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Abstract
In this study, the degradation of crystal violet (CV) was investigated by different oxidation processes; ozone (OZ), peroxone 
(PO), electrolysis (E), electrolysis/H2O2 (ECP), electroperoxone (EPO), and electrolysis/peroxene/H2O2 (EPOP). Main 
parameters including contact time, pH, CV concentration, and effect of scavengers were studied. The results showed that 
all processes were capable of CV decolorization. Among these processes, peroxone and electrolysis/peroxene/H2O2 with 
efficiency about > 90% were more effective than other ones. A significant decrease in oxidation rate of CV was observed 
by adding scavengers. This fact was due to higher affinity to react with free radicals. To confirm degradation of CV, FTIR 
spectra and nitrate ion level were taken. Also, to recognize toxicity the treated wastewater was tested against coliform bac-
teria. Growths of Escherichia coli in EMB medium were observed. As a result, it confirms that the treated effluent can be 
discharged to environment.
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Introduction

The triphenylmethane dyes have been extensively used for 
histological stain and especially Gram’s Method of clas-
sifying bacteria. Also, they are used as a versatile dye in 
much industrial application like textile processing industries 
(Parshetti et al. 2011). Crystal Violet (CV), also called as 
gentian violet, is a species of triphenylmethane colors that 
is widely used for paper printing, gram staining, detergents, 

antiseptic (e.g., ringworm and athlete’s foot), anti-freezers, 
fertilizers, and leather (Harifi-Mood and Hadavand-Mirzaie 
2015).

Colored effluents discharging into the environment 
such as water resources create a major concerning its 
toxic effect to aquatic flora and fauna (Liu et al. 2004). 
Therefore, to prevent the adverse effect on biota, they 
should be treated before disposing to ecosystems. Vari-
ous techniques including physiochemical and biological 
processes such as oxidation, advanced oxidation, adsorp-
tion, coagulation, membrane filtration, electrochemical 
processes, and ultrasonic irradiation have been suggested 
for degradation of synthetic dyes (Chou et  al. 1999). 
Generally, biological processes are less effective on dyes 
because of inherent characteristics of dyes such as toxic-
ity, high weight, and strong molecular bonds (azo bonds) 
(Lee et al. 2006). Recently, advanced oxidation processes 
(AOPs) have been considered as an effective and strong 
process for wastewater treatment because of the involved 
oxidative radicals (Comninellis et al. 2008). Ozone and its 
combination with other oxidation have been recommended 
for dye and organic material degradation. Under higher 
pH, ozone is decomposed into hydroxyl radicals leading 
to the destruction of dyes molecules. However, for enough 

 * Hooshyar Hossini 
 hoo.hosseini@gmail.com

1 Students Research Committee, Kermanshah University 
of Medical Sciences, Kermanshah, Iran

2 Departement of environmental science, faculty of science, 
University of Zakho, Kurdistan region, Iraq

3 Research Center for Environmental Determinants of Health 
(RCEDH), School of Public Health, Kermanshah University 
of Medical Sciences, Kermanshah, Iran

4 Department of Environmental Health Engineering, Faculty 
of Health, Kermanshah University of Medical Sciences, 
Kermanshah, Iran

5 Department of Chemical Engineering, University 
of Kurdistan, Sanandaj, Iran

http://orcid.org/0000-0002-4049-9235
http://crossmark.crossref.org/dialog/?doi=10.1007/s13201-020-01252-w&domain=pdf


 Applied Water Science (2020) 10:168

1 3

168 Page 2 of 10

degradation, the ozonation (OZ) needs more time. To give 
better results, the ozone is integrated with another oxida-
tion agent (De Witte et al. 2009). One combination method 
applied for this purpose is a peroxone (PO) process, which 
uses ozone and peroxide hydrogen. This combination has 
a strong synergistic effect on pollutants and organic mat-
ters that mainly occur due to the generation of hydroxyl 
radicals (Bakheet et al. 2013). To emphases on the advan-
tage of combination, (Al-Qodah et al. 2018) revealed that 
the combination of electrochemical with another process 
enhances the removal efficiency of water pollutants. They 
provided a good literatures review on increasing better 
pollutant removal efficiency when ozone-assisted electro-
coagulation is used. This process can be integrated with 
electrolysis by which consumption of hydrogen peroxide 
can be decreased or even omitted. Referring to the litera-
ture, electroperoxone (EPO) significantly has shown the 
ability to degrade and mineralize organic matter and high 
weight molecules such as synesthetic dyes. The integration 
of EC with a free radical producing process has been noted 
as a new promising and strong procedure (Al-Qodah and 
Al-Shannag 2019).

Generally, in electrochemical-based process, electrode 
material, size, and their arrangement are the important 
parameters affecting the progress of reaction (Adhoum and 
Monser 2004). Same authors reported that the effective-
ness of EC for organic degradation depends on the nature 
of the anodes and there is a poor current efficiency for 
traditional electrodes, such as graphite and nickel (Rodg-
ers and Bunce 2001, Feng and Li 2003, Chen 2004). Li 
et al. demonstrated that the same electrode materials such 
as Ti/SnO2-Sb, Ti/RuO2, and Pt could be used for the deg-
radation of organic compounds such as phenol (Li et al. 
2005). Also, the cathode material is considered by many 
parameters including lower costs, stability in acidic and 
alkaline mediums, and low interior resistance for an elec-
trical crossing charge. Chou and et al. have shown that the 
highest initial current efficiency is provided using steel 
cathode in contrast with graphite, titanium, and lead. 
Moreover, using this cathode, greater ferrous ions are pro-
duced and subsequently higher degradation rate of organic 
compounds occurs (Chou et al. 1999).

Platinum and platinum group metals have wide applica-
tions because of their unique properties such as stability, 
high resistance, melting points, and electrical conductivity. 
Moreover, this group is considered as rare metals and price-
less material on the world. Hence, they can be permanently 
used after application.

The aim of this study is a comparative study to investigate 
the decolorization of CV based on different AOPs methods 
including ozone (OZ), peroxone (PO), electrolysis (E), elec-
trolysis/H2O (EP), electroperoxone (EPO), and electrolysis/
peroxone/H2O2 (EPOP).

Materials and methods

Standards and reagents

Crystal violet (CAS number: 548-62-9) with empirical 
formula  C25H30ClN3 was prepared from Sigma-Aldrich 
company (Germany). Other reagents such as methanol 
(≥ 99.9%), sodium acetate, EDTA, sodium bicarbonate, 
NaCl, NaOH, HCl,  H2O2 (35%) were provided in analytical 
grade and Merck Group Company (Germany). The chemi-
cals were utilized without further purification.

Experimental setup

The oxidation experiments were carried out in a batch cov-
ered cylindrical reactor (Pyrex) with a height of 15 cm and 
an inner diameter of 10 cm. Ozone was prepared in dry air 
(Aqua) by an in situ ozone generator with continuously bub-
bling and a constant dose (2 mg/L.min).

To initiate the electrolysis-based oxidation, a DC power 
supply (TEK-8051, 30 V, and 5 A double) was used and a 
constant current of 100 mA was applied. A pair of elec-
trodes, a platinum rod (height of 18 cm and diameter of 
2 mm) was used as the anode and stainless steel wool was 
installed as the cathode with a distance of 2.5 cm from the 
reactor. The steel wool was fixed on a cylindrical plastic 
mesh, and platinum was placed. To better mix the reactor 
contents, a magnet starrier (Alfa, HS-860) was used.

In order to remove the exhausted ozone, an activated 
carbon Plexi column (with a height of 40 cm and an inner 
diameter of 6 cm) was designed. To improve the electrical 
conductivity of the colored solution, 100 mg/L of sodium 
chloride was added directly as supporting electrolytes.

All experiments were carried out at room temperature 
(i.e., 22 ± 3 °C). The pH of colored solution was determined 
using a pH meter (i.e., HATCH), and the desirable pH was 
adjusted by a 1 M NaOH and 1 M HCl solutions. Finally, to 
determine the scavenging influences, 100 mg w/v of metha-
nol, sodium acetate, EDTA, and sodium bicarbonate were 
used under optimal conditions.

Analysis

During decolorization by the OZ, PO, EPO and EPOP pro-
cesses, samples were collected from the reactor at differ-
ent reaction times of 5, 10, 15, 20, 25, 30, 45, and 60 min. 
Then, to avoid the analysis errors from sampling until the 
determination of CV residuals, 1 mL methanol was interred. 
This was done due to scavenging the existing free radical 
in sampled volume and further oxidation. The CV residual 
concentrations in the solution were measured spectroscopy 
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through UV–visible spectrophotometer (Rayleigh UV 9200, 
China) at 600 nm. The removal efficiency percentage rate 
was calculated using the following equation. Also, the appar-
ent decolorization rate was determined based on general 
first-order kinetics. 

To understand the degradation of CV, FTIR spectra 
were taken using infrared spectrophotometer (Tensor 27, 
Bruker, Germany). To prepare the samples, a volume of 
about 500 ml was dried for each run and a dried powder 
was analyzed.

Toxicity test

To ensure the reliability of the results, detoxification test of 
treated wastewater was considered. The experiment was per-
formed by adding the Coliform group bacteria to 0.5 ml of 
treated wastewater. Then, the bacteria were cultured on EMB 
agar medium and incubated for 24 h at 35 °C. The Coliform 
bacteria were harvested from a previously prepared positive 
EC brace medium. Next, certain amounts of positive sample 
were transferred to EMB medium. Finally, the growth ability 
considered as a reduction of CV toxicity. Also, the toxicity 
of untreated was investigated as blank.

Result and discussion

Time determination

Figure 1 presents the effect of OZ and PO on CV removal 
efficiency. As can be seen, the PO is so faster and effec-
tive than OZ alone. Decolorization of CV using OZ was 
limited in the first 20 min, and then, the CV concentration 
was declined exponentially. Additionally, about 40% of the 
CV was decolorized after 30 min of ozone treatment, while 
about 80% of the CV was reduced at this time using the 
PO. In comparison, Wijannarong et al. (2013) reported that 
only OZ is not able to completely remove reactive dyes such 
that just about 90% of primary concentration was decolor-
ized at 6 h (Wijannarong et al. 2013). These results possibly 
occurred due to the delay in ozone decomposition in aqueous 
solution and consequently postponing the chain mechanism, 
which is combined with initiation, propagation, and termina-
tion (Wijannarong et al. 2013). Simple ozone decomposition 
and model decomposition were described by (Hoigné et al. 
1985, Wijannarong et al. 2013).

Ozone is stable at lower pH (Acar and Ozbelge 2006) and 
thus inhibits ozone decomposition with regard to unadjusted 
initial pH (6.8 ± 0.1) of CV solution. Also, the presence of 
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some ions like  OH− can enhance the decomposition of ozone 
by launching the chain mechanism. Therefore, the acidic 
medium can make a lag phase during OZ process. Further-
more, in the presence of  OH−, the ozone decomposition is 
started as Eq. (2), which takes place very slowly by a con-
stant rate of 70 M−1s−1(Wijannarong et al. 2013).

As previously mentioned, the ozone decomposition is 
enhanced in the presence of other oxidant agents such as 
UV, catalyst, or hydrogen peroxide. In the case of hydrogen 
peroxide, which is used with ozone, the chain reactions ini-
tialize. Launching by  HO2

−, which is arising from partial 
ionization of hydrogen peroxide, can be described as the 
following equations (Acar and Ozbelge 2006, Al-Qodah and 
Al-Shannag 2019): 
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Fig. 1  Effect of OZ and PO on CV decolorization a first-order kinetic 
evaluation b [condition: reactor volume 500  cc and 70  rpm, unad-
justed pH, initial CV concentration 50 mg/L, ozone 2 mg/L. min, and 
 H2O2 15 mmol/L]
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Because  of  t he  h igher  reac t ion  ra te  o f 
 HO2

− (k = 2.8 × 106 M−1s−1) than  OH−, PO is more efficient 
than ozone. The first reaction rate of PO is 40,000 times faster 
than OZ alone.

To determine the overall decolorization rate of OZ and PO, 
the first-order kinetic was considered (Rezaee et al. 2016):

where  C0 and  Ct are the CV concentrations at the beginning 
of the decolorization process and after time t, respectively. 
Also,  k1 is the constant of first-order kinetics. Figure 1b 
presents the values of k1  (min−1) and its correlation coeffi-
cients (R2). To better understand the reaction rate, the  k1 was 
determined separately for the delay phase of OZ oxidation 
(0–20 min) and active period time 20–60 min. It is obvious 
that the delay phase did not have any progress (according 
to zero slopes). But, later, the rate of OZ oxidation reached 
0.0368 min−1. In comparison, the PO was faster and stronger 
than OZ by a higher amount of  k1, i.e., 0.0696 min−1. Also, 
higher kinetic correlation coefficients (i.e., R2

OZ
= 0.933 and 

R
2

OP
= 0.996 ) indicated good conformity between first-order 
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kinetics and oxidation data. Additionally, according to the 
 k1,OP and  k1,oz (for time 0–60 min), it is clear that the perox-
ene oxidation rate is 2.45 time greater than OZ alone.

At the time of 60 min, the decolorization efficiency was 
about less than 80% and more than 98% for OZ and PO pro-
cesses, respectively. Since the greatest removal rate of CV 
was achieved about 30 min, the end of other experiments 
was set at 30 min.

Comparison different combination: EC, EP, EPO, 
EPOP

The oxidation ability of electrolysis and its combination with 
ozone and hydrogen peroxide were investigated. As shown 
in Fig. 2, there is the potential oxidation of the electrochemi-
cal process and its different arrangements with ozone and 
 H2O2. It is obvious that the combination arrangements pro-
vided better results. The combinations of electrolysis with 
ozone and  H2O2 including EP, EPO (electrolysis/O3 or elec-
troperoxone), and EPOP were more effective. The residual 
amounts of CV at the end of the process for electrochemi-
cal, EP, EPO, and EPOP were determined about 45.5 mg/L, 
14.6 mg/L, 19.33 mg/L, and 7.36 mg/L, respectively. This 
result showed that higher decolorization efficiency is pro-
vided when using EPO (70%) and EPOP (85.3%).

At an equilibrium relationship,  H2O2 dissociation to 
hydroperoxide ions  (HO2

−) can be described as Eq. (12) 
(Acar and Ozbelge 2006). However, in the presence of a 
sufficient amount of  H2O2, the equilibrium produces more 
 HO2

−. Since the needed hydrogen peroxide for EPO process 
is generated from electrolysis, its generation rate is limited. 
As a result, the better degradation of CV was observed when 
adding hydrogen peroxide externally.

Moreover, to achieve an efficient decolorization, the 
appropriate ratio of  H2O2 to ozone should be available. 

(12)H
2
O

2
↔ HO

−

2
+ H

+

Fig. 2  Effect of electrolysis and 
its combinations with ozonation 
and peroxone on CV decol-
orization [condition: reactor 
volume 500 cc and 70 rpm, 
applied current 0.1 A, NaCl 
100 mg/L, unadjusted pH, ini-
tial CV concentration 50 mg/L, 
ozone 2 mg/L. min and  H2O2 
15 mmol/L]
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However, productive or external  H2O2 can be as main lim-
iting agent for PO and peroxone-based reactions. Also, it 
is of note that the excessive amount of hydrogen peroxide 
acts as a scavenger and consequently the efficacy of process 
due to self-consumption of free oxidative radical is dimin-
ished (Glaze 1987). Although among the electroperoxone 
processes the highest efficiency was related to EPOP, the 
classic PO showed better performance. This fact can result 
from the adequate and adjustable ratio of  H2O2 to  O3 and 
also the absence of electrolysis products such as oxygen or 
undesirable released anodic materials.

The effect of different parameters

Effect of pH

The pH is one of the main controlling parameters of the 
chemical and biochemical treatment processes such as 
advanced oxidation and biological processes. Figure 3a and 
b shows the effect of initial pH and its role in PO and EPOP 
processes.

As shown in Fig. 3a, it is evident a higher pH (pH 7 and 
9) is more effective on the oxidation processes and more 
than 98% of removal efficiency was obtained at time of 
5 min. Also, it can be seen that at pH 5 the PO has the low-
est efficiency with about 50% removal efficiency.

According to Fig. 3b, the maximum dye degradation was 
82.7% when the pH was adjusted at 9. Because the CV has two 

acid dissociation constants (i.e.,  pKa1 5.31 and  pKa2 8.64), it 
is expected that the decolorization of CV at higher than these 
amounts is more effective. Therefore, higher removal of CV at 
basic pH matches with dissociation constants. Also, the cati-
onic structure of the CV favors decolorization at higher pH 
values (Sihem et al. 2008). Acar and Ozbelge (2006) reported 
determined the maximum and lowest ozone concentrations 
at pH 2.5 and pH 10, respectively (Acar and Ozbelge 2006). 
Also, they found that a faster decomposition rate of ozone is 
related to basic pH in an aqueous medium. These results dem-
onstrate that the basic pH can prompt the PO-based oxidation 
processes. Zhang et al. (2010) showed that with an increase in 
the pH value, the rate of H2O2 decomposition increased and, 
as a result, more free radicals would be generated. This fact 
can be described through Eqs. 13 and 14:

Also, it can be noted that at low pH levels, protons can be 
scavenged by the hydroxyl radical as Eq. (15), leading to a 
decrease in CV decolorization rate.
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Fig. 3  Effect of pH on peroxone 
a and e-peroxone/H2O2 (b) 
efficiency [condition: reactor 
volume 500 cc and 70 rpm, 
applied current 0.1 A, NaCl 
100 mg/L, initial CV concentra-
tion 50 mg/L, ozone 2 mg/L. 
min and  H2O2 15 mmol/L]
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Effect of initial CV concentration

The effect of initial CV concentration in PO and EPOP pro-
cesses is shown in Fig. 4. The results demonstrate that the 
PO is more effective on CV removal rather than the EPOP 
process. Figure 4a illustrates the ability of the PO process 
on a different level of CV concentrations. According to this 
figure, at the end of the considered time of 30 min, all con-
centrations (25–200 mg/L) were decolorized approximately. 
However, the EPOP process was not able to degrade CV 
under the same condition. In comparison, the removal effi-
ciency percentage was determined for EPOP process about 
61 to 90%, where the overall decolorization efficiency for 
PO was more than 98%.

Based on Fig. 4b, it is seen that the removal rate of CV 
is not limited by dye concentrations, owing to the same 
oxidation pattern of all concentrations (25 to 200 mg/L). 

Also, the removal pattern for each process is a different 
one from another. These results revealed that the amounts 
of available  H2O2 and consequently  OH2

− are limiting fac-
tors in this process. As a result, it observed that the PO is 
able to decolorize any interring concentration and there 
limiting factor can be restricted to mixing power and mass 
transfer of CV.

As shown in Fig. 4c, with an increase in CV concentra-
tion, an exponential and a linear decrease in the decoloriza-
tion rate and the apparent rate constant (kapp,  min−1) for PO 
and EPOP were observed, respectively. The kapp of the CV 
decolorization of EPOP at dye concentrations 25, 50, 100, 
and 200 mg/L was 7.32 × 10−2, 6.10 × 10−2, 2.69 × 10−2, and 
2.87 × 102 min−1, respectively. Also, the kapp for PO process 
was determined about 6.06 × 10−1, 1.68 × 10−1, 1.27 × 10−1, 
and 1.09 × 10−1  min−1. It is obvious that the classical PO is 
more effective on CV oxidation.

Fig. 4  Effect of initial CV 
concentrations on peroxone a 
and e-peroxone/H2O2 efficiency 
band apparent decolorization 
rate c [condition: reactor vol-
ume 500 cc and 70 rpm, applied 
current 0.1 A, NaCl 100 mg/L, 
pH 9, ozone 2 mg/L. min and 
 H2O2 15 mmol/L]
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Effect of scavengers

To investigate the effects of free radical scavenging agents, 
common organic/inorganic scavengers such as methanol, 
EDTA, acetate, and sodium bicarbonate were considered. 
Figure 5 presents the behavior of PO and EPOP processes 
in the presence of scavengers in comparison with blank. The 
results indicate that the added organic matter consumes the 
free radicals and thus lowers the decolorization rates. This 
negative effect was significantly affected by EPOP processes. 
The removal efficiency of EPOP process was lost about 38% 
to 54%, in the presence of scavengers. Among the tested 
materials, methanol and EDTA showed more affinity to 

consume free radicals. In the PO process, despite observing 
the negative effect of organic matter, they had a relatively 
short effect on primary time the PO operation. The scaveng-
ing effects of organic matter were in the same way for both 
processes. Moreover, sodium bicarbonate created the low-
est scavenging manner compared to the other agents. The 
decline in oxidation in the presence of scavengers is related 
to their higher affinity to react with free radicals. The reac-
tion rate of generation of hydroxyl radical (Eq. 6) is about 
1.1 × 105 M−1  s−1. In comparison with the reaction rate of 
hydroxyl radical with organic matter (n × 107 - n × 109 M−1 
 s−1), it can be concluded that a part of generated radicals is 
consumed by scavengers. Table 1 shows the reaction con-
stant rate of hydroxyl radical with considered scavengers in 
the present study. Accordingly, the all considered matters 
could be nominated as scavengers in the presence of radical-
based processes.

Degradation conformity test

FTIR In order to understand about CV degradation via dif-
ferent oxidation processes, FTIR analysis was considered. 
Figure 6 illustrates the results of this test. Comparing the 
FTIR spectrum of degraded dye with control or untreated 
solution clearly reveals that the CV was significantly under-
grounded by ozone and other oxidative processes. Statisti-
cally significant differences between the FTIR spectra of 
treated solutions and control imply the occurrence of deg-
radation. According to the FTIR plots, noticeable variations 
are seen in both fingerprint and functional group regions 
of 3500 to 500 cm−1 of the oxidized samples in compari-
son with control. These noticeable variations occurred for 
all oxidation processes (Ameen et  al. 2013). The sharpest 
peaks for the untreated sample were mono-substituted and 
para-disubstituted benzene rings, which support the peak at 
1583 cm−1. This peak is indexed to the C = C stretching of 
the benzene ring. Also, peaks at 1164 cm−1 and 2920 are 
indexed to the C–N stretching vibrations and C–H stretch-
ing of the asymmetric  CH3 group, respectively. The peak 
for the C–N stretch of aromatic tertiary amine appeared 
at 1360  cm−1. Moreover, the absence of N = N stretching 
vibrations peak at 1360 cm−1 can be linked to breaking the 
azo bond. After oxidation of CV, the region between 937 
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Fig. 5  Effects of free radical scavengers on peroxone a and e-perox-
one/H2O2 b efficiency condition: reactor volume 500 cc and 70 rpm, 
applied current 0.1 A, NaCl 100 mg/L, pH 9, ozone 2 mg/L. min and 
 H2O2 15 mmol/L

Table 1  Reaction constant rate 
of hydroxyl radical with some 
organic and inorganic matters

* n = a number

Reactant k  (M−1  s−1) Equation References

Organic matter N* × 107-n × 109 •OH + Organic → •Organic + H2O –
Acetate 1.6 × 107 • OH + CH3COO− → CH3COO• + H2O (Armstrong 1969)
Methanol 5.1-6.3 × 108 •OH + HOCH3 → H2O + •  OCH3 (Campbell et al. 1976)
EDTA 4-60 × 108 •OH + EDTA → •EDTA + H2O (Höbel and von Sonntag 1998)
Bicarbonate 8.5 × 106 •OH + HCO3

− → H2O + •CO3
2− (Buxton and Elliot 1986)
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and 516 cm−1 disappeared, probably because of the decom-
position of aromatic rings.

The level of  nitrate To better understand the oxidative 
degree, the inorganic intermediates like nitrogen compounds 
(e.g., nitrate and ammonia) can be determined. According to 
Fan et al. (2009), when the CV is degraded by Fenton and 
Fenton-like processes, many organic and inorganic inter-
mediates can appear (Fan et  al. 2009). These researchers 
reported degradation intermediates and mineralization path-
ways of CV. When the CV undergoes an oxidative process, 
some organic intermediates such as aniline, acetic acid, 

4-aminophenol, pararosaniline, aminobenzene, and other 
aromatic compounds may possibly emerge. Furthermore, at 
the end of the oxidation process,  CO2,  N2,  SO4

2−,  NO3
−, 

and  H2O were produced through the mineralization process. 
The presence of this species implies high degradation of 
target organic compound. Therefore, at this step, the nitrate 
content was determined at the end of the experiment. The 
results of this test (Fig. 7) show the occurrence of minerali-
zation. The nitrate concentrations were determined from 0.5 
to up then 1 mg/L. In the case of PO, the fewer amount of 
nitrate possibly is not related to its low degradation degree. 
This result can be attributed to different degradation path-

Fig. 6  FTIR analysis of treated wastewater with different oxidation processes
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ways. In addition, it has been reported that the ozonation 
of some compounds with aromatic structures increases their 
toxicity (Shang and Yu 2002).

Toxicity test Triphenylmethane dyes like CV are remark-
ably used for a wide range of industrial and medical appli-
cations. Also, because of their good antimicrobial character-
istics and photocytotoxicity properties, they are considered 
intensively by photodynamic therapy researchers (Fan et al. 
2009). In addition, it has been reported that the ozonation of 
some compounds with aromatic structures increases in tox-
icity (Shang and Yu 2002). Therefore, CV can be impacted 
by chemical oxidation and its antimicrobial characteristics 

are degraded. For better understanding, this variation, the 
toxicity test was carried out. As presented in Fig. 8, antimi-
crobial power of CV changes by the formation of Escheri-
chia coli colonies on the EMB medium. Accordingly, it is 
clear that significant colony growth exists for all treated 
samples compared to the untreated sample. However, the 
fine colony of E. coli appeared in the control plate that can 
occur due to the relatively low effect of CV toxicity on E. 
coli. Nevertheless, the important key is the appearance of 
colonies in the samples exposed to degraded ones. The by-
products of a degraded CV such as aniline, benzylamine, 
and 4-aminobenzoic acid are more toxic than a CV, suggest-
ing a decrease in the overall toxic storage. This result can 
assure the possible discharging of treated effluent.

Conclusion

In this study, the effect of ozonation, electrolysis, electroly-
sis/H2O2, peroxone, electro-peroxene, and electro-peroxene/
H2O2 was examined for decolorization of CV from aqueous 
solutions. Results showed that peroxone and electroerosion/
H2O2 were more effective than other studied compounds. To 
investigate the effects of radical scavengers, the methanol 
and EDTA had more affinity to scavenge the free hydroxyl 
radical. The qualitative and quantitative analyses of inter-
mediates compounds by FTIR and nitrate content showed 
the occurrence of CV degradation. Finally, according to 
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Fig. 7  Nitrate generation levels during ozoation, peroxone, e-proxone, 
and e-proxone/H2O2

Fig. 8  E. coli growth colonies 
in the presence of treated waste-
water with ozoation, peroxone, 
e-proxone, and e-proxone/H2O2
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toxicity test and growth of Escherichia coli colonies, it can 
be concluded that the CV by-product can be discharged to 
the environment.
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