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DETERMINATION
OF THE MAIN PARAMETERS OF DISINFECTION
OF DRINKING WATER SUPPLY FACILITIES BY OZONE

This paper analyzes the existing techniques of disinfection of water wells and drinking water facili-
ties using chlorine-containing disinfectants. The advantages and disadvantages of the promising meth-
ods of disinfection by ozone using have been described in the paper.

To achieve this goal the recommended values of such parameters as the processing time, the
concentration of ozone in the gas mixture, flow rate of ozone, gas mixture flow have been determined.
Such values of the investigated parameters in the water treatment as the concentration of ozone in the
gas mixture (35, 45, 55 g/m’) and the processing time (15, 30, 45, 60 min) have also been determined.

The selection of recommended processing parameters, such factors as the results of studies of the
kinetics of ozone water saturation, determination of residual ozone in the water from the incoming in
system, the dynamics of ozone decomposition in water, as well as the time required to achieve 100%
inactivation of the studied strains of bacteria, the dependence residual ozone concentration of ozone in
the gas mixture, the gas mixture flow have been taken into account. To determine the optimal parame-
ters of disinfection depending on the treatment parameters, the regularities presented in the form of
equations have been established.

The recommended settings to select an ozone generator have been suggested on the basis of these

results for proposed scheme of disinfection.
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Introduction. Water disinfection is used for its
purification from pathogens and other microorganisms
and viruses as water becomes unfit to drink, house-
keeping or industrial needs. Thus, disinfection of utili-
ty network and constructions is one of the method of
disinfection and includes a number of measures aimed
at eradication of agents of infection and destroying of
toxins on the surface of using systems.

According to currently effective regulatory doc-
uments, in the Republic of Belarus disinfection of
well shafts, clean-water reservoirs and potable water
supply pipelines is carried out with chlorine sub-
stances. Thus, in reality, calcium hypochlorite and
sodium hypochlorite are preferred, rarely liquid chlo-
rine and new chlorine-containing solutions are used.

Yearly average in the Republic of Belarus about
20 t of calcium hypochlorite, 30 m® of sodium
hypochlorite and 0.5 t of chlorine-containing solu-
tion “Aquatabs” are used.

Besides chlorine-containing decontaminating ma-
terials, ozone is recently widely practiced during wa-
ter treatment [1—4]. In Table 1 there are the results of
the analysis of different methods of disinfection and
decontamination used in different countries [5].

Techniques of ozone usage for disinfection of
water-supply wells and potable water systems in-
stead of currently used chlorine-containing rea-
gents are proposed by the authors [6, 7]. Commer-
cial ozone generators are distinguished by the
presence of feed gas and pure oxygen in balloons
or air can be used as the source of this feed gas.

Commercial ozone generators are also distin-
guished by concentration of ozone in gas mixture
and flow volume of gas mixture.

The aim of this paper is to find out key pa-
rameters of processing of water-supply wells and
potable water systems by ozone in order to provide
disinfection and decontamination.

To achieve this aim recommended value of the
following parameters are established: time of pro-
cessing, ozone concentration in gas mixture, ozone
consumption and gas mixture consumption.

Main part. To determine ozone solvability in
water from top to bottom of liquid column test setup
that looks like a plastic pipe in diameter of 0.3 m and
in height of 5 m was used. The pipe has got sampling
fitting spaced at intervals of 1 m. ozonic and gaseous
mixture fitting is situated at the bottom of the pipe.

Water for experiment was delivered into the pipe
from water-supply wells (water supply point Urovtsy,
Belostok, Poland). During the experiment the tem-
perature of the water was 10-12°C.

During the trials ozonator of the company Finne-
gan-Reztek (USA) was used for generation of ozone.

Evaluation of ozone concentration in the water
was carried out according to NSS 18301-72 “Po-
table water. Evaluation of residual ozone content
tests”. Test sensitivity 0.05 mg Os/1.

During the testing the following parameters of
water treating were set: ozone concentration in gas
mixture — 35, 45, 55 g/m3 ; processing time — 15, 30,
45, 60 min; gas mixture consumption — 700 I/h.
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Table 1
Comparative analysis of different disinfectants all over the world

Country Clps ClO, NH,Cl (O uv
Australia +++ + ++ _ n
Austria 4+ + + +
Belgium +++ + - +
Bulgaria - - - _ +
China ++ - - + _
The Czech Republic +++ - - + _
Finland o+ n + + —
France ++ ++ _ 4+ _
Spain +++ + - ++ _
Ireland +++ - - + _
Japan e+ - — _
Germany +++ +++ - ++ +
Norway ++ - + — ++
Poland +++ + + + _
South Africa -+ - + + _
Switzerland + ++ - ++ 1+
Sweden et + T+ — —
The USA +++ + + + +
Hungary +++ - + + _
Great Britain +++ + + — +
Italy -+ +++ - — _

Note. +++ — dominating application, ++ — applied; + — rarely applied; —— not applied.

For evaluation of effectiveness of disinfection
bacteria from the collection of the bioengineering
and bioecology professorial chairs of BSTU were
used as test-organisms: Clostridium sp. (sulfite-
reducing bacteria, gram-positive, obligate anaer-
obes, rod bacteria, sporogenous; their presence
in tap water testifies of poor level of disinfection);
Pseudomonas fluorescens (gram-negative, aero-
bic, nonspore-forming bacteria capable for degra-
dation of halogen-containing organic substances,
they synthesize green pigment that provides prop-
er visualization of colonies); Escherichia coli
(gram-negative rod bacterium widely occurs in
endgut of homothermal organisms, facultative
anaerobe does not form endospores; it is an indi-
cator of secondary pollution of tap water by resi-
dential waste water).

To carry out microbiological testing experi-
mental ozonator made by OSC “RovalantSpetsSer-
vice” [8] with ozone concentration output in gas
mixture of 2.6 g/m’ was used.

Statistical analysis of the results of the tests
was carried out by MathLab software package.

Results and discussion. Saturation time was
evaluated in conformity with the research results
of saturation kinetics of water with ozone; evalua-
tion of residual ozone content in water out of ini-
tial ozone delivered into system, dynamics of

ozone decomposition in water and also time nec-
essary to achieve 100% destroying of studied bac-
teria strains.

According to the data provided in the source [7]
and also calculation data of residual ozone content
in water out of initial ozone delivered into system
(Fig. 1) it is possible to conclude that recommend-
ed processing time is 25 min.

According to the research on evaluation of
ozone kinetic decomposition from top to bottom of
liquid column, about 96% of it decomposes after
20 min (Fig. 2).

Results of the research of the effectiveness of
disinfection of tap water by chlorine-containing
reagents have revealed that at recommended by
SanRaN conditions of processing (6 h at active
chlorine concentrations of 50—100 mg/1) 100% dis-
infection of water for all studied test-organisms
from the collection of the bioengineering and bioe-
cology professorial chairs of BSTU was provided.
Decrease of time processing to 0.5-1.5 h resulted
to decrease of effectiveness of disinfection by
sodim hypochlorite of water polluted by bacteria
E. coli, by 0.5-1.0% whilst calcium hypochlorite
effectiveness preserved. Similar behavior was ob-
served at the usage of chlorine-containing disin-
fecting agents against Clostridium sp. n Pseudo-
monas fluorescens bacteria.
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Risidual ozone content out of

Fig. 1. Risidual ozone content out
of initial delivered into water from top to bottom liquid
column at its different initialconcentration
in gas mixture

10

Fig. 2. Destruction of decomposed ozone in water
From top to bottom of liquid column

Results of the research of the effectiveness of dis-
infection by ozone on tested bacteria are in Table 2.

According to Table 2 ideal processing time
necessary to achieve 100% destroying of tested
microorganisms is less than 5 min.

Disinfection time will be limited by dissolution
rate of ozone in water until achieving of necessary
minimal concentration. Consumption of gas mix-
ture and ozone concentration in it will influence
saturation time.

As for gas mixture consumption (under equal
conditions of dispergating) the more it is the big-
gest the effectiveness of ozone dissolution in water
due to the increase of the surface of mass exchange
in the form of gas bubbles surface and correspond-
ently the less time it will take.

Table 2
Ozone disinfection effectiveness, %
Gas con- Processing time, min
sumption,
/min 0.33 0.66 1 5
Escherichia coli
13.2 30.8 68.1 100.0 100.0
8.8 30.8 57.7 100.0 100.0
4.4 3.8 26.9 98.7 100.0
Clostridium sp.
13.2 99.8 99.9 100.0 100.0
8.8 70.8 87.0 99.8 100.0
4.4 48.9 67.6 98.4 100.0
Pseudomonas fluorescens
13.2 76.4 92.0 98.9 100.0
8.8 48.3 78.7 93.0 100.0
4.4 28.0 61.2 76.5 100.0

According to [9], size of gas bubbles forming at
the usage of ceramic aerators is 5 mm.

For establishment of ideal concentration of
ozone in gas mixture results of the test at saturation
time of 15 min were taken. They are in Fig. 3.

Fig. 3. Dependence of ozone concentration
in water on ozone concentration in gas mixture
and liquid layer height

According to the obtained results of this paper it
is possible to make a conclusion that usage of air-
operating ozonators as feed gas with ozone concen-
tration in gas more than 45 g/m’ is recommended.

Conclusion. Under operating conditions usage of
air-operating ozonators working on air as feed gas with
ozone concentration in gas of more than 45 g/m’ is of
priority and recommended time of processing of wa-
ter-supply facilities is 2025 min
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