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Abstract
High-salinity organic wastewater presents significant challenges due to its complex composition and environmental 

impact. Advanced Oxidation Processes (AOPs) have emerged as a promising treatment method, leveraging Reactive 
Oxygen Species (ROS) to degrade refractory organic pollutants. This study reviews the efficacy of various AOPs, 
including Fenton, photo catalysis, ozone-based oxidation, and electrochemical oxidation, for treating high-salinity 
organic wastewater. A detailed analysis of mechanisms, efficiency, limitations, and the impact of salinity on ROS 
generation is presented. The results demonstrate that AOPs, particularly hybrid systems, offer substantial pollutant 
removal while adapting to high saline conditions. Future directions are discussed to enhance scalability, cost-efficiency, 
and environmental sustainability.
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Introduction
The treatment of high-salinity organic wastewater has become 

increasingly important due to industrial expansion in sectors such 
as petrochemicals, textiles, and food processing. This wastewater 
is characterized by high levels of Total Dissolved Solids (TDS) and 
complex organic compounds, which are resistant to conventional 
treatment methods. Elevated salinity poses challenges by inhibiting 
microbial activity and altering chemical treatment dynamics. Advanced 
Oxidation Processes (AOPs) have gained traction due to their ability to 
generate Reactive Oxygen Species (ROS) like Hydroxyl Radicals (·OH) 
and Sulfate Radicals (SO₄·⁻), which effectively degrade refractory 
organics. However, the presence of high salinity can influence ROS 
formation and reaction pathways, necessitating tailored approaches. 
This paper explores the application of AOPs in treating high-salinity 
organic wastewater, focusing on key methods, performance metrics, 
and practical implications [1]. 

Challenges of high-salinity organic wastewater

High-salinity organic wastewater, prevalent in industries such 
as textiles, petrochemicals, and food processing, poses significant 
treatment challenges. Elevated salinity inhibits biological treatment 
processes by creating a hostile environment for microbial activity. 
Additionally, the complex organic pollutants in this wastewater are 
often resistant to conventional chemical and physical treatments. These 
characteristics demand advanced and innovative solutions to ensure 
efficient pollutant removal while minimizing environmental impact. 
The high ionic strength of saline wastewater can also interfere with 
treatment mechanisms, requiring tailored approaches. Addressing 
these challenges is critical for safeguarding ecosystems and ensuring 
compliance with stringent wastewater discharge regulations [2].

Emergence of advanced oxidation processes (AOPs)

Advanced Oxidation Processes (AOPs) have emerged as a 
promising solution for high-salinity organic wastewater. By generating 
Reactive Oxygen Species (ROS) like hydroxyl and sulfate radicals, 
AOPs effectively degrade refractory pollutants. These methods 
overcome limitations of conventional treatments, offering high 
efficiency even in extreme conditions. Processes like electrochemical 

oxidation, ozonation, and photocatalysis exhibit adaptability to saline 
environments, making them ideal candidates. Moreover, hybrid AOPs 
integrate multiple methods, enhancing pollutant removal rates and 
reducing by-products. This growing interest in AOPs reflects their 
potential to meet industrial demands while promoting sustainability in 
wastewater management practices [3].

Description of advanced oxidation processes

Fenton and photo-fenton processes

The Fenton process utilizes ferrous ions (Fe²⁺) and hydrogen 
peroxide (H₂O₂) to produce hydroxyl radicals. The photo-Fenton 
process enhances this reaction through UV light. These processes are 
efficient for breaking down complex organics but are sensitive to high 
chloride concentrations, which can scavenge ·OH radicals.

Ozone-based oxidation

Ozonation involves the use of ozone (O₃) to oxidize pollutants. In 
high-salinity conditions, the generation of secondary radicals such as 
hypochlorite (ClO⁻) can enhance or inhibit degradation depending on 
the wastewater composition [4].

Photocatalysis

Photocatalysis employs semiconductor materials like TiO₂ 
activated by UV or visible light to produce ROS. Salinity can affect 
catalyst performance through ionic interactions or surface fouling, 
which necessitates robust catalyst designs.

Electrochemical oxidation

Electrochemical oxidation utilizes an electric current to generate 
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oxidants (e.g., chlorine, ·OH) at electrodes. This method is highly 
adaptable to saline conditions, as the presence of chloride ions enhances 
the formation of reactive chlorine species (RCS).

Hybrid processes

Combining AOPs, such as photocatalysis with ozonation or 
electrochemical with Fenton, improves efficiency by leveraging 
synergistic effects. Hybrid systems can mitigate the limitations of 
individual AOPs in saline environments [5].

Results and Discussion
Performance of AOPS in high-salinity conditions

Advanced Oxidation Processes (AOPs) demonstrate varying 
efficiencies in treating high-salinity organic wastewater. Fenton 
and photo-Fenton processes effectively degrade organic pollutants; 
however, high salinity reduces efficiency due to chloride ions scavenging 
hydroxyl radicals (·OH). Modifications, such as adding chelating 
agents or optimizing pH, can improve efficiency, but their application 
remains limited in highly saline environments. Ozonation shows 
moderate resilience to salinity. While chloride ions react with ozone to 
form secondary oxidants like hypochlorite, these reactions can either 
enhance or hinder degradation depending on wastewater composition. 
Photocatalysis, using modified catalysts like doped TiO₂, overcomes 
challenges of ionic interference and catalyst fouling, achieving high 
removal rates in controlled conditions [6-9]. Electrochemical oxidation 
is particularly effective, with removal efficiencies exceeding 85% for 
Chemical Oxygen Demand (COD) in saline wastewater. Chloride ions 
in the matrix aid the formation of Reactive Chlorine Species (RCS), 
which significantly enhance pollutant degradation. Hybrid AOPs, 
such as combining electrochemical oxidation with photocatalysis or 
ozonation, leverage synergistic effects to further enhance performance 
and reduce energy consumption.

Impact of salinity on ros formation and by-products

High salinity influences reactive oxygen species (ROS) generation, 
altering reaction pathways. Chloride ions form chlorinated by-products 
during oxidation, which, while effective in degradation, raise concerns 
about potential toxicity. Addressing this requires additional polishing 
steps to ensure water safety.

Environmental and economic feasibility

Although promising, AOPs face challenges in operational costs 
and energy consumption. Integrating renewable energy sources, 
optimizing hybrid systems, and mitigating by-product toxicity are key 
to enhancing their scalability and sustainability [10].

Conclusion
Advanced Oxidation Processes (AOPs) are effective for treating 

high-salinity organic wastewater, leveraging reactive oxygen species 
to degrade complex pollutants. They are particularly promising for 
industrial applications where conventional methods fail. Among 
AOPs, electrochemical oxidation stands out for its robustness in saline 
conditions, as chloride ions enhance reactive chlorine species formation, 
achieving high pollutant removal efficiency. Hybrid systems, combining 
methods like photocatalysis and ozonation, further improve treatment 
by addressing the limitations of individual processes and adapting to 
varying wastewater compositions. However, challenges such as the 
formation of toxic by-products and high operational costs remain. 
Future research should prioritize optimizing operational parameters, 
such as electrode materials and reaction conditions, to enhance 
efficiency and reduce energy consumption. Efforts should also focus on 
minimizing by-product toxicity and scaling up laboratory systems for 
industrial deployment, ensuring sustainable and economically feasible 
solutions for high-salinity organic wastewater treatment.
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