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ARTICLE INFO ABSTRACT 

Received:  04/4/2023 The application of ozone technology in textile dyeing wastewater 

treatment is a new and promising direction. This article explores an 

overview of textile dyeing wastewater, ozone technology, and the 

application of ozone technology in textile dyeing wastewater treatment 

through analysis of studies on characteristics of textile dyeing 

wastewater, sources, treatment efficiency, and challenges when using 

ozone technology to treat textile dyeing wastewater. This underscores the 

importance of further studies to determine properly the advantages and 

disadvantages, as well as the industrial and broad applicability of  ozone 

technology in textile dyeing wastewater treatment, in order to ensure 

sustainable treatment efficiency, minimize the risk of adverse impacts on 

human health and the environment. Methods used in this study are 

information analysis, synthesis, and comparison to evaluate and make 

valuable comments. The research results are useful for those beginning to 

study textile wastewater, ozone technology, and its application, helping 

them get an overview and orientation for their research. 
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THÔNG TIN BÀI BÁO TÓM TẮT 

Ngày nhận bài:  04/4/2023 Ứng dụng công nghệ ozone trong xử lý nước thải dệt nhuộm đang là 

hướng đi mới, nhiều triển vọng. Bài viết này trình bày tổng quan về 

nước thải dệt nhuộm, công nghệ ozone và ứng dụng công nghệ ozone 

trong xử lý nước thải dệt nhuộm thông qua việc phân tích các nghiên 

cứu về tính chất, nguồn phát sinh, hiệu quả xử lý cũng như thách thức 

khi sử dụng công nghệ ozone trong xử lý nước thải dệt nhuộm. Từ đó 

nhấn mạnh tầm quan trọng của việc cần có các nghiên cứu sâu hơn để 

xác định đúng những ưu điểm và nhược điểm, cũng như khả năng ứng 

dụng công nghiệp và mở rộng của việc sử dụng công nghệ ozone 

trong xử lý nước thải dệt nhuộm, nhằm đảm bảo hiệu quả xử lý bền 

vững, giảm thiểu các nguy cơ tác động xấu đến sức khỏe con người và 

môi trường. Phương pháp được sử dụng trong nghiên cứu này là: Phân 

tích, tổng hợp và so sánh thông tin để đánh giá và đưa ra những nhận 

xét có giá trị. Kết quả nghiên cứu hữu ích cho người mới nghiên cứu 

về nước thải dệt nhuộm, công nghệ ozone và ứng dụng của nó, giúp 

họ có được cái nhìn tổng quan và định hướng được cho công việc 

nghiên cứu của mình. 
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1. Introduction 

Due to the elevated amounts of chemical and organic pollutants it carries, textile dyeing 

wastewater is a major contributor to global water pollution [1]-[3]. Textile production is 

estimated to be responsible for around 20% of global clean water pollution from dyeing and 

finishing products [4]. The effluent from textile dyeing has a high concentration of organic 

molecules, colors, dyeing agents, hazardous chemicals, and inorganic compounds such as sodium 

hydroxide, hydrochloric acid, sodium chloride, and detergents [3]. High amounts of color, 

suspended particles, biological oxygen demand (BOD), chemical oxygen demand (COD), total 

Kjeldahl nitrogen (TKN), and heavy metals are characteristics of dyeing wastewater, according to 

a study by M. A. Hassaan et al. [4]. Toxic, mutagenic, and carcinogenic agents, textile dyes 

endure as environmental pollutants and traverse entire food chains, resulting in biomagnification 

[5]. High organic content, colors, dyestuff, hazardous chemicals, and inorganic substances such 

as sodium hydroxide, hydrochloric acid, sodium chloride, and detergents are components of 

textile dyeing wastewater [2]. The dyeing process consists of three phases: pretreatment, dyeing, 

and finishing. Before dyeing, unwanted impurities are removed from fibers using an aqueous 

alkaline solution or detergents [3]. 

Several technologies, such as biological treatment procedures, chemical precipitation, 

adsorption, and membrane technology, can be used to treat textile wastewater [6]. In a 2001 study 

published in Chemosphere, C. M. Kao et al. [7] sought to assess the effectiveness of standard 

wastewater treatment procedures in lowering pollutant concentrations in textile dyeing effluent. 

Pretreatment removes undesired contaminants from fibers before dyeing, which can be 

accomplished with an aqueous alkaline solution or detergents [7]. High organic content, colors, 

dyestuff, hazardous chemicals, and inorganic substances such as sodium hydroxide, hydrochloric 

acid, sodium chloride, and detergents are components of textile dyeing wastewater [5]. Ozone 

can cure textile dyeing effluent. Printing wastewater treatment with integrated ozone treatment 

yielded a direct-discharge effluent at 135 mg/l [8]. Gas chromatography–mass spectrometry with 

100 mg/L ozone, 15.7 min contact time, and 2.9 gas–liquid ratio removed 100% of volatile 

phenols, sulfides, and aniline from wastewater [10]. Ozone technology is an eco-friendly 

alternative to vat and sulfur dye reduction and oxidation [6].  

The report of Rajkumar et al. [10] on dyes and pigments emphasized this issue and provided 

numerous remedies. One potential option is using advanced oxidation processes (AOPs) that 

have effectively eliminated various contaminants from wastewater. AOPs transform toxic organic 

pollutants into harmless byproducts using oxidizing agents such as hydrogen peroxide and ozone. 

The application of ozone technology to remediate textile dyeing effluent has shown promise. 

According to studies, ozonation can increase the biodegradability of wastewater and enhance 

treatment performance [11], [12]. It has been discovered that ozone is useful in cleansing textile 

effluent and eliminating color [13] and is used in various textile processes, including dying and 

finishing. Ozone technology is viable for treating high-strength textile dyeing wastewater [14]. 

This short review paper aims to give readers an overview of the efficacy of ozone technology 

in eliminating various pollutants from textile dyeing effluent. The article will also emphasize the 

difficulties and potential applications of ozone technology in treating wastewater from textile 

dyeing, as well as the benefits and drawbacks of its use and potential applications in Vietnam. 
2. Materials and Methods 

- Synthetic approach: The study uses this method to acquire data and information on textile 

wastewater, ozone technology and the application of ozone technology in textile dyeing wastewater 

treatment, which is collected from studies published in prestigious scientific journals around the 

world. These include studies from 1981 to recent studies published in 2023. 
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- Analytical techniques: This study analyses previously published materials on textile dyeing 

wastewater, ozone technology, and the application of ozone technology to treat textile dyeing 

wastewater. This enables us to assess the current status of research, with a focus on complicated, 

unresolved issues in this subject. 

- Data processing methods: Using comparison technique to generate statistical tables, compare 

published research results related to textile dyeing wastewater, using ozone technology to treat 

textile dyeing wastewater that this research has collected and summarized. 

3. Findings and discussion 

3.1. Textile dyeing wastewater and its characteristics 

3.1.1. Textile dyeing wastewater and its sources 

Textile dyeing has long been recognized as the second-largest contributor to global water 

pollution and waste. This sector's water-intensive processes and high levels of pollution discharge 

have substantially influenced global water supplies, worsening water scarcity issues. 

Textile dyeing wastewater refers to effluent produced during textile dyeing and finishing 

operations [13] – [15]. It contains dyes, surfactants, heavy metals, and salts, other contaminants 

[16]. These contaminants are harmful to the environment and human health, and if not managed 

properly, they can cause severe water contamination.  

Rania Al-Tohamy et al. [1] researched the health concerns of textile dyeing wastewater. The 

investigation results indicate that the wastewater contains many dangerous elements, including 

heavy metals and organic contaminants. These contaminants can pollute drinking water, 

increasing cancer risk, liver and kidney damage, and reproductive disorders. In addition, 

releasing untreated wastewater into water bodies can result in eutrophication, ecosystem 

deterioration, and a reduction in aquatic biodiversity. Based on their findings, the authors stated 

that wastewater from textile dyeing should be cleaned before being released into the environment 

and that additional research is required to determine the long-term effects of this wastewater on 

human and environmental health.  

Textile dyeing wastewater is produced from various sources, including dye bath wastewater 

during the dying process, textile wastewater from equalizing tanks after dying, and other 

byproducts such as metals, salts, and colors [13] – [15]. Sources of pollutants in wastewater 

include impurities separated from the fiber fabric such as grease, nitrogen-containing impurities, 

and dirt adhering to the fiber (accounting for 6% of the fiber weight); chemicals used such as 

starch paste, H2SO4, CH3COOH, NaOH, NaOCl, H2O2, Na2CO3, Na2SO3,... all kinds of dyes, 

inert substances, absorbents, mordants, laundry detergents;… 

Imtiazuddin et al. [17] conducted a study on the origins of wastewater from textile dyeing. 

Research results show that: Aquatic toxicity of textile dyeing industry wastewater significantly 

differs between production facilities. Possible sources of aquatic toxins include salts, surfactants, 

ionic metals and their metal complexes, toxic organic chemicals, biocides and toxic anions. 

Wastewater in the bleaching, polishing, dyeing, printing and finishing industries must be treated 

separately to reduce contaminant concentrations. 

The composition of the wastewater depends on the characteristics of the dyeing material, the 

nature of the dye, the auxiliaries and other chemicals used. Dyes are particularly interesting 

because they often source metals, salts and colors in wastewater. Fabric sizing agents with high 

BOD, COD and surfactants are the main causes of aquatic toxicity of textile dyeing wastewater. 

Almost 10,000 dyes are used in the textile industry, and 28,000 tons are dumped into public 

sewers without being adequately treated, eventually poisoning adjacent waterways. 10% of these 

dyes are lost during the coloring process, and 2% of the total amount is discharged directly into 

aqueous effluent [17]. Azo dyes are very well-liked; an annual output of 7 x 105 tons accounts 

for 80% of the world's commercial dye production [18]. Azo dyes react with cotton, wool, silk, 
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and nylon fibers to produce covalent bonds. Textile colors are not degraded by traditional aerobic 

textile effluent treatment, and in the absence of tertiary treatments, they are abundant in natural 

water supplies. 

3.1.2. Characteristics of textile dyeing wastewater 

Several studies indicate that textile dyeing wastewater has a high pH value, and a high 

concentration of suspended particles, chlorides, nitrates, and metals like manganese, sodium, 

lead, copper, and chromium [14], [19], [20]. Moreover, the effluents from the dyeing process 

typically have high levels of color, pH, suspended solids (SS), chemical oxygen demand (COD), 

and biochemical oxygen demand (BOD) [15]. Color, pH, electrical conductivity (EC), chemical 

oxygen demand (COD), biological oxygen demand (BOD), and hardness are further 

characteristics of textile wastewater [21], [17]. These contaminants significantly threaten the 

ecosystem and can devastate aquatic life and human health.  

A wide range of values for dye concentrations in textile effluent was reported. Textile 

effluents often have dye concentrations of 10 to 200 mg/l, 50 to 1000 mg/l, 150 to 750 mg/l, and 

10 to 500 mg/l [15]. Other reports indicated that the COD of textile dyes ranged from 250 to 

1,500 mg/L in several textile industrial wastewater. Concerning the various kinds of catalysts 

utilized in the treatment process, the alkalinity reduction ranged from 10 to 22%. With values of 

0.691, 0.688, and 0.711 compared to 0.398 in the untreated wastewater, the BOD5/COD ratio of 

the treated actual wastewater was significantly greater than that of the untreated wastewater [22]. 

Depending on the processes employed, the concentration of dyes in wastewater can vary. For 

instance, the average COD (chemical oxygen demand) concentration of pre-treatment wastewater 

is 3000 mg/L, while the average COD concentration of dyeing/printing process wastewater is 

1000 mg/L after mixing. In a typical polyester base reduction process, sodium hydroxide with a 

pH between 10 and 11 is used, resulting in high concentrations of up to 600,000 mg/L for batch 

processing. Chroma is an additional pollutant that originates from residual dyes during finishing 

processes, resulting in 200 to 500 times higher concentrations than before treatment due to the 

90% dyeing rate attained by most textile industries today [18], [23], [24]. 

It has been demonstrated that synthetic dyes in industrial production hurt the environment, as 

they are not biodegradable and can cause harm [1], [25]. To address this issue, researchers have 

focused on bioremediation as a possible treatment method for textile wastewater, specifically 

using up-flow anaerobic sludge blanket (UASB) reactors for color removal [13]. For example, 

Dailin et al. [26] studied the bioremediation of textile dyes in wastewater. In contrast, Ozlem 

Altintas Yildirim [27] investigated the negative effects of commonly used textile dyes on the 

aquatic environment. 

Appropriate handling of textile dyeing wastewater is essential for mitigating water 

contamination. Textile dyeing wastewater is often alkaline due to its high concentrations of salt, 

COD, BOD, and color; if not adequately treated, it can have detrimental environmental effects. 

To efficiently treat this wastewater, its unique properties must be considered, and appropriate 

treatment techniques must be adopted to ensure compliance with local effluent standards and 

regulations. Generally, it is necessary to consider the sustainable use of water resources when 

managing wastewater. 

3.2. Ozone technology and its applications 

Ozone (O3) technology offers several advantages over traditional disinfection techniques like 

chlorine, including faster disinfection times, no toxic byproducts, and the capacity to handle a 

variety of pollutants. As a result, it has become significantly important in water and air treatment. 

Ozone technology can be used in many sectors and is an efficient tool for odor control, 

disinfection, and purification. To avoid health hazards, it is crucial to utilize it correctly and 

safely, nevertheless. Ozone, a strong oxidizing agent, has been used in food processing since the 
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early 1900s for its antibacterial qualities; according to A. J. Brodowska et al. [28], more research 

is needed to fully understand its benefits and drawbacks. 

Ozone technology uses electricity to convert oxygen into ozone molecules [29]. This method 

is used in various sectors for odor control, purification, and disinfection [30]. Ozone technology 

has garnered considerable attention as a viable wastewater treatment method due to its potent 

oxidizing properties [31]. Ozone's high reactivity makes it an effective oxidizing agent capable of 

breaking down various organic pollutants, such as pesticides, petroleum-based, and persistent 

organic pollutants [32]. It can also remove color, odors, and other pollutants from wastewater. 

Furthermore, ozone technology can eliminate heavy metals, nitrogen-based contaminants, and 

other hazardous compounds from wastewater, as found in studies [33]. Notably, ozone 

technology doubles up as an efficient disinfectant, destroying bacteria and viruses in wastewater 

[34]. Ozone technology is also a cost-effective wastewater treatment method, making it an 

attractive option for industries and businesses. It can further minimize sludge production in the 

wastewater treatment process, reducing disposal costs linked to wastewater treatment. Therefore, 

ozone technology's broad range of applications in wastewater treatment makes it a popular choice 

for many industries. Ozone was discovered to be a powerful disinfectant capable of eliminating 

bacteria and other microbes. Moreover, ozone is remarkably effective at removing metal ions, 

organic pollutants, and molecules that provide water color from the environment [35].  

It has been determined that ozone technology is a potent instrument for managing air pollution 

in both industrial and home settings. Ozone technology is a "new strategy for solving air quality 

challenges, with highly promising outcomes," according to L. Franken [35]. In addition to 

lowering the concentrations of particles, allergens, and other dangerous pollutants, it is excellent 

at removing smells and volatile organic compounds without using chemicals or other harmful 

materials, making it an affordable and secure solution for managing air quality in both industrial 

and home settings. Importantly, ozone can combine with sulfur and nitrogen dioxide to form less 

toxic compounds, improving air quality. 

Recent research, such as in 2020, by Shin et al. [36] has looked at the potential dangers 

connected to ozone technology and its application in society. By using ozone gas to disinfect indoor 

air, ozone technology eliminates bacteria, odors, and other volatile organic compounds (VOCs). 

Ozone technology has been shown to lower air quality in specific situations, but its consequences 

on human health are still mostly understood. According to the World Health Organization, ozone is 

a harmful substance and should be handled with caution in public areas. Long-term exposure to 

ozone has also been linked to asthma-like symptoms and respiratory issues. Therefore, safety 

precautions must be taken when utilizing ozone technology. Moreover, the ozone concentration 

should be checked to ensure it is within permissible limits when used indoors.  

3.3. Ozone technology for treating textile dyeing wastewater 

3.3.1. The application of ozone technology to treat textile dyeing wastewater 

Much research has been undertaken on using ozone technology to clean effluent from textile 

dyeing. Our investigations demonstrate that ozone can be employed for the enhanced treatment of 

textile effluent having a high concentration of indigestible dyes and other macromolecular 

organics [37]. The approach is predicated on the decolorization of the dye by ozone, and the color 

loss is proportional to the ozone concentration and pH value [38]. Current advancements in 

textile wastewater treatment include catalytic ozonation, which has shown success for color 

removal in a short treatment period [39]. A review article analyses the mechanics of the 

interaction between ozone and aqueous solutions of organic dyes [40], whilst another review 

covers recent developments in the use of ozone for decontamination applications in many 

industries, including textiles [41]. 
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Due to its efficiency at removing pollutants, catalytic ozonation has gained popularity as a 

method for treating wastewater from textile companies. In their article titled "Water," authors 

Zhang et al. [42] examined the advantages of this technology. They discovered that catalytic 

ozonation increases the biodegradability of wastewater, assisting in sludge production reduction. 

Moreover, total organic carbon (TOC), chemical oxygen demand (COD), and total nitrogen (TN) 

contents in the water are all decreased by catalytic ozonation. The authors pointed out that in 

addition to other contaminants, colors can also be removed using this approach. They also pointed 

out the need for more study in this field by pointing out that the type of dye and the pH of the 

wastewater affect how effective catalytic ozonation is. The authors concluded that catalytic 

ozonation offers considerable advantages in pollutant removal and biodegradability and is a viable 

technology for cleaning wastewater from textile manufacturers. 

3.3.2. Effectiveness of ozone technology in the treatment of textile dyeing wastewater 

On the same machine where it was generated and concurrently with the dyeing process tested 

a unique method to decolorize residual dyeing effluent [43]. In order to assess this technique's 

efficacy on residual dyeing effluents including Reactive Orange 7, Reactive Blue 19, and 

Reactive Black 5, pilot-scale investigations were carried out. The findings demonstrated that 

about 100% color removal and 90% COD reduction could be achieved by adjusting process 

variables such as pH, dye concentration, ozone production rate, and temperature. According to 

the study's findings, the novel technique can replace the need for a separate end-of-the-pipe 

wastewater treatment system with an affordable on-site option. 

Table 1. Catalytic ozonation processes condition for textile wastewater 

Catalyst material for 

ozonation processes 

Target 

Dye(s) 
Optimum conditions 

Efficiency (% 

COD removal) 
References 

Carbon-doped magnesium 

oxide (C-MgO) dropped on an 

eggshell membrane powder 

Real textile 

wastewater 

Ozone flow rate = 0.4 L/min,  

Catalyst does = 0.23 g/L, 

Reaction time = 10 min, 

pH = 11 

93 [44] 

Poly aluminum chloride and 

alum 

Real textile 

wastewater 

Reaction times = 30 min, 

Catalyst does = 6 and 300 mg/l, 

pH= 7.4 

89 [45] 

g-C3N4 modified with Al2O3 

nanoparticles 

Real textile 

wastewater 

Oxygen flow rate = 1.5 L/min, 

Catalyst dosage = 0.5 g/L, 

pH = 7.1 

77 [46] 

O3/UV 
Azo red-60 

dye 

Initial concentration dye = 100 

mg/L, Reaction time = 60 min, 

pH = 7.5 

100 [47] 

Modified pulsed low frequency 

US cavitation processes 

Real textile 

wastewater 

Optimum O3 flow rate = 4 g/h,  

Reaction time = 60 min, 

pH = 9.34 

86 [48] 

KMnO4 
Real textile 

wastewater 

KMnO4 dosage = 1.5 mM,  

O3 dosage = 10 mg/L,  

The reaction time of 30 min, 

pH = 7 

80 [49] 

According to the data in Table 1, multiple catalyst materials have been employed to treat 

textile wastewater by ozonation. Different conditions have been tuned for each catalyst material 

to reach the necessary degree of COD removal efficiency. As a catalyst material, carbon-doped 

magnesium oxide (C-MgO) doped on eggshell membrane powder exhibited a high COD removal 

efficiency of 93% at pH 11 with a reaction time of 10 minutes and a catalyst dose of 0.23 g/L. 

Similarly, using poly aluminum chloride and alum as catalysts resulted in an 89% COD removal 
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efficiency with a reaction time of 30 minutes and a catalyst dose of 6 and 300 mg/L, respectively, 

at pH 7.4. In addition, using g-C3N4 modified with Al2O3 nanoparticles as a catalyst material 

demonstrated a 77% COD removal efficiency at pH 7.1, with an oxygen flow rate of 1.5 L/min 

and a catalyst dosage of 0.5 g/L. In addition, the combination of O3/UV treatment has produced a 

high dye removal efficiency of 100% for Azo red-60 dye, with an initial concentration of 100 

mg/L, a reaction duration of 60 minutes, and a pH of 7.5. Also, using modified pulsed low-

frequency US cavitation processes has demonstrated a COD removal effectiveness of 86% at pH 

9.34, with an optimal O3 flow rate of 4 g/h and a reaction duration of 60 minutes. Using KMnO4 

as a catalyst resulted in a COD removal efficiency of 80% at pH 7, with a KMnO4 dosage of 1.5 

mM, an O3 dosage of 10 mg/L, and a reaction duration of 30 min. These studies indicate the 

potential of ozonation procedures for efficiently treating textile wastewater using various catalyst 

materials and under optimal circumstances. However, additional research is required to determine 

the viability and scalability of these methods for industrial use on a broad scale. 

3.3.3. Challenges and limitations of using ozone technology for treating textile dyeing wastewater 

Ozone technology has been faced some obstacles and restrictions, such as the efficacy of 

ozone treatment is contingent on initial dye concentration, pH, and temperature of wastewater 

[36]. The use of ozone gas is more appropriate for wet processing machines, which may limit its 

application in certain textile manufacturing processes [13]. Although ozonation has been 

described as having a lower environmental impact than conventional denim bleaching, it still 

requires careful consideration of water allocation, reuse, and recycling strategies [50]. 

The next drawback of Ozone technology is the high cost. According to Van Vuuren et al. [51], 

the high cost of ozone technology results from the energy-intensive process required to produce 

ozone. In addition, the system’s maintenance costs are substantial due to the need for frequent 

replacement of parts and consumables. The costs of ozone technology are exacerbated by the need 

for skilled personnel to operate the system and by the stringent safety regulations required to ensure 

worker safety and the environment. The high cost of ozone technology has limited its adoption in 

many industries and led to the development of more cost-effective alternatives. However, the 

potential benefits of ozone technology cannot be ignored due to the growing demand for cleaner air 

and water and the growing awareness of the negative effects of pollution on human health and the 

environment. Efforts should be made to reduce the cost of ozone technology through technological 

innovation and improving operational and maintenance efficiency. 

Rice et al. [52] provide several potential strategies for mitigating these expenses. Initially, they 

advise using compressed or oxygen-enriched air as an alternative to pure oxygen. This approach 

can cut ozone manufacturing expenses and improve its efficiency. They propose using alternate 

reactor designs to enhance ozone mass transfer and lower energy usage. For instance, high-

efficiency diffusers or microbubble aeration systems can increase ozone transfer rates and decrease 

energy requirements. Last but not least, they advocate the adoption of hybrid systems, such as 

ozone-biofiltration or ozone-UV procedures, which can improve the treatment system’s 

performance and lower its overall costs. These alternatives can assist in overcoming the high cost of 

ozone technology and make it a more viable option for wastewater treatment. However, additional 

research and development are required to maximize the effectiveness and efficiency of these 

methods in real applications. 

The application of ozone technology requires cautious handling and safety measures to avoid 

exposure to dangerous ozone levels. Material and safety data sheets contain information on the 

handling and storage of ozone, including using ozone-resistant tubing and pipelines, repairing 

leaks, and evacuating places with high ozone levels [53]. Ozone generators are linked to harmful 

health effects, and scientific evidence indicates that acceptable amounts of ozone are unlikely to 

be useful at reducing indoor air pollution [54].  
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Moreover, ozone technology can generate harmful byproducts such as bromate and aldehydes. 

Ozone can also be harmful to human health, especially for those with respiratory difficulties such 

as asthma and chronic bronchitis. Ozone exposure can aggravate lung diseases, increase the 

frequency of asthma attacks, and reduce lung function. While ozone is composed of three oxygen 

atoms, it is an unstable and highly reactive gas that can harm health [30]. Therefore, caution 

should be exercised when using ozone technology, and it is important to follow safety guidelines 

and regulations to minimize the risks associated with its use. 

The presence of organic matter and other contaminants in wastewater might limit the efficacy of 

ozone as a disinfectant, hence affecting the efficiency of ozone technology [55]. According to 

Wang et al. [56], organic matter in water can devour ozone, diminishing ozone's ability to remove 

contaminants. Since organic matter combines with ozone through a chain reaction, hydroxyl 

radicals compete with ozone for reaction sites. Thus, the overall effectiveness of ozone technology 

is diminished, resulting in insufficient removal of pollutants. However, the magnitude of this effect 

depends on the type and concentration of organic materials in the water. Wang et al. [56] 

discovered that the presence of humic acid, a common organic molecule in wastewater, affected the 

effectiveness of ozone technology by up to 40%. This emphasizes the significance of 

comprehending organic matter's influence on ozone technology's effectiveness and devising 

measures to limit its effects.  

According to Silva and Jardim, one way to ensure efficient pollutant removal is to optimize 

the ozone dosage based on the concentration and type of organic matter in the water [57]. 

Consider the concentration of contaminants in the wastewater, the flow rate, and the contact 

duration to establish the best dosage. Combining ozone technology with advanced oxidation 

processes (AOPs) is another method. AOPs can improve the efficacy of ozone technology by 

producing hydroxyl radicals, which are extremely reactive species capable of oxidizing a wide 

variety of contaminants. The design of the ozone reactor can also affect its effectiveness. A 

reactor with a high surface-to-volume ratio can facilitate a more efficient mass transfer between 

ozone and contaminants, increasing its overall efficiency. In conclusion, following these 

measures can considerably enhance the efficacy of ozone technology in wastewater treatment 

plants, resulting in improved water quality and a cleaner environment. 

3.4. Potential application of ozone technology in textile dyeing wastewater treatment in Vietnam 

Applying ozone technology in textile dyeing wastewater treatment is initially being noticed in 

Vietnam. Vu Thi Bich Ngoc et al. have shown that among the oxidizing agents, O3 is highly 

effective in breaking straight and unsaturated bonds in drug molecules dyeing, causing rapid 

discoloration of textile dyeing wastewater [62]. Ozone strongly absorbs UV light (especially at 254 

nm wavelength) producing H2O2, and immediately H2O2 decomposes to form *OH radical [58]: 

O3 +  hv     →  O2  +  O 

O  +  H2O  →  H2O2  →  2
*
OH 

In acidic environments, ozone directly oxidizes organic compounds using ozone molecules 

dissolved in water. Meanwhile, in high pH conditions or in conditions with favorable conditions 

for the generation of *OH radicals such as H2O2, UV, catalysts, etc., the indirect oxidation 

pathway through hydroxyl radicals will be essential and the oxidation efficiency is enhanced. As 

a result, researchers have looked for agents that can be combined with ozone or catalysts to 

trigger *OH radicals to improve the oxidizing efficiency of ozone when it is necessary to deal 

with stable, non-biodegradable compounds in water and wastewater [58]. 

Van Huu Tap et al. studied using metal slag from metallurgy as a catalyst for the ozone 

reaction to treat Reactive Red 24 in textile dyeing wastewater. The research results show that, in 

the composition of the waste iron slag containing FeO, ZnO and SiO2 oxides, it has a good effect 

for the catalytic ozone process of dye treatment (Reactive Red 24) with high efficiency, almost 

100% color loss and decompose 85% of organic matter in textile dyeing wastewater at the 
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condition O3 = 3,038 g/h, H2O2: 100 mg/L, iron slag content: 1000 mg/L and dye concentration: 

300 mg/L [59]. 

Nguyen Trong Anh et al. evaluated the efficiency of textile dyeing wastewater treatment by 

ozone technology combined with UV. The results show that the high-order oxidation using 

H2O2/O3/UV gives the highest efficiency in color and COD treatment compared to using other 

single agents. At the pH value of 8.0, the reaction time is 40 minutes, the H2O2/O3/O3 content 

ratio is 0.5 and the UV light has wavelength λ = 254 nm, the color and COD treatment efficiency 

is 75 % respectively (185 Pt-Co) and 83.4% (166 mg/L). Combining higher oxidation with UV 

agent increases treatment efficiency due to higher production of free *OH radicals. Therefore, it 

is possible to combine ozone technology with UV to treat textile dyeing wastewater for higher 

efficiency [60]. 

Nguyen Thi Hien et al. also evaluated the effect of 5 types of metal waste slag, including iron 

slag, zinc slag, copper slag, lead slag and cadmium slag as catalysts for the ozone process to 

degrade dyes Direct Black 22. Through COD analysis, the ability to treat dyes is from 66% to 

76% with the condition that the dye concentration reaches 100 mg COD/L; concentration of O3: 

3,038 g/h, H2O2: 100 mg/L and the dose of catalyst is 250 mg/L [61]. 

The research results demonstrate that catalytic ozonation is an effective way to purify 

wastewater from textile and dyeing factories in Vietnam due to pollutant removal and 

biodegradability. However, the studies also point to the need for further research by showing that 

the type of dye and the pH of the wastewater affect the efficiency of the catalytic ozonation 

process used in the treatment of textile dyeing wastewater under conditions in Vietnam. 

4. Conclusion  

Textile dyeing wastewater contributes significantly to water waste and pollution, posing grave 

environmental and human health threats. Due to its disinfection, purification, and odor control 

properties, ozone technology is viable for textile dyeing wastewater treatment. Research on using 

ozone technology in textile dyeing wastewater treatment is initially attracting attention in 

Vietnam with many studies being conducted. The results proved that ozone technology is a 

feasible technology to clean wastewater from textile dyeing manufacturers in terms of conditions 

in Vietnam. Although ozone technology effectively treats high concentrations of indigestible 

dyes and other pollutants, its efficacy depends on several variables, including initial dye 

concentration, pH, and temperature. Additional research is required to comprehend its advantages 

and disadvantages completely, and caution should be exercised to avoid potential health risks. 

Investing in sustainable and efficient water treatment systems is vital for limiting the risks posed 

by textile dyeing wastewater and enhancing water quality for human and environmental health. 
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