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A B S T R AC T

Adsorption of atenolol on granular activated carbon in a fi xed bed column was investigated. This 
micropollutant was effectively adsorbed onto the activated carbon; therefore, the effect of some 
operation parameters on the performance of the breakthrough curve was studied. Some adsorp-
tion parameters, as the adsorption capacities at breakthrough and saturation time, the length 
of the mass transfer zone (mtz) and the fractional bed utilization were estimated. Four kinetic 
models, including Adams–Bohart, Wolborska, Thomas, and Yoon–Nelson model, were used to 
determine the adsorption parameters and to predict the breakthrough curves. Among all exam-
ined models, Thomas and Yoon–Nelson were found to be the most suitable for simulation of the 
breakthrough curve of atenolol uptake on granular activated carbon fi xed bed column.
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1. Introduction

Emerging pollutants are defi ned as substances that 
were previously undetected or had not been consid-
ered as a risk [1]. The main sources of non-regulated 
contaminants in the environment are wastewater treat-
ment plant effl uents [2], which are not designed to elimi-
nate these compounds completely. They are present in 
treated wastewaters at trace levels (μg l−1 to ng l−1), and 
include personal care products, pharmaceuticals, sur-
factants, fl ame retardants, industrial chemicals, gasoline 
additives, disinfection byproducts, etc. These contami-
nants do not need to be persistent in the environment 
to cause deleterious effects, since their high transforma-
tion and removal rates can be offset by their continuous 

introduction into the environment. Among the various 
substances that can be categorized as emerging pol-
lutants, pharmaceutical compounds (PCs) are of spe-
cial concern because of the volumes introduced to the 
environment, their endocrine disrupting activity, and a 
potential increase of bacterial resistance [3].

In this sense, it is estimated that hundreds of tons of 
PCs are produced and consumed in developed countries 
each year [4–6]. Most of them end up being excreted 
completely unchanged or only slightly transformed 
to polar molecules. Some of these compounds are eas-
ily removed and degraded during sewage treatment, 
mainly by adsorption and bio-degradation; however, 
they can still be detected at μg l−1 levels in treated effl u-
ents and receiving waters.

On the other hand, the health effects of the consump-
tion of PCs at low concentration levels are not fully 




