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Impacts of operating parameters on oxidation-reduction potential and COD
removal during the electrochemical removal of 2-chlorophenol
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ABSTRACT

Oxidation-reduction potential (ORP) can be used as a parameter for monitoring the electrochemical
removal of pollutants in wastewater. In this study, ORP online monitor was applied for the
electro-oxidation treatment of 2-CP. The influences of current density, pH and supporting electrolyte
(Na,SO,) concentration on ORP were investigated, and the linear relationships between AORP
and COD removal efficiency were established based on these parameters. All of the R? value of the
regression lines were greater than 0.86. Meanwhile, a multi-parameter linear equation involving ORP,
current density, original pH, Na,SO, concentration, reaction time and COD removal efficiency was
established with R? of 0.89, which suggested ORP monitoring had the potential to influence 2-CP

wastewater treatment.
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1. Introduction

Chlorophenols (CPs) have been widely used in manufac-
turing industries, such as insecticides, herbicides, fungicides
and dyes [1-3]. 2-Chlorophenol (2-CP) is listed as the prior-
ity pollutant by the United States Environmental Protection
Agency, which is toxicity, resistance to biodegradation and
a threat to both the aquatic ecosystem and human health [4].

Conventional methods are well-established technologies,
such as coagulation and sorption [5], are extensively used
for CPs removal, whereas it is difficult to obtain complete
removals of CPs. Biologic methods are difficult to completely
mineralize 2-CP because it is poisonous to microorganisms
[6]. Advanced oxidation processes such as Fenton, ozona-
tion and photocatalysis [7,8] are not economically feasible
since they need much more extra reagents. Electrochemical
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oxidation process is considered as a promising alternative
for the treatment of CPs due to its total oxidation ability,
fast reaction rate, high energy and environmental compati-
bility [9]. Many conventional anode materials, such as SnO,
[10], platinum [11] and BDD [12], have been tested for the
electro-oxidation of chlorophenols. The PbO,/Ti will be
served as the experimental electrode due to its long service
life, low cost, easy preparation and stability [1].

It is noteworthy that electrochemical oxidation process
still has the problem of excessive energy cost that restricts its
wide application in wastewater advanced treatment. Many
studies have carried out and found that optimizing electrode
materials and developing new reactors can improve the
current efficiency. However, the related on-line monitoring
and control techniques of electrochemical oxidation process
are rarely discussed in the literature.
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The ORP is applied as an indicator of the oxidiz-
ing or reducing properties of solutions [13]. ORP reflects
the solution’s tendency to accept or donate electrons
and provides insight into the state of the reaction system
[14,15]. ORP has been used as a monitoring or controlling
parameter for many wastewater treatment systems, such
as chlorination [16], biological nutrient removal [17-19],
sulfide oxidizing [14], hydrogen production by fermentation
[20], photocatalysis [21], the Fenton series process [22,23]
and hydrometallurgy process [15]. Among the various
strategies for the measure of COD removal, ORP is one of the
promising techniques for monitoring the chemical processes.
Moreover, the relationship between ORP value and COD
removal efficiency has been demonstrated via models.
Cheng et al. [24] developed a model reflecting the variant of
ORP value in function of soluble chemical oxygen demand
(SCOD) in the hydrolysis of the waste activated sludge pro-
cess. Experimental results indicated that a linear relationship
was established between AORP and SCOD under the proper
NaOH concentration. Kim et al. [25] studied the relationship
among ORP value, Fenton’s reagent concentration and COD
removal, and suggested that ORP could be used to control
COD removal during the Fenton oxidize process. Wu and
Wang [23] investigated the impacts of Fenton process operat-
ing parameters on ORP and pretreatment efficiency. And the
multiple regression equations were established among ORP,
operating parameters and treatment efficacy was established.

In the present study, ORP was used as a monitoring
parameter during the removal of 2-chlorophenol. The effects
of operating parameters including current density, initial pH
and Na,SO, concentration on ORP were discussed. In addi-
tion, the relationship between the change of ORP value and
COD removal efficiency under these operating parameters
was developed. Meanwhile, an equation including ORP, cur-
rent density, original pH, Na,SO, concentration, reaction time
and COD removal efficiency was developed. These results
provide useful information about the utilization of ORP in
situ monitoring and controlling of electrochemical process.

2. Materials and methods
2.1. Experiments

The concentration of 2-CP was 150 mg L and Na SO, was
used as the supporting electrolyte. A laboratory-scale plate
reactor with an effective volume of 3 L was built as shown in
Fig. 1. The reactor consisted of a direct current (DC) power
supply (MPS 601, Tradex, United States), titanium-based lead
dioxide (PbO,/Ti) anode, and titanium mesh-plates cathode.
The effective surface of both electrodes was 5 cm in width
and 10 cm in length, while the gap between the electrodes
was 3 cm. A peristaltic pump (BT100-2], Longer, China) at a
flow rate of 266 mL min™ was used between the reactor and
the circulating tank for a good mass transfer in electrolyte. An
ORP (SX-630, Sanxin, China) and a pH (SX711, Sanxin, China)
probe were installed in the electrolysis bath for online moni-
toring ORP/pH during the electro-oxidation. Both probes were
connected to a computer, and the software of MATLAB was
utilized for acquiring data. The experiment ran for 120 min
while the wastewater was sampled from the circulating tank
every 5 min. The sampling volume was 6.0 mL each time.

Computer

DC Power Supply

Anode Pump / ;

o

" Cathode

Fig. 1. Electrochemical experimental facility.

2.2. Analysis

COD was determined according to Chinese standard
HJ/T 399-2007 with slight modifications. The solution was
measured at a wavelength of 440 nm using a UV-visible
spectrophotometer (UV-2910, Hitachi, Japan).

The COD removal efficiency was calculated by Eq. (1):

COD, - COD

COD removal efficiency = COD L-100% 1)

0

where COD,and COD, are the COD values of samples at
electrolytic time 0 and f (g L™). The instantaneous current
efficiency (ICE, %) was calculated by Eq. (2):

COD, - COD

ICE = LA P LY 100%
8-1-Af ° )

where COD, COD, _ ,, are the COD (g L) values at time
t and t + At (s), respectively; F is the Faraday constant
(96,487 C mol™); V is the volume of the electrolyte (L") and
I'is the current (A).

3. Results and discussion
3.1. Effect of operating parameters
3.1.1. Effect of current density

Under 2-CP concentration of 150 mg L™, pH 6.5, Na,SO,
concentration of 0.10 mol L™ and electro-oxidation time of
120 min, COD removal efficiencies and ICE at different
current density are presented in Figs. 2(a) and (b). With
the increase of current density, the COD removal efficiency
was improved. The ICE decreased gradually with the reac-
tion time, and it was suggested that the intermediates
became more difficult to be oxidized with the proceeding of
degradation. ICE was also observed to drop when the den-
sity of current increased. Since part of current energy was
consumed by the secondary oxygen evolution reaction under
high current density, higher ICE could be obtained with a low
current density [26]. However, the COD removal efficiency
increased significantly when the current density increased
from 8 to 15 mA cm=. Considering to the relatively high ICE
could also be obtained at the current density of 15 mA cm=.
Hence, the following current density would be 15 mA cm™
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Fig. 2. Effect of current density on (a) COD removal efficiency,
(b) instantaneous current efficiency (2-CP concentration:
150 mg L; initial pH 6.5; Na,SO, concentration: 0.10 mol L™).

The effect of current density on ORP is shown in Fig. 3.
The ORP was strongly influenced by both current density
and oxidation time. At an early stage, ORP value sharply
decreased in 5 min. In the second stage, the ORP increased
and remained elevated for some time. In the final stage, the
ORP tended to be stable. The initial ORP of the solution was
200 + 10 mV. At the current density of 8 mA cm™, the ORP
value dropped sharply, from 209 to 12 mV in 5 min, and then
the ORP gradually increased to 125 mV in following 120 min.
At the current density of 15 mA cm™, the ORP value dropped
from 210 to 80 mV in 5 min, and then increased slowly to
215 mV in the following 120 min. Meanwhile, the pH was
increased remarkably. For example, at the current density of
8 mA cm?, the pH value increased from 6.52 to 10.50 in 5
min; while at the current density of 15 mA cm=, the pH value
changed from 6.50 to 9.81 in 5 min. The trend of ORP value
was opposite to that of pH value. The dramatic changes in
pH led to changes in ORP [24]. The ClI~ in the solution reacted
as the following reactions:

2CI > Cl, +2¢” M

Cl, +H,0 > HCIO +Cl +H" (In)
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Fig. 3. Effect of current density on ORP (2-CP concentration:
150 mg L; initial pH 6.5; Na,SO, concentration: 0.10 mol L™).

HCIO —= H'+O0OCl" (1)

But under alkaline condition, Reaction (IIT) occurred eas-
ily, resulting in more hypochlorite ion. The hypochlorite ion
was less oxidant than hypochlorite, so the oxidation capacity
of the electrochemical system was reduced and the ORP value
declined. This phenomenon also be observed in the water dis-
infection process. pH affected the equilibrium relationship of
HCIO/OCTI strongly with the addition of sodium hypochlo-
rite. The equilibrium of HCIO/OCI" influenced the oxidation
reaction, thus causing the oxidation ability declining, as well
as the ORP value [27]. At the current density of 8, 10, 12 and
14 mA cm??, the highest ORP values were 125, 143, 182 and
189 mYV, respectively. This meant that oxidants had not accu-
mulated under these conditions. At the current density of 15,
16, 18, 20 and 25 mA cm™?, the highest ORP values were 215,
256, 283, 291 and 292 mV, respectively. The oxidative species
such as hydroxyl radicals increased, the ORP increased and
gradually tends to be stable. When current density increased
from 8 to 15 mA cm?, the peak of ORP value increased from
125 to 215 mV and the increment reached about 90 mV. But
when current density increased from 16 to 25 mA cm™, the
peak ORP increased from 256 to 292 mV and conversely the
increment was only 36 mV.

3.1.2. Effect of pH

Under 2-CP concentration of 150 mg L™, current den-
sity of 15 mA cm™?, Na SO, concentration of 0.10 mg L™ and
electro-oxidation time of 120 min, COD removal efficiencies
and ICE at different pH values were shown in Figs. 4(a) and
(b), respectively. The results showed that the COD removal
efficiency and ICE decreased with the increase of initial pH
value. Obviously the electrochemical degradation of 2-CP
favored the acid medium [27]. The higher the pH value was,
the lower COD removal efficiency was, which showed that
the possibility of acid-favored was attributed to the difficulty
of total oxidation in alkaline condition [28].

ORP of solution at different pH values was exhibited in
Fig. 5. The initial ORP values under the condition of pH 3, 4, 5,
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Fig.4.Effectof pHon (a) COD removal efficiency (b) instantaneous
current efficiency (2-CP concentration: 150 mg L7, current
density 15 mA cm™; Na,SO, concentration: 0.10 mol L).
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Fig. 5. Effect of pH on ORP (2-CP concentration: 150 mg L7
current density: 15 mA cm; Na,SO, concentration: 0.10 mol L™).

7,9 and 11 were 494, 435, 432, 223, 152 and 28 mV, respectively.
The dramatic changes in pH led to the changes in ORP [24].
A great linear correlation between the initial pH level and the
ORP value was observed at the beginning of electrochemical
process in Fig. 6. The R? value of the regression lines was 0.97.
This could be deduced from the Nernst equation [24]. Sun
et al. [26] found that a significant linear correlation between
ORP and the initial pH at the beginning of Fenton oxidation.
As seen in Fig. 5, the ORP was initially around 494 mV, and
then it declined to 190 mV after 5 min at the initial pH of
3 due to the change of pH and the consumption of hydroxyl
radical by the reductants in the wastewater. The ORP then
increased gradually to 500 mV in the following 120 min,
which can be explained by the generation of hydroxyl rad-
icals in the reactor. Under the acid conditions, the system
showed an oxidation tendency compared with the neutral or
alkalinity one. The higher the initial pH value was, the lower
the ORP value was achieved. The peak of ORP was 500, 420,
346, 240, 152 and 115 mV in responding to the initial pH of 3,
4,5,7,9 and 11.

3.1.3. Effect of supporting electrolyte

Under 2-CP concentration of 150 mg L™, current density
of 15 mA cm™, pH of 3 and electro-oxidation of 120 min,
COD removal efficiencies and ICE at different concentrations
of Na,SO, are shown in Figs. 7(a) and (b). As presented in
Fig. 7(a), COD removal efficiency increased first with the
increase of Na,SO, concentration, and then decreased to a
lower value when Na,SO, concentration was 0.12 mol L.
Fig. 7(b) shows that the highest ICE of 2-CP degradation
(75.0%) was obtained at Na,SO, concentration of 0.10 mol L,
which was 1.1 times higher than that obtained at Na,SO,
concentration of 0.12 mol L. High concentration of Na,SO,
led to the high persulphate ions, reacting with 2-CP and thus
increasing COD removal efficiencies [29].

ORP of solution at different Na,SO, concentration are
shown in Fig. 8. The curves of ORP value and Na,SO, concen-
tration at different reaction times were similar. Apparently,
ORP value in solution increased with the concentration
of Na,SO, increasing from 0.05 to 0.10 mol L, and then it
declined. For example, the peak of ORP value was maximal

y=-59.94x+683.59

400 R
R’=0.97

300

ORP (mV)

200

100

pH

Fig. 6. Relationship between the initial pH level and the ORP
values (data obtained from Fig. 5).
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Fig. 8. Effect of Na, SO, concentration on ORP (2-CP concentration:
150 mg LY; current density 15 mA cm™; pH 3).

(500 mV) at Na,SO, concentration of 0.10 mol L, and then
decreased to 435 mV with much more Na,SO,. The possible
reason might be a high concentration of sulfate leading to the
increase of reducibility of the solution.

3.2. Relationship between AORP and COD removal efficiency
in various current densities, pH and supporting electrolyte
concentration

A relationship between AORP and COD in function of
current density, pH and supporting electrolyte concentration
was developed. The AORP is defined by the following
equation:

AORP =[ORP], -[ORP],__ ®3)

where [ORP], = ORP value being measured at time ¢; and
[ORP], . = ORP value being measured at 5 min.

Fig. 9(a) presents the correlations between the AORP
values and COD removal efficiencies at different reaction
time and current density. COD removal efficiency increased
with the increase of AORP values. For example, when the
current density was 12 mA cm?, the COD removal efficiency
increased from 11.8 to 91.1% in 130 min so as the increase
of AORP from 0 to 139 mV. When the AORP was higher, the
decomposition of organic compounds took place at a higher
oxidation level, resulting in a higher COD removal efficiency.
The equations of AORP and COD removal efficiency are
listed in Table 1. The R? values of the regression lines were
0.98, 0.97, 0.95, 0.97, 0.95, 0.87, 0.90, 0.89 and 0.90 in current
density of 8, 10, 12, 14, 15, 18, 20 and 25 mA cm™, respectively.
According to these results, all lines have positive correlation
coefficients.

Fig. 9(b) shows the correlations between the AORP
values and COD removal efficiencies at different reaction
time and initial pH values. For example, at pH of 11, the
COD removal efficiency was 76.7% at AORP value of
183 mV at 120 min; at pH of 7, the COD removal efficiency
was 92.4% at AORP value of 180 mV at 120 min; at pH of 3,
the COD removal efficiency was 100.0% at AORP value of
310 mV at 120 min. Equations of these regression lines are
listed in Table 2. The R? value of the regression lines were
greater than 0.86. In acid solution, the ORP values were
higher and the AORP values were larger than in alkalinity
solution, indicating that the solution oxidation ability was
helpful for the removal of COD.

Fig. 9(c) shows the correlations between the AORP values
and COD removal efficiencies at different reaction time
and Na,SO, concentration. It could be seen that different
concentrations of Na,SO, affected the AORP and COD removal
efficiency. For example, when Na,SO, concentration was
0.08 mol L, the COD removal efficiency was 93.6% at AORP
value of 252 mV at 120 min; when Na,SO, concentration was
0.10 mol L, the COD removal efficiency was 100.0% at AORP
value of 310 mV at 120 min; when Na,SO, concentration was
0.12 mol L, the COD removal efficiency was 94.0% at AORP
value of 255 mV at 120 min. The data are listed in Table 3. As
can be seen, for the four regression linear equations, R? values
were 0.93, 0.97, 0.96 and 0.97 at Na,SO, concentration of 0.05,
0.08, 0.10 and 0.12 mol L, respectively. The simulated lines
are well matched the relations between AORP and COD in
various concentrations of Na,SO,. The R? value of the regres-
sion lines was greater than 0.93. When the concentration of
Na,SO, was higher than 0.1 mol L, the oxidation ability of
the solution was reduced and the AORP was low. That might
result from reduction of the overdose SO,* ions. These good
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Table 1
Summary of regression lines between AORP and COD removal
efficiency developed for various current densities
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Fig. 9. (a) Correlations between the AORP and COD removal
efficiencies at the different reaction time for different current
density. (b) Correlations between the ORP and COD removal
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(c) Correlations between the ORP and COD removal efficiencies
at the different reaction time for different Na,SO, concentration.

Current density ~ Regression line R?value
(mA cm™)

8 COD%=0.6395xAORP+4.7757  0.98
10 COD%=0.5747xAORP+7.2077  0.97
12 COD%=0.5486xAORP+19.564  0.95
14 COD%=0.6044xAORP+16.794  0.97
15 COD%=0.6843xAORP+3.9448  0.95
16 COD%=0.6390xAORP+1.8635  0.87
18 COD%=0.5262xAORP+5. 8915  0.90
20 COD%=0.5557xAORP+5.1922  0.89
25 COD%=0.5543xAORP+8.7378 ~ 0.90

Table 2

Summary of regression lines between AORP and COD removal
efficiency developed for various pH

pH Regression line R? value
3 COD%=0.2717xAORP+22.995 0.96
4 COD%=0.3317xAORP+29.723 0.92
5 COD%=0.4167xAORP+26.491 0.96
7 COD%=0.4358xAORP+4.8472 0.92
9 COD%=0.3873xAORP-1.0916 0.86
11 COD%=0.3876xAORP-3.7834 0.86
Table 3

Summary of regression lines between AORP and COD removal
efficiency developed for various Na,SO, concentration

Na,SO, Regression line R? value
concentration

(mol L)

0.05 COD%=0.4044xAORP+1.3932 0.93
0.08 COD%=0.3408xAORP+13.48 0.97
0.10 COD%=0.2717xAORP+22.995 0.96
0.12 COD%=0.2778xAORP+25.309 0.97

linear relationships suggested that the AORP values were
related to the removal of COD. The optimum Na,SO, concen-
tration was 0.10 mol L™.

3.3. Relationship among ORP, current density, original pH,
sodium sulphate concentration, reaction time and COD removal
efficiency

In order to find out the relationship among ORP, current
density, original pH, Na,SO, concentration, reaction time and
COD removal efficiency, a typical multiple regression equa-
tion was established using Origin 7.0. A total of 190 runs of
data sets from the electrochemical process for 2-CP removal
were used to develop the model. Table 4 lists the linear
regression equation, with R? greater than 0.88. This good lin-
ear relationship suggested that ORP could be used to moni-
tor the electrochemical process.
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Table 4
Details of the regression model

205

Model Input parameter Output parameter R? Regression equation
Regression  Current density, original COD removal efficiency  0.8878 COD removal efficiency =
model pH, sodium sulphate -0.16276+0.00281 (current

concentration, reaction time
and ORP

density)+0.01709 (original pH)+1.5595
(sodium sulphate concentration)+0.00495
(reaction time)+9.766624E—4 (ORP)

4. Conclusions

Electro-oxidant process of 2-CP was carried out to evaluate
the impacts of operating parameters on ORP value and COD
removal efficiency. The results showed that the operating
parameters such as current density, original pH, supporting
electrolyte concentration and reaction time had great influ-
ences on ORP and COD removal efficiency. The optimal
operating parameters were current density of 15 mA cm?,
original pH of 3 and Na,SO, concentration of 0.10 mol L at
120 min. The regression equation among ORP, current den-
sity, original pH, sodium sulphate concentration, reaction
time and COD removal efficiency was established with the R*
of 0.89. These good linear relationships showed that the ORP
values were related to the removal of COD, which could be
monitored and used for electrochemical control.

Acknowledgment

The authors are grateful for the financial support
provided by the National Natural Science Foundation of
China (No: 51878614).

References

[1] Q.L. Zhang, X.Y. Guo, X.D. Cao, D.T. Wang, ]J. Wei, Facile
preparation of a Ti/a-PbO,/3-PbO, electrode for the
electrochemical degradation of 2-chlorophenol, Chin. J. Catal.,
36 (2015) 975-981.

Q. Shi, H. Wang, S.L. Liu, L. Pang, Z.Y. Bian, Electrocatalytic
reduction-oxidation of chlorinated phenols using a
nanostructured Pd-Fe modified graphene catalyst, Electrochim.
Acta, 178 (2015) 92-100.

M. Czaplicka, Sources and transformations of chlorophenols in
the natural environment. Sci. Total Environ., 322 (2004) 21-39.
M.A. Arellano-Gonzalez, 1. Gonzilez, A.C. Texier,
Mineralization of 2-chlorophenol by sequential electrochemical
reductive dechlorination and biological processes, ]J. Hazard.
Mater., 314 (2016) 181-187.

B. Shah, R. Tailor, A. Shah, Sorptive sequestration of
2-chlorophenol by zeolitic materials derived from bagasse fly
ash, J. Chem. Technol. Biotechnol., 86 (2011) 1265-1275.

S.H. Zhang, ].P. You, C. Kennes, Z.W. Cheng, ] X. Ye, D.Z. Chen,
J.M. Chen, L.D. Wang, Current advances of VOCs degradation
by bioelectrochemical systems: a review, Chem. Eng. J., 334
(2018) 2625-2637.

G.Li,Q.Y.Xu, X.Y.Jin, R.Li, R. Dharmarajan, Z.L. Chen, Enhanced
adsorption and Fenton oxidation of 2,4-dichlorophenol in
aqueous solution using organobentonite supported nZVI, Sep.
Purif. Technol., 197 (2018) 401-406.

H. Arfaeinia, H. Sharafi, M. Moradi, M. Ehsanifar, S.E.
Hashemi, Efficient degradation of 4-chloro-2-nitrophenol using
photocatalytic ozonation with nano-zinc oxide impregnated
granular activated carbon (ZnO-GAC), Desal. Wat. Treat., 93
(2017) 145-151.

(2]

(3]
(4]

(5]

6]

(71

(8]

(%1

[10]

(11]

(12]

[13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

[23]

[24]

[25]

X.Y.Duan, C.M. Zhao, W. Liu, X.S. Zhao, L.M. Chang, Fabrication
of anovel PbO, electrode with a graphene nanosheet interlayer
for electrochemical oxidation of 2-chlorophenol, Electrochim.
Acta, 240 (2017) 424-436.

J.E. Niu, D. Maharana, J.L. Xu, Z. Chai, Y.P. Bao, A high activity
of Ti/SnO,-Sb electrode in the electrochemical degradation of
2,4-dichlorophenol in aqueous solution, J. Environ. Sci., 25
(2013) 1424-1430.

M. Marcu, C. Pirvu, A. Banu, E. Vulpasu, Effect of chlorine
substitute on phenols electrooxidation studied by cyclic
voltammetry, Revista Chimie, 59 (2008) 867-870.

JH. Yoon, Y.B. Shim, B.S. Lee, S.Y. Choi, M.S. Won,
Electrochemical degradation of phenol and 2-chlorophenol
using Pt/Ti and boron-doped diamond electrodes, Bull. Korean
Chem. Soc., 33 (2012) 2274-2278.

M. Banhidi, pH and ORP. Metal Finishing, 93 (1995) 593-599.
A.J.H.Janssen, S. Meijer, ]. Bontsema, G. Lettinga, Application of
the redox potential for controling a sulfide oxidizing bioreactor,
Biotechnol. Bioeng., 60 (1998) 147-155.

B. Zhang, C.H. Yang, H.Q. Zhu, Y.G. Li, W.H. Gui, Evaluation
strategy for the control of the copper removal process based on
oxidation-reduction potential, Chem. Eng. J., 284 (2016) 294-304.
C.N. Chang, J.G. Lin, A.C. Chao, C.S. Liu, Modified Nernst
model for on-line control of the chemical oxidation decoloring
process, Water Sci. Technol., 34 (1996) 151-157.

M. Langone, R. Ferrentino, M. Cadonna, G. Andreottola,
Stoichiometric evaluation of partial nitritation, anammox and
denitrification processes in a sequencing batch reactor and
interpretation of online monitoring parameters, Chemosphere,
164 (2016) 488-498.

M.V. Ruano, J. Ribes, A. Seco, J. Ferrer, An advanced control
strategy for biological nutrient removal in continuous systems
based on pH and ORP sensors, Chem. Eng. J., 183 (2012)
212-221.

P.T. Martin de la Vega, E. Martinez de Salazar, M.A. Jaramillo,
J. Cros, New contributions to the ORP and DO time profile
characterization to improve biological nutrient removal,
Bioresour. Technol., 114 (2012) 160-167.

J.X. Song, D. An, N.Q. Ren, Y.M. Zhang, Y. Chen, Effects of
pH and ORP on microbial ecology and kinetics for hydrogen
production in continuously dark fermentation, Bioresour.
Technol., 102 (2011) 10875-10880.

C.N. Chang, Y.S.Ma, G.C. Fang, A.C. Chao, M.C. Tsai, H.F. Sung,
Decolorizing of lignin wastewater using the photochemical UV/
TiO, process, Chemosphere, 56 (2004) 1011-1017.

RFE Yu, HW. Chen, WP. Cheng, YJ. Lin, C.L. Huang,
Monitoring of ORP, pH and DO in heterogeneous Fenton
oxidation using nZVI as a catalyst for the treatment of azo-
dye textile wastewater, ]J. Taiwan Inst. Chem. Eng., 45 (2014)
947-954.

H.F. Wu, SH. Wang, Impacts of operating parameters on
oxidation-reduction potential and pretreatment efficacy in the
pretreatment of printing and dyeing wastewater by Fenton
process, J. Hazard. Mater., 243 (2012) 86-94.

C.N. Cheng, Y.S. Ma, CW. Lo, Application of oxidation-
reduction potential as a controlling parameter in waste activated
sludge hydrolysis, Chem. Eng. J., 90 (2002) 273-281.

Y.O. Kim, H.U. Nam, Y.R. Park, J.H. Lee, T.J. Park, T.H. Lee,
Fenton oxidation process control using oxidation-reduction



206

[26]

[27]

Y. Mei et al. / Desalination and Water Treatment 140 (2019) 199-206

potential measurement for pigment wastewater treatment,
Korean J. Chem. Eng., 21 (2004) 801-805.

ZR. Sun, X.F. Wei, Y.B. Han, S. Tong, X. Hu, Complete
dechlorination of 2,4-dichlorophenol in aqueous solution
on palladium/polymeric pyrrole-cetyl trimethyl ammonium
bromide/foam-nickel composite electrode, ]J. Hazard. Mater.,
244-245 (2013) 287-294.

L.L. Mcferson, Understanding ORP’s role in the disinfection
process, Water Eng. Manage., 140 (1993) 29-31.

[28] Y. Wang, Z.Y. Shen, X.C. Chen, Effects of experimental
parameters on 2,4-dichlorphenol degradation over, J. Hazard.
Mater., 178 (2010) 867-874.

[29] S. Kim, S.K. Choi, B.Y. Yoon, SK. Lim, H. Park, Effects of
electrolyte on the electrocatalytic activities of RuO,/Ti and
Sb-5nO,/Ti anodes for water treatment, Appl. Catal., B, 97
(2010) 135-141.



