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ABSTRACT

The sequential batch reactor (SBR) technology is being applied in a large number of treatment
processes owing to the operational flexibility it offers. SBR’s capability to carry flow equalization,
biological processes, and secondary clarification within a single reactor by differing the time period
of different phases and duration of aeration proves it a flexible process for wastewater treatment.
In this study SBR was employed to treat the tannery industry wastewater for removing colour.
The phase of the SBR was observed over a period of 50 d. Statistical based experiments were per-
formed for optimizing the parameters viz., pH, temperature, inoculum’s concentrations, agitation
speed and initial concentration of the substrates on the treatment of wastewater from tanneries by
the mixed culture derived from the tannery common effluent treatment plant sludge, in a batch
reactor under aerobic condition. At the optimized conditions, experiments were performed by salt
tolerant microorganisms such as Pseudomonas aeruginosa, Bacillus flexus, Exiguobacterium homiense
and Staphylococcus aureus at various organic loading rate (OLR) by varying tannery wastewater
concentration and hydraulic retention time (HRT) for colour removal. A maximum decolouriza-
tion 94% was obtained in SBR with the OLR 0.312 kg COD/m® d, HRT 5 d for the substrate’s initial
concentration of 1,560 mg COD/L.

Keywords: Common effluent treatment plant (CETP); Colour removal; Hydraulic retention time (HRT);
Organic loading rate (OLR); Sequential batch reactor (SBR); Tannery wastewater

1. Introduction

Various industrial activities produce hyper saline
effluents. Leather tanning is a wet process that produces
a lot of extremely saline liquid waste. The effluent has
complex characteristics as a result of the various chem-
icals used at various stages of the hide and skin produc-
tion. Various studies [1-3] have already reported on the
details of wastewater created by tanneries, as well as its
properties. Sunlight’s influence on colour removal, chem-
ical oxygen demand (COD) and suspended solids of Vat
dyeing effluents was studied by Ansari and Thakur [4].
Dye and its intermediates, which are generally harmful
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and carcinogenic to the flora and fauna of water bodies,
disturb the endocrine systems, cause significant pollution
and aesthetic harm, and reduce the penetration of light in
water, which has a detrimental impact on photosynthesis
[5]. Tannery wastewater is dark brown and foul-smelling,
owing to the huge concentrations of organic and inorganic
compounds present [6]. Leather is immersed in a dying
liquid, also known as dye liquor or solution, during the
dyeing process. The dye liquid usually consists of a dye,
water, and other additives. The discharge of tannery efflu-
ent containing such harmful pollutants into the environ-
ment causes substantial soil and water pollution, which
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has an impact on human and other living species’ health.
The leather industry wastewater has a significant impact on
humans, producing nose and skin irritation as well as lung
cancer [7,8]. As a result, it is critical that tannery effluents
be treated before being released into the environment.

The complex composition of organic and inorganic com-
pounds in high-concentration pollutants creates a problem
for treatment approaches [9,10]. Coagulation, ozonation,
membrane process, filtration with coagulation, ozonation
with coagulation, and adsorption under physical and chem-
ical modes [11-15] are effective decolorization methods, but
they require a lot of energy and chemicals, which neces-
sitates additional treatments to remove pollutants in con-
centrated form. Biological treatment approaches can totally
eliminate contaminants and are usually less expensive [16].
Different microorganisms, notably Cellulosimicrobium sp.
[17], Bacillus sp. [18-20], Thiobacillus sp. [21], Planococcus sp.
[22], Stenotrophomonas sp. [23], Penicillium sp. and Fusarium
sp. [24] have been studied for the treatment of leather indus-
try waste water. Microorganisms with a high salt tolerance
can withstand high salt concentrations and extract organics
from saline effluent like tannery wastewater. Pseudomonas
aeruginosa, Bacillus flexus, Exiguobacterium homiense, and
Staphylococcus aureus, which are separated from oceanic
and leather industry saline wastewater samples, were
tested with consortia in pure and mixed form of four salt
tolerant bacterial strains [25]. The found salt-tolerant bac-
terial consortia is thought to be a good working culture for
biodegrading tannery saline effluent efficiently. The goal
of this study was to assess the sequential batch reactor
(SBR’s) ability to treat tannery effluent for colour removal.

The sequencing batch reactor (SBR) is a variation of
the activated sludge method that has been used to treat
municipal and industrial wastewater with great success
[26]. In wastewater treatment plants, SBR technology is
becoming increasingly important. It is well-known for
being a tough system that can withstand hard circum-
stances, and it is frequently used to treat wastewater. The
key advantages are ease of operation, relatively inexpen-
sive, handling hydraulic fluctuation, no requirement for a
settling tank, sludge recycling, and organic load removal

Influent

efficiency without substantial change [27]. Some research
has been done on the use of halophiles in SBR to degrade
complicated wastewater [28]. The goal of this research is to
treat tannery wastewater in an SBR by altering the hydraulic
retention time, initial substrate concentration, and studying
the kinetics of tannery wastewater degradation.

2. Materials and methods
2.1. Substrate

The leather industry wastewater and seed sludge were
collected from the Ranipet Tannery Effluent Treatment Co.
Ltd.,, V.C. Mottur, Walajah, South India, and used as an
influent for the bioreactor.

2.2. Experimental setup: sequential batch reactor

A reactor was made up of two laboratory-scale plexi-
glass reactors (SBR-1 and SBR-2), each having a capacity of
10 L. Fig. 1 depicts a schematic diagram of the experimen-
tal setup. Using peristaltic pumps, tubes were placed into
the reactors to assume the filling and removal of the efflu-
ent. The reactors were supplied with O, via a tiny bub-
ble air diffuser. A mechanical stirrer spinning at 150 rpm
was used to agitate the contents of the reactors. Every
period takes 24 h: 1 h for filling, 20 h for reaction, 2 h for
setting, 0.75 h for withdrawal, and 0.25 h for idle. The reac-
tor (SBR-1) was inoculated with the sludge-derived mixed
consortium. Fig. 2 shows a snapshot of the process.

2.3. Reactor inoculation and start-up

The tannery process effluent was pumped into the reac-
tor (SBR-1). The inoculum was made from sludge from a
wastewater treatment plant for the leather industry. It was
added to the procedure to start microorganism growth.
Air was delivered at an 8 cc/s rate, and the pH was kept
between 6.9 and 7.1. The pH value of 7 was found to be
optimal for the improved degradation of tannery effluent
employing sludge [26]. The set-up was left for half a month

Fig. 1. Schematic of sequential batch reactor set up.
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Fig. 2. Photograph of SBR.

with aeration to allow the microorganisms to acclimate.
The influent was then fed into the process for treatment,
and O, was passed at the same rate.

The same approach was used to inoculate SBR-2 with
salt-tolerant bacteria such as Pseudomonas aeruginosa, Bacillus
flexus, Exiguobacterium homiense, and Staphylococcus aureus.
The temperature and pH were kept at 37°C and 7.5, respec-
tively [29].

2.4. Experimental procedure

At different organic loading rate (OLRs), the reac-
tor (SBR-1) was treated for initial concentrations of 1,560;
3220; 4,680; and 6,240 mg COD/L. For the first 15 d, an
organic loading rate of 0.319 kg COD/m?*d was maintained.
On the 16th day, the organic loading rate was increased
to 0.39 kg COD/m?®. The organic loading rate was kept at
0.52 kg COD/m?® from the 32nd to the 40th day. Continued
to maintain an organic loading rate of 0.78 kg COD/m?,
the experiment was terminated. As a result, the hydrau-
lic retention time (HRT) for the process was set to 5, 4, 3,
and 2 d. The SBR process conditions are listed in Table 1.

The reactor must be fully aerated throughout the influ-
ent feeding (1 h). After then, the aeration was continued
for another 20 h (react step: aeration). After then, aeration
was turned off for 2 h (settle step: sedimentation). The
supernatant was to be withdrawn within 0.75 h (draw
phase: decant) after the bio-sludge had settled completely,
and the system had to be kept idle for 0.25 h (idle step). The
procedure was restarted with fresh influent and the above
conditions were repeated. Excess bio-sludge was removed
from the reactor during the idle stage to keep the bio-sludge
concentration within the permitted range. The procedure
was carried out for 50 d while adhering to the operating
conditions outlined in Table 1. The method recommended
by Bajpai et al. [30] was used to examine colour reduction.
The pH was corrected to 7.6 after centrifuging the sample at
10,000 rpm for 0.5 h. At 465 nm, the absorbance was measured
and converted to colour units. Experiments with different
beginning substrate concentrations were also carried out.

In SBR-2, the same approach was used. After the trials
were completed, a sorbent, wheat bran (10 g/L), was added
to the reactors and the colour reduction procedure was
repeated.

Table 1
Operating conditions of SBR

Substrate concentration, Day = HRT,d OLR, kg COD/m®d

mg COD/L
1-15 5 0.312
16-31 4 0.390

1,

260 32-40 3 0.520

41-50 2 0.780
1-15 5 0.644
16-31 4 .

3,220 6-3 0.805
32-40 3 1.070
41-50 2 1.610
1-15 5 0.936
16-31 4 1.170

4,680
32-40 3 1.560
41-50 2 2.340
1-15 5 1.308
16-31 4 1.635

6,240 32-40 3 2.180
41-50 2 3.270

3. Result and discussion
3.1. Screening of sorbent for the treatment of tannery wastewater

Table 2 shows the results of experiments done in a batch
reactor to choose a sorbent for the removal of colour in tannery
effluent using the Plackett-Burman design. According to
the Pareto chart (Fig. 3), wheat bran was the most effec-
tive sorbent for reducing colour in leather manufacturing
process waste water. As a result, it was used in the SBR.

3.2. Performance of SBR in colour removal
from tannery wastewater

Color was one of the most critical parameters to elim-
inate from tannery wastewater. The wastewater from the
tannery was mostly dark brown in colour. SBR was used
to conduct colour reduction experiments using mixed cul-
ture (MC), salt tolerant microorganisms (STM), mixed
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Fig. 3. Pareto chart for screening of sorbents.

Table 2
Selection of sorbent based on Plackett-Burman design

Run number % Colour removal

1 61.0
2 46.3
3 40.1
4 51.2
5 46.5
6 50.8
7 52.1
8 48.7
9 61.2
10 49.6
11 47.5
12 38.2
13 443
14 43.5
15 55.2
16 56.9
17 412
18 443
19 52.3
20 57.8
21 44.6
22 55.6
23 48.3
24 51.2

culture with sorbent (MCS), and salt tolerant microorgan-
isms with wheat bran sorbent (STMS). Figs. 4-7 depict the
results achieved.

The colour reduction appears to be dependent on the
microorganisms utilised, as shown in Figs. 4-7. The salt-
tolerant microorganisms showed a greater ability to remove
colour without the use of sorbent, as seen in Figs. 4-7.
According to the results, adding wheat bran to SBR greatly

increased the efficiency of removing colour. After adding
wheat bran to SBR, the average efficiency of colour reduc-
tion utilising MCS and STMS was raised by 25%-30% and
6%—15%, respectively. The dye molecules sorption on the
surface of the wheat bran sorbent resulted in an increase
in colour decrease. The results show that both biodegrada-
tion and adsorption occurred in this SBR. Color removal
was 54%, 84%, 78.6%, and 94% with MC, MCS, STM, and
STMS, respectively. Wheat bran was also an effective tech-
nique to allow the biological process to continue operat-
ing in the presence of chromium, as seen by higher colour
removal efficiency. Decolorization of textile dye waste-
water showed a similar characteristic when the OLR was
increased by adjusting the intake concentration. These
data support Kapdan and Oztekin’s [31] conclusions that
SBR has a strong ability to withstand relatively substan-
tial disturbances in input organic loading rate changes.
They evaluated the impact of varying the starting dye con-
centration and HRT in an SBR with textile dye synthetic
wastewater. They also discovered that lowering the HRT
instantly reduces the decolorization and COD removal
efficiency.

For various initial substrate concentrations and hydrau-
lic retention times, Table 3 shows the highest percentage
of colour removal. It also provided the OLR for different
HRT. It was concluded from the table that as OLR increases,
colour reduction decreases. Lower influent concentra-
tions and shorter HRTs resulted in higher degrading effi-
ciency [32].

3.3. Effect of organic loading rate and HRT on colour removal

Fig. 8 shows the relationship between the OLR and
the colour removal efficiency for the reactor’s overall effi-
ciency. The removal efficiency was initially set at a rela-
tively high level for low OLR (over 90%). The procedure
yielded a different colour removal % for the same OLR
because the reactor was operated at different initial substrate
concentrations, as shown in the figure.

Fig. 9 shows the effect of HRT on colour removal.
It was concluded from the figure that, regardless of microbes
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Fig. 4. Colour removal during tannery wastewater treatment in SBR — 1,560 mg COD/L.
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Fig. 5. Colour removal during tannery wastewater treatment in SBR - 3,220 mg COD/L.
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Fig. 6. Colour removal during tannery wastewater treatment in SBR — 4,680 mg COD/L.
or beginning substrate concentration, colour removal was  decline is most noticeable when HRT is dropped from three

observed to be greatest at high HRT. When HRT was reduced,  to 2 d. At the optimum hydraulic retention time, 3 d resulted
the percentage colour removal also decreases, although the in improved COD elimination for all concentrations [33].
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Fig. 7. Colour removal during tannery wastewater treatment in SBR - 6,240 mg COD/L.

Table 3

Performance of SBR at various substrate concentration, hydraulic retention time and organic loading rate for colour removal

Substrate concentration, HRT, d OLR, kg COD/m*d % Colour removal

mg COD/L MC MCS STM STMS
5 0.312 54 84 78.6 94

1,560 4 0.390 45 81 76 91
3 0.520 39 76 74.6 87
2 0.780 36 69 66 78
5 0.644 51 78 63 88
4 0.805 48 75 60 85

3,220
3 1.070 43 69 55 80
2 1.610 33 61 41 71
5 0.936 46 69 60 82

4,680 4 1.170 43 65 56 79
3 1.560 38 60 52 74
2 2.340 31 53 37 65
5 1.308 40 60 53 78
4 1.635 37 56 50 75

6,240 3 2.180 33 53 45 71
2 3.270 24 45 32 61

4. Kinetics and modelling
4.1. Monod model
The Monod model was given by [34]:

S

The experimental values were used to find out the
parameters and to verify the applicability of the model.
Biomass was plotted against time and dx/dt values were
found. From this, p values were calculated. Solving Monod
model in MATLAB 7.0 the constants were found. The COD
reduction profile was well explained by Monod model with

high values of R? (0.9) at various initial substrate concen-
trations and it was given in Table 4. Form the table it was
inferred that the rate constant decreases for the increase
in the initial substrate concentration. The high R? val-
ues showed the applicability of this model in explaining
the batch kinetics of the degradation of tannery wastewater.

4.2. Contois model
The Contois model [35] is:

. lJ‘l’)’la)(“S
“_(BX+T) @
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Table 4
Performance of various kinetics models in batch degradation
Model Initial substrate K, (mg/L)/B .. (mg/mg/h) RMSE R?
concentration, mg COD/L
Monod model 998.5 0.8321 0.95 0.9012
Contois model 1,560 665 0.6354 9.21 0.8112
Moser model 1,685 0.7245 10.10 0.8002
Monod model 1,123 0.7235 1.06 0.9210
Contois model 3,220 836 0.6112 8.35 0.8035
Moser model 2,136 0.5523 9.12 0.7985
Monod model 1,325 0.5352 1.15 0.9123
Contois model 4,680 1,012 0.4237 10.21 0.7826
Moser model 3,023 0.5001 12.31 0.7223
Monod model 1,752 0.3225 1.37 0.9001
Contois model 6,240 2,114 0.3235 11.65 0.7336
Moser model 5,023 0.2685 13.24 0.7023
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Table 5

Kinetic values obtained from various inhibition models in batch degradation
Model u,.. (mg/mg/h) K (mg/L) K, K RMSE R?
Tessier model 4.56 3.256 2.365 - 2.3520 0.6587
Haldane model 2.365 165.32 112.5 - 0.0245 0.9435
Webb model 10.352 -3.65 48.32 1.654 2.3640 0.7352

The experimental values were used to describing the
parameters and to verify the applicability of the model.
Biomass was plotted against time and dx/dt values were
found and given in Table 4. From this, p values were calcu-
lated. Solving Contois model in MATLAB 7.0, the constants
were found. R? value indicated that the Contois model didn’t
fit the data well.

4.3. Moser model

The Moser model can be written as [36]:

oS
oK, +s ®

The experimental values were used to describe the
parameters and to verify the applicability of the model.
Solving Moser model in MATLAB 7.0, the constants were
found. But the R? value, showed that the Moser model
didn’t fit the data well.

4.4, Tessier model

The Tessier model can be written as [37]:

v o ool

The constants in the model were evaluated using
MATLAB 7.0 and they are given in Table 5. This model was
also unable to describe the kinetics of tannery waste water,
which was indicate by low R? value.

4.5. Haldane model
The Haldane model [38] is given by:

l'LmaxS

2
K +S+S—
: K.

i

u= ()

The experimental values were used to describe the
parameters and to verify the suitability of the model. The
constants in the model were evaluated using MATLAB 7.0.
It was found that Haldane model showed the ability for
describing the kinetics of tannery wastewater degradation,
which was indicated by high R? value. This described that
the substrate inhibition occurs during tannery wastewater
treatment. The constants and R? values are given in Table 5.

4.6. Webb model
Webb model [36] can be written as:

(6)

The constants in the model were evaluated using
MATLAB 7.0. But this model was found unable in describ-
ing the degradation kinetics of tannery waste water, which
is indicated by the lower R? value. The constants and
R?values are given in Table 5.

5. Conclusions

By adjusting parameters such as initial substrate con-
centration, HRT, and OLR, a sequential batch reactor was
employed to continually degrade tannery waste water by
a mixed culture produced from tannery sludge. The reac-
tor’s efficiency demonstrated that SBR had a high level of
colour removal (94%). A drop in HRT results in a decrease
in colour reduction. When HRT is reduced, the percentage
colour removal also decreases, although the decline is most
noticeable when HRT is dropped from three to 2 d. At the
optimum hydraulic retention time, 3 d was shown to be
the best time for COD elimination for all concentrations.
The degradation of tannery wastewater in SBR follows the
Monod and Haldane model, according to the kinetic and
inhibition investigations. The Moser, Contois, Tessier, and
Webb models, on the other hand, failed to describe the
degradation process. This study indicates that utilising
salt-tolerant microorganisms, SBR can be used to remove
the colour from tannery waste water.
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