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Microbial decolorization of reactive azo dyes in a
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Abstract

A sequential anaerobic–aerobic treatment process based on mixed culture of bacteria isolated from textile dye effluent-contaminated soil
was used to degrade reactive azo dyes Remazol Brilliant Orange 3R. Remazol Black B and Remazol Brilliant Violet 5R. Treating synthetic
dye wastewater with the combination anaerobic and aerobic process showed that the majority of colors were removed by the anaerobic
process, on the other hand the majority of chemical oxygen demand (COD) was removed in the subsequent aerobic process. Samples from
combined anaerobic–aerobic system at the beginning of anaerobic process, after anaerobic process and after subsequent aerobic process
were analyzed by high performance liquid chromatography (HPLC). The results suggested that under anaerobic conditions, the azo dyes
were reduced and the aromatic amines were generated by the bacterial biomass. After re-aeration of the synthetic dye wastewater, these
amines were further degraded by the same isolates. Thus, total degradation of reactive azo dyes was achieved by using an anaerobic–aerobic
treatment.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Over 100,000 commercially available dyes exist and more
than 7× 105 metric tonnes of dyestuff are produced world-
wide annually[1]. In textile and paper coloration industries
synthetic dyes from residual dyebaths are released to waste
streams. It is estimated that up to 50% of the applied dye,
depending on the type, can be lost in effluents during tex-
tile dyeing processes[2]. Azo dyes, characterized by ni-
trogen to nitrogen double bonds (–N=N–), account for up
to 70% of all textile dyestuffs produced, and are the most
common chromophore in reactive dyes[3]. Reactive azo
dyes are very soluble by design and, as a result, not all are
exhausted by textile fibers during the dyeing process and
therefore end up in the discharge from dyehouses. The reac-
tive azo dyes-containing effluents from these industries have
caused serious environment pollution because the presence
of dyes in water is highly visible and affects their trans-
parency and aesthetics even if the concentration of the dyes
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is low. Therefore, industrial effluents containing dyes must
be treated before their discharge into the environment[4].
Many physical and chemical methods including adsorption,
coagulation, precipitation, filtration, and oxidation have been
used for the treatment of azo dye-contaminated effluents[4].
These methods, however, may generate a significant amount
of sludge or may easily cause secondary pollution due to ex-
cessive chemical usage. Moreover, their municipal treatment
costs are high. Therefore, it may be economical to develop
alternative means of dye decolorization, such as bioreme-
diation due to its reputation as on environmentally friendly
and publicly acceptable treatment technology[4].

Reactive azo dyes are recalcitrant to microbial degra-
dation because they have complex aromatic molecular
structures and the strong electron-withdrawing property
of the azo groups is thought to protect against attack by
oxygenases so that the conventional aerobic wastewater
treatment processes usually cannot efficiently decolorize
azo dye-contaminated effluents[5]. The azo dyes, however,
are reduced and hence, decolorized when acting as elec-
tron acceptors for the microbial electron transport chain,
so a source of labile carbon is required[6]. Azo dyes
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are reduced under anaerobic conditions to the correspond-
ing aromatic amines[7,8], which though resisting further
anaerobic degradation, are reported to be well amenable
for aerobic degradation[7]. Aromatic amines can be min-
eralized by means of aerobic treatment by non-specific
enzymes through hydroxylation and ring-fission of aromatic
compounds[6,9]. It has been suggested to combine the
anaerobic cleavage of the azo dyes with an aerobic treat-
ment system for the amines formed. The feasibility of this
strategy was first demonstrated for the sulfonated azo dye
Mordant Yellow 3 [7]. During the last few years, several
laboratory-scale continuous anaerobic–aerobic processes
for the treatments of wastewater containing azo dyes have
been described[10–12]. Field et al. showed that the aero-
bic stage of combined anaerobic–aerobic treatment of dye
wastes eliminated the additional chemical oxygen demand
(COD), attributed to removal of aromatic amines, which are
anaerobically recalcitrant[13].

Efficiency fluctuation in color removal by using
anaerobic–aerobic process, however, was observed in an
industrial facility for treatment of dyeing house effluent
[14]. If azo dyes are not reduced and cleaved in anaerobic
stage, they most probably leave the aerobic stage intact.
Dye composition might be an important factor causing un-
stable decolorization because the textile effluent containing
a wide range of structurally diverse dyes[4]. As would be
expected, the degree of decolorization depends on the type
of the dye, molecular weight, and substitution groups of
the dye molecules—azo compounds with an hydroxyl or
amino group being more likely to be degraded than those
with methyl, methoxy, sulfo or nitro groups[5,15]. Further
research is needed to establish the relationships between
dye molecule structure and bacterial decolorization.

In order to develop an efficient decolorization process
and to solve the problem of unstable decolorization perfor-
mance, knowledge regarding the mechanism of bacterial
azo reduction needs to be well identified. In this study, an

Fig. 1. Chemical structures of: (A) Remazol Brilliant Orange 3R; (B) Remazol Black B; and (C) Remazol Brilliant Violet 5R.

anaerobic–aerobic sequencing batch system using a mixed
bacterial culture was investigated for its performance with
sulfonated monoazo, diazo and metal-containing reactive
azo dyes. We also analyzed the degradation products of azo
reduction (decolorization) of all dyes by mixed bacterial
culture.

2. Experimental materials and methods

2.1. Chemicals

Commercially important and commonly used reactive azo
dyes for cotton dyeing Remazol Brilliant Orange 3R (C.I.
reactive orange 16,Fig. 1A), Remazol Black B (C.I. reactive
black 5, Fig. 1B) and Remazol Brilliant Violet 5R (C.I.
reactive violet 5,Fig. 1C) were obtained from Dystar Thai
Ltd., Bangkok, Thailand. The dyes were used at a quality
identical to that being used in the textile industry. Dye stock
solutions were prepared and used in all experiments.

2.2. Synthetic wastewater

The basic composition of synthetic dye wastewater was
(g l−1): reactive azo dye 0.1, soluble starch 1.0, acetic
acid 0.15, (NH4)2SO4 0.28, NH4Cl 0.23, KH2PO4 0.067,
MgSO4·7H2O 0.04, CaCl2·2H2O 0.022, FeCl3·6H2O 0.005,
yeast extract 0.2, NaCl 0.15, NaHCO3 1.0, and 1 ml l−1 of
a trace element solution containing (g l−1) ZnSO4·7H2O
0.01, MnCl2·4H2O 0.1, CuSO4·5H2O 0.392, CoCl2·6H2O
0.248, NaB4O7·10H2O 0.177, and NiCl2·6H2O 0.02.

2.3. Bacterial isolation and cultivation

Wastewater and activated sludge samples were collected
from the wastewater treatment facility of a local dyeing
house and cultivated in a synthetic wastewater under static
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conditions. Three azo dyes were used as the indicators
of microbial decolorization activity. A mixed culture that
showed quick and stable decolorization activity was trans-
ferred to newly prepared synthetic wastewater. After five
success transfers, it was plated on synthetic wastewater agar
containing 100 mg l−1 of each dye. The plate was incubated
at 30◦C in an anaerobic jar with Gaspak (CO2–N2–H2,
80:15:5) sachets (Oxoid Ltd., Basingstoke, UK). Bacterial
colonies around which clear zones expanded quickly were
collected for further physiological identification. The sin-
gle strains transferred from storage slants were cultivated
in 500 ml flasks containing 100 ml of synthetic wastewa-
ter without dyes at 30◦C on a rotary shaker at 200 rpm.
After 24 h of cultivation, the cells mass were harvested
by centrifugation (10,000 rpm, 10 min) and resuspended
in 0.85% NaCl solution. Equal volumes of each bacterial
suspension were mixed together to make a defined mixed
bacterial culture used as an inoculum in anaerobic–aerobic
decolorization.

2.4. Anaerobic–aerobic batch decolorization operations

A mixed bacterial culture was aseptically transferred into
dye-containing synthetic wastewaters to reach an initial dry
weight cell concentration of 0.5–1.0 g l−1 for color removal
experiments. The anaerobic batch decolorization experi-
ments were performed in serum bottles (160 ml total vol-
ume), sealed with rubber septa, containing 150 ml synthetic
wastewater under static-incubation conditions and incubated
at 30◦C. At the end of the anaerobic phase (24 h), each
incubated synthetic dye wastewater was aseptically trans-
ferred into 500 ml Erlenmeyer flasks. Then the flasks were
incubated at 30◦C with rotary shaking at 200 rpm. The dye
concentrations, COD values and decolorized by-products
were monitored as a function of time during the batch de-
colorization runs. The assays were performed in duplicate.

2.5. Analytical methods

Color measurements in clarified samples from synthetic
wastewaters were performed in a Shimadzu UV-160A
spectrophotometer in the UV-Visible range against a base-
line defined by clarified samples from dye-free synthetic
wastewater. Calibration graphs of absorbance versus dye
concentration were constructed from solutions of each azo
dye in synthetic wastewater for the calculation of the indi-
vidual dye concentrations. Samples were withdrawn from
the serum bottles with a hypodermic needle and syringe.
The samples were centrifuged at 8,000 rpm for 10 min and
the absorbance values of supernatants were determined.
Absorbance of the samples was measured at the maximum
absorption wavelength (λmax) in the visible region for each
dye (λmax = 492 nm for Remazol Brilliant Orange 3R,
λmax = 595 nm for Remazol Black B, andλmax = 557 nm
for Remazol Brilliant Violet 5R). COD was measured
according to a standard procedure[16]. Decolorization

metabolites formed during anaerobic and aerobic incubation
were determined by reversed phase HPLC.

2.6. HPLC analysis of decolorization metabolites

The anaerobic and aerobic metabolites of three reactive
azo dyes were extracted with equal volume of ethyl acetate
after acidification to pH 2–3 with 6 N HCl. The extracts were
dried over anhydrous Na2SO4 and evaporated to dryness
in a rotary evaporator. The residue was dissolved in small
volume of methanol. HPLC analysis was carried out on a
Shimadzu model LC-3A chromatograph (Shimadzu Corp.,
Kyoto, Japan) equipped with Shimadzu model SPD-2A de-
tector and Pegasil ODS, (column with 4.6 mm×150 mm in-
side diameter, Senshu Scientific Co. Ltd., Tokyo, Japan). A
mobile phase composed of 50% methanol, 0.3% H3PO4, and
49.7% water was used with the flow rate of 0.5 ml min−1.
The eluates were monitored by UV absorption at 275 nm.

3. Results and discussions

3.1. Isolation of bacterial cultures

Few bacterial cultures were isolated from the prolonged
anaerobic enrichment cultures in synthetic wastewater con-
taining three reactive azo dyes. Three strains (A5, S1, and
A6) were isolated as the most active azo dye-decolorizing
bacteria. Identification of the bacterial strain was per-
formed based on the methods of in Bergey’s Manual of
Systematic Bacteriology[17], using standard microbio-
logical procedures. Strain A5 and S1 were gram-positive
but gram-variable in old culture, rod shaped, endospore
forming, aerobic or facultative anaerobic, catalase-positive,
oxidase-positive and could reduce nitrate. These bacteria
were assigned to the genusPaenibacillus based on biochem-
ical and physiological properties and 16S rDNA analysis
data[18]. However, these strains were different colony ap-
pearance and some physiological reactions. Strain A6 was
gram-negative, rod shaped, aerobic or facultative anaer-
obic, catalase-positive, oxidase-positive, nitrate reduction
and form acid from glucose by oxidation. These proper-
ties indicated that the strain was a member of the genus
Pseudomonas.

3.2. Remazol Brilliant Orange 3R

The results obtained for the treatment of Remazol Bril-
liant Orange 3R are shown inFig. 2andFig. 3. FromFig. 2,
it can be seen that the color was completely removed in the
anaerobic phase. A rapid decrease in dye concentration dur-
ing first 10 min of incubation occurred as a result of abiotic
decolorization. This resulted in an actual initial dye concen-
tration of approximately 80–85 mg l−1 for bacterial decol-
orization. The majority of COD was removed in the aerobic
phase (68.2% as opposed to 24.5% in the anaerobic phase).
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Fig. 2. Time-course profile of Remazol Brilliant Orange 3R, COD, and
decolorized metabolite (retention time; 5.3 min) of synthetic wastewater
under anaerobic and aerobic conditions.

The major COD in synthetic wastewater are due to solu-
ble starch, acetic acid and yeast extract, all of which are
known as anaerobically and aerobically biodegradable. In
this study, bacteria aerobically oxidized most of the energy
source available in synthetic wastewater for cellular growth
and maintenance resulting in rapid COD reduction in the aer-
obic phase. The HPLC analysis performed to supernatants
taken during the different duration of the anaerobic and aero-
bic phases showed the correspondence of the evolution of de-
colorization metabolite to the color removal. The chromato-
graphic peak areas corresponding to the dye-degradation
metabolite (retention time; 5.3 min) increased as the incuba-
tion time of anaerobic phase increased. The UV-absorbing
area of the metabolite formed in anaerobic phase signifi-
cantly decreased in the subsequent aerobic phase.

UV-Visible spectra (data not shown) obtained for the
filtered samples showed marked alterations with reaction
time. These changes could be explained by structural mod-
ifications of dye molecule due to azo bond reduction as
under anaerobic conditions many types of bacteria perform
this reaction[19], producing metabolites such as aromatic
amines. In order to clarify this phenomenon, the ethyl ac-
etate extracts taken during anaerobic and aerobic phases of

Fig. 3. HPLC analysis on metabolites resulting from decolorization of
Remazol Brilliant Orange 3R under anaerobic–aerobic conditions: (1) at
the beginning of the anaerobic incubation; (2) after anaerobic incubation
for 24 h; and (3) after aerobic incubation for 12 h.

decolorization operations of Remazol Brilliant Orange 3R
were analyzed by HPLC.

Fig. 3 shows the result of HPLC analysis on the metabo-
lites of Remazol Brilliant Orange 3R decolorization by the
mixed bacterial culture. At the beginning of the anaerobic in-
cubation, the parent compound was not detected under these
chromatographic conditions. After anaerobic incubation for
24 h, the intensity of peaks A and B (retention time; ca. 5.3
and 6.6 min, respectively) increased significantly. As the de-
colorization proceeded (Fig. 2), the area of peak A increased
along with a decrease in the concentration of Remazol Bril-
liant Orange 3R. At this point, It is thus reasonable to assume
that the mixed culture caused cleavage of the azo bond of Re-
mazol Brilliant Orange 3R, which decomposed to form two
aromatic amines represented by peaks A and B, respectively.
It should be noted that due to the unavailability of authentic
standards, the chromatographic peaks appearing in samples
taken during the anaerobic phase could not be identified or
quantified. Recently, it has suggested that both partial reduc-
tion and complete cleavage of the azo bond could contribute
to decolorization of reactive red 22 byPseudomonas luteola
[20]. We also chemically reduced Remazol Brilliant Orange
3R by sodium by sodium dithionite to achieve complete
cleavage of the azo bond[21]. The HPLC chromatogram of
the chemically reduced products (data not shown) shows the
same retention times of both peak A and B (5.3 and 6.6 min,
respectively), which found in chromatogram of bacterial re-
duction. Therefore, it is reasonable to consider that peak A
and B contain the aromatic amines originating from total
reduction of the orange azo dye.

At the end of aerobic phase, the HPLC analyzes seem
to indicate that the decolorization metabolites produced
during the anaerobic phase were removed in the subse-
quent aerobic phase.Fig. 3.2 and 3.3also shows that when
such metabolites were metabolized aerobically they formed
less aromatic, more polar compounds, since the metabolite
peak area decreased and shifted towards a lower retention
time (3.7 min). Degradation in the aerobic stage may re-
sult in the formation of oxidized and very polar derivatives
(e.g., aldehydes, carboxylic acids) having a lower aromatic-
ity, as suggested by Nortemann et al.[22] in a study of
6-aminonaphthalene-2-sulfonic acid degradation. No new
UV absorbance was found in uninoculated controls nor
inoculated synthetic wastewater without dye controls.

3.3. Remazol Black B

The typical profiles for Remazol Black B and COD
removal and its decolorization metabolite evolution are
represented inFig. 4. Similar with what has been revealed
for the decolorization of Remazol Brilliant Orange 3R, the
majority of color was removed in the anaerobic phase and
the majority of COD was removed in the aerobic phase.
However, the decolorization rate of Remazol Black B was
slower than the decolorization of Remazol Brilliant Or-
ange 3R at the same incubation time. As shown inFig. 4,
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Fig. 4. Time-course profile of Remazol Black B, COD, and decolorized
metabolite (retention time; 5.3 min) of synthetic wastewater under anaer-
obic and aerobic conditions.

decolorization of Remazol Black B took place with anaer-
obic incubation and was repressed in aerobic culture. At
the end of the anaerobic phase, 78.9% color and 14.8%
COD removal efficiencies were obtained. The overall color
removal was 78.2% and the COD removal was 90%. The
studies concerning the treatability of Remazol Black B dye
by bacteria are limited. Nigam et al.[23], achieved 67%
color removal efficiency within 24 h by an anaerobic culture
with an initial dye concentration of 500 mg l−1 as a mixture
of nine reactive dyes when yeast extract was used as carbon
source. In a further investigation Oxspring et al.[24] devel-
oped an up-flow anaerobic filter operated under batch con-
ditions for 96 h and 95% removal efficiency was obtained
after 48 h of operation using an acclimated anaerobic con-
sortium. Furthermore, in some previous batch studies the
following decolorization efficiencies were obtained for Re-
active Black B: 67 and 73% color removal in 10.5 and 79 h,
respectively[25], 79% in 10 h[26] and 66% in 24 h[27].

FromFig. 4, the rate of decolorization of Remazol Black
B was high for the early period of operation but it decreased
with an increase in the operation time. The decolorization
of Remazol Black B may be undertaken in two steps as fol-
lows: fast decolorization during which the concentration of
this dye decreased rapidly within 6 h (−(d ln[dye])/dt ∼=
0.154 h−1, incubation time< 6 h) and slow decolorization
during which concentration decreased to a smaller value for
a longer period of time (−(d ln[dye])/dt ∼= 0.083 h−1, incu-
bation time> 6 h). This two steps of decolorization of Re-
mazol Black B have also been found by several researchers.
Panswad and Luangdilok[28] reported that the decoloriza-
tion rate of the black dye in an anaerobic–aerobic sequencing
batch reactor (SBR) reactor was 11.9 space units (SU) h−1

in the first 2 h of the anaerobic stage and after that the decol-
orization rate dropped to 0.44 space units (SU) h−1. In the
study of Chen[29], the first order kinetic of decolorization
of Remazol Black B was 0.413 and 0.0129 h−1 within 2 and
after 2 h of anaerobic incubation time, respectively.

A mechanism for Remazol Black B reduction was pro-
posed by Chen[29] involving a two-stage reduction of the
azo bond as given in reactions (1) and (2). One of decol-

orization products of reaction (1) still contains an azo bond
in its molecule.

4e− + 4H+ + (R–N=N–R1–N=N–R)

→ (R–NH2) + (R–N=N–R1–NH2) (1)

4e− + 4H+ + (R–N=N–R1–NH2)

→ (R–NH2) + (R1–NH2) (2)

where R and R1 are variously substituted phenyl and naph-
thol residues.

This analysis also indicated that decolorizing-metabolites
are likely to be more chemically stable than the parent com-
pound, as metabolite (R–N=N–R1–NH2) is more persistent
than Remazol Black B[30]. This two-step decolorization
occurred due to the different reactivities of two azo-bonds
existing in Remazol Black B. Such difference in azo-bond
cleavage may be attributed to the reactivity difference be-
tween the of hydroxyl (–OH) and the amino (–NH2) group
which are the activating groups of aromatic electrophilic
substitution, present on the naphthalene structure in Rema-
zol Black B at the positionortho related to the azo bonds
[29].

After change to aerobic phase, the initially clear cul-
tured medium of the reduction products then turned quickly
slightly deep blue. This behavior could be explained by the
formation of autoxidation products formed from anaerobic
reduction of parent azo dyes, which commonly occurred
after exposed to air[31]. Moreover, Kudlich et al. has
recently reported that disulfonated naphthalene deriva-
tive, 1,2,7-triamino-8-hydroxynaphthalene-3,6-disulfonate,
which is formed during decolorization of Remazol Black B
was rapidly oxidized even in the presence of trace amount of
oxygen and could not be detected by HPLC[31]. The autox-
idation of this compound led to the formation of rather sta-
ble products, 7-amino-8-hydroxy-1,2-naphthoquinone-3,6-
disulfonate-1,2-diimine and dihydroxynaphthoquinone-3,6-
disulfonatediimine, resulting to the appearance of deep
blueish color.

Fig. 5 shows the result of HPLC analysis on the metabo-
lites of Remazol Black B decolorization by the mixed bac-
terial culture. After anaerobic incubation for 24 h, the inten-
sity of peaks A and B (retention time; ca. 5.3 and 6.6 min,
respectively) increased significantly. It is thus reasonable
to suggest that peaks A and B represent the decolorization
metabolites confirming the formation of additional aromatic
metabolites. The benzene-based amine is the common part
in both Remazol Black B and Remazol Brilliant Orange 3R
(Fig. 1A and B). Therefore, the reduction of Remazol Black
B theoretically yielded benzene-based amine approximately
two-times higher concentration than the reduction of Rema-
zol Brilliant Orange 3R. To test this hypothesis, HPLC re-
sults from decolorization of Remazol Brilliant Orange 3R
and Remazol Black B were compared. Based on the stoi-
chiometric amount, the initial concentration (100 mg l−1) of
Remazol Brilliant Orange 3R and Remazol Black B was
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Fig. 5. HPLC analysis on metabolites resulting from decolorization of
Remazol Black B under anaerobic–aerobic conditions: (1) at the beginning
of the anaerobic incubation; (2) after anaerobic incubation for 24 h; and
(3) after aerobic incubation for 12 h.

162 and 101�M, respectively. In spite of the lower initial
concentration of Remazol Black B, the area of peak A as-
sumed as benzene-based amine formed from decolorization
of the black dye, was significantly higher than the area of
peak A obtained from decolorization of Remazol Brilliant
Orange 3R at the third hour of anaerobic incubation. In the
case of Remazol Black B, however, the area of peak A in-
creased very slowly after 3 h of incubation, meanwhile, the
same peak was observed in higher amount in the case of Re-
mazol Brilliant Orange 3R decolorization. It is possible that
two-stage reduction and incomplete cleavage of azo bonds
caused the amount of benzene-based amines formed from
Remazol Black B decolorization did not follow the theoret-
ical stoichiometric amount.

Fig 5.2 and 5.3also show that when such metabolites
were metabolized aerobically, they formed less aromatic
more polar compounds since the metabolite peak area de-
creased and shifted towards a lower retention time (3.3 min).
There are several reports on the mineralization of sulfonated
aminobenzenes and sulfonated aminonaphthalenes[22,32]
by bacteria. Therefore, the decrease of peak area of decol-
orization metabolites may cause by the aerobic degradation
processes of the bacterial isolates. Identification of metabo-
lites of aerobic biodegradation should be the objective of
further investigations in order to understand removal mech-
anisms of these metabolites under aerobic phase.

3.4. Remazol Brilliant Violet 5R

The results obtained for the treatment of Remazol Bril-
liant Violet 5R are shown inFig. 6. The trend in terms
of percentage removal of COD, dye and its decolorization
metabolite are similar to that of Remazol Brilliant Orange
3R and Remazol Black B. Though Remazol Brilliant Violet
5R has a monoazo bond in complex with copper as its chro-
mophore, this dye was decolorized completely within 24 h
under anaerobic incubation. The COD removal were 17.8
and 74.1% in anaerobic and aerobic phase, respectively. The

Fig. 6. Time-course profile of Remazol Brilliant Violet 5R, COD, and
decolorized metabolite (retention time; 4.5 min) of synthetic wastewater
under anaerobic and aerobic conditions.

studies concerning the treatability of Remazol Brilliant Vi-
olet 5R by bacteria are also limited. Lourenco et al.[33],
achieved 90% violet dye removal efficiency within 24 h in
the operation cycle of a SBR.

UV-Visible spectra (data not shown) obtained for the fil-
tered samples showed marked alterations with reaction time.
These changes could be explained by structural modifica-
tions of dye molecule due to azo-bond reduction. In order
to clarify this phenomenon, the ethyl acetate extracts taken
during the anaerobic and aerobic phases of decolorization
operations of Remazol Brilliant Violet 5R were analyzed by
HPLC.

The result of HPLC analysis on the metabolites of Rema-
zol Brilliant Violet 5R decolorization by the mixed bacterial
culture is shown inFig. 7. After anaerobic incubation for
24 h, the area of appearing peak (retention time; ca. 4.5 min)
increased significantly. It is thus reasonable to suggest that
this peak represents the decolorization metabolite, confirm-
ing the formation of additional aromatic metabolites. The
retention time of metabolite formed from decolorization of
violet dye is different from the decolorizing-metabolites of
orange and black dye. In this case, it may be due to the
formation of the different decolorizing-metabolites result-
ing from decolorization of the different chemical structure
of parent compounds.

It has been reported that decolorization of Remazol
Brilliant Violet 5R can occur easily under anaerobic condi-

Fig. 7. HPLC analysis on metabolites resulting from decolorization of
Remazol Brilliant Violet 5R under anaerobic–aerobic conditions: (1) at
the beginning of the anaerobic incubation; (2) after anaerobic incubation
for 24 h; and (3) after aerobic incubation for 12 h.
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tion, however, certain of its decolorization metabolites are
known to be resistant to degradation by aerobic bacteria
[33,34]. Contrary to several reports, which report diffi-
culties with the degradation of violet dye metabolites, the
decolorizing-metabolites decreased aerobically, since the
peak area of such metabolite decreased during the aerobic
incubation as shown in this study.

4. Conclusions

Microbial decolorization of three reactive azo dyes in an
anaerobic environment occurred as a result of reduction of
azo bonds. This gave rise to the liberation of decolorization
metabolites. No ready biodegradation of these metabolites
was expected in the anaerobic system that gives rise to
decolorization. However these metabolites could be further
reduced by means of either biodegradation or autooxidation
under subsequent aerobic treatment. As a characteristic of
the textile-processing industry, a wide range of structurally
diverse dyes is used within short periods in one and the
same factory, and therefore, effluents from textile industry
are extremely variable in composition. Results obtained
from this work show that the mixed bacterial culture pos-
sesses high decolorization efficiency. The mixed bacterial
cultures decolorized three structurally dissimilar azo dyes,
suggesting that anaerobic decolorization was not a specific
process. It was clear that the majority of the color removal
occurred in the anaerobic stage. On the other hand, the
anaerobic phase of decolorization operations gave low COD
removal and most of the COD was removed in the subse-
quent aerobic phase, including the decolorized metabolites
formed from anaerobic phases. It is possible that the mixed
culture metabolized small amounts of COD under anaero-
bic conditions to the source of reduction equivalents (for
example, NADH) to reduce the azo bonds present in reac-
tive dyes. The color removal yield with the more complex
diazo dye Remazol Black B was, however, much lower
than that obtained with the monoazo dye Remazol Brilliant
Orange 3R and Remazol Brilliant Violet 5R. The rate of
decolorization of azo dyes is affected by their molecular
weights, substitution groups of the dye molecules, and the
intramolecular hydrogen bond between the azo and hy-
droxy groups. It is considered that the low decolorization of
Remazol Black B is attributed to this factor. A longer reten-
tion time of anaerobic phase may be, therefore, required to
enhance the rate of elimination of black dye. Hence, decol-
orization of Remazol Brilliant Orange 3R, Remazol Black
B, and Remazol Brilliant Violet 5R by a mixed bacterial
culture are most likely due to complete breakdown of the
reactive azo dyes to form aromatic amines. Removal of azo
dye metabolites after anaerobic reduction can be done in
aerobic phases by the same mixed bacterial culture. How-
ever, further investigation should be clarified the removal
mechanism of decolorization metabolites under aerobic
phase.

Acknowledgements

This work was funded by the Thailand Research Fund.
We gratefully acknowledge Dystar Thai Ltd. for providing
the dyes used in this study. We specially thank Dr. Supat
Chareonpornwattana for 16S rDNA analysis using for iden-
tification of strain A5 and S1.

References

[1] H. Zollinger, In: Color Chemistry: Synthesis, Properties and
Applications of Organic Dyes and Pigments, VCH Publishers, New
York, 1987, pp. 92–100.

[2] J.R. Easton, The dye marker’s view, In: Cooper P. (Ed.). Colour in
Dyehouse Effluent, 1995.

[3] C.M. Carliell, S.J. Barclay, N. Naidoo, C.A. Buckley, D.A.
Mulholland, E. Senior, Microbial decolorization of a reactive azo
dye under anaerobic conditions, Water SA 21 (1995) 61–69.

[4] O.J. Hao, H. Kim, P.C. Chaing, Decolorization of wastewater, Cri.
Rev. Environ. Sci. Technol. 30 (2000) 449–505.

[5] P. Nigam, I.M. Banat, D. Singh, R. Merchant, Microbial process
for the decolourization of textile effluent containing azo, diazo and
reactive dyes, Process Biochem. 31 (1996) 435–442.

[6] C. O’Neill, A. Lopez, S. Esteves, F.R. Hawkes, D.L. Hawkes,
S. Wilcox, Azo-dye degradation in an anaerobic–aerobic treatment
system operating on simulated textile effluent, Appl. Microbiol.
Biotechnol. 53 (2000) 249–254.

[7] W. Haug, A. Schmidt, B. Nortman, D.C. Hempel, A. Stolz, H.J.
Knackmuss, Mineralization of the sulfonated azo dye mordant
yellow 3 by a 6-aminonaphthalene-2-sulfonate-degrading bacterial
consortium, Appl. Environ. Microbiol. 57 (1991) 3144–3149.

[8] E.J. Weber, Studies of benzidine-based dyes in sediment–water
systems, Environ. Toxicol. Chem. 9 (1991) 609.

[9] U. Zissi, G. Lyberatos, Azo-dye biodegradation under anoxic
conditions, Water Sci. Technol. 34 (1996) 495–500.

[10] S. Seshadri, P.L. Bishop, A.M. Agha, Anaerobic–aerobic treatment of
selected azo dyes in wastewater, Waste Manage. 14 (1994) 127–137.

[11] Y. Zaoyan, S. Ke, S. Guangliang, Y. Fan, D. Jinshan, M. Hunanian,
Anaerobic–aerobic treatment of a dye wastewater by combination of
RBC with activated sludge, Water Sci. Technol. 26 (1992) 2093–
2096.

[12] C. Harmer, P. Bishop, Transformation of azo dye AO-7 by wastewater
biofilms, Water Sci. Technol. 263-4 (1992) 627–636.

[13] J.A. Field, A.J.M. Stems, M. Kato, G. Schraa, Enhanced
biodegradation of aromatic pollutants in co-cultures of anaerobic and
aerobic bacterial consortia, Antonie van Leeuwenhoek 67 (1995)
47–77.

[14] J. Yu, X. Wang, P.L. Yue, Optimal decolorization and kinetic
modeling of synthetic dyes byPseudomonas strains, Water Res. 35
(2001) 3579–3586.

[15] T. Zimmermann, H.G. Kulla, T. Leisinger, Properties of purified
orange azoreductase, the enzyme initiating azo dye degradation by
Pseudomonas KF46, Eur. J. Biochem. 129 (1982) 197–203.

[16] American Public Health Association (APHA), Standard Methods
of American Public Health Association or Examination of Water
and Wastewater. 18th ed., American Public Health Association,
Washington, DC, 1992.

[17] N.R. Kney, J.G. Holt, In: Bergey’s Manual of Systematic Bacterio-
logy, Williams & Wiliness, London, 1984, vol. 1, pp. 141–219.

[18] N. Supaka, Microbial decolorization of reactive dyes in an anaerobic–
aerobic treatment system, Ph.D. thesis, 2003. Chulalongkorn
University, Bangkok, Thailand.

[19] K. Wuhrmann, K.L. Mechsner, T.H. Kappeler, Investigation on
rate-determining factors in the microbial reduction of azo dyes, Eur.
J. Appl. Microbiol. Biotechnol. 9 (1980) 325–338.



176 N. Supaka et al. / Chemical Engineering Journal 99 (2004) 169–176

[20] J.S. Chang, C. Chou, Y.C. Lin, P.J. Lin, J.Y. Ho, T.L. Hu, Kinetic
characteristics of bacterial azo-dye decolorization byPseudomonas
luteola, Water Res. 35 (2001) 2841–2850.

[21] T. Bechtold, E. Burtscher, A. Turcanu, O. Bobleter, The reduction
of vat dye by indirect electrolysis, J. Soc. Dyers Colour. 110 (1994)
14–19.

[22] B. Nortemann, J. Baumgarten, H.G. Rast, H.-J. Knackmuss, Bacterial
communities degrading amino- and hydroxynaphthalenesulfonates,
Appl. Environ. Microbiol. 52 (1986) 1195–1202.

[23] P. Nigam, I.M. Banat, D. Singh, R. Marchant, Microbial process
for the decolorization of textile effluent containing azo, diazo and
reactive dyes, Process. Biochem. 31 (1996) 435–442.

[24] D.A. Oxspring, G. McMullan, W.F. Smyth, R. Marchant,
Decolorisation and metabolism of the reactive textile dye, Remazol
Black B, by an immobilized microbial consortium, Biotechnol. Lett.
18 (1996) 527–530.

[25] T. Setiadi, M. van Loosdrecht, Anaerobic decolorization of textile
wastewater containing reactive azo dyes. In: Proceedings of the
Eighth International Conference on An Digest, Sendai, Japan, vol.
2, 1997, 437–444.

[26] M. Beydilli, I. Pavlosathis, W.C. Tincher, Decolorization and
toxicity screening of selected reactive azo dyes under methanogenic
conditions, Water Sci. Technol. 38 (1998) 225–232.

[27] R. Ganesh, G.D. Boardman, D. Michelsen, Fate of azo dye in sludge,
Water Res. 28 (1994) 1367–1376.

[28] T. Panswad, W. Luangdilok, Decolorization of reactive dyes
with different molecular structures under different environmental
conditions, Water Res. 34 (2000) 4177–4184.

[29] B.Y. Chen, Understanding decolorization characteristics of reactive
azo dyes byPseudomonas luteola: toxicity and kinetics, Process
Biochem. 38 (2002) 437–446.

[30] H.S. Strauss, Is bioremediation green technology? J. Soil Contam. 6
(1997) 219–225.

[31] M. Kudlich, M.J. Hetheridge, H.-J. Knackmuss, A. Stolz, Autooxi-
dation reactions of different aromatico-aminohydroxynaphthalenes
that are formed during the anaerobic reduction of sulfonated azo
dyes, Environ. Sci. Technol. 33 (1999) 896–901.

[32] R. Diekmann, B. Nortemann, D.C. Hempel, H.J. Knackmuss, Degra-
dation of 6-aminonaphthalene-2-sulfonic acid by mixed cultures:
kinetic analysis, Appl. Microbiol. Biotechnol. 29 (1988) 85–88.

[33] N.D. Lourenco, J.M. Novais, H.M. Pinheiro, Effect of some
operational parameters on textile dye biodegradation in a sequential
batch reactor, J. Biotechnol. 89 (2001) 163–174.

[34] F. Sosath, J.A. Libra, Biologische Behandlung von synthetischen
Abwassern mit Azofarbstoffen, Acta. Hydrochim. Hydrobiol. 25
(1997) 259–264.


	Microbial decolorization of reactive azo dyes in a sequential anaerobic-aerobic system
	Introduction
	Experimental materials and methods
	Chemicals
	Synthetic wastewater
	Bacterial isolation and cultivation
	Anaerobic-aerobic batch decolorization operations
	Analytical methods
	HPLC analysis of decolorization metabolites

	Results and discussions
	Isolation of bacterial cultures
	Remazol Brilliant Orange 3R
	Remazol Black B
	Remazol Brilliant Violet 5R

	Conclusions
	Acknowledgements
	References


