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Oxidation by products 

The assessment of contaminants disappearance is not enough to ensure the absence of residual 

products because the photocatalytic treatment may give rise to a variety of organic intermediates 

which can themselves be toxic, and in some cases, more persistent than the original substrate. 

To identify by products formed by photocatalytic treatment is not an easy task, however 

fragmentation pathways studies are available for several pharmaceuticals as reported in Table 2. 

Photocatalysis would result in the mineralization of organic carbon and release of nitrogen and 

chlorides from the molecule. Photocatalytic transformation of the nitrogen moieties to N2, NH+
4, 

NO－2 or NO－3 depends on the initial oxidation state of nitrogen and on the structure of the organic. 

The removal of 50 mg L－1 VAN solution yields maximum concentrations of 2.45 and 2.53 mg N-

NH3 L−1 after 120 min of photocatalytic oxidation using 0.1 and 0.2 g TiO2 L−1, respectively. When 

0.2 g TiO2 L−1 were applied up to 87% of the stoichiometric amount of chloride was reached within 

120 min of irradiation, corresponding to 0.087 mmol L−1 (Lofrano et al., 2014). Nitrate formation 

was not observed throughout the photocatalytic oxidation process, probably due to insufficient 

irradiation time. Accordingly Elmolla and Chaudhuri (2010) did not detect nitrate ions during the 

first 6 h of photocatalytic oxidation of AMX, AMP and CLX. No evidence was found by Abellan et 

al. (2007) about the presence of the anions NO－2 or NO－3 within 10 h of photocatalytic treatment of 

100 mg L−1SMX solution. 

 

Table 2. Fragmentation pathway studies of photocatalytic treated pharmaceuticals 

ACY Li et al., 2016 

AMI Giancotti et al., 2008 

AMX Klauson et al., 2010 

ATL Ji et al., 2013 

B Giancotti et al., 2008 

CAP Garcia-Segura et al., 2014; Gao et al., 2016 

CDN Kuo et al., 2016 
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CIP An et al., 2010 

DCF Calza et al., 2006; Martínez et al., 2011, Michael et al., 2014 

ERY Gao et al., 2016 

ERYA Cai et al., 2014 

ETA Giancotti et al., 2008 

F Giancotti et al., 2008 

IBP Choina et al., 2013, Michael et al., 2014 

LNC Gao et al., 2016 

LZP Sousa et al., 2013 

NPX Kanakaraju et al., 2015 

OFL Jimenez-Villarin et al., 2016 

PZQ Čizmic et al., 2016 

RIF Gao et al., 2016 

SMT Fukahori et al., 2015 

TC Gao et al., 2016 

 

 

Future challenges 

The removal of emerging contaminants from wastewater is urgently required and even more 

necessary for wastewater reuse. In order to meet this challenge, the future of nano catalysts is to be 

used in development of green technologies with high levels of removal efficiency of contaminants 

and energy saving to facilitate direct water reuse. 

Knowing that photocatalytic processes are managed by different parameters: pH, 

irradiance/wavelength, catalyst loading, surface area, surface charge, concentration and nature of 

substrate/pollutant, reactor geometry, etc , many efforts have been faced by the scientific 

community trying to correlate catalysts properties with photocatalytic activity, and the resulting 

outcomes always pointed out a mixed balance between certain surface, electronic and structural 

properties that seemed to be playing important roles on the overall photocatalytic behaviour, where, 

simultaneously, a very significant dependence on the photoreactor geometry and the corresponding 
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operational conditions appeared to be also taking place. Therefore, the photocatalytic activity of 

every catalyst is essentially specific and related to the chemical nature of pollutant. 

Nanomaterials can be immobilized in the form of nanostructured thin films on different substrates 

in order to evaluate their potential applications in combined membrane-photocatalytic treatments. 

In terms of integration of these nanostructured photocatalytic films on membrane, research is still in 

its beginning and much remains to be done. Judicious engineering of the semiconductor 

nanostructured materials may significantly enhance to the development of an green technology, 

energy saving and highly efficient for emerging contaminants removal. 
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