Application of the mixture design to decolourise effluent textile
wastewater using continuous stirred bed reactor
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Abstract
Important pollutants in textile effluents are mainly recalcitrant organics, colours, toxicants and inhibitory compounds,
surfactants, chlorinated compounds (AOX), pH and salts. An aerobic system using a continuous stirred bed reactor (SBR)
was continuously operated at constant temperature and fed with textile wastewater (pH 7 and total chemical oxygen
demand (COD) 1 700 mg/ℓ).This report is focused on the decolourisation treatment of effluent by a bacterial consortium
(Sphingomonas paucimobilis, Bacillus sp. and filamentous bacteria). The influence of the different mixtures of 3 strains
on the decolourisation of effluent (cell density fixed at OD600 = 1) was studied using an equilateral triangle diagram and
mixture experimental design to assess colour and COD removal during species evolution. With the aid of analysis software
(Minitab 14.0), the formulation of pure culture was optimised for several responses and the best formulation obtained.
The results suggested that the highest predictable specific decolourisation rate and chemical oxygen demand (COD) were
86.72% and 75.06%, respectively. Regression coefficients between the variables and the responses of decolourisation and
COD removal were, respectively, R2 = 72.48% and 54.28%, which indicated excellent evaluation of experimental data by the
polynomial regression model. UV-visible analysis confirmed biodegradation of effluent.
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Introduction
Textile industries consume a considerable amount of water in
their manufacturing processes. Considering both the volume and
the effluent composition, textile industry wastewater is rated as
the most polluting among all industrial sectors. Important pollutants in textile effluents are mainly recalcitrant organics, colours,
toxicants and inhibitory compounds, surfactants, chlorinated
compounds (AOX), pH and salts (Sen and Demirer, 2003). From
the environmental point of view, the textile industry is also one
of the most water- and chemical-intensive industries worldwide
(Arslan Alaton et al., 2006). Isolation of anaerobic bacteria
species capable of degrading dyestuff indicated that anaerobic
decolourisation is a simpler and efficient colour removal technology, compared to other physical/chemical and biological methods
(Nigam et al., 1996; Chang et al., 2001; Chen et al., 2003; Idaka
et al., 1987). Colour can be removed from wastewater by chemical and physical methods including absorption, coagulationflocculation, oxidation and electrochemical methods. These
methods are quite expensive, have operational problems (Forgas
et al., 2004), and generate large quantities of sludge (Kapdan
and Kargi, 2002). Among low-cost, viable alternatives available for effluent treatment and decolourisation, the biological
systems are recognised by their capacity to reduce biochemical
oxygen demand (BOD) and chemical oxygen demand (COD)
by conventional aerobic biodegradation (Sandhaya et al., 2005;
Balan and Monteiro, 2001; Dubin and Wright, 1975; Chung et
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al., 1992). Colour removal under anaerobic condition could be
by biodegradation of dyestuff by azoreductase activity (Craliell
et al., 1995) or by non-enzymatic azo reduction of dyestuff
(Flores et al., 1997; Brown and DeVito, 1993; Knapp and Newby,
1995). However, azoreductase cleavage of azo bonds may result
in formation of aromatic amines, which induces melanomas in
humans and experimental animals (Chung et al., 1992; Brown
and DeVito, 1993). But, some reports showed that the effluent of
the anaerobic decolourisation process was completely non-toxic
(Flores et al., 1997). Another problem with anaerobic colour
removal is the reverse colourisation of anaerobic degradation
products upon exposure to oxygen. This could be because of
unstable characteristics of biodegradation products, aromatic
amines, which deteriorate to give colour (Knapp and Newby,
1995; Chinwetkitvanish et al., 2000).
In this research, we used the mixture design in the experimental design (Minitab 14.0) to optimise the formulation of the
predominant strains isolated from a textile wastewater plant.
After biodegradation, the chemical oxygen demand (COD) and
percentage of decolourisation were measured. The relationships
between the different combinations and products were analysed
by Minitab to select the optimal bacterial combination and to
investigate the aerobic degradability of a textile industry wastewater in Tunisia by an aerobic stirred bed reactor (SBR).

Materials and methods
Materials
The microbial strains were microcapsules of Sphingomonas
paucimobilis (14×107 cfu), Bacillus sp. (4.2×108 cfu) and filamentous bacteria (6×109 cfu), which were isolated from a
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