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Abstract - In this study, the treatability of simulated textile effluent including Remazol Brilliant Violet 5R azo dye was 
investigated in anaerobic–aerobic sequencing moving-bed batch biofilm reactors. Additionally, the competitive biochemical 
reaction between sulfate and azo dye as electron acceptor in the presence of acetate was also examined. Anaerobic and 
aerobic reactors had 8 h and 24 h cycle times, respectively. The both reactor performances was determined by monitoring 
color, sulfate and total dissolved carbon removal efficiencies, color removal rate, aromatic amine formation/removal and pH 
profile. Sulfate and azo dye bioreductions simultaneously took place in anaerobic condition and the percentage sulfate and 
color removals by the anaerobic microorganisms were 94.4% and 50%, respectively. The removal of benzene-based and 
naphthalene-based aromatic amines resulted from anaerobic decolorization process was observed at the aerobic reactor. The 
results indicated that anaerobic/aerobic sequencing moving-bed biofilm reactors (MBBRs) were effective in terms of color, 
sulfate, and DOC removal with aromatic amine degradation. 
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I. INTRODUCTION 
 
Water-pollution control is presently one of the major 
areas of scientific activity. This is especially true in 
the industrialized areas of the world.  The textile 
industry is one of the most important industries that 
generate a considerable amount of highly colored 
wastewater. Additionally, this wastewater is 
characterized by high chemical oxygen demand, large 
amount of suspended solids, highly fluctuating pH, 
high temperature, low biodegradability, high inorganic 
salt content which are generally resistant to 
destruction by the conventional wastewater treatment 
systems [1]. The discharge of dyestuff causes aesthetic 
pollution related to color, toxicity resulted from dyes 
and their breakdown products on receiving 
environment [2]. The several physico-chemical 
decolorization techniques have been reported; 
however, the application of these technologies is 
largely limited due to high cost, low efficiency and 
inapplicability to a wide variety of dyes [3]. The 
biological treatment methods have recently attracted 
much attention in order to perform the simultaneous 
color removal and wastewater treatment process. 
Biological color removal usually takes place in two 
stages: (I) reductive cleavage of the dyes with 
formation of colorless and potentially hazardous 
aromatic amines under anaerobic, (II) degradation of 
the aromatic amines that have toxic and carcinogenic 
properties with complex organic structure under 
aerobic conditions. Aerobic biological processes are 
commonly used in the treatment of organic matter for 
achieving high degree of treatment efficiency; 
however low colour removal efficiencies are obtained 
under aerobic conditions because oxygen is a more 
efficient electron acceptor and it is more preferred for 

electrons than dyestuffs [4]. In contrast, anaerobic 
treatment generally provides good decolorization 
efficiencies, although there is no visible effect of 
anaerobic treatment on aromatic amine removal 
performance [5].  
Additionally, as known, microorganism responsible 
for color removal have a slow growth rate and are also 
very susceptible to toxic substances and 
environmental conditions [6]. Thus, the slow-growth 
of these microorganisms makes difficult the real scale 
applications. Therefore, attachment-growing reactors 
have recently become an attractive reactor 
configuration in engineering applications because of 
the ease of culture enrichment, the availability of 
different environmental conditions in a single reactor, 
and the higher removal performance compared to 
suspended-growth reactors [7]. For this reason, 
combination of anaerobic and aerobic moving-bed 
batch biofilm reactors was used for synthetic textile 
wastewater containing azo dye that is a major class of 
synthetic dyes extensively discharged in the textile 
industry and the performances of azo-dye reduction 
with the aromatic amine mineralization were 
investigated in this study. 
 
II. MATERIAL AND METHODS 
 
A. Microbial culture and synthetic 
wastewater content 
The bacteria culture responsible for anaerobic 
decolorization was originally enriched with anaerobic 
sludge sample taken from Kipas Textile Industry 
Wastewater  Treatment Plant located at 
Kahramanmaras, while aerobic bacteria was obtained 
from domestic treatment plant located at Kayseri, 
Turkey. 
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Synthetic wastewater contained per liter of distilled 
water was as follow: 0.6 g NH4Cl, 4 g NaHCO3, 9.3 g 
NaH2PO4.H2O, 0.125 g K2HPO4, 3.2 g Na2HPO4, 0.5 
g cyctein HCl, 0.11 g CaCl2.2H2O, minor amounts of 
metal ions (Fe, Zn, Co, Cu, Mn and Ni) and vitamins 
[8]. The synthetic wastewater was prepared daily and 
the pH of wastewater was adjusted to 7.00 with 0.1M 
HCl. Acetate of 1000 mg COD/L was used as readily 
biodegradable carbon and electron donor source for 
anaerobic bacteria. Sodium sulfate and magnesium 
sulfate were used as sulfate source, corresponding to 
200 mg SO4

2-/L. The azo dye Remazol Brilliant Violet 
5R was added into the media as dyestuff source at the 
constant concentration of 200 mg/L. 
B. The moving-bed biofilm reactors set-up 
and operational conditions 
The active working volumes of both anaerobic and 
aerobic reactors were determined to be 4 L. The 
reactors were operated without pH control at room 
temperature (25±2oC). Additionally, both reactors had 
filling fractions of 60 % with the Kaldnes type K1 
biofilm carriers and operated sequencing batch mode. 
The nitrogen gas was constantly pressured within the 
anaerobic reactor to eliminate the oxygen leakage 
while aerobic reactor was aerated continuously using 
air pumps to provide oxygen as terminal electron 
acceptor. The contents of both reactors were mixed 
using magnetic stirrer at a speed of 250 rpm 
(Heidolph, MR Hei-Standard, Germany). The 
anaerobic and aerobic reactors were operated with 8h 
and 24h total cycle times, respectively. 
C. Analytical procedures 
Before all analyzes, liquid samples were centrifuged 
(Eppendorf Centrifuge 5415R, Hamburg, Germany) at 
4000 rpm for 5 min and then supernatant were filtered 
through a 0.45-μm pore size syringe filter. UV–VIS 
Spectrometer was used for color measurement at the 
wavelengths of 560 nm (PG instruments, T80+ 
UV/VIS spectrometer, London). Dissolved organic 
carbon (DOC) removal performances of reactors were 
evaluated the using a TOC-TN analyzer (Shimadzu 
TOC-VCPN/TNM-1, Kyoto, Japan). The 
concentrations of sulfate ions were determined by an 
ion chromatography (Dionex ICS-3000, Sunnyvale, 
CA, Japan) with IonPac AS19 analytical and IonPac 
AG19 guard columns. Eluent was prepared from 9 
mM sodium carbonate and 20 mM methanesulfonic 
acid and was pumped at flow rate of 1 ml/min. The 
pH change during reactions was determined using 
multimeter (WTW340I Weilheim, Germany). The 
benzene and naphthalene-based aromatic amines were 
analyzed with a high-performance liquid 
chromatography (HPLC) (Dionex Ultimate 3000, 
Sunnyvale, CA, Japan) equipped with Inertsil ODS-3 
(4.6 mm ID×250 mm, 5 μm) column. UV detector 
was adjusted a wavelength of 254 nm. The mobile 
phase used for separation of aromatic amines was a 
mixture of water and acetonitrile at 7/3 ratio. HPLC 
was operated at flow rate of 1 ml/min and injection 
volume 20 μl. Sodium dithionite for the chemical 

reduction of dyestuff and the cleavage of azo linkage 
was used and formed aromatic amines was determined 
standard. This chemical reduction reaction was carried 
out at 65ºC and dithionite-to- color ratio of 10 for 5 
min. 
 
III. RESULTS AND DISCUSSION 
 
D. Anaerobic Reactor Performance 
Define Acetate equaled to 375 mgC/L (1000 
mgCOD/L) was used to provide readily biodegradable 
carbon and electron source. Fig. 1A illustrates the 
removal of total DOC versus time in the MBBR 
operated under anaerobic conditions. The percentage 
carbon reduction at the end of the anaerobic reaction 
was 94.6%, corresponding to effluent DOC 
concentration of around 20 mgC/L. However, a large 
proportion of the soluble DOC was consumed at the 
first five hour of reaction and the DOC removal 
efficiency was at the negligible level during the last 
three hours of reaction. Similar to our results, several 
studies found unremoved DOC at the end of reaction 
time of 8 hour [9]. The color and sulfate reduction in 
the anaerobic MBBR took place simultaneously 
indicating acetate oxidation occurred. In addition, 
color profile showed almost similar behavior to DOC 
profile and the percentage overall color removal 
efficiency was 94.4% (Fig. 1A). The color removal 
rate decreased after first 5h of anaerobic stages due to 
the lack of electron donors resulted from depletion of 
readily biodegradable acetate required for dye removal 
process towards the end of the anaerobic stage. Sulfate 
removal of 50% was observed as a result of the first 
two hour reaction; however then, the sulfate 
concentration was prominently increased, indicating 
the formation of sulfate (Fig. 1B). This may be 
resulted from release of sulfate ion arising from the 
structure of dye as result of anaerobic color reduction 
[10,11]. The varying pH levels during the anaerobic 
reaction time is shown in Fig. 1B. pH level was firstly 
reduced due to the oxidation of organic carbon, while 
the reduction of the sulfate was dominant and an 
increase in the pH level was observed after the third 
hour of the reaction. 

 
Fig. 1.  Varying DOC, color, sulfate and pH profiles 

throughout the anaerobic reaction time 
The benzene-based and naphthalene-based aromatic 
amines resulted from decolorization were determined 
by HPLC instrument and the percentage profile of this 
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end-products were presented in Fig. 2. It has been 
known that high color removal occurred and thereby 
aromatic amines formed in anaerobic environmental 
conditions [12]. Fig. 2 was showed that 
formation/consumption benzene and naphthalene-
based aromatic amines with removal of 200 mg/L 
influent color. The formation of benzene and 
naphthalene-based aromatic amines was observed 
during 7h and 4h reaction times, respectively, and 
aromatic amine levels reached maximum at the end of 
these reaction times. However, a decrease in the 
amount of formed these aromatic amine was observed 
in the residual of reaction time, since aromatic amines 
was probably used as electron donor source by 
anaerobic microorganism with the depletion of acetate 
in the system (Fig 1A and 2). However, anaerobic 
treatment was insufficient for aromatic amine 
removal, corresponding to effluent benzene and 
naphthalene-based aromatic amines of 60.4% and 
4.5%, respectively. 

 
Fig. 2. Varying benzene and naphthalene-based aromatic 

amine profiles throughout the anaerobic reaction time 
 

E. Aerobic Reactor Performance 
The aerobically removal performances of residual 
DOC and color are shown in Fig. 3A. DOC removal 
yield reached to 45% at the end of the cycle time, 
corresponding to 11 mg/L effluent color 
concentration. However, aerobic conditions were 
adversely affected the color removal efficiency and 
color formation was observed though the first reaction 
time of 6h.  During the remaining reaction time (18h), 
the color was removed but the inlet and outlet color 
concentrations were nearly the same. The results of 
this study showed that aerobic conditions had no 
contribution to the color removal. The anaerobic 
biological sulfate reduction by sulfate-reducing 
bacteria results in dissolved sulfide production, 
elemental sulfur accumulation and H2S release [13, 
14, 15]. However, these intermediates are chemically 
oxidized to sulfate in the aerobic conditions and 
sulfate and elemental sulfur are the main products in 
the presence of oxygen [16, 17]. Therefore, as it can 
be seen from the Fig. 3B, sulfate formation was 
clearly observed during the aerobic reaction. 
Additionally, effluent sulfate concentration reached to 
around 873 mg/L, even though the influent sulfate 
concentration is 200 mg/L. This study results proved 
that the sulfate derived from the structure of dyestuff 
was released as a result of the decolorization. 

 
Fig. 3. Varying DOC, color, sulfate and pH profiles throughout 

the aerobic reaction time 
 
In the Fig. 4, the removal profiles of aromatic amines 
as breakdown products are shown during aerobic 
reaction time of 24h. The fully aerobic process was a 
good strategy for the removal of both benzene and 
naphthalene-based aromatic amines and removal 
efficiencies reached to 45.9% and 94.4%, respectively. 
These results was probably resulted from the use of 
aromatic amines as an electron donor source due to its 
low carbon concentration (<11 mgC/L as acetate) 
[18]. Contrary to these results, van der Zee and 
Villaverde [19] was stated that the biodegradation 
products of Reactive Violet 5 and Reactive Black 5 
dyestuffs were difficult and cannot be removed even 
in aerobic environment. 

 

 
Fig. 4.  Varying benzene and naphthalene-based aromatic 

amine profiles throughout the aerobic reaction time 
 

CONCLUSIONS 
 
The results showed that the anaerobic/aerobic 
sequencing moving-bed batch biofilm reactors were a 
successful strategy to improve treatment performance 
of synthetic textile wastewater containing azo dye at 
high concentration. Color almost completely 
consumed under current operation conditions of these 
MBBRs, corresponding to effluent color concentration 
of 11 mg/L. Additionally, these reactor combination 
could provided decolorization, DOC consumption 
with benzene-based and naphthalene-based aromatic 
amines removal and total removal efficiencies reached 
to 97%, 95.1%, 45,9% and 94.4%, respectively. 
Findings obtained from this study shed light for the 
treatment of high color and sulfate containing textile 
wastewaters in full-scale applications. 
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