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Antibiotic resistance  
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Antibiotic resistance  

Antibiotic resistance (AR) has become an ongoing clinical 

and public health issue of concern worldwide (WHO 2014).  

Depending on the scenario, failing to tackle AR treat will 

mean that (Taylor et al., 2014): 

the world population by 2050 may decrease by 11 million (if 

resistance rates will be successfully addressed) and 444 million (a 

world with no effective antimicrobial drugs) than it would otherwise 

be in the absence of AR. 

the world economy would be smaller by between 0.06% and 3.10%, 

again depending on the scenario, and world Gross Domestic 

Product losses may result in a cumulative loss that ranges between 

$2.1 trillion and $124.5 trillion. 
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AR transfer mechanisms 
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Antibiotic resistance in UWWTPs 
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Tertiary treatment in UWWTPs 

Mechanical 
pre-treatment Primary settling 

Raw urban 
wastewater 

Biological process 

Secondary settling 

Tertiary/advanced 
treatment 

Sludge treatment 
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•Filtration (F) 

•(F +) adsorption 

•F + membranes 

•(F +) AOPs 

•(F+) disinfection 



Tertiary treatment in UWWTPs 
Disinfection processes 

Chlorination 

UV-C radiation 

Peracetic acid 

Physical processes 

Rapid granular filtration  

Membranes (UF, MF, NF) 

Physico-chemical processes 

Adsorption (typically PAC, GAC) 

Advanced oxidation processes (AOPs) 

Ozonation, UV/H2O2, photo-Fenton … etc. 
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Advanced oxidation processes (AOPs) 

… have been widely investigated in the removal of organic 

and inorganic contaminants from water/wastewater as well 

as disinfection processes; 

Among AOPs, photo driven processes, including photo-

Fenton and UV/H2O2 as well as heterogeneous 

photocatalytic processes (e.g., UV/TiO2) have been found to 

be effective in the inactivation of a wide range of bacteria; 

AOPs produce radical species (e.g., hydroxyl radicals (HO)).  
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Effect of photo driven AOPs on ARB 

 

 Effect of solar photo-Fenton on multi-drug resistant E. coli strain (ampicillin, 

ciprofloxacin, tetracycline) 

Ferro et al. App. Cat. B 178 (2015) 65–73 
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Effect of photo driven AOPs on ARB 

 Effect of H2O2/sunlight (a), TiO2/sunlight  and TiO2/H2O2/sunlight (b) processes 

on multi-drug resistant E. coli strain (ampicillin, ciprofloxacin, tetracycline) 

(a) (b) 

Ferro et al. App. Cat. B 178 (2015) 65–73 
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Effect of photo driven AOPs on ARB 

 

 Comparison between Cl2 (1 mg/L, A) and sunligth/H2O2 (50 mg/L, B) 

Fiorentino et al. J. Photochem. Photob. B 148 (2015) 43–50 
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Effect of conventional disinfection on ARGs 

 

Lab scale evidences 

 UV-C doses ranging from 200 to 400 mJ cm-2 (at least one order of 

magnitude higher than those for the inactivation of host bacterial cells and 

impractical for water utilities) were required to remove 3 or 4 Log units of 

ARGs, namely ampC, mecA, tetA and vanA (McKinney and Pruden, 2012); 

 Lower UV-C doses (5 -10 mJ cm-2) were found to be effective in the 

removal of ereA, ereB, ermA, ermB, tetA, tetO starting from lower initial 

ARGs copies mL-1 (Guo et al., 2013); 

 ARGs ereA and ermB persisted in urban wastewater chlorinated (15 mg 

Cl2 min L-1) samples (Yuan et al. 2015) … 

 … and chlorination was found to be effective in ARGs removal (3.16 Log 

for sulI and 3.24 Log for tetG after 120 min treatment) only at non-realistic 

chlorine concentration (160 mg L-1)  (Zhuang et al., 2015). Ozonation 

(177.6 mg L-1) also decreased ARGs (1.68–2.55 log) but the relative 

abundance of the selected genes increased during ozonation and with low 

doses of UV and chlorine. 
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Effect of conventional disinfection on ARGs 

 

Evidences from full scale UWWTPs 

Overall disinfection by chlorination and UV radiation (5 UWWTPs) 

did not prove to have significant contribution to ARGs (tetw, tetO, 

sulI) and ARB reduction (Munir et al., 2011). 

 The Statistical t-test between concentrations of ARGs abundance in 

pre- and post disinfected effluent did not show any significant 

difference (t-test, p>0.05) between UV and chlorination disinfection 

processes (Munir et al., 2011). 

Higher removal (1-3 Log units) of tetW gene was observed in 

samples after MBR and UV radiation processes, while other ARGs 

were still present in the final effluents (Munir et al., 2011). 

No significant differences (p> 0.05) in tet and sul genes were 

observed before and after chlorination in an UWWTP (Gao et al., 

2012). 
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Effect of photo driven AOPs on ARGs 

 

 Effect of sunlight/H2O2 process on selected AR E. coli strain and ARGs 

(intracellular and total DNA) in aqueous suspension 
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Effect of photo driven AOPs on ARGs 

 

 Effect of sunlight/H2O2 process on 

selected AR E. coli strain and ARGs 

(intracellular and total DNA) in aqueous 

suspension 

Intracellular DNA Total DNA 

(Ferro et al., 2016, Journal of Hazardous Materials doi:10.1016/j.jhazmat.2016.03.014) 18/24 

0.529 mmol H2O2/L 



Effect of photo driven AOPs on ARGs 

 

 Effect of sunlight/H2O2 process on 

indigenous AR E. coli* and ARGs (in 

intracellular and total DNA) in urban 

ww. 

19/24 *8 mg/L of ampicillin, 0.064 mg/L of ciprofloxacin, 8 mg/L of tetracycline 



Effect of photo driven AOPs on ARGs 

 

 Effect of sunlight/H2O2 process on indigenous AR E. coli and ARGs (in 

intracellular and total DNA) in urban ww. 

(Ferro et al., 2016, Science of the Total Environment 560-561, 29-35) 

Intracellular DNA Total DNA 
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Effect of photo driven AOPs on ARGs 

 Effect of UV-C/H2O2 process on ARGs in urban ww compared to Fenton. 

(Zhang et al., 2016, Science of the Total Environment 550, 184) 
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Fenton (Fe2+/H2O2) UV-C/H2O2 

Really high (no realistic) 
H2O2 concentrations 



Wastewater disinfection by AOPs: ARB regrowth 

 

 Total and AR E.Coli regrowth: comparison between solar/H2O2 (50 mg/L) and 

chlorination (Cl2, 1 mg/L) 

Fiorentino et al. J. Photochem. Photob. B 148 (2015) 43–50 
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Conclusions 

 

 Although conventional and new disinfection processes can be effective in 

the inactivation of ARB, they may be not effective in controlling AR 

spread. In particular: 

 Conventional disinfection processes (namely, chlorination, UV-C radiation 

and ozonation) can eventually remove ARGs … but under not realistic 

operative conditions (in terms of oxidant/disinfectant concentration, UV 

radiation); 

 A few investigations at full scale showed that chlorine and UV-C 

disinfection do not significantly affect ARGs abundance; 

 Only a few works investigated the effect of AOPs on ARGs and results 

depend on target AOP and ARGs.  

 Further studies need to understand: 

The effect of AOPs on the potential of AR transfer (ARB&Gs and mobile 

genetic elements release in the effluent). 

If potential AR transfer can actually result into a real AR transfer. 
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