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Abstract

Food dyes comprise different groups which impart color to a wide range of food 
products. Food products are mainly purchased and consumed by people because 
they are nutritive and flavorsome and have an attractive color. Food color stimulates 
appetite and enhances its esthetic appeal of food on table for customer. With sky 
rocketing industrialization and modernization, the worldwide production of dyes 
in 2010 was forecasted to be 2.1 metric tons. It has been estimated that 15% of total 
dyes produced worldwide are discharged to water bodies which adversely affect 
aquatic ecosystem. Dyes in water reduces its transparency, thereby declining light 
penetration in the water, hence influencing photosynthesis which consequently 
reduces dissolved oxygen which is an alarming situation for both aquatic flora and 
fauna. Dyes wastewater discharged from huge number of industries like textile, 
leathers, paint, food, pharmaceutical etc. and deteriorating the aquatic environ-
ment and pose threat to living organism. The presence of dye molecules in water 
channels is an emerging alarm to an environmental scientist. An environmental 
friendly and self-sustainable treatment method should be explored to address this 
problem. Therefore, this work elaborates the various methods used for removal and 
degradation of dyes in water, although some processes have a common shortcoming 
like production of secondary pollution to the environment. This chapter have tried 
to highlight the important application of food dyes, their contamination and their 
toxic effect. Herein we also focus on remediation techniques like separation (adsorp-
tion, filtration, etc.) and degradation (chemical, biological and electrochemical 
oxidation) of dyes in aqueous solution. The mechanism and pros and cons of differ-
ent methods are explored and discussed briefly.

Keywords: food dyes, degradation, wastewater, contamination

1. Introduction

1.1 Pollution caused by dyes and their harmful effects on aquatic environment

Food dyes are promising colorants globally used to color a broad spectrum of 
food products. Food dyes not only impart color to food but also boost up appetite 
and promote attractiveness and esthetic appeal of food for consumer. According 
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to recent financial reports, 7 x 105 tons of 10,000 different dyes and pigments are 
produced worldwide, and its market is skyrocketing each year and has exceeded 
over US $11 billion by 2008 [1]. Approximately 1-2% of dyes stuffs are lost during 
production and about 10-15% of dyes are discharge as effluent during dye applica-
tions [2]. From an environmental perspective, the discharge of dye effluents from 
dye manufacturing or consuming units into the water bodies poses potential threats 
to the quality of water and induces serious health problems to human, plants and 
animal life in particular and aquatic biota in general. The presence of dyes in waste-
water even in trace amounts (less than 1 mg/dm3 for few dyes) is remarkably objec-
tionable and undesirable [3]. Most of the organic dyes used to color food products, 
for example, azo dyes, have aromatic centres in their molecular structures, and their 
metabolic and degradation products like aromatic amines (anilines), benzidines 
and benzene sulphonic acids are well-established carcinogens, mutagens and DNA 
adducts and hence induces subsequent deadly effects on cells [4]. Moreover dyes 
can make water colored, thereby reducing the transparency (sunlight penetration) 
and aeration of water body, which badly affects the efficacy of crucially important 
photosynthesis, consequently reducing significantly the dissolved oxygen (DO) 
levels in water. The discharge of dye effluents in water bodies poses direct and 
indirect consequences to aquatic ecosystem. The direct effects includes depletion 
of dissolved oxygen levels, decreased reoxygenation potential, leaching of dyestuff 
from soil into groundwater, reduced light penetration into water which hinders 
photosynthesis (which gives red signal to aquatic flora and fauna) and esthetic 
issue of water downstream [5, 6]. The bird’s eye view of indirect effects caused by 
dye effluents includes death of aquatic organisms, genotoxicity and microtoxicity 
imposed by colored allergens, depression of human immune system, allergic reac-
tions, hyperactivity in kids (ADHD), bladder cancer in humans and deadly process 
of water eutrophication [7].

1.2 Application of dyes

Both natural and synthetic dyes have indeed revolutionized the modern world 
both at domestic and industrial sectors. More recent and independent reviews 
have reported that over 100,000 different dyes and pigments are in practice, 
and their annual production has exceeded over 7 × 107 tons. Nowadays the use of 
dyes is indispensable because dyes are widely used in electronics; textile; rubber; 
food; leather; cosmetics; paper and pulp; photography; solar cells/solar penal, i.e. 
dye-sensitized solar cells; pharmaceuticals; pigment; agriculture research; paints; 
printing inks; cosmetics; coloring of plastics products; and many other fields of 
domestic and industrial interest [8, 9]. Similarly dyes are also used to assess the 
efficacy of sewage and wastewater treatment plants as well as agriculture research. 
Textile industries consume more than 70% of total dyes produced worldwide [10]. 
Dyes in textile, food or in any other industries are used in minute quantities; for 
instance, it has been reported that one ton of textile dye is more than enough to 
color 42,000 clothes/suits [11].

2. Techniques incorporated for dye removal from wastewater

Purification of water from dyes tuff is of tremendous importance from 
both perspectives, i.e. water purification and its reusability. Pollution caused 
by dyes has attracted the attention of environmental chemists worldwide more 
specifically in developed countries like the USA, United Kingdom, Germany, 
China, Japan, Scandinavian countries, etc., which have incorporated rapid 
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industrializations and are more vulnerable to dye pollution. Nevertheless dyes 
cause severe water pollution; hence these dyes need to be eventually removed 
to minimize or eliminate their dreadful impacts. Consequently the worldwide 
environmental standards so far have turned more stringent, seeking more precise 
technological tools to cope with this global environmental issue, and that is 
why it has attracted the attention of environmental scientists worldwide from 
past two decades. Various techniques like physicochemical methods, enzymatic 
degradation, microbiological treatment, chemical methods and advanced 
oxidation techniques have been developed so far [12–14]. But unfortunately 
most of the organic dyes are non-biodegradable, thermally stable and refractory 
with respect to biochemical oxidation due to their large/complex sizes and inert 
nature. These characteristics have rendered organic dyes reluctant with respect 
to decolourization by using conventional methods of wastewater treatment like 
filtration, coagulation, biochemical and physicochemical techniques. Thus from 
the last two decades, research for more efficient and sophisticated techniques 
for removal of these dyes from wastewater to minimize or eliminate the water 
pollution has been turned the core interest to environmental scientists worldwide 
[15]. The dye abatement techniques in water are broadly classified into two 
principal types.

2.1 Segregation techniques

Segregation techniques involve separation of dyes pollutants via multiple 
physical techniques like adsorption, filtration/nanofiltration or coagulation 
processes. These traditional water purification methods like filtration, ion 
exchange, coagulation by lime or by using salts of iron/aluminium, adsorption 
over activated carbon and other low-cost adsorbents have been proven to be very 
effective decolourization methods. Among techniques decontamination of dyes 
by adsorption offer the most promising, simple and efficient technique. Similarly 
the use of low-cost adsorbents such as vegetable matter, saw dust, fruits peels, 
hen feathers, other carbonaceous materials, etc. make the dye removal process 
more economical and feasible [16, 17], but their utility is limited by production 
of associated hazardous sludge which poses an another issue of their disposal at 
suitable safe site. Similarly the use of adsorption and coagulations techniques for 
decolourization of wastewater is limited by regular regeneration of adsorbent and 
coagulant materials after dye adsorption and coagulation, respectively, which is 
much needed (to make the process economical and efficient), so this in turn gives 
rise to other issues [18, 19].

2.2 Degradation techniques

2.2.1 Chemical techniques

Over the past two decades, chemical techniques are also withdrawing the 
attention of environmental chemists; these techniques include chemical oxidation 
by using hypochlorite (OCl−1), chlorine dioxide or ozone which has always shown 
high efficiency and reproducibility. But this technique has a major disadvantage 
with respect to relatively high prices and production of secondary pollutants like 
chlorinated hydrocarbons which are known carcinogens; similarly the difficulty in 
storage and transportation of reactants causes a substantial inconvenience for safe 
operation [20]; thus environmental scientists are looking for more, convenient, 
advanced, safe, efficient and sophisticated techniques which must be incorporated 
for removal of dyes from wastewater [12] .
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2.2.2 Advanced oxidation processes (AOPs)

The term advanced oxidation processes is actually coined to address the pro-
cess of oxidation of organic pollutants primarily via in situ generations of highly 
reactive hydroxyl free radicals (*OH) from H2O2. These hydroxyl free radicals are 
strong oxidizing species by virtue of powerful oxidation potential of (2.80 V) 
vs. SHE. Different advanced oxidation processes are ozonation; photocatalytic 
methods using O3/UV, TiO2/UV and H2O2/UV; and Fenton’s reagent (H2O2/Fe+2). 
Fenton’s reagent offers a novel dye degradation technique [21]. The phenomenal 
Fenton’s reagent was named after Fenton who introduced it for the first time almost 
100 years ago in 1884. Fenton’s reagent is a precursor of hydroxyl free radicals; these 
madly reactive hydroxyl free radicals attack dye substrate molecules at the sites of 
multiple bonds and carry out either excessive hydroxylation of dye contaminants 
or causes dehydrogenation of dye molecules, hence producing stable inorganic 
materials directly or indirectly converting the dye pollutant into biodegradable and 
safe materials. Fenton’s processes offer a remarkable efficiency and can be extended 
to much broader spectrum of dyes due to its fabulous non-selectivity [22]. Recently 
photo-Fenton’s process, i.e. Fenton’s coupled with light (UV or visible), electro-
Fenton, sono-Fenton and sono-electro-Fenton are emerging water treatment 
techniques.

Ozonation is also reliable, safe and effective wastewater treatment tool which 
utilizes ozone gas as a strong oxidant usually used to disinfect water in swimming 
pools. In aqueous medium the mode of action of ozone is quite complicated. 
Molecular ozone can also oxidize the dyestuff in water by virtue of selective, direct 
or by indirect decomposition through a chain reaction mechanism by generating in 
situ free hydroxyl radicals (OH*) [23]. AOPs show a tremendously high degree of 
decolourization efficiency with associated photocatalytic degradation of dyestuff 
[24]. But their sky kissing prices and operational difficulties put a question 
mark and limit the use of these photocatalytic techniques for decolourization of 
wastewater.

2.2.3 Microbiological and enzymatic degradation techniques

On the contrary to AOPs microbiological methods like activated sludge process, 
aerobic and anaerobic decomposition of pure and mixed cultures using fungi 
and bacteria and enzymatic degradation techniques have so far shown excellent 
decolourization and degradation efficiencies of dyes in wastewater; furthermore 
these methods are gaining popularity by virtue of their simplicity, ease of operation 
and applicability [25]. Biodegradation processes may be aerobic and anaerobic, 
and sometimes the combinations of both aerobic and anaerobic biological 
treatments are used for dye removal from water [26]. The main mechanism of 
dye removal in biological treatment is the adsorption of dyestuff on to biomass, 
but at saturation point, the adsorption potential of dyes by biomass drops [27]. 
Unfortunately the utility of these microbiological methods is quite inadequate 
because most of the dyes are stable and resistant towards biodegradation due to 
their huge sizes, complicated and conjugated benzenoid structures with extensive 
electron delocalization and high degree of stability. Similarly due to high degree of 
specificity and sensitivity of the enzymes of the microorganisms, these techniques 
cannot be extended over a broader spectrum of dyes and needs an extensive 
study and homework of enzymes, their nature, selection and applicability. Thus 
biological abatement of dyes in wastewater has become difficult owing to the 
bio-refractory nature and stability of dyes. That is why environmental chemists 
were chewing their nails to explore more advanced, effective and non-selective 
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techniques to achieve dye abatement goals. Thanks to electrochemical techniques 
which have taken the bull of organic pollutants by horns and have controlled the 
aquatic pollution to a great extent [22].

2.2.4 Catalytic degradations

Catalytic degradations assisted by suitable promoter and coupled techniques like 
photocatalytic, sonocatalytic and photoelectrocatalytic degradations of dyes have so 
far shown excellent efficiencies. But here again catalytic poisoning and recovery of 
catalyst materials causes issues.

2.2.5 Electrochemical techniques

The term electrochemical techniques refers to application of DC current 
from a suitable source and carrying out an entire degradation of pollutants by 
electro-oxidation or reduction processes to inorganic materials. The main pollut-
ants for electrochemical methods are not only dyes, but also other pollutants like 
pharmaceuticals, pesticides, herbicides, herbicides, detergents and many other 
harmful contaminants are the subjects of investigation. Electrochemical techniques 
usually incorporated for wastewater abatements are electrochemical reduction, 
electrochemical oxidation, electrocoagulation methods, photoelectrocatalytic and 
photo-assisted Fenton’s oxidation techniques. Electrochemical oxidation techniques 
are further subdivided into two types which include direct and indirect oxidation 
techniques [28]. Over the past 10 years, the electrochemical methods have received 
a remarkable attention. This is because these methods have promising water decon-
tamination potentials, have shown great novelty due to their versatility and poten-
tial cost-effectiveness and offer the most promising, clean, safe, efficient and green 
technologies for the decolourization of wastewater. Wastewater abatement using 
electrochemical methods has a fantastic advantage of environmental compatibility 
because its sole reagent, i.e. the electron, is a safe, clean and green reagent produced 
in situ and works most efficiently. Furthermore these methods are gaining atten-
tion of environmental chemists due to their excellent efficiencies, flexibility of 
automation and safe applicability over a broad spectrum of organic dyes [28]. These 
techniques need mild conditions for their operation, no heating of the samples are 
required and work under ambient conditions of both parameters, i.e. temperature 
and pressure. Nowadays a vast variety of electrochemical techniques are in practice 
such as electrochemical oxidation (EO), electrocoagulation (EC) using a variety of 
anodes, active chlorine indirect oxidation, etc. Recently emerging techniques which 
utilize twin technologies of both electrochemical cells and suitable light like UV 
light or sono-electrochemical degradations of dyes in wastewater are gaining much 
attention and appreciation [29, 30]. These photo- and sono-assisted electrochemi-
cal setups have been categorized as electrochemical advanced oxidation processes 
(EAOPs) [21]. The use of electrochemical methods for abatement of contaminants 
in wastewater was pioneered by Nilsson et al. 1973 [31] by electrochemical oxida-
tion of phenolic-based wastes; later in the early 1980s, these studies were proceeded 
in collaboration with Chettier and Watkinson [32].

Over the past two decades, much of the research regarding decolourization of 
wastewater by electrochemical oxidation has been focused on the use of different 
anodic materials, their relative efficiencies, exploration of various factors affecting 
process efficiency (like PH, temperature, nature and concentration of electrolytes, 
etc.), kinetics and mechanism of oxidation of a variety of pollutants in water. The 
electrochemical oxidation is of two types, the first type is direct oxidation also 
called anodic oxidation by using suitable anode material. Direct oxidation is carried 
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out by physically adsorbed hydroxyl free radical (*OH) or chemisorbed active 
oxygen in oxide lattice. The second type of electrochemical oxidation is indirect 
oxidation using appropriate oxidant material such as hypochlorite (OCl−1) which 
is formed anodically [33, 34]. The main degradation products of electrochemical 
oxidation of organic pollutants are CO2 and water; thus during electrochemical 
oxidation of dyes, neither sludge formation occurs nor further treatment of deg-
radation product is required; moreover no harmful by-products are formed; this is 
one of the greatest superiorities of electrochemical oxidation over other methods 
used for decolourization of wastewater [35]. A flow sheet representation of various 
techniques utilized for dyes abatement is shown below (Figure 1).

2.2.6 Electrochemical oxidation and its types

Environmental chemists took a long comfortable breath when they incorporated 
electrochemistry for removal of organics from wastewater. Electrochemical 
oxidation effectively degrades organics in wastewater. Electrochemical oxidation 
may be either indirect or direct oxidation processes. Indirect electro-oxidation also 
called mediated oxidation involves electro-generations of oxidizing species (EOS) 
in water at electrodes (anode) like active chlorine species, physisorbed hydroxyl 
free radicals or chemisorbed active oxygen atoms (in metal oxide anode lattice) 
which are very efficient, and oxidation mediated by these EOS gives rise to partial 
or complete decontamination of organics. Indirect oxidation processes can be 
elaborated by twin approaches:

1. Electrochemical transformation

2. Electrochemical combustion

During electrochemical transformation, the stable and refractory organic 
contaminants are converted into biodegradable materials (most often in 
to carboxylic acids) by chemisorbed active oxygen atoms. Then during 
electrochemical combustion which is also called electrochemical incineration, the 
organic contaminants are entirely mineralized to CO2, water and inorganic ions by 
virtue of physisorbed hydroxyl free radicals   ( OH ̇  )  . These hydroxyl free radicals are 
potentially strong oxidants with a powerful oxidation potential of (Eo = 2.80 V) vs. 
SHE; that is why this radical has been ranked as second most powerful oxidizing 
agent after fluorine in electrochemical series. The   ( OH ̇  )   radicals induce excessive 
dehydrogenation and hydroxylation of organic contaminants which ultimately 
oxidizes to yield CO2. The mechanism of indirect oxidation of a dye pollutant at a 
metal oxide (MOx) anode can be summarized as follows [36, 37]:

Figure 1. 
Different methods used to remove dyes from wastewater.
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First of all water is electrolyzed at metal oxide interface generating physically 
adsorbed (physisorbed) hydroxyl free radicals   ( O   

.

  H)   as shown below;

   MO  x   +  H  2   O →  MO  x   ( O   
.
  H)  +  H   +1  + 1  e   −1   (1)

Now the next step is a crucial one which entirely depends on selection of anode 
material; moreover this step exclusively differentiates between two limiting classes 
of electrode (anode) materials, i.e. active and non-active electrodes.

3. Active anodes like DSA types of anodes which carry out indirect oxidation 
of organics through formation of strong oxidants like hydroxyl free radicals, 
aqueous chlorine, i.e., Cl2(aq), hypochlorous acid (HOCl) or hypochlorite 
ion (OCl−), ClO2

−1, ClO3
−1, ClO4

−1, etc. Now at active electrodes like DSA 
where higher oxidation states of metal electrode atoms (M) are available, 
the physically adsorbed hydroxyl free radicals undergoes transformation to 
chemically adsorbed (Chemisorbed) active oxygen with increase in oxidation 
state of metal atom (M) to form higher oxide (MOx + 1) accompanied by 
liberation of a proton and an electron as shown below:

   MO  x    ( O   
.
  H)  →  MO  x+1    O   

. 
 +  H   +1  + 1  e   −1   (2)

This surface redox couple  M  O  x   /  MO  x+1   O ̇    also called chemisorbed active oxygen 
atoms, i.e.   ( MO  x+1   O ̇  )  , selectively attack dye molecule (R) and partially oxidize it 
to intermediate compounds (RO), while the metal oxide anode (MOx)   (M  O  x  )   is 
regenerated as shown below:

   MO  x+1    O   
.
  + R →  MO  x  + RO  (3)

As in active electrodes like DSA, the chemisorbed active oxygen atoms are 
chemically bonded to electrode surface; they do not have full freedom to attack dye 
molecules; that is why they carry out very poor oxidation of dyes in the presence 
of supporting electrolytes like Na2SO4 in the absence of chloride medium, but in 
the presence of NaCl as supporting electrolytes, the situation is entirely different. 
The second reason for decreased efficiency of DSA and likewise active electrodes 
have low oxygen evolution overpotentials (they start the unlikely Oxygen Evolution 
Reaction easily at low voltages).

4. At non-active anodes such as BBD and PbO2 where the possibility of higher 
oxidation states for anode are entirely excluded (e.g. in PbO2 electrode, the lead 
atom has oxidation state equal to +4, and it does not show oxidation state greater 
than +4), the physisorbed hydroxyl free radicals, i.e.   MO  x   ( O   

.
  H)   , attack dye 

pollutant “R” non-selectively and completely mineralizes dye contaminants into 
organic species like CO2 and H2O, while the metal oxide anode (MOx) is regener-
ated as shown below.

  αM  O  x  ( O   
.
 H) + R → αM  O  x   + m C  O  2   + n  H  2   O + x  H   +1  + y  e   −1     (4)

As these *OH radicals are physisorbed (i.e. not chemically bonded but are attached 
to electrode surface through weak Van der Waals forces which breaks easily) and *OH 
free radicals enjoy full freedom of attack on dye contaminants, these electrodes show 
greater degradation of dye contaminants. The second reason is that the non-active 
anodes have higher oxygen evolution over potentials (do not start OER easily).
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Both physisorbed and chemisorbed active oxygen atoms undergo a simultaneous 
undesirable and unlikely competitive side reaction which is called oxygen evolution 
reaction (OER). This reaction substantially reduces the efficiency of electrodes for 
electrochemical oxidation of organics. Now as a general rule, the anode materials 
like active electrodes (DSA and others) have low oxygen evolution over potentials 
(i.e. they are excellent electro-catalysts for undesirable process of oxygen evolution 
reaction, i.e. OER; that is why they are active anodes) and hence carryout partial 
oxidation of organics. On the contrary the non-active anodes such as BDD and 
PbO2 anodes have high oxygen evolution over potentials (i.e. they are poor electro-
catalysts for OER; that is why they are termed as non-active anodes), and they carry 
out complete mineralization of organics to inorganic species like CO2 and H2O. The 
oxygen evolution potential of DSA (RuO2) is 1.47 volts (Vs SHE in 0.5 M H2SO4), 
while that of BDD is 2.3 volts (Vs SHE in 0.5 M H2SO4). That is why non-active 
electrodes are most widely used anodes for elimination of organic contaminants 
during wastewater treatment in the absence of chloride medium [38–40].

The well-known *OH free radical is a powerful oxidant (Eo = 2.80 V vs. SHE), 
but it is unstable and has much shorter life than HClO (Eo = 1.49 V vs. SHE); 
therefore in the dye decontamination from wastewater which is heavily loaded with 
inorganic salts like chlorides, the indirect electrochemical oxidation mediated by 
active chlorine species in situ provides an excellent tool for such wastewater abate-
ment. The non-active electrodes like BDD, PbO2 and SnO2 are more active with 
respect to generation of physisorbed *OH free radicals for wastewater abatement; 
however they cannot be utilized for generation of active chlorine species because 
they preferably generate *OH free radical along with other mild oxidants like 
peroxo-diphosphate, peroxodicarbonate, peroxodisulphate, etc. On the contrary the 
active anode materials like platinum and DSA have remarkably high efficiency for 
oxidation of chloride ion, thereby generating active chlorine oxidants rather than 
generating physisorbed *OH free radicals at their surfaces [41].

When NaCl is used as supporting electrolyte with active electrodes like Ti-based 
DSA (which has been selected as model anode in this study), then chloride ions 
(Cl−) undergo oxidation at anodes to produce a very strong dye killing oxidants in 
situ, i.e. aqueous chlorine (i.e. Cl2 (aq)), HOCl, OCl−, ClO2

−1, ClO3
−1 and ClO4

−1 
[30, 42, 43]. These species mediates the oxidation of organics as shown below.

Reaction at anode:

  2  Cl   −1  →  Cl  2    (aq)  + 2  e   −1    (5)

Reaction at cathode:

  2  H  2   O + 2  e   ‐  →  H  2   + 2  OH   −1    (6)

Reaction at bulk:

   Cl  2   (aq)  +  H  2   O → HOCl +  H   +1  +  Cl   −1    (7)

   HOCl →  OCl   −1  +  H   +1   ( pK  a   = 7.54)    (8)

HOCl has greater oxidation potential (1.49 V) than OCl−1 (0.94 V). The type of 
active chlorine species in water depends upon pH solution, for example, at pH less 
than 03, dissolved chlorine (Cl2) gas exists in water in the form of aqueous chlorine, 
i.e. Cl2 (aq). At pH range of 03–7.5, Cl2 undergoes self-oxidation/self-reduction 
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reaction (disproportionation reaction) and forms HOCl, while at PH greater than 
7.5, hypochlorite ions (OCl−) exist in solution which is a much weaker oxidizing 
agent than HOCl [44].

Bonfatti has presented an alternative approach to electrochemical oxidation of 
organics; the schematic sketch of electrochemical oxidation at non-active oxide 
electrode (MOx) and with associated CER is shown in Figure 2. Here “R” represents 
a dye pollutant molecule [45].

Figure 2 shows that in the first step, the hydroxide from solution adsorbs on 
metal oxide to form MOx (٭OH) (see reaction 05 given below), and then it reacts with 
chloride ions (Cl−1) to yield adsorbed hypochlorous acid radical, i.e.   MO  X   ( HO   

.
  Cl)   

(see reaction 10); this adsorbed hypochlorous radical attacks organic pollutant (R) 
and degrades it to CO2 and H2O, and chloride ions are regenerated (see reaction 11). 
This degradation reaction proceeds simultaneously with chlorine evolution reaction 
(CER) to produce Cl2, some of which Cl2 gas evolves (if applied current density is 
very high), while some chlorine gas dissolve in water in the form of aqueous chlorine 
Cl2 (aq). This aqueous chlorine reacts with hydroxide ions to generate HOCl, OCl−1, 
ClO3

−1,   ClO  3  
−1  , etc. (depending on pH of solution), which are active chlorine species 

and oxidize organic pollutants in situ.

   MO  x   +  O   
.
  H →  MO  x   ( O   

. 
 H)    (9)

   MO  x   ( O   
.
  H)  +  Cl   −1  →  MO  x     ( O   

.
  Cl)   ads   + 1  e   −1   (10)

   MO  x   ( O   
. 
 Cl)  + R →  MO  x   +  CO  2   +  H  2   O +  Cl   −1   (11)

The oxidation of organic compounds via active chlorine species had a serious 
concern about the formation of chlorinated organic compounds in water which are 
known as carcinogens, but Panizza and Bonfatti successfully demonstrated that 
by selecting optimal experimental conditions, the generations of toxic chlorinated 
compounds can be totally avoided in aqueous medium [46, 47]. For example, 

Figure 2. 
Mechanism of electrochemical degradation of pollutants in chloride medium.
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Panizza investigated electrochemical oxidation of 2-naphthol which was associated 
with the formation of few chlorinated organic compounds initially, but later as 
these reactions proceeded, chlorinated compounds were either mineralized to CO2 
or converted to volatile CHCl3 which escaped off [48].

3. Conclusion

Advance oxidation process has a tremendous power to degrade dyes in aque-
ous solution. Some of these technologies like electro-Fenton, bio-electro-Fenton, 
photoelectrocatalytic and photocatalytic techniques and process based on per-
oxymonosulfate obtain good focus in the last decades. Moreover, the performance 
of some of these processes has been improved by coupling ultrasound, UV and 
biological process. The recent development of electrode materials and membranes 
enhances the efficiency of electrochemical process to remove dyes from wastewater. 
During the electrochemical process, the cathode also helps to generate active species 
(S2O8

2−, Cl−, HO•), depending on experimental conditions. Additionally, it has 
been shown that the integration of different technologies is a good alternative for 
the degradation of dyes. From our point of view, a lot research has been done, and 
now it is time to enlarge and apply at pilot and industrial scale. Similarly, reactor 
should be design to work batch and continues mode and industrial water reusable 
for different purposes.
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