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ABSTRACT

The presence of color in industrial wastewaters is a threat to the environment, so color removal from
wastewaters is obligatory. In the present study, the performance of activated carbon augmented
by activated sludge for removing Methylene blue from wastewater in a sequencing batch reactor
(SBR) was investigated. The effects of three independent variables including: activated carbon con-
centration, mixed liquor suspended solids (MLSS) concentration, and aeration time on the process
performance were assessed. From the results, the maximum color and chemical oxygen demand
(COD) removal were achieved at 6,000 mg/L, 200 mg/L, and 6 h of MLSS concentration, activated
carbon concentration and aeration time, respectively. Also, to clear the effect of activated sludge
on the adsorption of the Methylene blue, two parallel SBR with two different processes including:
activated carbon and activated carbon augmented by activated sludge were operated for 48 h. The
outcomes showed that color and COD removal for activated carbon augmented by the activated

sludge process was significantly higher compared to the activated carbon process.
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1. Introduction

For years, different dyes and pigments have been widely
employed in the leather, textile, pharmaceutical, food, cos-
metics, paint, plastics, ceramics, porcelain, photographic,
printing and paper industries. These industries ultimately
result in the production of large volumes of dye-containing
effluents, which are considered a major source of environ-
mental pollution [1,2].

Environmental pollution is currently a global issue [3].
The development in industrialization and urbanization
caused an increase in water demand dramatically and also a
restriction on access to high-quality water. Therefore, water
scarcity becomes a global threat and wastewater treatment
is indeed a priority. Discharging dye-containing wastewater
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from the textile industry into receiving water is harmful to
the aquatic environment [4-6].

Methylene blue is a heterocyclic aromatic chemical
compound with the molecular formula of C, H,/N,SCI and
a molecular weight of 319.85 g/mol. Methylene blue is a
functional dye that serves as an indicator oxide and changes
color (blue/colorless) depending on whether it is oxidized
or reduced [7]. This dye has a wide range of applications
including dyeing cotton, wool, and silk. Although it is not
extremely dangerous, excessive doses of Methylene blue
(27 mg/kg) could be toxic for the human body. Inhaling this
compound may cause respiratory distress. Direct exposure
led to eye irritation and permanent damage to the eyes of
humans and animals and also cyanosis with bluish discolor-
ation of the skin due to deficient oxygenation of the blood.
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Further negative consequences of methylene which could
be mentioned are vomiting, increased sweating, inflamma-
tion of the stomach, methemoglobinemia, jaundice, mus-
cle weakness, and mental disorders [8-12]. Therefore, this
compound needs to be removed before discharging into
the environment.

Physical techniques (such as adsorption), biological
approaches, chemical oxidation methods (such as ozona-
tion), advanced oxidation methods (such as photocatalytic
degradation), electrocoagulation as well as other technolo-
gies were applied to remove dyes from industrial effluents
[13,14] [1].

As a fact, there are some limitations to the adoption of
these technologies. The quantity of secondary waste pro-
duced by coagulation and filtration processes is considerable
[15]. Membrane processes are not only expensive, but they
also need skilled staff to operate [16,17]. In industry, large-
scale chemical oxidation is not feasible [18]. In spite of other
technologies, the adsorption method is commonly utilized
for color removal in industries due to its high efficiency,
ease of operation, lack of sensitivity to toxic compounds,
and availability of a wide range of adsorbents [11,19].

Various low-cost adsorbents to reduce the operation
cost of decolorization of wastewater have been applied
like chitosan, zeolite, fly ash, coal and oxides, agricultural
wastes, lignocellulosic wastes, synthetic resins, etc [20]. One
of the prevalent absorbents is activated carbon which has
some advantages such as high surface area, decent adsorp-
tion capability, porous structure and thermal stability [21].
Therefore, many researchers have been attracted to apply
activated carbon for removing various dangerous pollutions
for instance lead, cadmium, nickel, chromium, and zinc from
water [22,23]. Also, wide usage of activated carbon for elimi-
nating different dyes has been reported in the literature such
as Malachite green [21], Titan yellow dye [24] Congo red
dye [25] Crystal violet [26] and Methylene blue [27].

Activated sludge is a process for the biological treatment
of biodegradable wastewaters. This technology could be
coupled with activated carbon to enhance adsorption per-
formance. As a fact, activated sludge provides more sur-
face area to adsorb different pollutions, so it could improve
removal efficiency. Some studies have been reported using
activated carbon augmented by activated sludge for remov-
ing different pollutions like a landfill leachate, phenol, bril-
liant blue and acid orang [28-30]. In the current study, the
performance of activated carbon augmented by activated
sludge in a sequencing batch reactor (SBR) for removing
Methylene blue has been investigated. Moreover, the effects
of three independent variables including aeration time,
mixed liquor suspended solids (MLSS) concentration, and
activated carbon concentration on color removal have been
assessed by response surface methodology.

2. Materials and methods
2.1. Wastewater characteristics

Paste tomato industrial wastewater was collected from a
working paste tomato processing production plant, Kerman-
shah, Iran. Table 1 shows the characteristics of the waste-
water. It should be mentioned that Methylene blue was
added to paste tomato wastewater.

2.2. Bioreactor operation

A common SBR was operated with a working volume of
2 L which is presented in Fig. 1. The bioreactor was filled with
2 L of fresh wastewater over 10 min via a peristaltic pump
(filling step). The bioreactor was aerated by a blower and a
fine air bubble diffuser from the bottom of the column. After
a certain aeration time (depending on the conditions of the
experiments) aeration pump was off for 40 min and the sedi-
mentation process occurred. After that, the treated wastewa-
ter was discharged by the effluent pump over 10 min. The
operation time of influent and effluent pumps as well as
the aeration pump was controlled by a time controller.

Three independent variables in three levels were inves-
tigated including: MLSS concentration (2,000; 4,000 and
6,000 mg/L), activated carbon (200, 400 and 600 mg/L), and
aeration time (2, 4 and 6 h). Experimental conditions were
designed by Design-Expert Software (version 13.0). Also,
chemical oxygen demand (COD) removal, effluent absor-
bance of Methylene blue, and sludge volume index (SVI
(were reported as responses. The range and levels of the vari-
ables and also the values of responses are given in Table 2.

2.3. Analytical methods

For COD, a colorimetric method with a closed reflux
method was developed. A spectrophotometer (DR 5000,
HACH, JENWAY, USA) at 600 nm was used to measure
the absorbance of COD samples. Also, the effluent absor-
bance of Methylene blue was measured by spectrophotom-
eter at 660 nm. SVI was determined according to standard
methods [31].

2.4. Statistical analysis

In the present research, three responses were selected
to evaluate the system performance (COD removal, effluent
absorbance and SVI) which their attained data were mod-
eled by Design-Expert software and the obtained equations
are reported in Table 3. The analysis of variance (ANOVA)
results for SVI, COD removal, and effluent absorbance of
Methylene blue were presented in Table 3. According to
Table 3, probability values of the used models were very
low (<0.0001) verifying the significance of the used mod-
els. The square of correlation coefficient (R?) for three
responses was in the range of 0.83-0.9.

3. Results and discussion
3.1. Process performance
3.1.1. Effluent absorbance

The main focus of the present research was to remove
Methylene blue from wastewater, so effluent absorbance
was measured as a key response. Effluent absorbance data
were modeled by a reduced quadratic model which the
ANOVA results are presented in Table 3. A (Aeration time)
and B (MLSS concentration) are the significant model terms.
Moreover, the 3D plots of effluent absorbance variation as
a function of MLSS concentration and aeration time at dif-
ferent levels of activated carbon concentration (200, 400 and
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600 mg/L) are shown in Fig. 2a—c. The effluent absorbance
was decreased from 1.7 to 1 with increasing activated car-
bon concentration from 200 to 600 mg/L. This outcome ver-
ified that higher activated carbon concentration led to an
improvement in adsorption and color removal efficiency.
Also, MLSS concentration showed a positive effect on color
removal, so that, the effluent absorbance was reduced with
increasing MLSS concentration at activated carbon concen-
trations of 200, 400, and 600 mg/L. As a fact, this result is a
sign of the ability to activate sludge to purvey surface area
and adsorb color. Aeration time is another effective param-
eter for color removal. The effluent absorbance presented a
decreasing trend with increasing aeration time from 2 to 6 h,
indicating that a higher aeration time is required to obtain
high absorption efficiency. However, at an activated car-
bon concentration of 600 ppm, the effluent absorbance was
increased with increasing aeration time from 4 to 6 h. As
an elucidation, the required aeration time for high levels of
activated carbon concentration is relatively low.

Table 1
Characteristics of paste tomato industrial wastewater
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As a conclusion, the maximum color removal (the min-
imum effluent absorbance) was reported at 200 mg/L,
6,000 mg/L and 6 h of activated carbon concentration, MLSS
concentration and aeration time, respectively.

3.1.2. COD removal

In the biological treatment process, COD removal is
considered as the main response to evaluate the bioreactor
performance. From Table 3, similar to effluent absorbance,
A and B are the effective variables. Therefore, the changing
of COD removal was plotted based on MLSS concentration
and aeration time at activated carbon concentrations of 200,
400, and 600 mg/L in Fig. 3a—c. From Fig. 3a—c activated car-
bon concentration had no significant effect on COD removal
efficiency at all levels of activated carbon concentrations.
As a matter of fact, the main source of influent COD was
supplied from tomato paste wastewater which biomass
plays a key role to remove COD from wastewater.

As presented in Fig. 3, MLSS concentration and aera-
tion time are two important parameters for COD removal
consistent with ANOVA results. As MLSS concentration
was increased from 2,000 to 6,000 mg/L, COD removal was

Parameters Value ) ! .
increased at all levels of aeration time. It should be men-
Soluble chemical oxygen demand 1,000-1,100 mg/L tioned that the effect of MLSS concentration was more signif-
Biological oxygen demand 890-950 mg/L icant with increasing aeration time from 2 to 6 h. Generally,
N-NH* 50—65 me/L the value of COD removal efficiency was in the range of
" g/ y g
N-NO; 1-3 mg/L 75%-92%, indicating a proper performance of the bioreac-
Total phosphorus 4-6 mg/L tor. The maximum COD removal efficiency was achieved at
H 7585 MLSS concentration of 6,000 mg/L and aeration time of 6 h
P I at all three levels of activated carbon concentration.
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Table 2
Experimental conditions and results

Run Factors Responses
A:Time (h) B: Mass concentration (mg/L) C: Activated carbon (mg/L) SVI(mL/g) COD removal (%) Effluent Abs.
1 2 6,000 200 111.6 77.39 0.856
2 4 4,000 400 50 78.63 0.322
3 4 4,000 400 55.7 75 0.496
4 2 2,000 600 63.82 70 0.98
5 4 4,000 200 48.97 74.24 0.405
6 4 4,000 400 51.86 77 0.458
7 4 4,000 400 45.112 76.85 0.4
8 4 4,000 400 53.721 73.89 0.45
9 4 4,000 400 49.075 78 0.544
10 6 2,000 200 62.09 75 0.816
11 6 6,000 600 65.84 93 0.675
12 4 2,000 400 64.28 76.6 0.686
13 6 4,000 400 63.59 78.92 0.635
14 6 6,000 200 80.28 92.68 0.233
15 2 6,000 600 105.18 75 0.728
16 4 4,000 600 47.95 74.32 0.654
17 6 2,000 600 68.37 76.94 0.885
18 2 4,000 400 60.6 78.33 0.786
19 4 6,000 400 75.91 80 0.556
20 2 2,000 200 79.2 70 1.212
Table 3
ANOVA results for the regression equations obtained for the studied responses
Response  Modified equations with significant terms ~ Probability R? Adj. R* Adeq. S.D. CV  Probability
precision for lack of fit

COD 76.453 + 4.582A +4.953B - 0.005

<0.0001 . 7701 12.672 2. .61 1061
removal C+2.66875AB +2.273A? 0.000 08306 0.770 6728 80 36 0106
Effluent 0.47285-0.131A - 0.1531B + 0.0

.0001 . 8257  13.2 1004 15.71 0.2107

absorbance 4C +0.108875AC +0.21075A% + 0.12125B? <0000 08508 0825 326 0100 > 0210
SVI 50.5329 — 8.023A +10.105B - 3.098

<0.0001 09156 0.8766 16.2144 6.34 9.73  0.0693

C—7.2625AB + 10.6245A2 + 18.6245B>

3.1.3. Sludge volume index

One of the operating factors for the activated sludge
process is SVI as bulking sludge is the main problem for
operating wastewater treatment plants. Fig. 4a—c illustrate
the variation trend of SVI as a function of MLSS concentra-
tion and aeration time at activated carbon concentrations
of 200, 400 and 600 mg/L. From the figures, activated car-
bon concentration showed no important effect on SVI. SVI
data was in the range of 72-92 mL/g which is an accept-
able range for the activated sludge process. SVI was influ-
enced by MLSS concentration and aeration time, so that,
the response was increased by increasing MLSS concentra-
tion and aeration time. The maximum SVI was predicted
at 6,000 mg/L of MLSS concentration and 6 h of aeration
time.

3.2. Process optimization and long-term study

In this section, the graphical optimization has been
applied to optimize the process. The chosen criteria for
optimization was COD removal 280%, effluent absorbance
<0.25, and SVI < 80 mL/g. The optimization graphs based
on MLSS concentration and aeration time at activated car-
bon concentration of 200, 400, and 600 mg/L are presented
in Fig. 5a—c. The regions which meet the chosen criteria are
illustrated by yellow color in Fig. 5. Based on the figures a
condition with 200 and 6,000 mg/L of activated carbon and
MLSS concentration was selected to monitor long-term
performance of the bioreactor.

To evaluate COD and color removal efficiency over long-
term performance, the bioreactor was operated in an optimi-
zation condition according to Fig. 5a—c with activated carbon
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Fig. 2. Response surface plots for effluent absorbance as a function of MLSS concentration and aeration time at different activated

carbon concentrations: (a) 200, (b) 400, and (c) 600 mg/L.

concentration and MLSS concentration of 200 and 6,000 mg/L,
respectively. Moreover, in order to assess the effect of acti-
vated sludge on COD and color removal, another SBR with
200 mg/L of activated carbon without activated sludge was
operated in parallel. The variation trends of absorbance and
COD concentration for both systems were monitored over
48 h of operation which the obtained trends are presented in
Fig. 6a and b. As observed in Fig. 6a, the absorbance of the
system with activated sludge was significantly lower than
the system without activated sludge. The absorbance of the
system augmented by activated sludge was decreased after
2 h of aeration time to 0.2, however, the absorbance of the
system with activated carbon alone was about 2. This result
verified the key role of activated sludge for color adsorption.
Besides, COD concentration (Fig. 6b) shows the high poten-
tial of activated sludge to remove COD from wastewater as
COD concentration was decreased to 700 mg/L for the pro-
cess augmented by activated sludge, while, COD concentra-
tion was not decreased with activated carbon meaningfully.

Overall, after 48 h of operation, COD concentration
and absorbance of the activated carbon system augmented
by activated sludge process were significantly low as com-
pared with activated carbon process. It should be noted
that, the reported absorbance of activated carbon system
was decreased significantly over 25-30 h and the minimum
value was attained after 30 h of operation, whereas, the
absorbance was increased after 32 h of operation once more
again. As an elucidation of this phenomenon, the maximum
of adsorption sites was used after 30 h of operation, while,
after getting the maximum capacity of adsorption, desorp-
tion has been occurred and adsorbed molecules of dye
were released from the surface area [32]. The final effluent
absorbance of 0.031 and the final effluent COD concentra-
tion of 81 mg/L were obtained after 48 h of operation for the
activated carbon augmented by activated sludge, however,
1.067 and 498 mg/L for effluent absorbance and COD con-
centration were reported, respectively, for activated carbon
process.
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Fig. 3. Response surface plots for COD removal as a function of MLSS concentration and aeration time at different activated carbon
concentrations: (a) 200, (b) 400, and (c) 600 mg/L.
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Fig. 4. Response surface plots for SVI as a function of MLSS concentration and aeration time at different activated carbon
concentrations: (a) 200, (b) 400, and (c) 600 mg/L.
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4, Conclusion

In the present study, the performance of activated car-
bon augmented by activated sludge to remove Methylene
blue from paste potato wastewater was evaluated. Aeration
time, activated carbon concentration, and MLSS concen-
tration were three independent variables which were cho-
sen in three levels. COD removal, effluent absorbance of
Methylene blue and SVI were the measured responses. As
a conclusion, an experimental condition with 6 h, 200 mg/L
and 6,000 mg/L of aeration time, activated carbon, MLSS
concentration, respectively, resulted in the maximum color
and COD removal.
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