3.957 g/L, time of 31.655 minutes, and pH
of 4.968. For the EDTA-modified bioadsorbent, the optimum conditions were a bioadsorbent dose of
3.836 g/L, time of 30 minutes, and pH of 4.708. The results of the adsorption isotherm modeling indicate
that the citric acid-modified and EDTA-modified bioadsorbents are more suitable for the Freundlich
isotherm model due to their higher determination coefficient (R?). Thus, the adsorption capacities for
the citric acid-modified and EDTA-modified bioadsorbents were determined to be 1.7828 mg/g and
1.5776 mg/g, respectively.
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1. INTRODUCTION

Cadmium (Cd) is a type of non-essential heavy metal with high toxicity [1]. This heavy metal can be
found in textile industrial waste and mining waste. Cadmium waste is classified as hazardous and toxic
waste (B3), and its treatment and disposal must be carefully managed. The concentration of Cd in
aquatic environments needs to be precisely monitored because it can accumulate and poison biotic
components [2]. According to the Regulation of the Minister of Environment of the Republic of
Indonesia Number 05 of 2014 concerning wastewater quality standards for industries and other
activities, the maximum permissible limit for cadmium concentration in wastewater is 0.1 ppm.
Cadmium can accumulate in the human body through a contaminated food chain, leading to acute
illnesses due to its carcinogenic properties. According to the World Health Organization, the maximum
acceptable limit for cadmium is 7 mg per kg of body weight. Therefore, to prevent the widespread
impact of this heavy metal, a method is needed to reduce its concentration. One alternative for treating
cadmium-containing waste is the adsorption method.
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Adsorption is the process where a specific substance is adsorbed by a particular solid on its surface due
to the attractive forces of atoms or molecules on the solid's surface, without penetrating the solid [3].
The adsorbing substance, or adsorbent, commonly uses organic materials because they have been
proven effective in reducing the concentration of heavy metals in wastewater. One organic material that
can be used as an adsorbent is cellulose. The main advantage of using cellulose as an adsorbent is its
abundant availability.

Wood sawdust is a type of waste that can be used as a bioadsorbent because it contains cellulose.
Another study utilizing sawdust to adsorb cadmium was conducted using sawdust from teak wood [4].
Besides reducing waste, sengon wood sawdust has a high cellulose content of 41,17%, followed by
22.,26% hemicellulose and 17,51% lignin [5]. The high cellulose content has the potential to be used for
adsorbing divalent cadmium ions. This is because cellulose has an abundance of active carboxyl and
hydroxyl groups.

In this study, the researchers innovated by utilizing cellulose from sengon wood sawdust, which was
modified through esterification with citric acid and EDTA to enhance the bioadsorbent's capacity for
adsorbing cadmium metal. Research by Sulistyawati et al. mentioned that activating cellulose with
EDTA can increase heavy metal adsorption capacity by forming carboxyl and amine functional groups
[6]. Similarly, researchers Ulfa et al. stated that the esterification reaction of cellulose with citric acid
can increase the hydroxyl and carboxyl groups, which act as adsorbents for metal ions [7].

Sengon wood (Albizia chinensis) is widely used as a raw material for housing, such as boards, beams,
poles, and for making crates, pulp, and matches. The use of cellulose in this bioadsorbent also serves as
an alternative for treating the ever-increasing amount of sawdust waste. Therefore, further research is
needed to determine the optimum adsorption operating conditions, including the adsorbent dose,
adsorption time, and pH. Appropriate operating conditions can increase adsorption effectiveness, which
is indicated by an increased adsorption capacity of the bioadsorbent sample.

2. RESEARCH METHODOLOGY
2.1 Materials and Equipment

The materials and equipment used are shown in Table 1.

Table 1. Materials and Equipment

Materials Equipment
Sengon wood sawdust Blender
NaOH p.a Sieve shaker
Citric acid monohydrate p.a 3-neck round-bottom flask
Na,EDTA p.a Thermometer
Aquadest Stirring motor
Universal pH indicator Oil bath
Filter paper Buchner funnel
Aluminium foil Vacuum pump
Cadmium sulfate hydrate p.a Measuring pipette
Measuring flask
Hot plate
Oven

Magnetic stirrer
Analytical balance
Beaker glass
Atomic absorption
spectrophotometer
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2.2 Methods
The research procedures are shown in Figure 1.

Pre-treatment of Sengon Wood Sawdust

'

Delignification

: }

Esterification with Citric Acid Esterification with EDTA

I

Bioadsorbent Characterization

'

Batch Adsorption Test

.

Analysis Using AAS

Figure 1. Research Procedures

2.2.1 Pre-treatment of Sengon Wood Sawdust

The pre-treatment of sengon wood sawdust was carried out by washing and reducing the size of sengon
wood sawdust using a blender, after which it was dried in the oven at 110 °C for 24 hours, after drying
it was sieved using a sieve shaker and particle diameter size of 0.149-0.210 mm was selected.

2.2.2 Delignification

A total of 50 grams of sengon wood sawdust (0.149-0.210 mm) was mixed with 1000 mL of 0.5 M
NaOH solution in a three-neck flask. The mixture was stirred at 180 rpm at ambient temperature for 2
hours, then the residue was filtered, neutralized using distilled water to pH = 7, and dried in an oven at
50 °C for 24 hours. The results of the delignification process were calculated to determine the final
weight.

2.2.3 Esterification of Sengon Wood Sawdust Cellulose with Citric Acid

A total of 20 grams of delignified Sengon wood sawdust was mixed with 69 grams of citric acid and
300 mL of aquadest into a three-neck flask. The esterification process was carried out at 120°C for 6
hours. After the reaction process was complete, the slurry was neutralized with warm distilled water
until pH + 7, then filtered, and dried at 50 °C for 24 hours.

2.2.4 Esterification of Sengon Sawdust Cellulose with EDTA

A total of 20 grams of delignified sengon wood sawdust was mixed with 69 grams of EDTA and 300
mL of aquadest into a three-neck flask. The esterification process was carried out at 100°C for 2 hours.
After the reaction process was complete, the slurry was neutralized with warm distilled water until pH
+ 7, then filtered and dried at 50 °C for 24 hours.

2.2.5 Bioadsorbent Characterization

Bioadsorbents before and after esterification were characterized using FT-IR (Fourier Transform-Infra
Red) to obtain functional groups and also using SEM-EDX (Scanning Electron Microscope-energy
Dispersive X-ray) to obtain surface morphology of bioadsorbents.

2.2.6 Batch Adsorption Test

Adsorption tests were conducted on a laboratory scale with a batch operating system and room
temperature. The test was conducted by mixing a certain amount of Cellulose-Citrate bioadsorbent into
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areactor containing 25 ml (30 ppm) Cadmium solution. The reaction was carried out at room conditions
and constant stirring with experimental variations of pH, the amount of cellulose-citrate bioadsorbent
dose, and contact time. Then the solution was filtered, and the filtrate was measured for the unadsorbed
Cd (IT) metal content using AAS (Atomic Absorption Spectrophotometry). Cd (II) concentration data
were analyzed using Response Surface Methodology (RSM) to obtain the optimum conditions of the
process used for adsorption tests to determine adsorption capacity with variations in Cd (II)
concentrations of 6; 12; 18; 24; 30 mg/L. The batch adsorption test procedure was repeated to cellulose-
EDTA bioadsorbent.

2.2.7 Analysis of Adsorption Test Results Using AAS

Quantitative analysis of samples to determine the concentration of Cadmium was carried out on the
intial solution (at t = 0 minutes) and the adsorption test results solution. The concentration was
determined using AAS (Atomic Absorption Spectrophotometry) at a wavelength of 228.8 nm.

2.3 Data Analysis

The optimum operating conditions can be known from the percentage reduction in Cd (II) content,
analyzed by RSM (Response Surface Methodology). The adsorption capacity was obtained using the
Langmuir adsorption isotherm method. The Langmuir isotherm equation can be seen in equation 1.

C 1 C
m- ok 5 (D

Where:

C = Adsorbate concentration after adsorption (mg/L)

m = Mass of adsorbate per unit mass of adsorbent (mg/g)

K = Langmuir constant

b = Maximum adsorption capacity of bioadsorbent (mg/g)

Plotting C/m against C will result a straight line with slope = 1/b and intercept = 1/bK, so that the K
and b constants can be determined.

Another method used is the Freundlich adsorption isotherm method. The Freundlich isotherm equation
can be seen in equation 2.

logm = logK+%logC 2)

Where:

m = Mass of adsorbed adsorbate per unit mass of adsorbent (mg/g)

C = Equilibrium concentration of adsorbate after adsorption (mg/L)

K = Freundlich constant associated with adsorption capacity (mg/g)

n = Freundlich exponent

Plotting log m against log C will result a straight line with slope = 1/n and intercept = log K, so that the
constants n and K can be determined.

3. ANALYSIS AND RESULT

3.1 Characterization Using SEM-EDX

The presence of lignin will reduce the adsorption process because lignin blocks the ion transfer process
(in this case cadmium ions) to the active side of the adsorbent. Therefore, a delignification process using
0.5 M NaOH was carried out to destroy lignin which is a binding material and open the inside containing
cellulose. OH ions from NaOH will break the bonds of the basic structure of lignin so that lignin will
dissolve easily (Farida et al., 2019).

Figure 2 shows the SEM-EDX test results before the delignification process, seen the morphology of
sengon wood sawdust which is tight and has no voids, this part is indicated as lignin which fills the
surface of plant cells. While after the delignification process in Figure 3, the morphology of sengon
wood sawdust appears to have cavities containing cellulose.
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SU3500 2.00k\

Figure 2. Surface Morphology f Sengon Wood Sawdust Befoe Delignification

SU3500 2,00kV 5.9mm X200 SE

Figure 3. Surface Morphology of Sengon Wood Sawdust After Delignification

Sengon wood sawdust was then modified through an esterification process with citric acid and EDTA
to increase the active groups that will adsorb Cd(II). Based on the SEM-EDX test results of sengon
wood sawdust modified with citric acid in Figure 4, the fiber structure was not damaged after the
esterification process. While the sengon wood sawdust modified with EDTA in Figure 5, also shows
there are still cavities or pores.

SU3500 2.00kV 5.5mm %200 SE

Figure 4. Surface Morphology of Citric Acid-Modified Sengon Wood Sawdust
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Figure 5. Surface Morphology of EDTA-Modified Sengon Wood Sawdust

3.2 Characterization Using FT-IR

FT-IR tests were carried out on delignified sengon wood sawdust or before modification, citric acid
modified, and EDTA modified. FT-IR testing before and after modification aims to see changes or
additions of functional groups on bioadsorbents.

Based on the FT-IR test results in Figure 7 which is citric acid-modified sengon wood sawdust, there is
a new spectra at wave number 1726.29 cm™! which is the spectra of C=OOR or ester group. In addition,
the undetected C=OOH spectra can be caused by an overlap with the C=OOR spectra because the wave
numbers are both close together. The carboxylic group on citric acid forms an ester bond with the
hydroxyl group on cellulose. The esterification reaction of cellulose with citric acid results in an
increase in -OH and COO- groups that are active to adsorb metal ions [7].

In Figure 8, which is EDTA-modified sengon wood sawdust, there is a medium-strong absorption
intensity at a wave number of 1595.13 ¢cm™ which is the spectra of N-H or amine groups, but there are
no spectra that show ester groups. This could be due to insufficient esterification time or the operating
temperature is not high enough because the reaction does not involve a catalyst, so ester groups have
not formed after esterification with EDTA. Although there are no ester groups, there are still other
functional groups to adsorb cadmium, including hydroxyl groups and amine groups. Hydroxyl groups
(-OH) play a role in the adsorption process of Cd(Il). According to Farida et al., the more functional
groups such as -OH and -COOH, the more metals can be adsorbed by the adsorbent through ion
exchange or complex formation so that it will increase the adsorption capacity of the adsorbent [8].
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Figure 6. FT-IR Spectrum of Sengon Wood Sawdust Before Modification
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Figure 7. FT-IR Spectrum of Citric Acid-Modified Sengon Wood Sawdust
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Figure 8. FT-IR Spectrum of EDTA-Modified Sengon Wood Sawdust

Table 2. Interpretation of FT-IR Spectrum Data on Sengon Wood Sawdust Before and After
Modification
Wave Number (cm™)

Functional

Befor . . . EDTA-
Groups Reference Mo dieﬁ(;aetion Citric Acid-Modified Modified
-OH 3650-3200 3415.93 3410.15 3388.93
C-H 3000-2850 2902.87 2902.87 2900.94
C=00H 1725-1700 - overlap with the C=OOR spectra -
C=00R 1750-1725 - 1726.29 -
1033.85 1033.85
1058.92 1058.92 1058.92
112.93 1114.86 1112.93
C-0 1300-1000 1161.15
1161.15 1161.15 123251
1232.51 1230.58 1267:23
1267.23 1267.23
N-H 1640-1550 - - 1595.13
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3.3 Determination of Optimum Adsorption Conditions

Based on Figures 9 and 10, the adsorption time for pH 5 has reached optimum conditions at 30 minutes
and is quite stable until 90 minutes. Cd(II) adsorption test by citric acid-modified and EDTA-modified
cellulose bioadsorbent conducted at pH 5 resulted in a greater adsorption capacity value than pH 3 and
4. Based on the 3-dimensional curve, the adsorption capacity is more stable at pH 5. Whereas at pH 3
and 4, adsorbed Cd(II) easily dissolves again. Based on the research of Rofiansyah & Setiarso and
Riskadita, the adsorption pH of Cd(II) is below 8 or acidic pH to pH 7. When the pH is above 7, it
causes Cd(IT) to form Cd(OH)»[9], [10]. While at pH 3 which is an acidic condition and has excess H",
there can be competition between H ions and Cd** ions to bind with cellulose during the adsorption
process [11].

The optimum conditions for Cd(II) adsorption by citric acid-modified cellulose bioadsorbent obtained
from design expert 13 RSM software are bioadsorbent dose of 3.957 g/L; time 31.655 minutes; and pH
4.968 while for EDTA-modified cellulose bioadsorbent is bioadsorbent dose of 3.836 g/L; time 30
minutes; and pH 4.708.

/weight of adsorbent (mg/g)
berat adsorbat tenerap/berat adsorben (mg/q)

Bioadsorbent
dose (g/L)

Figure 9. Surface 3-Dimensional Curve for Optimum Condition Analysis of Cd(II) Adsorption Test
by Citric Acid-Modified Cellulose Bioadsorbent using RSM
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Figure 10. Surface 3-Dimensional Curve for Optimum Condition Analysis of Cd(I[) Adsorption Test
by EDTA-Modified Cellulose Bioadsorbent using RSM

3.4 Determination of Adsorption Isotherm Model

Adsorption isotherms are used to describe how the interaction between adsorbate molecules or ions
with active sites on the adsorbent surface [12]. Adsorption isotherms state the equilibrium relationship
between concentration in the fluid phase and concentration in adsorbent particles at a certain
temperature [13].

The Langmuir isotherm model represents quantitatively the formation of a monolayer adsorbate on the
outer surface of the adsorbent after which no further adsorption occurs. The assumption used in this
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model is that active sites have the same affinity and are independent of other active sites [12]. The
Langmuir adsorption isotherm modeling results curve can be seen in Figure 11 and 12.
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Figure 11. Langmuir Isotherm Curve of Cd(II) Adsorption by Citric Acid-Modified Cellulose
Bioadsorbent
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Figure 12. Langmuir Isotherm Curve of Cd(II) Adsorption by EDTA-Modified Cellulose
Bioadsorbent

The Freundlich isotherm model is used to explain heterogeneous adsorption and describes the
nature of adsorption that occurs is a physical process, multilayer and the bond is not strong
[12]. The Freundlich adsorption isotherm modeling results curve can be seen in Figure 13 and

14.
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Figure 13. Freundlich Isotherm Curve of Cd(IT) Adsorption by Citric Acid-Modified Cellulose
Bioadsorbent

Journal of Green Science and Technology - Vol.9 No.3, December 2025 | 229



Journal of Green Science and Technology P-ISSN : 2598-1277

UNIVERSITAS SWADAYA GUNUNG JATI CIREBON E-ISSN : 2621-3966
0.7
0.6
0.5
8 0.4
& 03
0.2
01 ¥ =0.4766x + 0.198
0 R?=0.8986
0 0.2 0.4 0.6 0.8 1
log C
Figure 14. Freundlich Isotherm Curve of Cd(Il) Adsorption by EDTA-Modified Cellulose
Bioadsorbent

For citric acid-modified and EDTA-modified cellulose bioadsorbents, it is more suitable to use
Freundlich adsorption isotherm modeling, because the coefficient of determination (R?) value of the
Freundlich isotherm curve is greater than the Langmuir isotherm curve. This indicates that multilayer
adsorption occurs on heterogeneous adsorbent surfaces with different energy sites or without having a
saturation term [14], [15].

The adsorption capacity obtained and the constants of the two adsorption isotherm models can be seen
in Table 3. The data proves that citric acid-modified cellulose bioadsorbent provides greater adsorption
capacity than EDTA-modified cellulose bioadsorbent.

Table 3. Adsorption capacity and constant values of the Freundlich and Langmuir Adsorption

Isotherm Models
Modified Freundlich Langmuir
Bioadsorbent n K (mg/g) KL b (mg/g)
Citric acid 1.7556 1.7828 0.2419 8.1766
EDTA 2.0982 1.5776 0.2225 6.6445

Where:

n = Freundlich exponent

K = Adsorption capacity of Freundlich isotherm (mg/g)
Ky = Langmuir constant

b = Adsorption capacity of Langmuir isotherm (mg/g)

4. CONCLUSION

The adsorption process of Cd(Il) in an aqueous solution at room temperature with constant stirring in
batches is influenced by bioadsorbent dosage, contact time, and solution pH. The results of analysis
using Response Surface Methodology (RSM) showed the optimum adsorption conditions for citric acid-
modified bioadsorbent were a bioadsorbent dose of 3.957 g/L; time of 31.655 minutes; and pH 4.968.
While the optimum adsorption conditions for EDTA-modified bioadsorbent are a bioadsorbent dose of
3.836 g/L; time of 30 minutes; and pH of 4.708. Adsorption isotherm modeling results show that citric
acid-modified and EDTA-modified bioadsorbents are more suitable using the Freundlich isotherm
model, so the adsorption capacity values for citric acid-modified and EDTA-modified cellulose
bioadsorbents are 1.7828 mg/g and 1.5776 mg/g, respectively.

REFERENCES
[1] G. Genchi, S. S, L. Graziantono, A. Carocci, and A. Catalano, “The Effects of Cadmium
Toxicity,” Int. J. Environ. Res. Public Health, vol. 17, no. Cd, pp. 1-24, 2020.

[2]  C.Soil et al., “Recent Advances in Microbial-Assisted Remediation of Cadmium-Contaminated
Soil,” 2023.

Journal of Green Science and Technology - Vol.9 No.3, December 2025 | 230



Journal of Green Science and Technology P-ISSN : 2598-1277
UNIVERSITAS SWADAYA GUNUNG JATI CIREBON E-ISSN : 2621-3966

[3]

[6]

[7]

[8]

[9]

[12]

[13]

[14]

[15]

A. H. Amir Husin, “Optimasi Pengaruh Waktu Kontak dan Dosis Adsorben Limbah Daun Kayu
Putih (Melaleuca cajuputi) dengan Metode Isoterm Adsorpsi Langmuir,” J. Tek. Kim. USU, vol.
09, no. 2, pp. 80-86, 2020.

R. P. Firmanto, R. D. N. Setyowati, and D. Suprayogi, “Kemampuan Adsorben dari Limbah
Serbuk Gergaji Kayu Jati terhadap Penurunan Kandungan Timbal (Pb) pada Limbah Cair
dengan menggunakan Sistem Batch,” J. Res. Technol., vol. Vol. 7 No., no. 2, pp. 195-206,2021.
N. I Elysa and S. S. H. Putra, “Produksi Microcrystalline Cellulose (MCC) dari Limbah Serbuk
Gergaji Kayu Sengon Melalui Proses Sonikasi dan Hidrotermal,” no. Mcc, p. 87,2017, [Online].
Available: http://repository.its.ac.id/43947/

E. Sulistyawati, S. C. R. Firdaus, M. Safitri, and S. W. Murni, “Kinetika Adsorpsi Ion Zn
Menggunakan Serbuk Gergaji Kayu Jati (Tectona grandis) Teraktivasi EDTA dalam Air Limbah
Batik Kayu,” Eksergi, vol. 21, no. 2, pp. 140-148, 2024.

S. M. Ulfa, N. Chamidah, and A. Kurniawan, “Adsorption of Cu(Il) in Aqueous Solution by
Modified Sawdust Cellulose,” IOP Conf. Ser. Earth Environ. Sci., vol. 239, no. 1, 2019, doi:
10.1088/1755-1315/239/1/012008.

A. Farida, S. Ariyani, N. E. Sulistyaningsih, and L. Kurniasari, “PEMANFAATAN LIMBAH
KULIT JAGUNG (Zea mays L.) SEBAGAI ADSORBEN LOGAM KADMIUM DALAM
LARUTAN,” J. Inov. Tek. Kim., vol. 4, no. 2, pp. 27-32, 2019, doi: 10.31942/inteka.v4i2.3022.
A. Rofiansyah and P. Setiarso, “PENGGUNAAN ZEOLIT SEBAGAI MODIFIER
ELEKTRODA PASTA KARBON UNTUK ANALISIS Cd (II) SECARA CYCLIC
STRIPPING VOLTAMETRY,” UNESA J. Chem., vol. 5, no. 3, pp. 6475, 2016.

R. Riskadita, “Pengaruh pH, Lama Kontak, dan Konsentrasi pada Adsorpsi lon Logam Cd 2+
Menggunakan Kitosan-Silika,” Universitas Brawijaya, 2017.

S. K. Saef, V. Amalia, and A. M. Supriatna, “Adsorpsi lon Logam Cd(II) oleh Selulosa Limbah
Sabut Kelapa sebagai Adsorben Berbiaya Murah,” Gunung Djati Conf- Ser., vol. 15, pp. 60—68,
2022.

I. Lestari, Y. Ristianingsih, A. Istiani, and T. T. Anasstasia, “Studi Isoterm Adsorbsi dan
Termodinamika Pada Proses Penyisihan Ion Fe (III) Menggunakan Pektin dari Kulit Pisang,”
Eksergi, vol. 20, no. 3, p. 184, 2023, doi: 10.31315/e.v20i3.10033.

E. Sulistyawati, H. Anggarawati, N. Rochmah, and N. Ariardini, “Isoterm dan Termodinamika
Adsorpsi Mikrokapsul Kitosan Tertaut Silang Kalium Persulfat Terhadap Zat Warna Methyl
Orange,” Eksergi, vol. 19, no. 2, pp. 51-57, 2022.

A. A. Siyal, R. Shamsuddin, A. Low, and A. Hidayat, “Adsorption Kinetics, Isotherms, and
Thermodynamics of Removal of Anionic Surfactant from Aqueous Solutions Using Fly Ash,
Water, Air, and Soil Pollution,” vol. 231, no. 10, 2020.

D. Setyorini, A. Arninda, A. Q. Syafaatullah, and R. Panjaitan, “Penentuan Konstanta Isoterm
Freundlich dan Kinetika Adsorpsi Karbon Aktif Terhadap Asam Asetat,” Eksergi, vol. 20, no.
3, p. 149, 2023, doi: 10.31315/e.v20i3.10835.

Journal of Green Science and Technology - Vol.9 No.3, December 2025 | 231



