
Introduction
Wastewater from fabric and yarn dyeing, textile wastewater 
discharge to surface water, dyestuff are the main source of 
emissions to the environment which impose environmental 
problems.1,2 Ten percent to 20% of reactive dyes are lost 
in industrial effluents from various manufacturing and 
processing operations, and nearly 50% of reactive dyes, due 
to hydrolysis and react with the –OH groups of water, could 
remain in the effluent during dyeing processes.3,4 Due to the 
complex structure of organic pollutants, they can hardly be 
degraded by single physical, chemical or biological treatment 
in wastewater, decolorization of wastewater polluted with 
reactive dyes is closely related to -C=C and -N=N- bond 
cleavages or heterocyclic and aromatic rings.3,5 

At present, 3 types of wastewater treatment are known, 
namely physical, chemical and biological treatments. 
Some of these methods are expensive and in some other 
the intermediate products remain in the solution and they 

may entail a similar or even higher toxicity than the initial 
compounds.6 Therefore, the use of a mixed method has been 
examined and suggested by the researchers. The pollutants 
can be removed using a special class of oxidation technique 
known as advanced oxidation processes (AOPs) that in recent 
years by the combination of several oxidation processes has 
been becoming one of the promising treatment technologies.1,6 
Sonoelectrochemistry is known as combination of ultrasound 
irradiation with electrochemistry. Ultrasound enhanced 
electrochemistry oxidation (US-EO process) is one of the 
combined technologies.1,7-11 

Using electrochemical processes as clean methods can 
result in partial or complete decomposition of the pollutants. 
Complete mineralization of organic material refers to their 
oxidation to carbon dioxide. Organic pollutants during 
electrochemical oxidation treatment are either directly 
oxidized at the anode or  indirect anodic oxidation formed 
oxidants such as Cl2 or hypochlorite, ozone, hydroxyl radicals 
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and H2O2.
12-15 However, direct anodic oxidation (or direct 

electron transfer to the anode), which yields very poor 
decontamination, due to the use of low cell voltages and 
preventing O2 evolution frequently, causes the loss of anode 
activity. The cause of decrease related to some by-products 
formed from direct anodic oxidation, which can be adsorbed 
on its surface. Hence, this procedure is not utilized for 
wastewater treatment in practice.1 Though, using the above 
mentioned oxidants and their entrance to wastewater, due to 
environmental issues, is problematic.

An ultrasonic cleaning method is one of the best procedures 
to improve electrochemical processes. One of the most well-
known effects of ultrasound is the application of acoustic 
cavitation bubbles in wastewater treatment.16 This issue is 
examined based on electrochemistry and because of high 
efficiency in decolorization and the destruction of color 
component has been studied by some researchers.8,17-20 It is 
believed that the reaction in which, the solid is metal and 
acts as a catalyst, on the solid surface, the liquid center is 
limited to the solid from one side. Hence, the liquid flow is 
pushed into the bubble from the other side and explosion is 
done. Therefore, a liquid jet is formed and targets the solid 
surface with a speed of (100 m/s).3 Moreover, the ultrasound 
irradiation (sonochemistry) for the degradation of organic 
pollutants in water and their undesirable effects in the water 
environment has been studied.

Irradiation of water using ultrasound causes decomposition 
of water molecules into extremely reactive radicals, such as 
H• and OH•.15 Therefore, combining these 2 methods in the 
presence of hydrogen peroxide not only may increase the 
generation of OH free radicals but also improve electro-
oxidation reactions of anode electrode in electrochemical 
method, so that these factors are efficient in decolorizing 
from dyestuff solutions.11 On the other hand, the combination 
of the 2 methods in the absence of hydrogen peroxide, by 
considering the specific effects of ultrasound on the electrode 
surface, the efficiency of the electrode in dye oxidation would 
be increased. In addition by removing hydrogen peroxide in 
the interaction, the decolorization rate, and chemical oxygen 
demand (COD) removal would also be optimized. In this 
context, the decolorization ability of sonoelectrochemistry 
for the removal of a reactive dye (Reactive Orange 122 
(RO122) from contaminated solutions and the optimum 
conditions of this process were studied. Besides, microbial 
toxicity test assessed the toxicity of intermediates produced 
by this method. The aim of this study is to achieve, an efficient 
technology for the treatment of textile effluent. 

Materials and Methods
The C.I. (Color Index) RO122 is shown in (Figure 1) purchased 
from Korean Rifazol Company and used as received without 
further purification. All the chemicals used purchased from 
Merck (Germany). To prepare a stock solution of RO122 with 
a concentration of 100 ppm, 10.0 mg of dye was diluted in 100 
mL of distilled water. The buffer solutions made from acetic 
acid (pH = 1.0) and H3PO4 +NaH2PO4 (pH = 2.0-9.0). These 
pH values were adjusted to 0.1 molL-1 of acetic acid or H3PO4 
with 2.0 molL-1 NaOH.

Configuration of 3 electrode electrochemistry and 
sonoelectrochemistry techniques of a 3-electrode 
accomplished by Electro Analyzer Apparatus model Sama’e 
500 from Research Center of Iran. In the present study, 
Carbon electrode was used as a working electrode, platinum 
with a superficial area of approximately 2 cm² was applied as 
an auxiliary electrode and saturated calomel electrode (Azar 
Electrode Co, Iran) was the reference electrode. 

The ultrasound bath has 2 transducers located at on the 
bottom of the bath case, at the frequency of 35 kHz with 
the maximum power of 150 W. For sonoelectrochemical 
procedure, the electrochemical cell was placed in an ultrasonic 
bath. Sonication was achieved at low frequencies (35 kHz) 
using Vicenza ultrasound E Euronda S.P.A model, 4D (Italy) 
with 2 ultrasound transducers under the steel container of the 
bath case. The average power output of the generator was 150 
W/cm2. Moreover, glass vessel reactor was applied and the 
electrochemical cell was placed into the ultrasonic bath for 
sonoelectrochemical procedure (Figure 2).

A UV-Vis spectrophotometer “Varian Cary 100 model 
(Australian)” was used for the determination of dye 
concentrations at the maximum of absorbance, and the 
amount of residual C.I RO122. The pH measured with a 
Metrohm model 691 pH/mV meter.

In the following steps, 0.5 mL of RO122 (100 mgL-1), 5.0 mL 
buffer solution (pH= 7.0) and 15 ml H2O2 (10 molL-1) were 
added to 50 mL volumetric flask and diluted to the volume 
with double-distilled water. Solutions were treated using the 
3-electrode electro analyzer for 90 minutes at 1.05 V potential 
to the working electrode. Likewise, decolorization of the dye 
was done in the ultrasonic bath with 35 kHz frequency by the 
3-electrode electro analyzer for 90 minutes at 1.05 V potential 
to the working electrode.

The following equation was used to determine the 
percentage of decolorization:
Percent of decolorization = (1 – Ct/C0) × 100                   (1)

In this equation, Ct is the dye concentration after degradation 
process and C0 is the primary concentration of the dye. 

The process of removing organic pollutants by 
microorganisms called bioabsorbtion, or biodegradation. In 
the present study, we have examined, the biodegradability of 
intermediates derived from the destruction of RO122 color 
by the sonoelectrochemistry in the presence of nano TiO2. 
For this purpose, the toxicity dye solution using Pseudomonas 
aeruginosa (PTCC 1707) preparation of Iranian Biological 
Recourse Center (IBRC) were studied.

Figure 1. The Chemical Structure of C.I. Reactive Orange 122.
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Considering, the selected bacterium was not exposed to 
RO122 previously and is normally/mainly destroyed when 
exposed to a colored solution, the bacterial rejuvenation 
process to the color and the determination of the optimum 
conditions for the growth of the bacteria carried out by the 
use of a single-agent method. For this aim, some agar nutrient 
culture was made and, before pouring into the culture, 
100 mgL-1 of dye was measured and added to the culture. 
Subsequently, medium shrinkage was done in a completely 
sterile condition, and the bacterium was fed linearly on the 
medium. Then, plates were incubated at 37°C for 24 hours. 
After 24 hours, resistant colonies grew on a dye-containing 
media.

In order to prepare pH 5 to 9, the pH meter was used and 
chloride acid and sodium hydroxide were added to culture 
medium. Thereafter, the bacterium was cultured in the 
media. After 24 hours, 50 mg of RO122 was added to culture 
medium, and the optimal condition of biodegradation by 
bacteria was investigated. Therefore, the optimum pH of 
culture was considered (pH = 8) and remained fix during the 
experiment. 

At the next step, 4 mL of samples were taken within 72 (3 
days) interval at 32, 34, 36, 38 and 40 hours and centrifuged 
at 4000 rpm for 10 minutes. The solid-liquid phase separation 
was done and the absorbance of the supernatant and the dye 
decolorization percentage was determined. To evaluate the 
effect of color concentration on the rate of decomposition 
by the bacteria, dye concentrations of 25-125 mgL-1 were 
prepared. The amount of dye presented in the medium 
after optimal time in the optimum pH was analyzed using 
spectrophotometric apparatus. To evaluate the effect of 
temperature on decolorization of orange dye by bacteria, 
the remained dye after 54 hours in temperatures of 32, 34, 
36, 38, and 40°C was analyzed. In the final stage, the rate of 
decolorization by the bacterium in optimum conditions was 
calculated.

To perform toxicity testing, the test solutions were prepared 
before and after the decolorization process. Then, the reinforced 
bacteria were agglomerated under optimal conditions of pH = 
8, temperature 38°C and 48 hours on the initial color solution 
and solutions after the decolorization process.

Results
Figure 3 indicates the effect of adding different concentrations 
of H2O2. As illustrated in Figure 3, major improvements 
have been made in response to increasing oxidizing agent 
concentration up to certain value. However, the maximum 
dye decolorization occurred with the addition of 3 molL-1 of 
hydrogen peroxide. The results showed that after 60 minutes 
the decolorization rate in the presence of hydrogen peroxide 
is higher than its rate in the absence of such substance. 
Though, the decolorization rate for both methods remains 
approximately the same over time.

The effect of pH on the decolorization reaction was 
investigated in different pH values. We prepared solutions 
with a concentration of 10 mgL-1 at different pH values 
with the input potential of 1.05 V after 90 minutes. Figure 
4 indicated the behavior of solution in the presence of H2O2 
with concentration of 3 molL-1 and the absence of H2O2 
The pH 7.0 was considered as optimized pH value, since, 
decolorization pH rate was increased in both cases up to 7.0 
and subsequently it was decreased. However, by comparing 
Figure 4A and 4B at 90 minutes, it can be concluded that the 

Figure 3. The Effect of H2O2 Concentration on Decolorization 
Efficiency, Dye Concentration 10 mgL-1, Sonication Time 90 minutes, 
and Sonoelectrochemistry Method Input Potential of 1.05 V and pH 
7.0.

Figure 2. Experimental Setup of Sonoelectrochemical System. 1. Ultrasonic bath; 2. Three electrode Electro Analyzer Apparatus; 3. Glass vessel as 
the electrochemical cell; 4. Carbon electrode (working electrode); 5. Platinum plate electrode (auxiliary electrode); 6. Saturated calomel electrode 
(reference electrode); 7. Computer control.
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decolorization rate in the presence of hydrogen peroxide is 
higher than in the absence of it.

The effect of initial RO122 concentration was investigated 
at different levels, including 10, 50, 100 and 150 mgL-1 and the 
obtained results are indicated in Figure 5. As shown in Figure 
5, with increase in the dye concentration, the decolorization 
percent is reduced.

Different potentials (0.25, 0.5 and 1.05 V) were applied to 
carbon active electrode. From Figure 6A and 6B it can be seen 
that the increasing electric voltage, lead to increasing of dye 
degradation in the reaction systems. Higher applied potential 
causes destruction of the working electrode. So, 1.05 V was 
selected for further investigations. Figure 6A and 6B indicate 
an increase in voltage, lead to increase of dye degradation, and 
thus, the highest possible voltage was picked out.

In addition, the cyclic voltammogram of RO122 solution 
(10 mgL-1) at pH = 7.0 in surface of glassy carbon electrode 
(Figure 7) indicated that the oxidation of RO122 is an 
irreversible process. Indeed, when colored solution is 
exposed to an electric current, the oxidation took place at 
the anode oxidation procedure of the RO122 dye does not 
have any return in cathode electrode at all. Therefore, the 
decolorization of such dye can be done properly in a cell 
with working, auxiliary and reference electrodes, and does 
not need anode and cathode cell separation. Considering 
this matter, even by eliminating hydrogen peroxide of the 
reaction, the decolorization rate was acceptable. In addition, 
this graph shows that, oxidation potential of the dye is about 
1.05 V that confirms results obtained.

The degradation products derived from sonoelectrochemical 

Figure 4. The Effect of pH on Decolorization Rate Dye Concentration 
10 mgL-1, Sonication Time 30 Minutes, Sonoelectrochemistry Method 
Input Potential of 1.05 V, (A) in the Presence of 3 molL-1 H2O2, (B) in 
the absence of H2O2.

Figure 5. The Effect of Initial Dye Concentration on Decolorization 
Rate Sonication Time 90 Minutes, Sonoelectrochemistry Method Input 
Potential of 1.0 V and pH 7.0, (A) in the Presence of 3 molL-1 H2O2, (B) 
in the Absence of H2O2.

Figure 6. Voltage Effect on Decolorization Rate Dye Concentration 10 
mgL-1, Sonication Time 90 Minutes and pH 7.0, (A) in the Presence of 
3 molL-1 H2O2, (B) in the Absence of H2O2.
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process in absence of hydrogen peroxide can be detected by 
gas chromatograph–mass spectrometer (GC/MS). Therefore, 
the degradation products were identified using GC–MS 
an Agilent 7890A gas chromatography coupled with an 
Agilent 5975C inert MSD with Triple-Axis Detector (Agilent 
Technologies, Palo Alto, CA). The Sample was collected from 
end stage and was conducted according to the procedure 
reported in the literature.21

The COD removal percentage for both methods with and 
without the use of hydrogen peroxide was studied. As it is 
shown in Table 1, in the method in which decolorization 
was done in the presence of hydrogen peroxide, the amount 
of COD recovery at 90 minutes was about 70% and in the 
absence of hydrogen peroxide, the amount of COD removing 
improved to 95.5% at 90 minutes.

By examining the biodegradability of intermediate materials 
derived from color degradation in sonoelectrochemical 
methods, both in absence and presence of hydrogen peroxide 
indicated that bacterial growth was appropriate in the absence 
of hydrogen peroxide, while Pseudomonas bacteria had no 
growth in the initial color solution. The results of this test are 
displayed in Figure 8.

Discussion
Many studies have been conducted to find suitable bacteria 
for the removal of reactive colors, particularly those with 
astringent structure, from textile wastewaters.22-28 The toxicity 
of wastewater due to high variety of colors and low capacity 
of removing color microorganism is a crucial problem which 
affected many living microorganisms.

Thus, by using the sonoelectrochemistry method, which 
is a subset of advanced oxidation methods, it is possible to 
facilitate the destruction of the astringent structure RO122 
color with a convenient time, low cost, and improve the 
activity of a wide range of living microorganisms.

The conducted microbial test indicated that, in the 
sonoelectrochemistry method, the dye molecules have 
been degraded and produced intermediates which can 
be dissipated and consumed by microorganisms in the 
environment. Though, in the presence of hydrogen peroxide 
in sonoelectrochemistry method, the process of color 
degradation of color molecules has been done properly. 
It seems that the presence of hydrogen peroxide in the 
environment, damage to bacterial growth. Therefore, the 
sonoelectrochemistry method can easily improve the desired 
textile wastewater purification by combination with biological 
methods.

Oxidation hydrogen peroxide is one of the well-known AOP 
methods for wastewater decolorizatio.4 Ultrasonic irradiation 
in aqueous solution, includes the formation of free radicals as 
a consequence of cavitation. The thermal decomposition of 
the water vapour and H2O2 in a cavitation bubble leads to the 
formation of HO, H and HOO radicals.29

According to Figure 9 we can predict the mechanism of the 
reaction of the hydrogen peroxide in colored solution based 
on the results of GC/MS.

The physical effects of ultrasound improve the decolorization 
rate by enhancing the electrocatalytic oxidation and the 
production of free radicals, derived from additional hydroxyl 
radical to react with the substrate.4,8,18-20,29,30 Hydrogen 

Figure 7. Cyclic Voltammogram pH 7.0 and Dye Concentration 10 
mgL-1 of C.I Reactive Yellow.
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Table 1. The Comparison of COD and Decolorization With and Without Use of H2O2

Method
Optimum Conditions

COD Removal % Decolorizaton %
Time (min) H2O2 (mgL-1) Potential (V) pH Dye (mgL-1)

Sonoelectrochemistry with H2O2 90 3 1.05 7 10 70 99

Sonoelectrochemistry without H2O2 90 0 1.05 7 10 95.5 97

 

Figure 8. (a) Results of microbial test of initial color solution in optimal conditions and time of 48 hours; (b) Results of microbial test of the color solution 
treated with sonoelectrochemistry in optimal conditions and 48 hours; (c) Results of microbial test performed with Sonoelectrochemistry/hydrogen peroxide 
method under optimal conditions and 48 hours
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peroxide increases the formation rate of hydroxyl radicals in 
2 ways. The reduction of H2O2 at the conduction band and/
or the self-decomposition as a result of ultrasound irritation 
would produce hydroxyl radicals.4,29-31

Sonoelectrochemical degradation in absence of H2O2, 
lead to acceptable better results compare in the presence of 
oxidizing agent after 90 minutes of the decolorization time. 
Degassing of the electrode surface by ultrasound prevents gas 
bubble accumulation interfering with the passage of current 
and agitation (via cavitation) at the electrode surface, assists/
boosts ion transport across the electrode double layer during 
the electrochemical process and also reduces ion depletion in 
the diffusion layer.32

The mechanism of ultrasound action in the solution is 
directly related to cavitation, the microbubbles formed 
by ultrasound affect soluble materials. The breakdown of 
microbubbles cause formation large shear forces in the fluid 
surrounding the bubble, which lead to breaking the chemical 
bond in the dissolved polymer materials in the liquid, on the 
other hand, by producing a microbubble, 3 regions including 
the inside of the bubble, the interface between the liquid-gas 
and the perimeter of the bubble, were formed, each of them 
had effect on solution. Therefore, the inside of the bubble can 
be considered as a high energy microreactor.

Due to the chemical change of internal molecules of the 
cavity bubble lead to the formation of OH and H radicals in 
the gas phase. Heat affected all of the components which used 
in the reaction with a radical hydroxyl liquid and caused a 
chemical change.33 During ultrasound radiation, the small 
amounts of OH radicals are produced in the bubble, which 
conducted an additional reaction and produced H2O2. At the 
interface between the liquid-gas, a similar reaction occurs 
within the bubble, but the reaction occurs in the aqueous 
phase.34 The highly oxidizing species OH or with other mild 
species in the bubble is reacted or is gone into solution.35

Radicals introduced into the solution are reacted with 
other molecules and new radicals or oxidants dispersed in the 
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Figure 9. The Mechanism of the Reaction of Degradation of RO122. 

 

The physical effects of ultrasound improve the decolorization rate by enhancing the 

electrocatalytic oxidation and the production of free radicals, derived from additional hydroxyl 

radical to react with the substrate.4,8,18-20,29,30 Hydrogen peroxide increases the formation rate of 

hydroxyl radicals in two ways. The reduction of H2O2 at the conduction band and/or the self-

decomposition as a result of ultrasound irritation would produce hydroxyl radicals.4,29-31 

Figure 9. The Mechanism of the Reaction of Degradation of RO122.

liquid. Subsequently, free radical release and burning in liquid 
occur on a hot bubble shell. The reaction region has a little 
polarization, so it allows the hydrophobic solutions to be easily 
accumulated.36 Here are some subjects to be considered.37

The OH radicals introduced into the liquid produced in the 
bubble which is found transiently in the liquid, and the H2O2 
are also generated by reacting OHs at the interface between 
the liquid-gas surfaces. However, in the sonoelectrochemistry 
reaction, auxiliary oxidation solution such as hydrogen 
peroxide is reacted with the radicals and high-level material in 
solution. Though, the conditions in which hydrogen peroxide 
oxidizing agent was not used, hydroxyl radicals and hydrogen 
peroxide produced by ultrasound involved to a reaction with 
the materials inside the solution.

The pH value is a critical parameter in determining the 
performance of sonoelectrochemical processes. At normal 
conditions, the main anion is OH−, which changes into OH• 
radical by losing electron on the anode surface. The ultrasonic 
waves increase transfer of OH− ions towards anode, and the 
increased production of these OH•, eventually, enhance the 
oxidation process of RO122.38-40 

Higher hydrophobic compounds are more easily 
decomposed by the hot cavitation’s bubbles and/or OH• 
radicals, formation from the water and H2O2 sonolysis.41

Moreover, by increasing the dye concentration, 
Decolorization percent is decreased. This behavior is one of 
the characteristics of AOP.42 The decrease in the decolorization 
efficiency in sonoelectrochemical method might be because 
of: (I) high concentration of dye, lead to enhances the number 
of dye molecules, but didn’t has effect on the OH radical 
concentration; therefore, the removal rate becomes low; (II) 
with the increase in initial dye concentration, the cavities and 
OH approached saturation; (III) increase in concentration, 
increase the possibility of the generation of more inorganic 
anions which may challenge the organic species for the 
reaction with OH radicals.41

One of the features of advanced oxidation systems is the 
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reduction of the decolorization percentage in while the initial 
dye concentration is high. Therefore, the increase of in the 
number of dye molecules to the presence of OH radical in 
the solution. Another important point is, the possibility of 
production of mineral anions and their competition with 
organic species in the reaction with high OH radicals.

Conclusions 
In this study, the use of sonoelectrochemistry in presence and 
absence of H2O2 in decolorization of the C.I RO122 with azoic 
base was examined. The sonoelectrochemistry method is able 
to completely decolorize this colored solution using H2O2 at 90 
minutes, and COD removal is about 70%. The obtained results 
indicate that, factors such as hydrogen peroxide concentration, 
colored solution concentration, and pH and the input voltage 
has an effect on this method. With optimizing the mentioned 
parameters, sonoelectrochemical in the absence of H2O2 is 
capable of decolorizing 97% at 90 minutes and have the COD 
of 95.5%. Based on the results of this experiment, hydrogen 
peroxide and the radicals derived from it remain stable to the 
end of the reaction, which cause a reduction in COD removal, 
On the other hand, the analysis of bacterial growth treated 
with sonoelectrochemistry showed that, in the presence of 
hydrogen peroxide, the number of bacteria decreased which 
is not acceptable for the environment. As the desired dye only 
participates in anode oxidation reaction, its decolorization 
by the use of sonoelectrochemistry method in the absence of 
H2O2, considered as an applicable method.
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