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Abstract

The present study reveals that the enriched aerobic cultures of indigenous microbes can be used
successfully for decolorizing dye effluents. Physico-chemical analysis of dye effluent revealed high load of
pollution indicators. Textile dye effluent and contaminated soils were collected and analyzed for selection of
suitable bacteria for dye degradation. The residual bacterial load was found to be in the range of 108 cfu/mL.
Six bacterial strains viz., two species of Bacillus, two species of Klebsiella,, one species each of Planococcus
and Micrococcus luteus were isolated. The best two dye degraders namely species of Planococcus and
Bacillus were further optimized for the effect of carbon and nitrogen source, pH, temperature and percentage
of inoculum. The optimized conditions for both the isolates of Planococcus sp. and Bacillus sp. were used in
bio-decolorization studies of textile effluent. More than 50% of decolorization was achieved within 4 d of
incubation. After 6 d of incubation, decolorization was achieved above 80%. The isolates Planococcus sp.
and Bacillus sp. exhibited maximum decolorization ability at pH between 5-8 and temperature 37°C.
Moreover, 10% (v/v) inoculums, glucose and peptone as carbon and nitrogen sources were found to be the
optimum for decolorization. Both the isolates showed highest decolorization percentage of Coractive Blue 3R
dye effectively during optimization and more interestingly showed consistent decolorization of textile dye
throughout the study.
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Introduction

Environmental pollution has been recognized as one of  These processes may not guarantee the treatment of
the major hazard of the modern world. Due to rapid toxic dye in the effluent. Moreover, considering the
industrialization, lot of chemicals including dyes  volume of wastes released during the industrial
manufactured and used in day to day life (Moorthi et al., production process these are often laborious and
2007). Dyes usually have a synthetic origin and complex ~ expensive (Gopi et al., 2012). Over the past decades,
aromatic molecular structures which make them more biological decolorization has been investigated as a
stable and more difficult to biodegrade (Aksu, 2005). method to transform, degrade or mineralize azo dyes
Approximately 10,000 different dyes and pigments are (Banat et al., 1996). Moreover, such decolorization and
used industrially and over 0.7 million tons of synthetic =~ degradation is an environmental friendly and
dyes are produced annually, worldwide. The three most cost-competitive alternative to chemical decomposition
common groups of dyes are azo, anthraquinone and processes (Verma and Madamwar, 2003).
phthalocyanine (Axelsson et al., 2006), most of which are

toxic and carcinogenic. Disposal of these dyes into the  Against these backdrops, the present study deals with
environment causes serious damage, since they may  isolation of textile dye degrading bacteria from a dye
significantly affect the photosynthetic activity of contaminated environment and its ability to degrade
hydrophytes by reducing light penetration and also toxic ~ textile dyes into non-toxic product. The efficient
to aquatic organisms due to their break down products organisms were then optimized under different cultural
(Hao et al., 2000; Aksu et al., 2007). One of the most conditions to study optimal bioremediative capacity.
pressing environmental problems related to dye effluents

is the improper disposal of waste water from dyeing Materials and methods

industry (Jayarajan et al., 2011). Traditional methods for Collection of effluent samples: Effluent samples were
the cleanup of azo dyes in the textile waste water usually collected in clean collection bottles from different textile
involve the removal of unwanted materials through dyeing units in Tirupur and Erode Districts of Tamil Nadu,
sedimentation, filtration and subsequent chemical India. The samples were transferred immediately to the
treatments such as flocculation, neutralization and laboratory for further analysis.

electro-dialysis before disposal.
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Physico-chemical analysis: The samples were analyzed
and characterized by various parameters such as pH,
color, texture, total suspended solids, total dissolved
solids, total solids, chemical oxygen demand (COD),
biological oxygen demand (BOD), electrical conductivity
(EC), bulk density, organic carbon, available nitrogen,
phosphorous and potassium, calcium, magnesium,
copper, zinc, manganese, iron, carbonates,
bicarbonates, chlorine (APHA, 1992).

Enrichment and isolation of dye degrading microbes:
Collected effluent sample was used as the parent source
of inoculum in this study. For enrichment of total
heterotrophic (TH) population of dye degrading isolates
in the samples, 1 mL of the sample was aseptically
added to 100 mL of enrichment medium, containing
1% (w/v) glucose as carbon source. The flasks were
incubated in shaker condition at 150 rpm at 28°C for 6 d.
The isolation of dye degrading bacteria from
contaminated samples was performed by modifying the
method as described by Akhilesh et al. (2010).
The enriched cultures were serially diluted up to
10°® dilution and the diluted cultures were spread plated
aseptically and incubated at 28-30°C for 3 d.
The experiment was carried out with triplicates.
On incubation, population density was counted and
different colony morphology were selected and
maintained on nutrient agar slants at 4°C.

Biochemical identification of dye degrading isolates:
Selected isolates were grown on nutrient agar plates
(Himedia, India). Based upon the growth characteristics,
staining reactions and biochemical tests (Martin et al.,
2006) the isolates were identified according to Bergey's
Manual of Determinative bacteriology (Holt et al., 1994).

Screening of effective isolates for dye decolorization:
As per the method described by Nigam et al. (1996),
10% (v/v) inocula for each isolate were inoculated in
100 mL of Zhou and Zimmermann (ZZ) medium
containing 0.02 g of Coractive blue P 3R to evaluate
decolorization percentage. Uninoculated dye medium
served as control. All the flasks were incubated at 30°C
for 6 d under shaker condition at 150 rpm. The culture
broth was centrifuged at 8000 rpm for 15 min.
Clear supernatant was measured at 600 nm in UV-Vis
spectrophotometer (HITACHI, U-2000). The percentage
decolorization of dye was determined by using the
formula:

x 100

% decolorization =

Where,
C = Absorbance of control flask,
T = Absorbance of the isolate containing flask.

©Youth Education and Research Trust (YERT)

jairjp.com

W o
“ia and 15

Effect of carbon and nitrogen sources on dye decolorizer:
Effect of various carbon sources viz., glucose, sucrose
and mannitol at 1% (w/v) and nitrogen sources viz., yeast
extract and peptone at 0.25% (w/v) on dye decolorization
of coractive blue P3R dye in modified ZZ medium was
studied for the best two dye degraders. Experiments
were carried out with 10% (v/v) inocula of each selected
isolate in ZZ medium and medium without culture was
served as control. All the flasks were incubated at 30°C
under shaking condition for 6 d and it was analyzed for
percent decolorization.

Effect of temperature and pH on dye decolorizer: Effect
of various temperature viz., 4°C, 27°C, 37°C, 45°C and
pH viz., 5, 6, 7, 8, 9 on dye decolorization of coractive
blue P3R dye in ZZ medium was also studied for the best
two dye degraders. All the flasks were incubated at 30°C
under shaking condition for 6 d and it was analyzed for
percent decolorization.

Effect of inoculum concentration on dye decolorizer:
Effect of various inocula percentage (v/v) viz., 1, 2, 5 and
10% on dye decolorization of coractive blue P3R dye in
ZZ medium was studied for the best two dye degraders.
All the flasks were incubated at 30°C under shaking
condition for 6 d and it was analyzed for percent
decolorization.

Study on bio-decolorization of dye effluent using dye
degrading isolates: Three samples of untreated textile
effluent were treated with best two optimized dye
degrading isolates individually and as consortium.
The time course of decolorization was carried out under
optimum condition obtained from growth optimization
studies.

Results and discussion

The data on physico-chemical analysis of effluent
samples is presented in Table 1. The effluent E1 and E3
shows alkaline pH (8.0 and 8.5) well within permissible
limits. Buckley (1992) reported that the pH of effluent
affects aquatic life, plants and humans. Electrical
conductivity (EC) of samples was found to be very high
(6.3, 2.4 and 9.4 ds/m). Total suspended solid (TSS) in
the effluents were very high (20000, 60000, 280000
mg/ L) above the permissible limits laid down Central
Pollution Control Board (CPCB), India. Total dissolved
solid (TDS) and Total solid (TS) of the effluent was also
very high above permissible limits. Tyagi and Mehra
(1990) reported that the high TDS are one of the major
sources of sediments which reduce the light penetration
and affect photosynthesis, thereby decreasing dissolved
oxygen (DO) level and decreased purification by the
microorganisms. There was a high load of BOD and
COD viz., 140, 320, 150 mg/L and 116,250, 128 mg/L
respectively. The chloride content was found to be very
high in E1 sample (2268.8 mg/L), compared to E2
sample (602.65 mg/L) and E3 sample (425.4 mg/L).
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Table 1. Physico-chemical analysis of effluent samples.

Samples
Parameters E1 Eo =)
Color Blue Greenish blue Dark blue
PH 8.0 6.8 8.5
Electrical conductivity (dSm™) 6.3 2.4 9.4
Total dissolved solid(TDS) 320000 10000 440000
Total suspended solid (TSS) 20000 60000 280000
Total solid(TS) 340000 70000 720000
Na (ppm) 91.05 93.05 95.04
K (ppm) 64.43 29.58 90.36
Calcium (mg/L) 12.82 64.128 4.80
Manganese (mg/L) 0.9922 0.7004 0.5253
Carbonates (mg/L) 97.44 - -
Bicarbonates (mg/L) 1439.6 2403.4 1098
Chlorine (mg/L) 2268.8 602.65 425.4
Dissolved oxygen (DO) (mg/L) 240 610 260
Biological oxygen demand (BOD) (mg/L) 140 320 150
Chemical oxygen demand (COD) (mg/L) 116 250 128

Prasad and Rao (2010) and Rajendran et al. (2011)
reported that the high chlorine contents are harmful in
food chains of aquatic life.

Population density of total heterotrophic bacteria in
effluent samples: It was observed that the E3 sample
had the highest population density (22 x 10° cfu/mL)
followed by E2 (17.6 x 10® cfu/mL). The sample E1 had
the least population density (2.3 x 108cfu/mL). Nishant
et al. (2006) reported the isolation of di-azo dye direct
red 81 degrading novel bacterial consortium from dye
contaminated effluent samples.

Identification of dye degraders: Six isolates were isolated
from effluent samples and it was coded as S1 (1), S1 (2),
S3, S4 and S5. These species were identified tentatively
up to genera level based on morphological and
biochemical characters. Two species of Bacillus, two
species of Klebsiella viz., Klebsiella pneumonia and
Klebsiella oxytoca, one species of Planococcus sp. and
Micrococcus luteus were identified. Similar kind of
observation was made by Saranraj et al. (2010).
They have isolated five isolates from textile dye effluent
samples and identified as Bacillus subtilis, Pseudomonas
aeruginosa, Proteus mirabilis, Klebsiella pneumonia and
Escherichia coli.

Screening for most effective dye degrading isolates for
Coractive blue P 3R: All the six isolates were screened
for dye degrading ability with respect to Coractive blue
P3R (20 mg/100mL) in Zhou and Zimmermann medium.
Visual screening revealed that all the isolates were able
to decolorize the dye from moderate to intense.
Two isolates Planococcus sp. S1 (1) and Bacillus sp (S3)
were intense dye decolorizers. Percentage of
decolorization was calculated with respect to control.
It was observed that Planococccus sp. S1 (1) was able to
decolorize up to 69.02% after 6 d of incubation followed
by Bacillus sp. (S3) at 68.09%.

©Youth Education and Research Trust (YERT)

jairjp.com

Fig. 1. Screening for most effective dye degrading
isolates for Coractive Blue P 3R.
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1-Planococcus sp., 2-Micrococcus luteus, 3-Klebsiella pneumoniae,
4-Bacillus sp., 5-Klebsiella oxytoca, 6-Bacillus sp.

Decolorization percentage of all the isolates was
observed between 31.71 and 68.02% indicating efficient
decolorization (Fig. 1).

Effect of carbon and nitrogen sources on decolorization
dye: It was observed that after 6 d of incubation,
decolorization percentage was higher (54.6%) in
Bacillus sp. as compared with Planococcus sp. (46.53%)
for glucose and vice versa for mannitol (Fig. 2). In case
of nitrogen source, Planococcus sp. showed highest
decolorization percentage in the presence of peptone but
in Bacillus sp. decolorization percentage was found to be
high (25.23%) in yeast extract as compared to nitrogen
source (Fig. 3). Similar to this work, Wang et al. (2009)
reported that a Citrobacter sp. decolorized 96.2% of
reactive red 180 dye with 4 g/L of glucose as carbon
source. Mathew and Madamwar (2004) reported the use
of 0.1% yeast extract for decolorization of ranocid fast
blue dye but it was for bacterial consortium.
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Fig. 2. Effect of carbon source on decolorization of
Coractive Blue P-3R by the isolates.
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Fig. 5. Effect of temperature on decolorization of
Coractive Blue P-3R by the isolates.
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Fig. 4. Effect of pH on decolorization of Effect of inoculum concentration on decolorization of dye:
Coractive Blue P-3R by the isolates. It was observed that decolorization percentage was
o - = Planococcus sp.  ®Bacillus sp. highest at 10% inoculum concentration for Bacillus sp.
(48.15%) and Planococcus sp. (57.68%) and low
< 60 - decolorization was obtained in other inoculum
= 50 - concentration (Fig. 6). This study is corroborated with the
g 40 - findings of Kumar et al. (2009). They used the mixed
8 30 - culture for decolorization of reactive azo dye and
) 20 reported 98% decolorization at 10% inoculums size.
< _
10 1 Bio-decolorization of dye effluent: Three samples of
0 - untreated textile effluents were treated with best two
5 6 7 8 9 optimized dye degrading isolates such as
PH Planococcus sp. and Bacillus sp. individually and as

Effect of pH and temperature on decolorization of dye:
At 6" d of incubation, it was observed that the
decolorization percentage was highest (64.34%) at
alkaline pH for Bacillus sp. at pH 9 but in Planococcus
sp. decolorization percentage was found to be high
(62.19%) in acidic pH (6) as compared to other pH
ranges (Fig. 4). In case of optimum temperature,
Planococcus sp. and Bacillus sp. in the presence of 37°C
showed maximum decolorization when compared to
other temperatures (Fig. 5).
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consortium. Planococcus sp. gave the highest
decolorization percentage (88.31%) for E1 sample
followed by Bacillus sp. (84.51%) and consortium of both
the strains (80.21%) after 8 d (Fig. 7). In E2 sample,
Planococcus sp. decolorized the dye effluent up to
78.21% followed by Bacillus sp. and microbial
consortium (76.3% and 8.3% respectively) after 8 d
(Fig. 8). Planococcus sp. gave maximum decolorization
against E3 sample, whereas Bacillus sp. and microbial
consortium gave 85.21 and 84.6% respectively after 8 d

(Fig. 9).
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Fig. 7. Percentage of decolorization for treatment
of effluent sample E1.
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Fig. 8. Percentage of decolorization for treatment
of effluent sample E2.
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Fig. 9. Percentage of decolorization for treatment
of effluent sample E3.
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In current study, the decolorization percentage was
found to be high in Planococcus sp. followed by Bacillus
sp., which shows the adaptability of the strains to severe
conditions of effluent and survival in highly contaminated
sites. The ability of isolates to decolorize textile dye is
attributed to their adaptability to xenobiotic compounds
by their biological activity and chemical structure of dye.
Similar studies were achieved by Ponraj et al. (2011)
when they used Bacillus sp. and Pseudomonas sp.
which showed 89% of decolorization of Orange 3R dye.
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Conclusion

On the basis of the results of the present study, suitable
strategy can be developed for the treatment of waste
water contaminated with dye. Bacterial strains of this
study, Planococcus sp. and Bacillus sp. can be used as
a good microbial source for waste water treatment.
The isolated and identified bacterial strains were found to
be most effective and having enormous potential of
textile dye degradation under versatile environmental
conditions. Since these strains decolorize number of
dyes, in future it can be used for textile waste water
treatment.
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