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A B S T R AC T

This article extends our previous study on malachite green (MG) adsorption using chemi-
cally modifi ed rice husk at shake fl ask level, by investigating the scale up of the dye adsorp-
tion process to a laboratory level stirred batch reactor. Response surface methodology (RSM) 
was employed to investigate the effect of different operating conditions on the uptake of MG.
A two level three factor (23) full factorial central composite design (CCD) with the help of Design 
Expert Version 7.1.6 (Stat Ease, USA) was used for the optimization of the adsorption process 
and to evaluate the effects and interactions of process variables: initial solution pH (4.0–10.0), 
initial dye concentration (100–500 mg/l), and adsorbent dose (10–50 g/l). Multiple response 
optimization was applied to the experimental data to discover the optimal conditions for a set 
of response, simultaneously, by using a desirability function. The optimum conditions for MG 
adsorption were found to be 8.30, 500 mg/l and 29.31 g/l respectively, for initial solution pH, 
initial dye concentration and adsorbent dose. Under these conditions, the removal effi ciency 
was found to be 90.83%.
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1. Introduction

The contamination of water bodies by synthetic 
dye stuffs is considered to be a global environmental 
problem in recent years. It is well recognized that their 
existence in aquatic ecosystem is accountable for caus-
ing several damages to the environment and can have 
adverse effects on many forms of life [1].

Malachite green (MG) is one of the most widely used 
dye for coloring purposes. It is extensively used in tex-
tile industries for dyeing nylon, wool, silk, leather, and 
c otton [2]. It is also used as a food coloring agent, food 
additive, and a medical disinfectant and anthelminthic 
[3]. It also fi nds application as an a ntifungal agent in 

the fi sh farming industry due to its high effectiveness 
against parasitic treatment, and fungal and bacterial 
infections in fi sh and fi sh eggs. As such, a consider-
able amount of the used dye enters the natural envi-
ronment through wastes resulting in colored effl uents. 
The d ischarge of MG into the aquatic ecosystem has 
generated much concern due to its reported genotoxic, 
mutagenic, teratogenic and carcinogenic effects [4]. The 
dye is highly cytotoxic and carcinogenic to mammalian 
cells and acts as a liver tumor promoter. It decreases 
food intake capacity, growth and fertility rates; causes 
damage to liver, spleen, kidney and heart; infl icts 
lesions on skin, eyes, lungs and bones [4]. MG is also 
environmentally persistent and acutely toxic to a wide 
range of aquatic and terrestrial animals [4]. It promotes 
hepatic tumor formation in rodents and also causes 




