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Abstract: Heavy-metal contamination of municipal wastewater poses serious risks to aquatic ecosystems and hu-

man health. This study evaluated the potential of Phoenix dactylifera seed biomass as a low-cost and sustainable 

biosorbent for removing lead (Pb), copper (Cu), zinc (Zn), and cadmium (Cd) ions from wastewater. Batch bio-

sorption experiments were conducted to optimize the effects of solution pH, temperature, contact time, biosorbent 

dosage, and particle size. The maximum biosorption efficiencies at a biosorbent dosage of 5 g and a particle size 

of 0.5 mm were achieved at pH 6, 40°C, and a 60-min retention time. Pb showed the highest removal efficiency, 

reaching 97.83%, followed by Cd, Zn, and Cu. Fourier-transform infrared spectroscopy indicated the involvement 

of hydroxyl and carboxyl functional groups in metal binding, while scanning electron microscopy revealed changes 

in the biosorbent surface following adsorption. The equilibrium data fitted both the Langmuir and Freundlich iso-

therm models, indicating favorable adsorption onto the DSP surface. Application of DSP to municipal wastewater 

substantially reduced the concentrations of the investigated heavy metals. These findings demonstrate the potential 

effectiveness and environmental suitability of P. dactylifera seed powder as a biosorbent for the tertiary treatment 

of metal-contaminated municipal wastewater. 

Keywords: Phoenix dactylifera, Biosorption, Lead, pH zero charge, Isotherm models, FTIR, SEM, Sustainability  

1. INTRODUCTION 

environmental problems associated with industrialization, 

urbanization, and population growth. 

 water bodies through industrial effluents, mining operations, agricultural runoff, and 

 severe carcinogenic 

effects, and metabolic disturbances ( . 
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exchange, reverse osmosis, 

and activated carbon adsorption are associated with high 

this has led to increased interest in biosorption as 

a sustainable and low-cost alternative

metal ions to biological materials through functional groups present on the surface of biomass, 

Agricultural residues are of great interest as biosorbents due to their availability, 

dactylifera seeds, commonly 

known as date pits, have shown remarkable potential for the adsorption of heavy metals. 

provide numerous active sites that can interact with metal 

ions through electrostatic attraction, 

Zn²⁺ ions is mainly due to the presence of functional groups such as hydroxyl and carboxyl 

Previous studies have demonstrated that date seed-based biosorbents show high 

metals ( . FTIR analyses have confirmed 

that hydroxyl, carboxyl, and carbonyl 

 Langmuir and Freundlich isotherm models. The adsorption efficiency is greatly 

dosage, and initial metal concentration 

( . 

the stability and reusability of 

biosorbents through immobilization techniques such as calcium 

capacity and mechanical strength and, therefore, may enhance the suitability 

of date seed biomass for 
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2. MATERIALS AND METHODS 

2.1. Preparation of biosorbents 

Phoenix dactylifera seeds were obtained from the local markets of Ramadi City, Iraq. The 

to remove any adhering residues. After cleaning, the 

seeds were prepared by two different 

 In the second method, 

the dried seeds were ground 0.061 

mm and 2 mm to obtain dried date seed powder (DSP). Fig. 1 illustrates the prepared 

used in adsorption experiments for studies on the 

removal of metal ions. 

2.2. Determination of the Point of Zero Charge, SEM, and FTIR analysis 

A series of 0.1 M NaCl solutions was prepared in 100 mL conical flasks. The initial pH (pHᵢ) 

measured by a pH meter (Thermo Scientific, Orion 

Star A211, Indonesia). The final volume of each solution was adjusted to

and then allowed to equilibrate by shaking at 120 rpm for 24 hours. The final 
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pH (pHf) was 

The surface morphology of raw and metal-loaded DSP biosorbent was examined using 

experiment, a multi-metal solution 

containing 100 mg  of each ion of lead (Pb), copper (Cu), zinc (Zn), and cadmium (Cd) was prepared. One gram of 

Phoenix dactylifera powder (DSP) was 

Fourier Transform Infrared (FTIR) 

spectroscopy (ABB Spectrolab, MB3000, UK). The biosorbent samples were dried first and then mixed with potassium 

bromide (KBr) (Fluka, 

spectra were recorded after background correction using pure KBr, and all results were presented on a

experiments conducted under 

controlled laboratory conditions. A multi-metal aqueous 

Fluka, Switzerland- initial concentration of 100 mg.L-1 for each metal, and then the 

solution 

Biosorption conditions were optimized through preliminary experiments. These experiments included the evaluation 

of the biosorbent form and physical characteristics of Phoenix dactylifera, using dried seeds and powdered biomass. In 

each experiment, 0.5 g of the biosorbent was added to 100 mL of 

min at neutral pH. The solution was then adjusted to the desired pH using 

0.1 M NaOH or 

Additional optimization of biosorption parameters was carried out by studying the 

thermal studies), contact time (1–120 min), biosorbent 

dosage (1–20 g ), and particle size 

 

adsorption studies . 
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prepared under the same 

experimental conditions to serve as a reference for the evaluation of 

for 40 min at room temperature. Then, they were subjected to 

filtration through a 0.45 µm membrane filter

under the following calibration data of specific limit of detection (LOD), limit of 

quantification (LOQ), and wavelength: 

- Pb, LOD 0.003 mg/l, LOQ 0.021 mg/l, 217 nm. 

- Zn, LOD 0.003 mg/l, LOQ 0.021 mg/l, 213.9 nm. 

- Cu, LOD 0.004 mg/l, LOQ 0.021 mg/l, 324.8 nm. 

- Cd, LOD 0.002 mg/l, LOQ 0.014 mg/l, 228.8 nm. 
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3. RESULTS AND DISCUSSION 
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4. CONCLUSIONS 
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