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Abstract 

Sustainability based researches have become the most serious issue to keep environmental  

safety parallel to the industrial and economic developments. The rapid urbanization and  

industrial progress have led to over increase resources consumption as well as pollution production. 

In addition, the quantity of solid waste is continuously increasing and, if not managed properly, could 

cause severe harm to the urban environment. Common environmental pollutants include inorganic 

species such as heavy metals and organic species such as dyes and pesticides. International and local 

efforts have been paid for the remediation of the negative impacts of environmental pollution. Core 

shell-based materials as well as the nanocomposites recycled from solid waste have potential for 
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 application for solid phase extraction purposes to extract pollutants. In addition, these materials are 

efficient adsorbents to remove broad range of pollutants from contaminated water bodies for 

wastewater treatment applications.   

 Various adsorbents materials including Fe3O4 (OS/Fe3O4), OS/Fe3O4@SiO2 core-shell 

nanoparticles and functionalized Fe3O4 (np)@C were fabricated and applied for adsorption  

of some toxic metal ions and dyes from solutions. The adsorption process was characterized  

in terms of kinetic, equilibrium and thermodynamic investigations. The fabricated Fe3O4(np)@C 

adsorbents were tested for remediation of metal pollution by adsorption of Cu(II), Cd(II) and Pb(II) 

from wastewater. The modelling of the adsorption data has been applied and the calculated 

thermodynamic parameters including Gibbs free energy (ΔGo), enthalpy (ΔHo) and entropy (ΔSo) 

confirm the spontaneous process, with   an adsorption capacity of 272.5, 262.5, and  

284.5 mg/g for Cu(II), Cd(II) and Pb(II), respectively. In addition, removal of dyes is applied using 

the fabricated iron oxide (np)@carbon sheets prepared at 250 ˚C, 400 ˚C and 700 ˚C, in the weak 

acidic medium.The freundlich model was fount more suitable to describe the process of  

separation of dyes onto iron oxide (np)@carbon sheets, prepared at 250 ˚C and (B) 400 ˚C,  

suggesting heterogenous surfaces and multi-layer adsorption. Furthermore, an effective enrichment of 

Cr(III), Co(II), Cd(II), Zn(II) and Pb(II) was achieved by Magnetic Solid Phase Extraction (MAG-

SPE) using magnetic nanoparticles prior to determination by Inductively Couples Plasma-Mass 

Spectroscopy (ICP-MS). For optimization of the extraction process, the analytical parameters, 

including pH, eluent type and sample volume, were investigated. The validation of the procedure was 

verified by the analysis of wheat gluten (8418) certified reference material. The limit of detection 

(LOD) of target elements was in the range of 0.001–0.11 µg L-1. The relative standard deviations 

(RSDs) were below 10%. The developed procedure was successfully applied for the enrichment of 

Cr(III), Co(II), Cd(II), Zn(II) and Pb(II) from samples with different matrices, including water and 

food samples. 
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