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Abstract Wastewater effluents from the textile and other
dye-stuff industries contain significant amounts of synthetic
dyes that require treatment to prevent groundwater contam-
ination. In research aimed at biotechnology for treatment of
azo dyes, this study examined 288 strains of azo-dye
degrading bacteria to identify efficient strains and deter-
mine incubation times required for decolorization. Initial
enrichment cultures were carried out using a mixture of four
structurally different dyes (Acid Red 88, Reactive Black 5,
Direct Red 81, and Disperse Orange 3) as the sole source of
C and N to isolate the bacteria from soil, activated sludge,
and natural asphalt. Six strains were selected for further
study based on their prolific growth and ability to rapidly
decolorize the dyes individually or in mixtures. Treatment
times required by the most efficient strain, AS96 (Shewanella
putrefaciens) were as short as 4 h for complete decolorization
of 100 mg 1" of AR-88 and DR-81 dyes under static
conditions, and 6 and 8 h, respectively, for complete
decolorization of RB-5 and DO-3. To our knowledge, these
bacterial strains are the most efficient azo-dye degrading
bacteria that have been described and may have practical
application for biological treatment of dye-polluted wastewa-
ter streams.
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Introduction

Azo dyes comprise a diverse group of synthetic chemicals that
are widely used by the textile, leather, food, cosmetics, and
paper product industries. The annual world production of azo
dyes is estimated to be around one million tons (Stolz 2001;
Pandey et al. 2007), and more than 2000 structurally
different azo dyes are currently in use (Vijaykumar et al.
2007). The general structural characteristics of these com-
pounds feature substituted aromatic rings that are joined by
one or more azo groups (—N=N-). Azo dyes are generally
recalcitrant to biodegradation due to their complex structures
and xenobiotic nature and typically require an anaerobic—
aerobic process to achieve complete mineralization.

Many azo dyes and their degradation intermediates are
mutagenic and carcinogenic (Chung and Cerniglia 1992;
Ozturk and Abdullah 2006) and contribute to the mutagenic
activity of ground and surface waters that are polluted by
textile effluents (Rajaguru et al. 2002; Umbuzeiro et al.
2005). Their discharge into surface water also leads to
aesthetic problems, obstructing light penetration and oxygen
transfer into water bodies (Slokar and Le Marechal 1998; Bae
and Freeman 2007). Dye concentrations that are used for
processing vats are typically around 1,000 mg I"' (Ince and
Tezcanli 1999). Depending on the class of the dyes, their loss
in waste waters can range from 2% of the original
concentration for basic dyes to as high as 50% for reactive
dyes (O’Neill et al. 1999; Tan et al. 2000; Boer et al. 2004).

There are a variety of physicochemical methods for color
removal from effluents containing dyes (Wang et al. 2004;
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Golab et al. 2005; Saxe et al. 2006; Alinsafi et al. 2007;
Arslan-Alaton 2007). Biotechnological approaches for the
remediation of contaminated wastewater are also receiving
attention, but are not yet used by industry due to concern
over the production of aromatic amines that are generated
under anaerobic conditions (Dubrow et al. 1996). Nonethe-
less, there have been pilot scale investigations of anaerobic—
aerobic treatment processes that are effective for complete
removal and that should ultimately prove to be cost-effective
and environment-friendly (see review: Dubrow et al. 1996).
Activated sludge is commonly used as an inoculum to
initiate degradation, and it appears that many different
microorganisms can decolorize azo dyes (Khera et al. 2005;
Chen 2006; Hao et al. 2007; Pandey et al. 2007). Further
development of biotreatment processes will be facilitated
by identifying the most effective microorganisms and ways
to reduce the time that is needed to process contaminated
wastewater effluents.

This study reports the isolation and identification of
bacterial strains (isolated from activated sludge and soil)
that were shown to be highly effective for decolorization of
four azo dyes individually or in a mixture within a time
span as short as 4 to 8 h. The potential application of
the selected cultures was further tested by bioaugmentation
of an activated sludge and was shown to enhance
degradation over that achieved by the activated sludge
alone. The bacterial strains that were identified should be of

OH
N : soaNa

Acid Red 88 [4-(2-Hydroxy-1-naphthylazo)-1-
naphthalenesulfonic acid sodium salt]

Direct Red 81

Fig. 1 Chemical structure of azo dyes used in this study
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value for improving the treatment of azo-dye wastewater
and remediation of contaminated groundwater.

Materials and methods
Chemicals and culture medium

Four azo dyes, including Acid Red 88 (C.I., 75% dye
content), Reactive Black 5 (C.I., 55% dye content), Direct
Red 81 (C.I., 50% dye content), and Disperse Orange 3 (C.1,,
90% dye content) were purchased from Sigma-Aldrich,
USA. These structurally different compounds represent four
classes of azo dyes (Fig. 1). All other chemicals were
reagent/analytical grade. The mineral salts medium (MSM)
pH 7.2, contained (g 1" NaCl (1.0), CaClL,-2H,O (0.1),
MgSO0,4-7H,0 (0.5), KH,PO, (1.0), and Na,HPO, (1.0).

Isolation of efficient azo-dye decolorizing bacteria

Bacterial strains were isolated from activated sludge
(Corona Wastewater Treatment Plant, CA, USA), turf grass
soil (Chino loamy sand, pH 7.4, Chino Park, CA, USA) and
from a natural asphalt soil mixture obtained from the
Rancho La Brea tar pits in Los Angeles, CA, USA. Isolates
from each inoculum source that were capable of growth on
azo dyes were first enriched using MSM amended with a
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mixture of four dyes as the sole source of C and N. Each
dye was added to the medium at 50 mg 1" to achieve a
final concentration of 200 mg 1"'. This value is typical of
those used in studies on treatment of azo-dye waste water
effluent (Zhao and Hardin 2007). The cultures containing
200 ml of MSM with dyes in 500 ml Erlenmeyer flasks
were inoculated with 10 ml volumes of activated sludge,
soil, or asphalt-soil and incubated at 30°C for 5 days under
static conditions. After incubation, cell suspensions from
each flask were plated onto MSM agar medium and
incubated at 30°C for 24 h. Microbial colonies that
appeared on the agar medium were washed gently with
sterile water and resuspended into the flasks containing
fresh MSM broth spiked with the mixture of dyes. After a
second transfer of the cell suspensions onto MSM agar plates
containing 0.1% yeast extract, 100 actively growing colonies
with different colony growth characters were selected from
each source and were purified by streaking twice on agar
medium. The purified cultures were preserved at —20°C in
15% (w/v) glycerol for subsequent study.

Bacterial isolates from the enrichment cultures were
individually tested for their abilities to grow on agar plates
with MSM using each dye separately as a sole source of C
and N. The bacterial cells were centrifuged and washed
twice with autoclaved MSM broth before cultivation on
MSM agar plates containing each dye. Dyes AR-88, RB-5,
and DR-81 were dissolved in distilled water and passed
through 0.2 pm sterile membrane filters (Nalgene®),
whereas dye DO-3 was first dissolved in small volume of
ethanol (95%) and then diluted into sterilized distilled
water. Further tests were carried out with megatiter plates
using liquid medium supplemented with cosubstrates to
enhance the bacterial growth rates. In this case, each dye
medium was supplemented with 0.05% (w/v) yeast extract
and 0.05% (w/v) glucose. Using 96-well plates, 1.8 ml of
dye medium was added to each well and inoculated using
sterile toothpicks to transfer confirmed azo-dye degrading
strains from agar medium. Each plate was sealed tightly
with presterile thermal adhesive sealing film and incubated
at 30°C under static conditions. Uninoculated controls were
included to check for abiotic decolorization. Experiments
with each dye bacteria combination had six replicates to
permit measurements at intervals. Decolorization was
determined by taking 1.5 ml aliquots from each well and
centrifuging the medium at 10,000 rpm for 15 min to
remove the cells. The absorbance of the supernatants was
measured at A\, of each dye (AR-88, 505 nm; RB-5,
597 nm; DR-81, 508 nm; DO-3, 443 nm) using a
spectrophotometer (DU640, Beckman, USA).

On the basis of the screening in liquid medium, 24
isolates were selected and further compared in megatiter
plates inoculated with uniform cell densities. The bacterial
isolates were first cultured in MSM containing 0.1% yeast

extract (without dye) for 24 h at 30°C with shaking at
150 rpm. The cells were harvested, and a uniform cell
density (0.6 OD at 550 nm) was maintained. The mean cell
counts of these cultures were between 10° and10° cfu ml™".
The cell density standardized decolorization experiment
was performed using the same protocol above.

Decolorization of azo dyes and their mixture in liquid
media

The six most effective bacterial strains from the final
screening were further examined for their decolorization
potentials in 10-ml glass vials. Nine milliliters of the
sterilized MSM broth containing 100 mg dye 1" were
added to 10 ml autoclaved glass vials supplemented with
0.4% yeast extract as a co-substrate. Yeast extract previ-
ously has been shown to supplement the growth of azo dye
degrading bacteria (Sponza and Isik 2002). In this work, it
was omitted in the enrichment where the bacteria were
screened for use of azo dyes as a sole C and N source, but
was included in the dye treatability study described here to
determine the maximum rates of decolorization for these
strains. The media were inoculated with the respective
bacterial strains by adding inocula of uniform cell density
(ODgg). The medium to inoculum ratio (v/v) was 50:1
yielding approximate cell densities of 107 cfu ml™'. The
vials were tightly sealed and were incubated static at 35°C.
To monitor aerobic decolorization of these dyes, a similar
set of treatments was incubated with loosely capped vials
on a platform shaker. Uninoculated vials with MSM
containing each azo dye plus yeast extract were also
incubated under similar conditions to check for abiotic
decolorization of each dye. Six vials were used for each
strain per dye. Aliquots (1.5 ml) were taken periodically
from different vials alternately to determine decolorization
of the dyes. The results are presented as the average of three
replications for each interval.

To check for adsorption of dyes, the cell pellets after
centrifugation were resuspended in an equal volume of
methanol to extract the dye (Khera et al. 2005). The
suspensions were vortexed and centrifuged for 15 min at
10,000 rpm. The supernatant from each sample was read at
Amax Of each dye. Other experiments examined the range of
concentrations that could be degraded by two selected
strains (AS81 and AS96) and decolorization of a mixture of
the four dyes by the six strains. The data presented in these
experiments are the mean of three replications.

Decolorization of azo dyes following bioaugmention
of activated sludge

Two bacterial strains (AS81 and AS96) were assessed for
their ability to decolorize azo dyes after augmentation of
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activated sludge. Nine milliliters of the MSM supplemented
with 100 mg 1™ dye and 0.4% yeast extract were added to
10 ml glass vials and inoculated by adding 180 pl of the
respective bacterial culture (0.6 OD) and 180 pl of
activated sludge. Treatments containing inocula of the pure
cultures of bacteria, activated sludge only, and an uninoc-
ulated control were included for comparison. The experi-
ment was performed with six replicates for each treatment.
Results are presented as the average of three replications at
each interval.

Bacterial identifications

The bacterial cells were collected by centrifugation, and
genomic DNA was extracted using the FastDNA Spin kit
following the manufacturer’s instructions. The extracted
DNA was amplified to obtain near full length 16S rRNA
genes by polymerase chain reaction (PCR) using primers 27f
and 1492r (Operon Biotechnologies, AL). The PCR was
performed with the following conditions: initial denaturation
at 95°C for 5 min, 30 cycles at 94°C for 40 s, 55°C for 4 s,
and 72°C for 50 s. Final elongation was at 72°C for 10 min.
The amplified products were purified using a DNA purifi-
cation kit (QIAquick®). Nucleotide sequences were deter-
mined by sequencing (ABI PRISM® 377 DNA Sequencer,
USA). Three primers including 27f (5'-agagtttgatcmtggct
cag-3"), 907r (5'-ccgtcaattcctttgagttt-3"), and 1492r (5'-
agrtaccttgttacgactt-3") were used for sequencing. The 16S
rRNA gene of each strain was assembled using Pregap4 and
Gap4 software (Staden-Windows Package) and compared
with the 16S rRNA gene database at the National Center for
Biotechnology Information (NCBI; http:/www.ncbi.nlm.
nih.gov/BLAST/Blast.cgi) using the BLAST search tool.

Results
Bacterial growth on MSM plates containing azo dyes

Approximately 80% of the bacteria from the enrichment
cultures were able to use all four azo dyes (AR-88, RB-5,
DR-81, and DO-3) as individual growth substrates when
grown on agar medium containing a mixture of the dyes
and individually (data not shown). Overall, the greatest
number of isolates was obtained on agar medium containing
dye DR-81, while the fewest were obtained on dye DO-3.

Decolorization of azo dyes in liquid media
Screening experiments assessed the potential of 288
bacterial isolates from the enrichment cultures for decolor-

izing four different dyes under static conditions in liquid
medium. Bacteria isolated from activated sludge and soil
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exhibited the highest efficiency in decolorizing all of the
tested dyes compared to those isolated from natural asphalt
(data not shown). Although some strains isolated from
asphalt were capable of decolorizing the dyes, their
decolorization potential was substantially less than the
bacteria isolated from activated sludge or soil (data not
shown).

The six most efficient strains, which included two from
soil and four from activated sludge, were identified by their
16S rRNA gene sequences and were confirmed as pure
cultures (Table 1). The strains represented diverse genera
including Aeromonas, Pseudomonas, Bacillus, and Shewa-
nella from activated sludge, and Bacillus and Massillia
from soil. Each of the strains matched with previously
described NCBI database accessions to the species level
with 98 to 99% similarities.

Rapid decolorization (99 and 92%) of dye AR-88 by the
bacterial strain AS96 (Shewanella putrefaciens) and AS81
(Aeromonas punctata), respectively, was observed at 4 h,
with complete decolorization after 6 h (Fig. 2). Strains, AS7
and S46, tentatively identified as Bacillus cereus and
Bacillus thuringiensis, respectively, were slower with
completely decolorization occurring at 12 h. Strains AS77
Pseudomonas nitroreducens and strain S81 Massilia tim-
onae achieved complete decolorization of this dye in 16 h.

In the case of dye RB-5, strains AS96 and ASS81
achieved 93 and 84% decolorization after 4 h, respectively,
and complete decolorization in 6 and 12 h (Fig. 2). The
other four strains (AS7, AS77, S46, and S81) demonstrated
a lag phase in which there was little decolorization of RB-5
for the first 8 h; after which decolorization ranged from 9 to

Table 1 Identification of selected bacterial strains capable of rapid
decolorization of azo dyes

Accession
number

Sequence
identity (%)*

Source Strain  Closest relative

Activated AS7
sludge

Bacillus cereus DQ207729.2 99
CCM 2010
AS77  Pseudomonas AF494091.1 99
nitroreducens
0802
Aeromonas
punctata MPT4

Shewanella

AS81 DQ979324.1 99

AS96 AJ000213.1 99
putrefaciens
LMG 2369

Bacillus
thuringiensis Al
Hakam

S81 Massilia timonae

Soil S46 CP000485.1 99

AJ871463.1 98

# Microbial species showing >97% sequence similarity with the closest
related sequences in GenBank are considered to be the same species
(Stackebrandt and Goebel 1994).
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Fig. 2 Ability of selected bac-
terial strains to decolorize four
different types of azo dyes in
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84% at 16 h. In comparison, decolorization of RB-5 by the
abiotic control was only 7% after 16 h.

Strain AS96 was the most effective for decolorization of
dye DR-81 with complete decolorization occurring in 4 h
(Fig. 2). The second most effective strain, AS81 achieved
complete decolorization of DR-81 after 8 h. The decolor-
ization of DR-81 by the other strains ranged from 23 to
89% after 16 h within the same detention time. Negligible
(4%) decolorization of the dye occurred abiotically.

The fastest decolorization of the fourth dye DO-3 was
observed after 4 h, again with strain AS96, which achieved
92% decolorization at 4 h and complete decolorization after
8 h (Fig. 2). Strains AS81 and AS7 were able to decolorize
DO-3 completely after 12 and 16 h respectively. Up to 85
and 89% decolorization occurred with strains S46 and S81,
respectively. Strain AS77 was not effective for decoloriza-
tion of this dye.

It was observed that small amounts of two dyes (AR-88
and DO-3) were adsorbed onto the bacterial cells (<6%
recovered with methanol extraction) at initial stages (within
4 h) of incubation (data not shown); however, the adsorbed
dye contents were decolorized completely at later stages. The
dyes (RB-5 and DR-81) were not adsorbed by the bacteria.

10 12 14 16 0 2 4 6 8 10 12 14 16

Disperse Orange 3

6 8
Time (h)

10 12 14 16

2 4 6 8 10 12 14 16
Time (h)

Incubation times required for complete decolorization of
the dyes were concentration dependent over a range of
100-500 mg 1" (Fig. 3). At 100-300 mg 1" dye
concentrations, 80 to 100% removal of dyes was observed
in response to inoculation with AS96 after 8 h, while
decolorization ranged from 52 to 90% at 400 mg 1" and 19
to 79% at 500 mg 1'. Strain AS81 was relatively less
efficient than AS96 and showed decolorization between 66
to 100% at dye concentrations of 100-300 mg 1" after 8 h.
At 400 and 500 mg 1" concentrations, the maximum dye
removal was 53 and 35%, respectively, after 8 h in
solutions inoculated with strain AS81. Overall, both strains
were capable of decolorizing RB-5 and DR-81 dyes at
concentrations up to 500 mg "' completely after 20 h (data
not shown). Decolorization of DO-3 was relatively less at
high concentration than for the other three dyes.

Shaking (aeration) increased the time required for
complete decolorization of 100 mg 1™' dye compared to
that which was required under static conditions (Fig. 4).
Under aerated conditions, the decolorization of the four
dyes after 8 h incubation with AS96 was 14 to 30% less
than under static conditions. Similarly, decolorization of the
dyes by strain AS81 was 13 to 28% lower with aeration.
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Fig. 3 Effect of different con-
centrations of azo dyes on the
decolorization potential of two
efficient strains of bacteria. The
decolorization of azo dyes was
observed after 8 h of incubation
at 35°C. Vertical bars at each
point represent 1 SE above and
below the mean

Fig. 4 The decrease in decolor-
ization of four dyes by the
selected strains of bacteria at
shaking condition compared to
static condition. The decoloriza-
tion of azo dyes was observed
both at shaking and static con-
ditions after 8 h. Vertical bars
indicate 1 SE above and below
the mean
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All six strains were capable of decolorizing a mixture of
the dyes in the MSM medium supplemented with 0.4%
yeast extract (Fig. 5). Inoculation with strain AS96 resulted
in the most rapid decolorization with complete decoloriza-
tion at 4 h. In contrast, strain AS81 achieved complete
decolorization of the dye mixture after 8 h. The other four
strains (AS7, AS77, S46, and S81) partially decolorized the
mixture, with 69 to 89% decolorization after 16 h.

Decolorization of azo dyes by the pure and mixed cultures

Strains AS81 and AS96 from the activated sludge were able
to decolorize all the tested four dyes in the liquid medium
after bioaugmentation into a live culture of activated
sludge. The amounts of dye that were decolorized were
nearly identical for bioaugmented cultures as those that
were achieved using pure cultures of the bacteria (Table 2).
The unamended activated sludge had little capacity to

decolorize the dyes with only 14% decolorization occurring
after 8 h.

Discussion

The bacteria isolated from activated sludge, soil, and
asphalt exhibited variable growth on agar plates containing

Fig. 5 Potential of selected bac-
terial strains to decolorize the
mixture of four different types

—+— Abiotic

of azo dyes in the mineral salt
medium under static condition.
Each dye was added to the 100 A
medium at 25 mg 1. Vertical
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each of the four structurally diverse azo dyes when supplied
as the sole source of C and N. The greatest number of
isolates that were able to decolorize the dyes came from
activated sludge and soil. None of the bacteria isolated from
the asphalt showed decolorization potential equivalent to
that of activated sludge and soil isolates. Our initial premise
was that the complex mixture of petroleum hydrocarbons in
asphalt may select for efficient degraders (Kim and
Crowley 2007). Here, of the 288 isolates that were tested,
the four most effective came from activated sludge, and two
were obtained from soil.

The six selected bacterial strains showed the greatest
ability to decolorize azo dyes in liquid medium when
supplemented with 0.4% yeast extract. One of the bacterial
strains (S. putrefaciens strain AS96) isolated from activated
sludge was capable of completely decolorizing all four test
dyes (100 mg dye ") in just 4-8 h of static incubation or a
mixture (25 mg 1! each) of the four dyes in 4 h. Fur-
thermore, this bacterium was able to completely decolorize
three dyes (AR-88, RB-5, and DR-81) up to a concentration
of 300 mg 1" in just 8 h (Fig. 3) and 500 mg 1" of RB-5
and DR-81 within 20 h (data not shown). This implies that
the strain AS96 (S. putrefaciens) carries an efficient
enzymatic system for the cleavage of azo bonds which
caused rapid decolorization of higher concentrations of
different azo dyes under reduced (static) conditions. In
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Table 2 Decolorization of azo dyes by two efficient strains of bacteria in the presence of mixed culture of activated sludge

Culture® Decolorization (%)
Acid Red 88 Reactive Black 5 Direct Red 81 Disperse Orange 3
4h 6 h 8h 4h 6 h 8h 4h 6h 8h 4h 6h 8h

Abiotic (control) 0.0 (0.0)* 0.0 (0.0) 5.9 (0.7) 0.0 (0.0) 0.0 (0.0) 4.4 (0.9) 0.0 (0.0) 0.0 (0.0) 2.3 (0.5) 0.0 (0.0) 2.2 (0.4) 3.7 (0.5)
Activated sludge 0.0 (0.0) 0.0 (0.0) 14.4 (1.3) 5.3 (0.9) 9.6 (0.9) 11.6 (0.5) 0.0 (0.0) 8.9 (0.8) 13.4 (1.0) 0.0 (0.0) 5.3 (0.9) 6.4 (0.4)

(AS)

A. punctata
(AS81)

S. putrefaciens
(AS96)

AS + A. punctata 93 (1.5)
(AS81)

AS + 8.
putrefaciens
(AS96)

92 (0.9)

99 (0.9) 100 (0.0) 100 (0.0) 94 (2.0)

100 (0.1) 100 (0.0) 83 (1.2) 91 (1.6) 96 (0.7) 72 (1.0) 93 (0.9) 98 (0.6)

100 (0.8) 100 (0.0) 100 (0.3) 100 (0.0) 100 (0.0) 90 (0.6) 98 (1.0)

72(0.0) 90 (1.2) 96 (0.6)

98.6 (0.8) 100 (0.0) 100 (0.0) 92.9 (1.2) 100 (0.0) 100 (0.0) 98.8 (0.8) 100 (0.0) 100 (0.0) 90.2 (0.8) 98.5 (0.6) 100 (0.0)

100 (0.0) 100 (0.0) 84 (1.1) 93 (0.8) 97 (1.1) 71 (0.5) 90 (1.3) 96 (0.6) 74 (0.0) 90 (1.3) 98 (0.9)

100 (0.0)

* The mineral salt medium containing 100 mg 1™ azo dyes in 10 ml vials was inoculated with bacterial strains (AS81 and AS96) and incubated at
35°C for 8 h. Both the strains were isolated from the same activated sludge used in this study for inoculation.

®Standard error

another experiment, a related strain, Shewanella oneidensis
JM6 was also tested and was shown to be effective in
decolorizing these dyes (data not shown). The findings
suggest that this and possibly other unidentified strains of
Shewanella could potentially be useful for the treatment of
wastewaters contaminated with azo dyes. The decoloriza-
tion rates recorded in this study are much higher than those
that have been reported previously. For comparison, other
researchers have reported complete decolorization of AR-
88 (20 mg 1I'") in 20 h (Khera et al. 2005), Direct Blue-6
(100 mg I"") in 72 h (Kalme et al. 2007), DR-81 in 35 h
(Junnarkar et al. 2006), RB-5 (200 mg 1) in 24 h (Lucas
et al. 2006), 50% decolorization of DO-3 (200 mg 17') in
120 h (Zhao and Hardin 2007), and 90% of Fast Acid Red
GR in 12 h (Xu et al. 2005), achieved by either pure
cultures or consortia. Decolorization of mixtures of azo
dyes as achieved here with single strains has not been
reported in the literature.

Initial decolorization of azo dyes is known to involve a
reductive process and is thus facilitated by anaerobic, static
culture conditions (Chang and Lin 2001; Junnarkar et al.
2006; Kalme et al. 2007). This was confirmed here for all
of the isolates that were tested. The study also demonstrated
that the selected bacterial strains were capable of removing
the color of azo dyes from solid agar medium in test tubes
or on agar plates (data not shown), which suggest the
accumulation of redox active enzymes or biochemical
substances that were released into the medium during
growth of the bacterial cells. This has been observed
previously (Barragan et al. 2007) and suggest that it may
be possible to develop encapsulated cell methods with
agarose or other carriers to contain the bacterial cells in

@ Springer

flow through reactors. The bacterial cells were also
effective in short-term experiments after bioaugmentation
into activated sludge. This suggests it may be possible to
augment activated sludge or wastewater treatment ponds
with live cultures of effective bacteria to enhance azo dye
degradation. Long-term experiments will be required to
determine longevity of the bioaugmented strains over time.
Nonetheless, the ability to efficiently utilize the azo dyes as
a carbon and nitrogen source provides a niche that should
favor long-term survival of the bacteria in wastewater
streams that contain sufficient levels of azo dyes to support
bacterial growth. Further studies will examine metabolite
production and development of anaerobic aerobic treatment
methods to achieve complete mineralization.

Conclusions

The present study reports accelerated in vitro decolorization of
four structurally different azo dyes by the highly efficient
bacterial cultures both in liquid and solid media. Some strains
completely decolorized individual and mixture of dyes in
liquid medium in a very short time span of 4 h and were
effective when inoculated into activated sludge. To our
knowledge, these are among the most effective strains that
have been described in the literature and our results suggest
that these bacterial species have potential application for
bioremediation of dye-polluted waters/sludge or could be used
in bioreactors to treat wastewater streams. Work is in progress
to identify the biodegradation products of these dyes formed
by the selected bacterial strains and to identify the enzyme(s)
responsible for rapid decolorization of the dyes.
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