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Ozone and cavitation for water disinfection
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Abstract
Ozone is a powerful oxidant, which is used extensively for water disinfection. Although it is claimed to produce less toxic byproducts
than chlorine, the mutagenicity of the aldehydes and other compounds produced as byproducts during ozonation cannot be ruled out. Due
to this there is a need for additional disinfection processes, which can reduce or eliminate these toxic byproducts by reducing the usage
of ozone. Moreover, higher cost of these biocides necessitates its optimum usage. Synergistic processes reduces to half or one-third the
required concentration of ozone for disinfection as found in this study. Due to these factors, synergistic processes appear to be promising
for water disinfection. In this study, we investigate the viability of ozonation and cavitation (hydrodynamic cavitation and ultrasonication)
for the disinfection of the heterotropic plate count (HPC) bacteria and indicator microorganisms (total coliforms, faecal coliforms and
faecal streptococci) in bore well water.
© 2003 Elsevier Science B.V. All rights reserved.
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The combination of drugs in order to obtain an effect
greater than that of any compound taken alone has been prac
tised for generations [1]. In a similar manner, combination
of two or more disinfection techniques has also been applied
to water treatment. Hybrid techniques employ the combi
nation of various oxidation techniques, which can result in
the generation of suffiient hydroxyl radicals and their oxi
dising potential for water purifiation. These processes are
known as the advanced oxidation processes (AOP). The OH
radical is a powerful oxidising radical, second only to flo
rine [2] and is therefore attractive to use in water treatment.
Advanced oxidation systems generally combine ozone, hy
drogen peroxide and ultraviolet radiation e.g. 03 and H202;
03 and UV; and H202 and UV.
A number of hybrid techniques have been reported in the
literature which include the combination of UV radiation
and ozonation for the treatment of humic acids [3] and low
molecular weight organic compounds [4], combination of
ultrasonication and ozonation for aromatic compound degra
dation [5], inactivation of microorganisms [6] and disinfec
tion of water [1]. The AOP (PEROXONE) which is a com
bination of ozone and hydrogen peroxide has been used for
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disinfection of water [7]. Reports on the combination of ul
trasound and chemical disinfection suggest that a synergistic
phenomena between ultrasound and glutaraldehyde occurred
[8]. Some microorganisms are sensitive to lower concentra
tions of oxidising agents when exposed to ultrasound and
the combined action of UV radiation with high frequency
ultrasound increases the rate of bacterial inactivation [8].
In this paper, we investigate the viability of hybrid
cavitation processes involving the use of chemicals like
ozone along with cavitation (ultrasonication and hydro
dynamic cavitation). Previous studies have indicated that
these techniques can inactivate a wide range of microorgan
isms. Ultrasonication [9,10] and hydrodynamic cavitation
[11] which are essentially different means of generating
cavitating conditions i.e. using sound and flw energies,
respectively, have been particularly useful for cell disrup
tion. Cavitation is a phenomena of formation, growth and
collapse of microbubbles within a liquid. If this phenomena
occurs due to the passage of high frequency sound waves,
then it is called acoustic cavitation (ultrasonication) and if
it occurs due to the pressure variations in the flwing liquid
due to the change in the geometry of the flwing system, it
is called hydrodynamic cavitation.
The mechanism by which these microorganisms are
killed by ultrasound can be explained as follows: the pas
sage of sound through a liquid produces alternating pressure
changes, which at suffiient intensity can cause cavities to
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