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Household Water Treatment
Intervention Options

e Bolling

e Filtration

e Chlorination

e Solar Disinfection



Solar Disinfection (SODIS)
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E.g. health impact
assessment in Kenya

Children under age 6 used
the SODIS technique. They
were 7 times less likely than
non-SODIS users to
contract cholera.

Conroy RM, et al. (2001) Arch. Dis.
Child. 85, 293-295.



Positives for SODIS

Effective against a wide range of pathogens
Low cost (effectively zero)
Simple to use

Negatives for SODIS

Some pathogens are resistant to SODIS

Rate of kill depends upon environmental factors
No quality assurance

Cultural/societical/political factors
Education is required



Can we use photocatalysis
to enhance the solar
disinfection process?



Mechanism of Photocatalysis
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Alrousan et al.,
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Clostridium perfringens  spores

The endospores produced by this anaerobic bacterium are resistant to
chlorine disinfectants. They are also used as an indicator of faecal
pollution in water sources.

Sporing cells C. perfringens spores
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Photocatalytic inactivation of  Clostridium perfringens  spores
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Dunlop et al, J. Photochem Photobiol A: Chem., 2008, 196, 113-119




Cryptosporidium parvum

Cryptosporidium is a single-celled protozoan. The dormant form,
called oocysts, can survive under a wide range of environmental
conditions and water treatment processes.




Photocatalytic inactivation of Cryptosporidium parvu

C. parvum oocyst viability (%)
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Before treatment After photocatalytic treatment
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1. Continuous flow photocatalytic SODIS reactor with add on CPC.

TiO, coated borosilicate glass tubes (0.4 mg/cm?) were incorporated into
the CPC-SODIS reactors used at PSA and used as a 7 L re-circulating

batch system with E. coli K12 in saline (1x10%° CFU/mL) as a model test
organism.



1. Continuous flow photocatalytic SODIS reactor wit h add on CPC.

Recirculating Batch
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1. Continuous flow photocatalytic SODIS reactor wit
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1. Continuous flow photocatalytic SODIS reactor wit h
add on CPC.

Summary of results



2a. Static batch photocatalytic SODIS reactor
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2. Static batch photocatalytic SODIS reactor

Summary of Results



3. UV-sensor and control

Experiments using E. coli in natural well water (1x10® CFU/mL) were
carried out to assess the total treatment time required for sequential
batch SODIS. Effect of UVA dose on total treatment time investigated
using 20, 30, 40, 60, 70 and 80 Wh m?.



3. UV-sensor and control

Accumulated UVA dose = 33.7 W-h/m?2
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3. UV-sensor and control

Accumulated UVA dose = 68.0 W-h/m?2
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SODIS enhancement technologies tested:
4. Static batch photocatalytic/SODIS reactor

Polymer bags were made from FEP, PET, PVC and LDPE (500mL
and 1500mL). Photocatalytic polymer bags were prepared in LDPE.
Bags used as static batch system with E. coli K12 in distilled water
(1x10% CFU/mL) as a model test organism.



4. Static batch photocatalytic SODIS reactor



SODIS enhancement technologies

Additional work: Low cost UVA dosimeter

Dosimetric sensors ensure “lethal solar radiation dose” has
been received, confirming water is safe for consumption.

Time O Time X
before exposure Following receipt of
“lethal dose”



Additional work: Low cost UVA dosimeter
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Summary

Solar disinfection is a simple, user friendly approach to
reducing mortality where access to safe drinking water supplies
IS lacking

Photocatalysis and (photocatalytic) sensor technology can
enhance the efficiency and provide some guality assurance
to the end user

Work is ongoing to evaluate photocatalytic enhancement
against SODIS resistant pathogens

Cost based analysis will be undertaken to determine which
technologies will be deployed for pilot testing in Africa



Titania Nanotubes



SEM of self —organised titania nanotubes
(Top View)

300 nm

Uniform growth of aligned titania nanotubes
Circular structures with mean internal diameter ca. 90 nm and
wall thickness ca. 10 nm



SEM of nanotubes mechanically cracked from support
(Side View)

Mechanically cracked sample reveals length ca. 550 nm
Note periodic ring structure along length



SEM of nanotubes mechanically cracked from support
(Bottom View)

Bottom view of mechanically cracked sample reveals tubes are capped
by compact oxide layer which appears as the negative image of pore
shape
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Photocurrent NT and CO films compared to P25 electrode
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Comparison of photocurrent response with Degussa P25 electrodes
demonstrates that nanotube electrodes are much better



Photocurrent response of NTs vs anneal temp and ratio of anatase to rutile
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Electrochemically assisted photocatalytic degradation of formic acid
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Hydrothermal route to titania nanotubes

TiO, precursor+ 10M NaOH+ water
110-150°C, 20-24h

Products

titania, titanates

lAdvantages

High aspect ratio nanotubes

Scalable quantities

Low reaction conditions -

995 6 Irele TR PTFE liner for Parr Reactor
reactants

PONE

Schematic of hydrothermal process and picture of Parr Reactor vessel



b)

HRTEM images at resolutions a) 50nm b) 20 nm and SA  ED pattern of as prepared
titania nanotube sample

Mainly nanotubes with some nanosheets
3-5 layers at each end, inner diameter ~3-5nm, oute r diameter ~8-10nm
around 100nm long



Intensity (a.u.)

XRD Analysis
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BET Analysis

Specific surface area (m2/g)
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Optical band gap by diffuse reflectance
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Photocatalytic degradation of phenol under UV-B
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Photocatalytic degradation of Phenol under UV-B
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Summary

Self-organised titania nanotube arrays can be produced by anodising Ti
metal in the presence of fluoride.

Annealing the NTs induces crystallinity which results in a dramatically
iImproved photocurrent response

Titania NT arrays show respectable IPCE values for the photo-oxidation of
water (I = 250 to 400 nm)

NTs show improved electrochemically assisted photocatalytic degradation
as compared to Degussa P25 electrodes

Hydrothermal processing may be used to yield free titania NTs.

Free titania NTs show very high surface area, however, photocatalytic
activity is not as good as P25 for the degradation of phenol.



Acknowledgements

For SODISWATER
Patrick Dunlop and Dheaya Alrousan
Royal College of Surgeons in Ireland (RCSI), Ireland
CSIR Environmentek, South Africa
EAWAG, Switzerland
The Institute of Water and Sanitation Development (IWSD), Zimbabwe
Plataforma Solar de Almeria (CIEMAT-PSA), Spain
University of Leicester (UL), United Kingdom
The International Commission for the Relief of Suffering & Starvation
(ICROSS), Kenya
University of Santiago de Compostela (USC), Spain
European Commission for funding under FP6 INCO-DEV

For Nanotube work
Graham Dale, Shikha Wadhwa, Jeremy Hamilton, Calum Dickinson
DEL and Ulster for funding

Degussa for free samples of P25



