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Abstract— Water disinfection processes in the presence
of titanium dioxide as a photo-catalyst materiabyide

an interesting route to destroy contaminants, being
operational in the UV-A domain with a potential usie
solar radiation. In recent years, advanced oxidatio
processes (AOP) have been developed to meet the
increasing need of an effective wastewater treatmen
AOP generates powerful oxidizing agent hydroxyl
radicals which completely destroy the pollutantswviaste
water. Solar disinfection of drinking water with
polyethylene terephthalate (PET) bottles coatedh wit
photo-catalyst Ti@ has been shown to be very effective.
The study is based on comparison between threensyst
for treating contaminated water samples using PET
bottles. First system was a PET untreated botthe t
second system was a PET bottle coated with blagk pa
on its outer surface. Finally the third system veaPET
bottle coated also with a black coat on its outerface
and its inner part was treated with citric acid stbn to
enable np-Ti@to cover the surface later on, then 0.2 g of
np-TiO, powder (of particle size <25 nm, Sigma-Aldrich)
was added. The total bacterial accounts were ddtexdh

to monitor the effect in the three systems. The
experimental results have shown that disinfectiragew
with merely UV was less effective than combining th
bottle with heat effect, and adding Bidm was further
more benefited. This work can be applied in runaaes,
with  no technical support or need for
expensive/dangerous chemicals for drinking safeemwat
even if is stored for two days

.Keywords— Water disinfection, Photo catalyst,
Titanium dioxide, UV Radiation, Solar Radiation.

l. INTRODUCTION
Over 30% of the population in developing countig
need of access to safe drinking water, [1]. Estmated
that 1.1 billion people (17% of global populatidagk to
access to safe drinking water and 2.6 billion pedpgk%
of global population) lack access to proper saioitat
facilities  (World Health  Organization/lUNICEF
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2005),[2,3]. To reduce these numbers, there areesom
methods for water disinfection like chlorinatiomiling

and Pasteurization. Chlorination is practical fona#
communities but is difficult to implement at theimioof
use. Boiling and Pasteurization are effective imaeing
bacteria, yeasts, molds, and protozoa from drinkiater.
Both methods require heating to elevated tempezstur
65°C for pasteurization and 18D for boiling-for short
periods of time. Pasteurization can be effectiipe by
solar cookers (Ciochetti & MetCalf, 1984, [4]). HBog
usually requires burning biomasses which is diseged
because it promotes the destruction of local ferdisat
are used for other purposes. Neither boiling nor
pasteurization eliminates the chemical contaminants
which increase the risk for cancer, liver and kigne
problems, and nervous and reproductive systems
problems, [2]. And also other conventional methbkis
slow sand filtration which needs large land areanual
cleaning of filters and water with low turbidityvels. In
addition organic pollutants aren't fully removedrt the
water using this technique, [2]. Other conventional
technologies used to disinfect water are: ozonatzom
artificial UV radiation. These technologies require
sophisticated equipment, are capital intensiverandire
skilled operators, [5, 6, and 7].

An alternative treatment option Solar Water Disatifen
(SODIS) was developed as an inexpensive alternative
SODIS reduces pathogens by exposing water-filled
plastic bottles (mainly polyethylene terephthalat&ET)

to sunlight. SODIS is primarily used to disinfechal
volumes of water (<2 liters/bottle) and dependsyani
sunlight for disinfection, making it ideal for rurareas,
Individuals expose clear plastic PET bottles filleith
contaminated water to full sunlight for 8 hours.eTdV
radiation in the solar spectrum disinfects water by
inactivating bacteria DNA [2,8,9]. Fig.1 represetie
SODIS process.
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Fig.1: Depiction of SODIS [2].

However, bacteria have a self-defense mechanisen, th
ability to perform enzymatic DNA repair, which can
result in bacterial reactivation. Therefore, wHiacteria
count directly after disinfection may reveal vergwl
bacteria concentration, the bacteria with time metyrn

in large numbers, [8]. Also it does nothing to atie
inorganic or organic chemical waste that may besqmt

in water. In addition, several variables includingter
turbidity (a measure of water clarity), total saladiation,
and ambient air temperature affect the disinfection
process. It has been also suggested that the &ffich
SODIS is related to the amount of dissolved oxyigethe
water at the time of treatment [2,10]. Paper mill
wastewater is treated by solar photocatalytic didoda
with synthesized nano T¥OThe results showed that TiO

in the presence of solar light can be employed ras a
effective photocatalyst for the removal of chemical
oxygen demand from the wastewater but in optimized
conditions. A reduction of 80% of total suspendelids
from the wastewater was also obtained at the same
operating conditions. The experimental results hbsd
shown that the non-biodegradable substances caerge
effectively degraded by the solar photocatalytgatment
[11].

In order to increase the efficiency of the SODISgess,
solar photo catalytic disinfection (AOP) was deysld
using titanium dioxide (Tig) as a photocatalyst. This
method promises to increase the rate of disinfactb
microorganisms while eliminating organic pollutants
such as fertilizers herbicides and pesticides. nitita
dioxide works much like SODIS in that it, too, geates
hydroxyl radicals, peroxides and super-oxides. g2
shows the mechanism of work of TiO
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Fig.2: Photo -reduction and Photo-oxidation with
Titanium Dioxide [2].

. THEORETICAL ANALYSIS
If a photon promotes an electron from the valeraredito
the conduction band a "hole" with a positive chasgeft
in the valence band:
TiO, + hv —>TiG, . (&, + holgy") 1)
The superoxide radical is formed by the additioma of
single electron:

O,+ep =>0 v
Hydrogen peroxide is formed during the reaction:
20, + 2H1q+_ > H, O+ O, 3

The OH radical is formed from either the reaction o
water with an electron hole:

H, O+ TiO, (holg,)—> OH + H"

or through the reaction of a hydroxide ion withcdeh
TiO, (holgy™ )+ OHgge — > OH+ TiO, (5)

From equations (1-5), due to the presence of highly
reactive oxidizing species, water can be disinf&dtem
pollutants and chemicals and organisms as well
effectively, [2].

However, the photo-oxidation and photo-reduction
capabilities of AOP are superior to those of SOEIS

the destruction of E. coli bacteria, and organienattal
effluents, [2, 8, 11, 12, 13]. The evolution ofustiure and
microstructure as well as charge separation fares of
highly reactive nano crystalline Tj}(photo-catalysts is
certified by the degradation-mineralization of woas
model pollutants under UV light [14].

This work aims to make a study on SODIS-AOP
techniqgue and making it simple to be applied inakur
regions and to study the storage of the disinfectater

to determine the safety period of using the disiteéd
water with this technique water. Such remote
communities typically suffer from fecal contamiratiof
transient  water sources, rather than chemical
radiological contaminants. To address this protadow-
cost continuous-feed water treatment facility haserb
designed and developed. The facility utilizes sQUVA)
radiation to treat pathogens. Additionally, theilfacis

4)

or
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designed such that it can be manufactured in-sdm f
limited or improvised resources at low capital and
maintenance costs. The system is modular so thipheu
systems can be used to increase water treatmeatitap
as required. Testing indicates that 3 modules efiésign
can treat 34L of waterin 4 hours producing a 4-log
reduction in E. Coli (from 8 x POCFU/mI) with a
residence time of less than 30 minutes [15] .

1. EXPERIMENTAL PROCEDURE
The study is based on three systems for treating
contaminated water sample using PET bottles. First
system was a PET untreated bottle, the secondnsyste
was a PET bottle coated with black paint on itseout
surface. Finally, the third system was a PET battiated
also with a black coat on its outer surface andniter
part was treated with citric acid solution to emablp-
TiO, to cover the surface later on, then 0.2 g of NP, Ti
powder (of particle size <25 nm, Sigma-Aldrich) was
added and the bottle was shaken manually and digrefu
to make a thin film on a half of the bottle. Thée bottle
was washed twice with distilled water, so the ekiase
powder is removed, [2].
The three bottles were exposed to the sun lighhddiran
hour before usage to guarantee their sterilizatiefore

conducting the experiment, and then they weredfilléth
water sample contaminated with bacteria.

V. RESULTSAND DISCUSSION
The bacteriological examination was conducted otewa
samples to examine three different parameters ¥}, h
and photocatalytic oxidation with np-T}O These
parameters include the total bacterial counts/rhe t
sample was free from Aerobic and Anaerobic bacteria
The parameters expect of total bacteria counts 'tdidn
disappear at 33°C, 51°C in case of using untreRted
bottles with a thin film of np-TiQ
To evaluate the effectiveness of the three systeims
treating the infected water, table (1) shows tha dathe
bacteriological analysis and the effect if the s@aergy
(UV and heat) and the effect of photocatalytic axion
by np-TiQ, thin film removing bacteria. To achieve this
aim, total bacterial counts were determined to toorihe
effect of UV in case of untreated PET bottle, tifea of
heat (and UV) in case of the half black PET botded
finally the effect of the photocatalytic oxidatiomcase of
the half black PET bottle treated with thin film op-
TiO,.

Table.1: The effect of the solar energy and thegtadalytic oxidation by np-Tigxhin film on the total bacterial counts
(CFU/ml), at 37 °C of the atmosphere

©
(A) ) Half black-TiO, thin Sample
Sample Untreated bottle Half black bottle ! Temperature
(CFU/mI) (CFU/mI) film treated bottle C)
(CFU/mI)
Exposuretime the total bacterial count/ml

Ohr 44 44 44 25
After 1 hr 37 18 16 37
After 2 hrs 13 12 45*
After 3 hrs 12 1 0 51*

Efficiency of Bacterial

Removal 72.7 97.7 100

(%)

* In case of the untreated bottle temperature efstimple was steady at 33 °C.

In table (1), the sample at room temperature 2643, 44
CFU/ml as starting the experiment, while the baater
counts for the untreated bottle after exposuréecsun, at
33°C (for water, but for the atmosphere was 37°€ew
37, 13, and 12 CFU/ml, although in case of usirgtthlf
black bottle, the bacterial counts were 18 at 31Z at
45°C, and 1 at 51°C. However, the bacterial cofamtthe
half black bottle treated with np-T®hin film were 16 at
37°C, 2 at 45°C, and 1 at 51°C.
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By increasing time of exposure to UV light, for dtle
systems, the bacterial counts were dropping gradumlt

in the second system it dropped faster due to #w h
caused by the half black side of the bottle, armppled
faster in the third system due to the effective
photocatalytic oxidation by np-TiQhin film.

From table (1) it is obvious that the treatmenhpfTiO,

to the PET bottle was superior to the other systiantisis
study, due to the effectiveness of the photocatalyt
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oxidation process occurred by the Fi@ano particles
exposed to UV light, fig.3 shows the total bactecunts
for the three times against time.
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Fig,3: Total bacterial counts/ml against time, A:
untreated bottle, B: half black bottle, C: half bkaand
half TiOJfilm bottle.

After storing these samples for 48 hours and again
conducting them for determining the total bacterial
counts, the results discovered the following datéable

(2). From table (2) another criterion was addedhis
study, revealing that the np-TiQreated PET bottle
system was still superior to the other systems, smit
adds to the benefits of using np-gi@in films in water
treatments as its sterilizing effect lasted toragkr period

of time.

V. CONCLUSION

As a final result of this study, the experimentasults
show acceptable agreement with previous studiege[ha
reference] one can conclude that the UV for thimeris
not enough in killing all bacteria, but by photadgtic
reaction that was guaranteed in two hours. Thikwan
be applied in rural areas, with no technical supmor
need for expensive/dangerous chemicals for drinkadg
water even if is stored for two days.
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