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ABSTRACT

In current study, a two-stage aerobic sequencing batch reactor (SBR) at laboratory scale was
used to investigate the removal of chemical oxygen demand (COD) of a soft drink factory
wastewater. The experiment was settled in series and has been combined with ozonation
unit as a middle step. We evaluated the effect of three significant independent variables on
the process including: mixed liquor suspended solids in both SBRs (MLSS1 and MLSS2)
and feed-gas/off-gas ozone concentrations. MLSS was limited to the 3,000, 4,500, and
6,000 mg/L, for both SBRs. Central composite design matrix (CCD) was used for the experi-
mental design and response surface methodology (RSM) was employed to optimize the
experiments. The results showed that using ozonation as a middle stage between two-stage
SBR significantly affects COD removal of the soft drink factory effluent. In addition, multi-
stage biological process revealed that MLSS in the first-stage SBR (i.e. MLSS1) influences the
COD removal efficiency. We also found that due to a reduction in organic matter of effluent
in first SBR, MLSS in the second stage SBR (MLSS2) is less important than MLSS1. Maxi-
mum COD removal efficiency (up to 95%) was obtained for the following conditions:
MLSS1 6,000 mg/L, MLSS2 4,500 mg/L, and employing ozone. Based on a very good
matching between predicted values of the RSM model and the experimental values
(R2 = 0.989 and Adj-R2 = 0.981), we suggest that our model can be considered for future
optimization of the COD removal.

Keywords: Soft drink wastewater; COD removal; SBR; Ozonation; Central composite design;
Optimization

1. Introduction

Wastewater of food industries contains large
amount of high concentration organic materials that

can cause major environmental problems and also are
risks to human health, and accordingly, wastewaters
need special treatment before discharging into water
resources [1,2]. Some of these organic materials resist
to physicochemical treatments and are not easily
biodegradable [3]. Hence, the treatment of wastewater

*Corresponding author.

1944-3994/1944-3986 � 2015 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 57 (2016) 19077–19086

Septemberwww.deswater.com

doi: 10.1080/19443994.2015.1103305

mailto:m_ahmadi@razi.ac.ir
mailto:negar_amiri@yahoo.com
mailto:pegahamiri19@yahoo.com
mailto:mpirsaheb@yahoo.com
http://dx.doi.org/10.1080/19443994.2015.1103305


containing toxic and refractory compounds has been
considered as a challenging problem [4]. Recently,
variety of biological and chemical processes have been
widely used for the removal of chemical oxygen
demand (COD) of wastewater, such as biological treat-
ment, advanced oxidation processes (AOP), membrane
filtration processes, and combination of biological and
filtration processes [5]. The most effective treatments
industrial wastewater are sequencing batch reactors
(SBR) and activated sludge processing tanks, which
have been employed as an aerobic biological system
[6]. In SBR, reactors oxygen is dispersed through the
wastewater to reduce COD and biochemical oxygen
demand (BOD) which makes the effluent with good
quality for discharging to surface waters. These simple
configuration systems have high efficiency in COD
and suspended solid removal [7]. Beside the easy
operation and low costs and the capacity to handle
hydraulic fluctuations makes this system very benefi-
cial [8]. However, treatment using SBRs is not suffi-
cient to remove surfactants and the recalcitrant COD
fraction to levels for direct discharge to water
resources or either a receiving environment. Therefore,
additional steps such as AOPs are necessary. AOPs
are an innovative technique for reducing the overall
organic content of wastewater and production of
hydroxyl radicals (OH�) which are very reactive and
short-lived oxidants [9]. AOPs include numerous com-
binations of ultraviolet (UV) radiation/hydrogen per-
oxide, ozone/hydrogen peroxide, and UV radiation/
ozone. [10,11]. In wastewater treatment applications,
AOPs usually refer more specifically to a subset of
such chemical processes that involve ozone (O3),
hydrogen peroxide (H2O2), and/or UV light [12,13].
Ozone is a most important alternative AOP in
wastewater treatment and allows high removal effi-
ciency of suspended solids (SS) and COD [14]. In com-
parison with other oxidizer, notable advantage of
ozonation is that ozone is a strong oxidant and highly
efficient, decomposes rapidly, and does not produce
any secondary pollution [15]. Furthermore, combina-
tion of ozone with the biological processes in wastew-
ater treatment removes COD and increases
biodegradability of the wastewater [16,17]. SBRs and
ozonation are among effective treatment methods and
their efficiency to remove COD of effluents have been
separately investigated by many researchers. This
would result in a more efficient use of the integrating
biological treatment and chemical oxidant. The effi-
ciency of COD elimination in SBRs and in an aeration
tank during the activated sludge process is affected by
the concentration of mass liquid suspended solids
(MLSS). The trend could be intensified with increasing
MLSS, however, increasing the MLSS is not

economically affordable. Minimizing experimentation,
time, and costs for obtaining the desired COD removal
depends on the optimization of the treatment process.
Therefore, the experimental design of the most impor-
tant variables affecting COD removal with respect to
SBRs integrated with ozonation unit can be notewor-
thy. In the current study, in a novel approach and at a
laboratory scale, we investigated the application of
experimental design to optimize COD elimination
from soft drink factory wastewater using a two-stage
aerobic SBR combined with ozonation. Herein, the
removal efficiencies of COD in the wastewater were
optimized by RSM, which is a mathematical and sta-
tistical technique for designing experiments and char-
acterizing the optimum conditions for desirable
responses. The effects of various operating parameters
including MLSS in both SBRs and also employing and
non-employing conditions of ozonation were
investigated.

2. Materials and methods

2.1. Experimental setups and operation

The schematics of lab-scale plant consisted of two-
stages sequencing batch reactors (TSSBR) are pre-
sented in Fig. 1. The two-stage process is a combina-
tion of two independent SBR plants which work in
series. Schematic diagram and real photograph of
ozonation unit are shown in Fig. 2. Each SBR unit con-
sisted of a cylindrical reactor with a working volume
equal to 1 L. The SBRs are aerated through a sintered
glass stone as oxygen which was supplied by infusion
at a flow rate of 2 L/h. In order to support the

Fig. 1. Schematic diagram of the SBR process.
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microbial growth, the porous stones were uniformly
distributed close to the bottom of the each reactor in
the liquid phase. Activated sludge from a soft drink
wastewater treatment plant (located in Kermanshah in
the west of Iran) was used as inoculums. In order to
provide a suitable condition for micro-organisms
growth, nutrients such as nitrogen and phosphorous
entered into the reactors to obtain a COD:N:P ratio of
about 100:7:1. During the first 9 d of operation, the
biomass was permitted to acclimatize to the influent
substrate. According to conventional SBR treatment
systems, the operation of used SBRs consisted of the
batch steps of fill, react, settle, decant, and idle in a
cyclic operation with complete aeration during the
reaction period to oxidize the organic matter. In
which, all steps are accomplished in a single tank.
Regarding to this point that the COD removal can
affected by the increase in MLSS concentrations, the
system was settled to operate at different MLSS con-
centrations, equal to 3,000, 4,500, and 6,000 mg/L. The
ozone experiments were carried out in a bubble col-
umn reactor with working volume approximately 1 L.
Producing ozone system was consisted of a stainless
steel cylindrical vessel with a mercury vapor lamp
(power of 300 W) inside the running length of the tube
(Fig. 2). The ozone stream was fed into the wastewater
through the bubble gas with a uniform flow rate about
the 500 mg/h.

All experiments were performed at environment
temperature, which is about 25˚C. The initial COD of
wastewater used in the process was 2,500 mg/L. Gen-
erally, plant operation is based on the succession of
24.5 h treatment cycles, each including three consecu-
tive stages: a preliminary biological degradation (with
a 12 h time lag), ozonation degradation (with a 0.5 h

time lag), and finally the ozonated wastewater return
to the SBR reactor for the final biological treatment in
which the effluent from the first-stage process was fed
in to the next stage process. Samples were taken from
the end of every stage.

2.2. Ozonation process

The ozone experiments were carried out in bubble
column reactor (working volume: 1 L). Producer
Ozone was consisted of a stainless steel cylindrical
vessel with a mercury vapor lamp inside the running
length of the tube (Fig. 2). The lamp power is 300 W.
The ozone stream was fed into the wastewater
through a bubble gas.

2.3. Analytical methods

The ozone was bubbled into 2% KI solution, where
the potassium iodide solution reacted with the excess
ozone. The generating iodine was titrated using stan-
dard sodium thiosulfate, in the presence of starch as
indicator. The quantities of unused ozone were deter-
mined, accordingly [18]. Analytical procedures fol-
lowed in this study for MLSS determinations were
those outlined in standard methods for the examina-
tion of water and wastewater [19].

2.4. COD test

In environmental chemistry, COD test is generally
utilized to indirectly estimate the amount of organic
compounds present in water [20,21]. COD is specified
as the mass of oxygen required for the complete oxi-
dation of an organic compound in water [22]. There
has been suggested a standard method to determine
the COD in wastewater. Principle of the standard
COD test is that the organic matter present in sample
gets oxidized completely by potassium dichromate
(K2Cr2O7) in the presence of H2SO4 and silver sulfate
(Ag2SO4) [23]. In our experiment, the sample was
refluxed with specific amount of potassium dichro-
mate (K2Cr2O7) in the sulfuric acid medium and the
excess potassium dichromate was measured by titra-
tion ferroxine (Fe2+) where ferroin was used as an
indicator. In other word, the organic matter was oxi-
dized over a 2-h heating period and after this time,
the concentration of the remaining dichromate was
measured by titration with ferroxine (Fe2+). For the
MLSS measurements, 50 ml of sample was filtered
and placed in an oven at 103˚C for one hour and the
biomass weight was found out by dry filter paper
weight. The percentage of COD removal was
calculated as follows:

Fig. 2. Schematic of diagram the ozone process.
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COD %ð Þ ¼ Ci � Cf

Ci
� 100 (1)

where Ci and Cf are the initial and final concentrations
of COD (mg/L).

2.5. Experimental design and optimization

The application of design of experiments (DOE)
methods allowed us to quantify the effect of changes
in wastewater treatment process conditions. Mean-
while, the optimization of COD removal conditions is
particularly problematic for the development of eco-
nomically feasible treatment processes.

Response Surface Methodology (RSM) is a body of
techniques for DOE and, as an useful and efficient
mathematical approach, has successfully been used in
the optimization of the treatment process [24]. RSM
can be applied to determine the relationship between
the dependent (i.e. response) and independent (i.e.
explanatory) variables, as well as to optimize the rele-
vant processes [25]. One of the most popular response
surface designs is the central composite design (CCD),
which is an effective design method for constructing a
second-order (i.e. quadratic) model for the response
variable without any obligation to apply a complete
three-level factorial experiment [26]. In the present
study, we aimed to evaluate the application of RSM to
design optimization of process variables relate to the
degradation of COD concentration of soft drink
wastewater. COD removal from soft drink wastewater
was optimized via RSM packages in Design Expert
8.1. The design of runs was in accordance with CCD
with bounds of the three independent parameters.
Mass liquid suspended solid concentration in the first
SBR reactor (MLSS1) and Mass liquid suspended solid
in the second SBR reactor (MLSS2) were chosen as
two independent variables in the degradation process
and, ozone concentration was controlled as feed-gas
and off-gas. Table 1 shows the arrangements of inde-
pendent and dependent variables used in the statisti-
cal analysis of the present study. This setup allowed

to develop an empirical equation as a function of
MLSS in the first stage SBR (x1), MLSS in the second
stage SBR (x2), and UV irradiation as on and off (x3).

The CCD consists of 2n factorial runs, 2n axial runs
and six center runs, where n is the factor numbers. In
the case of three factors, the full design matrix of 23

factorial points, 3 axial points, and 6 replications at
the design center resulted in the total number of
experiments equal to 20 (=23 + 2(3) + 6). The experi-
mental data achieved from the CCD model experi-
ments can be represented by the following equation
[27–29]:

Y ¼ b0 þ
Xn

i¼1

bixi þ
Xn

i¼1

biix
2
i þ

Xn�1

i¼1

Xn

j¼iþ1

bijxixj þ ei (2)

where Y is the response; b0 is the constant coefficient;
n is the number of studied factors; xi and xj are the
factors; bi, bii, and bij are the coefficients of linear,
quadratic and first-order interaction, respectively, i
and j are the index numbers of factor; and ei is error.
We also evaluated the significance of regression equa-
tion between dependent and independent variables
using the analysis of variance (AVOVA). The polyno-
mial model quality is expressed by the determination
of coefficient such as R2 and Adj-R2. In order to per-
form the statistical calculations, xi defines as a dimen-
sionless value of the independent variable and the real
value of an independent variable (Xi) is coded as xi
that given by [30,31]:

xi ¼ Xi � X0

dX
(3)

where X0 is the value of Xi at the center point, and δX
is the step change. The experimental values vs. run
numbers are shown in Fig. 3.

3. Results and discussion

3.1. Development of regression model equation

The resulted responses were evaluated via Design
Expert. 8.1 using approximating models of COD con-
centration as dependent variables (i.e. Y). The com-
plete design matrix together with the values of both
responses based on the experimental runs is presented
in Table 2. The first four columns show run numbers
and experimental conditions of the runs as arranged
by the CCD. In accord with the RSM results, polyno-
mial regression modeling was carried out the
responses of the fitting to uncoded values of the three
different process variables, and the results were
appraised. For COD removal, quadratic models were

Table 1
Independent variables and their levels for the CCD used
in the present study

Variables Symbol

Coded variable levels

−1 0 +1

MLSS1 (mg/l) X1 3,000 4,500 6,000
MLSS2 (mg/l) X2 3,000 4,500 6,000
Ozone X3 Off – On
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suggested by the software and the predicted response
(Y) for the effluent COD concentration of samples trea-
ted was obtained using Eqs. ((4) and (5)) as follows:

x3 = on:

Y ¼ 579:9 � 0:12438 x1 � 0:04971 x2 þ 0:00000578 x1x2
þ 0:0000073 x21 þ 0:000000746 x22

(4)
x3 = off:

Y ¼ 7736 � 013916 x1 � 006038 x2 þ 000000578 x1x2
þ 00000073 x21 þ 0000000746 x22

(5)

In this equation, Y is the effluent COD concentration
for the treatment of soft drink wastewater; and x1, x2,
and x3 are the corresponding coded variables of
MLSS1, MLSS2, and ozone, respectively. As we men-
tioned before coefficients of xi, x2i , and xixj refers to
coefficient of linear, quadratic, and first-order interac-
tion relationships, respectively. The results of regres-
sion models are represented in Table 3. Accordingly,
we obtained a remarkably high value of discrimina-
tion coefficient (i.e. R2 = 0.989, p < 0.0001) for the
model which confirms a substantially strong relation-
ship between the response variable (i.e. COD removal)
and independent variables. In addition, an admissible
agreement with the adjusted determination coefficient
is essential. Consequently, we also found a high value
of the adjusted determination coefficient (adjusted R2),
showing the high significance of the model [30].

3.2. Statistical analysis

The surface quadratic model for COD removal
using ANOVA for all responses is summarized in
Table 3. ANOVA is requisite to identify the signifi-
cance and adequacy of the developed models. Polyno-
mial models using a number of different degree
models were employed for data fitting (Table 3). The
quality fit of the polynomial model equation is
expressed by the coefficient of determination R2 and

Fig. 3. Comparison between predicted and experimental
COD.

Table 2
CCD experiments for treatment by combined SBR with ozonation

Experiment number

Codified values Experimental values
Effluent COD
concentration (mg/l)X1 X2 X3 MLSS1 MLSS2 UV

1 −1 −1 +1 3,000 3,000 On 190
2 +1 −1 +1 6,000 3,000 On 61
3 −1 +1 +1 3,000 6,000 On 107
4 +1 +1 +1 6,000 6,000 On 40
5 −1 0 +1 3,000 4,500 On 146
6 +1 0 +1 6,000 4,500 On 48
7 0 −1 +1 4,500 3,000 On 99
8 0 +1 +1 4,500 6,000 On 50
9 0 0 +1 4,500 4,500 On 70
10 0 0 +1 4,500 4,500 On 62
11 −1 −1 −1 3,000 3,000 Off 291
12 +1 −1 −1 6,000 3,000 Off 130
13 −1 +1 −1 3,000 6,000 Off 183
14 +1 +1 −1 6,000 6,000 Off 64
15 −1 0 −1 3,000 4,500 Off 245
16 +1 0 −1 6,000 4,500 Off 98
17 0 −1 −1 4,500 3,000 OFF 202
18 0 +1 −1 4,500 6,000 Off 127
19 0 0 −1 4,500 4,500 Off 170
20 0 0 −1 4,500 4,500 Off 155
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adjusted R2. Parameters such as F-value, p-value, Lack
of Fit, and R2 are the measure of how the quadratic
model fit the experimental values [30]. Based on our
statistical analysis, the models were found to be highly
significant (p < 0.0001), and the independent variables
were significant at the 99% confidence level. The
p-value (Eq. (5)), also demonstrated that the second-
order polynomial model fitted the experimental results
as well. x1, x2, x1x2, x

2
1, and x22 were significant terms

(p < 0.05), revealing that MLSS1, MLSS2, and the inter-
action effect of MLSS1 and MLSS2 are the key factors
for the COD elimination. The models F-value of
125.712 in this table hints that the model is significant
for the COD removal and there is only 0.01% chance
that model F-values could occur due to noise. The
“Lack of Fit F-value” of 1.344 demonstrated the Lack
of Fit is not significant relative to the pure error. There
was a 49.78% chance that a “Lack of Fit F-value” with
this large value can be occur because of noise for
COD removal. The diagnostic plot given in Fig. 4 was
used for appraising the fitness of the regression
model. Based on this figure, we found that the experi-
mental values were distributed relatively close to the
straight line, indicating a satisfactory correlation
between these values, and accordingly, reliability and
adequacy of experimental models for comparative
responses were certified.

3.3. Effect of variables on COD removal

We investigated the effects of x1, x2 (i.e. MLSS1
and MLSS2), and x3 (i.e. ozone) on COD removal
efficiency. Fig. 5 depicts the variable interaction for
MLSS1, MLSS2, and ozone dose as feed-gas or off-gas.
According to this figure, the COD value reduces

drastically as soon as the sludge is added. Considering
the effect of increasing MLSS1, it seems that high
liquor suspended solids (MLSS) concentration in SBR1
is beneficial to COD removal. In the begging, the
MLSS of SBR1 and the microbial metabolism are low,
and consequently, COD was quite high. After that,
with a continuing increase in sludge, COD will be
decreased. This reduction can be demonstrated by the
following three reasons: (a) entrapment of COD in the
flocs, (b) COD adsorption to the microbe surfaces, and
(c) ingestion of COD inside the microbes [32]. How-
ever, in spite of COD reduction in wastewater, the
treatment remains incomplete because of possibility
presence of non-biodegradable in treating effluent.

Table 3
ANOVA regression model for COD degradation of soft drink wastewater

Source df Sum of squares Mean squares F-value p-value

Model 8 93,097.52 11,637.19 125.712 <0.0001
X1 1 43,320.08 43,320.08 467.968 <0.0001
X2 1 13,467 13,467.00 145.478 <0.0001
X3 1 31,363.2 31,363.20 338.803 <0.0001
X1X2 1 1,352 1,352.00 14.605 0.0028
X1X3 1 1,474.083 1,474.08 15.924 0.0021
X2X3 1 768 768.00 8.296 0.0150
X2

1 1 1,259.524 1,259.52 13.606 0.0036
X2

2 1 13.14881 13.15 0.142 0.7134
Residual 11 1,018.276 92.57
Lack of fit 9 873.7762 97.09 1.344 0.4978
Pure error 2 144.5 72.25
Cor total 19 94,115.8

Notes: S = 9.621, PRESS = 3,723.698, R2 = 98.9%, R2
pred = 96%, and R2

adj = 98.1%.

Fig. 4. The actual and predicted COD removal.
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Therefore, for the removal of this non-biodegradable
material, it is necessary to use ozone after biological
treatment. In combined utilization of biological pro-
cess and ozonation, ozone as chemical oxidation can
change the molecular structure of compounds that are
non-biodegradable and breakdown them into smaller
molecules [14]. Accordingly, the material products
generally have better and rather aerobic biodegrad-
ability than the original compounds. Indeed, the loca-
tion of the ozonation unit in this process is very
important. At the first stage, once the wastewater was
treated using a biological process in SBR1, the organic
material of it will be reduced, and subsequently,

because of reducing receptive ozone material the value
of required ozone is considerably decreased. There-
fore, we suggest that using ozone as a middle step
and after biological treatment is the best alignment
with higher efficiency. According to Fig. 5(a) and (b),
and as we expected, in the condition of ozone-feeding
COD is lower than the state of no ozonation. For
example, with MLSS1 equal to 4,500, COD at ozona-
tion condition are approximately 2 times lower than
that condition of no employing ozone, confirming that
ozonation in this process is an effective method, which
successfully can reduce organic matter and increase
the COD removal efficiency. Referring to Fig. 6(b), an
increase in MLSS2 has similar trend to MLSS1, but as
far as the value of COD considerably decreased in
SBR1, the effect of increase in MLSS2 is lower than
that of MLSS1. It is important to keep in mind that the
presence of SBR2 after the ozonation unit is necessary,
and it is due to the purpose of eliminating the mate-
rial in wastewater which change to biodegradable
material through ozonation.

To investigate the integrated effect of MLSS1 and
MLSS2, RSM was employed and the results were
depicted as 3D plots. Fig. 6 demonstrates the effect of
MLSS1 and MLSS2 on the COD uptake, in the condi-
tion of off-gas ozone concentration and implies that
these parameters have considerable influence on the
COD degradation. From the figure, the COD decreases
with an increase in the MLSS1 and MLSS2. Generally,
as the MLSS1 increases, higher microbial metabolism
occurs, which could increase the consumption of
organic matter. In addition, it is observed that when
ozone not used, MLSS2 played an important role dur-
ing COD reduction. Indeed, at any MLSS1 concentra-
tion, an increase in MLSS2 value from 3,000 to
6,000 g/l leads to decrease in COD, which it means
increasing COD removal efficiency. Comparison
between Figs. 6 and 7 implies that a combination of
these two stages of SBRs system with ozonation is
superior to using just a simple SBR process for the
effective removal of organic matter from soft drink
wastewater.

3.4. Optimization of experiment conditions

Optimization of the condition of COD removal in
multi-stage treatment processes is more complex than
single stage as the performance of both stages is com-
bined. In the case study of this work, in order to
obtain a large degree of depuration at the lowest oper-
ational costs, the ideal value of MLSS1 and MLSS2
must be determined by an optimization of the two-
stage SBR and ozonation system. Because multi-stage
activated biological process suppresses the production

Fig. 5. Interactive effect of MLSS1 and ozone dose on
COD, Interactive effect of MLSS2 and ozone dose on COD
((a) and (b)).
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of extra sludge [33]. It decreases sludge disposal costs.
CCD is used to optimize the parameters affecting the
COD removal responses. The optimum treatment con-
ditions are obtained using ozone and MLSS1 of
4,500 mg/L and MLSS2 at 3,000–4,500 mg/L. The opti-
mum treatment showed COD removal up to 96%.

4. Conclusion

In this work, the optimization of two SBR pro-
cesses combined with an ozonation unit with respect
to COD removal for the treatment of soft drink factory
wastewater was investigated. RSM was utilized to
assess the interactive effects of three critical process
parameters on COD removal and to optimize the
experiments. Experimental findings revealed that
using ozone as an oxidant in a middle stage between
a two-stage aerobic SBRs is an effective treatment

method for efficient COD removals from soft drink
production wastewater.

The proposed quadratic model fitted very well
with the experimental data with R2 > 0.98 for all
responses. Statistical analysis of the data indicated that
MLSS concentrations in first stage SBR had a signifi-
cant effect on COD removal. The optimum process
conditions for COD removal efficiency were up to
95% at 4,500 and 3,000–4,500 mg/L for MLSS1 and
MLSS2 concentrations, respectively, and in the condi-
tion of feed-gas ozonation. Accordingly, we suggest
RSM as an efficient method that could be effectively
adopted to optimize multi-factor conditions in
multi-stage SBR processes.

Fig. 6. Response surface and contour plots of COD
removal rate without ozonation. Interactive effects of
MLSS1 and MLSS2 on COD removal rate ((a) and (b)).

Fig. 7. Response surface and contour plots of COD
removal rate with ozonation. Interactive effects of MLSS1
and MLSS2 on COD removal rate ((a) and (b)).
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