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Editorial on the Research Topic 
Antibiotics in Water: Impacts and Control Technologies

The extensive application of antibiotics in human and veterinary medications to prevent and treat infections has resulted in the vast discharge of antibiotics into the natural water bodies worldwide. In the present Research Topic, Ncube et al. detected 15 antibiotics in a stream receiving wastewater effluents and dumpsite leachates in South Africa. They further quantified the concentration of some antibiotics: sulfonamides up to 133 ng L−1, flumequine up to 686 ng L−1, diaminopyrimidine and trimethoprim up to 61.8 ng L−1. Antibiotics in the environment could be transferred to human via water supply when they are not effectively eliminated in water treatment facilities and via food, especially that prepared from aquaculture and livestock products which may experience the high dosage of antibiotics to prevent infections during cultivation. Consequently, antibiotics have been found in human body at a frequency beyond the normal medication intake. For instance, researchers detected 17 antibiotics and three metabolites in 52% of all urine samples from 684 school children in Shanghai, China (Wang et al., 2021).
The exposure of antibiotics can cause some ecotoxicological effects on the aquatic life, such as the genotoxicity and the developmental toxicity to fish (Yang et al., 2020). The long-term impact of the antibiotics on human health is still not clear. Nevertheless, based on their environmental levels and ecotoxicological data, many frequently detected antibiotics may have a risk quotient >1, indicating a high risk to the local ecosystem (Kovalakova et al., 2020). In addition, the frequent occurrence of antibiotics also leads to the development of antibiotic resistance genes (ARGs) in microorganisms. ARGs can be transferred across different habitats species, e.g., from environmental microbes to human body microbiota, from nonpathogens to pathogens (Zhang et al., 2022). As a result, human beings would be confronted with the ineffectiveness of existing antibiotics and the interminable search for new antibiotics. Thus, antibiotics and ARGs in the environment should be properly controlled.
To control the presence of antibiotics and ARGs in the environment, effective water treatment technologies are required. Great research efforts have been made on the development of such technologies, among which oxidation processes are widely investigated. The processes are usually based on strong oxidative species than can effectively degrade the antibiotic molecules and inactivate the antibiotics resistant bacteria (ARB) and their ARGs. It should be noted that various other contaminants co-exist with antibiotics and ARGs, such as pharmaceuticals, industrial additives, nutrients, inorganic ions. When developing treatment technologies for ARB and ARGs, one also should consider those co-existing contaminants. In the present Research Topic, Spit et al. demonstrated the effectiveness of ozonation, coagulation and granular activated carbon (GAC) filtration to eliminate emerging organic contaminants (EOCs) and ARGs in a secondary effluent which is an important entry of those contaminants into the environment. They found that more ozone (2.5–4 times) should be added to achieve 2–3 log removal of ARGs than the dosage required for the removal of EOCs. For chlorination as another widely applied disinfection process, researchers also found that a high dosage of free chlorine was required for an effective removal of ARGs (Stange et al., 2019). As a promising AOP, UV/TiO2 photocatalytic process has been demonstrated by Cai and Hu (2018) to remove antibiotics efficiently in wastewater and the promotion of ARGs by treated antibiotics and their intermediates in subsequent biological process has not been found. However, during those processes, some transformation products (TPs) of EOCs can be generated, which might be more harmful than their parent molecules. In the present Research Topic, Zhai et al. found that the toxicity of sucralose can be significantly elevated after chlorination, chloramination, and UV treatment, possibly due to the formation of toxic TPs. On the other hand, some TPs of antibiotics and EOCs can also be formed in natural water bodies via biodegradation and abiotic reactions like photolysis. It should be noted that although the photolysis kinetics is mostly low, the presence of organic matters may largely enhance the reaction kinetics (Li et al., 2021).
Therefore, we call for more attentions toward the negative impacts of single and mixed TPs of antibiotics which are frequently generated during the popular technical systems (e.g., ozonation, chlorination, photocatalysis) and the natural degradation processes (e.g., photolysis with the presence of organic and inorganic matters).
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