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Outline 

ü  Introduction /Overview of Oxidative Processes 
 
ü   Examples of our Recent Work:  

 
ü  Lab Scale: Mechanistic Investigations with  

   Probe Compounds: 
    Degradation of Micropollutants 
ü Pilot Scale: Implementation of Ozonation in  

   Drinking Water Treatment 
ü  (Full Scale:  Advanced Treatment of  

   Wastewater Effluents) 
 

ü  Conclusions and Outlook 
 



Use of Oxidation Processes in Water 

Treatment 

Advantages:  

Å Constant process performance 

Å No disposal of concentrates or solids  

(compared with AC sorption or membrane filtration ) 
 

Areas of  Use: 

Å Drinking water  

ïDisinfection, Decolorization, Fe(II) and  

Mn(II) Removal, Micropollutant Elimination 

Å Municipal wastewater 

ïDisinfection, Further elimination of micropollutants 

Å Industrial wastewater 

Å High purity industrial process waters 



Important Considerations in Oxidative 

Treatment Processes 

Pollutants Oxidation CO2, H2O  

Lifetime 

Mechanisms 

Kinetics 

Transformation  

products 

Biodegradability 

D Toxicological 

effects 

Scavenging by matrix 

components 

Possible loss of efficiency,  

Oxidation byproducts 

Prediction of 

elimination based 

on properties 

possible?  

Oxidation 

Modified after U. von Gunten, eawag 

Energy Demand/Carbon Footprint? 



Estrogen Receptor 

Effect? Effect  

Oxidation 

Estrogenically active compound 

Effect of Oxidative Transformation: 

Reduction of Estrogenicity 

Transformation product 

binds? 
binds 

Modified after U. von Gunten, eawag 

17b-Estradiole (E2) 



Reduction of estrogenicity is proportional to 

concentration decline of EE2 

 

Lee et al. 2008 

Reduction of Estrogenic Effects (EEEQ) of 17a-

Ethinylestradiole by Oxidative Processes 
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Modified after U. von Gunten, eawag 
17a-Ethinylestradiole (EE2) 



Oxidation + Biological Filtration: 

Reduction of Toxic Effects in Whole Effluents 

ÅData from WWTP Regensdorf, CH: 

Adapted from S. Zimmermann, EPFL 

Elimination by ozonation and slow sand filtration in % 

Bioluminescence 

suppression 

Acetylcholinesterase 

suppression 

Algae test 

(photosynthesis) 

Algae test  

(growth) 

YES Assay 



Overview Advanced Oxidation Processes 

UV based Ozone based H2O2 based 

UV/H2O2 

UV/O3 

O3/H2O2 

No Chemicals 

O3/AC 

Ozonation 

Fenton Ultrasound 

UV/TiO2 

H2O+Ultrasound ­ ¶OH +H¶ 

H2O + VUV(120-160nm) ­ ¶OH +H¶ 

 2O3 + HO2
-  ­  2¶OH +3O2 

O3 + AC   ­ ¶OH + O2  

O3  +  (OH -, NOM) ­ ¶OH 

H2O2 + UVC ­  2 ¶OH (F = 1) 

O3+UVC ­H2O2­ ¶OH+O2  

TiO2 + hn ­ h+ + e- ­ ¶OH + O2
- 

Vacuum UV (VUV) 

¶ OH- yield: 50% 

[Jarocki et al., in prep.] 

H2O2 

Fe(II) Fe(III) 

¶OH 

H2O2 HO2 
¶ 

[Fe(III)HO2]
2+ 

­ 

­ 

­ 

Also direct  

photolysis 

pH < 4 


