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Solar photocatalytic water disinfection. 
Case study: Fusarium.
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The highest test facility for testing and development of applications 
of solar concentrating technologies.

Test facilities at PSA
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WHO recognised the disinfection as one 
of the most important barriers for 
protection of public health.

The daily drinking-water 
requirement per person is only 
2 - 4 liters, it is often 
forgotten that it still takes 
2000 to 5000 liters of water 
to produce a person’s daily 
food  requirement  (FAO, 
2008).

Importance of water in human feeding 

According to FAO, agriculture consumes 70% of 
fresh water used worldwide

Almería 
(Southeast of Spain)
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PROBLEM:  Accumulation of 
phytopathogens in water

Phytopathogens in water: a problem
Water sources for agriculture:

Reservoirs

Well water

Wastewater treatment plant
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Photocatalytic 
processes

Photocatalytic 
processes

Supercritical water 
oxidation

Supercritical water 
oxidation

●OH
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O3/UVO3/UV

H2O2/O3
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Advanced Oxidation Processes

Specie
Oxidation 
potential 

ref. HgCl2 (V)

Fluorine 2.23

Hydroxyl radical 2.06

Singlet oxygen 1.78

Hydrogen peroxide 1.31

Perhydroxyl radical 1.25

Permanganate 1.24

Chlordioxide 1.15

Hypochloric acid 1.10

Chlorine 1.00

Bromine 0.80

Iodine 0.54

UV/Fe+3/H2O2
UV/Fe+3/H2O2

UV/TiO2
UV/TiO2

UV/H2O2
UV/H2O2
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http://www.google.es/imgres?imgurl=http://blogs.hoy.es/blogfiles/erasmus-en-estonia/sol1.bmp&imgrefurl=http://blogs.hoy.es/erasmus-en-estonia/2011/2/10/hoy-ha-salido-sol&usg=__AD3QwgQmVTaslfdQP_pQHRe2URI=&h=341&w=368&sz=368&hl=es&start=16&sig2=0l8HDKhvH4Pl0BOFpqZrhA&zoom=1&itbs=1&tbnid=AfVlCK6LjZpG7M:&tbnh=113&tbnw=122&prev=/images?q=sol&hl=es&sa=N&gbv=2&ndsp=20&tbs=isch:1&ei=KmKHTeuhE8_fsgbj0d2tAw
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Solar CPC reactor  
Non- concentrate technology Concentrate technology

(aluminium annodized quality  MIRO SUN) 
Glass tube + CPC mirror 

Compound Parabolic Collector technology

 Static 
 Low cost
 No concentration

 Solar UV direct 
concentration

+ Solar UV diffuse concentration

http://www.smallwat.org/web/
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Solar CPC reactor 
20 Borosilicate glass tubes

Irrradiated collector 
surface of 4.5 m2

CPC module

Recirculation tank

pH, 
Temperature, 
Dissolved Oxigen
sensors

Settling tank

Polo-López M.I. et al. J Chemical Technology and Biotechnology. 85, 1038-1048, (2010). 
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Drawing of 250 mL glass bottle reactor.Drawing of 250 mL glass bottle reactor.

250 mL
Bottlereactor

200 mL fungal
suspension

Glass cover

irradiating light

irradiating light
irradiating light

250 mL
Bottlereactor

200 mL fungal
suspension

Glass cover

irradiating light

irradiating light
irradiating light

Glass cover

200mL suspension
of fungal spores

Magnetic stirrer

Solar ligth
Solar reactor

Physical characteristics of solar photo-reactor systems used in the 
experiments

60 L CPC reactor Solar bottle 
reactor

Total number of
tubes/bottle

20 1

Total length of tube 1.5 m 0.15 m

Irradiate length of tube 1.4 m 0.12 m

External diameter
of the tube

0.05 m 0.05 m

Tube thickness 0.0025 m 0.002 m

UVA-transmission
of borosilicate

90% (cut-off at 280 nm)

Total treatment volume 60 L 0.2 L

Total irradiate volume 45 L 0.2 L

Illuminated surface 4.5 m2 0.0095 m2

Flow rate 30 L min 100 r.p.m.

Flow velocity 0.31 m s−1 0.24 m s−1

Agitation Centrifugal pump Magnetic stirrer

Irradiation (clear days) Natural solar light
collected by CPC 1

Natural solar light

http://www.smallwat.org/web/
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Methodology

Radiometer

2. Inoculation of culture & catalyst. 

3. Dark recirculation.

1. Catalyst preparation.

5. Remove the cover.

7. Spread in malta agar.
Incubated: 2 days, 28 ºC

8. F. solani colonies counting

  4. Solar collector covering.
6. Experiment starting.

http://www.smallwat.org/web/
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Fusarium sp 
Microconidia ChlamydosporeMacroconidia

Colonies obatined in acidified malt agar corresponding to 
a photocatalysis experiment: 

Time: 0 min. 60 min.
120 min.

180 min.

 240 min. 

 300 min.

http://www.smallwat.org/web/
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Titanium Dioxide
(TiO2/UV-Vis) 
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Solar Photocatalytic Processes
Titanium Dioxide (TiO2)

(Carey et al., 1976)
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Blanco, Fernandez-Ibáñez, Malato J. Solar Energy Engineering 129 (2007) 4-15.
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WELL WATER

Solar photocatalysis 
TiO2 concentrations: 0, 50, 100, 250 mg/L

 30 L/min
 V = 60 L F. solani  microconidia

DISTILLED WATER

TiO2 Results: F. solani (microconidia)

Polo-López M.I. et al. J Chemical Technology and Biotechnology. 85, 1038-1048, (2010). 
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 Distilled and well water
 30 L/min
 100 mg/L of TiO2

MACROCONIDIA CHLAMYDOSPORE

TiO2 Results: F. equiseti 
(macroconidia and chlamydospores)

Polo-López M.I. et al. J Chemical Technology and Biotechnology. 85, 1038-1048, (2010). 
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Hydrogen peroxide
(H2O2/UV-Vis)  
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Solar Photoinduced Processes
Hydrogen peroxide (H2O2)

H2O2 + hν  2●OH
(Several authors) λ ≤ 300 nm (UV-C)

Photo-Fenton reactions
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Sichel et al., Water Reasearch, 43,1841-1850 (2009) 

Fusarium solani
Solar bottle reactor of 200 mL 
with H2O2  
0 mg/L (–○–)
5 mg/L (–●–)
50 mg/L (–■–)
100 mg/L (–▲–)
500 mg/L (–♦–). 

Ozone (O3)

UV-C lamps

http://www.smallwat.org/web/
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spore

Solar Photoinduced Processes
Hydrogen peroxide (H2O2)

 Inactivation mechanism: Internal Fenton 

OHOHFeOHFe 3
22

2 •−++ ++→+

OHHFeOHFe 2h
2

3 •++ν+ ++ →+

http://www.smallwat.org/web/
http://www.google.es/imgres?imgurl=http://www.imageenvision.com/450/25255-clip-art-graphic-of-a-yellow-sun-cartoon-character-flexing-his-arm-muscles-by-toons4biz.jpg&imgrefurl=http://4lifecostarica.net/CR/modules/mod_yoo_slider/sunny-weather-cartoon-pictures&page=6&usg=__Cr_cbibU_Q7HHswExFUhAKkFgL8=&h=450&w=450&sz=188&hl=es&start=45&sig2=GZpDv_HduEvQfgrL0mpcYg&zoom=0&itbs=1&tbnid=4E0m2V9xfY7laM:&tbnh=127&tbnw=127&prev=/images?q=sun+clipart&start=40&hl=es&sa=N&gbv=2&ndsp=20&tbm=isch&ei=TbSRTaq4KI_NswagmNTRBg


3th International Wastewater in Small Communities (SmallWat)
Sevilla 24-28 April 2011

H2O2/UV-Vis Results: 
F. equiseti  (chlamydospores)

 100 rpm 
 Solar bottle reactor
 10 mg/L of H2O2
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Polo-López M.I. et al. Photochem. Photobiol. Sci. 10, 381-388, (2011). 
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H2O2/UV-Vis Results: 
F. equiseti  (chlamydospores)

 30 L/min
 10 mg/L of H2O2

Polo-López M.I. et al. Photochem. Photobiol. Sci. 10, 381-388, (2011). 
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Conclusions
Fusarium  spores in distilled  and well water  can be inactivated with TiO2 

slurry and with H2O2/UV-vis in distilled, simulated wastewater effluent and  
well water at laboratory scale.

 It is possible to scale up the photocatalytic treatment to a CPC 60-L 
photo-reactor for further use and reuse of water for irrigate crops in 
agriculture.

The reactor was also evaluated to find out the best operating parameters, 
which were found to be a flow rate of 30 L/min and TiO2  concentration of 
100 mg/L.

 For first time has been demonstrate that the use of low concentrations of 
hydrogen peroxide (10 mg/L) could be a good alternative to inactivate 
Fusarium spores in a wide range of applications: drinking water, water re-use, 
etc. 
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