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Pollutants Removal from Synthetic Wastewater by the
Combined Electrochemical Sequencing Batch Reactor
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Abstract—Synthetic domestic wastewater was treated via
combining treatment methods, including electrochemical oxidation,
adsorption, and sequencing batch reactor (SBR). In the upper part of
the reactor, an anode and a cathode (Ti/RuO,-IrO,) were organized in
parallel for the electrochemical oxidation procedure. Sodium sulfate
(Na,SO4) with a concentration of 2.5 g/ was applied as the
electrolyte. The voltage and current were fixed on 7.50 V and 0.40 A,
respectively. Then, 15% working value of the reactor was filled by
activated sludge, and 85% working value of the reactor was added
with synthetic wastewater. Powdered cockleshell, 1.5 g/L, was added
in the reactor to do ion-exchange. Response surface methodology was
employed for statistical analysis. Reaction time (h) and pH were
considered as independent factors. A total of 97.0% biochemical
oxygen demand, 99.9% phosphorous and 88.6% cadmium were
eliminated at the optimum reaction time (80.0 min) and pH (6.4).

Keywords—Adsorption, electrochemical ~oxidation, metals,
sequencing batch reactor.

I. INTRODUCTION

NE of the chief environmental problems is water

pollution, which rises from several sources. Using of
water resources is considered one of the world’s critical
environment issues. Wastewater treatment from human
activities in several fields, such as agriculture, industries, and
shipping, is considered a solution to water shortage [1]. These
wastewaters comprise numerous kinds of contaminants such as
heavy metals, phosphorous, and chemical oxygen demand
(COD). Several physical/chemical and biological techniques
are applied to treat wastewaters [2]. SBR is one of the
biological treatment methods.

SBR is one of the biological processes employed to eliminate
several pollutants [3]. SBR performance may be affected with
heavy metals, low biodegradability, and concentration of high
organic and inorganic contaminants in wastewaters [4]. So,
researchers [5] have suggested the combined physical/chemical
and biological treatment techniques to reach optimum
elimination efficacies. One of the physical/chemical treatment
techniques is electrochemical oxidation (EO).

In the other words, EO is an excellent alternative for
wastewater treatment in order to eliminate organic compounds
that resist biological degradation. EO depends chiefly on the
generation of hydroxyl radicals ("OH) on the surface of the
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anode, being capable of totally mineralizing organic
compounds to CO,, water and organic ions, or at least,
converting them into more biodegradable organic compounds,
reduce TOC, coloration and COD [6]. Barrera-Diaz et al. [7]
expressed that contamination removal in high polluted
wastewaters may not be done by EO individually due to
needing high amount of energy. So, in literature [8], [9], EO has
been combined with biological and other physical/chemical
methods. Adsorption is one of the attractive treatment methods.

Adsorption is an amount transmission process by which a
substance is moved from the liquid phase to the surface of a
solid, and then bound via physical interactions, chemical
interactions, or both [10]. Some of the most effective
adsorbents are ash, activated carbon, cement, limestone and
cockleshell, which have been applied by researchers [11], [12].
In literature [4], adsorbent has been added to the SBR to
improve its performance.

This study chiefly intended to treat synthetic wastewater by
combining electrochemical and powdered cockleshell (PCS)
supplemented SBR. The researchers designed a combined
wastewater treatment technique that has optimum performance.
In this study, three kinds of treatments, namely,
electrochemical, ion exchange/adsorption, and SBR, were
applied to improve the efficiency of contaminant elimination in
the same time.

II. MATERIALS AND METHODS

A.Producing Domestic Wastewater

In current research, tap water was contaminated with three
pollutants including COD, phosphorous, and cadmium. The
contaminants were prepared by dissolving their chemical grade
in water. To reach phosphorous concentration, KH,PO, was
dissolved in water [13]. To reach COD, different carbon
sources, including peptone, Na-acetate, starch, yeast, and milk
powder were added to the tap water [14]. For Cd
concentrations, cadmium was achieved by dissolving CdCl, in
tap water, respectively [15].

B. Designed Reactor

One beaker (height = 25 cm and diameter = 10 cm) with a
working value of 1500 mL was employed in this contemporary
study (Fig. 1). In the upper part of the reactor, anode and
cathode plates (Ti/RuO,-IrO,, 8 cm x 4 cm) were employed for
the EO procedure. The plates were prepared parallel (distance
was 3 cm) to each other and were dipped in water. Na,SO, with
a concentration of 2.5 g/ was added as electrolyte to the
reactor before each experiment. Electronic power (digital DC
power supply) was applied as the power source. Air was
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supplied from the bottom of the reactor by using an air pump
because it was an SBR-based reactor. Aeration rate was set to
1.5 L/min. The periods of fill (10 min), settle (45 min), and
draw and idle (10 min) were fixed based on preliminary
experiments. In addition, 1.50 g/L of powdered cockleshell
(PCS) was added in the SBR for adsorption.

Power 1\2

<
P

°

-]

=, Powdered Cockle Shell

Wastewater (85%)

Air Pump Activated Sludge (15%)

Fig. 1 Schematic of the reactor

C.Experimental Procedure

A 1500 mL reactor was used in current study. The reactor
was filled with 1275 mL synthetic wastewater, representing the
85% working value of the reactor. A total of 225 mL activated
sludge from domestic WWTP (wastewater treatment plant) was
added in the reactor, representing the 15% working value of the
reactor. Mojiri et al. [4] applied activated sludge from domestic
WWTP in SBR as 10% working value to supply bacteria and
improve biodegradability in treating landfill leachate. The
voltage and current in the preliminary experiments were set to
7.50 V and 0.40 A, respectively. In the contemporary study,
two independent factors, including contact time (reaction time;
30 min to 120 min) and pH (5.50 to 7.50), were investigated.
COD and phosphorous concentrations were set to 2500 mg/L.
Cd concentrations was set to 100 mg/L. Chemical, physical,
and biological analyses for the wastewater were carried out in
order to standard methods [16]. P, Cd, and COD were tested by
using spectrophotometry in accordance with Standard DR/2800
HACH.

D.Statistical Analysis
The elimination effectiveness is computed based on (1).

Removal (%) = “— 100, (1)

where C; and Cy are the preliminary and final concentrations of
the features, respectively.

Response surface methodology (RSM) was applied for
statistical analysis. RSM is a mathematical and statistical
method used in designing experiments, building models, and
evaluating the effect of process variables. The responses can be

linked to the factors by using linear or quadratic models in
RSM. The quadratic model, which also comprises the linear
model, is used in (2).

Y= Bo+ XK BiX; + Thoi BXP + DX BuXiXi + e, (2)

where Y is the response; X; and X are the variables; B is a
fixed coefficient; B, Bj;, and B;; denote the interface coefficients
of the linear, quadratic, and second-order terms, respectively; k
denotes the quantity of considered factors; and e denotes the
error.

III. RESULTS AND DISCUSSION

In current research, concentrated synthetic wastewater was
treated via using the combined system. The combined system
comprised EO, adsorption, and SBR. The 3D surface plots of
COD, P and Cd elimination are displayed in Fig. 2. Tables I and
II show the response values for different experimental
conditions and the ANOVA results for response parameters,

respectively.

TABLEI
EXPERIMENTAL VARIABLES AND RESULTS
Run Rfeaction pH CODrem. Prem. Cdrem.
Time (h) (%) (%) (%)
1 6.5 75 98.2 99.9 86.3
2 7.5 75 97.7 99.9 79.1
3 5.5 30 76.2 94.3 98.1
4 7.0 75 98.1 99.9 82.7
5 7.5 30 94.9 97.1 79.2
6 6.5 30 95.5 97.5 92.1
7 5.5 75 78.4 94.2 97.7
8 7.0 30 96.4 99.9 82.5
9 5.5 30 79.1 93.1 98.2
10 6.5 75 96.4 99.9 87.7
11 7.5 30 95.9 98.2 79.8
12 5.5 120 71.9 94.5 97.3
13 7.0 120 96.1 99.9 83.3
14 7.5 120 97.0 99.9 77.7
15 7.0 75 97.9 99.9 85.3
16 5.5 75 80.7 96.1 98.8
17 6.5 75 98.0 99.9 86.2
18 7.5 75 95.8 99.9 79.0
19 6.5 75 96.9 99.9 86.7
20 5.5 120 79.3 95.2 97.2
21 7.5 120 95.7 99.9 78.5
22 6.5 120 97.2 99.9 85.6
TABLE II
ANOVA RESULTS FOR RESPONSE PARAMETERS

Responses R Adj.R* Adec.P. SD CV

COD 0.984  0.979 3363 121 132

P 0.948 0.932 20.20 0.63 0.64

Cd 0.972 0.969 42.71 1.31 1.50

R*: Coefficient of determination; Adj. R”: Adjusted R*; Adec. P.: Adequate

precision; SD: Standard deviation; CV: Coefficient of variance.

A.COD Removal

In current research, COD elimination varied from 76.2%
(pH= 5.5 and reaction time = 30 min) to 98.1% (pH= 7 and
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reaction time= 75 min) by using the current combined treatment
system. COD diminished by 98.5% at optimum pH= 7.2 and
reaction time= 80.5 min (Fig. 2 (A)).

Vilar et al. [6] could remove 64% of COD via combined
biological ~EO treatment. Markou et al. [17] could reduce COD
from 4000 mg/L to around 2000 mg/L (efficiency around 50%)
in 120 min reaction time during electrochemical treatment of
biologically pre-treated dairy wastewater. In this contemporary
study, COD removal efficiency was more than in literature
review, since three kind of treatment methods were applied in a
same time.

B. Phosphorous Removal

In current study, P elimination varied from 93.1% (pH= 5.5
and reaction time = 30 min) to 99.9% (pH= 7 and reaction
time= 75 min) by using the current combined treatment system.
P diminished by 100% at optimum pH= 6.6 and reaction time=
90.2 min (Fig. 2 (B)).

Tejedor-Sanz et al. [18] reported 98% P removal via
microbial electrochemical system. Huang et al. [19] reported
23.6 of P removal in voltage of 20 V, NaCl dosage of 6 g/L, and
a dolomite dosage of 10 g/L for 270 min by dolomite
application for the removal of nutrients from synthetic swine
wastewater by a novel combined electrochemical process. They
could improve the removal efficiency to 95% by aeration rate
of 4 L/min for 120 min.

In this contemporary study, P could be removed completely
in a short time, since three kind of treatment methods were
applied in a same time.

C.Cadmium Removal

In current research, Cd elimination varied from 77.7% (pH=
7.5 and reaction time = 120 min) to 98.8% (pH= 5.5 and
reaction time= 75 min) by using the current combined treatment
system. Cd diminished by 98.9% at optimum pH= 5.5 and
reaction time= 30.0 min (Fig. 2 (C)).

Qian et al. [20] stated 71% Cr elimination from wastewater
via using electrochemical way. Tran et al. [21] described 22.5%
metal ion removal from wastewater via electrochemical
treatment. Peng et al. [22] eliminated 65% Ni with coated
titanium mesh and graphite as cathode and anode at pH =5 and
V (voltage) = 4 for 120 min. Mojiri et al. [4] stated 76.9% to
79.5% metal removal via adsorbent augmented SBR at original
pH and contact time = 11 h.

In this contemporary study, COD removal efficiency was
more than in literature review, since three kind of treatment
methods were applied in a same time.

Final equation in terms of actual factor for COD removal, P
elimination and Cd removal are presented as (3)-(5),
respectively. They are significant in 0.05.

-332.06 + 121.93A — 8.71A% — 0.0006B> 3)
-16.03 + 32.59A + 0.05B — 2.35A% - 0.0004B> 4)
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Fig. 2 The 3D surface plots of (A) COD, (B) phosphorous and (C) Cd

removal

IV. CONCLUSION

Water pollution is a very vital environmental problem
because of overpopulation, industrialization and urbanization.
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A combined treatment system comprising EO, adsorption and
SBR was applied to treat wastewater during in current study.
The designed electrochemical and cockleshell-SBR could
remove 97.0%, 99.9% and 88.6% of COD, P, and Cd,
respectively at the optimum of pH (6.4) and reaction time (80.0
min).
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