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Abstract A significant proportion of xenobiotic recalcitrant
azo dyes are being released in environment during carpet dye-
ing. The bacterial strain Stenotrophomonas sp. BHUSSp X2
was isolated from dye contaminated soil of carpet industry,
Bhadohi, India. The isolated bacterial strain was identified mor-
phologically, biochemically, and on the basis of 16S rRNA
gene sequence. The isolate decolorized 97 % of C.I. Acid
Red 1 (Acid RED G) at the concentration of 200 mg/1 within
6 h under optimum static conditions (temperature —35 °C,
pH 8, and initial cell concentration 7x10” cell/ml). Drastic
reduction in dye degradation rate was observed beyond initial
dye concentration from 500 mg/1 (90 %), and it reaches to 25 %
at 1000 mg/l under same set of conditions. The analysis related
to decolorization and degradation was done using UV-Vis spec-
trophotometer, HPLC, and FTIR, whereas the GC-MS tech-
nique was utilized for the identification of degradation prod-
ucts. Phytotoxicity analysis revealed that degradation products
are less toxic as compared to the original dye.
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Highlights < Isolation and identification of bacterial strain BHUSSp X2.
* Application of the isolate for azo dye degradation.

* The detection of biotransformation pathways for Acid Red G dye using
GC-MS and identification of enzyme involved in degradation.
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Introduction

The effluents discharged by industries such as carpet, textile,
leather, pharmaceuticals, food, cosmetics, and printing contain
azo dye (1015 %) (Forgacs et al. 2004; Vimonses et al. 2010;
Robinson et al. 2001), which are considered to be the most
hazardous among xenobiotics. The Acid Red G is one of the
popular azo dyes that has been extensively used for the dyeing
wool, nylon, and silk fibers (Ozcan et al. 2004; Vimonse et al.
2010). Azo dyes are being recalcitrant and toxic in nature
which create havoc to flora and fauna. The discharge of these
effluents into nearby water bodies leads to the reduction in
sunlight penetration and dissolved oxygen content of water-
ways; hence, increase in biological oxygen demand and chem-
ical oxygen demand adversely affect the water quality
(Jonstrup et al. 2011; Meng et al. 2012). It is also well docu-
mented that synthetic dyes and their metabolites are toxic,
carcinogenic, and mutagenic in nature (De Aragao Umbuzeiro
et al. 2005; Tan et al. 2005). To overcome these problems,
effluent standard has to be achieved prior to disposal to sur-
face bodies. There are various physical and chemical methods
for treatment such as adsorption, photoionization, electrolysis,
oxidation, and neutralization that have limitations like high
cost, low efficiency, and production of secondary toxic inter-
mediates (Asad et al. 2007; Zainal et al. 2005; Harrelkas et al.
2008; Asad et al. 2007). Due to cost effectiveness and ecolog-
ical compatibility, bioremediation of such effluents is most
promising technology (Baban et al. 2010; Spagni et al.
2010; Kolekar et al. 2012).
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Bhadohi (Uttar Pradesh) carpet cluster of India is one ofthe
oldest clusters in the world, continuously working from the
16th century onward. There are number of dying plants; ma-
jority of them are discharging their effluent only after lime
treatment. The ground and surface water of the region are
badly affected. There is enough literature reported pertaining
to dye effluent treatment for textile industries, but very few of
them are adding the need of carpet clusters. Few articles avail-
able for this cluster have used only fungi. Literally, there is no
literature for the treatment of carpet dye effluent using indig-
enous bacteria. This study is an attempt to identify indigenous
bacteria to treat these effluents at lower cost.

The present paper deals with the isolation and identification
of bacterial strain BHUSSp X2 and its subsequent application
for the bioremediation of carpet dyeing effluent of carpet in-
dustries (Bhadohi) Uttar Pradesh, India. Contaminated soil
sample from the site was used for isolation of bacterial strain,
and their identification was done using 16S rRNA gene se-
quence technique. Important operating parameters were opti-
mized through aerobic degradation in batch mode. Relative
toxicity of degraded products was investigated through pho-
totoxicity analysis of degraded product. GC-MS studies were
performed for the detection of biotransformation pathway of
RED G dye. The enzyme responsible for azo dye degradation
was also identified.

Materials and methods
Media and chemicals

Commercial grade Acid Red G was procured from Local Car-
pet Industries, Bhadohi (Uttar Pradesh), India. Nutrient broth,
nutrient agar, and mineral salt media (MSM media) were ob-
tained from Hi-Media, India. All the chemicals used were of
analytical grade. The seed Vigna mungo used for phytoxicity
studies was obtained from local market.

Isolation and screening of dye degrading bacteria

Soil and effluents were collected from the carpet dyeing indus-
tries located in Bhadohi, India. One hundred milliliters of 1 %
soil solution was incubated with 500-mg/l RED G dye in nu-
trient broth maintained at 35+2 °C for 1 week under static and
shaking conditions. The resultant broth sample was streaked on
nutrient agar plate having 500-mg/l RED G dye, and this was
again incubated at 35+2 °C for a week. Morphologically dis-
tinct bacteria were isolated from this agar plate and were again
streaked on fresh nutrient agar plate for isolation of pure bac-
teria. The most promising isolates selected in this manner were
tested for decolorization of dye in submerged condition. The
dye degrading bacteria were identified on the basis of morpho-
logical colony; Gram staining and biochemical test of isolated

strain were performed according to the Bergey s manual and on
the basis of 16S rRNA gene sequence analysis. The sequence
was compared using BLAST programmed at NCBI server to
identify bacteria. The 16S rRNA sequence of isolated bacterial
strain and related sequences of NCBI were aligned using Clus-
ter W, and phylogenetic tree was made using neighbor-joining
methods of MEGA (Version 6).

Dye decolorization studies

The decolorization experiments were carried out in 250-ml
Erlenmeyer flasks containing 100-ml nutrient broth supple-
mented with RED G dye (100 mg/l). The media were inocu-
lated with respective bacterial strains by addition of inoculums
with uniform cell density (O.D. 0.5). Decolorization studies
were carried out under static and shaking conditions in 100-ml
nutrient broth having dye concentration 200 mg/I dye. All the
flasks were incubated under static and shaking (100 rpm) con-
ditions at 35+2 °C for 24 h. Samples were periodically with-
drawn after every 2 h, centrifuged (10,000 rpm) to estimate the
extent of decolorization using UV-Vis spectrophotometer. Im-
portant operating parameters affecting decolorization such as
pH (5-10), temperature (20—45 °C), initial dye concentration
(100-1000 mg/1), carbon and nitrogen sources, and inoculum
size (1,2,3,4,5,6,7, 8, 10 %) were optimized. These inves-
tigations were also used for control.

Investigation on capability of isolated microbe
for repeated use

A repeated batch of 100-mg/l Red G dye was repeatedly treat-
ed at 35 °C under static conditions by using bacterial stain
BHUSSp X2. The process was repeated for ten times.

Preparation of cell-free extract and enzyme assays

The isolated bacterial strain BHUSSp X2 was incubated with
Red G (200 mg/l) and without dye for 24 h. The resultant
biomass was collected by centrifuging the respective broths
at 8000 rpm and 4 °C for 15 min. The resultant cell pellets
were sonicated using utrasonication probe in 50-mM sodium
phosphate buffer (pH 7.4) at 4 °C, with 12 strokes of 30 s, for
1-min intervals each. The sonicated cells were centrifuged,
and supernatant was used as the source of intracellular and
extracellular enzymes. The enzyme activities were assayed
spectrophotometrically for cell-free extracts with and without
sonication at room temperature. One unit of enzyme activity is
the amount of enzyme required to convert 1 umol of substrate
per min. Azoreductase assays were performed by taking
200 pl of 2 mM NADH, 100-mM sodium phosphate buffer
(7.4), 150-uM substrate concentration, and 100-pl enzyme
solution. The change in color intensity was monitored by
UV-Visible spectrophotometer at 500 nm. The activity of
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NADH-DCIP reductase was determined by processes report-
ed earlier by Lade et al. (2012). NADH-DCIP reductase ac-
tivity that was analysis of 2.0-ml reaction mixture was assayed
at 500 nm by adding 250 mM NADH, 5-ml reaction mixture
containing 25 mM 2,6dichloro-phenol indophenol (DCIP)
and 200-pl enzyme solution in potassium phosphate buffer
(50 mM, pH 7.4). Tyrosinase activity was measured as de-
scribed elsewhere (Duckworth and Coleman 1970). Laccase
and lignin peroxidase activities were assayed using spectro-
photometer in the cell-free extract. Laccase activity, measured
as an increase in optical density at 420 nm, was determined in
2-ml mixture containing ABTS (10 %) in 0.1 M acetate buffer
pH 4.9 (Hatvani and Mecs 2001; Saratale et al. 2009; Kalyani
et al. 2008). Lignin peroxidase (LP) activity was determined
by monitoring the propanaldehyde formed at 300 nm in a
reaction mixture of 2.5 ml containing 100 mM n-propanol,
250 mM tartaric acid, and 10 mM H,O (Telke et al. 2009).
All enzyme assays were carried out at room temperature. All
enzyme assays were run in triplicate, and the average activity
was calculated.

Analytical investigation

The UV-Vis spectrophotometer (Systronics 2202) was used to
determine the extent of decolorization. The degraded

Fig. 1 Phylogenetic tree:
neighbor-joining phylogenetic
tree based on 16S rRNA gene
sequence showing the
relationship between isolated
bacterial strain Stenotrophomonas
sp. BHUSSp X2 and other
relatives within genus
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metabolites were extracted with equal volumes of ethyl ace-
tate, and this was evaporated to dryness in rotatory evaporator.
The extracted metabolites were mixed with HPLC grade po-
tassium bromide (KBr) in the ratio of 5:95 and analyzed at mid
IR region (4004000 cm™ ') by using FTIR Perkin Elmer,
Spectrophotometer (Perkin Elmer, USA). The intermediates
produced after degradation were analyzed by GC-MS.

Results and discussion
Isolation, screening, and identification of bacterial strain

The microorganisms were isolated from the soil sample collect-
ed from effluent discharged site of carpet cluster industries as
these were well acclimatized with the system having better
potential for degradation of dyes. The bacterial strain BHUSSp
X2 showed remarkable decolorizing ability for RED G dye,
among various strains isolated. The bacterial identification
was based on Bergey’s methods employed, and to finalize the
species using isolated bacterial strain 16S rRNA, gene se-
quence analysis was used. The Stenotrophomonas sp.
BHUSSp X2 (Fig. 1) thus identified was used for decoloriza-
tion in present investigation. The isolated gene sequence was
deposited in the GeneBank of NCBI having accession number

Stenotrophomonas sp. BHUSSp X2 (KJ740220)
Stenotrophomonas nitritireducens strain KNUC9041 (JF505975)
Stenotrophomonas sp. TS28 (EU073094)

Stenotrophomonas sp. SY2 (EU073113)

Stenotrophomonas sp. B19 (2011) (IN644923)

“= Stenotrophomonas acidaminiphila strain BJ1 (JQ247581)
Stenotrophomonas sp. 110609 136 C C1 (AB772816)
Stenotrophomonas sp. Soil 4 MCAAG6 (JN540012)
Stenotrophomonas sp. HH10 (KC857480)
Stenotrophomonas sp. KNUC283 (EU239193)
Stenotrophomonas acidaminiphila strain ST32 (FJ982935)
Stenotrophomonas sp. TS23 (EU073089)

Stenotrophomonas sp. SP3  (FIJ976656)

== Stenotrophomonas sp. PH-09 (JN862810)
Stenotrophomonas maltophilia strain T-11 (JX130396)
Stenotrophomonas sp. ROISN (KC252845)

Stenotrophomonas maltophilia strain R-4-1(JX130373)
Stenotrophomonas acidaminiphila strain DBK (KC992293)
Stenotrophomonas sp. SCU-B2602 (KJ000871)
Stenotrophomonas sp. N036 (KC252712)
Stenotrophomonas sp. RO40N (KC252869)
Stenotrophomonas sp. G1-23(KC153274)

— Stenotrophomonas sp. AB1 (KF688135)
Stenotrophomonas acidaminiphila strain NCW-702(JX514371)
Stenotrophomonas sp. ZH-01 (KC166143)
Stenotrophomonas acidaminiphila strain D3 (EU301768)
Stenotrophomonas acidaminiphila strain YF-S2 (KF305533)
Stenotrophomonas sp. (KJ452211)

— Stenotrophomonas acidaminiphila strain JJ16 (KC992305)
Stenotrophomonas sp. B15b (GU183393)
Stenotrophomonas acidaminiphila strain SR50-5 (KF279369)
Stenotrophomonas sp. ROi55 (EF219050)
Stenotrophomonas sp. A11(2008) (EU372959)
Stenotrophomonas sp. SKDXN-1 (AB826003)
Stenotrophomonas acidaminiphila strain AMX 1 (NR_025104)
Stenotrophomonas sp. J1 (EU372972)
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(KJ740220), which has till date not been utilized for decolori-
zation of dye.

Optimization of important operating parameters

As shown in Fig. 2, 95 % of decolorization was achieved at
static condition as compared to 45 % decolorization under
shaking condition at 100 rpm. This trend is reversed to the
growth of bacterial strain. This observation is well supported
by Moosui et al. (2005), Khehra et al. (2006), and Oturkar
et al. (2011). This is possibly due to reduced activity of
azoreductase with increase dissolved oxygen level under
shaking condition whereas at static condition azo, dye itself
acts as an electron carrier resulting into increase decolorization
efficiency (Pearce et al. 2003). So, optimization of other im-
portant operating parameters for dye degradation static condi-
tions was preferred.

The effluent being discharged from a dying plants of carpet
industries cluster generally have basic pH (7—10), and this has
been validated during the testing of effluent of Bhadohi carpet
cluster. Figure 3 shows the effect of pH on decolorization. It
was observed from the figure that minimum decolorization
achieved at pH 5 was below 23 % whereas when the pH
was 7 and 8, decolorization efficiency improved drastically,
and more than 95 % decolorization have been achieved. With
further increase in pH 9 and 10, efficiency of decolorization
again reduced, and only 30 % decolorization was observed.
This might be due to the conducing environment of growth of
bacterial strain in alkaline environment. However, further
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Fig. 2 Effect of shaking and static condition on decolorization of C.I.
Acid Red 1 dye by isolated bacterial strain in minimal media
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Fig. 3 Effect of pH on decolorization of C. I. Acid Red 1 by strain

BHUSSp X2 in minimal media. The reaction was performed in static

condition with a concentration of dye 200 mg/l at temperature 35 °C.
Error bars present p<0.05

increase in pH was again nonfavorable for the system due to
the prevailing condition.

Temperature plays a vital role in growth and performance
of bacterial strain. So, the performance of BHUSSp X2 was
evaluated in the temperature range of 2045 °C for decolori-
zation as shown in Fig. 4. It is clear from this figure that only
33 % decolorization was obtained at 20 °C. However, with
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Fig. 4 Effect of various temperature on the decolorization of C. I. Acid
Red 1 by isolated bacterial strain Stenotrophomonas sp. BHUSSp X2 in
minimal media. Conditions: pH 8; under static condition. Error bars
present p<0.05
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increases in temperature, decolorization efficiency of bacterial
strain was improved, and 97 % decolorization was observed at
35 °C. With further increase in temperature, decolorization
efficiency started declining resulting only 55 % decolorization
at 45 °C. The reduced decolorization efficiency at 20 and
45 °C are probably due to deactivation of enzyme at these
extreme conditions. But, further increase in temperature
showed adverse impact on decolorization as even less than
55 % decolorization could be achieved at 45 °C. The decol-
orization rate depends on temperature because at very low and
high temperature, deactivation of enzymes takes place.

At lower initial dye concentrations of 100-200 mg/l, more
than 95 % decolorization have been achieved within 6 h in
Fig. 5. With further increase in dye concentration (300—
500 mg/l), reduced and delayed decolorization was observed,
and maximum decolorization of 90 % could be achieved after
18 h. Beyond 700 mg/1, the bacterial strain seems to be ineffec-
tive as maximum of 30 % decolorization only be achieved even
after 24 h. This decrease in decolorization at higher dye con-
centration can possibly be attributed to lower growth and higher
toxicity due to accumulation of large quantity of metabolites.

The nutrient plays a vital role in dye degradation as they
control the growth of bacterial strain. The impact of various
carbon and nitrogen sources on dye degradation was investigat-
ed and summarized in Table 1. Efficacy of agricultural residues
such as wheat bran, rice husk, and baggage was also investigat-
ed as carbon sources. It can clearly be seen from Table 1 that
addition of either one carbon or one nitrogen sources has min-
imal effect on decolorization with exception of yeast as nitrogen

100

—&— 100 mg/l
--@-- 200 mg/l
A 300 mg/l
--w-- 500 mg/l
-~ 700 mg/l
-~ 1000 mg/l

A-O--®

o

% Decolorization

101214 16 18 20 22 24 26 28 30 32
Time (h)

Fig. 5 Effect of initial dye concentration on the decolorization of C. 1.
Acid Red 1 by isolated bacterial strain Stenotrophomonas sp. BHUSSp
X2 in minimal media. Conditions: pH 8; temperature 35 °C; under static
condition. Error bars present p<0.05
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Table 1  Effect of various carbon and nitrogen sources supplemented
with MSM media on decolorization by isolated bacteria
Stenotrophomonas sp. BHUSS X2

Media Decolorization (%) Time (h)
MSM 12 28
MSM + Glucose 52 16
MSM + Dextrose 48 18
MSM + Fructose 40 22
MSM + Lactose 20 13
MSM + Sucrose 35 26
MSM + Peptone 16 20
MSM + Yeast 80 10
MSM+ Starch 16 18
MSM + Ammonium Chloride 22 15
MSM+ Urea 13 24
MSM+ Breef 30 12
MSM + Yeast + Glucose 91 8
MSM+ Ammonium Chloride + Glucose 82 12
MSM + Urea + Glucose 25 16
MSM+ Rice Husk 34 14
MSM+ Wheat bran 85 8
MSM + Baggage 72 10
MSM + Woods chips 62 14
Nutrient Broth 98 6

source which rendered 80 % decolorization with 10 h even
without any carbon source. The combination of yeast and glu-
cose as nitrogen and carbon sources resulted into 90 % decol-
orization within 8 h closely followed by ammonium chloride
and glucose as carbon source resulting into 82 % decolorization
in 12 h, whereas the nutrient broth comprising multiple nitrogen
sources and single carbon have rendered 98 % decolorization
within 6 h. Agriculture residue such as wheat bran and baggage
proved to be worthy of replacing the combination of carbon and
nitrogen sources as 85 and 72 % decolorization could be
achieved within 8 and 10 h, respectively.

Repeated applicability test of isolated bacteria

The decolorization efficiency of isolated bacterial strain for
RED G (200 mg/l) under static condition was measured for
ten cycles. Fresh addition of dye was made for every cycle.
The result thus obtained shown in Fig. 6. It is obvious from
figure that decolorization efficiency decreases with increase in
cycle as only 25 % decolorization was observed in 48 h for
tenth cycle whereas for first two cycles, more than 95 % de-
colorization was achieved only in 6 h. The decrease decolor-
ization efficiency on repeated use of isolated bacterial strain
could be attributed to reduced ability of nutrient leading to
stationary phase and subsequently to death phase (Kolekar
et al. 2013).
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Fig. 6 Repeated use of isolated bacterial strain BHUSS X2. Error bars
present p<0.05

Enzyme analysis

Enzyme and their activities prior and after decolorization are
summarized in Table 2, and values presented are mean of three
replicates. Increased amount of enzymes such as laccase, lignin
peroxidase, tyrosinase, azoreductase, and NADH reductase in
the degraded product suggest their prominent role in the decol-
orization process. It also suggests that extracellular and intra-
cellular enzyme activities are induced in the presence of dye.
Azoreductase seems to be most prominent enzyme in decolor-
ization using Stenotrophomonas sp. BHUSSp X2 followed by
laccase and NADH as significant increase in their amount has
been observed as compared to control. The relative contribution
of these enzymes may vary with the change in bacterial strain.
The decolorization observed in the enzymes in present study
such as azoredustase, laccase, NADH, tyrosinase, and ligin
peroxidase was, respectively, 500, 103, 97, 60, and 17 %
reflecting their relative importance. These findings are well
supported by Vijaykumar et al. (2007) and Jadhav et al. (2010).

Table2  Effect of various enzyme activities before and after decolorization
of RED G dye by isolated bacteria Stenotrophomonas sp. BHUSSp X2

Enzyme Before degradation After degradation
Laccase® 0.34+0.018 0.689+0.108
Tyrosinase® 0.50+0.012 1.25+0.005
Ligin Peroxidae® 0.12+0.023 0.14+0.027
NADH-DCIP Reductase” 8.23+0.012 16.23+0.005
Azoreductase® 0.29+0.012 1.8+0.002

Values are mean of three replicates

# Enzyme activity: pM/min/mg protein

® Enzyme activity: pg of DCIP reduced/min/mg protein

¢ Enzyme activity: uMg of RED G reduced/min/mg protein

Analytical investigations

UV-Visible spectrometric analysis was made in the range
(200-800 nm) to investigate decolorization for the dye sam-
ples prior to and after degradation as shown (Fig. S1). Com-
plete disappearance of peak in the visible region after 6 h was
observed for bacterially degraded sample, confirming the ef-
ficacy of isolated strain BHUSSp X2.

The results of analytical investigation by HPLC (Water
HPLC, Model no. 2690) are presented in Fig. S2 (Prior to deg-
radation) and S3 (after degradation). The retention time for one
peak observed in case of dye sample before degradation as
shown in Fig. S1 was 6 min whereas two peaks were observed
at retention times 3.99 and 5.1 min, respectively, for bacterially
degraded sample (Fig. S3). These suggest degradation or frag-
mentation of the compound present in the dye sample.

FTIR spectra of control and bacterial degraded samples are
shown in supplementary Figs. S4 and S5. The complete ab-
sence of certain peaks and shifting of others in the FTIR spectra
of dye degraded sample indicate complete elimination of cer-
tain component and degradation of others. The presence of
characteristic of peaks 3451.23 and 1597.26 cm ™' indicates
the presence of N-H stretching and azo group, respectively, in
dye sample prior to degradation (Fig. S4). The absence of peak
at 1597.26 cm™' and shifting of peak 3451.29 to 3414 cm
represent complete degradation of azo group and change of N-
H stretching to O-H stretching, respectively. The other promi-
nent peaks present in the spectra as shown in Fig. S4 for dye
sample before degradation or 1496.81 and 1620.26 cm ™'
confirming the presence of aromatic nitro compound, whereas
the peaks at 2964.26, 1668, 1411.09, 1319.21, 1151.54, and
839 cm™' confirm the presence of C-H stretching of CH; group,
aromatic amines, O-H deformation, —SO stretching, and
sulfonated groups, respectively. The absence of peaks at
1319.21 21 and 1151.54 cm™' for FTIR spectra of degraded
sample represent the removal of azo bond and sulfonated
group; this finding is aligned to Waghmode et al. (2012) and
Senan and Abraham (2004), confirming microbial degradation.

Degradation pathway

To understand the degradation pathway, GC-MS analysis of
dye samples prior to and after degradation was carried out
and presented in Fig. 7. The presence of various groups in the
GC-MS spectra of dye sample before degradation confirms the
characteristics of ACID RED 1 dye, whereas GC-MS spectra
of degraded samples confirms the presence of aniline (M.W. 93
peak at 93 m/z), benzene with M.W. 78 m/z 74, sodium7-ami-
no-6-hydroxynapthalene-2-sulfonate (M.W. 261, m/z 263), 3-
hydroxyphthalic acid (M.W. 182, m/z 184), and pyrocatechol
(M.W.110, m/z 110). The pathway presented in the present
paper suggests that possibly bacterial strain has fragmented
the dye initially into aniline and unknown intermediates due
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Fig.7 Pathway of degradation of
Acid Red 1 dye by isolated
bacterial strain BHUSSp. X2 by
GC-MS
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to presence of azoreductase enzyme. This is possibly due to the
breakage of azo bond. Aniline further breaks into benzene and
the unknown intermediate into sodium7-amino-6-
hydroxynapthalene-2 possibly through desulphonation and de-
amination which finally converts to pyrocatechol. Dehydroxyl-
ation and decarboxylation in addition to desulphonation and
deamination were potential degradation mechanism. The frac-
tions of benzene and pyrocatechol possibly have been miner-
alizing due to ring fission and then TCA cycle.

Phytotoxicty study

The investigations were made to estimate the phytotoxicity of
dye effluents prior to and after degradation. The germination

Table 3  Phytotxicity Study of Acid Red G and its metabolites formed
after biodegradation

Vinga mungo

Parameters studied =~ Water Dye Extracted metabolites
Germination 100 30 90

Shoot length 3.86+0.05 1.26+0.04 3.96+0.06

Root length 2.56+£0.05 0.43+0.06 2.11+0.07
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characteristics of gram seeds in pure water, effluents, and ex-
tracted metabolites were observed and summarized in Table 3.
Nearly similar germination characteristics were observed in
case of water and extracted metabolites whereas only 30 %
germination where observed in case of effluent confirming
reduced/nontoxicity of treated sample. The degraded sample
has not only possess the noninhibitory effect but also resultant
into the improved stem length reflecting availability of addi-
tional nutrients as compared to pure water. Reduction in root
length as compared to pure water sample in case of degraded
metabolites also confirms the easy availability of nutrient in
case of degraded metabolites.

Conclusion

BHUSSp X2 microbial strain was isolated from contaminated
sites of carpet cluster Bhadhoi. The bacteria were used for the
decolorization of effluent from dying plants of the cluster in
Uttar Pradesh, India. Upto 97 % decolorization could be
achieved at pH 8, temperature 35 °C under static condition,
and initial concentration of 200 mg/l. The UV-Visible spec-
trophotometer, HPLC, FTIR, and GC-MS investigation con-
firms the microbial degradation as potential mechanism of



Environ Sci Pollut Res (2016) 23:4054-4062

4061

color removal. GC-MS analysis also rivals that final degrada-
tion products were benzene and pyrocatechol due to azo bond
cleavage due to microbial action. Phytotoxicity investigation
also confirms the noninhibitory effects of degraded metabo-
lites. So, it can be concluded that BHUSSp X2 is having good
potential for the treatment of azo dye being discharged from
carpet/textile industries. It was also suggested that degraded
metabolites were nontoxic in nature and not harmful to the
environment. The attempt will be made to transfer the tech-
nology after continuous experiments in suspended as well
attached culture mode for decolorization of dye.
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