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Abstract

Wastewater treatment is a growing concern of environmentalists around the world. The textile industry, being the biggest
contributor of wastewater, generates a huge amount of effluent every day. The objective of this study was to analyze the
discoloration and degradation of the commercially used Procion Red H-3B textile dye (CI. Reactive Red 3), using a bacterial
SPB-4 consortium (containing Bacillus sp. Stenotrophomonas sp., Pseudomonas sp. and Alcaligenes sp.). The parameters
included the varying effects of pH, temperature and inoculum size, the initial concentration of the dye, and the initial con-
centration of a carbon and nitrogen source. The maximum decolouration (94%) by the consortium, was observed at an initial
concentration of 30 mgL~! of dye, after 6 h of incubation. Optimal conditions for decolouration, were pH 6, temperature
32 °C, 10% inoculum (v/v), glucose (0.1% w/v), and (0.3% w/v) yeast extract concentration. When the dye concentration
was increased up to 300 mgL ™, the decolorization percentage reduced to 82%, within 28 h of incubation. The gene sequence
and identification of strain, were carried out, using16S rRNA gene amplification technique. The considerable decrease in the
COD of the dye (above 80%), clearly revealed the transition of the complex dye to simple oxidizable products. The impact
of degradation, was confirmed by the analysis of peaks in the HPTLC and FTIR analysis report. This result demonstrates
the potential of microbial processes in the successful bio-remedial treatment of textile wastewater.
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Introduction 150 L of water is consumed, and the waste generated after

the treatment of fabric, is a mixture of different chemicals

The textile sector plays a vital role in the global economy,
but it also adversely affects the environment. This industry
produces a variety of liquid effluents, which are often con-
taminated with noxious or toxic substances. The volume of
water, used throughout the operating process, is enormous.
The application of water includes washing fibers for bleach-
ing, mercerizing, dyeing, printing and washing of finished
products. Wastewater from the textile industry, is a complex
mixture of many polluting substances, ranging from anth-
raquinone, polycyclic, triphenylmethane and oligochloride-
based pesticide waste to heavy metals, associated with dyes
and the dyeing process [1]. To treat 1 kg of cotton, nearly
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with large amounts of dye molecules [2]. The textile indus-
try is the largest consumer of these dyes [3]. The annual
global production of azo dyes, is estimated at around one
million tonnes, of which, more than 2000 structurally dif-
ferent azo dyes, are currently in commercial use [4]. Azo
dyes find application in a variety of industries, such as textile
coloring, food, cosmetics and printing on paper. Reactive
Azo dyes, are one of the most problematic compounds in
textile effluents. They are difficult to remove, because of
their high solubility in water, and their low depletion rate.
Leaving these highly colored industrial effluents, directly
into the water resources, is very dangerous. The dye mol-
ecules in the effluent water absorb sunlight, which decreases
the intensity of light, absorbed by aquatic plants and phy-
toplankton, resulting in a reduction in the chemical process
and oxygenation of reservoirs of water [5]. In addition, the
physical appearance of colored water has a negative impact
on its aesthetic value. These dyes are generally xenobiotic
in nature, and in some cases, are severely mutagenic and
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carcinogenic [6]. They adversely affect water resources, soil
fertility, aquatic organisms, and the integrity of the ecosys-
tem. Allergic effects of these dyes have also been reported
by scientists [7, 8]. Various physicochemical methods, are
already used for the removal of azo dyes from wastewater.
Likewise, color removal from wastewater can be accom-
plished by absorption, coagulation, flocculation, oxidation,
and electrochemical methods [9]. Some of these methods are
effective, but most of them are quite expensive. They gener-
ate significant amounts of chemical sludge waste, and their
disposal in a secure landfill, increases the cost of the process
[10]. The effluents discharged by these industries also con-
tain a wide range of physicochemical parameters, such as
temperature, pH, conductivity, hardness, alkalinity, chemi-
cal oxygen demand (COD), total suspended solids (TSS),
nitrates, nitrites, cations (Na*, K*, Ca’* and Mg>*) and ani-
ons (CI', CO;*, HCO®, SO,*) [11]. Therefore, in such situ-
ations, biological treatment is the real hope. These methods
have the advantages of being environmentally friendly and
economically feasible. The effectiveness of these treatment
systems depends on the survival and adaptability of microor-
ganisms, during treatment processes [12]. There are reports,
indicating the ability of different groups of bacteria, fungi,
actinomycetes, and algae to cause azo dyes to fade [13].
They have matured enzyme systems for the discoloration
and mineralization of azo dyes, under defined environmental
conditions [14]. The application of the pure culture system
ensures the generation of data, and the restitution of the elab-
orate mechanism of degradation of the dye [15]. However, a
higher degree of biodegradation and mineralization can be
achieved, when the metabolic activities of mixed cultures
within a microbial community complement each other [16].
The advantage of mixed culture over pure culture, is its abil-
ity to biodegrade more efficiently and in less time [17]. The
use of the microbial consortium as a biodegradation system,
serves a promising and affordable application in the treat-
ment of wastewater, in polluted environments. This article
reports the use of a novel bacterial SPB-4 consortium (con-
taining Bacillus sp. Stenotrophomonas sp., Pseudomonas sp.
and Alcaligenes sp.) In the degradation of an azo textile dye
Procion Red H-3B. The consortium's ability to rid itself of
chemical oxygen demand, was measured to verify the con-
sortium's ability to convert a complex dye into a simple, non-
toxic compound. The degraded product, after treatment with
the SPB-4 consortium, was analyzed by HPTLC and FTIR.

Materials and methods
Chemicals and dyes

Procion Red H-3B (CI. Reactive Red 3) is an azo dye that
can easily dissolve in water, and has an acidic character.
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Initially, a 1000 mgL~" stock solution was prepared, fol-
lowed by serial dilutions, according to the concentrations
required from various experiments. All chemicals used were
of analytical grade. Bushnell and Haas (BHM) medium (Hi-
Media), containing the following elements in gL ~": MgSO,:
0.2; KHPO,: 1.0; CaCl,: 0.02; FeCl,: 0.05; NH ,NO;: 1.0
supplemented with glucose (0.1% w/v), yeast extract (0.3%
w/v), and 100 (mgL~!) dye, was used as the growth medium.

Collecting the samples

Soil and water samples, were collected from the Pandesara
area of the textile dye effluent discharge sites in Surat, Guja-
rat, India, using the spot and grab method. After examining
the temperature and pH, using a laboratory thermometer and
pH meter, the samples were transferred to the laboratory, for
further evaluation. The sample was stored at 4 °C, and was
then used for screening for bleaching bacteria.

Enrichment of dye-degrading organisms

Enrichment was carried out using a BHM medium, with 100
mgL_1 of reactive red dye, added to a 250 mL erlenmeyer
flask. The dye served as the exclusive source of carbon and
energy, no additional co-substrate was added. The flasks,
were then inoculated with 10 mL of soil suspension (10%
w/v), and kept for incubation under static condition (37 °C).
The soil suspension was prepared by adding 10 g of air dried
soil into 50 mL deionised water. The stable dye decolouriza-
tion culture, was obtained by performing repeated transfers
at different dye concentrations, until a consistent growth was
achieved. The selected isolated colonies, are picked up and
transferred onto fresh medium to ensure purity. The same
procedure was repeated for the water samples to be tested
as control in the later experiments.

Identification by 16SrRNA

The 16S rRNA sequencing technique, was used for the iden-
tification of cultures with constant discoloration. Samples
were submitted to Genei, Bangalore, India.

Reduction of COD during decolourization

The chemical oxygen demand of the bleaching medium, was
observed at different time intervals. To determine the change
in COD, the titrimetric procedure was followed, in which the
supernatant was refluxed with potassium dichromate, in the
presence of silver sulfate, mercury sulphate, and concen-
trated H,SO, was titrated with ferrous ammonium sulfate.
(FAS), using a ferroin indicator [18].
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Optimization of the consortium culture

5 mL of culture broth, was collected in each flask at differ-
ent time intervals, during the period of incubation. The test
samples, were then centrifuged at 8000 rpm for 10 min, and
the supernatant was analyzed by UV-Vis spectrophotom-
eter (Shimadzu UV-1800, Japan) at A max of the respective
dye (Amax of Reactive Red 3 is 530 nm). The cell pellet,
was resuspended in 5 mL of distilled water, obtained after
centrifugation of the culture (5 mL) at an absorbance of 660
nm. The unseeded flask, containing the dye (Procion Red
H-3B), was used as a reference to correct the disappearance
of the color.

Optimization for decolourization and degradation
of Reactive Red 3

The decolourization experiments, were performed using
250 mL Erlenmeyer flask, containing 100 mL of pre-cul-
tured SPB-4 consortia. The textile dye effluent, consisting of
the textile azo dye Reactive Red 3 (30 mgL_l), was diluted
up to 70%, and 50 mL of this effluent was added to the
flask. The flasks, were then incubated in shaker at 150 rpm.
The aromatic hydrocarbons, formed throughout the course
of degradation, were estimated by taking 3 mL of culture
supernatant at regular interval of time (3 h). Each time, the
samples were centrifuged at 6000 rpm for 15 min, 4+0.2 °C,
and the suspended particles were removed by adding equal
volume of methanol. The decolourization was examined by
measuring the maximum absorbance wavelength between
the range 200 and 700 nm at room temperature. The flask,
without the dye or bacterial culture, was kept as control
flask, and tested under the same conditions. All the experi-
ments were carried in triplets, and the average value was
noted for calculations. The decolourization efficiency was
expressed as follows

(Initial absorbance) — (Final absorbance)

sources. To evaluate the effect of different environmental
conditions, the same experiment was carried out at different
temperature (25-50 °C), pH (4-12), and dye concentrations
(30-300 mg LY). Figure 2 represents the effect of environ-
mental and nutritional factor on decolourization percentage.

HPTLC analysis of the degraded product

Pre-coated TLC silica gel plates were used to monitor the
degradation of the dyes. Culture supernatants at different
times during the decolourization, were used for analysis. A
micro-syringe, was used to locate 10 pL of the sample on
TLC plates. The solvents in the system include N-propanol,
methyl ethyl ketone, ammonium hydroxide in the ratio4: 3:
3 (v/v). The chromatogram of the dye, was observed under
daylight and UV light (254 nm).

FTIR analysis of the degraded product

Biodegradation of Procion Red H-3B, has resulted in the
formation of various metabolites. To extract the metabolites,
an equal volume of ethyl acetate was used. The extracts were
dried over anhydrous Na,SO,, evaporated to dryness on a
rotary evaporator and analyzed. Thermo Scientific 6700 set
up, a frequency range of 4000 cm™ to 400 cm™'V, was used
to perform the FTIR analysis. A mixture of different dyes
is present in industrial effluents; therefore, the ability of the
SPB-4 consortium to bleach different dyes, was investigated.

Results and discussion

Screening pattern of dye decolorizing bacterial
cultures

Four different bacterial consortia, namely SPB-1, SPB-2,

Decolourization activity (%) =

x 100

(Initial absorbance)

To study the effect of different nitrogen sources, like
yeast extract, urea, meat extract, peptone and malt extract
(g L), was added into the bacterial culture medium. The
effect of nitrogen source, was studied over a period of time
(0-120 h) at 30 mg L! dye concentration, 20% inoculums
concentration, and temperature 37°C under static conditions.
In another experiment, keeping the parameters constant, the
effect of glucose, maltose, fructose, mannose, starch, lac-
tose, sucrose (10 g L_l), was analysed for effect of vari-
ous carbon sources. Decolourization and degradation of
Reactive Red 3 at diverse concentrations viz. 0.1-1.0 (w/v),
was carried to optimize the effect of carbon and nitrogen

SPB-3 and SPB-4, were isolated by an enrichment culture
technique, using Procion Red H-3B dye (100 mg L™"). Addi-
tionally, glucose and yeast extract as were added as co-sub-
strates to the enrichment media [19]. The decolourization
percentage increased with the addition of co-substrate. The
SPB-4 bacterial consortium, among all the other isolated
bacterial consortia, was found to be the most efficient with
maximum decolourization efficiency under static conditions
at 37 °C. Four different bacterial species, were obtained by
isolation on plates of stain agar from the mixed consortium
SPB-4. Testing of the individual strain was also done, but
none of them showed any significant decolourization ability.
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But, when the four bacterial cultures were mixed and inocu-
lated together in a liquid medium, complete decolouriza-
tion of Procion Red H-3B was observed, thus suggesting
the role of the four bacterial species in the decolouriza-
tion. Researchers, have reported the synchronized action of
microorganisms, for the biodegradation of textile dye [20,
21].

Optimization of decolorization conditions

In this study, the bacterial consortia SPB-4 was subjected to
arange of pH; and it was found that decolourization percent-
age was optimal at pH 8 and temperature 32+0.2 °C under
microaerophilic condition. The decolourization percentage,
was remarkably reduced at lower pH (3-5), and higher pH
(9-12). This signifies the inhibition of decolourization activ-
ity at extreme pH conditions. The strain consortia SPB-4,
showed optimum colour removal activity within 15 h of
incubation in microaerophilic condition. Moreover, when
the temperature was increased (37°, 40°, and 50 °C), or
decreased (20 °C), it resulted in significant decline in the
decolorization performance. The strain was exposed to dif-
ferent dye concentrations, ranging from 30 to 300 mg L™! and
the maximum decolourization was observed at 30 mg L.
The culture exhibited optimum decolourization of dye in
the presence of carbon and nitrogen source as co-substrate.
The different carbon sources, tested in the present study, are
glucose, maltose, fructose, mannose, starch, lactose, sucrose
(10 g L'"). Maltose was found to be better carbon source,
showing maximum decolourization (98%), while glucose
(78%), fructose (87%), mannose (53%), starch (43%), lac-
tose (64%), and sucrose (71%), showed decolourization of
the dye respectively. The nitrogen sources analysed in the
present study, were yeast extract, urea, meat extract, peptone
and malt extract (3 g LY. Peptone with 96% decolouriza-
tion, showed extra decolourization percentage among all
the other nitrogen sources. The decolourization percentage
by yeast extract, urea, meat extract, and malt extract, were
69%, 78%, 56% and 48%, respectively. Figure 1 depicts the
decolourization percentage at various environmental and
nutritional parameters on decolourization percentage.

Change in COD during degradation of dye

The four bacterial consortia isolated by an enrichment cul-
ture technique, were studied for change in COD [22]. Mixed
results have been obtained with different consortia. The
SPB-1 consortium, showed a minimal reduction in COD
of 23% and 48% of Procion Red H-3B dye, within 24 h and
48 h of inoculation, respectively. The SPB-4 consortium,
showed a maximum reduction in COD of 57% and 93% of
Procion Red H-3B dye, within 24 h and 48 h of inoculation,
respectively. All other consortia, showed COD reductions
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between COD reduction by SPB-4 and SPB-1. The high rate
of COD reduction, is considered an indicator of mineraliza-
tion. Dissolved oxygen has a significant impact on the rate of
decolourization. The concentration of biomass did not affect
the rate of decolourization. The presence of oxygen inhibits
the metabolic activity of the bacterial culture, directed by
azo reductase, causing a variation in the discoloration of
the azo dyes. The controversy in the oxidation of reduced
electron carriers (e.g. NADH), with oxygen or azo group as
electron receptor, is the main reason behind. Figure 2 shows
the reduction of COD in the four bacterial consortia at vari-
ous time intervals.

Identification of cultures present in consortium
SPB-4 by gram staining and 16S rRNA technique

SPB-4 consortium obtained after enrichment culture tech-
nique was subjected to gram staining. The consortium,
was then preceded for 16SrRNA technique, to identify the
organism present in consortium SPB-4 [23]. The consortium
contains Bacillus subtilis, Stenotrophomonas maltophilia,
Pseudomonas stutzeri, and Alcaligenes faecalis.

UV-Vis spectrophotometric analysis

In our study, the textile effluent sample and the treated sam-
ple, showed many absorption peaks in the range between
200 and 700 nm, and their maximum absorbance was noted
at 295 nm. The effluent sample carried several inorganic
compounds, which was evident by the stable peaks absorb-
ance in the UV region. While the bacterial treated sample,
exhibited sharp decline in absorbance, signifying the decol-
ourization of dye molecules in the sample. On the basis of
our results, it can be stated that the formation of various
peaks in UV and visible region, indicated the presence of
complex dye molecules along with certain inorganic com-
pounds in the untreated effluent sample, and it got removed
in the bacterial treated effluent sample. Figure 3 represents
the graph of untreated and bacterial treated effluent, contain-
ing Reactive Red 3 by UV-Vis spectral analysis.

HPTLC analysis

Spectrophotometric analysis at 530 nm of inoculated
medium, containing Reactive Red 3, showed a simultane-
ous decrease in the peak of samples taken at various time
intervals. Evidence of dye removal can be seen with virtu-
ally zero absorbance at Amax, after 48 h inoculation with
the SPB-4 consortium, and shifting of the peak to the UV
region. Compared to the control dye, the HPTLC results,
showed the development of new peaks. The results received
to confirm that the chromophoric groups, have been com-
pletely removed from the intact colouring structure. The
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multiple bands obtained in the metabolite pathway, con-
firmed the biodegradation of the azo dye, compared to a
single band of the control dye. The difference in the R;
values of the control dye and the metabolites supports the
FTIR data, which suggests biodegradation of Reactive Red
3. Figure 4 shows the HPTLC analysis for Reactive Red 3 (a)
3D plot of R; values versus absorbance (b) TLC fluorescent
plate under UV chamber.

FTIR analysis

The results of the FTIR analysis of the control and the sam-
ple, obtained after decolourization, showed various peaks. In
the case of Reactive Red 3, the FTIR spectrum for the con-
trol, showed a peak at 3441.1 cm™! for the intra-molecular
stretch of aromatic hydrogen bond —OH and —OH, a peak at
2865.3 cm™! and 1596.69 cm™ for -C=C stretch of aromatic
rings, stretch 1456.08 cm™! and 1438.73 cm™'—CH of alkyl
acetals, peak at 1248.32 cm~ ! and 1111.96 cm™! for stretch
-CN due to amines, peak at 853.93 cm™!, 746.18 cm™! for
stretch -CH, 621.39 cm™" -C- Cl stretch. Reactive Red 3 deg-
radation metabolites, using the SPB-4 consortium, showed
a peak at 3318.65 cm™! for —OH- stretch, a peak at 2903.01
cm~! —~C=C 1 "alkenes stretch, 1607.85 cm™' for CH stretch,
due to -CH3, peak at 1021.62 em™!, 611.3 em™! for —-C—Cl
stretch, indicating the presence of chloride alkyl. Here, a
peak at 1248.32 cm™! is missing, which proves the disap-
pearance of the amines, and the formation of new peaks,
indicates the biotransformation of the Reactive Red 3 dye.
The appearance of peaks before and after the bacterial treat-
ment, has been shown in Figure 5. Similar results have been
reported by McMullan et al. [24].

Fig.4 HPTLC analysis for
reactive red 3 a 3D graph of

Conclusion

The composition of textile effluent varies often in a wide
range, depending upon the textile process, employed in the
unit. The wastewater generated from cotton textile dyeing
industry, is enormously contaminated, due to the presence of
reactive dyes, which is extremely difficult for treatment. The
bacterial strain, when endowed with optimal environmental
situation and nutritional source, accelerates the process of
bioremediation. In this present research study, the efficacy of
a potential bacterial SPB-4 consortium, was investigated for
the decolourization and subsequent degradation of Reactive
Red 3. The maximum decolourization (94%) of the culture,
was observed at a concentration initial 30 mg L™" dye after
6 hours of the incubation period. Optimal conditions for
decolourization were pH 6, temperature 32 °C, 10% inocu-
lum (v/v), glucose (0.1% w/v), and (0.3% w/v) yeast extract
concentration. The isolates in the consortium developed best
under static conditions, where oxygen can be easily depleted,
thus creating favourable conditions for the fading of azo
dyes. A reduction in the COD (greater than 80%) of the dye,
after treatment with SPB-4, indicates successful degradation
of the dye. The degradation of the dye, was confirmed by
the results of HPTLC and FTIR analyzes. The consortium
SPB-4, showed decolorizing activity through a degradation
mechanism. This observation has established that the bac-
terial culture is adaptive in nature, and can degrade con-
taminants. The ability of the strain to tolerate, decolorize
azo dyes at high concentration, gives it an advantage for
treatment of textile industry waste waters. The potential of
this bacterial consortium can be estimated by its high capac-
ity for decolourization and degradation, thus, serving as a
potential consortium that can be successfully employed to

Rf values versus absorbance b b
fluorescent TLC plate under UV i 1
chamber _
+600.0
Dye Metaholites
1 r [Av]
600.0+ L 400.0 RF- 089
[au) - ) Rf- 085
4000 SR RE- 051
s +200.0
Metabolites Y
f\ A — —— [
2000+ wif A 100
1 i U l. o]
e S a\ 400
e T Dyl N -
0.00 020 i X <300
040 > \_ w0
060 T, S .
0.80 Rf - < 100
® 2900

@ Springer



Nanotechnology for Environmental Engineering (2021) 6:62

Page7of8 62

Fig.5 FTIR analysis of a con- 72.2
trol carrying the untreated dye 26T - \
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the treatment of industrial effluent. The potential of this bac-
terial consortium can be estimated by its high capacity for
decolourization and degradation, thus, serving as a potential
consortium to be used in the treatment of industrial effluent.
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