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1. Introduction – Arsenic removal from drinking water is a complex problem faced by many countries and 

regions. Considering the toxicity and mobility of As (III), oxidation of As (III) to As (V) is a crucial step to 

improving total arsenic removal. As an environmentally friendly activator, ascorbic acid (H2A) was 

reported to activate molecular oxygen to generate H2O2. Therefore, the metal-free activation of ascorbic 

acid to generate H2O2 and its application in removing arsenic from water are worthy of study. The oxidation 

process and mechanism of visible light/methylene blue (MB+)/ascorbic acid (H2A) activated molecular 

oxygen in water were systematically studied. 

2. Experimental – The light source applied for the catalytic reaction has a maximum emission wavelength 

of 630 nm. The main reaction substrate concentrations were set as follows: 5 μM As (III), 0.1 ppm dye, 100 

μM H2A, and 10 mM buffers. The effects of light, pH, H2A concentration, MB+ concentration, initial 

concentration of As (III), common anions, and organic matter in water were investigated. The active species 

and formation mechanism in the system were identified by spectral changes and free radical inhibition assay. 

3. Results and Discussion – The 

results show that light can promote 

the oxidation of As (III). In the 

range of pH 8.0-9.5 and H2A 0.1-

0.3 mmol·L-1, As (III) oxidation is 

faster with higher pH. The 

oxidation rate of As (III) increased 

from 70% to 90% with the increase 

of H2A concentration from 0.01 

mmol·L-1 to 0.3 mmol·L-1 at pH 

9.5 in 2 h. The optimal dosage of 

MB+ is 5 mg·L-1. H2O2 is the main 

active species for the As(III) oxidation in the visible light/MB+/H2A system activated molecular oxygen 

system. It mainly comes from the two-electron reaction between H2A. After excitation of MB+, 3MB+ is 

generated. 3MB+ can get an electron from HA− to generate MB+• and A•−. A•− can react with O2
•−(HO2

•) to 

generate H2O2. MB+ can generate H2O2 by promoting the generation of A•−. Besides MB+, other thiazine 

dyes (thionine, azure B) can also promote the As (III) oxidation in the visible light/H2A system. 

4. Conclusions – This paper investigated the As (III) oxidation by visible light/ascorbic acid/methylene 

blue activated molecular oxygen system. The experiment results confirm that ascorbic acid and methylene 

blue can synergistically oxidize As (III) through a photochemical process under alkaline conditions. 

Determined by exploring the contribution of oxygen in the system and performing a free radical scavenging 

reaction, the main active species for As (III) oxidation in the visible light/ascorbic acid/methylene blue 

system is H2O2. 
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Image (a). Schematic illustration of the oxidation of As (III) in the visible light/H2A/MB system 

Image (b). Oxidation of As (III) in different systems 

 

 


