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Abstract Soil samples collected from dye contam-
inated sites of Vatva, Gujarat, India were studied for
the screening and isolation of organisms capable of
decolourizing textile dyes. The most efficient isolate,
which showed decolourization zone of 48 mm on
300 ppm Reactive Red BS (C.I.111) containing plate,
was identified as Pseudomonas aeruginosa. Reactive
Red BS (C.I.111) was used as a model dye for the
study. The isolated culture exhibited 91% decolouri-
zation of 300 ppm dye within 5.5 h over a wide pH
range from 5.0 to 10.5 and temperature ranging from
30 to 40°C. The culture was able to decolourize more
than 91% of Reactive Red BS under static conditions
in presence of either glucose, peptone or yeast
extract. Addition of 300 ppm of Reactive Red BS,
in each step, in ongoing dye decolourization flask,
gave more than 90% decolourization within 2 h
corresponding to 136 mg 17! h™' dye removal rate.
The isolate had the ability to decolourize six different
reactive dyes tested as well as the actual dye
manufacturing industry’s effluent. The degradation
of the dye was confirmed by HPTLC.
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Introduction

Synthetic dyes are extensively used in textile dyeing,
paper printing, colour photography, pharmaceutical,
food, cosmetics and other industries. Approximately
10,000 different dyes and pigments are used indus-
trially and over 7 x 10° metric tonnes of synthetic
dyes are produced annually worldwide (McMullan
et al. 2001). During textile dyeing, the amount of dye
lost in effluent is dependent upon the class of dye
used, varying from only 2% loss when using basic
dyes to a 50% loss when reactive dyes are used
(McMullan et al. 2001). Approximately 20% of these
losses enter the environment through effluents from
wastewater treatment plants (Kirk and Othmer 1993).
In India, an average mill discharges about 1.5 million
litres of contaminated effluent per day, which leads to
chronic and acute toxicity (Sandhya et al. 2005). On
the other hand, certain azo dyes exhibit toxic effects
towards microbial populations and can be toxic,
mutagenic and/or carcinogenic to animals (Pavan
et al. 2008). Also, the possible contamination of
drinking water supplies is of concern because azo
dyes are known to be enzymatically degraded in
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the human digestive system, producing carcinogenic
substances (Kirk and Othmer 1993).

Methods of effluent treatment for dyes may be
classified broadly into three main categories; physical,
chemical and biological. The physical and chemical
methods include adsorption, flocculation, coagulation,
irradiation, incineration and ultra filtration. The main
disadvantages of physical and chemical methods are
(1) difficulty in handling and (2) requirement of high
capital costs (Chakraborty et al. 2003; Georgiou et al.
2003; Papi¢ et al. 2000).

In recent years, some fundamental work has
revealed the existence of a wide variety of microor-
ganisms capable of decolourizing a broad range of
dyes (Dave and Dave 2009; Mielgo et al. 2002;
Robinson et al. 2001; Stolz 2001). Pseudomonas
luteola is reported for decolourization of reactive azo
dyes, but it was not effective under continuous
shaking or completely static condition (Hu 1994,
2001). Limited data is available on decolourization of
Reactive Red BS (C.I.111), which is diazo, vinyl
sulphone dye. Moreover, the time required for the
decolourization of the model dye as well as other
tested azo dyes was less than 24 h. Therefore, the
possibility of biodecolourization of Reactive Red BS
(C.I.111) was exploited with the following objec-
tives: (1) isolation and characterization of culture
capable of decolourizing the model dye, (2) optimi-
zation of decolourization parameters, (3) confirma-
tion of degradation of the dye, (4) to assess the
toxicity of the degraded product, (5) to assess the
ability of the culture to decolourize higher concen-
trations of Reactive Red BS (C.I.111) and actual dye
industry waste.

Materials and methods
Dyes and media
Dyes

The dyes used for the decolourization and degrada-
tion studies were Reactive Red BS (C.I. RED 111),
Reactive Magenta HB (C.I. Violet 26), Reactive
Violet 5SR (C.I. Reactive Violet 5), Red HE8B (C.I.
Red 152), Reactive Blue (C.I. Blue 222), Reactive
Black G (Mixture of C.I. Reactive Black 5 and C.I.
Orange 16) and Reactive Black B (C.I. Reactive
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Black 5). All these dyes were procured from Ganesh
Dye chemical Industry, Ahmedabad, India. Reactive
Red BS (C.I. 111) was used as a model dye in the
study.

Nutrient media

Pseudomonas aeruginosa NGKCTS was routinely
grown at 31 &£ 2°C in Nutrient Broth (NB) contain-
ing g 1= peptone, 10.0; meat extract, 3.0 and NaCl,
5.0. Medium pH was adjusted to 7.4 & 0.2.

For medium optimization 2° factorial experiments
were designed in NB supplemented with g 17"
glucose, 10; yeast extract, 2; peptone, 10 and Reactive
Red BS, 300 mg 17", The culture was preserved on
Nutrient Agar (NA) slants.

For toxicity assay, Ashby’s Mannitol Agar (AMA)
containing g 1= mannitol, 20; K,HPOy, 0.2; MgSOy, -
7H,0, 0.2; NaCl, 0.2; K,SOy, 0.1; CaCO3;, 5.0; agar,
30.0; and Yeast Extract Mannitol Agar (YEMA)
containing g 1= yeast extract, 1.0; mannitol, 10.0;
NaCl, 0.1; MgSO, - 7TH,0, 0.2; K,HPO,, 0.5 and agar,
30.0 were used. The chemicals and media components
used in the study were of analytical grade procured
from S.D. Fine Chemical and HiMedia Laboratories
respectively.

Isolation, inoculum preparation and preservation
of decolourizing bacteria

Dye contaminated soil samples were collected from
textile processing house, Vatva, Ahmedabad, India.
Soil sample of 1.0 g was added to 100 ml sterile
distilled water in 250 ml Erlenmeyer flask. The
inoculated flasks were kept on environmental shaker
agitating at 120 rpm and 31 % 2°C for 24 h. The
obtained suspensions were diluted 100 times with
sterile normal saline and 0.1 ml of this was streaked on
NA plates containing 300 ppm of dye and decolouri-
zation zone was measured. Colony showing the largest
zone of decolourization was transferred on another
plate containing 300 ppm dye, and the procedure was
repeated for five times. The selected culture was
preserved on NA slant containing 300 ppm of Reac-
tive Red BS. A cell suspension (3 x 10" cells ml™")
from preserved slant was inoculated in NB containing
300 ppm of dye. This was incubated at 31 & 2°C. On
90-95% decolourization of the added dye, 20% (v/v)
actively growing culture was used as inoculum for next
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cycle. The culture suspension in the decolourized
broth was standardised. The cells were harvested by
centrifugation at 6,000g for 25 min and the inoculum
was standardised with respect to optical density of
0.8 at 660 nm, using UV-Visible spectrophotometer
(Jasco V-530, Japan).

Identification of dye decolourizing bacteria

Isolate giving largest zone of decolourization of
Reactive Red BS was selected and streaked on NA
plate for further purification and the process was
repeated three times. Suspension prepared from a
distinctly isolated colony from the 3rd transfer, was
used for the inoculation of various biochemical media.
The selected isolate was transferred on BUG medium
(Biolog® Inc., USA) and prepared suspension was
inoculated in GN Biolog plates as per the standard
protocol provided (Biolog 2001). All the media and
Biolog® plates were incubated for 6-24 hat 32 + 2°C.
Results were recorded and interpreted for identification
using Biolog® software (Biolog Inc., USA).

Genomic DNA was isolated from the pure culture
pellet using—GeneiPure Bacterial DNA purification
Kit-117290. The 16S rDNA fragment was amplified
using high-fidelity PCR Polymerase. Universal 16S
rDNA primers and instant ligation kit 105611 were
used for the process. PCR product was cloned in
pGEMT vector. 1.5 kb insert were sequenced in
ABI3100 (16 capillary) sequencer.

The evolutionary history was inferred using the
Neighbor-Joining method (Saitou and Nei 1987). The
bootstrap consensus tree inferred from 500 replicates
was taken to represent the evolutionary history of the
taxa analyzed (Felsenstein 1985). The evolutionary
distances were computed using the Kimura 2-param-
eter method (Kimura 1980) and were in the units of
the number of base substitutions per site. Codon
positions included were 1st 4+ 2nd 4 3rd 4 noncod-
ing. All positions containing gaps and missing data
were eliminated from the dataset. There were a total
of 1,464 positions in the final dataset. Phylogenetic
analyses were conducted in MEGA4 (Tamura et al.
2007).

Decolourization study and quantification

For the decolourization study, 10 ml of the uninoc-
ulated and inoculated broths were centrifuged at

6,000g for 25 min (REMI C-24 centrifuge) and the
supernatants were checked for decolourization at
520 nm. Dye concentration of the decolourized broth
was quantified by comparing its absorbance with the
absorbance of known concentrations of Reactive
Red BS and this was used to calculate the dye
removal rate (mg 1~' h™') and expressed as percent-
age of decolourization (Chen et al. 1999; Kumar et al.
1997). Percent decolourization was calculated as:

I-F
x 100

Decolourization (% ) =

where I = initial absorbance and F = absorbance of
decolourized medium.

Optimisation of physicochemical parameters

The influence of static versus agitated condition
(120 rpm), inoculum size, effect of pH, effect of dye
concentration, reaction time, medium components
and continuous addition of dye were studied in terms
of decolourization of dye using the spectrophotom-
eter. The effects of supplementation of glucose (0 and
10 g 17"), peptone (10 and 20 g 17") and yeast extract
(0 and 2 g 1”") to Nutrient broth, were studied by 2°
factorial statistical experiment (Clarke 1994).

If otherwise mentioned, experiments were per-
formed using 20% (v/v) actively growing culture as
inoculum containing 3.0 x 07 cells mI™", 300 ppm
dye concentration, and 7.0 & 0.2 pH, at 31 & 2°C
under static condition. All the experiments were
performed in triplicates.

Toxicity assay

The biodegraded/decolourized products were tested
for their toxic effect (Chen 2002; Ramsay and Nguyen
2002) on the agriculturally important soil bacterial
flora (Gottlieb et al. 2003; Mali et al. 2000). Bacillus
cereus, Azotobacter and Rhizobium procured from
National Chemical Laboratory (NCL), Pune, India,
were inoculated on Nutrient agar, Ashby’s mannitol
agar and Yeast extract mannitol agar respectively. Two
wells of 8.0 mm diameter were made on the respective
media containing plates. One well was filled with
0.1 ml of untreated dye and the other with the
decolourized centrifuged broth. The plates were incu-
bated at 28 &£ 2°C for 48 h. Zone size of inhibition
surrounding the well represented the index of toxicity.
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Decolourization and degradation analysis
of Reactive Red BS

Decolourization and degradation of the dye was
analysed using UV-VS spectrophotometer (Jasco
V-530, Japan). The decolourized broth was collected
in microfuge tubes, centrifuged at 6,000g for 25 min
and 15 pl of the supernatant was spotted on TLC
silica gel 60F,s4 (200 x 200 mm) plate supplied by
Merck, Germany, using a micro syringe. Mixture of
isopropyl alcohol:acetone:ammonia (8:6:6, by vol-
ume) was used as the solvent system. The dye
chromatogram was observed under visible and ultra-
violet light (254 nm). The obtained TLC results were
analysed for the degradation of dye (Mali et al. 2000).
Biodegradation of Reactive Red BS 111 was further
confirmed by HPTLC, Camag, Linomat 5 & Camag
TLC Scanner 3 with winCATS software.

Decolourization study of other reactive dyes

The ability of Pseudomonas aeruginosa NGKCTS
to decolourize other reactive dyes was checked in
the same manner as it was performed with Reactive
Red BS albeit in place of Reactive Red BS;
300 ppm of Reactive Magenta HB (C.I. Violet 26),
Reactive Violet 5, Red HE8B (C.I. Red 152),
Reactive Blue (C.I. Blue 222), Reactive Black G
(Mixture of C.I. Reactive Black 5 and C.I. Orange
16) and Reactive Black B (C.I. Reactive Black 5)
were added to nutrient broth and absorption was
checked at A, of 520, 540, 565, 548, 586 and
588 nm, respectively.

Decolourization of dye manufacturing
industry’s effluent

The chemically treated effluent was collected from
Ganesh Dye Chemicals, Ahmedabad, a dye manufac-
turing industry. Dye concentration was quantified by
comparing it with the colour development of known
concentrations of Reactive Red BS. COD (chemical
oxygen demand) and pH were measured by standard
procedure; 200 ml of this effluent was inoculated
with 20% (v/v) developed active culture, in 500 ml
Erlenmeyer flask. The system was incubated at 31 =+
2°C for decolourization study.
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Results and discussion
Screening and identification

Morphologically distinct five bacterial cultures were
isolated from soil samples that were heavily contam-
inated with reactive dyes. Only three of these isolates
exhibited decolourization zone of 7, 19 and 24 mm.
All the five isolates were resistant to 300 ppm of
Reactive Red BS, suggesting natural adaptation of
these isolates, as they were from dye-contaminated
samples. Similar findings have been reported by
Khehra et al. (2005). The isolate with 24 mm deco-
lourization zone was selected for further study. On the
5th transfer, the selected culture showed decolouriza-
tion zone of 48 mm. The two fold increase in the
activity could be due to selection of most efficient
strain from the isolate and improvement in the activity
due to adaptation. The isolate is a Gram-negative
motile rod, occurring singly. On the dye containing
nutrient agar plates, the colonies were translucent and
oblong in shape with a long axis parallel to the line of
inoculum. On the basis of biochemical characteriza-
tion and Biolog® GN plate tests (Biolog 2001); it was
identified as Pseudomonas aeruginosa. The iden-
tity of this isolate was confirmed by 16S rRNA
genes sequence analysis of 1,464 base pairs and it
was designated as Pseudomonas aeruginosa strain
NGKCTS. The sequence is deposited in GenBank
with accession no. FJ556919. Phylogenetic analysis
of Pseudomonas aeruginosa strain NGKCTS using
MEGA4 software can be seen from Fig. 1. Nearest
homolog genus-species was found to be Pseudomonas
aeruginosa strain Y2P3 (Accession No. EU221381.1).

Static versus agitated

During the first five transfers, in NB, the actively
growing inoculum required 10 h for decolourization.
Thereafter, the culture further acclimatised to the dye
concentration in the liquid medium and required only
6 h for 91.1 + 3.0% decolourization of 300 ppm of
Reactive Red BS under static condition. No consid-
erable decolourization was observed when the flasks
were incubated in agitated condition (data not
shown), suggesting that a facultative anaerobic con-
dition was favourable for the decolourization, which
could be due to involvement of azo reductase for
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Fig. 1 Phylogenetic
analysis of Pseudomonas
aeruginosa strain NGKCTS
(16S ribosomal RNA gene,
partial sequence) using
MEGAA4 software
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decolourization of azo dyes. Similar finding was
reported by Sandhya et al. (2008). Chang and Lin
(2000) have reported that the decolourization of azo
dyes by azo reductase is normally inhibited by the
presence of oxygen primarily due to competition in
the oxidation of reduced electron carriers like NADH
with either oxygen or azo groups as electron receptor.

Effect of inoculum size on dye decolourization

The percentage decolourizations obtained with dif-
ferent inoculum size were 91.1 & 3.0%. As can be
seen from Fig. 2, up to 25% (v/v) inoculum size,
there was considerable difference in the time required
for 91.1 & 3.0% decolourization. Decolourization
rate of 47.53 mg 17! h™' was observed at 20% (v/v)
inoculum concentration when the dry weight of the
biomass was 0.31 g17', thus, dye removal rate
comes out equivalent to 153 mg dye g cell™' h™",
which was 8.42 times higher than that reported by
Moosvi et al. (2005). Guo et al. (2008) have also
reported the maximum azo acid dye removal rate of
5.3 mg dye g cell”' h™'. Beyond 25% up to inocu-
lum size of 50% (v/v) inoculum volume, the time
required was not decreased considerably, which
indicates that 25% (v/v) was the optimum inoculum
size, with a dye removal rate of 57.53 mg 17" h™".
Further rise in inoculum size showed no beneficial
effects. Similar observations have been recorded by
Moosvi et al. (2005).

Effect of pH on dye decolourization

The Hydrogen ion concentration showed profound
effect on the biological activities of the organism
(Fig. 3). The optimum pH range for decolourization

A FJ556919.1 SRD

—
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Time for 90% decolourization (h)
(=)}

T

15 20 25 30
Inoculum size (%v/v)
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Fig. 2 Effect of inoculum size [(5-50% v/v) containing:
3.0 x 107 cells mlI™"], on decolourization of 300 ppm of
Reactive Red BS C.I. 111 by Pseudomonas aeruginosa
NGKCTS. pH: 7; 31 £ 2°C; static condition. Results are
means of triplicate experiments (SD is indicated with error
bars)

was observed between 6.0 and 7.5 wherein decolou-
rization was achieved in less than 6 h. The highest
decolourization rate was observed at pH 7.0. Bhatt
et al. (2005) also have found that pH 7.0 was
optimum for the decolourization of diazo-dye Reac-
tive Blue 172 by Pseudomonas aeruginosa NBAR12.
Thus, all the remaining experiments were performed
at pH 7.0.

Effect of dye concentration

The reactive dye molecule is a complex structure and
about 12% of the synthetic textile dyes are lost in
wastewater streams. Varying amounts of these dyes
are present in the effluents. Keeping this point in
mind, the influence of dye concentration on the
decolourization ability of the organism was investi-
gated. It can be observed from Fig. 4 that the time
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Fig. 3 Influence of initial medium pH (5-10.5), on decolou-
rization of 300 ppm of Reactive Red BS C.I. 111 by
Pseudomonas aeruginosa NGKCTS. Inoculum size [(20%
v/v) containing: 3.0 x 107 cells ml_l]; 31 &+ 2°C; static con-
dition. Results are means of triplicate experiments (SD is
indicated with error bars)
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Fig. 4 Effect of Initial dye concentration (100-1,000 ppm),
on decolourization of Reactive Red BS C.I. 111 by Pseudo-
monas aeruginosa NGKCTS. Inoculum size [(20% v/v)
containing: 3.0 x 107 cells ml~']; 31 =+ 2°C; static condition;
pH: 7. Results are means of triplicate experiments (SD is
indicated with error bars)

required for decolourization of the dye was directly
proportional to the concentration of dye in the system.
The highest decolourization rate of 55.45 mg 1=' h™"
was obtained at 700 ppm dye concentration with
81.2% decolourization. Dye concentration of 800
ppm and above showed gradual inhibition of deco-
lourization ability of the organisms.
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Fig. 5 Time bound decolourization of 300 ppm of Reactive
Red BS C.I. 111 by Pseudomonas aeruginosa NGKCTS.
Inoculum size [(20% v/v) containing: 3.0 x 107 cells ml~'];
31 & 2°C; static condition; pH: 7. Results are means of
triplicate experiments (SD is indicated with error bars)

Decolourization with function of incubation time

Gradual decrease in decolourization rate of the dye
was observed with increased time (Fig. 5). In the first
hour, 39.36% decolourization was obtained whereas,
during 2nd to 6th h of incubation 18, 11, 10, 9 and 7%
decolourization was achieved per hour, respectively.
This could be due to the actively growing culture used
for the study, thus no lag phase was observed and
decolourization started immediately after inoculation.
Thereafter, observed decrease in decolourization rate
with time could be due to the decreased amount of
the available dye in the system. This finding shows
the need of investigating the influence of fed batch
process for the dye decolourization.

Effect of continuous dye addition

The dye industry wastes are continuously discharged
from the dyeing and textile industry, therefore the
consequence of continuous dye addition in ongoing
experiment was investigated and results are shown in
Table 1. Up to the sixth addition the time required for
about 90% decolourization of 300 ppm Reactive Red
BS gradually decreased and it reached from 5.5 h to
as low as 2 h, which is 12 times faster than the rate
reported by Moosvi et al. (2005) for Reactive violet
5 even with dye amount as low as 100 ppm. The
highest dye decolourization rate obtained in this
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study was as high as 136 mg 1=' h™'. The enhance-
ment in the activity could be due to the generation of
increased biomass in on going flask with addition of
each new instalment of dye. After sixth addition the
time required for decolourization increased and on
tenth addition it reached to 6 h with decolourization
rate of 30 mg 17! h™'. The observed increase in the
decolourization rate up to sixth addition was due to
increase in the microbial mass in the system, which
increased from 6.0 x 107 to 2 x 10° cells ml™" in
the system. The decreased decolourization rate after
sixth addition of the dye could be due to accumula-
tion of the metabolites as the experiment was con-
tinued in a fed batch manner. When the results of dye
addition in one instalment (Fig. 4) and dye addition
in multiple fractions (Table 1) were compared, dec-
olourization of 900 ppm of dye added in one lot
required 16.25 h but when dye was added in frac-
tions of 300 ppm, 91.1 &+ 2.0% decolourization was
achieved in 12.75 h. This indicates that dye addition
in fraction in continuously ongoing decolourization
process is more efficient. This finding suggests that
continuous decolourization process with fixed biofilm
could be developed to get more benefit.

Media optimization by 2° factorial experiments

It was observed that for 92.0 & 1.0% decolourization
the required reaction time ranged between 4.25 h to
as high as 8.0 h. The presence of glucose slightly
reduced the decolourization ability and the required

Table 1 Effect of continuous dye addition into ongoing flask
system

Number of
dye addition

Total added dye Time  Decolourization
in medium (ppm)  (h) (%)

1 300 5.5 91.1 £ 1.0
2 600 4.0 91.1 £3.0
3 900 3.25 91.1 £20
4 1,200 3.0 91.1 £ 1.5
5 1,500 2.75 91.1 £ 1.2
6 1,800 2.0 91.1 £2.5
7 2,100 3.0 91.1 £3.0
8 2,400 3.25 91.1 £25
9 2,700 3.25 91.1 £ 1.5
10 3,000 6.0 60.3 £ 3.0

300 ppm of dye was added to the same broth at each step on
decolourization

time period was increased from 5.75 to 7.0 h.
Supplementation of nitrogen sources like peptone
and yeast extract increased the decolourization ability
and time period was reduced from 5.75 h to as low as
4.25 h. When the concentration of glucose, peptone
and yeast extract was increased from 0 to 10, 10 to 20
and O to 2 g/l, the reaction time was as high as 8.0 h.
The shortest reaction time was observed in pres-
ence of 20 g/l peptone and 2.0 g/l yeast extract in
the medium. For the shortest decolourization time,
absence of glucose and presence of peptone and yeast
extract are needed. Chen et al. (2003) have also
reported that presence of glucose inhibited decolou-
rization activity in six bacterial strains isolated from
sludge samples and mud lakes, capable of degrading
textile dyes. The reduction in the decolourization
ability of Pseudomonas aeruginosa NGKCTS in
presence of glucose could be due to the preferential
use of glucose by the organism as compared to
Reactive Red BS.

Toxicity assay

No zone of inhibition observed in untreated as well as
treated dyes, indicated that the biodegraded or
decolourized product was non-toxic to the tested
beneficial bacterial flora of the soil. The toxic effect
of untreated Malachite green, Brilliant green, Fast
green, Methylene blue and Congo red and removal of
their toxicity after biological treatment has been
reported by Mali et al. (2000).

Decolourization and degradation analysis
of Reactive Red BS

Spectrophotometric analysis (at 520 nm) of inocu-
lated medium containing Reactive Red BS showed a
decrease in the peak as compared to the uninoculated
medium. Evidence of dye removal can be observed
with the absorbance at A, being virtually zero in the
medium inoculated with the culture (Fig. 6). More-
over, the peak of the inoculated medium shifted
towards the UV region as reported by McMullan
et al. (2001).

The degradation of Reactive Red BS 111 was
checked on TLC and no spot was observed in visible
light whereas spots with different Ry values were
observed as compared to untreated dye in UV light
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Fig. 6 Spectrophotometric analysis of decolourization of
300 ppm of Reactive Red BS C.I. 111 in nutrient medium
with/without Pseudomonas aeruginosa NGKCTS, using UV—
VS spectrophotometer (Jasco V-530, Japan)

(data not shown). The degradation was further
checked by HPTLC analysis, which can be seen
from the data (Table 2). When area occupied by all
the peaks were considered, peaks 6, 5 and 1 were
responsible for major area corresponding to 52.4,
17.2 and 14.2% of total area of the peaks. When
biodegradation was considered; 100,100, 97 and 88%
reduction was observed in area of peak numbers 4, 7,
6 and 5, respectively, as compared to untreated dye.
On the other hand, there was some increase in area of
peak number 1 and 8; these peaks mainly correspond
to components of NB, which was used as a nutrient
medium. Moreover, the development of peak 2 in
treated dye was a new development, but it corre-
sponds to only 5.56% of the total area, occupied by

all the peaks. This indicates the degradation of major
dye components.

Spectrum of reactive dyes decolourization

Pseudomonas aeruginosa NGKCTS was also found
to be efficient in removing 85-95% of colour from
Reactive Magenta HB (C.I. Violet 26), Reactive
Violet 5, Red HE8B (C.I. Red 152), Reactive Blue
(C.I. Blue 222), Reactive Black G (Mixture of C.I.
Reactive Black 5 and C.I. Orange 16) and Reactive
Black B (C.I. Reactive Black 5), even at 300 ppm
concentration, in less than 24 h (Table 3). Among
the dyes studied under the experimental conditions
Reactive Blue (C.I. Blue 222) was found to be the
most resistant to the decolourization activity of the
isolate. The obtained results show the decolourization
ability of the isolate over a broad range of reactive
dyes, which could be exploited for the treatment of
waste containing multiple dyes simultaneously.

Decolourization of dye manufacturing
industry’s effluent

The main aim of the entire work was to develop a
biological process for the treatment of the industrial
effluent. The wastewater from dye manufacturing
industry with 10,000 ppm of Reactive Red BS 111
showed 86% decolourization and 76% reduction in
the COD in 72 h of contact time (Table 4). The most
interesting point is no nutrient addition was needed
for the treatment of the industrial waste. The left out

Table 2 HPTLC analysis of the treated and untreated Reactive Red BS C.I. 111 by Pseudomonas aeruginosa NGKCTS (winCATS

planar Chromatography Manager)

Peak Positive control Negative control Test
Rf Area % of total area Rf Area % of total area Rf Area % of total area

1 0.13 2670.4 14.19 0.12 1667.2 62.27 0.11 3639.8 62.38

2 0.31 194.1 1.03 - - - 0.35 324.4 5.56

3 0.39 507.1 2.69 - - - 0.44 462.3 7.92

4 0.51 1614.1 8.58 - - - - - -

5 0.61 3221.3 17.38 0.67 125.0 4.67 0.61 401.2 6.88

6 0.71 9832.7 52.28 0.71 275.1 10.28 0.70 229.6 3.93

7 0.81 372.8 1.98 - - - - - -

8 0.95 361.5 1.87 0.94 610.0 22.78 0.93 771.5 13.33

Positive control: nutrient broth + 500 ppm dye (uninoculated); negative control: nutrient broth; test: decolourized broth (inoculated)

(Solvent system isopropanol:acetone:ammonia; 8:6:6, by volume)
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Table 3 Decolourization spectrum of reactive dyes by Pseudomonas aeruginosa NGKCTS

No. Dye (C.I. number) Amax Incubation time Chemical nature Decolourization
(nm) () (%)
1 Reactive Red HE8B (C.I. Red 152) 520 7.00 Diazo 92.75
2 Reactive Magenta HB (C.I. Violet 26) 540 4.75 Monoazo 93.30
3 Reactive Blue (C.I. Blue 222) 565 23.50 Diazo, vinyl sulphone 84.95
4 Reactive Violet 5R (C.I. Reactive Violet 5) 548 4.50 Monoazo, vinyl 95.63
sulphone
5  Reactive Black G (C.I. Reactive Black 5 + C.L 586 11.00 Diazo, vinyl sulphone 85.21
Orange 16)
6  Reactive Black B (C.I. Reactive Black 5) 588 10.25 Diazo, vinyl sulphone 88.55
The concentration of respective dye in each of the broth was 300 ppm
Table 4 Characteristics of dye manufacturing industry’s effluent
Waste Characteristics of the waste
pH COD (mg 1= Dye concentration (mg 1
Before treatment 7.43 2,746 10,080
After treatment 7.76 640 1,390
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sufficient for the decolourization activity. This find-

ing could make the process economically viable.

Conclusions

Acknowledgments

The optimum conditions for Pseudomonas aeru-
ginosa NGKCTS to degrade Reactive Red BS
(C.I.111) were pH 7.0, inoculum size 25% (v/v)
and at static condition.

Presence of glucose showed negative effects on
decolourization.

Fed batch process was found to be better and
decolourization time was reduced to as short as 2.0 h.
Organisms were able to decolourize other reactive
dyes tested and actual industrial effluent.
Obtained highest decolourization rate was 12
times higher than the highest rate reported. The
increased bio-decolourization ability could be due
to the selection of efficient strain and optimization
of the parameters.

We are thankful to Ganesh Dye Chem.

dye manufacturing industry, Ahmedabad for providing the dye
samples, industrial effluent and waste.

Bhatt N, Patel KC, Keharia H, Madamwar D (2005) Decolor-
ization of diazo-dye Reactive Blue 172 by Pseudomonas
aeruginosa NBAR12. J Basic Microbiol 45(6):407-418

Biolog (2001) Instructions for use of the Biolog GP2 and GN2
Microplates™. Biolog INC, Hayward

Chakraborty S, Purkait MK, DasGupta S, De S, Basu JK (2003)
Nanofiltration of textile plant effluent for colour removal
and reduction in COD. Sep Purif Technol 31(2):141-151

Chang JS, Lin YC (2000) Fed-batch bioreactor strategies for
microbial decolourization of azo dye using a Pseudomo-
nas luteola strain. Biotechnol Progress 16:979-985

Chen BY (2002) Understanding decolorization characteristics
of reactive azo dyes by Pseudomonas luteola: toxicity and
kinetics. Process Biochem 38(3):437-446

Chen KC, Huang WT, Wu JY, Houng JY (1999) Microbial
decolorization of azo dyes by Proteus mirabilis. J Ind
Microbiol Biotechnol 23(1):686-690

Chen KC, Wu JY, Liou DJ, Hwang SCJ (2003) Decolorization
of the textile dyes by newly isolated bacterial strains.
J Biotechnol 101(1):57-68

Clarke GM (1994) Statistics and experimental design—an
introduction for biologists and biochemists, 3rd edn.
Edward Arnold, London, pp 164-174

Dave SR, Dave RH (2009) Isolation and characterization of
Bacillus thuringiensis for Acid red 119 dye decolouriza-
tion. Biresour Technol 100:249-253

Felsenstein J (1985) Confidence limits on phylogenies: an
approach using the bootstrap. Evolution 39:783-791

Georgiou D, Aivazidis A, Hatiras J, Gimouhopoulos K (2003)
Treatment of cotton textile wastewater using lime and
ferrous sulfate. Water Res 37(9):2248-2250

@ Springer



836

Biodegradation (2009) 20:827-836

Gottlieb A, Shaw C, Smith A, Wheatley A, Forsythe S (2003)
The toxicity of textile reactive azo dyes after hydrolysis
and decolourization. J Biotechnol 101(1):49-56

Guo J, Zhou J, Wang D, Yang J, Li Z (2008) The new incor-
poration bio-treatment technology of bromoamine acid
and azo dyes wastewaters under high-salt conditions.
Biodegradation 19(1):93-98

Hu TL (1994) Decolourization of reactive azo dyes by trans-
formation with Pseudomonas luteola. Bioresour Technol
49(1):47-51

Hu TL (2001) Kinetics of azoreductase and assessment of
toxicity of metabolic products from azo dyes by Pseu-
domonas luteola. Water Sci Technol 43(2):261-269

Khehra M, Saini H, Sharma D, Chadha B, Chimni S (2005)
Decolorization of various azo dyes by bacterial consor-
tium. Dyes Pigments 67(1):55-61

Kimura M (1980) A simple method for estimating evolutionary
rate of base substitutions through comparative studies of
nucleotide sequences. J Mol Evol 16:111-120

Kirk RE, Othmer DF (1993) Dyes, environmental chemistry.
In: Howe-Grant M (ed) Kirk-Othmer encyclopaedia of
chemical technology, vol 8, 4th edn. Wiley Interscience
Publication, New York, pp 753-773

Kumar V, Wati L, FitzGibbon F, Nigam P, Banat IM, Singh D,
Marchant R (1997) Bioremediation and decolorization of
anaerobically digested distillery spent wash. Biotechnol
Lett 19(4):311-314

Mali PL, Mahajan MM, Patil DP, Kulkarni MV (2000) Biod-
ecolourisation of members of triphenylmethane and azo
group of dyes. J Sci Ind Res 59:221-224

McMullan G, Meehan C, Conneely A, Kirby N, Robinson T,
Nigam P, Banat IM, Marchant R, Smyth WF (2001)
Microbial decolourisation and degradation of textile dyes.
Appl Microbiol Biotechnol 56:81-87

Mielgo I, Moreira MT, Feijoo G, Lema JM (2002) Biodegra-
dation of a polymeric dye in a pulsed bed bioreactor by
immobilised Phanerochaete chrysosporium. Water Res
36(7):1896-1901

@ Springer

Moosvi S, Keharia H, Madamwar D (2005) Decolourization of
textile dye reactive violet 5 by a newly isolated bacterial
consortium RVM 11.1. World J Microbiol Biotechnol
21:667-672

Papi¢ S, Koprivanac N, Loncari¢ Bozi¢ A (2000) Removal of
reactive dyes from wastewater using Fe(IIl) coagulant.
Color Technol 116(11):352-358

Pavan FA, Mazzocato AC, Gushikem Y (2008) Removal of
methylene blue dye from aqueous solutions by adsorption
using yellow passion fruit peel as adsorbent. Bioresour
Technol 99(8):3162-3165

Ramsay JA, Nguyen T (2002) Decoloration of textile dyes by
Trametes versicolor and its effect on dye toxicity. Bio-
technol Lett 24(21):1757-1761

Robinson T, McMullan G, Marchant R, Nigam P (2001)
Remediation of dyes in textile effluent: a critical review
on current treatment technologies with a proposed alter-
native. Bioresour Technol 77(3):247-255

Saitou N, Nei M (1987) The neighbor-joining method: a new
method for reconstructing phylogenetic trees. Mol Biol
Evol 4:406-425

Sandhya S, Padmavathy S, Swaminathan K, Subrahmanyam
YV, Kaul SN (2005) Microaerophilic-aerobic sequential
batch reactor for treatment of azo dyes containing simu-
lated wastewater. Process Biochem 40(2):885-890

Sandhya S, Sarayu K, Uma B, Swaminathan K (2008)
Decolorizing kinetics of a recombinant Escherichia coli
SS125 strain harbouring azoreductase gene from Bacillus
latrosporus RRK1. Bioresour Technol 99(7):2187-2191

Stolz A (2001) Basic and applied aspects in the microbial
degradation of azo dyes. Appl Microbiol Biotechnol
56(1-2):69-80

Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4:
Molecular Evolutionary Genetics Analysis (MEGA)
software version 4.0. Mol Biol Evol 24:1596-1599



	Optimisation for enhanced decolourization and degradation of Reactive Red BS C.I. 111 by Pseudomonas aeruginosa NGKCTS
	Abstract
	Introduction
	Materials and methods
	Dyes and media
	Dyes
	Nutrient media

	Isolation, inoculum preparation and preservation of decolourizing bacteria
	Identification of dye decolourizing bacteria
	Decolourization study and quantification
	Optimisation of physicochemical parameters
	Toxicity assay
	Decolourization and degradation analysis �of Reactive Red BS
	Decolourization study of other reactive dyes
	Decolourization of dye manufacturing �industry&rsquo;s effluent

	Results and discussion
	Screening and identification
	Static versus agitated
	Effect of inoculum size on dye decolourization
	Effect of pH on dye decolourization
	Effect of dye concentration
	Decolourization with function of incubation time
	Effect of continuous dye addition
	Media optimization by 23 factorial experiments
	Toxicity assay
	Decolourization and degradation analysis �of Reactive Red BS
	Spectrum of reactive dyes decolourization
	Decolourization of dye manufacturing �industry&rsquo;s effluent

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


