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ABSTRACT 

 

In this study, the characteristics of colour and chemical oxygen demand (COD) removal 

of azo dye by ozonation and biological treatment were evaluated for applying in industrial 

azo dye effluent treatment. Reactive Red 120 has been selected from among azo dyes due 

to its high solubility in an aquatic environment. The experimentation was arranged in two 

stages: during the first, only ozonation was performed, while, during the second stage, 

ozonation was integrated with biological treatment of completely mixed activated sludge 

(CMAS). COD removal was contributed simultaneously by the ozonation and biological 

treatment mechanism at lower ozone doses. However, it was significantly the result of 

direct oxidation at higher ozone doses. Ozonation of dyes usually leads to small organic 

molecular fragments that lead to a residual COD. The biological treatment is more 

efficient at mineralizing the by-products of the ozonation, but less efficient at colour 

reduction than the ozonation process itself. Thus, COD resulting from these small newly 

formed molecules can be further degraded by biological treatment. Therefore, ozonation 

should be applied at a medium ozone dose as a pre-treatment for a combined ozonation–

biological treatment for azo dye removal.  
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INTRODUCTION 

 

The presence of colour and its causative compounds has always been undesirable in water 

used for either industrial or domestic needs. Different colouring agents like dyes, 

inorganic pigments, tannins and lignins usually impart colour. Amongst the many 

complex types of industrial wastewater with various types of colouring agents, dye wastes 

are predominant [1]. This wastewater is not only toxic to the biological world, but also 

contains colour, which blocks sunlight. For these reasons, it causes many problems for 

the ecosystem [2]. The number of dyes presently used in the textile industry is about 

10,000. Among these dyes, azo dyes constitute the largest and the most important class 

of commercial dyes. Azo dyes are widely used in the textile, plastic, leather, and paper 

industries as additives [3-5]. The removal of azo dyes from the aquatic environment is 

important because many azo dyes are toxic to aquatic organisms [6]. Several methods are 

used for the treatment of dye-containing wastewater. Coagulation is effective for the 

treatment of insoluble dyestuff wastewater but not so effective for soluble dyestuff 

wastewater [7]. The adsorption method has difficulties in the treatment of insoluble 

dyestuff wastewater and it is very difficult to find the desorption process [8, 9]. The 
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chemical method is used to oxidize organic materials using oxidizing agents such as 

ozone, H2O2, UV light or combinations of such oxidants, which are known as Advanced 

Oxidation Processes (AOPs). Most factories use this method to reduce COD and colour. 

But, it cannot satisfy the environmental discharge standard by itself alone and the cost is 

relatively high. The combination of ozonation and biodegradation seems to be a 

promising unit process to remove the residual colour, COD and BOD of wastewater 

containing dye. The reaction of the oxidizing agent with dye in an aqueous environment 

leads to a decrease in the aromaticity and molecular weight, which eventually results in 

an increase in the biodegradability and colour removal of dye. The biodegradable 

compound produced during ozonation is then removed by the subsequent biodegradation. 

Therefore, the improvement of biodegradability is considered to be the essential factor 

that determines the performance of the ozonation–biological treatment process. 

Combined treatment processes have been proposed to treat dye-containing 

wastewater, including UV/H2O2 or UV/O3, followed by biological treatment. Several 

other researchers have also investigated the application of partial ozonation or AOPs as 

pre-treatment steps, followed by subsequent biological treatments for treating the dye-

containing [10]treatment for combined chemical–biological treatment is a potential 

process for enhanced colour removal and biodegradability of wastewaters containing the 

azo dye Remazol Black B, once the appropriate ozonation period is determined. 

Fongsatitkul, Elefsiniotis [11] reported that chemical oxidation prior to biodegradation 

delivered the best performance for treating the dye-containing wastewater, rather than 

only biological and biological prior to chemical oxidation treatments [12]. Previous 

studies reported that ozonation effectively decolourized azo dye Reactive Red 120, even 

at a lower ozone dose [13-15]. However, significant COD removal was only observed 

within the higher range of ozone doses. Moreover, ozonation transforms the functional 

groups in azo dye to produce more biodegradable by-products, which are easily removed 

by biological treatment. In this study, colour and COD removal of Reactive Red 120 

(disazo dye) were evaluated for application in the treatment of wastewater containing azo 

dye. The experimentation was arranged in two main periods: during the first, only 

ozonation treatment was performed, while during the second period ozonation was 

integrated with biological treatment. The first period was aimed to evaluate the oxidation 

process to achieve complete colour removal of dye and partial cleavage of aromatic 

amines to make them easily biodegradable. Further degradation can be achieved in the 

second period by treating the effluent from ozonation by the biological treatment.  

 

MATERIALS AND METHODS 

 

Materials 

The Reactive Red 120 (RR120, C44H30Cl2N14O20S6, and M.W. = 1,469.98 g/mol) were of 

analytical grade (Sigma-Aldrich) and used without further purification. The chemical 

structure of the dyes is shown in Figure 1. A stock solution of 10,000 mg/L was used for 

the preparation of 100 mg/L dye concentrations by dilution. The pH of aqueous solutions 

was adjusted using 0.1N NaOH to raise the pH or 0.1N HCl to lower the pH upon 

decolourization and degradation. All solutions were prepared using ultrapure water.  

 

Stage 1: Pre-ozonation Treatment 

The experimental setup consists of an oxygen cylinder, ozone generator, glass reactor and 

KI reactor. Ozone was generated from the A2ZZ-3G ozone generator utilizing pure 

oxygen of 99.5% concentration, introduced at a rate of 3 L/min. Ozone applications were 
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semi-batch reactions carried out in a cylindrical glass reactor (450 × 85 mm ID) of a 2,000 

mL working volume. The dye solution with a concentration of 100 mg/L was added into 

the glass reactor. Constant ozone was supplied from the bottom of the reactor through a 

diffuser at a dosage of 10.2 mg/min. The treatment was evaluated at 0, 1, 2, 3, 4, 5, 10, 

15 and 20 min reaction time. The ozone gas was supplied at 10.2 mg O3/min followed by 

aeration for 5 min to remove residual ozone. All connections from the ozone generator to 

the reactor were made through Teflon tubing. The excess ozone leaving the reactor was 

decomposed through 2,000 mL conical flasks filled with 2,000 mL of 2% KI solution. 

The experiments were conducted at room temperature, and samples were withdrawn at 

definite time intervals for determination of pH, colour, COD and UV-vis spectra analysis. 

 

 
 

Figure 1. Chemical structure of RR120. 

 

Stage 2: Biological Treatment 

The biological treatment was performed by an aerobic CMAS reactor consisting of a 0.15 

m deep cylindrical glass with an internal diameter of 0.10 m. The aerobic activated sludge 

as seed was collected from the biological treatment system of a glove manufacturing 

plant, located in Perlis, Malaysia. The bioreactor had an operating liquid volume of 1,000 

mL and was equipped with an air diffuser and stirrer. The air was bubbled at the bottom 

of the reactor by an air diffuser. Agitation was maintained during the whole experiment 

in order to mix the medium and avoid concentration gradients within the bioreactor. The 

DO concentration in the medium was monitored daily to ensure oxygen concentrations 

between 6–8 mg/L. The overall experiments were conducted at room temperature.  

The CMAS reactor operated in batch mode, with 24 h treatment cycles consisting 

of four consecutive phases: filling, reaction, settling and drawing. The bioreactor was 

previously seeded by 500 mL of aerobic activated sludge. Then, at the beginning of the 

filling cycle, the reactor was filled with 500 mL of pretreated dye influent. Subsequently, 

aeration and agitation were switched on to begin the reaction phase to allow the biological 

removal of biodegradable pollutants. Once completed, both aeration and agitation were 

stopped to let the biomass settle down. Finally, after 1 h of settling phase, approximately 

300 mL volume of samples was withdrawn from the supernatant during the drawing 

phase, without disturbing the settled sludge. The bioreactor was replaced with an equal 

volume of pretreated dye samples, and aeration–agitation was turned on again for new 

treatment cycles. The dye samples were subject to pre-ozonation with 0, 5, 10, 15 and 20 

min contact times. Furthermore, they were left for approximately 24 h before feeding into 

the bioreactor. Therefore, possible interference from any quantity of residual DO in the 

biological treatment was eliminated. Samples from each reactor were collected daily 
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(until day 30) and then filtered through a 0.45 µm glass microfibre filter (Fisherbrand, 25 

mm) prior to analysis to remove the biomass. 

 

Analytical Methods  

The ozone concentration in the feed gas was determined by the KI-starch titration method 

[16]. The decolourization and degradation of azo dye were determined by measurements 

of absorbance at wavelengths ranging from 200 to 800 nm by a UV-vis spectrophotometer 

(Hitachi U-2810). The maximum visible region (max 535 nm) was employed as a base 

for characterization of decolourization for RR120, using a 10 mm quartz cell. The pH was 

measured by a Hanna Instruments HI223 pH meter. COD was determined in accordance 

with the closed reflux, colorimetric method [16]. 

 

RESULTS AND DISCUSSION 

 

Effect of Pre-ozonation on Colour and COD Removal 

Figure 2 presents the colour removal of RR120 at different contact times. It was observed 

that complete decolourization occurred only after 10 min reaction. The removal was due 

to the fact that ozone is able to cleave the azo bonds from the dyes. The ozone as a 

powerful oxidant can oxidize the unsaturated bonds and achieve almost complete 

decolourization with an ozone flow rate of 10.2 mg O3/min. This finding supports 

previous research that the ozonation of dyes in decolourization was excellent [2, 17, 18]. 

The pH decreased during the treatment from 7 to 3. Therefore, it is apparent that the direct 

reaction by ozone molecules is predominant under this acidic condition. The decrease was 

caused by both the formation of acidic degradation by-products such as H2SO4 originating 

from the sulphonic groups, and consumption of hydroxyl radicals in the ozonation 

decomposition [19]. 
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Figure 2. Colour removal for RR120 at different contact times. 

 

The effect of pre-ozonation on the UV-vis spectra of RR120 after 20 min of 

treatment is shown in Figure 3. The peak slowly collapsed with the increase of contact 

time, and finally no peak was observed by 20 min of ozonation. The spectra of the initial 

solution represent the UV band characteristics of -N=N- groups (535 nm) and related it 

to the benzene and naphthalene rings bonded to the -N=N- groups (220 and 322 nm) [19-

21]. Within the near ultraviolet region (260 nm), the absorption band results from the 

unsaturated character of benzene and naphthalene rings. During the experiment, the 

intensity of absorption at 535 nm declined extremely rapidly; however, the UV band at 
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220 and 322 nm disappeared more slowly than the visible band. This resulted in the 

decolourization of the dye sample. The colour removal percentage reached 100% by 10 

min of contact time. 

 

 
 

Figure 3. UV-vis absorbance spectra in relation to ozonation time of RR120. 
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Figure 4. COD removal in relation to ozonation time of RR120. 

 

Figure 4 shows the COD value for RR120 after ozonation. The contact times 

carried out are 1, 2, 3, 4, 5, 10, 15 and 20 min. For a given time, an increase in contact 

time resulted in an increase in the COD removal efficiency. The initial COD value is 86 

mg/L, and decreases to 42 mg/L. However, at 15 and 20 min, there are no significant 

changes in the COD value. The removal percentage at the initial dye concentration of 100 

mg/L was 50% after 20 min. The removal percentage increased with the increase of 

contact time, which indicated that the dye structure was destroyed during ozonation and 

partially mineralized to small organic molecules. 
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Effect of Pre-ozonation on CMAS Treatment for Colour and COD Removal 

Figure 5 shows the wavelength of RR120 indicated by the UV-vis spectrophotometer, 

subjected to different pre-ozonation contact times and CMAS biological treatments (day 

0 and 30). The specified wavelength peaks of 5, 10, 15 and 20 min ozonation have 

disappeared, which indicates that the chemical structure of the synthetic dyes was 

transformed by ozonation [22]. The dramatic changes of UV spectra represent the 

disappearance of both azo and aromatic groups in the course of RR120. For longer 

ozonation times, there is a greater reduction through biological treatment. However, the 

biological treatment seems to have no influence on the colour removal of RR120 without 

pre-ozonation (0 min). Therefore, the biological treatment alone is not sufficient for 

decolourization of dye-containing wastewaters. Nevertheless, it seemed possible to obtain 

bio-treatable solutions once the colour had disappeared. The biological process is more 

efficient at mineralizing the by-products of the ozonation, but less efficient at colour 

reduction than the ozonation process itself [17, 23].  

 

0.0

0.2

0.4

0.6

0.8

1.0

200 300 400 500 600 700 800

A
b

s
o

rb
a
n

c
e
 (
A

b
s
) 

Wavelength (nm) 

0 min - Day 0 0 min - Day 30
5 min - Day 0 5 min - Day 30
10 min - Day 0 10 min - Day 30
15 min - Day 0 15 min - Day 30
20 min - Day 0 20 min - Day 30

 

 

Figure 5. UV-vis absorbance spectra of RR120 pre-ozonation and biological treatment. 

 

Figure 6 shows the COD concentration in relation to ozonation time of RR120 

CMAS biological treatment. The concentrations gradually decrease from the initial 

concentrations of 58, 50, 46 and 44 mg/L for 5, 10, 15 and 20 min ozonation, respectively. 

However, after day 30 of biological treatment, mere pre-ozonation of 10, 15 and 20 min 

shows a significant trend of reduction. These results imply that subsequent biological 

treatment after ozonation for 10 min was effective enough for the reduction of the COD 

concentration. The results from pre-ozonation alone contributed more than 50% of the 

total COD removal, which indicated that at the highest ozone dose (20 min), ozonation 

tends to mineralize the azo dye [24]. On the other hand, at medium ozone doses (5 to 10 

min), the role of ozonation seems to break down the dye molecule and create an ozonation 

product that is easily biodegraded in the biological treatment. Therefore, ozone was not 

oxidized azo dye though complete mineralization to produce CO2 and H2O. Khadhraoui, 

Trabelsi [19] mentioned that ozonation of dyes usually leads to small organic molecular 

fragments, such as acetic acids, epoxides, aldehydes, and ketones that lead to a residual 

COD. Therefore, the COD resulting from these small newly formed molecules can be 
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further degraded by a biological process. Thus, it is recommended that ozonation should 

be applied at a medium ozone dose as a pre-treatment for combined chemical–biological 

treatment for azo dye removal. 
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Figure 6. COD concentration in relation to pre-ozonation time and biological treatment 

of RR120, 100 mg/L and pH. 

  

CONCLUSIONS 

 

In this study, the characteristics of colour and COD removal of RR120 azo dye by pre-

ozonation followed by CMAS treatment were evaluated for application in industrial azo 

dye effluent treatment. The drop of pH indicated the formation of acidic by-products. 

Based on the results, the biological treatment is more efficient at mineralizing the by-

products of the ozonation, but less efficient at colour reduction than the ozonation process 

itself. Furthermore, the COD removal was contributed simultaneously by ozonation and 

the biological treatment mechanism at lower ozone doses. However, it was significantly 

contributed by direct oxidation at the highest ozone dose. Ozonation of dyes usually leads 

to small organic molecular fragments that lead to a residual COD. Therefore, the COD 

resulting from these small newly formed molecules can be further degraded by biological 

treatment. Thus, it is recommended that ozonation should be applied at medium ozone 

doses as a pre-treatment for combined ozonation–biological treatment for azo dye 

removal.  
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