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In recent decades, the presence of micropollutants in aquatic environments has 

emerged as a global environmental concern, since many of them are able to pass 

through wastewater treatment processes owing to their persistency or/and their 

continuous increased consumption. In addition, they may be introduced into natural 

waters due to accidental leakage or intentional release (pesticides or antibiotics) so 

exerting potentially long-term adverse effects on both the environment and human 

health. In aquatic environments, alongside biotransformation, photodegradation, 

through both direct and indirect photochemical processes, represents a potentially 

significant pathway for the attenuation of many xenobiotics. Direct photolysis involves 

the transformation of a compound following the absorption of sunlight, which may 

initiate processes such as bond cleavage, photoionization, or reactions involving 

excited electronic states. In contrast, indirect photochemistry occurs when sunlight is 

absorbed by photoactive substances (photosensitizers) such as nitrate, nitrite, or 

chromophoric dissolved organic matter (CDOM), leading to the generation of reactive 

transient species. These include hydroxyl radicals (OH•), singlet oxygen (1O2), and 

excited triplet states of CDOM (3CDOM*), all of which may participate in the 

degradation of xenobiotics leading to the formation of compounds that may be more 

toxic than the parent molecule. Environment factors like pH, temperature, and matrix 

composition can affect the transformation pathways of these molecules. However, the 

behaviour of micropollutants and their metabolites in aquatic environments remains 

largely unknown. Gaining a comprehensive understanding of their occurrence, 

environmental fate, and ecological impacts is crucial for the development of effective 

mitigation strategies aimed at reducing their environmental footprint and associated 

risks. This study aims to integrate irradiation experiments with photochemical 

modelling to comprehensively assess the persistence and the abiotic transformation 

of the micropollutants in sunlit surface waters; in particular sulfamethoxazole (SMZ) 

was chosen as target since it is widely used in human and veterinary medicine, 

including aquaculture, to treat bacterial infections [1]. Among environmental 

contaminants, antibiotics represent a particularly problematic class due to their 

concentration-dependent effects on microbial communities. At high concentrations, 

they can impair essential microbial functions such as nitrogen cycling, 

methanogenesis, organic matter degradation, sulfate reduction, and overall nutrient 
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turnover. At lower concentrations, below the minimum inhibitory concentration, they 

can promote the development of antimicrobial resistance and lead to genotypic and 

phenotypic changes in microbial populations [2]. Selected photosensitizers were used 

to generate specific reactive oxygen species (ROS) under irradiation, to investigate 

the involved mechanisms in MilliQ water and in several different natural water matrices 

(lake, river and aquaculture water). SMZ undergoes direct photolysis upon absorption 

of UV-B radiation, a process particularly relevant in shallow freshwater systems. In 

contrast, in deeper or more turbid waters where UV-B is attenuated, indirect pathways 

- especially triplet-sensitized reactions—are likely to be dominant. In particular, we 

observed peculiarly rapid indirect photodegradation of SMZ in a DOC-rich brackish 

aquaculture water, likely driven by efficient 3CDOM*-mediated processes, as 

confirmed using 2,4,6-trimethylphenol as a triplet probe. In addition, the main 

phototransformation products formed during the irradiation experiments in different 

experimental conditions were identified, suggesting the formation a potential toxic 

compound.  
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