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Introduction

The dye and dyestuff industry is considered as one of the most 
polluting industries, releasing vast amounts of polluted effluents 
into the soil and water bodies, posing serious risks to aquatic life 
and the environment [1,2]. Over 10,000 commercially produced 
dyes are currently in use, with an estimated dye production of 
close to 100,000 tonnes, discharged into the environment globally 
[3,4]. In addition to making waterbodies unsightly, synthetic dyes 
reduce light penetration into the water, which has an impact on 
aquatic ecosystems ability to photosynthesize [5]. Therefore, it is 
of great concern to remove these toxic dyes from the environment, 
not only for aquatic life but for human life as well [6]. According 
to the chemical structure most commonly used dyes are azo dyes, 
which comprise one or more azo bonds (-N=N-). The conventional 
wastewater treatments fall short in deteriorating azo dyes due to 
their recalcitrant nature. Several physical and chemical processes 
comprising of adsorption, coagulation, and electrochemical 
oxidation have been utilized by various researchers for the 
degradation of the dyes. Due to their high cost and production of 
hazardous byproducts, these processes have a limited scope of 
application [7-9]. In recent years, bioremediation emerges as a 
suitable alternative compared to physical and chemical processes 
because of lesser sludge production and environmentally friendly  

 
nature [1,7,10]. However, because many of the organic substances 
are recalcitrant to biological treatment, the conventional biological 
processes alone will not provide beneficial results, particularly 
in case of industrial dye wastewater [11,12]. Therefore, the 
integration of biological processes with advanced oxidation 
processes (AOPs) are widely acknowledged as highly effective 
treatments for mutagenic dye wastewater [13,14].

The creation of hydroxyl radicals (OH•), a highly oxidizing 
potential radical (E0 (0) = 2.80 V) that can hasten the degradation 
of a variety of pollutants in a matter of minutes, is the fundamental 
basis of advanced oxidation processes (AOPs). The organic 
molecules are attacked by hydroxyl radicals produced in AOPs by 
removing a hydrogen atom from the molecule [15,16]. Ozonation 
is regarded as a highly efficacious method for dye degradation. 
Ozone has a strong attraction for chromophoric groups and 
reacts effectively with dyes resulted into simple degraded 
products [1,17]. The reaction of ozone with a various pollutant in 
aqueous solution is either directly through molecular ozone (in 
acidic condition) or indirectly through hydroxyl radical (OH•) (in 
alkaline condition) generated by ozone decomposition in water 
[18]. However, ozonation is best suited for total decolorization 
rather than mineralization. Furthermore, ozone production is also 
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expensive because it consumes a lot of energy. This is the reason 
for this method to be used in conjunction with the others [11]. 
Biodegradation is the least expensive method of treating textile 
wastewater, and most frequently results in the detoxification of 
dyes [16]. The chromophoric groups of the dyes are recalcitrant 
to conventional biological treatment, which makes the integration 
of AOPs with biological processes a potential topic of research for 
dye effluent treatment [16,19].

Considering these factors, we decided to focus this review 
on integrated ozonation processes with biological techniques 
that have the best potential for use in the dye wastewater 
treatment. Particular emphasis was placed on comprehending 
the mechanisms of ozonation and biological process for dye 
degradation. We chose to give the readers a basic understanding of 
both ozonation, and biological processes used in the treatment of 
textile wastewater. Various ozonation reviews have been reported 
in the literature, but each covered this process independently. The 
primary goal of this review was to analyses research studies in 
which ozonation was used in conjunction with biological methods 
for dye wastewater treatment.

Biodegradation

The fundamental of biodegradation is based on microbial 
metabolism, which degrades the pollutants in wastewater. 
Biodegradation is considered as the most prevalent and widely 
used technique for decomposing textile effluents [12]. Each 
microorganism has its unique degradation efficiency, and 
operating conditions. However, several process parameters such 
as pH, temperature, dye concentrations, and aerobic/anaerobic 

conditions have a remarkable impact on the biodegradation of 
various synthetic dyes [20]. The conjugate double (-N=N-) bonds in 
azo dye are broken down by bacteria under anaerobic conditions, 
producing a colourless solution that contains potentially dangerous 
aromatic amines. These aromatic amines are then broken down 
aerobically [21]. Biodegradation of dye wastewater is represented 
by Figure 1. Biodegradation can be classified as aerobic, anaerobic, 
or anoxic (both aerobic and anaerobic) depending on the nature 
of the microorganisms [22]. Enzymes (mainly azo reductase) 
primarily catalyze dye degradation under aerobic conditions. The 
azoreductase enzyme facilitates]. breakdown of chromophore 
azo bonds,].h nicotinamide adenine dinucleotide (NADH) and 
flavin adenine dinucleotide (FADH) acting as reducing agents 
[23]. This process involves transferring four electrons (reducing 
equivalents) to the azo linkage in two steps, with two electrons 
being forwarded to the azo dye (which functions as an electron 
acceptor) in every step, resulting in dye decolorization and 
formation of a colorless liquid [20,21]. It has been observed that 
in anaerobic environment, a relatively lower redox potential (50 
mV) forms, causing the azo dyes to decolorize effectively [24]. 
For complete decolorization of azo dye, an amalgamation of 
anaerobic and aerobic process is typically preferred. The benefit 
of biodegradation comprises of production of less toxic sludge, 
low cost, and high removal efficiency. Compared to physical and 
chemical processes, biological processes produce sludge that 
is relatively less harmful to the environment [1,6]. The fact that 
these biological approaches can be used in situ (on site) or ex situ 
(off site) and microorganisms can be used as a consortium or as 
a pure strains, and even plants, demonstrates their adaptability 
[25,26].

Figure 1: Schematic of azo dye biodegradation under aerobic and anaerobic condition.
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Ozonation

Ozonation is an advanced oxidation process in which ozone is 
used as the oxidizing agent (O3). Because of the numerous benefits 
of this process, interest in using ozone in wastewater treatment 
has grown significantly in recent years. Because ozone is a strong 
oxidant, it reacts quickly with most organic pollutants, including 
aromatic rings and conjugated double bonds of azo dyes [27,28].

Ozonation mechanism: Ozone is a highly effective oxidizing 
agent that consists of a one-week single bond and one strong 
double bond. Ozone reacts with the substances in wastewater in 
two ways: in acidic environment it reacts directly as molecular 
ozone (O3) and in alkaline environment it reacts indirectly as 
secondary oxidants, such as hydroxyl radicals (OH•) [18,29-31].

Hoigne, Staehelin, and Bader (HSB) described the ozone 
decomposition process in aqueous solution [32,33]. The reaction 
sequence can be summed up as follows:

3 2 2O OH HO O− −+ → +

2 2 HHO O− +→ +  (Formation of superoxide radicals)

Now radical chain reaction takes place, during which H• are 
formed

3 2 3 2O O O O− ⋅−+ → +

3 3HO HO⋅− ++ →

OH ⋅  that have formed, react with additional ozone via 
following mechanism

43OH O HO⋅⋅ + →

24 2HO O HO⋅ ⋅+→
In termination step radical scavengers which consume OH• 

without generation of O-
2 superoxide radicals.

Thus, the decay of ozone may be remarkably accelerated in an 
alkaline solution but less effective in an acidic solution. In alkaline 
pH, ozone can form a more powerful hydroxyl radical oxidizing 
agent (E0 = 2.8 V) than its own redox potential (E0 = 2.08 V), which 
can break down the complex structure of dyestuffs and result in 
decolorization [34]. Some researchers prefer direct ozonation for 
dye degradation because molecular ozone have relatively higher 
selectivity for dye when compared to the hydroxyl (OH•) radicals. 
Ozone has the ability to quickly break down the double bond of 
azo dye, resulting in colour removal in short time intervals and 
subsequently it increases the biodegradability of certain dyes 
[35]. The ozonation process is known as one that produces 
relatively less sludge compared to other AOPs. The remaining 
ozone degrades into water and oxygen. However, ozonation is 
best suited for total decolorization rather than mineralization. 
Furthermore, ozone production is costly due to high energy 
consumption. That is the reason why this method must be used in 
conjunction with the others [31,36].

Integration of Ozonation and biodegradation: Industrial 
dye wastewater is generally resistant to biological treatment, an 
integration of chemical and biological processes for this effluent 
treatment is of interest. The ozonation process produces toxic 
byproducts and consumes a lot of energy. Because biological 
methods are environmentally beneficial and cost-effective, 
combining ozonation and biodegradation can provide a cost-
effective dye wastewater treatment method shown in Table 1 
[12,16,37,38]. Most ozonation research is currently focused on its 
use as a pre-treatment in conjunction with biological processes. 
This is usually due to the fact that industrial effluents may contain 
compounds which are harmful to the microorganisms used in 
biological treatment. 

Table 1: Brief summary of integration of Ozonation with biodegradation for dye wastewater treatment.

S. No Type of dye Objective Integrated process Result References

1. Real textile 
wastewater

Influence of integration of 
ozonation and biological 
treatment for real textile 

effluents.

Biodegradation (SBR) in conjunc-
tion with ozonation.

Biodegradation (HCFB) in conjunc-
tion with ozonation.

96% of toxicity removal.
98 % of toxicity removal [31]

2. Raw textile 
wastewater

Ozonation was used as 
a pre-treatment for the 

assessment of the efficacy of 
pilot-scale system.

Pre-ozonation and sequential 
biological oxidation

After ozonation color removal 
was 67.5% and COD reduction 
was 25.5%. Biodegradability 
was enhanced up to 6.8-fold.

[39]

3. Remazol Black B
Integrated system of ozona-
tion and biofilm mediated 

biodegradation.

Ozonation in conjunction with 
biodegradation.

For 500 ppm of dye solu-
tion 96% color removal was 

achieved.
Ozone kinetics evaluation 

revels pseudo-first-order re-
action with respect to the dye 

concentration.

[16]

4. Reactive Red 239
Decolorization and organic 

matter removal in batch 
assay.

Ozonation followed by biodegrada-
tion in MBBR

Toxicity was completely re-
moved after 4 min of ozone.

Ozonated dye shows reduced 
nitrification efficiency when 

fed to the bioreactor.

[19]
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5. Congo red (CR) 
dye

Removal of Congo red dye in 
PBBR where packing materi-
al for the reactor biochar of 
Arjuna seeds was immobi-
lized with bacterial cells.

Biodegradation integrated with 
ozonation

Complete decolorization in 
hybrid treatment.

Economic analysis suggested, 
energy required to degrade 1 
Kg of CR dye is about 3.5 kW

[37]

6. Reactive Black 5

A new technology comprises 
of ozonation, and biodegra-

dation has been developed to 
control the dye wastewater 

treatment cost.

Integration of ozonation with an-
aerobic biodegradation in Up flow 
anaerobic sludge blanket (UASB) 

reactor.

90% of COD reduction and 
94% color removal was 

achieved.
The new integrated system has 
shown enhanced color removal 

on platinum cobalt (Pt–Co) 
scale.

[33]

7. Reactive Orange 
16 (RO16)

Degradation of RO 16 by 
hybrid treatment.

Comparison of two reactor 
was done on the basis of 

Color removal, COD removal, 
and ammonium removal.

Ozonation followed by biodegrada-
tion in MBBR

MBBR removes 93% COD 
and 97% ammonium removal 

for both ozonolysis dye and 
non-ozonated dye.

For non-ozonated dye color 
removal was not effective.

[35]

8. Remazol Red 
(RR)

In order to treat the real 
textile wastewater, a new 

setup comprising of an 
anaerobic biofilm reactor 
integrated with ozonation 

was developed.

Anaerobic biofilm reactor integrat-
ed with ozonation

Ozonation removes the com-
plete toxicity from the samples.

Even though biologically 
treated samples show some 

mutagenic effect. After 1 min 
of ozonation the mutagenicity 

further increased.

[38]

9. Reactive Blue 19 
(RB-19)

Degradation of dye waste-
water using ozonation in a 

semi-batch reactor and pro-
pose a degradation pathway.

Ozonation in semi batch reactor

Ozonation has enhanced biode-
gradability.

After 10 min of ozonation the 
biodegradability (BOD/COD) 
increases from 0.15 to 0.33.

[17]

As a result, the pre-treatment aims to improve the 
biodegradability of that effluent samples. Paździor et al. have found 
96% toxicity removal for biodegradation followed by Ozonation 
in SBR and 98% toxicity removal for Horizontal Continuous Flow 
Bioreactor (HCFB). Dias et al. have found ozonation removed 
colour very quickly, but the mineralization achieved was quite low. 
Venkatesh et al. has used ozonation in conjunction with anaerobic 
biodegradation using up flow anaerobic sludge blanket (UASB) 
and found 90% COD reduction and 94% color removal. Castro et 
al. have used Ozonation followed by biodegradation in moving bed 
bioreactor (MBBR) and found that after Ozonation, color removal 
was more than 97% but COD removal was only 48%. After the 
treatment of ozonolysis product in MBBR the COD removal was 
93%. Punzi et al. found that the integrated anaerobic-ozonation 
process has successfully removed up to 99% of the colour and 
COD removal was up to 85-90%, and toxicity was also reduced for 
100-1000 mg/l of the Remazol Red dye.

Conclusion

In the case of non-biodegradable dye sample, it is advised 
to use chemical processes as pre-treatment in order to improve 
its biodegradability. Despite the fact that chemical pretreatment 
is used to increase biodegradability, it is also possible that 
intermediate formed after chemical treatment may be toxic for the 
microorganisms and inhibit their metabolic pathways. Ozonation 
as a pre-treatment for integrated ozonation-biodegradation 

has the potential to remove the colour and enhance the 
biodegradability of dye-containing wastewaters. Once the process 
parameters are optimized for the ozonation process, it becomes 
economically advantageous because it requires less ozone for 
compound mineralization, and after that complete mineralization 
will be achieved by biological process at lower operational costs 
than chemical processes. It has been demonstrated that ozonation 
and biodegradation combined have the potential to completely 
decolorize and significantly detoxify dyeing wastewater. Because 
the process uses a lot of electricity, solely ozonation-based 
technology is typically not a cost-effective way to process textile 
wastewater on a large scale.
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