CHEMISTRY & CHEMICAL TECHNOLOGY

Vol. 8, No. 4, 2014

Chemical Technology

Tetyana Vitenko! and Olga Gashchyn?

MECHANISM AND KINETIC REGULARITIES OF INACTIVATING
EFFECTS OF CAVITATION ON MICROORGANISMS

I Ternopil I. Puliuya National Technical University,
56, Rus'ka str., 46001 Ternopil, Ukraine
2 Ternopil Institute of Social and Information Technologies,
51, Tantsorova str., 46008 Ternopil, Ukraine

Received: March 03, 2013 / Revised: April 18, 2013 / Accepted: October 22, 2013

a Vitenlo T., Gashchyn O., 2014

Abgtract. Disinfective action of physical-chemica effects
accompanying  hydrodynamic  cavitation on the
microorganisms sanitary indices in water has been studied.
Disinfection kinetics was found to be dependent on the
cavitation field characteristics and the microbes population.
Based on the structural-morphological investigation of the
E.coli bacteria it was found that antimicrobial effect is
obtained due to the mechanical rupture of cdls and
chemical disginfection, which results from the hydroxyl
radicals and hydrogen peroxide effect. Mathematic model
that alows predicting the disinfection result under the
hydrodynamic cavitation has been developed. The effect of
chemicals on E.coli microorganisms under hydrodynamic
cavitation has been investigated. Adding of AgNO; or
hydrogen peroxide in the cavitation ingtallation makes it
possible to reduce the disinfection time and to decrease the
chemical oxides concentration by 50-70%, which is
caused by the synergism effect.

disinfection,
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1. Introduction

At the present stage of engineering and technol ogy
development one of the most promising branches of
investigation is development of techniques for providing
proper water purification and disinfection. Water
chlorination, which was popular in the past during the
infectious diseases epidemics, does not meet the demands
of water purification as it worsens water quality and ruins
water reservoir sdlf-purification functions. That is why,
the choice of optimum eco-friendly disinfection
techniques are of great economic importance. Among the
routine methods of water disinfection the most promising

ones, as compared to chlorination, are those based on the
use of ozone, hydrogen peroxide, as well as silver and
cuprum ions. Ozonation alows not only to disinfect water
but ensures its deodorization. However, simultaneously
with the high level of disinfection (99.0-99.99 %),
reactivation of microorganisms is tetified, which leads to
the secondary bacteria growth [1]. In the hydrogen
peroxide disinfection high enough concentrations of
reagents (6 % hydrogen peroxide) are used. High cost and
poor availability of these reagents make the field of its
application narrow [2]. Cuprum and silver ions were
found not to be used widely either, although they possess
enough good antimicrobial effect, which ensures the
preservation effect [1, 2]. An alternative to the chemical
methods of influence on the pathogenic (bacterial) flora
are the physical ones, such as eectro-treatment, ultraviolet
treatment, glow discharge, and cavitation [2-8]. They are
of interest both separatdy and in combination with the
chemical reagents. That is why, the hybrid application of
different disinfection agents could help to solve the
problem of qualitative water supply.

The authors have presented data on the disinfection
by cavitation which is generated by ultrasonication,
hydrodynamic effects or eectro-impulse discharges.
Nowadays the most investigated and studied are the
processes of water disinfection under ultrasound
cavitation [2, 8, 15, 20], but this method is suitable only
for the treatment of small water reservoirs, which is
explained by the low efficiency and great power
consumption of this process. The efficiency of this
method is explained by the authors by the microbe cells
rupture, which occursin the area of the pressure gradients
effect and the temperature pul sation.

Hydrodynamic cavitation is a more promising
method. The results that testify to the disinfection effect of
the hydrodynamic cavitation are presented in the paper.
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The author [11] presented the possibility to apply
hydrodynamic cavitation installation of static type.
Similar results were obtained by the authors [12] while
investigating the hydrodynamic cavitation effect on the
E.coli microorganisms in cavitation installations of static
and rotor types. The analyses of the results presented in
the mentioned paper testified that the disinfection
effectiveness, depending on the initial microbe
concentration and technological parameters of treatment,
were not studied enough. Besides, as to the disinfection
mechanism and kinetics under the hydrodynamic
cavitation, they are not reported enough in the literature.

The objective of our paper is to investigate the
kinetic regularities of the E.coli microorganisms
inactivation, to interpret the disinfection mechanism under
cavitation and to study the complex effect of the cavitation
and chemical oxides (hydrogen peroxide and silver ionsin
different combination) on E.coli microorganisms.

2. Experimental

Experimental  investigation of  disinfection,
depending on the treatment regimes, microbe concent-
ration and the definition of the disinfection mechanism,
was carried out using the cavitation installation of
dynamic type[13]. The design of thisinstallation makes it
possible to provide such regime parameters. rotation
speed of the cavitation impeller 55< n<125 s*, specific
consuming energy 46.8<&<100 W/dm®, modified
Reynolds number 3-10°< Re,< 6X0°, cavitation number
32<06<05.

The investigations of inactivation of micro-
organisms of natural conglomerates were carried out in
the hydrodynamic cavitation installation of static type
[14]. The static installation is characterized by such
regime parameters: liquid waste 9 < Q < 11.5 m¥/h, rate of
liquid flow in the gap 16.6<v<21.2 m/s, specific
consumed energy 28 <& <42 W/dm®, Reynolds number
640"<Re<840", cavitation number 26<g<15,
cavitation stage 4 = 2.6. Hybrid method of disinfection
using chemical oxides was analysed in the installations of
dynamic and static types to choose the most suitable
method of treatment. 24-hour culture E.coli, grown on the
meat-pepton broth (MPB), was the object of investigation.
Bacteria suspension of 10 ind/sm® density was made of
this 18-hour broth culture. Distilled water was used to
prepare test solutions, in which E.coli bacteria were
brought to the final concentration 10*, 10° or 10°ind/cm®,
which equalsthereal pollution of the river water.

Antimicrobial  effect of the hydrodynamic
cavitation was studied by the E.coli bacteria survival.
Probes selection was carried out at definite periods of
time, after which planting of probes was carried out (or
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corresponding growing) in the Endo medium with further
cultivation in the thermostat at the temperature of 310 K
for 20-24 h. Bacteria survival was presented as the
relation logarithm of the survived microorganisms number
(Ny) to theinitial number (Ng) — Ig(N/No).

The rate of the microorganisms dying (K) was

found according to the formula:
— Ig( l\::t / N0 (1)
where Ig(N¢No) — decimal logarithm of the relation of the
survived cells to their initial number; z — exposition time,
s[1].

Experimental investigations of the microorganisms
inactivation of the natural conglomerates were carried out
in the static type cavitation installation. The treatment was
carried out under previously created optimal operation
regime of the installation, which are characterised by such
parameters. specific consuming energy ¢ = 42 W/dn’,
Reynolds number Re = 840" cavitation stage 1 = 2.6.

To carry out the investigations of disinfection using
chemical oxides under cavitation hydrogen peroxide or
Ag(l) as AgNO;3 salt solution with the concentration of 20;
50 and 0.005; 0. 01 mg/dm®, respectively were brought
into the water suspension of E.coli bacteria. Natrium
thiosul phate solution was used to neutralize the hydrogen
peroxide, NaCl was used to neutralize the silver ions.

The effect of hybrid hydrodynamic and chemical
cavitation was estimated according to the relation T/E,
where T — portion of survived microorganisms, calculated
theoretically; E — experimental data. Under theoretical
calculation of a portion of the survived microorganisms,
independent effect of each agent separately was taken into
account [16]. According to the available classification,
when T/E < 1 the antagonistic effect is observed, when
T/E = 1 — additive effect, and when T/E < 1 — synergism
effect of the disinfection agents.

K

3. Results and Discussion

3.1. Treatment Regimes and Microbe
Concentration Effect on the E.coli
Inactivation

In Figs.1 and 2 the kinetic curves of the E.coli
microorganisms inactivation rate dependence in water are
presented. The analysis of results testifies that the
microorganisms dying rate depends both on the treatment
regimes (Fig. 1) and the microbe concentration (Fig. 2).

As it is seen from Fig. 1, the increase of the
cavitation impeller speed causes the increase of the
microorganisms inactivation rate. Thus, during 14-min
treatment under Re,, = 3140°, the initid amount of E.coli
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10° ind. /cm® decreased by 82 %, but under Re, = 640°,
99 % of bacteria were inactivated. This is due to the fact
that under cavitation stirring there appear cavities which
collapse and form a great number of bubbles, the more
intensive the stirring regime (440° < Re,< 640° — the
more developed the cavitation stage, which is
characterized by the presence of the greater number of the
cavitation bubbles of small sizes 0.8-1.2 mm in the
investigated volume, which under the increase of the
impeller rotation speed fuse into one cavitation field.
Splashing of the vapour gas bubbles causes the impact
waves, which affect the microbe cells fatally. For the
investigated treatment regimes the Reynolds number
values were: Ren, = 240°, Ren, = 340°, Re, = 440° and
Ren, = 640 E.coli microorganisms dying rate values
were240% 140% 1.6:10° and 2.3-10°s?, respectively.

In Fig. 2 the results of investigations of the
kinetic dependencies of the E.coli microorganisms
inactivation, depending on the microbes concentration, are
demonstrated. For visual demonstration this process is
presented as a logarithm Ig(C/Cy) of relation of the
number of microorganisms which survived in the definite
treatment period (C) to the number of microorganismsin
theinitial water probe (Cy).
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Fig. 1. Change of E.coli microorganisms concentration
depending on time. C,=10°E.coli/ml, T = 288 K

t's
0ol 100 200 30 400 500 600 700 800
05 \\\iﬁ
QV
o] | \'\\\o\ A
, —&— 1-C=10° E.coli/ml \
1| —&—2-c,=10" E.coli/m °
-1,54 —A—3-C=10° E.coli/ml
1 _.,._4.(;():106 E.coli/ml \u ]
204+—————
Lg (C'/Cn)

Fig. 2. Dependence of Ig = C/C, on t under different C,.
Re,= 640° T=288K
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Curve 1 demonstrates the disinfection kinetics of
E.coli microorganisms suspension with 10° ind./sm
concentration, which is similar to that of sewages
pollution. Under such purification during the experiment
(12 min) only 15% of E.coli microorganisms were
disinfected. To achieve the proper level of disinfection
(99.9 %) such microorganism suspension must be treated
during 50-60 min (determined by the extrapolation
method). When initiadl microbe concentration of the
polluted water is less than 99.9 % the disinfection lasts for
20-25 min.

When the initial pollution is less than 10° ind./sm’,
99.9 % disnfection effect is obtained in 10-12 min. These
investigations were carried out under the similar energy
characteristics of the experimental stand (¢ = 100 W/dm°)
and under different microorganism concentration in the
investigated volume. Efficiency of the energy used
(12ind./J) in all cases was the same.

Microorganisms dying rate constants under the
microbe concentration of 10°, 10°, 10* and 10% ind./cm®
were 1140° 1340° 1.820° and 2340° s,
respectively. Thus, the highest disinfection rate is found
under Rey, = 6X0°, £ =100 W/dm®, & = 0.5. That is why
al further investigations were carried out under these
treatment regimes.

3.2. Disinfection Mechanism

To find the disinfection mechanism investigations
of the structural-morphological changes, which occur in
the E.coli microbe cell under the hydrodynamic cavitation
effects (Figs. 3 and 4) were carried out. In the testing
probes intestina bacillus cells have the form of short
sticks with round edges of homogeneous optical density
with clear shell outlines (Fig. 3).
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Fig. 3. E.cali culturein the probes of distilled water
(testing). Magnification of 1650x. C,= 10° E.coli/ml, 7= 288 K
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Fig. 4. E.coli culture after 10-min processing in cavitation
installation. Magnification of 1650x. Cp= 10° E.coli/ml,
Rey, = 640°, T=288K

As it is seen from Fig. 1, the increase of the
cavitation impeller speed causes the increase of the
microorganisms inactivation rate. Thus, during 14-min
treatment under Re,, = 340°, the initid amount of E.coli
10° ind. /cm® decreased by 82 %, but under Re, = 640°,
99 % of bacteria were inactivated. This is due to the fact
that under cavitation stirring there appear cavities which
collapse and form a great number of bubbles, the more
intensive the stirring regime (440° < Re,< 640° — the
more developed the cavitation stage, which is
characterized by the presence of the greater number of the
cavitation bubbles of small sizes 0.8-1.2 mm in the
investigated volume, which under the increase of the
impeller rotation speed fuse into one cavitation field.
Splashing of the vapour gas bubbles causes the impact
waves, which affect the microbe cells fatally. For the
investigated treatment regimes the Reynolds number
values were: Ren, = 240°, Ren, = 340°, Re, = 440° and
Re, = 640 E.coli microorganisms dying rate values
were240% 140% 1.6:10° and 2.3-10°s?, respectively.

In Fig. 2 the results of investigations of the
kinetic dependencies of the E.coli microorganisms in-
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activation, depending on the microbes concentration, are
demonstrated. For visual demonstration this process is
presented as a logarithm Ig(C/Cy) of relation of the
number of microorganisms which survived in the definite
treatment period (C) to the number of microorganisms in
theinitial water probe (Cy).
Formation of the chemically active compounds,

OH hydroxyl radicals and hydrogen peroxide H,O, in water
during its cavitation trestment is testified by the
investigation results [17]. Hydroxyl radicals during their
effect on the SH-groups, hystide and other aminoacid
protein radicals cause their denaturation and inactivate the
ferments. In the nuclein acids OH radicals rupture the
hydrogen bonds between the nucleotides and break DNK
and RNK chains and cause the cdls dying. Besides,
hydroxide radicals penetrating into the cdl membrane
lipide layer, initiate the chain lipide oxidation reactions,
which cause the membranes rupture and loss of their
functions, which results in the cdl dying. Disinfection
effect of the hydrogen peroxide is reached due to its high
oxidation ability, which results in decreasing of the cdl
membrane surface tension and loss of the pratein synthesis
[2]. Ozone concentrations are negligible (< 0.05 mg/l), that
iswhy it can not affect the process sufficiently [17].

At 2000 time increase (Fig. 5), the change of the
E.coli cdl gructure is testified as the result of such factors
as tension gradients, local temperatures, etc. (Fig. 5b, c, d).
Cytoplasm membrane is disintegrated, its degeneration
occurs (probably due to the ferment processes stop). As a
result, the dispersion of the cytoplasm calloid structure is
ruined and causes the appearance of ions and low-mo-
lecular cytoplasm componentsin the environment (Fig. 5d).

Based on the structural-morphological investigation
results, physical mode of the hydrodynamic cavitation
disinfection was proposed. According to this model
disinfection effect is caused by the simultaneous effect of
the shock waves, tension gradients, high local
temperatures, cumulative streams, and OH and H,0,
chemical compounds.

<) d)

Fig. 5. Ecoli culturein the probes of distilled water (testing) (a) and after 10-min
trestment in cavitation installation (a, b, d). Magnification of 20000x
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Fig. 6. Physical model of cavitation
effect on the microbes

Thus, the number of inactivated microorganisms
can be found according to the equation:

C=G+C, D
where C —total number of the inactivated microorganisms
caused by the mechanical and chemical effects of the
cavitation field phenomena, ind./cm®; C; and C, — number
of microorganisms inactivated due to separate mechanical
effects and chemical factor, respectively, ind./cm?

Initial conditions of the process zo= 0; Co=0.
At the same time, concentration of the inactivated
microorganisms C isin proportion to the specific energy:

C=pe 2
where ¢ — specific energy, W/cm®; p — proportional factor.

The microorganisms inactivation rate can be
described by the equation:

ke €

Then the E.coli inactivation process can be
presented by the system of the kinetic equations:

G = ke ke, @

where k; — microorganisms inactivation rate constant
caused by all cavitation field effects, ind/Wss;, k, —
microorganisms inactivation rate constant caused by the
mechanical effects of the cavitation field, s’ ks —
microorganisms inactivation rate constant caused by the
chemically active compounds effect, cm’/ind.ss.

Constants k;, k, and ks were obtained by the
computer processing of the experimental data (Fig. 7).

Having solved the system of differentia

equations (4), analytical dependencies for finding C, C;
and C, were obtained as:
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C,=- kﬁ>e>(ae' k) (5)
2
where a — integration constant found from the initial
conditions, a= 1.

c,- Jkoe th(Jk 4k et +b))

6
7 (6)

where b — integration constant found from the initial
conditions, b = 0;

o kool t +b) k.
Vks K

exae - 1) (7)
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Fig. 7. Change of E.coli inactivated microorganisms
concentration depending on time: under the effect of hydroxyl
radicals (1); under mechanical effects (2) and under the effect

of hydrogen peroxide (1.32 mg/l) (3)

To extend the application range of Egs. (5), (6) and
(7), the values of constants ki, k, and ks within the
consumed energy amount 0.04<e<0.1 W/cm® were
found. Theresultsare presented in Table 1.

Table 1

Reaction constant valuesfor different cavitation
treatment regimes

Consumed energy, W/sm®

Constants 005 | 006 | 008 | 01

0.04

ky, indW>s 55 4.05 33 29 24

ko, ST 6.2540° [4.6310° | 2.9240° [2.6240° [2.1740°

ks, cmfindss |1.30740° |1.0440° {0.64440° |0.4240° |0.2720°

Comparison of the experimental data with those of
mathematic calculations according to Eq. (7) is presented
in Fig. 8. Comparison of the experimental data with
theoretical ones, obtained according to Eq. (7),
demonstrated that the error does not exceed 8.3 %, that is
why this equation can be used for prediction of the
disinfection process.
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and ¢ = 0.04 W/cm® (3)
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3.3. Inactivation of the Natural
Conglomerate Microorganisms

Sanitary indices microorganisms, which are treated
in water as the factors of fecal pollution, are TBGB and
enterococci. Pollutions from the mucous membrane of the
windpipe of a man and some other warm-blooded animals
are staphylococci [18]. As to TBGB, similar to the
previous investigations Escherichia coli monoculture was
used, Streptococcus faecalis was chosen from the
enterococci group and Sreptococcus aureus as the
representative of the dsaphylococci respectively. The
treatment of the microorganism suspension was carried

out in the datic type experimental installation.
Investigation results are presented in Fig. 9.
C,
ind/em®
1000 r . . r
] —=— S.aureus | |
800'_ —o— Sifaecdlis| |
T 1
400 .
. 2
200
| 3/ -
0 . . 4 .
0 20 40 60 80
t, min

Fig. 9. Water contaminated with monocultures
of Saureus (1); Sfaecalis (2) and E.coli (3). Re= 840,
Co=10’CFU/mI; T=288 K

Asiit is seen from the graph, staphylococci possess
the greatest resistance to the hydrodynamic cavitation
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effect. Enterococci possess less survival strength and the
most affected among the studied ones are bacteria of the
intestine bacillus. To decrease the concentration of
Saureus microorganisms (curve 1) from 10° to 0 ind./em?®,
the suspension must be treated for 2 h. To obtain 99.9 %
disinfection effect with regard to Sfaecalis (curve 2) the
test organisms suspension must be treated in the
hydrodynamic cavitation static type installation for not
less than 90 min. Such exposition time in practical
conditions is highly energy consuming. That is why, to
accdlerate the disinfection it is reasonable to
simultaneously add the chemical oxides[15].

To model the disinfection process of well water and
to define the optimal parameters of treatment natural
bacteria association was used as the investigation object.
In Fig. 10 the disinfection of the natural well water taken
in the “Topilche” Park in the hydrodynamic static type
cavitation installation without chemical oxides, is shown.
According to the demands as to the shortened epidemic
safety control indices list, GMN and TBGB factors were
found [19].

In Fig. 10 the curve 1 demonstrates the dying
kinetics of the intestine bacillus group bacteria (dimension
in ind./dm®), the curve 2 demonstrates the inactivation
process of the total microbe number (ind./dm®). According
to the standards adopted in Ukraine *“Sanitary
maintenance standards of bore wells and well water
catchments, used for the decentralized utility water
supply” No 1226-75, the water probes before treatment,
according to the analyzed data (GMN — 10 NEU/cm?,
TBGB factor — 23), do not meet the standards as to the
amount of TBGB. After 10-min treatment in the cavitation
installation the total microbe number is 3 NEU/cm® and
TBGB factor — 9.These data meet the standards of bore
well water. Microbiological factor standards for the
drinking water safety are more strict (TBGB factor must
not exceed 3), which is obtained after 13min treatment. As
it is seen from Fig. 10, 99.9% disinfection of water is
obtained in 14-16min after treatment in the hydrodynamic
cavitation installation.

Dignfection effect of the hydrodynamic cavitation
in the sufficiently contaminated water was studied. The
investigations were carried out in the cavitation static type
installation in the natural water of the Ternopil lake.
Sanitary microbiological control was carried out
according to the standards adopted in Ukraine “ Protection
of surface water from pollution” by the lacto-positive
intestine bacilli index, E.coli intestine bacillus factor
(L1B) and enterococci factor. The results are presented in
Fig. 11.

Asiit is seen from Fig. 11 during 30-min treatment
inactivation of the lacto-positive intestine bacilli was the
most efficient (LIB factor after treatment — 200) and the
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least efficient (only 50 %) was the enterobacteria factor
(enterococci factor after treatment — 250). This testifies
the results obtained during the disinfection of water
contaminated by the monoculture microorganisms (Fig.
9), where it was found that the Streptococcus faecalis
microorganism inactivation rate is lower than that of
E.coli inactivation. During 30 min treatment in the
hydrodynamic cavitation installation 100 % disinfection
of water from the surface reservoirs was not obtained.
Hence, cavitation effect on microorganisms does not
provide the desired level of disinfection. That is why the
hybrid method of treatment using chemical oxides is the
alternative method of treatment.

3.4. Hybrid Disinfection Method

In Fig.12 disinfection effect of the hydrodynamic
cavitation and the anti-microbe effect of the 20 and

C
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Fig. 10. Change of sanitary standards with time,
water from the “ Topilche” Park well: TBGB, ind./I (1) and total
microbial count, ind./ml (2)
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50 mg/dm’concentration hydrogen peroxide in the
conditions of turbulent stirring and cavitation scheme, are
presented. Inactivation kinetics under treatment of the
microorganism suspension in the dynamic type
installation is presented in Fig. 12a and in the static type
installation —in Fig. 12b.

The presented data testify that adding of hydrogen
peroxide in the cavitation installation increases the anti-

microbe effect. Thus, E.coli inactivation rate constant in
the dynamic cavitation installation at Re, = 6X0° equals
0.003 s when H,0, of 20 mg/dm3 concentration is
added it increases up to 0.006 s'; whereas adding of
50 mg/dm? of hydrogen peroxide increases the constant
almost by order — K = 0.038 s*. Similar regularity is

demonstrated under the disinfection in the static
installation (Fig. 11b).
CFU/
2000
T 1
1600
' \ ’
1200
d \.\ 3
e M

0 5 10 15 20 25 30
t, min

Fig. 11. Change of sanitary standards with time,
water from the Ternopil lake: total coliforms (1); faeca
coliforms (2) and faecd enterococci (3)
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Fig. 12. Logarithmic dependence of E.coli inactivation in the cavitation installations of dynamic (a) and static (b) type:
H,0, of 20 mg/dm? concentration (1); H,O, of 50 mg/dm?(2); treatment in the cavitation installation (3); 20 mg/dm® hydrogen
peroxide effect in cavitation conditions (4) and 50 mg/dm?® H,O, effect under cavitation (5)
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Fig. 13. Logarithmic dependence of E.coli inactivation in the cavitation installation of dynamic (a) and static (b) type:
0.005 mg/dm?® Ag(1) effect (1); hydrodynamic cavitation effects (2); 0.005 mg/dm® Ag(l) effect under cavitation (3); 0.01 mg/dm?
Ag(l) effect (4) and 0.01 mg/dm® Ag(l) effect under cavitation

Similar investigations were carried out using the
silver ions. The results are presented in Fig. 13.
Comparison of the experimental data testifies that under
water disinfection with Ag(l) ions in the cavitation
conditions the anti-microbe result increases and the “tag’
effects on the microorganisms dying curve under the
effect of 0.005 mg/dm>concentration Ag(l) disappear (Fig.
13b, curve 1).

The mechanism of improvement of the disinfection
effect using chemical oxides under cavitation stirring can
be caused by:

1) the effect of chemically active compounds,
which are formed inside the cavitation bubbles: hydrogen
peroxide H,O,; hydroxyl OH and ozone O radicdls;

2) the formation of a great number of 10° m size
vapor-gas bubbles, which splash periodically and create
unsteady to obtain the sufficient condition, which causes
rapid penetration of disinfection chemicals inside the cell,
and resultsin the affection of the cell viability;

3) the change of pH [17] towards akdine
(hydrogen peroxide bactericidal effect isimproved);

4) the formation of OH radica as the result of the
Fenton effect (under the cavitation hydrogen peroxide tran-
dtion in water from the vapor-gas phase [17], that is why,
when Ag(l) ions are availabl e, the Fenton reaction occurs.

For practical application of the proposed technique
and complex estimation of the efficiency and intensity of
the investigated treatment techniques it is necessary to
find the proper time needed disinfection effect. The time
needed for 99%  microorganism  inactivation
(IgN/Np = -4.5) was found according to the E.coli dying
kinetic curves in water under the effects of hydrodynamic
cavitation, hydrogen peroxide, silver, and ther
combinations (Figs.12 and 13). The results of these
calculations are presented in Table 2.

The analysis of data presented in Table 2 tegtifies
that adding of AgNO; or hydrogen peroxide results in
9-45 time decrease of time of the suspension treatment in
the cavitation installation. Comparison of the
microorganism inactivation rate in the dynamic and static
types of installation testifies that adding of silver in the
installation of dynamic type makes it possible to
accelerate the process 9-10 times, while in the static type
installation — 2—3 time accel eration is obtained. Adding of
hydrogen peroxide in the cavitation installation of
dynamic type results in 2545 time shortening of this
process (depending on the reagent concentration) and in
the dtatic type installation — in 10-11 time shortening.
Thus, in both cases the highest intensity of the process is
obtained in the installation of dynamic type, which is
caused by the greater vapor-gas phase volume, which
provides the efficiency of the cavitation effect.

From the practical point of view, the manner of
interrdlation of the investigated disinfection chemicals
(mutual or synergism effect) is of great importance too. That
is why the values of T/E under different kinds of
investigations were calculated. The results of calculations for
the cavitation installation of dynamic type are presented in
Table 3and for the static type indtalation—in Table 4.

The data form Tables 2 and 3 testify the change of
amost additive character of the disinfecting chemicals
(AgNO;3; and N,O,) and hydrodynamic cavitation effects
interrelation under their small concentrations (0.005 and
20 mg/dm®, respectively) and short exposition to the
synergic one; the value of the synergic effect being greater
with the increase of the exposure time and the increase of
the hydrogen peroxide concentration and adding of the
Ag(l) ions. Maximum T/E value is found under E.coli
disinfection by 50 mg/dm3 H>O, concentration in the
condition of the cavitation stirring in the dynamic type
installation during 120 s contact and equals 246.
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Table2

Calculation results of the time (min) necessary for 99 % E.coli disinfection in water under the effect of reagent,

hydr odynamic cavitation and their hybrids

. Concentration of reagent, mg/dm®
Method of disinfection 0 0.005 001
Ag(l) (turbulent regime) - 70 10
Ag(l) + cavitation regime (static installation) 55 35 4
Ag(l) + cavitation regime (dynamic installation) 14 10 2
0 20 50
H,0, (turbulent regime) - 450 65
H,0, + cavitation regime (static installation) 55 48 5
H,0, + cavitation regime (dynamic instal lation) 14 11 2
Table3
Hybrid effect (T/E) of chemical reagentsand cavitation on E.coli (dynamic installation)
C, mg/dm’® Treatment time, s
Ag(l) H,0, 40 80 120 240 360 600
0.005 - 243 2.64 3.07 4.82 9.6 50.8
0.01 - 11.43 193 not found not found not found not found
- 20 3.05 457 6.97 16.7 28.7 87.4
- 50 15 815 246 not found not found not found
Table4
Hybrid effect (T/E) of chemical reagentsand cavitation on E.coli (static installation)
C, mg/dm® Treatment time, min
Ag(l) H,0, 2 5 8 12 20 30 40
0.005 - 173 2.06 292 348 7.06 35.7 not found
0.01 - 8.6 182 not found not found not found not found not found
- 20 25 2.78 3.77 5.53 6.05 28.3 78.75
- 50 8.25 214.3 not found not found not found not found not found

From the energy consumption point of view
application of installations of both dynamic and static type
[14] is reasonable. At the same time, under hybrid
application of the cavitation effects and chemical oxides
the efficiency of energy consumption is higher in the
static type installation due to adding of chemical reagents
directly into the vapor-gas cavity [14].

4. Conclusions

The mechanism and kinetic regularities of the
inactivation cavitation effects on microorganisms were
investigated. Based on the structural-morphological
investigation of E.coli microorganisms mechanism of
hydrodynamic cavitation disinfection effect was found.
Antibacterial effect is obtained due to the physical-
chemical effects of cavitation field, under the influence of
which mechanical rupture of cells occurs as well as
chemical disinfection under the influence of hydroxyl
radicals and hydrogen peroxide. Regularities of the E.coli

dying, depending on the treatment regimes and microbe
population have been studied. The results testified that
under the turbulent regime inactivation of microorganisms
does not occur. Under cavitation regime bacterium dying
rate grows as Reinold's Re, increases and microbial
contamination decreases. While disinfecting by the
chemical oxides (H,O, and AgNO;) under cavitation
stirring synergic action occurs, which allows to decrease
the disinfection time and the concentration of reagents by
50-70 %. Comparison of the operation intensity and
effectiveness of the dynamic and dtatic types of
installations has shown that the disinfection process in the
dynamic type installations is 3 times more effective while
the efficiency of energy consumption is 2 times higher in
the static type installations.
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MEXAHI3M TA KIHETUYHI 3AKOHOMIPHOCTI
IHAKTUBYIOUYOI 11 KABITAIIII
HA MIKPOOPI"AHI3MH

Anomauin. Busueno 3nesapasicyiouy Oil0 Qisuko-xXimMiuHux
ehexmie, wo cynpogooddicyloms 2iOpOOUHAMIUHY KABIMAYil0 HA
CAHIMapPHO-NOKA3HUKOBI MIKpoopeanizmu y 600i. Bemanoeneno, wo
KIHEMUKA ~ SHE3APAXCEHHS  3ANeHCUmb  8i0  XApPaKmMepucmux
Kasimayiiino2o nons i Mikpobnozo Hasanmadxcenns. Ha ocnosi
cmpykmypHo-moponoziunux  docriodcens  bakmepiti - E.coli,
6CMAHOBIEHO, WO AHMUMIKPOOHUL eghekm 00csA2aEmbCsi GHACTIOOK
MEXAHIYHO20 PYUHYBAHHS! KIIMUH | XIMIYHO20 3HE3apadiceHHsi nio
BNIIUBOM PAOUKANIG 2IOPOKCUITLY [ NEPOKCUOY 80OHIO. 3anpONOHO8AHO
Mamemamuyny Mooeib, AKa 0dE MONCIUBICHb  NPOSHO3Y8amu
Pe3Vibmanm 3He3apPadiCeHHsl 8 YMOBax 2iOPOOUHAMIMHOT KaGImayii.
Hocniooiceno Oiro ximiunux peazenmie Ha mikpoopeanizmu E.coli, ¢
yMoeax 2iopoodunamiunoi kagimayii. Bcmanoeneno, wo eseoenms
AgNO; abo nepoxcudy 6oonio 6 kasimayivini npucmpoi oae
MONCTUBICHIL CKOPOMUIMY MPUBAILICITL SHE3APAHCEHHA A 3MeH-
wiennss  KoHyenmpayit  ximiunux oxucnuxie na 50-70%, wo
NOACHIOEMbCS CUHEPIYHUM eqheKmOoM.

Knrouosi cnoea. 2I0pOOuUHaAMIYHA
3HE3aPAHCEHHS, MIKPOOP2AHIZMU, KIHEMUKA.

xasimayis,



