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h i g h l i g h t s

" C.I. Acid black 10B degradation was studied in periodic discontinuous batch operation.
" Anoxic–aerobic–anoxic microenvironment showed good removal of azo dye.
" Azo-reductase and dehydrogenase activity were monitored during dye degradation.
" Tafel analysis and bioprocess parameters correlated well with dye removal.
" Presence of specific organism capable of dye degradation was observed.
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a b s t r a c t

Functional behavior of anoxic–aerobic–anoxic microenvironment on azo dye (C.I. Acid black 10B) degra-
dation was evaluated in a periodic discontinuous batch mode operation for 26 cycles. Dye removal effi-
ciency and azo-reductase activity (30.50 ± 1 U) increased with each feeding event until 13th cycle and
further stabilized. Dehydrogenase activity also increased gradually and stabilized (2.0 ± 0.2 lg/ml) indi-
cating the stable proton shuttling between metabolic intermediates providing higher number of reducing
equivalents towards dye degradation. Voltammetric profiles showed drop in redox catalytic currents dur-
ing stabilized phase also supports the consumption of reducing equivalents towards dye removal. Change
in Tafel slopes, polarization resistance and other bioprocess parameters correlated well with the observed
dye removal and biocatalyst behavior. Microbial community analysis documented the involvement of
specific organism pertaining to aerobic and facultative functions with heterotrophic and autotrophic
metabolism. Integrating anoxic microenvironment with aerobic operation might have facilitated effective
dye mineralization due to the possibility of combining redox functions.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Synthetic dyes are aromatic organic colorants, which have po-
tential industrial applications. Generally, dyes are classified based
on their chemical and application classes. Among the chemical
class, the azo dyes are more versatile and accounts to be more than
half of the annual dye production. These dyes are characterized by
the presence of diazotized amine coupled to an amine or a phenol
and contain one or more azo linkages which are extensively used in
industries such as textile, food, cosmetics, leather tanning and
plastic for colorization (Chun et al., 2006; Ong et al., 2010). Azo
dyes are also used in simple diazotization reaction during

synthesis (Telke et al., 2008). About 10–90% of unfixed dyes during
the dying process get discharged through the effluents (Abadulla
et al., 2000). Release of these dyes into environment causes adverse
impact on the aquatic ecosystem both physically and chemically.
Azo dyes are also considered to be toxic to the aquatic biota and
are reported to be carcinogenic to the humans (Yahagi et al., 1975).

Dye bearing effluents are typically characterized by residual col-
or, excess salts and low biodegradability (high COD with relatively
low BOD), which requires treatment prior to their discharge. The
overall cost, regeneration, secondary pollutants, interference by
other wastewater constituents and residual sludge generation asso-
ciated with physico-chemical methods limits their usage in spite of
their efficiency in dye removal (Davies et al., 2005; Venkata Mohan
et al., 2002, 2005a). Alternatively, biological processes are consid-
ered to be advantageous compared to the physico-chemical
methods due to their eco-friendly nature (Davies et al., 2005; Katuri
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