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~ Research Article I

Bactericidal Activity Evaluation of a Novel Reactive Oxygen Radicals
Generating Machine for Drinking Water

Prasit Chanarat*, Marasri Krairojananan**, Fumiaki Taguchi***

Abstract

Background : Reactive oxygen radicals are used in water treatment for drinking. A novel reactive
oxygen radicals generating machine, Kikuchi prototype, for inactivate microorganism contaminants
in drinking water was evaluated.

Methods :The machine consists of water pump, water filtration unit, water activation and microbe
inactivation unit and a water container. Oxygen was irradiated to generate ozone by a UV lamp and
then break the ozone down to oxygen which was activated by exposing to another UV lamp with a
specific wavelength. Bactericidal activity was evaluated by passing tap water of Chiang Mai city
adding suspensions of local strain microorganisms : E. cofi, Klebsiella, Shigella, Salmoneiia,
Enterobacter and Proteus through the machine.

Results : The results revealed that at the flow rate of 1 L/15 seconds the microorganisms (3.0 x 10°
~ 8.3 x 10° CFU/mL) could be killed to 0 - 3 CFU/mL and MPN (> 1600 before treatment) was
significantly reduced to be less than 2. It means that all of water specimen contaminated with
microorganisms become suitable as drinking water after passing through the machine.
Conclusion : This paper documented that the Kikuchi ozone generating machine could effectively

treat bacterial contaminated water for drinking. Bull Chiang Mai Assoc Med Sci 1899, 32: 180-5.
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Introduction treatment for drinking water purification. The

Ozone is popular used for improving air outlet water was assured as clean and safe for
and water guality in daily life. First repart of drinking without addition of any chemical. Ozone
czonization was from Europe which use ozone destroys the odor, allergens and also kills
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bacteria, molds, fungi, and viruses. Ozone has
quickly become the “purifier of choice”
because ozone pierces the cell wall of bacteria
and virus microorganism on contact, destroy-
ing them 3,000 times faster than chlorine does’'.
Once ozone performs its oxidizing and purify-
ing tasks, it then was reversed to oxygen. Since
there is no residue left, ozone is attractive as
an alternative to chemical sterilants according
to the Environmental Protection Agency”. The
ozo;we generation technologies available today
are based on ultraviolet (UV), corona discharge
{CD) and low, medium or high frequency
generation®.  This paper aims to evaluate
bactericidal activity of a reactive radical
generating machine prototype for drinking

water in Thailand.

Materials and Methods

Specimens : Tap water of Chiang Mai City was
collected using steriled technique®. Local
strains of microorganisms, E. coli, Klebsiella,
Salmonella, Shigella, Enterobacter and
Proteus were suspended in tap water,
porceiain pre-filtered water and distilled water.
Culture techniques : Bacteria in water, before
and after treatment with the proposed proto-
type of ozone generating machine, was
cultivated for total bacterial count {CFU/mL) and
most probable number (MPN) was studied
using standard method®.

Prototype machine : A Kikuchi novel proto-

type machine was assembled. The machine

consists of water pump, a water filtration unit,
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water activation and microbe (bacteria and
viruses) inactivation unit and a water container.
The microbe inactivation system has a new
rationale, first O2 was irradiated to generate
0zone (Oa) by a UV lamp and then break the
ozone down to O2 which was activated by
exposing to another UV lamp with a specific
wavelength. The ozone and the radical
oxygen has extremely strong energy for killing

microbes.

Results

Bactericidal activity determined by total
becterial count (CFU/mL) and MPN of a Kikuchi
novel machine (reactive oxygen radical
generator) on Chiang Mai tap water at flow
rate of 1 L/50 and 1 L/15 seconds were shown

in Tables 1, 2 and 3.

The resuits showed that after addition of
microorganisms to make a contaminated
drinking water, all of water specimens became
suitable as drinking water after they passed

through the machine.

Discussion

Hydrogen peroxide is a germicidal agent
composed only of water and oxygen. Like
ozone, it Kills microorganisms : bacteria, virus,
fungus and also parasites by oxidation. Ozone
molecules are composed of 3 oxygen atoms,
that is, ozone is triatomic at the same state,
The formation of ozone from oxygen is an

endothermic reaction in which the energy is
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Table 1

. Table 2

Vol 32, No. 8 September 1090

Bactericidal aciivity as total bacterial count of the Kikuchi novel machine on Chiang Mai

tap water at flow rate 1 L/50 seconds.

Total bacteria count (CFU/mL)

Type of water Organism added Before After
Distilled water E. coli 23 x 10° 1
5.0 x 10° 0
4.0 x 10° 0
Tap water E. coli 9.3 x 10° 3
86 x 10° 4
Tap with pre-filtered | E. colf 9.0 x 10° 3
water 8.8 x 10° 2
3.8 x10° 1
Klebsiella 5.0 x 10° 0
Salmonefia 1.1 x 10° 2
Shigella 49 x 10° 1
Enterobacter 3.3 x10° 0
Proteus 3.8 x 10° 1

Bactericidal activity as total bacterial count of the Kikuchi novel machine on

Chiang Mai tap water at flow rate 1 L/15 seconds.

Total bacteria count (CFU/mL)
Type of water Crganism added Befors After
Tap water E. coli 8.3 x 10° 3
Klebsiella 8.3 x 10° 0
Salmonella 4.8 x 10° 1
Shigelia 4.6 x 10° 1
Enterobacter 7.6 x 10° 1
Proteus 3.0 x 10° 2
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Table 3

flow rate 1 L/50 seconds.

T 32 el s fumow gs4e

Bactericidal activity as MPN of the Kikuchi novel machine on Chiang Mai tap water at

MPN
Type of water Organism added Before After

Distilled water E. coli > 1600 <2
> 1600 <2

> 1600 < 2

Tap water E. coli > 1600 <2
1600 <2

> 1600 <2

> 1600 <2

furnished in the form of an electrical discharge,
heat or UV. Substances formed by endother-
mic reactions tend to be less stabie than those
formed by exothermic reactions, so ozone is
more chemically active than oxygen and

decomposes readily to oxygen by exothermic

“reaction. Ozone is a powerful oxidizing agent®.

The oxygen can be converted to ozone and
reactive oxygen radical (SOR): superoxide,
singtet oxygen, hydroxyl radical and hydrogen

peroxide as followed:

02--- One electron reduction---» Oe‘

02--- Two-electron reduction (+2 H"---> H202

O, --- Four-efectron reduction (+4H") ~--> 2H 0

02 ———————— Energy -————-——===emmn > 20

OE + 0 e > 0

OE_+O +2H e >HO +0

HO, + 0, + H - >HO +0

HO ™ + HO & oo > HO +0
2 2 2

HO e > 20H
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Water is passed by the 254 nm lamp
between a quartz glass sleeve and an outer
chamber. 1t is the frequency of the light that
impacts the organism. Proper equipment
sizing is essential to be effective in treating
water; the output of the ampere must be
matched the flow rate of water beihg treated.
The Kikuchi prototype for bactericidal activities
can demonstrate that passing water at flow
rates of both 1 L/50 seconds and 1 L/15
seconds through 185 nm lamp which produces
ozone. Air (usually ambient) is passed over a
UV lamp which split oxygen molecules into the
gas resulting oxygen atom (01), seeking
stability, attach to other oxygen molecules,
forming ozone (03) which then inactivates the
contaminants by actually rupturing the
organism cell wall.

Which technology is better for ozone
generating, UV or CD ? Which frequency: low
(60 to 100 Hz), medium {100 to 1000 Hz) or
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high frequency (>1000 Hz) ? There are some
key factors to be considered : First, the
concentration of ozone output that is enough
for treating contaminant or not. UV ozone
generators generally produce ozone concen-
tration between 0.1% and 0.001% by weight
while CD system can produce between 1%
and 6% by weight. Concentration significantly
impacts the effectiveness of ozone because it
must be dissolved before reacting with water-
borne contaminants and the lighter the ozone
concentration, the more soluble ozone is in
water. Anyhow, since 85% to 385% of the
electrical energy supplied to a corona ozone
generator produces heat, so the method for
heat removal is required and it is necessary to
make sure that some type of cooling system is
included. Also, because low, medium and high
frequency ozone generators have no lamp, they
could be durable and less maintenance,
However, UV lamp (12 V 6 W} in this proto-
type is about 20,000 hours lifelong. UV lamp
ozone could cost effective. Since ambient air
is used as the feed gas and do not require air

preparation equipment. However, ozone
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output depends on humidity, and UV lamps

gradually loss their intensity over time.
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