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Abstract

The increasing presence of synthetic dyes and heavy metals in wastewater has raised significant environmental
and public health concerns. This review explores recent advancements in the removal of color, chemical oxygen
demand (COD), and heavy metals from aqueous solutions using activated carbon derived from various agricultural
wastes, including date seeds, coconut shells, and rice husks. These biomass materials are abundant, renewable,
and cost-effective, making them promising alternatives to commercial activated carbon. The paper highlights their
preparation methods and adsorption mechanisms and provides a comparative analysis of their efficiency in
removing color at varying concentrations, reducing COD, and adsorbing chromium (Cr) from aqueous solutions.
Key factors influencing adsorption performance—such as pH, contact time, and temperature—are thoroughly
examined. The review also discusses regeneration techniques and offers recommendations for the future
development of sustainable and efficient wastewater treatment technologies.
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1. Introduction

Water pollution caused by synthetic dyes, heavy metals, and high organic loads has become one of the most
pressing global environmental problems. Industrial sectors such as textile dyeing, leather tanning, electroplating,
and food processing release large volumes of wastewater containing toxic and non-biodegradable contaminants
(Gupta & Suhas, 2009). Among these pollutants, synthetic dyes impart color and toxicity, while heavy metals like
chromium (Cr) cause severe ecological and health hazards (Kurniawan et al., 2006). In addition, high chemical
oxygen demand (COD) reduces dissolved oxygen in receiving waters, affecting aquatic life and overall water
quality. Conventional treatment processes such as chemical precipitation, ion exchange, and membrane filtration
are effective but often expensive, energy-intensive, and generate secondary wastes (Crini & Lichtfouse, 2019). In
recent years, adsorption using activated carbon has gained significant attention due to its simplicity, high
efficiency, and ability to remove various pollutants simultaneously. However, the high cost of commercial
activated carbon restricts its large-scale application, particularly in developing countries. To overcome this
limitation, researchers have explored the use of agricultural by-products—such as date seeds, coconut shells, and
rice husks—as sustainable and low-cost precursors for activated carbon (Ahmad et al., 2011; Foo & Hameed,
2010). These biomass wastes are abundant, renewable, and possess suitable carbon content for activation, making
them attractive alternatives for wastewater treatment. Date seeds contain lignocellulosic materials that can be
carbonized to produce high-surface-area activated carbon capable of removing dyes and heavy metals effectively
(Al-Othman et al., 2012). Coconut shells provide strong, microporous carbon that achieves more than 90% dye
and COD removal (Tan et al., 2008; Babel & Kurniawan, 2003), while rice husks, rich in silica and widely
available in South Asia, exhibit high porosity and up to 95% dye removal efficiency (El-Sayed et al., 2014).
Despite these encouraging results, further research is needed to enhance regeneration, cost-effectiveness, and
large-scale implementation. This study reviews the preparation methods of activated carbon derived from date
seeds, coconut shells, and rice husks, and evaluates their comparative efficiency in removing color, reducing COD,
and adsorbing heavy metals such as chromium (Cr) from aqueous solutions. It also examines the influence of key
operational parameters such as pH, contact time, and temperature, providing guidance for the development of
sustainable and low-cost wastewater treatment technologies.

2. Materials and Methods

Activated carbon derived from agricultural wastes—date seeds, rice husks and coconut shells—was used to
remove color, chemical oxygen demand (COD), and chromium [Cr(V1)] from aqueous solutions. The adsorbents
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were prepared by washing, drying, grinding and carbonization, followed by chemical activation to improve
porosity and surface functionality.

2.1 Color Removal Using Date Seed Activated Carbon (DSAC)

2.1.1 Preparation of Adsorbent
Date seeds were washed, sun-dried and ground, then carbonized at ~ 500 °C. Chemical activation with ZnCl. and
HsPO.4 enhanced the surface area and pore volume (Rahman et al., 2017; Hossain et al., 2019).

2.1.2 Batch Adsorption Experiments

Color concentration in wastewater was measured in Pt—Co units by UV-Vis spectrophotometry, and pH was
monitored with a pH meter (Gupta & Suhas, 2009; Al-Ghouti et al., 2005). Batch studies varied contact time,
adsorbent dosage, pH, temperature, agitation speed and particle size to determine DSAC efficiency in dye removal
(Rahman et al., 2017).

2.2 Color Removal Using Rice Husk Activated Carbon (RHAC)

2.2.1 Preparation of Adsorbent
Rice husk was washed, oven-dried at ~105 °C and sieved to 250-500 um. For chemical activation, the husk was
soaked in 0.6 M citric acid and dried at 50-120 °C (Kumar & Bandyopadhyay, 2006; Hegazi, 2013).

2.2.2 Batch Adsorption Experiments

Dye concentration was measured by UV-Vis spectrophotometry at 507 nm, and pH was monitored with a pH
meter. Particle size was determined using ASTM standard sieves. Batch studies investigated dye removal under
varying concentrations (50-150 mg/L), adsorbent dosages and contact times (El-Sayed et al., 2014).

2.3 Color Removal Using Coconut Shell Activated Carbon (CSAC)

2.3.1 Preparation of Adsorbent

Coconut shells were dried, ground, impregnated with HsPOa, thermally activated (~200 °C), then carbonized at
~450 °C. The char was washed until neutral pH, oven-dried at 105 °C, ground and sieved to uniform particle size
(Gupta & Suhas, 2009; Rahman et al., 2017).

2.3.2 Batch Adsorption Experiments

Synthetic dye wastewater (tartrazine, Yellow 5) was prepared. Dye concentration was measured by UV-Vis at
422 nm; pH was measured with a pH meter. Adsorbent dosage and operational parameters were varied; in one
setup, 100 mL dye solution was mixed with CSAC at 2 g/L, agitated at 200 rpm for 60 min. Residual concentration
was measured and color removal (%) calculated (Ahmed et al., 2020; Hossain et al., 2019).

2.4 COD Removal Using Date Seed Powder (DSP)

2.4.1 Preparation of Natural Coagulant

Date seeds were collected, washed, air-dried and oven-dried at 50 + 1 °C for 8 h. After de-husking, seeds were
ground into date seed powder (DSP), which was used as a natural coagulant (El-Sayed et al., 2014; AbuJazar et
al., 2023a).

2.4.2 Batch Experiments

Industrial wastewater from Karabiik Iron & Steel Factory was stored at 4 °C and analyzed. pH was adjusted with
1 N H2SOs4 or NaOH. FTIR confirmed amine and ester groups in DSP responsible for charge neutralization.
Coagulation—flocculation tests used 200 mL wastewater in 500 mL beakers with 7 g DSP combined with 0.5-2.5
g/L AICIs in an orbital shaker (PSU-10i, Latvia).

2.5 COD Removal Using Coconut Shell Activated Carbon (CSAC) + Laterite Column

2.5.1 Preparation of Adsorbent and Column Setup
CSAC and laterite (iron-rich soil) were ground and sieved to ~1 mm. They were packed into vertical glass columns
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(1 m height, 6.4 cm diameter) with CSAC: Laterite ratios of 2:1, 1:1 and 1:2. Wastewater was passed at 0.2 m/min
and effluents collected periodically (Foo & Hameed, 2010; EI-Gohary & Tawfik, 2009).

2.5.2 Batch Experiments

COD was measured by the closed-reflux colorimetric method (APHA Standard Method 5220D), digesting
samples at 150 °C for 2 h; absorbance was recorded via UV-Vis spectrophotometer (Hach DR6000) (APHA,
2017; Tchobanoglous et al., 2014).

2.6 COD Removal Using Rice Husk Activated Carbon (RHAC)

2.6.1 Preparation & Batch Experiments

Rice husk was washed, oven-dried at 105 °C for 24 h and carbonized to obtain charcoal. Batch COD reduction
experiments used 50 mL wastewater in 250 mL flasks stirred at 200 rpm; adsorbent dosages ranged from 0.1-0.5
g, contact times from 15-90 min and pH was adjusted between 5-8 using 0.1 M HCI or NaOH (Kumar &
Bandyopadhyay, 2006; El-Sayed et al., 2014).

2.7 Heavy Metal Cr(VI) Removal Using CSAC

2.7.1 Preparation of Adsorbent
CSAC prepared for Cr(VI) removal by washing, drying and carbonizing at ~500 °C, followed by chemical
activation with ZnCl. and HsPOs to enhance porosity (Kumar et al., 2015; Al-Ghouti et al., 2005).

2.7.2 Batch Adsorption Experiments

Cr(VI) concentration was measured by UV-Vis at 540 nm using the 1,5-diphenylcarbazide method; pH was
checked using a digital meter. Experiments varied contact time, dosage, pH, initial ion concentration and
temperature (Hossain et al., 2019; ACS Omega, 2020).

3 Results and Discussions

3.1 Color Removal Using Date Seed Activated Carbon (DSAC)

Contact Time and Dosage: Most adsorption happens quickly and which reaching balance in about 20-40 minutes.
Around 7-10 g/L of adsorbent works best, removing 70-90% of color depending on concentration (Rahman et
al., 2017; Gupta and Suhas, 2009).

Temperature: In this process works better at higher temperatures, improving from about 68% at 30 °C to nearly
78% at 45 °C as diffusion increases (Al-Ghouti et al., 2005).

Agitation Speed: Faster stirring improves removal (65-76%), but very high dye levels can decrease efficiency
because adsorption sites get saturated (Ahmed et al., 2020; Hossain et al., 219).

Table 1. Comparative color removal performance of DSAC, RHAC and CSAC.

Adsorbent Optimum pH Contact Time Dosage (g/L) Color Removal (%)

DSAC 4-6 20-40 min 7-10 7090
RHAC 4-6 60-120 min 4-6 90-95
CSAC ~4 60 min 2 43

3.2 Color Removal Using Rice Husk Activated Carbon (RHAC)

Contact Time and Dosage: The adsorption happens quickly and reaching balance within 1-2 hours. With 4-6
g/100 mL, removal is about 70-85% for URH and 90-95% for TRH (El-Sayed et al., 2014).

Initial Dye Concentration: Higher dye levels gradually increase adsorption capacity but lower the overall %
removal. For this reason, URH removal falls from ~90% at 50 mg/L to ~70% at 150 mg/L, while TRH shows
better performance (Kumar and Bandyopadhyay, 2006).

pH Effect: The acidic conditions (pH 4-6) increase adsorption due to stronger electrostatic attraction (Gupta and
Suhas, 2009).
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Figurel. Effect of various parameters on % color removal: (a) Dosage, (b) Initial concentration, (c) pH

3.3 Color Removal Using Coconut Shell Activated Carbon (CSAC)

Contact Time: In this method most adsorption happens in the first 30 minutes, with equilibrium around 1 hour.
Removal reaches about 43% for CSAC driven first by surface adsorption and then intraparticle diffusion.

pH Effect: The adsorption is best at pH ~4, where protonated surfaces attract dye molecules. At higher pH,
efficiency drops due to electrostatic repulsion (Al-Ghouti et al., 2005; Rahman et al., 2017).

Effect of pH

Effect of Contact Time 80

50

Figure 2. Effect of various operational parameters on % color removal: (a) contact time, (b) pH

3.4 COD Removal Using Date Seed Activated Carbon (DSAC)
In this study, the highest COD removal was achieved (56.19%) with 25 mL DSP in 2.0 M NaCl. Efficiency
improved with increasing dosage up to this point. The COD reduction is primarily determined by polyphenols and

bioactive functional groups in the date seeds, which enhance adsorption of dissolved organics and promote (Adrin
et al. 2025).

Yo oa

Figure 3. % COD removal using 25mL DSP and (a) 0.5M, (b) 1.0M, (c) 1.5M, (d) 2.0 M NaCl

3.5 COD Removal Using Coconut Shell Activated Carbon (CSAC)
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1 L of wastewater was treated through each column. The CSAC: Laterite ratio 2:1 achieved the highest COD
removal (64.35%), which displayed that higher CSAC content enhances adsorption due to increased surface area.
In a Columns with more laterite showed lower efficiency due to reduced surface reactivity (Hegazi, H. A. 2013).

3.6 COD Removal Using Rice Husk Activated Carbon (RHAC)

COD removal was most effective at acidic pH (around 5) due to protonation of active sites. Basically, rapid
adsorption occurred in the first 30 minutes while equilibrium reached at 90 minutes. Increasing adsorbent dosage
(0.1-0.5 g) improved removal by providing more surface area. (Kumar et.al 2006).

3.7 Heavy Metal Cr (V1) Removal Using Coconut Shell Activated Carbon (CSAC)

Contact Time and Dosage: Adsorption is fastest shown in the first few minutes, reaching equilibrium in 30-60
min. Efficiency improves with respect to dosage an optimum of ~5-10 g/L (Rahman et al., 2017; Kumar et al.,
2015). pH Effect: Maximum removal was observed when it’s pH remain 2, furthermore, HCrO+ ions strongly
interact with the protonated adsorbent surface. At higher pH values competition from OH™ ions and reduced
surface protonation led to decreased removal efficiency (BMC Chemistry, 2016; Gupta and Suhas, 2009).

4 Conclusion and Recommendations
4.1 Conclusions

The study demonstrated that activated carbons derived from agricultural wastes—date seeds (DSAC), rice husks
(RHAC), and coconut shells (CSAC)—are highly effective for treating wastewater through the removal of color,
COD, and heavy metals (Cr(V1)). DSAC showed rapid adsorption performance, reaching equilibrium within 20—
40 minutes at 7-10 g/L and removing up to 90% of color. RHAC, particularly in its chemically treated form
(TRH), achieved 90-95% color removal, while CSAC exhibited moderate performance (~43%) but remained
significant under acidic conditions. In terms of COD reduction, DSAC achieved up to 56.19% removal due to the
presence of bioactive functional groups, whereas CSAC provided the highest COD reduction (64.35%) at a 2:1
CSAC-to-laterite ratio. RHAC also demonstrated good performance at acidic pH, though its efficiency decreased
at higher COD concentrations because of adsorption site saturation. For heavy metal removal, CSAC showed
outstanding Cr(VI) adsorption efficiency, reaching equilibrium within 30-60 minutes, with maximum
effectiveness at low pH (2.0) due to strong electrostatic attraction. Overall, DSAC and RHAC were superior in
color and COD removal, while CSAC excelled in Cr(VI) and COD reduction, confirming that agro-waste—derived
activated carbons are low-cost, sustainable, and efficient alternatives for wastewater treatment.

4.2 Recommendations
The following recommendations are suggested based on the study:

e  Optimization of Parameters: Future studies should refine operating conditions (pH, dosage, contact time
and temperature) to maximize adsorption efficiency across various pollutants.

e Composite Adsorbents: Combining DSAC, RHAC, and CSAC may provide synergistic effects,
improving multi-pollutant removal.

o Regeneration and Reuse: Research should explore regeneration including thermal regeneration, chemical
regeneration, and microwave-assisted regeneration and reusability to enhance cost-effectiveness and
sustainability.

e Broader Contaminant Scope: Future work should investigate removal of other pollutants such as
pharmaceuticals, pesticides, and emerging contaminants to expand practical applicability.
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