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ABSTRACT

The purpose of this research was to find the optimal treatment conditions of a sequencing
batch reactor (SBR) system for treatment of various types of textile wastewater (TWW) and
synthetic textile wastewater containing acid red 18 and acid blue 9 dyes. Experiments were
carried out under various BODs: TN ratios of 100:5, 100:10, 100:15, and 100:20, with mixed
liquor suspended solids of 3,000mg/L, and at hydraulic retention times (HRT) of 5, 7.5, and
10 d in order to determine the highest removal efficiency. Also, glucose, starch industrial
wastewater (SWW), and noodle industrial wastewater were tested for their suitability as a
carbon source. The results showed that mixed acid dyes had no significant effect on hetero-
trophic bacteria, but strongly repressed denitrifying bacteria activity. The SBR system with
two times diluted TWW containing 1,480 mg/L glucose demonstrated high removal efficien-
cies for color, chemical oxygen demand (COD), biochemical oxygen demand (BODs), and TN
(75.9+2.1, 89+7, 92+1, and 90.9+2.8%, respectively). Regarding the effect of nitrogen con-
centration and HRT, the highest color, COD, BODs, and TN removal efficiencies (91.1+0.3,
96+1, 97+3, and 86.9+0.4%, respectively) were observed with one time diluted TWW con-
taining 1,480 mg/L glucose and 344mg/L urea (BODs:TN of 100:10) at HRT of 10 d. For
future applications, noodle or SWWs could be used as a carbon source instead of glucose,
without any significant difference in color removal efficiency. This study suggests that the
SBR system could be applied for treatment of TWW after one-time dilution with water and
supplemented with carbon and nitrogen sources at organic loading and BODs:TN ratio of
0.17-0.23 kg BODs/m>d and 100:10, respectively.

Keywords: Acid dye; Noodle industrial wastewater; Sequencing batch reactor (SBR); Starch
industrial wastewater; Textile wastewater

1. Introduction protein (wool), and synthetic (nylon and polyester)
[1]. Acid dyes are suitable for both protein fibers and
synthetic fibers; in this case, the industrial wastewater
contains not only dyestuffs but also organic sub-
stances which adversely impact the environment and
*Corresponding author. aquatic life. The amount of pollutants produced

Textile industry is divided into three groups,
according to the type of fiber used: cellulose (cotton),
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depends on the production process, especially the col-
oring and washing steps [1,2]. Moreover, textile facto-
ries which use synthetic fibers and protein fibers as
raw materials are categorized as “large size” factories
[3-5]. For this reason, selecting the most efficient type
and process of wastewater treatment system for these
textile factories is of great importance. Chemical treat-
ment processes such as adsorption, precipitation,
coagulation, and oxidation-reduction have been com-
monly used to remove dyestuffs from textile wastewa-
ters (TWWs) [6,7]. Although these chemical treatment
processes are mostly effective for dyestuff removal,
they consume a high amount of energy and use a
large quantity of chemical agents. These processes
consequently generate a high volume of chemical
wastes whose effluent properties exceed the permitted
standard [8]. Then, the biological treatment process
was introduced for treatment of the TWW. The dye-
stuffs are a type of refractory organic matter, and can
be biodegraded or utilized as carbon and energy
sources for micro-organisms [2,9-13]; hence, a biologi-
cal wastewater treatment system should be utilized
[2]. Many researchers [3,14-19] have attempted to
select special microbial strains that are able to biologi-
cally degrade or decolorize dyestuffs; the optimal con-
ditions for biological dyestuff degradation have been
investigated as well. But the application of a biological
process for treatment of textile industrial wastewater
has thus far been restricted to the laboratory, but the
optimal conditions for biological dyestuff removal
have not been precisely determined [3,19-23]. Our
previous studies found that various types of textile
dye could be removed by bio-sludge collected from a
conventional activated sludge system [24,25]. It has
also been shown that a sequencing batch reactor (SBR)
system could be applied to treat various types of
TWWs, with the added advantage of being able to
operate under either oxic or anoxic conditions
[2,12,24,25]. But the efficiency of such a system is
affected by the age of the bio-sludge, as well as vari-
ous physical and chemical conditions [3,18,26-29].

Acid blue 9

Fig. 1. Molecular structure of acid blue 9 and acid red 18.
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Moreover, raw TWW has a very low content of
organic matter, and some of these organic compounds
are not easily biodegradable [2,12,24,25]. To improve
the removal efficiency, external organic matter should
be added in order to increase the growth and activity
of bio-sludge [12,30].

In this study, a SBR system was carried out with
various types of TWWs and synthetic textile wastewa-
ters (STWWs) under various hydraulic retention time
(HRT) to observe the highest removal efficiency.
Additional of a nitrogen source (urea), was tested for
SBR system efficiency and performance for both TWW
and STWW. Also, the effects of various types of
carbon sources (glucose, starch industrial wastewater
(SWW), and noodle industrial wastewater [NWW]) on
the SBR system efficiency for TWW were determined.

2. Materials and methods
2.1. Dyes

Two types of acid dyes were selected for use in
this study, as shown in Fig. 1: acid red 18 (trisodium
(E)-7-hydroxy-8-((4-sulfonatonaphthalen-1-yl)diazenyl)
naphthalene-1, 3-disulfonat), Cy0H31N2NazO;0S;, color
index No. 16255, molecular weight 604.47 and acid
blue 9 (N-Ethyl-N-[4-[[4-[ethyl[(3-sulfophenyl)methyl]
amino]phenyl](2-sulfophenyl)methylene]-2,5-cyclohexa
dien-1-ylidene]-3-sulfo-benzenemethanaminium inner
salt diammonium salt), C3;H3,N>Na>OoS3, color index
No. 42090, molecular weight 792.84 [31].

2.2. Textile wastewaters

Raw TWW and STWW were used in this study.
TWW was collected from the influent sump tank of
a wastewater treatment plant of a textile factory in
Samut Prakan province, Thailand. The factory used
only acid red 18 and acid blue 9 for dyeing step.
Wastewater contaminated with acid red 18 and acid
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Table 1
Chemical properties of SWW, NWW, TWWs and STWWs

Chemical properties

Parameters SWW NWW TWW TWW +Glu STWW
COD (mg/L) 240,000+125 325,000+150 1,200+14 2,700 +22 2,700 + 34
BODs (mg/L) 155,000+75  195,000+110 15011 1,700 =30 1,800 =24
Organic-N (mg/L) 8.9+0.5 85+0.9 5.6+0.5 99+0.8 8.4+0.0
NH; N (mg/L) 2.8+0.2 33+04 - 34+05 32+06
NO, -N (mg/L) 0.1+£0.0 - 0.1+0.0 3.0+0.3 2.7+0.3
NO;-N (mg/L) - - - 0.6+0.1 0.5+0.1
TN (mg/L) 9.0£0.5 85+0.9 57+0.5 17.0+2.1 14.8+3.2
Color intensity (units/ - - 1.324+0.2 1.324+0.2 0.924+0.2
mL) (ODgp3nm)” (ODgo3nm)” (ODSSan)b
SS (mg/L) 387,560 22,1,610 270+31 270+31 23+3
+1,587 +984
pH 6.7+0.2 6.3+0.1 8.3+0.2 8.0+£0.2 8.4+0.1

*PColor intensity of the TWWSs and STWWs are represented as the optical density at wavelengths of 603 and 532 nm, respectively.

blue 9 was dark in color; the maximum optical
density of TWW was detected at a wavelength of
573nm. A TWW sample was taken only once, and
stored at 4-8°C before being used, in order to ensure
that the same wastewater properties were main-
tained throughout the experiments. The chemical
properties of TWWs are described in Table 1. TWW
was diluted with distilled water at ratios of 1:0, 1:1,
and 1:2 (TWW, 1dil-TWW, and 2dil-TWW, respec-
tively) and was supplemented with 1,480mg/L glu-
cose (TWW+Glu, 1dil-TWW +Glu, and 2dil-TWW
+Glu, respectively) before being used as the influent
for SBR treatment (Table 2). SWW and NWW were
added to 1dil-TWW instead of glucose (1dil-TWW
+SWW and 1dil-TWW + NWW, respectively), result-
ing in increased BODs of up to 1,700mg/L, similar
to BODs; of the TWWs+Glu (Table 2). Moreover,
various concentrations of urea (172, 344, 516, and
688mg/L) were added to 1dil-TWW to increase the
ratio of BODs:TN (total nitrogen) to 100:5, 100:10,
100:15, and 100:20, respectively. STWWs were pre-
pared corresponding to the chemical properties of
TWWs. The chemical compositions of STWWs are
shown in Table 2. Three types of STWW were pre-
pared: STWW (containing 160mg/L mixed acid
dyes), 1dil-STWW (containing 80mg/L mixed acid
dyes), and 2dil-STWW (containing 40mg/L mixed
acid dyes), as shown in Table 2. The maximum opti-
cal density of the STWW solutions was detected at a
wavelength of 603nm. Also, 516mg/L urea was
added to 1dil-STWW to increase the BODs: TN ratio
to 100:15 (1dil-STWW +15N) (Table 2).

2.3. Starch industrial wastewater

A SWW sample was collected from the sump tank
of a wastewater treatment plant at a starch factory in
Nakhon Pathom province, and stored at 4-8°C to pre-
vent any change in chemical properties. The chemical
oxygen demand (COD) and biochemical oxygen
demand (BODs) of SWW were 240,000 + 125mg/L and
155,000 + 75mg/L, respectively (Table 1).

2.4. Noodle industrial wastewater

A NWW sample was collected from the sump tank
of a wastewater treatment plant at a rice noodle fac-
tory in Nakhon Pathom province, and stored at 4-8°C
to prevent any change in chemical properties. The
COD and BODs of NWW were 325,000+150 and
195,000 + 110 mg/L, respectively (Table 1).

2.5. Acclimatization of bio-sludge for the SBR system

Bio-sludge from the bio-sludge storage tank of the
central sewage treatment plant of Bangkok, Thailand
(Sripaya sewage treatment plant) was used as the
inoculum of the SBR system. The bio-sludge was fed
with STWW without acid dyes in the SBR reactor, and
acclimatized for one week at HRT of 7.5d (Table 3).

2.6. SBR system

Six 10-L reactors made from acrylic plastic (5 mm
thick) were used in the experiments (Fig. 2). The
dimensions of each reactor were 18cm diameter and
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Table 2
Chemical composition of TWWs and STWWs

Chemical composition Type of textile wastewater

STWW? TWWP
Glucose (mg/L) 1,530 1,480
Urea® (mg/L) 182 0, 172, 344,

516, 688

FeCl, (mg/L) 3.5
NaHCO; (mg/L) 675
KH,PO, (mg/L) 55
MgS0,.7H;0 (mg/L) 42.5

“Various types of synthetic textile wastewaters: STWW containing
160mg/L mixed acid dyes (STWW), STWW containing 80 mg/L
mixed acid dyes (1dil-STWW), and STWW containing 40mg/L
mixed acid dyes (2dil-STWW).

PVarious types of textile wastewaters: TWW (containing 0 mg/L
glucose), and TWW +Glu, 1dil-TWW +Glu and 2dil-TWW +Glu
(all containing 1,480 mg/L glucose).

“Various concentrations of urea (172, 344, 516 and 688 mg/L) were
added to TWWs and STWWs to adjust the BODs:TN ratios to
100:5, 100:10, 100:15 and 100:20, respectively.

Table 3
Operating parameters of the SBR system
Parameter HRT
5 7.5 10
MLSS (mg/L) 3,000 3,000 3,000
Volume of reactor (L) 7.5 7.5 7.5
Volume of influent (L/d) 1.5 1.0 0.75
Volume of effluent (L/d) 1.5 1.0 0.75
Cycle of system (h) 24 24 24
Fill (h) 1 1 1
React (h) 19 19 19
Settle (h)
Draw and idle (h) 1 1 1

40cm height, and the working volume was 7.5L. A
low-speed gear motor (model P 630A-387, 100V, 50/
60Hz, 1.7/1.3 A, Japan Servo Co. Ltd., Japan) was
used for driving the paddle-shaped impeller. The
speed of the impeller was adjusted to 60 rpm for com-
plete mixing. One air pump system, model EK-8000,
6.0W (President Co. Ltd, Thailand) was used to sup-
ply air to each set of two reactors; this provided an
adequate oxygen supply, as evidenced by dissolved
oxygen in the system of about 2-3mg/L. Excess bio-
sludge was removed during the draw and idle peri-
ods to control the level of mixed liquor suspended
solids (MLSS).

2.7. Operation of the SBR system

Acclimatized bio-sludge (1.4L; 10g/L dry basis)
was inoculated into each reactor, and then TWWs or
STWWs were added (to a final volume of 7.5L) within
1h. During the wastewater feeding period, the system
had to be fully aerated; aeration continued for 19h,
and was then shutdown for 3h. After the bio-sludge
had fully settled, the supernatant was removed within
0.5h and the system kept in an idle condition for
another 0.5h (for a total of 4h under anoxic condi-
tions). Then fresh wastewater was pumped into the
reactor (final volume, 7.5L) and the above operation
was repeated. The system was operated with MLSS of
3,000mg/L and at HRT of 5, 7.5, and 10d, as shown
in Table 3. The duration of operation of the SBR reac-
tor with each textile wastewater was about 40days.
The experiments were carried out for 12 months, dur-
ing July 2010-June 2011.

2.8. Chemical analysis

COD, BODs, organic nitrogen (organic-N), ammo-
nia nitrogen (NH;-N), nitrate nitrogen (NO;-N),
nitrite nitrogen (NO;-N), and pH of the influent and
effluent, as well as MLSS and sludge volume index
(SVI), were determined using standard methods for
the examination of water and wastewater [32]. The
color intensities of STWWs and TWWs were deter-
mined by the absorbance at the optimum wavelengths
of 603 and 573 nm, respectively, after centrifugation at
6,000 x g for 10min. Bio-sludge age was determined
as the ratio of total MLSS of the system to the amount
of excess bio-sludge wasted per day.

2.9. Statistical analysis

Each experiment was repeated at least three times.
All data were subjected to two-way analysis of
variance using statistical analysis system (SAS) for
Windows, version 6.12 [33]. Statistical significance was
tested using the least significant difference at p <0.05;
results were shown as mean standard deviation.

3. Results

3.1. Effects of dilution rates on SBR system efficiency and
performance

Experiments were carried out with TWWs and
STWWs containing glucose content of 1,480 and
1,530mg/L (respectively) at HRT of 7.5d, in order to
observe the effect of mixed acid dye concentrations on
the efficiency and performance of the SBR system
(Tables 4 and 5).
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Fig. 2. Flow diagram of the SBR treatment system. The physical operation controls 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 a working volume of

the reactor of 75% of total volume (7.5L).
3.1.1. COD and BOD:s

The COD and BODs removal efficiencies increased
with a decrease of mixed acid dye concentration. The
highest COD and BODs removal efficiencies, 89+7
and 92+1% and 912 and 94+1%, were observed
with 2dil-TWW +Glu and 2dil-STWW +Glu, respec-
tively. Moreover, the system with STWWs+Glu
showed higher COD and BODs removal efficiencies
than that with TWWs + Glu (Table 4).

3.1.2. Nitrogen compounds

TN removal efficiency increased with a decrease in
mixed acid dye concentration; TN removal efficiencies
with 2dil-TWWs +Glu and 2dil-STWW were 90.9 +2.8
and 94.3+2.2%, respectively. Organic-N, NH; -N, and
NO,-N were almost completely removed from the
influents; the effluent NO;-N of the systems with
TWWs + Glu and STWWs were quite low, in the ranges
of 0.2-0.6 and 3.8-8.2mg/L, respectively (Table 5).

3.1.3. Color intensity

Color removal efficiencies with TWW +Glu and
STWW were quite low, only 55.4+2.6 and 65.4+2.2%,
respectively. But color removal efficiency could be
increased by decreasing mixed dye concentration;
color removal efficiencies of the system with 2dil-

TWW +Glu and 2dil-STWW were 75.9+2.1 and 87.1
+2.4%, respectively (Table 4).

3.1.4. Suspended solids

Effluent suspended solids (SS) decreased with a
decrease of mixed acid dye concentration. The system
with 2dil-TWW +Glu and 2dil-STWW resulted in a
low effluent SS of only 36+3 and 33 +3mg/L, respec-
tively. SS content in STWWs effluents were about 10—
15% lower than with TWWs + Glu (Table 4).

3.1.5. Bio-sludge performance

SVI also increased in a decrease of mixed acid dye
concentration. SVI with TWW +Glu and STWW were
84+4 and 90+3mL/g, respectively. Also, bio-sludge
age decreased with a decrease of mixed acid dye con-
centration (Table 4). The bio-sludge ages of the system
with 2dil-TWW +Glu and 2dil-STWW were 25+1 and
23 +1d, respectively.

3.2. Effects of TN supplementation on SBR system
efficiency and performance

The results from the TN addition on the SBR sys-
tem efficiency and performance with TWWs+Glu
+15N and STWWs+Glu+15N at HRT of 7.5 d are
shown in Tables 4 and 5, and as follows.
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3.2.1. COD and BODs

COD and BODs removal efficiencies were
increased by the 516 mg/L urea additions (BODs:TN
of 100:15). However, the system with TWWs+Glu
+15N and STWWs+15N did not show any signifi-
cant difference in the COD and BODs removal effi-
ciencies. The system with 2dil-TWW +Glu+15N and
2dil-STWW +15N showed high BODs and COD
removal efficiencies of 98+2 and 96+2%, and 98 +1
and 96 + 1%, respectively (Table 4).

3.2.2. Nitrogen compounds

TN removal efficiency was decreased by urea sup-
plementation. The system with TWW+Glu and
STWW showed high TN removal efficiencies of 82.2
+2.1 and 84.3+3.2%, while they were only 65.2+7.6
and 72.7+7.7% with 2dil-TWW +Glu+15N and 2dil-
STWW +15N, respectively. More than 90% of organic-
N, NH;-N, and NO,-N were removed from the
influents; but NO;-N contents of the effluents with
TWWs +Glu+15N and STWWs +15N were 3—4 times
higher than influent NO;-N (Table 5).

3.2.3. Color intensity

Color removal efficiency was increased by urea
supplementation. Moreover, the color removal effi-
ciencies of the system with STWWs + 15N were 5-10%
higher than with TWWs+Glu+15N. The color
removal efficiencies of the system with 2dil-TWW
+Glu+15N and 2dil-STWW +15N were 90.9+2.2%
and 95.9 +3.1%, respectively (Table 4).

3.2.4. Suspended solids

Effluent SS decreased by urea addition. SS content
of the effluents with 2dil-TWWs+Glu+15N and 2dil-
STWWs+15N were 31+3 and 29+3mg/L, respec-
tively, while they were 39+3 and 32+3mg/L with
TWW +Glu+15N and STWW+15N, respectively.
However, the increase of BODs: TN from 100:5 to
100:15 did not show any significant effect on the efflu-
ent SS (Table 4).

3.2.5. Bio-sludge performance

SVI increased by urea additions (BODsTN of
100:15). SVI with 2dil-TWW+Glu+15N and 2dil-
STWW +15N was 108+6 and 130+6mL/g, respec-
tively. Bio-sludge age with 2dil-TWW +Glu + 15N was
only 18«1 d, but it was 22+2 d with TWW +Glu

+15N. However, with STWW+15N, 1dil-STWW
+15N, and 2dil-STWW +15N, there was no signifi-
cant difference in bio-sludge age (Table 4).

3.3. Effects of BOD5: TN ratios on the efficiency and
performance of the SBR system with 1dil-TWW

The SBR system was tested with 1dil-TWW +Glu
containing various urea concentrations of 172, 344,
516, and 688mg/L at HRT of 7.5d (Table 1). The
effects of various BODs:TN ratios on the system effi-
ciency and performance are shown in Tables 6 and 7.

3.3.1. COD and BOD:;

The system showed the highest COD and BODs
removal efficiencies (94+1 and 95+2%, respectively)
with BODs:TN of more than 100:10 (Table 6).

3.3.2. Nitrogen compounds

TN removal efficiency decreased with an increase
in effluent TN (urea) concentration. The system with
1dil-TWW + Glu+5N gave the highest TN removal
efficiency of 90.2+2.1%, with the lowest TN removal
efficiency (61.3+3.3%) in 1dil-TWW +Glu+20N.
Organic-N, NH;-N, and NO; -N in the effluents were
rapidly removed, with high efficiencies of over 90%.
The effluents’ NO;-N was increased with an increase
of TN (urea) concentration. Effluent NO;-N in the
1dil-TWW + Glu +20N (BODs5: TN of 100:20) treatment
was 69.3+6.2mg/L, as shown in Table 7.

3.3.3. Color intensity

The system with 1dil-TWW + Glu + 10N resulted in
the highest color removal efficiency of 88.2+2.3%.
Unfortunately, the system did not show any signifi-

cant increase in color removal efficiency with BODs:
TN higher than 100:10 (Table 6).

3.3.4. Suspended solids

In the system with 1dil-TWW at various BODs:TIN
ratios of 100:5-100:20, there was no significant differ-
ence in effluent SS (less than 30 mg/L) (Table 6).

3.3.5. Bio-sludge performance

SVI of less than 100mL/g was observed in BODs:
TN of <100:15. Bio-sludge age of the system
decreased with an increase in the ratio of BODs:TN;
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the system with 1dil-TWW +Glu+20N (BODs:TN of
100:20) was 17«1, as shown in Table 6. These results
suggest that 1dil-TWW +Glu+10N might be a suit-
able treatment in a SBR system; however, the use of
glucose to increase BOD5s might be costly and imprac-
tical, so other types of carbon sources should be inves-
tigated further.

3.4. Effect of types of carbon source on SBR system
efficiency and performance

Three types of carbon sources—glucose, SWW,
and NWW-—were used; the experiments were car-
ried out in the SBR system at HRT of 7.5d with
1dil-TWW containing the above three types of car-
bon source (final BODs concentration of 1,700
+30mg/L) and 344mg/L urea (to adjust the BODs:
TN to 100:10). The results are shown in Tables 6
and 7, and as follows.

3.4.1. COD and BODjs

The system with 1dil-TWW +Glu+10N showed
the highest COD and BODs removal efficiencies of 93
=1 and 94+2%, respectively; while with 1dil-TWW
+NWW+10N and 1dil-TWW+SWW+10N, they
were 87+3 and 92+2% and 86 +2 and 92+2%, respec-
tively, as shown in Table 6. However, there was no
significant difference among the three types of carbon
sources on COD and BODs removal efficiencies.

3.4.2. Nitrogen compounds

TN removal efficiencies of the system with 1dil-
TWW +Glu+10N, 1dil-TWW + NWW + 10N, and 1dil-
TWW +SWW +10N were 85+3.5, 75.4+5.5, and 80.2
+4.2%, respectively. About 95% of organic-N, NH; -
N, and NO,-N were removed from the influents.
NO;-N in the effluents was about 2-3.5 times higher
than influent NO;-N. The system showed the lowest
effluent NO;-N of 13.4+22mg/L with 1dil-TWW
+Glu+ 10N, while it was 21.8+2.7mg/L with 1dil-
TWW +NWW +10N (Table 7).

3.4.3. Color intensity

There was no significant difference in color
removal efficiency of the SBR system with 1dil-TWW
+10N containing various types of carbon sources, as
shown in Table 6; the color removal efficiencies with
1dil-TWW +Glu+ 10N, 1dil-TWW +NWW +10N, and
1dil-TWW + SWW + 10N were 88.2+2.3, 87.2+2.1, and
87.4+2.4%, respectively.

3.4.4. Suspended solids

Effluent SS with 1dil-TWW +Glu+10N was the
lowest (29 +2mg/L), followed by 1dil-TWW + NWW
+10N and 1dil-TWW +SWW +10N at 32+5 and 34
+3mg/L, respectively (Table 6). However, there were
no significant differences among the three types of
carbon sources.

3.4.5. Bio-sludge performance

The system did not show any significant difference
in bio-sludge quality based on the type of carbon
source. SVI with 1dil-TWW +Glu+ 10N, 1dil-TWW
+NWW +10N, and 1dil-TWW +SWW + 10N were 87
+8, 89+5, and 90+15mL/g, respectively. Moreover,
the SVI of the system with 1dil-TWW +SWW +10N
fluctuated during operation, resulting in high+SD of
about 15%. The bio-sludge age of the system with
1dil-TWW +Glu+ 10N was the shortest (17+1 d),
while it was longest with 1dil-TWW + SWW + 10N (20
=1 d) (Table 6).

3.5. Effects of HRT on the efficiency and performance of
SBR system with 1dil-TWW+Glu+10N

The experiments were carried out with 1dil-TWW
+Glu+10N at various HRTs of 5.0, 7.5, and 10.0 d
(organic loading of 0.34, 0.23, and 0.17kg BODs/m’d,
respectively). The results are shown in Tables 6 and 7,
and as follows.

3.5.1. COD and BOD;

The system with 1dil-TWW +Glu+10N at HRT of
10 d (organic loading of 0.17kg BODs/m>d) demon-
strated the highest COD and BODs removal efficien-
cies (96+1 and 97+3%). BODs and COD of the
effluents were 26+1 and 54+3mg/L, respectively
(Table 6).

3.5.2. Nitrogen compounds

TN removal efficiency increased with an increase
in HRT. The system showed the lowest TN removal
efficiency (70.0+0.8%) at HRT of 5.0d (organic load-
ing of 0.34kg BODs/m>d), while it was highest (86.9
+0.4%) at HRT of 10.0d (0.17kg ]30D5/rn3 d); more
than 90% of the influents’ organic-N, NH;-N, and
NO; -N were removed. However, the effluent NO; -N
of the system increased with a decrease in HRT;
effluent NO;-N levels at HRT of 5.0 and 10.0d were
249+1.1 and 10.5+0.3mg/L, respectively (Table 7).
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3.5.3. Color intensity

Color removal efficiency at the shortest HRT of
5.0d (organic loading of 0.34 kg BODs/m’d) was 85.7
+0.6%, while it was 91.1+0.3% at the longest HRT of
10.0d (organic loading of 0.17kg BODs/m’d)
(Table 6).

3.54. Suspended solids

The effluent SS of the system decreased with an
increase in HRT. Effluent SS levels at HRTs of 5.0 and
10.0d (organic loading of 0.34 and 0.17 kg BODs/m>d,
respectively) were 35+3 and 25+2mg/L, respectively
(Table 6).

3.5.5. Bio-sludge performance

SVI at HRT of 5.0 and 10.0d (organic loading of
0.34 and 0.17kg BODs/m’d, respectively) was 36+7
and 58 +7mL/g, respectively. Also, the bio-sludge age
of the system increased with an increase in HRT or a
decrease in organic loading. Bio-sludge age at the
shortest HRT of 5.0d (organic loading of 0.34kg
BODs/ m>d) was only 17+1d, while it was 22+1d at
the longest HRT of 10.0d (organic loading of 0.17kg
BODs/m”d) (Table 6).

4. Discussion

TWW collected from Samut Prakan province con-
tained acid red 9 and acid blue 18. Its color intensity
was measured as an absorbance of 1.324 units/mL at
603nm. According to our previous reports [11,12,30],
a biological treatment process, especially a SBR sys-
tem, could be used for treatment of TWW. However,
the removal efficiencies are quite low due to low
organic matter content [2,11,17,24,34,35]. It was con-
firmed that the organic matter content, especially
BODs, of TWW was only 150 +11mg/L. Moreover, it
has been shown that TWW containing a high concen-
tration of mixed acid dyes of more than 160mg/L
(color intensity of 1.324units/mL at 603nm) might
repress the activity and growth of bio-sludge in a SBR
system [2,9,10,17,30,35]. Also, some chemical agents
contained in TWW might be toxic to bio-sludge [2,30].
Further experiments on the treatment of TWW and
STWW containing various concentrations of mixed
acid dyes (mixture of acid red 9 and acid blue 18)
were then carried out in a SBR system in order to
confirm the above observation. Also, various types of
carbon sources—glucose, SWW, and NWW-—were
tested. The results showed that a mixed acid dye

concentration of 160mg/L did not have any signifi-
cant effect on BODs; and COD removal efficiencies;
however, it could reduce the color and TN removal
efficiencies. Moreover, the bio-sludge age of the sys-
tem decreased with a decrease in mixed acid dye con-
centration. The above results were similar to our
previous findings that SBR system removal efficiencies
with TWW containing disperse dyes or direct dyes
decreased with an increase of dye concentration
[11,12,25,30]. These results suggest that acid dye has a
strong effect on denitrifying bacteria, but does not
affect heterotrophic bacteria [24,27,30]. The color and
TN removal efficiencies of the system with TWWs
were lower than with STWWs, but there was no sig-
nificant difference in COD and BODs5 removal efficien-
cies. This could be explained by the presence of toxic
substances in TWW which might repress the growth
and activities of nitrifying and denitrifying bacteria,
which are the main microbial groups responsible for
color removal [12,25,30]. This suggests that for effi-
cient application of a SBR system, TWW must be
diluted and supplemented with carbon and nitrogen
sources before treatment. In addition, it has been
found that system efficiency increases with an
increase in TN concentration [10,17,18,22,23,30]. Unfor-
tunately, the SVI of the system with STWWs was
higher than that with TWWs as a result of shorter bio-
sludge age (the bio-sludge of the system with STWW
was in the log phase or early stationary phase) [2]. TN
removal efficiencies for TWWs with low concentra-
tions of TN (BOD:TN < 100:10) were higher than 80%;
also, more than 90% of organic-N, NHZ—N, and NO, -
N were removed, with low NO;-N accumulation.
This indicates that acid dye may be more effective in
repressing the growth and activity of denitrifying bac-
teria than of nitrifying bacteria [12,30]. Also, the color
removal capacity increased with a decrease in bio-
sludge age (growth association mechanism). This
strongly confirmed that the color removal yield was
decreased by the increase of BODs:TN [2,3,16,22,36].
Unfortunately, the effluent NO;-N with 1 dil-TWW
+Glu+20N was 10 times higher than with 1 dil-
TWW +Glu+5N. The existing theory indicates that
influent TN is removed by assimilation and oxida-
tion-reduction mechanisms. The increase of influent
TN can stimulate or increase the number of nitrifying
and denitrifying bacteria; organic-N and NH;-N are
converted to NO; -N by nitrifying bacteria under oxic
conditions, and NO; -N is converted to N, by denitri-
fying bacteria under anoxic conditions. Thus, to
reduce the effluent NO;-N of the SBR system, the
HRT of the system (or the anoxic step) should be
increased where would result in an increase in the
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number and activity of denitrifying bacteria [2,36—40].
Moreover, increasing the number of nitrifying and
denitrifying bacteria would provide other advantages
since the reduction of SVI results in an increase of
bio-sludge age. This was confirmed by the results of
the system with 1dil-TWW +Glu+20N at 5 and 7d,
which showed bio-sludge ages of only 17+1 and 22
x=1d, respectively. This suggests that the system with
1dil-TWW + Glu+ 10N should operate at a HRT of
7.5-10d (organic loadings of 0.17-0.23kg BODs/m>d).
However, the use of glucose as a supplemented car-
bon source might be costly and impractical. Therefore,
other carbon sources—especially starch and
NWW-—were investigated. The results showed that
both SWW and NWW could be used as a carbon
source instead of glucose, without any significant
effect on color removal efficiency; however, TN
removal efficiencies of the system with 1dil-TWW
+NWW+10N and 1dil-TWW+SWW +10N were
about 15% lower than with 1dil-TWW + Glu+10N.

5. Conclusions

A biological treatment process, especially a SBR
system, could be used for treatment of TWW after one
fold dilution, and supplementing with carbon and
nitrogen sources. This treatment would be required
since the bio-sludge of the system could be adversely
affected by the high acid dye concentration (the color
intensity of TWW is represented by an optical density
of 1.324+0.2units/mL at 603nm) and low BODs of
150+11mg/L. The system with 1dil-TWW +Glu
+10N at 10 d HRT (organic loading of 0.17 kg BODs/
m>d) showed optimal COD, BODs, TN, and color
removal efficiencies of 96+1, 97+3, 86.9+0.4, and
91.1+0.3%, respectively, with a good quality of bio-
sludge (SVI of 80+3mL/g and bio-sludge age of 22
+1d). Mixed acid dyes of up to 160mg/L strongly
affected denitrifying bacteria, but they did not have
any significant effect on heterotrophic bacteria. More-
over, SWW and NWW could be used as carbon
sources instead of glucose, resulting in a reduction of
the operating cost. For efficient application of SBR to
treat textile wastewater containing acid dyes, careful
consideration should be given to selection of the opti-
mal HRT, organic loading, and nitrogen content. The
system should operate at an HRT of >7.5d or organic
loading of <0.23kg BODs/m’d. In conclusion, this
study showed that the SBR system could be applied
for treatment textile wastewater containing mixed acid
dyes at the concentration of <80mg/L under the
organic loading of 0.17-0.23kg BODs/m>d and BODs:
TN ratio of 100:10 with high removal efficiency.
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Nomenclature
BODs — biochemical oxygen demand
COD — chemical oxygen demand
HRT — hydraulic retention time
Glu — glucose
N — nitrogen
NHf-N — ammonia
NO,-N  — nitrite
NO;-N  — nitrate nitrogen
NWW — noodle industrial wastewater
Organic- — organic nitrogen

N
SBR — sequencing batch reactor
SRT — solid retention time
SS — suspended solids
STWW  — synthetic textile wastewater
STWWs  — various types of synthetic textile

wastewater

SVI — sludge volume index
TN — total nitrogen
TWW — textile wastewater
TWWs  — various types of textile wastewater
SWwW — starch industrial wastewater
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