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ABSTRACT

Efficiencies of SBR and granular activated carbon (GAC)-SBR systems with textile industrial
wastewater (TIW) containing basic dyes (Basic Red 46 (BR46) and Basic Blue 41 (BB41)) at
hydraulic retention times (HRTSs) of 3.0, 5.0, and 7.5 d were investigated. The results showed
that the basic dyes could be adsorbed onto bio-sludge but the adsorption yield depended
on the molecular structure and weight of the basic dye. BR46 could be adsorbed onto the
bio-sludge with higher yield than BB41. Also, the color adsorption yield of living bio-sludge
was 22% higher than that of autoclaved bio-sludge (thermally treated bio-sludge). More-
over, the bio-sludge from a domestic wastewater treatment plant showed higher color
adsorption yield than the bio-sludge from a textile wastewater treatment plant. The GAC-
SBR system was more suitable than the SBR system to treat TIW. The highest color, COD,
BOD:s, total Kjeldahl nitrogen (TKN), and total nitrogen (TN) removal efficiencies of the
GAC-SBR system with TIW at HRT of 5 d (organic loading of 0.22 kg BODs/m’ d and dye
loading of 0.02 kg/m3 d) were 683 +32, 88 =1, 90«1, 80.6+6.8, and 55.9 + 3.2%, respec-
tively. Moreover, its removal efficiency could be increased by adding organic matter (glu-
cose). The color, COD, BODs, TKN, and TN removal efficiencies with TIW containing
0.87 g/L glucose at HRT of 5.0 d (organic loading of 0.25 kg BODs/ m®d) increased up to
80.0 +0.7,97 +1%, 98 £ 0, 83.3 £ 0.0, and 58.9 + 0.2%, respectively. Moreover, it was the first
study where nitrogen removal bacteria (nitrifying and denitrifying bacteria) were the main
bacteria in basic dyes removing mechanism.

Keywords: Adsorption; Basic dye; Bio-sludge; Granular activated carbon; Sequencing batch
reactor (SBR) system; Textile industrial wastewater

1. Introduction water consumption in comparison to other industries
[1-3]. Moreover, TIW contains high concentrations of
organic matter and dyes [1-4]. In the dyeing step of
the textile coloring process, a part of the dye is
adsorbed onto the fiber and the remaining dye is
*Corresponding author. contained in the wastewater and discharged into the

Textile industry is one of the industries that gener-
ate large amounts of wastewater because of its high
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environment, which consequently becomes a serious
environmental problem [1-3]. Normally, textile dye
has large molecular weight, complicated structure and
consists of an aromatic ring that is hardly biodegrad-
able by normal micro-organisms under normal condi-
tions [5,6]. In addition, textile dyes are toxic to the
environment and organisms, especially micro-
organisms [2,7-10]. Textile dyes have an environmen-
tal impact because when suspended in wastewater,
they reduce light transmission yield [1,2]. Then, the
amount of oxygen dissolved in wastewater decreases,
resulting in a decrease in the number of types of
organisms in the wastewater. Moreover, textile dyes
are toxic to micro-organisms [2]. Popular and common
textile wastewater treatment processes are chemical
coagulation—flocculation and chemical adsorption
[11,12]. However, the water-soluble dye is hardly
removed by these processes [2,13-16]. Other disadvan-
tages of these chemical treatment processes are high
cost of chemical agents and large amounts of gener-
ated chemical waste [2,11,12,17-19]. Many researchers
have suggested that bio-sludge from aerobic wastewa-
ter treatment system could be used as an adsorbent
instead of chemical adsorbents or activated carbon
[5,16,20-22]. Moreover, most textile dyes are hardly
biodegradable organic matter; therefore, the conven-
tional biological wastewater treatment system cannot
be applied [2,16,23-27]. Modified biological wastewa-
ter treatment system to treat textile wastewater has
been studied [15-17,26-28]. But, quantification of
wastewater was one of the wastewater treatment sys-
tem selection criteria. Then, an SBR system was
selected for small and medium textile industrial facto-
ries [29]. Other advantages of the SBR system are easy
operation and low energy consumption [2,6,17]. More-
over, this system can be operated under oxic-anoxic
conditions which results in removing nitrogenous
compounds by biological oxidation—-reduction mecha-
nisms. These characteristics show that the SBR system
might be suitable for the treatment of textile wastewa-
ter containing basic dyes. However, the SBR system
should be operated under highly mixed liquor sus-
pended solids (MLSS); MLSS result in low excess of
generated bio-sludge and high nitrogenous com-
pounds removal yield. To increase MLSS of the sys-
tem, Granular activated carbon (GAC) might be added
into the reactor [2,6,10,26,30,31]. In this study, labora-
tory SBR and GAC-SBR systems were used. The
experiments were carried out with raw textile indus-
trial wastewater (TIW) and synthetic textile industrial
wastewater (STIW). Hydraulic retention times (HRTSs)
of 3.0, 50, and 7.5d were tested for the highest
removal efficiency. The effects of supplemented
organic matter (glucose) for increasing system
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efficiency with TIW were also investigated. Moreover,
dyes adsorption ability of bio-sludge from biological
wastewater treatment plant (autoclaved and living
bio-sludge) and activated carbon were compared.

2. Materials and methods
2.1. Bio-sludge, dye adsorption test and SBR system

Two types of bio-sludge were used in this study;
they were called bio-sludge type A and bio-sludge type
B. Bio-sludge type A was collected from the Bangkok
municipal central wastewater treatment plant (Sripaya
sewage treatment plant: Extended activated sludge
system, 28d of bio-sludge age: SRT), Bangkok,
Thailand. Bio-sludge type B was collected from a textile
factory wastewater treatment plant (Conventional
activated sludge system, 16 d of bio-sludge age: SRT) in
Nonthaburi Province, Thailand. Both types of
bio-sludge were used as the resting bio-sludge (living
bio-sludge) after washing it twice with 0.1 M acetate
buffer pH 6.0 (for cleaning up the bio-sludge without
any effects to the microbial cells). The autoclaved
bio-sludge (thermally treated bio-sludge) was prepared
by autoclaving the resting bio-sludge at 110°C for
10 min. All bio-sludge samples were kept at 4-8°C to
prevent any changes in the bio-sludge quality during
the study.

2.2. Granular activated carbon (GAC)

GAC type CGC-11 from coconut charcoal (C.
Gigan Co., Ltd, Thailand) with a mesh size of
8 x 10 mm, total surface area of 1,050-1,150 m?/ g and
apparent density of 0.46-0.48 g/mL was used. GAC
was used for dye adsorption tests and in the GAC-
SBR system operation. GAC with a mesh size of
8 x 10 mm was used in the experiment resulted for the
easy harvesting during operation in the SBR system
(GAC-SBR system).

2.3. Dyes

Two types of basic dyes were selected for this
study as Basic Blue 41: BB41 (trade name: Cationic
Blue X-GRL300%) and Basic Red 46: BR46 (trade
name: Cationic Red X-GRL300%) Chemical characteris-
tics of BB41 were CyoH,N4OgS, in molecular formula,
482.57 in molecular weight, 609 nm in maximum
absorption wavelength and color index number
11,105. Chemical characteristics of BR46 were
C,3H1BrNg in molecular formula, 401.3 in molecular
weight, 609 nm in maximum absorption wavelength,
color index number 110,825 [32].



27098 S. Sirianuntapiboon and K. Chairattanawan | Desalination and Water Treatment 57 (2016) 27096-27112

2.4. Wastewater samples

Two kinds of wastewater were used in this study
as follows.

2.4.1. Textile industrial wastewater (TIW)

TIW was collected from the influent sump tank of
the central wastewater treatment plant from a textile
factory in Nonthaburi Province, Thailand. TIW was
taken only once and stored at 4-8°C to prevent any
changes in the chemical quality before using in the
experiments. Chemical properties and composition of
TIW were shown in Table 1. TIW supplemented with
0.87 g/L glucose (final BODs concentration of 1,235
+ 14 mg/L) was used as TIW + glucose according to
our previous works [10,15,30]. Glucose was used as
the organic matter for increasing BODs concentration
of TIW.

2.4.2. Synthetic textile industrial wastewater (STIW)

STIW was prepared according to the TIW
characteristics as shown in Table 1. BODs concentra-
tions of STIW were about 1,000 + 29 mg/L. Chemical

composition and properties of STIW were described in
Table 1.

2.5. Dye adsorption test

The dye adsorption test was carried out with resting
and autoclaved bio-sludge with the jar test system
(Rubin, 1978) using STIW containing 100 mg/L basic
dye (Basic Blue 41: STIW + 100BB41 or Basic Red 46:
STIW + 100BR46) for 1 h. The bio-sludge concentration
in each jar test reactor was 1.0 g/100 mL. Dye adsorption
yields of the bio-sludge (Section 2.1) were measured
using Freundlich’s adsorption isotherm equation [33].

2.6. Acclimatization of bio-sludge for the inoculums of SBR
and GAC-SBR systems

Bio-sludge from the storage tank of the central
domestic treatment plant of Bangkok Municipal, Thai-
land (Sripaya sewage treatment plant) was used as
inoculums in the SBR and GAC-5BR systems. The bio-
sludge was fed with STIW without basic dyes in the
reactor and acclimatized for 1 week at HRT of 3.0d
and organic loading of 2.80 g BODs/d, as shown in
Table 2.

Table 1
Characteristics of TIW, TIW + glucose and STIW
STIW

Characteristic
Composition Concentration Parameter Concentration
Glucose (mg/L) 1875 COD (mg/L) 1,926 + 20
Urea (mg/L) 115 BODs (mg/L) 1,122 + 87
FeCl, (mg/L) 3.5 Organic-N (mg/L) 46 + 1
NaHCO; (mg/L) 675 NH/-N (mg/L) 6.7 +1.0
KH,PO, (mg/L) 55 NO;-N (mg/L) 145+ 0.2
MgSO,-7H,0 (mg/L) 42.5 NO;-N (mg/L) 0.08 + 0.01
Basic dye® (mg/L) 100 pH 8.03 £ 0.12
Characteristic Types of raw textile wastewater (TIW)

TIW TIW + glucose®
COD (mg/L) 532 +2 1,840 + 10
BODs (mg/L) 308 £ 11 1,235 + 14
Organic-N (mg/L) 6.7 +0.0 6.72 + 0.00
NH;-N (mg/L) 45+0.0 4.5 +0.00
NO,-N (mg/L) 42 +0.1 42+0.1
NO;-N (mg/L) 0.04 = 0.00 0.06 +0.01
pH 9.9 +0.1 9.9 +0.1

“Basic Red46 and Basic Blue41 were used for preparing STIWs.

PTIW + glucose: TIW was collected from the sump tank in a wastewater treatment plant from a textile industrial factory in Nonthaburi
Province, Thailand. It was supplemented with 0.87 g/L glucose. The final BODs of the TIW + glucose was approximately 1,200 mg/L.
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Table 2
The operating parameters of SBR and GAC-SBR systems with STIW, TIW, and TIW + Glu at HRTs of 2.0, 3.0, 5.0, and
75d

Type of wastewater was tested
Parameters STIW TIW TIW + Glu
HRT (d) 3 5 7.5 2 5 5
MLSS (mg/L) 3,000 3,000 3,000 3,000 3,000 3,000
Flow rate (mL/d) 2,500 1,500 1,000 3,750 1,500 1,500
F/M 0.13 0.08 0.04 0.2 0.08 0.08
Hydraulic loading (m®/m? d) 0.33 0.20 0.13 0.50 0.20 0.20
Organic loading (g BODs/d) 2.80 1.68 1.12 1.15 0.46 1.85
Volumetric organic loading (Kg BODs/m? d) 0.37 0.22 0.15 0.15 0.06 0.25
Dye loading (g/d) 0.25 0.15 0.1 N/A N/A N/A
Volumetric dye loading (kg/m? d) 0.03 0.02 0.01 N/A N/A N/A
| ]
+— Motor [——>
Air pump
|
A
25cm 40cm
€S OO
12em
Timer Q = A/
Air diffuser 18cm

Fig. 1. Flow diagram of SBR and GAC-SBR systems. Physical conditions of operation were: 60 rpm of impeller speed; full
aeration with an air-pump system (one air pump system supplied air to two sets of reactors) and working volume of the

reactor which was 75% of total volume (7.5 L).
2.7. SBR and GAC-SBR system reactors

Ten 10-L reactors made from acrylic plastic (5 mm
thick) were used in the experiments, as shown in
Fig. 1. Dimensions of each reactor were 18 cm diame-
ter and 40 cm height; the working volume was 7.5 L.
A low-speed gear motor (model P 630A-387, 100V,
50/60 Hz, 1.7/1.3 A, Japan Servo Co., Ltd, Japan) was
used for driving the paddle-shaped impeller. Speed of
the impeller was adjusted to 60 rpm for complete mix-
ing. One set of air pumps, model EK-8000, 6.0 W
(President Co., Ltd, Thailand), was used to supply air

to each set of two reactors; this provided an adequate
oxygen supply, as evidenced by dissolved oxygen of
about 2-3 mg/L in the system. Excess of bio-sludge
was drawn out during the draw and idle period to
control the level of MLSS in the system at 3,000 mg/L,
as shown in Table 2.

2.8. Operation of SBR and GAC-SBR systems

Operation procedures for SBR and GAC-SBR sys-
tems followed the procedures from previous works
[10,30,34]. In the SBR system, 1.4 L of acclimatized
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bio-sludge (10 g/L as dry basis of acclimatized bio-
sludge) from Section 2.4 was inoculated in each reac-
tor; then TIW or STIW were added (final volume of
7.5 L) within 1 h. During feeding the wastewater, the
system had to be fully aerated for 19 h, and then shut
down for 3 h. After the bio-sludge was fully settled,
the supernatant was removed within 0.5h and the
system was kept under idle conditions for 0.5 h (to-
tally 3 h for anoxic step). Then, the fresh wastewater
was pumped into the reactor to the final volume of
75L and the above-mentioned operation was
repeated. The GAC-SBR system was operated simi-
larly to the SBR system and 7,500 mg of GAC were
added to each GAC-SBR reactor. Operation parame-
ters of the SBR and GAC-SBR systems with various
types of TIW and STIW are described in Table 2.
Duration of operation of the SBR and GAC-SBR reac-
tors with each type of wastewater was about 30 d. The
experiments were carried out between April 2012 and
February 2013.

2.9. Chemical analysis

COD, BODs, total Kjeldahl nitrogen (TKN), total
nitrogen (TN), organic nitrogen (organic-N), ammonia
nitrogen (NH;-N), nitrite nitrogen (NO;-N), nitrate
nitrogen (NO;-N), pH of the influent and effluent,
MLSS and sludge volume index (SVI) of the systems
were determined using standard methods for the
examination of water and wastewater [35]. Color
intensities of TIW and STIW were determined by the
absorbance at optimum wavelengths, as shown in
Section 2.2, after centrifugation at 6,000x g for 10 min.
The bio-sludge age (solids retention time: SRT) was
determined as the ratio of total MLSS of the system to
the amount of excess bio-sludge wasted per day.

2.10. Statistical analysis method

Each experiment was repeated at least three times.
All the data were subjected to two-way analysis of
variance using SS Windows Version 6.12 [36,37]. Sta-
tistical significance was tested using the least signifi-
cant difference at the p <0.05 level;, the results are
shown as the mean + SD.

3. Results
3.1. Textile dye adsorption test

The experiments were performed with GAC, GAC
(type CGC-11), and bio-sludge samples Sections 2.1
and 2.2. The results showed that BR46 was more
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easily adsorbed on the GAC and bio-sludge than
BB41, as shown in Table 3. GAC type CGC-11 showed
the maximum BR46 and BB41 adsorption yields of
80.0 and 69.9 mg/g, respectively. The bio-sludge type
A gave higher dye adsorption yield than bio-sludge
type B, as shown in Table 3. Moreover, the living bio-
sludge showed higher dye adsorption yield than the
autoclaved bio-sludge. The living bio-sludge type A
showed the highest dye adsorption yield of 77.7
+ 0.1 mg BR46/g bio-sludge, as shown in Table 3.

3.2. Effects of HRT on the efficiencies of SBR and
GAC-SBR systems with STIW

The SBR and GAC-SBR systems were operated
with STIW at HRTs of 3.0, 5.0, and 7.5 d. The system
efficiencies and performances were as follows.

3.2.1. COD and BODj

COD and BODs removal efficiencies of the SBR
and GAC-SBR systems increased with the increase in
HRT (decrease in organic and dye loadings), as shown
in Table 4. The SBR and GAC-SBR systems with
STIW + BB41 at the HRT of 7.5 d (organic loading of
0.15 kg BODs/m® d and dye loading of 0.01 kg/m’ d)
showed the highest COD and BODs removal efficien-
cies of 98 +1 and 98 +1%, and 97 +1 and 98 = 1%,
respectively. Also, the systems with STIW + BR46 at
the HRT of 7.5d (organic loading of 0.15 kg BODs/
m’d and dye loading of 0.01 kg/m>d) showed the
highest COD and BODs removal efficiencies of 97 + 1
and 98 +1%, and 97 +1 and 99 + 1%, respectively.
Moreover, the effluent COD and BODs of the systems
with STIW + BB41 and STIW + BB41 at HRTs opera-
tions were almost stable during 30 d of operation, as
shown in Fig. 2. Moreover, effluent COD and BODs of
the GAC-SBR system were lower and more stable than
those of SBR system at the same HRT of operation
tested, as shown in Table 4 and Fig. 3.

3.2.2. Basic dyes

The results showed that BR46 could be removed
more easily than BB41 by SBR and GAC-SBR systems,
as shown in Table 4. The color removal yield
increased with the increase of the SRT. Moreover, the
GAC-SBR system was more suitable than the SBR sys-
tem for removing the basic dyes from wastewater.
With the same removal efficiency, the GAC-SBR sys-
tem could be operated with a shorter HRT than the
SBR system, as shown in Table 4. The GAC-SBR sys-
tem with STIW + BB41 and STIW + BR46 had the
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Table 3
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Maximum dye adsorption yields of the bio-sludge and activated carbon

Granular activated carbon

(GAC) CGC-11 type Bio-sludge

Basic dye Adsorbed dye (mg/g GAC)  Basic dye Type  Treatment Adsorbed dye (mg/g bio-sludge)

Basic Red 46  80.0 A? Resting® 777 £0.1

Basic Blue 41  69.9 Basic Red 46 Autoclaved®  56.0 + 0.2

B° Resting 68.4 0.1

Autoclaved 53.1+0.8

Basic Blue 41 A Resting 70.6 + 0.2

Autoclaved 547 +0.1

B Resting 66.2 + 0.3

Autoclaved 50.1 + 0.4

Notes: Resting: the living bio-sludge of A and B type bio-sludge was washed with sterile distilled water three times before using in the

experiment.

Autoclaved: the dead bio-sludge of A and B type bio-sludge; the living bio-sludges were autoclaved at 110°C for 10 min to kill the

microbes without cell autolysis.

“Bio-sludge type A; the bio-sludge was collected from the sludge storage tank of Bangkok municipal central wastewater treatment plant,

Thailand.

PBio-sludge type B; the bio-sludge was collected from the sludge storage tank of textile wastewater treatment plant, Nonthaburi Province,

Thailand.

highest color removal yields of about 99% at the HRT
of 5d (organic loading of 0.22 kg BODs/m?d and dye
loading of 0.02 kg/m> d), while the SBR system with
STIW + BB41 and STIW + BR46 had the highest dye
removal yields of about 99% at the HRT of 7.5d (or-
ganic loading of 0.15 kg BODs/m>d and dye loading
of 0.01 kg/m?> d). Moreover, the effluent color of the
systems with BB41 and BR46 was almost stable during
the operation, as shown in Fig. 3. Moreover, color
removal efficiencies of the GAC-SBR system were
higher and more stable than those of the SBR system
at HRT of not more than 5.0 d (BODs loading of not
more than 0.22 kg/m> d).

3.2.3. Nitrogenous compounds

Profiles of nitrogenous compounds removal are
shown in Table 5, Figs. 4-6. They had the same pat-
terns in both SBR and GAC-SBR systems. TKN and
TN removal efficiencies of the SBR and GAC-SBR sys-
tems increased with the increase in HRT (decrease in
BODs and dye loadings), as shown in Table 5. The
TKN removal efficiencies of SBR and GAC-SBR sys-
tems with STIW + BB41 and STIW + BR46 at HRT of
7.5 d (organic loading of 0.15 kg BODs/m>d and dye
loading of 0.01 kg/m>d) were 95.1+0.1 and 95.6
+1.1%, and 92.8 +3.3 and 959 + 1.1%, respectively.
Effluent organic-N and NH; -N were lower than influ-
ent organic-N and NH;-N in all experiments, as
shown in Fig. 4. However, effluents NO;-N were

higher than influents NO5 -N in all experiments. More-
over, the effluent NO;-N decreased with the increase
in HRT (decrease in BODs and dye loadings). Efflu-
ents NO; -N of the GAC-SBR system were lower than
those of the SBR system in all experiments, as shown
in Table 5. Moreover, NO, -N in all types of wastewa-
ter were almost completely removed by both SBR and
GAC-SBR systems at all tested HRTs of the operation.

3.24.SS

Effluent SS in the SBR and GAC-SBR systems
decreased with the increase of HRT (decrease of BODs
and dye loadings), as shown in Table 4. Also, effluent
SS in the GAC-SBR system were lower than those in
the SBR system in all experiments. Moreover, the sys-
tems with STIW + BB41 and STIW + BR46 did not
show any significant differences in regard to effluent
SS in all experiments, as shown in Table 4.

3.2.5. Bio-sludge performance

SBR and GAC-SBR systems showed interesting
results in terms of bio-sludge performance under
various operation conditions, as shown in Table 4.
SRT of the systems increased with the increase in
HRT (decrease in BODs and dye loadings). The
GAC-SBR system had longer SRT than the SBR sys-
tem under all tested operation conditions, as shown
in Table 4. SRTs of the systems with STIW + BB41
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Fig. 2. Effluents COD and BODs profiles of SBR and GAC-SBR systems operated with STIW containing 100 mg/L Basic
Blue 41 (a) and Basic Red 46 (b) at HRT of 3.0, 5.0, and 7.5 d.
Symbols: For SBR system: ¢: HRT of 3.0 d, l: HRT of 5.0 d and @: HRT of 7.5 d. For GAC-SBR system: {: HRT of 3.0 d,

O: HRT of 5.0 d and O: HRT of 7.5 d.
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Fig. 3. Effluent color intensity profiles of SBR and GAC-SBR systems operated with STIW containing 100 mg/L Basic Blue
41 (a) and Basic Red 46 (b) at various HRTs of 3.0, 5.0, and 7.5 d.
Symbols: For SBR system: ¢: HRT of 3.0 d, B: HRT of 5.0 d and @: HRT of 7.5 d. For GAC-SBR system: ¢: HRT of 3.0 d,

O: HRT of 5.0 d and O: HRT of 7.5 d.

were shorter than those of the systems with
STIW + BR46, as shown in Table 4. Observation of
bio-sludge quality showed that SVI decreased with
the increase in HRT (decrease of BODs and dye
loadings). However, SVIs of the systems were lower
than 75 mL/g in all experiments.

3.3. Application of SBR and GAC-SBR systems for the
treatment of TIW and TIW + Glu

SBR and GAC-SBR systems were tested with TIW
and TIW + Glu at HRTs of 2.0-5.0 d. Their efficiencies
and performances were as follows.
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Fig. 4. Effluent nitrogen compounds profiles of SBR and GAC-SBR systems operated with STIW containing 100 mg/L
Basic Blue 41 (a) and Basic Red 46 (b) at HRTs 3.0, 5.0, and 7.5 d.

Symbols: For SBR system: ¢: HRT of 3.0 d, B: HRT of 5.0 d and @: HRT of 7.5 d. For GAC-SBR system: Q: HRT of 3.0 d,
O: HRT of 5.0 d and O: HRT of 7.5 d.
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3.3.1. COD and BODj3

COD and BODs removal efficiencies of the SBR
and GAC-SBR systems with TIW increased with the
increase in HRT (decrease in BODs and dye loadings).
COD and BODs; removal efficiencies of the GAC-SBR
system were higher than those of the SBR system, as
shown in Table 6. The highest COD and BODs
removal yields of the GAC-SBR system with TIW at
HRT of 5d (organic loading of 0.06 kg BODs/m® d)
were 88 + 1-90 + 1%, respectively. However, removal
efficiencies of the systems could be increased by add-
ing organic matter (glucose). The highest COD and
BODs removal efficiencies of the GAC-SBR system
with TIW + Glu at HRT of 5d (organic loading of
0.25 kg BODs/m® d) were 97 + 1-98 + 0%, respectively,
as shown in Table 6. Observation of the COD and
BODs removal efficiencies profiles showed that efflu-
ent COD and BODs became stable after 5-7 d of oper-
ation, as shown in Fig. 5. Moreover, GAC had an
advantage in the COD and BODs removal efficiency of
the system; the GAC-SBR system showed higher COD
and BODs removal efficiencies than the SBR system at
the same HRT of operation, as shown in Table 6. Also,
effluent COD and BODs of the GAC-SBR system were
lower and more stable than those of the SBR system at
the same HRT of the operation, as shown in Table 6
and Fig. 5.

3.3.2. Basic dyes

The results showed that color removal efficiencies
of the SBR and GAC-SBR systems with TIW increased
with the increase in HRT (decrease of organic load-
ing), as shown in Table 6. Also, the GAC-SBR system
with TIW showed higher color removal efficiency than
the SBR system. Moreover, the color removal effi-
ciency increased with the increase of organic loading,
as shown in Table 6. The highest color removal effi-
ciencies of the SBR and GAC-SBR systems with
TIW + Glu at the HRT of 5d (organic loading of
0.25 kg BODs/m>d)  were  71.1 = 0.6-80.0 + 0.7%,
respectively, as shown in Table 6. In terms of efflu-
ents’ color intensity profiles of the systems with TIW
and TIW + Glu at HRTs of 2-5 d, they became stable
after 9-10 d of the operation and maintained stability
for 30 d of the operation, as shown in Fig. 6. More-
over, GAC had an advantage in terms of color
removal efficiency in the SBR system; effluent color
intensity in the GAC-SBR system was more stable and
lower than that of the SBR system at the same HRT of
operation, as shown in Table 6 and Fig. 6.
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3.3.3. Nitrogenous compounds

The SBR and GAC-SBR systems showed almost the
same patterns of nitrogenous compounds removal effi-
ciencies (Table 7). TKN and TN removal efficiencies of
the systems increased with the increase in HRT or
decrease in BODs loading, as shown in Table 7. TKIN
and TN removal efficiencies of the SBR and GAC-SBR
systems with TIW at the HRT of 5d were 55.6 + 8.6
and 43.6 + 0.7% and 80.6 + 6.8 and 55.9 + 0.2%, respec-
tively. Effluent organic-N and NH,-N of the systems
were lower than influent organic-N and NH; -N in all
experiments, as shown in Table 7. TKN and TN
removal efficiencies of the systems could be increased
by supplementation of organic matter (glucose). TKN
and TN removal efficiencies of the SBR and GAC-SBR
systems with TIW + Glu after 5d were 69 + 6.3 and
571+ 0.3%, and 833 +0.0 and 589 x 0.2%, respec-
tively, as shown in Table 7. Moreover, NO, -N in TIW
and TIW + Glu were almost completely removed in
both SBR and GAC-SBR system at all tested HRTs of
operation. However, effluent NO;-N was higher than
influent NO;-N at all tested HRTs of operation, as
shown in Table 7.

3.34.SS

Effluent SS decreased with the increase in HRT or
organic loading. Moreover, the GAC-SBR system with
TIW showed lower effluent SS than the SBR system.
GAC-SBR system with TIW at HRT of 5 d showed the
lowest effluent SS of 29 + 2 mg/L, as shown in Table 7.
However, effluent SS of the systems with TIW
increased by supplementation of organic matter (glu-
cose), as shown in Table 7.

3.3.5. Bio-sludge performance

Excess bio-sludge in the system with TIW at HRT
of 2-5d (organic loadings of 0.06-0.15 kg BODs/m® d,
respectively) could not be detected, as shown in
Table 6. Also, SVIs of the systems with TIW at HRTs
of 2-5d (organic loadings of 0.15 and 0.06 kg BODs/
m>d) were less than 60 mL/ g. However, the excess
bio-sludge in the systems with TIW could be detected
by adding organic matter, especially glucose. SRTs of
the SBR and GAC-SBR systems with TIW + Glu at the
HRT of 5d (organic loading of 0.25 kg BODs/m® d)
were 12 + 2 and 21 + 1 d, respectively. Moreover, SVIs
of the systems were about 61-67 mL/g in all experi-
ments, as shown in Table 6.
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Fig. 5. Effluent COD and BODs of SBR and GAC-SBR systems operated with TIW and TIW + Glu at HRT 2.0-5.0 d.
Symbols: For HRT 2.0 d (a): #: TIW of SBR system, ¢: TIW of GAC-SBR system. For HRT 5.0 d (b): @: TIW of SBR
system, B: TIW+Glu of SBR system. O: TIW of GAC-SBR system, O0: TIW+Glu of GAC-SBR system.
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Fig. 6. Effluent color intensity profiles of SBR and GAC-SBR systems operated with TIW and TIW + Glu at HRT of

2.0-5.0d.

Symbols: For HRT of 2.0 d (a): ¢: TIW of SBR system, ¢: TIW of GAC-SBR system. For HRT of 5.0 d (b): @: TIW of SBR
system, l: TIW+Glu of SBR system. O: TIW of GAC-SBR system, O0: TIW+Glu of GAC-SBR system.

4. Discussion

SBR and GAC-SBR systems were applied for the
treatment of TIW and investigating the efficiencies
and performances of the systems. In the investigation
of color adsorption capacity by GAC and bio-sludge,
it was found that GAC could be used as an adsorbent
for removing color (textile dye) from textile wastewa-
ter [2,7,12,15,16,22,34]. However, from the theoretically

information, the powdered activated carbon (PAC)
give more adsorption yield than GAC because PAC
had more surface area than GAC. But, the harvesting
of GAC during operation in SBR system was easier
than that of PAC [30,34]. Then, GAC was used in the
experiment. Moreover, color adsorption yield of GAC
depended on the type and structure of a textile dye
[12]. This was reported in previous works on the
application of the GAC-SBR system for removal of



27109

S. Sirianuntapiboon and K. Chairattanawan | Desalination and Water Treatment 57 (2016) 27096-27112

*as00n[3 /3w (/8 Surureyuod pMLL N[O + MLLe

TOT68S 00FE€€ 90F8ZL O00FI0 O00FI0 TO0FIY <TOFS0 O00FSY <TOFH0 O00F¥eE SZ0 § WAS-OVO
COFILS €9F169 80F0Z4 O00FI0 00FI0 TOFI¥ 90FLI 00FSy 90F90 00F¥E T0 S qDS  LNID + MLL
TOT6SS 89F908 I0FSE O00FI0 O00FI0 O00FI¥ <TOFIL O00FSY SOFE0 O00F¥eE 900 § JAS-OVO
LOFOEy 98F9GE TOF9CT O00FI0 T0FCO0 O00FIF 00FC¢C O00FSy 90FL0 00F¥E 900 S ¥qds MLL
LO0FTIS 89F6€9 TOF9C O00FI0 00FC0 O00FIF 00FSH O00FSy SOFPC O00F¥eE ST0 T 94S-OVO
TIFLOV 8§9F8T7¢ T0FECE O00FI0 00F€0 O00FI¥ 90F9C O00FSy SOFIE O00F¥E 10 T NE
(%) NL (%) NJIL  (1/8w)  (1/8w)  (1/8w)  (1/8w)  (1/3w)  (7/8w)  (1/3w)  (1/Sw)  (p w/5qOd ) LIH woishg  I9jemaisem
juanyg yuanpjug Juanyg yuanpup LNy juanpyu juaniy yuanpjug Gurpeoy oruedi0 jo odA],
Ad>usnygo [eACWRY N-fON N-‘ON N-JHN N-omesiQ

P 0°'S-0°T JO SIYH 1€ N[O + MIL PUe MIL UM SWa)SAS JGS-DVD Pue YIS 943 JO SIIDUIDIID [eAOwI spunoduwod snous3oniN

FASIC AN



27110

direct dyes [10,26,30,34]. It was confirmed that BR46
was more easily adsorbed onto GAC than BB 41. This
could be explained by the fact that BB41 had larger
molecular weight and molecular size than BR46,
which resulted in obstruction of the adsorption site of
GAC [5,11]. In previous work, color removal efficiency
of the SBR system could be increased by adding GAC,
which was the result of the increase in the amount of
MLSS or MLVSS (increasing in the bio-sludge age or
SRT) [2,30,34]. It was informed that the bio-sludge in
aerobic wastewater treatment system could be used as
an adsorbent for color and organic and inorganic mat-
ter, such as BODs;, COD or heavy metals [24]. Then,
two types of bio-sludge, bio-sludge type A and bio-
sludge type B, were tested for color adsorption ability.
Bio-sludge type A had higher color adsorption yield
than bio-sludge type B. This could explain why some
adsorption sites of bio-sludge type B were filled up
with textile dye particles, resulting in a reduced color
adsorption ability [16,38,39]. This was confirmed in
our previous work on the application of SBR and
GAC-SBR for treating wastewater containing vat and
disperse dyes [15,16]. For the observation of the bio-
sludge characteristics, it was found that bio-sludge
type A (short SRT of 16 d) was the older bio-sludge
(long SRT of 28 d). It was previously reported that
shorter SRT bio-sludge (younger bio-sludge) had
lower color removal yield than longer SRT bio-sludge
(older bio-sludge) [30]. And, the older bio-sludge of
the activated sludge system contained large number of
nitrifying and denitrifying bacteria and they play the
main role for color removal ability [2,10,40]. This
might be the first report where nitrogen removal bac-
teria (both nitrifying and denitrifying bacteria groups)
showed higher textile dye adsorption ability than het-
erotrophic bacteria [10,40]. Also, bio-sludge showed
higher color adsorption yield on BB41 than on BR46,
similarly to the GAC phenomenon, as explained previ-
ously. Moreover, color adsorption yield of the living
(resting) bio-sludge was 20% higher than that of the
autoclaved bio-sludge. This might be an advantage of
applying the biological treatment process for treating
textile wastewater containing basic dyes because the
bio-sludge could show both adsorption and degrada-
tion mechanisms in the SBR and GAC-SBR systems
[5,7,16,30,34]. However, GAC in the SBR system had
two advantages: color adsorption activity and increase
in the number of microbes (increasing bio-sludge
mass), which resulted in the increase of SRT of the
bio-sludge. The other advantage of the use of GAC in
the SBR system (biological treatment system) was that
GAC was bio-regenerated by the bio-sludge of the sys-
tem [30,34]. Then, GAC that added into the SBR sys-
tem (GAC-SBR system) could be wused during

S. Sirianuntapiboon and K. Chairattanawan | Desalination and Water Treatment 57 (2016) 27096-27112

operation without replacement. Therefore, the GAC-
SBR system was more suitable than the SBR system
for the treatment of textile wastewater containing basic
dyes. Moreover, the observation of HRT effects on the
efficiencies of SBR and GAC-SBR systems with the
STIW was carried out to determine the highest
removal efficiency. The results showed that the GAC-
SBR system at the HRT of 7.5d (organic loading of
0.15 kg BODs/m> d and dye loading of 0.01 kg/m> d)
was most suitable [2,10,40]. Another advantage of the
GAC-SBR system at the longest HRT of 7.5d (lowest
organic loading of 0.15 kg BODs/m>d and dye load-
ing of 0.01 kg/m> d) was the fact that it was suitable
for nitrogen removal bacteria. As the theoretically
information, the system was operated at high HRT
could stimulate the growth and activity of nitrogen
removal bacteria (both nitrifying and denitrifying bac-
teria) [2]. It was confirmed that the TKN and TN
removal efficiencies of the GAC-SBR system with
STIW were over 95 and 82%, respectively, as shown in
Table 7. The SBR and GAC-SBR systems were easy to
operate under oxic-anoxic conditions, resulting in an
increase in nitrification—-denitrification activity [2]. The
above-mentioned results and discussion confirmed
that the GAC-SBR system was the most suitable for
the treatment of textile wastewater because the system
was easy to operate for increasing the number of nitri-
fying and denitrifying bacterial groups. This might be
the first report where nitrogen removal bacteria (nitri-
fying and denitrifying bacteria) were the main bacteria
for basic dyes removing mechanism [10,40]. However,
effluents NO;-N of the systems were still higher than
influents NO;3-N in all experiments. This means that
the anoxic period was the shortest and lasted only
0.5h (idle step of SBR operation). To decrease the
effluent NO;-N concentration, duration of the anoxic
period in the idle step should be increased, resulting
in an increased denitrification activity. From these
results, it can be concluded that the SBR and GAC-
SBR systems could be applied for treating TIW, but
the GAC-SBR system was the most suitable system
due to its higher efficiency. Anyways, the application
of GAC-SBR system still had some disadvantages as
no excess of bio-sludge generated during operation
caused a washing out problem [2,30]. This might be
caused by the low contents of organic matter and high
contents of basic dyes in TIW of 308 + 11 mg BODs/L
and 100 mg/L, respectively. To increase efficiency of
the systems and bio-sludge quality, the organic con-
tent as BODs in wastewater should be increased
[2,10,40]. To increase the BODs concentration of
wastewater, glucose was supplemented. It could be
confirmed by the results from Tables 6 and 7 that effi-
ciency and performance of the system were improved
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by increasing organic matter concentration (addition
of glucose) in the wastewater. Moreover, SRT of the
GAC-SBR system with TIW + Glu was 21 d, which
was similar to the quality of bio-sludge type A that
was used in the dye adsorption test section. This
reconfirmed that the older bio-sludge showed higher
color removal yield than younger bio-sludge; it
depended on the type of microbes in the bio-sludge,
as mentioned above. The older bio-sludge consisted of
high population of nitrogen removal bacteria resulted
to give the higher color and nitrogen removal yield
than that of younger bio-sludge.

5. Conclusion

The GAC-5BR system was the most suitable to be
applied for the treatment of textile wastewater con-
taining basic dyes. GAC had two advantages: it was a
dye adsorbent and a medium for bio-sludge attach-
ment which resulted in an increase in the bio-sludge
mass. Moreover, the bio-sludge showed both dye
adsorption and degradation mechanisms. The optimal
operation conditions for the GAC-SBR system with
STIW containing BB41 or BR46 were MLSS of
3,000 mg/L and HRT of 7.5d. The highest COD,
BODs, color, TKN, and TN removal efficiencies of the
GAC-SBR system with STIW + BB41 and STIW + BR46
at MLSS of 3,000 mg/L and HRT of 7.5d were 98 + 1
and 98 +1%, 97 =1 and 99 + 1%, 98.8 = 0.1 and 98.2
£0.1, 951 %01 and 959+ 1.1 and 83.8 +0.2% and
82.8 + 10.6%, respectively. Applying the GAC-SBR sys-
tem for the treatment of raw TIW, the excess of bio-
sludge could not be generated (no excess bio-sludge)
which resulted in poor operation with stable condi-
tions. To operate the GAC-SBR system with raw TIW
stability, the excess bio-sludge should be generated to
prevent the washout problem. Therefore, the organic
loading should be increased, which results in an
increase in the amount of excess bio-sludge. Glucose,
as a simple organic carbon source, was used to con-
firm this suggestion. Another advantage of the GAC-
SBR system was the fact that during operation of the
GAC-SBR system, the number of nitrogen removal
bacterial groups and denitrifying bacteria groups as
well as their activities increased by increasing dura-
tion of the anoxic period in the system.
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Nomenclature
BODs _ biochemical oxygen demand
BR46 __basic red 46
COD _ chemical oxygen demand
GAC _ granular activated carbon
GAC-SBR _ granular activated carbon-sequencing
batch reactor
HRT _ hydraulic retention time
NH;-N __ ammonium nitrogen
NO;-N _ nitrate
NO,-N __ nitrite
Organic-N  _ organic nitrogen
SBR _ sequencing batch reactor
SRT __solids retention time

SS _ suspended solids

STIW _ synthetic textile industrial wastewater

TIW __ textile industrial wastewater

TIW-Glu __textile industrial wastewater
supplemented with glucose

TKN _ total Kjeldahl nitrogen

TN __total nitrogen

BB41 __ basic blue 41

STIW-BB41  _ synthetic textile industrial wastewater
containing Basic Blue 41

STIW-BR46  __ synthetic textile industrial wastewater
containing Basic Red 46
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