

Title: Seagrass Powder as a Green Adsorbent for Efficient Removal of Carcinogenic PAHs from Wastewater: Isotherm, Kinetic, and Thermodynamic Insights
Presenter: Dr. Adeola Akeem Akinpelu
Circular Economy Division
Environmental Protection Department
Saudi Aramco

Abstract
Polycyclic aromatic hydrocarbons (PAHs) are persistent organic pollutants with carcinogenic properties, mainly originating from industrial processes and anthropogenic activities. In this study, we investigate the effectiveness of seagrass (SG) powder, a naturally abundant and eco-friendly material, for the removal of three relatively water-soluble PAHs—acenaphthylene (Ace), phenanthrene (Phen), and fluoranthene (Flu)—from contaminated water. Batch adsorption experiments revealed that at an optimal dosage of 2 g/L, Flu exhibited the highest removal efficiency of 90.54%, followed by Phen at 87.89%, and Ace at 61.11%. The maximum adsorption capacities were determined to be 2.25 mg/g for Flu (equilibrium time: 6 h), 2.12 mg/g for Phen (equilibrium time: 24 h), and 1.13 mg/g for Ace (equilibrium time: 120 h). Adsorption isotherm data (both linear and non-linear forms) were well-fitted to Langmuir, Freundlich, and Temkin models, indicating a heterogeneous adsorption mechanism. Kinetic analysis showed that the pseudo-second-order model best described the adsorption process for all three PAHs. Thermodynamic studies revealed that the adsorption of Flu and Phen was spontaneous and exothermic, with negative Gibbs free energy (ΔG) and enthalpy (ΔH) values of –36.03 kJ/mol and –36.65 kJ/mol, respectively, suggesting a dominance of physisorption. In contrast, Ace adsorption was spontaneous only at lower temperatures, with a significantly more negative ΔH (–114.43 kJ/mol), indicating partial chemisorption. These findings highlight the potential of seagrass powder as a promising, sustainable adsorbent for PAH removal in wastewater treatment applications.
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