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Transformation mechanisms of benzophenones during
oxidation/disinfection treatments
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(1. Shanxi University, Taiyuan, 237016, China; 2. Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing, 100085, China; 3. North Minzu University, Yinchuan, 750030, China)

Abstract With the widespread use of benzophenone-type ultraviolet filters, they are frequently
detected in aquatic environments. Numerous studies have indicated that benzophenone-type
compounds can undergo various transformations in natural environmental processes and artificial
water treatment processes, raising concerns about their potential ecological and health risks. In recent
years, research on the transformation of benzophenone-type compounds has increased, revealing that
their transformation behavior under different conditions is complex and exhibits significant
variations. The present study reviews the transformation characteristics of benzophenone-type
compounds in oxidation/disinfection-related processes from the perspective of chemical reaction
mechanisms of these transformations. The results indicate that benzophenone-type compounds
primarily undergo oxidation reactions, substitution reactions, decarboxylation reactions during
oxidation/disinfection processes. Most of the transformation products exhibit relatively higher

toxicity than the parent compounds, underscoring the importance of considering the potential
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ecological and health risks of benzophenone-type compounds.

Keywords benzophenone, sunscreen, transformation reactions, mechanism.
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Fig.1 Oxidation pathways of BPs
a. Ozone oxidation of 2,2",4,4 -tetrahydroxy-benzophenone; b. Persulfate activation oxidation of 2-hydroxy-4-methoxy-benzophenone;
c. Baeyer-Villiger oxidation of chloro-2-hydroxy-4-methoxybenzophenone-5-sulfonic acid in a chlorinated system; d. The oxidation of

2-hydroxy-4-methoxy-benzophenone to 2,4-dihydroxy-benzophenone(Ox: Oxidation)
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Fig.2 Chlorination transformation pathways of BPs
a. Electrophilic chlorination mechanisms of 4-hydroxy-benzophenone; b. Transformation mechanisms of 4-hydroxy-benzophenone in
chlorinated system; c. Transformation mechanisms of 2,3,4-trihydroxy-benzophenone in UV-chlorinated systems; d. Transformation

mechanisms of 2-hydroxy-4-methoxy-benzophenone-5-sulfonic acid in chlorinated system(Ch: Chlorination)
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Fig.3 Oxidation and hydrolysis reaction pathways of BPs
a. Transformation pathways of 4-hydroxy-benzophenone in chlorinated system; b. Transformation pathways of 2-hydroxy-4-methoxy-

benzophenone-5-sulfonic acid in chlorinated system(Ch: Chlorination; Ox: Oxidation; Hy: Hydrolysis)
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Fig.4 Decarboxylation pathway of BPs conversion intermediates

a. Transformation mechanisms of 2-hydroxy-4-methoxy-benzophenone-5-sulfonic acid in UV/persulfate-activated system;
b. Transformation mechanisms of 2,2',4,4 -tetrahydroxy-benzophenone in a chlorinated system

(Ch: Chlorination; Ox: Oxidation; Hy: Hydrolysis; De: Decarboxylation)
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