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Introduction-1 

• The occurrence  of arsenic (As) in drinking water can be due to both 

natural and anthropogenic sources. 

• As in water  occurs under organic and inorganic forms, the most 

common being inorganic As(III) and As(V). 

• As speciation in water mainly depends on pH and redox potential: 

accordingly, As(III) prevails in  groundwater while As(V)  prevails in 

highly oxygenated water (surface water). 

• As(III) is more toxic and more difficult to remove from water than 

As(V).  



Introduction-2 

Arsenic sources 

• Natural sources 

Earth’s crust (more than 200 different minerals). 

Volcanic action (3000 t/year) 

Woody fires 

Metabolic activity of some microorganisms. 

• Anthropogenic sources 

Use of fossil fuels 

Disposal of chemical industrial wastes 

Pesticides and herbicides 

Heavy metals mining 



Introduction-3 

Arsenic effects on human health  

 

• Carcinogenic  

Skin, lung, bladder and kidneys cancer 

  

• Non carcinogenic  

Skin hyper-pigmentation,  

Keratosis (skin alteration) 

Cardiovascular upset  

Hyper-keratosis  

Skin cancer  



Introduction-4 

Arsenic: international standards and …concerns 

 

• WHO established a provisional value for (total) As in 

drinking water as high as 10 g/L … 

• … this is also the limit adopted by EC and Italy 

(D.Lgs. 31/2001). 

• Unfortunately, As(III) is more toxic than As(V) and 

some of the processes used for As removal from 

water are not effective in the removal of As(III). 



Introduction-5 

Arsenic contaminated water … in the world 

Bangladesh 

and Latin 

American 

Countries: As > 

50 mg/l. 

(Mandal e 

Suzuki,2002). 
 





Introduction-6 

Arsenic contaminated water … in Italy 

• Lazio Region: 128 

municipalities with As > 

50μg/l. 

• Campania Region: 

Isola d’Ischia and 

Campi Flegrei 

As>100μg/l. 

(Collivignarelli et al., 

2011) 



Arsenic removal from water: state of art 

“Separation” processes 

Coagulation/filtration; ion exchange; adsorption; 

Oxidation (conversion of As(III) to As(V)) 

Chlorine, ozone, hydrogen peroxide, potassium 

permanganate 

Pre-oxidation/separation 

As(III) is oxidated to As(V), which can be more 

easily removed by a separation process. 

Processes and approaches 



Arsenic removal from water: state of art 

Drawbacks of conventional processes/approaches 

Drawbacks 

Use of chemicals (toxic residuals) 

 Sludge production (coagulation, precipitation) 

 High energy consumption (ozone generation) 

 Poor efficiency in As(III) removal (e.g., adsorption) 

 Formation of oxidation/disinfection by products (DBPs) 

New process 

Photocatalytic oxidation and subsequent adsoprtion (no 

sludge production, no DBPs formation, high efficiency) 



As(III) oxidation to As(V) by 
photocatalysis: experimental results 

New photocatalyst (MoO3/TiO2) 

Vaiano et al., 2014, Appl. Cat. B, 160–161 (2014) 247–253 

• pyrex cylindrical batch reactor 

filled in with 500 mL 

continously stirred water 

solution and UV light (125 W 

lamp, Philips) (R1 system) 

• incident photonflux: 7.5–25.5 

W/m2. 

• As(III)=5 mg/L 

• Irradiation time: 20 min 



As(III) oxidation to As(V) by 
photocatalysis: experimental results 

Vaiano et al., 2014, Appl. Cat. B, 160–161 (2014) 247–253 

New photocatalyst (MoO3/TiO2) 



As(III) oxidation to As(V) by 
photocatalysis: experimental results 

Iervolino et al., 2015, J. Chem. Tech. Biotech., in press, DOI 10.1002/jctb.4581  

As(III)= 5 mg/L 

9.8% MoO3: 0.3 g/L 

 

New photocatalyst (MoO3/TiO2), real drinking water and 

comparison between 2 different reactors 

pyrex cylindrical reactor 

(ID=2.5 cm; height=18 

cm) with an air 

distributor device 

Light source: strip of 30 

UV-LEDs (nominal 

power 10 W), 

wavelength emission in 

the range 375–380 nm 

(1.5 Wm−2) (R2 system) 



As(V) removal by adsorption: 
experimental results 

Comparison among different adsorbents 

As(V) =5 mg/l 

Solution volume: 100 ml 

Adsorption time: 1h 

Adsorbent amount: 0.1g 

Iervolino et al., 2015, J. Chem. Tech. Biotech., in press, DOI 10.1002/jctb.4581  



Conclusions 

• MoOx/TiO2 is a really effective photocatalyst to oxidize As(III) to 

As(V) (100% of As(III) oxidized after 120 min irradiation time) in 

drinking water; 

• UV LED irradiation (96% of As(III) oxidized after 120 min irradiation 

time) is really effective as light source; 

• Most important, this photocatalyst did not adsorb As(V), which was 

completely released into the solution, thus preserving its surface 

activity, and consequently drastically reducing operating costs 

related to catalyst reactivation; 

• Subsequently, As(V) produced by the photocatalytic reaction can be 

effectively and totally removed through adsorption treatment with 𝛾-

Al2O3 (90% removal after 10 min treatment). 

 



Next steps 

• Immobilization of the photocatalyst on a suitable 

support 

•Evaluation of the photoactivity of the supported 

photocatalyst 

•Design of a suitable photo-reactor 


