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Abstract 
The presence of herbicides in water sources is a major environmental concern, as they pose 

risks to aquatic ecosystems and human health. Photocatalytic processes, which utilize light-

activated catalysts to degrade organic contaminants, have emerged as an effective solution for 

removing herbicides from contaminated water. This paper reviews the impact of photocatalytic 

processes, particularly using materials like titanium dioxide (TiO2) and zinc oxide (ZnO), on 

herbicide degradation. It examines key factors such as light intensity, pH, catalyst 

concentration, and temperature that influence degradation efficiency. The study also compares 

different photocatalytic materials and reaction conditions, emphasizing the practical 

application of this technology for large-scale water treatment. 

Introduction: 

Herbicides are commonly used in 

agriculture to control weed growth, but 

their widespread application has led to 

significant contamination of water bodies 

through runoff and leaching. Conventional 

water treatment methods, such as filtration 

and chemical treatments, are often 

inadequate in removing herbicides due to 

their persistence and chemical stability. 

Photocatalysis, a process where light 

energy is used to activate a catalyst that 

accelerates the breakdown of pollutants, 

has been shown to effectively degrade 

organic contaminants, including herbicides, 

in water. Titanium dioxide (TiO2) is the 

most studied photocatalyst due to its high 

efficiency, stability, and low toxicity. 

However, other materials such as zinc oxide 

(ZnO) and composite catalysts have also 

gained attention for their potential in 

improving photocatalytic herbicide 

removal. This paper reviews the 

mechanisms, advantages, and challenges of 

photocatalytic herbicide degradation, 

providing insights into how this process can 

be optimized for real-world applications in 

water treatment. 

Literctuer Review: 

Park and Choi (2023) investigate the 

synergistic effects of combining titanium 

dioxide (TiO2) with carbon-based 

composites for the photocatalytic 

degradation of herbicides. The authors 

discuss how carbon materials, such as 

graphene oxide and carbon nanotubes, 

enhance the photocatalytic activity of TiO2 

by improving electron transfer, increasing 

surface area, and expanding light 

absorption into the visible spectrum. The 

review emphasizes the effectiveness of 

these composite photocatalysts in breaking 

down herbicides in water, showing superior 

degradation performance compared to 

traditional TiO2 alone. The study also 

highlights the potential for these advanced 

composites to offer more sustainable and 

efficient solutions for water purification 

and environmental protection. 

Gupta and Rani (2015) compare the 

effectiveness of titanium dioxide (TiO2) 

and zinc oxide (ZnO) photocatalysts for the 

degradation of atrazine, a widely used 

herbicide, in aqueous solutions. The 

authors assess various parameters, such as 

catalyst concentration, pH, and light 

intensity, to evaluate the photocatalytic 

efficiency of both materials. The study 

finds that TiO2 exhibited higher 

degradation rates compared to ZnO, 

primarily due to its greater stability and 

better photocatalytic performance under 

UV light. However, ZnO also showed 

significant degradation efficiency, 

especially under certain experimental 

conditions. This comparative study 
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provides valuable insights into the selection 

of photocatalysts for effective herbicide 

removal from contaminated water. 

Objectives: 

1. To investigate the effectiveness of 

photocatalytic processes in 

removing herbicides from water. 

2. To identify key factors that 

influence the efficiency of 

photocatalytic herbicide 

degradation, including light source, 

catalyst type, pH, and temperature. 

3. To compare the performance of 

different photocatalysts, such as 

TiO2, ZnO, and composite 

materials, in herbicide degradation. 

4. To assess the impact of 

environmental factors, such as 

natural water matrices, on the 

photocatalytic process. 

5. To evaluate the scalability and 

practicality of photocatalysis as a 

method for large-scale water 

treatment. 

Methodology: 

Selection of Photocatalysts: Titanium 

dioxide (TiO2), zinc oxide (ZnO), and 

composite photocatalysts are chosen for 

their proven efficiency in the photocatalytic 

degradation of herbicides. TiO2 is widely 

recognized for its high photocatalytic 

activity under UV light, while ZnO offers 

good performance under both UV and 

visible light. Composite materials, 

combining TiO2 or ZnO with other 

substances like graphene or carbon-based 

materials, enhance light absorption and 

reduce electron-hole recombination, 

making them promising candidates for 

improved herbicide removal                                         

Experimental Setup: 

A batch reactor system is utilized for the 

photocatalytic experiments. The reactor is 

designed with both UV and visible light 

sources, allowing for the simulation of 

various lighting conditions to evaluate the 

efficiency of herbicide degradation under 

different light environments. This setup 

ensures controlled experimentation, where 

the impact of light type, catalyst, and other 

factors on the degradation process can be 

accurately assessed.Various parameters 

such as catalyst concentration, pH, 

temperature, and herbicide concentration 

are controlled to study their effects on 

degradation. 

Herbicides Used: 

The herbicides selected for the experiments 

are commonly found in contaminated water 

bodies, including atrazine, glyphosate, and 

2,4-D. These herbicides are widely used in 

agricultural practices and pose significant 

environmental concerns due to their 

persistence in water. Their degradation 

through photocatalysis is critical to 

assessing the effectiveness of the 

photocatalytic process for removing 

harmful contaminants from aquatic 

environments. 

Monitoring of Degradation: 

The degradation of herbicides is monitored 

using High-Performance Liquid 

Chromatography (HPLC) and UV-Vis 

spectroscopy to track the herbicide 

concentrations at various time intervals. 

These techniques provide accurate 

measurements of the herbicide levels, 

allowing for the assessment of the 

degradation process. Additionally, the 

degradation rate constant is calculated 

using kinetic models, which quantifies the 

speed at which the herbicides are removed 

from the water, helping to evaluate the 

effectiveness of the photocatalytic process. 

Data Collection: 

Experimental data is collected on the 

degradation efficiency under different 

experimental conditions. Variables such as 

light intensity, pH, and temperature are 

varied to determine their impact on the 

photocatalytic process. Experimental data 

is gathered to assess the degradation 

efficiency of herbicides under varying 

conditions. Key variables such as light 

intensity, pH, and temperature are 

systematically altered to observe their 

effects on the photocatalytic process. This 

data helps in understanding how each factor 

influences the degradation rate, allowing 

for the optimization of experimental 
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conditions for maximum herbicide removal 

efficiency. 

Data Analysis: 

The experimental data is analyzed to assess 

the degradation efficiency of different 

herbicides under various photocatalytic 

conditions. First-order kinetics is typically 

applied to model the degradation process, 

with degradation rate constants calculated 

for each herbicide. The results reveal the 

influence of key factors such as light source 

(UV vs. visible light), catalyst 

concentration, pH, and temperature on the 

efficiency of herbicide removal. The 

degradation efficiencies of TiO2, ZnO, and 

composite materials are compared, 

showing the advantages and limitations of 

each. Statistical analysis is conducted to 

evaluate the significance of each parameter 

in the degradation process, and optimal 

conditions for herbicide removal are 

determined. 

 
 

Figuer:  Removal of pesticides from water and wastewater by solar-driven 

photocatalysis - ScienceDirect 

Conclusion: 

Photocatalytic degradation has proven to be 

an effective method for removing 

herbicides from contaminated water. 

Titanium dioxide (TiO2) and zinc oxide 

(ZnO) are the most widely studied 

photocatalysts, with TiO2 demonstrating 

high efficiency and stability under UV 

light. However, factors such as light 

intensity, catalyst concentration, pH, and 

temperature significantly influence the 

degradation rate. Composite photocatalysts 

have shown promising results in improving 

the efficiency and extending the light 

absorption range. Environmental factors, 

such as the natural water matrix (e.g., 

turbidity, dissolved organic matter), can 

affect the photocatalytic efficiency, making 

it essential to optimize reaction conditions 

for real-world applications. While 

photocatalysis offers a sustainable solution 

for herbicide removal, challenges such as 

catalyst stability and energy efficiency 

remain. Further research is needed to 

enhance catalyst performance and develop 

cost-effective, large-scale water treatment 

systems based on photocatalytic processes. 
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