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A B S T R AC T

A basic investigation into the removal of cadmium ions from aqueous solutions by municipal-
wastewater biosolids was conducted in batch conditions. The infl uences of different experi-
mental parameters such as initial pH, shaking rate, sorption time, equilibrium conditions 
and initial cadmium-ion concentrations on cadmium uptake were evaluated. According to 
our experimental results, a pseudo-second-order model was more suitable for describing the 
biosorption kinetics than the Lagergren model. Kinetic experiments showed that cadmium 
concentrations reached equilibrium within 2 h. We found that the biosorptive capacity of the 
biosolids was dependent on solution pH, with pH 4 being optimal. Investigation of the infl uence 
of the shaking rate on the biosorption capacity of the biomass showed that an optimum value 
was obtained between 150 and 250 rpm. The Langmuir isotherm model better represented the 
sorption process the Freundlich model. The maximum cadmium adsorption capacity of the 
biosolids (qmax) was 0.38 mm/g dry biosolid and the Langmuir constant (kd) was 0.1044 mm/l.
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1. Introduction

Cadmium is a toxic heavy metal which is widely 
used in industry, particularly the electroplating and 
battery industries. The chronic toxicity of cadmium 
to humans and the environment has been well docu-
mented. In the United States, the safe level of cad-
mium in drinking water has been set at 0.01 mg/l [1]. 
The problem with the removal of such contaminants 
down to levels approved by national or international 
agencies has not totally been solved by conventional 
chemical-precipitation procedures [2]. The traditional 
approaches for removing or recovering metals, such as 
precipitation, oxidation/reduction, ion exchange, fi ltra-

tion, electrochemical processes, membrane separations 
and evaporation, all exhibit several disadvantages, 
such as high cost, incomplete removal, low selectivity, 
high energy consumption and the generation of toxic 
slurries that are diffi cult to dispose of [3]. Biological 
materials are known for their potential to adsorb heavy 
metals [4,5].

Biosorption is an emerging technology that uses 
biological materials to remove metals from solution 
through adsorption. Biosorption can be defi ned as the 
ability of biological materials to accumulate heavy 
metals from wastewater through metabolically medi-
ated or physico-chemical pathways of uptake [6]. 
Biosorption mainly involves cell-surface complexation, 
ion exchange and microprecipitation [7]. The major 
advantages of biosorption over conventional treatment 
methods include [4]:
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