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A B S T R AC T

In the present study, chemically modifi ed biosorbent (Pinus halepensis Miller) was used for removal 
of phosphate from water. Biosorbent preparation process included size fractionation, extraction for 
surface activation, acid prehydrolysis, and treatment with urea. Sorption of phosphate ions onto 
biosorbent was studied using the batch technique. The effect of different parameters such as con-
tact time, adsorbate concentration, and temperature was investigated. The adsorption kinetics data 
were best described by the pseudo–second-order rate equation, and equilibrium was achieved 
after 40 min. The Langmuir and Freundlich equations for describing adsorption equilibrium were 
applied to data. The constants and correlation coeffi cients of these isotherm models were calcu-
lated and compared. The adsorption isotherms obey the Freundlich equation. The thermodynamic 
parameters like free energy, enthalpy and entropy changes for the adsorption of phosphate ions 
have been evaluated and it has been found that the reaction was spontaneous and endothermic in 
nature. The low value of activated energy of adsorption, 3.088 kJ mol−1 indicates that the phosphate 
ions are easily adsorbed on the sawdust. Results suggest that the prepared chemically modifi ed 
Aleppo pine sawdust has potential in remediation of contaminated waters by phosphate.
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1. Introduction

Phosphorus is an essential nutrient in aquatic envi-
ronments. The geochemical behaviors of phosphate 
have been the subject of numerous studies in various 
disciplines [1,2]. An excessive concentration of this 
nutrient in water is often responsible for eutrophica-
tion leading to short- and long-term environmental 
and aesthetic problems in lakes and reservoirs, coastal 
areas, and other confi ned water bodies, and is a threat to 
ecological health [3,4]. In many countries, stringent 

regulations limit phosphorus level to 0.05 mg l−1 to pre-
vent increased algae growth [5].

Various techniques have been developed for the 
removal of phosphate from water and wastewater [6], 
which includes chemical precipitation [7,8], adsorption 
using suitable materials [9], biological treatment [10] 
and crystallization [11]. In adsorption processes, diverse 
adsorbents such as red mud, activated alumina, polymeric 
ligand exchangers, iron/aluminum-coated sand, calcium-
based adsorbents, sugarcane bagasse, sawdust, etc. have 
been studied as adsorbents for phosphate removal [12–14].
Lignocellulosic materials exhibit interesting capacities 
as pollutant adsorbents, and by activation process or by 




