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Inﬂuence of dye type and salinity on aerobic
decolorization of azo dyes by microbial consortium
and the community dynamics
Liang Tan, Shuxiang Ning, Ying Wang and Xiangyu Cao

ABSTRACT
In this research, aerobic decolorization of different azo dyes by a microbial community was studied.
The results showed that more than 80% of four azo dyes (100 mg/L) could be aerobically decolorized
by the microbial consortium, however, the time needed was obviously different. Kinetic data
indicated that the processes were well described by zero-order kinetics, and the chemical structures
of dyes had obvious inﬂuence on decolorization rates. On the other hand, effects of salinity on
decolorization were also investigated. There was still 40% dye removal for Acid Brilliant Red GR when
the salinity increased to 250 g/L. And the microbial community structures with different salinity were
detected by PCR-DGGE. It was shown that the same two bacteria were dominant in all decolorization
systems, and some typical halophilic microorganisms were found under higher-salt conditions.
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INTRODUCTION
As the largest and most versatile dyes, azo dyes are widely
used in many industries including textile, printing, cosmetics, pharmaceutical, food, etc. (Stolz ). It was
reported that about 4–12% of azo dyes were lost in municipal and industrial wastewaters (Davies et al. ).
Generally, azo dyes are recalcitrant xenobiotics and many
of them are toxic to aquatic life and humans (Ozturk &
Abdullah ). Compared with chemical and physical processes for decolorization of azo dyes, biological methods
have been an efﬁcient alternative because they are low
cost and environment friendly (He et al. ).
A combined anaerobic/aerobic system has been regarded
as the most effective strategy for azo dye degradation (O’Neill
et al. ). The reductive cleavage of azo bonds under anaerobic conditions resulted in the formation of aromatic amines,
which would be further degraded in an aerobic unit (van der
Zee & Villaverde ). However, anaerobic decolorization
might be affected by many factors, such as, environmental conditions (e.g. pH, temperature and salinity) or chemical
structure of dyes (Hsueh & Chen ; Tan et al. a),
thus inhibiting the aerobic process. In addition, operation of
a combined process was always complicated. Therefore,
novel techniques for more simple, economic and efﬁcient treatment of azo dyes should be exploited. It was pointed out that
doi: 10.2166/wst.2012.016
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the azo bonds of Acid Red 151 (AR151) were biochemically
cleaved via processes yielding metabolites other than aromatic
amines by the aerobic microbial community (Buitrón et al.
), which suggested that aerobic biodegradation of azo
dye was feasible. Additionally, the microbial resources (pure
or mixed cultures) which could decolorize azo dyes aerobically
were exploited (Pourbabaee et al. ; Sarayu & Sandhya
), and it was also found that the aerobic processes were catalyzed by aerobic or oxygen-insensitive azoreductases (Ooi
et al. ; Pandey et al. ). All the reports suggested that
aerobic biological technology would be an effective alternative
for azo dyes treatment.
Except for organic pollutants, salt concentration is
another important factor to be considered for azo dye
decolorization (Tan et al. a). High salinity could inhibit
the aerobic or anaerobic biological processes by causing
plasmolysis and/or loss of activity of microbial cells (Peyton
et al. ). The effects of high salinity on microbial activity
have been resolved by a combined adsorption/bio-regeneration system (Gu et al. ), however, it was costly and
complicated to operate. Salt-tolerant microorganisms are a
proper alternative, which could produce and accumulate
some substance to resist exterior pressure (Bremer &
Krämer ). And halophilic microbial communities could
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also be obtained through acclimatization and isolation from
environmental samples (Tan et al. a, b).
In this study, aerobic decolorization of azo dyes by a
microbial community was investigated. The effects of salinity on decolorizing Acid Brilliant Scarlet GR were also
evaluated. The kinetics of decolorization was studied for
evaluating the effects of chemical structure and salinity on
these processes. Meanwhile, microbial community structures under these conditions were monitored by
polymerase chain reaction followed by denaturing gradient
gel electrophoresis (PCR-DGGE) and dominant species
were detected by sequence analysis of DGGE bands.

MATERIALS AND METHODS
Dyes and chemicals
Azo dyes used in this study (Figure 1) were purchased from
Dye Synthesize Laboratory, Dalian University of Technology. Biochemical reagents were purchased from TaKaRa
Biotechnology Co., Ltd., Dalian, China. Other chemical
reagents are of analytical grade.
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(7 cycles, 1 cycle for 24 h) in 250 mL ﬂasks, and then the
suspension was reversed after standing for 30 min and
most of the water removed through centrifugation
(8,000 r/min, 10 min). The inoculum size was about
2.07 g/L of wet cell pellet. The culture medium for decolorization contained (g/L): 10.0 sucrose, 5.0 (NH4)2SO4, 1.0
KH2PO4 and 0.5 MgSO4·7H2O. And the pH of the
medium was adjusted to about 7.0.
Analytical methods
Concentration of azo dyes in the liquid phase was analyzed
using a V-560 UV-Vis scanning spectrophotometer (JASCO
Co., Ltd., Tokyo, Japan) after centrifugation (8,000 r/min).
The standard curve of dye concentration versus absorbance
value at corresponding speciﬁc wavelengths was drawn,
which could be used for the calculation of dye concentration
(data not shown).
Aerobic decolorization processes and kinetic study
Decolorization was performed in 250 mL ﬂasks (the actual
reaction volume was 100 mL) in the form of batch tests. Culturing conditions were as follows: 30 C, pH 7.0, rotation
speed of 150 r/min and inoculum size of 30% (v/v). The
effects of dye types and salinities (0, 30, 50, 100, 150, 200
and 250 g/L of NaCl) on decolorization processes were
investigated by kinetic study. The samples were determined
once at intervals of 2 h (day time) or 12 h (at night). Curves
of dye concentrations versus reaction time were drawn and
kinetics equations of decolorization were ﬁtted based
on these curves. Additionally, in order to eliminate
W

Microbial community and medium
The microbial community was fed from the sea mud of
Heishijiao Beach Park, Dalian, China. Before inoculation,
the sea mud was well mixed and ﬁltrated with a 100-mesh
screen, and then stored at 20 C. Before inoculation, the
sea mud was ﬁrstly acclimatized with the culture medium
added with 100 mg/L of corresponding azo dyes for 7 d
W

Figure 1

|

Chemical structures of the azo dyes used in this study. (a) Acid Brilliant Scarlet GR; (b) Acid Orange G; (c) Reactive Brilliant Red K-2BP; (d) Reactive Brilliant Red X-3B.
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decolorization rate from adsorption, control experiments
with sterilized sea mud under the same conditions were performed simultaneously.
Genomic DNA extraction, PCR and DGGE
The microbial samples were gathered at the end of batch
tests. After centrifugation, the cell pellet was used for extraction of total DNA. Total DNA was extracted and puriﬁed by
the method described by Qu et al. (). The primers for
PCR were GM341F-GC and DS907R (Teske et al. ),
and about 500 bp of 16 S r DNA fragment was ampliﬁed
using a PCR thermal cycler Dice (BioRad Co., Ltd., USA)
with a ‘touchdown’ program (Tan et al. a). DGGE
was performed with a BioRad Dcode system (BioRad Co.,
Ltd., USA) and the denaturing gradient ranged from 40 to
55% (100% is 7 mmol/L urea and 40% (v/v) formamide).
The conditions for electrophoresis were as follows: 60 C,
200 V and 5 h. Then the gel was stained with the nucleic
acid stain ‘GeneFinder’ (BIO-V Co., Ltd., Xiamen, China)
at 10,000-fold dilution, and the gel’s UV transillumination
image was captured using a gel imaging instrument
(BioRad Co., Ltd., USA).
DGGE proﬁles were analyzed using ‘Quantity One’,
software for cluster analysis. Besides, dominant DGGE
bands were excised and re-ampliﬁed by PCR with the
same primers without the GC clamp in the forward primer
(GM341F/DS907R). The sequencing of PCR products
were performed by TaKaRa Biotechnology Co., Ltd., and
the sequences were compared with the nucleotide
sequences in the GenBank database using the BLAST
program.
W

Figure 2

|

Decolorization processes of four azo dyes by the (a) aerobic microbial community (sea mud) and (b) control (sterilized sea mud) under the following
W

conditions: 30 C, pH 7.0, rotation speed of 150 r/min, inoculum size of 30%
(v/v) and dye concentration of 100 mg/L. - - Acid Brilliant Scarlet GR; -♦- Acid

⋄

Orange G; -Δ- Reactive Brilliant Red K-2BP; -▴- Reactive Brilliant Red X-3B.

RESULTS AND DISCUSSION
Aerobic decolorization of different azo dyes and the
kinetic study
Aerobic decolorization processes of four azo dyes by the
microbial community are shown in Figure 2. It was demonstrated that at least 80% of the four dyes were decolorized
within 36 h, and slight adsorption was observed within the
ﬁrst 4 h (Figure 2(b)), which suggested that decolorization
was mainly due to biodegradation. On the other hand, in
order to further analyze the probable decolorization pathway, the liquid phases for the four systems were analyzed
by spectrophotometric method at certain time intervals. As
shown in Figure 3, that the absorbance of speciﬁc
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wavelengths (both of UV and visible) of the four dyes gradually reduced with time. As mentioned in some previous
reports, decrease of UV absorbance indicated further degradation of aromatic intermediates (Buitrón et al. ; Davies
et al. ), some of which were always recalcitrant compounds. And these processes always occurred under
aerobic conditions. In contrast, under anaerobic conditions,
UV absorbance obviously increased after decolorization,
which suggested that azo dye decolorization always stopped
at the cleavage of azo bonds and formation of stable aromatic amines (Xu et al. ). Therefore, it was suggested
that most of Acid Brilliant Scarlet GR and its decolorization
intermediates (corresponding aromatic amines) were further
degraded into small pieces, and part of the other three dyes
and their intermediates were also further degraded.
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UV-Vis spectra of four azo dyes before and after decolorization. (a) Acid Brilliant Scarlet GR: ——— 0 h; — — 4 h; ············ 8 h; — · — 12 h; (b) Acid Orange
G: ——— 0 h; — — 4 h; — · — 8 h; ············ 12 h; (c) Reactive Brilliant Red
K-2BP: ——— 0 h; — — 12 h; — · — 24 h; ············ 28 h; (d) Reactive Brilliant
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from Pseudomonas aeruginosa by Nachiyar & Rajakumar
(), and the afﬁnity of the enzyme for different azo dyes
was studied. In addition, white-rot fungi can degrade a
wide variety of recalcitrant compounds by their extracellular
enzymatic systems, and the enzymatic reaction mechanism
was different from that of bacterium (Ciullini et al. ).
However, there were few reports of the azoreductases
based on microbial communities, probably because they
were complex and difﬁcult to study.
As shown in Figure 2(a), a linear relationship between
dye concentration and time was observed after 4 h.
Indeed, the whole curves of biological decolorization
approached linear (data not shown) without regard to
the impact of adsorption, which suggested that the processes could be described by zero-order kinetics. The
kinetic equations and corresponding values of R 2 are
shown in Table 1. It was conﬁrmed that the decolorization
processes were well described by zero-order kinetics, and
the decolorization rates were kinetic constants (k0 , the
slope of kinetics equation). The kinetic constants of decolorization processes of Acid Brilliant Scarlet GR and Acid
Orange G were 5.8365 mg/(L h) and 5.5064 mg/(L h),
respectively, which were higher than those of the other
two dyes. This result further proved that Acid Brilliant
Scarlet GR and Acid Orange G were more easily decolorized by aerobic consortium than Reactive Brilliant Red
X-3B and K-2BP.
It was indicated that the variation of molecular structures
would affect the color removal capability of microorganisms
(Hsueh & Chen ). The position of sulfo groups
would affect the decolorization rate due to its strong
electron-withdrawing effect. Generally, when sulfo groups
were para to the azo bond, they would promote the decolorization. However, when they were ortho to the azo bond, the
decolorization rate signiﬁcantly decreased compared with the
p-substituted isomer. Additionally carboxyl and hydroxyl
groups which were ortho to the azo bond could also inhibit
the decolorization processes, but the effects were not as
strong as those of sulfo groups. Therefore, since no sulfo

Red X-3B: ——— 0 h; — — 12 h; — · — 24 h; ············ 36 h.
Table 1

Azo dyes are generally resistant to bacterial attack under
aerobic conditions, nevertheless, some strains had been
found that could reduce the azo linkage by aerobic or
oxygen-insensitive azoreductases, and some of them even
can use the released byproducts as growth substrates (Ooi
et al. ; Pandey et al. ). For instance, an oxygen
insensitive intracellular azoreductase has been puriﬁed
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Kinetic equations of the decolorization processes of different azo dyes

Dyes (100 mg/L)

Kinetic equationsa

R2

Acid Brilliant Scarlet GR

C ¼ 5.8365t þ 76.4540

0.9932

Acid Orange G

C ¼ 5.5064t þ 89.9519

0.9926

Reactive Brilliant Red K-2BP

C ¼ 2.9149t þ 88.7410

0.9973

Reactive Brilliant Red X-3B

C ¼ 2.3168t þ 97.4350

0.9986

a

c, concentration of dyes; t, time.
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groups were ortho to the azo bonds, the decolorization processes of Acid Brilliant Scarlet GR and Acid Orange G
were faster than those of the other two dyes.
Effects of salinity on aerobic decolorization and the
kinetic study
It was indicated that halophilic and halotolerant microorganisms can be the best candidates for a practical
biodecolorization process as they are able to grow easily at
high concentrations of salts (Amoozegar et al. ). Meanwhile, the microbial community used here was from saline
conditions. Thus, the effects of salinity on azo dye decolorization by the microbial community were investigated, and
Acid Brilliant Scarlet GR was chosen as the model compound. The results showed that the decolorization was
inhibited under the high-salt conditions and the inhibition
effects increased as the salinity increased (Figure 4(a)). It
was reported that the efﬁciency of biological treatment
would be impacted by hyper-salinity wastewater because
high concentration of salt would cause plasmolysis of
microbial cells and lead to loss of activity (Peyton et al.
). However, even when the NaCl concentration was
up to 250 g/L, there was still about 40% of color removal
through biodegradation due to the acclimatization under
high-salt conditions (Tan et al. a). On the other hand,
increasing salinity resulted in the decrease of decolorization
efﬁciency by adsorption (Figure 4(b)), which might be
caused by the death of some microorganisms possessing
strong adsorption capacity or the structural damage of zoogloea under the high osmotic stress conditions (Peyton et al.
).
Meanwhile, zero-order decolorization kinetics was
also presumed for the processes with different salinity
according to the curves shown in Figure 4. The kinetic
equations and corresponding values of R 2 are shown in
Table 2. It was demonstrated that the decolorization processes were also well described by zero-order kinetics
according to the values of R 2. Furthermore, decolorization
rates (k0 ) sharply decreased when the concentration of
NaCl increased from 0 to 30 g/L. It was suggested that
the microbial activity for aerobic decolorization was
seriously depressed by high salinity. When NaCl concentration further increased to 50–250 g/L, decolorization
rates decreased slightly. All these results suggested that
aerobic decolorization of Acid Brilliant Scarlet GR by
the community structure was seriously but not completely
inhibited by high salinity. Some salt-tolerant microorganisms probably survived and became dominant members
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Figure 4

|

Effects of salinity on Acid Brilliant Scarlet GR (100 mg/L) decolorization by (a)
microbial community (sea mud); and (b) control (sterilized sea mud). The

⋄

concentrations of NaCl (g/L): - - 30; -♦- 50; -○- 100; -•- 150; -Δ- 200; -▴- 250.

Table 2

|

Kinetic equations of Acid Brilliant Scarlet GR decolorization with different NaCl
concentrations

Concentration of NaCl (g/L)

Kinetic equations

R2

0a

C ¼ 5.8365t þ 76.4540

0.9932

30

C ¼ 1.5050t þ 59.0920

0.9899

50

C ¼ 1.2675t þ 62.2220

0.9885

100

C ¼ 1.1035t þ 66.9910

0.9858

150

C ¼ 0.9693t þ 72.4450

0.9951

200

C ¼ 0.8448t þ 76.6530

0.9870

250

C ¼ 0.7596t þ 84.5700

0.9909

a

From the decolorization curve of Acid Brilliant Scarlet GR in Figure 2.

of the consortium, which could resist high osmotic stresses and continuously decolorize the azo dye (Tan et al.
a).
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Microbial community dynamics revealed by PCR-DGGE
To further reveal the impacts of different dyes and salinities
on microbial decolorization processes, the dynamics of
microbial community were studied by PCR-DGGE, as
shown in Figure 5(a) and 6(a), respectively. Dominant
bands were labeled with a number. And the results of cluster
analysis are presented in Figure 5(b) and 6(b), respectively.
In Figure 5(a), lane D0 was the original microbial community from the sea mud, and the other four lanes were the
consortiums for decolorization of different dyes. It was
shown that the band patterns of D1–D4 were far different
from that of sea mud (D0). The similarity between D0 and
the other samples was less than 0.4 (Figure 5(b)). In addition
the number of dominant bands sharply decreased,
which indicated that the dyes were probably toxic to previously dominant microbes (Qu et al. ). Bands 1 and 2
were dominant members in all four lanes, which suggested
that they were probably efﬁcient degraders of these dyes.
The PCR products of the two bands were cloned and
sequenced, and the results are listed in Table 3. The

Figure 6

|

DGGE ﬁngerprints of microbial communities for decolorizing Acid Brilliant
Scarlet GR with different salinities (a) and cluster analysis based on ‘UPGMA’
method (b). Lane S0, the original microbial community; lanes S1–S7, the
microbial communities for decolorization of Acid Brilliant Scarlet GR with 0 g/L,
30 g/L, 50 g/L, 100 g/L, 150 g/L, 200 g/L, 250 g/L of NaCl, respectively.

Figure 5

|

DGGE ﬁngerprints of microbial communities for decolorizing different azo dyes
(a) and cluster analysis based on ‘UPGMA’ method (b). Lane D0, the original
microbial community; lanes D1-D4, the microbial communities for decolorization of Acid Brilliant Scarlet GR, Acid Orange G, Reactive Brilliant Red K-2BP
and Reactive Brilliant Red X-3B, respectively.
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Band

Closest relative (Accession number)

1, 5

Uncultured prokaryote isolate DGGE band
GW1b4–6(S) (AY501825)

99

2, 6

Uncultured bacterium clone EDW07B002_41
(HM066354)

99

Identity of dominant DGGE bands labeled in Figures 5(a) and 6(a)

Similarity (%)

3

Thalassobacillus sp. NCCP-58 (AB541110)

99

4

Uncultured bacterium clone B217
(HM459660)

92

7

Halobacillus sp. 399K3-1 (HM222689)

8

Uncultured Bacteroidetes bacterium clone
QEDN4CB05 (CU926767)

100
96

9

Activated sludge bacterium GC_R2A_S_2
(GU136495)

98

10

Uncultured bacterium isolate DGGE gel band
F5 (DQ536185)

99
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cloned 16S rDNA sequence of band 1 most closely related
to ‘Uncultured prokaryote isolate DGGE band GW1b4–6
(S)’, which was detected in a chlorinated solvent-contaminated bedrock aquifer (NCBI database, unpublished). It
was suggested that it might be an organics degrading bacterium. And the closest relative of band 2 was ‘Uncultured
bacterium clone EDW07B002_41’, which was found in a
saline water in the Edwards Aquifer, Texas (NCBI database,
unpublished). None of the two dominant bands were conﬁrmed as azo dye degraders according to the existing
information. Thus, they could be identiﬁed as novel bacterium for degradation of azo dyes under aerobic conditions.
Shown in Figure 6(a) are the DGGE proﬁles of the
microbial consortiums for decolorization with different salinities (lanes S1-S7). Obviously differences in DGGE
patterns could also be reﬂected in the results of cluster
analysis (Figure 6(b)). However, the similarity between
lanes S4 and S5 approached 1.0 (100% similarity), which
indicated that the corresponding two consortiums were
highly similar in structure. It was suggested that the
microbial community structure would be relatively stable
when NaCl concentration ranged from 100 to 150 g/L.
And the same relationship could also be observed between
lanes S6 and S7. Furthermore, it was obviously shown that
bands 5 and 6 were dominant species under the low-salt
conditions. However, with the increase of salinity, band 5
disappeared and some other bands became new dominant
ones, such as bands 3 and 6–10. Among these new bands,
bands 9 and 10 appeared when NaCl concentration
increased from 30 to 150 g/L, and bands 3 and 8 were dominant when the salinity ranged from 100 to 150 g/L.
However, all of them disappeared when NaCl concentration
reached 200–250 g/L of NaCl. At the same time, band 6 and
another new band 7 became dominant species under these
conditions. It was illustrated that some microorganisms
could survive in a hyper-saline environment through production and accumulation of some substance for resisting
exterior pressure (Bremer & Krämer ). Salt-tolerant
microorganisms were divided into ﬁve categories by Kushner
according to their optimal salinity for growth (Kushner ).
The optimal salinities for moderately and extremely halophilic bacteria were about 29.3–146.3 and 146.3–304.0 g/L
of NaCl, respectively. Therefore, it could be speculated
that the species of bands 3, 6, 8, 9 and 10 might belong to
moderately halophilic bacteria and those of bands 6 and 7
might belong to extremely halophilic bacteria.
All of the dominant bands were cloned and sequenced,
and the results were listed in Tables 2 and 3. Bands 5 and 6
were the same with bands 1 and 2, respectively. On the

Downloaded from https://iwaponline.com/wst/article-pdf/65/8/1375/442712/1375.pdf
by guest

Water Science & Technology

|

65.8

|

2012

other hand, the most closely related species of bands 3, 6,
7 and 10 were all salt-tolerant bacteria according to the
information on the NCBI database (all were unpublished).
Among them, the most similar bacterium of band 6 was
found in saline water. And band 7, which was most closely
related to ‘Halobacillus sp. 399K3–1’, was probably a halophilic bacterium. It was suggested that both bands 6 and 7
were similar to typical halophilic bacteria, which was consistent with the results shown in the DGGE proﬁles.
However, the most similar species of bands 4, 8 and 9
were not found in saline environments, suggesting that
they might also be moderately salt-tolerant bacteria.

CONCLUSIONS
The study evaluated a microbial community for aerobic
decolorization of azo dyes. The effects of salinity on the
decolorization process were also investigated. The results
showed that the microbial community could aerobically
decolorize 100 mg/L of four azo dyes by effective biodegradation. The processes were well described by zero-order
kinetics and the decolorization rates were obviously different. Additionally, the microbial community also exhibited
a certain tolerance of high-salt conditions, however, decolorization rate decreased with the increase of salinity. Two
dominant bacteria were speculated as being typical azo
dye degraders and some halophilic bacteria were detected
by PCR-DGGE from high-salt environments.
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