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Abstract

A study of the influence of different gas nature on the efficiency of water purification from rod-shaped bacteria of the Bacillus cereus type is
presented. The action of oxygen, carbon dioxide and inert argon and helium were used. The investigated water was model microbial water obtained on
the basis of deaerated distilled water with the introduction of a pure culture of bacteria in the amount of 7 - 10* CFU/cm?. The total duration of the
process was 2 hours at a reaction medium with temperature of 288 + 1 K. The change in the number of microorganisms from the duration of gas
bubbling is shown, depending on its nature. The degrees of destroyed microorganisms were calculated after each sampling of water (Dg), which was
taken after each 30 min of the process. Studying the influence of different modes of water treatment, the largest number of destroyed bacterial cells was
studied in an atmosphere of carbon dioxide (Dq = 91.0 %), and the smallest - in an atmosphere of oxygen (D4 = 34.73%). A two-stage process of number
of microorganisms change was detected in the oxygen atmosphere: an increase in the first stage during 1800 s and a subsequent decrease in the second
stage. After CO, bubbling with a rate of 0.2 cm¥s through an aqueous medium with a volume of 75 cm?, the microbial count decreased by two orders of
magnitude, which is apparently due to an increase in the acidity of the test medium. Having found a high efficiency of CO, on the process of bacterial
cells destruction, this gas should be used in water treatment processes, as well as in combination with other reagents or physical methods of water
treatment to enhance the destructive effect on micro-objects.
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1. Problem statement. Common sources of
pollution of open water bodies are insufficient

and development of different MO, as its impact on
micro-objects is currently poorly understood.

wastewater treatment by industrial and communal
enterprises, households, large livestock complexes,
washing away by thawed and rainwater of pollutants
from fields and urban areas. Wastewater generated
during technological processes, especially after
treatment, is discharged into rivers or reservoirs.
Wastewater is mainly polluted by the products of life,
household detergents, dyes, industrial waste discharged
into the sewer. Wastewater contains a large amount of
microorganisms (MO), infected with helminth eggs and
therefore before being discharged into reservoirs, they
are subject to mechanical and biochemical treatment,
disinfection [1, 2]. Thus, a large amount of pollutants
enter open water bodies, changing their chemical and
microbiological composition [3-6]. That is why
scientists are still searching for new methods of water
purification, or improving existing methods.

Many effective and efficient factors of influence and
water treatment not only by reagent, but also by non-
reagent methods of water purification from MO are
offered. Significant positive feedback was noted for the
effect of ultraviolet radiation [2, 7], osmosis [7, 8],
ozonation [9], ultrasound [10-14], etc. However, in the
water, in addition to foreign pollutants, there are
dissolved gases, which have a significant impact on the
development and vital functions of various aquatic
microflora. The presence of gaseous substances in
natural waters is also due to the products of its activity
[15]. Therefore, in water treatment technology, it is
important to study the impact of gases on the growth

2. Analysis of the recent researches and
publications.

In [12] found a decrease in the amount of yeast
Saccharomyces cerevisiae by 55 % after 30 seconds of
operation with a piezoelectric generator with a
frequency of 800 kHz and an intensity of 7 W/cm?) with
an initial concentration of 3 - 10°cells/cm®, after
2 min — 77 %, after 10 minutes — 90 %. During the
supply of hydrogen in similar experimental conditions,
an increase in the number of Sacch servisiae was
observed. The effect of oxygen on bacterial cells at
different  concentrations in  the range of
10%...10* CFU/cm® was studied in [16], in [17] the
effect of oxygen concentration on the degree of cell
death was studied. The effect of increased oxygen
concentration on the growth and metabolism of
eukaryotes and prokaryotes is presented in [18].

The presented work proposes the treatment of water
with a high content of MO by the action of gases of
different nature — oxygen, carbon dioxide, argon and
helium, which will draw conclusions about the activity
of bacteria in the atmosphere of specific gases.

3. Statement of the problem and its solution.

The task of the presented research is the following:

- to investigate the effect of gases on the process of
water purification from aerobic microorganisms with
the same initial content in the aquatic medium;
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- to determine the gas nature in the atmosphere in
which the highest degree of destroyed microbial cells
per unit volume of water is investigated.

3.1. Materials and methods.

Monocultures of rod-shaped bacteria of the genus
Bacillus cereus were used to study the process of MO
destruction in the water. Pure cultures of these MO,
subject to sterility, were added to distilled water, which
was previously disaerated by boiling. That is, a model
environment was created for experiments with an initial
microbial load of 7 - 10* CFU/cm3 in order to get as
close as possible to the real concentration of water
pollution from open reservoirs. The volume of the test
medium was 75 c¢m?, which was poured into a glass
reactor and bubbled with the investigated gases for two
hours. Thus, different modes of water treatment were
used, namely: bubbling water with oxygen, carbon
dioxide, argon and helium. The temperature of the
reaction medium was 298 + 1 K.

To determine the amount of MO per unit volume of
water every 30 minutes with a sterile pipette was taken
1 cmd of the investigated water and inoculated on a solid
nutrient medium — meat and peptone agar (MPA). Each
water sample was seeded in at least three parallel Petri
dishes by the deep method as follows. In a sterile
slightly open Petri dish was introduced with a sterile
pipette seed dose (1 cm®) and immediately poured
15...20 cm® of molten and cooled to 45...48 °C nutrient
medium. The lid was closed and with light rotating
movements of the dish thoroughly mixed the nutrient
medium with the seed to evenly cover the bottom. MPA
was added to one Petri dish without a water sample to
verify the sterility of the medium. The plates were left
in a horizontal position to solidify the agar, with MO
cells fixed at a certain point in the medium. Then the
dishes were turned upside down and transferred MO
cells multiply, their mass increases so that colonies are
formed, visible to the naked eye.

The count of cells before and after treatment was
expressed in colony-forming units, which grew on
nutrient medium on Petri dishes. The method of
counting colonies is described in [19].

3.2. Results and Discussion.

The studied MO were cells of aerobic bacteria of the
genus Bacillus cereus, which is associated with the
detection of this type of MO in a dominant amount, both
in different natural waters and in wastewater among
bacteria [20]. The percentage of its predominance was
more than 60 %, compared to other forms of rod-shaped
and spherical bacteria (Bacterium, Pseudomonas,
Micrococcus, Sarcina, etc.).

Detailed characteristics of  the studied
microorganisms are given in [19], and morphological
features of the studied microobjects — in [21].

Graphical dependences of the percentage of
destroyed cells after each sampling of water are
presented in the figure and the Dqy values of the duration
of bubbling gases, taking into account the mode of
water treatment is in the table 1. The destruction degree
of MO after treatment of microbial water with gas is
calculated as the ratio of the number of microorganisms
(NM) to its initial number, expressed as a percentage.
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The highest efficiency of water disinfection was
shown by carbon dioxide (Dg = 91.0 %), and not only in
the final result, but also during the whole process (see
Table 1). This is due to the acidification of the medium
by almost two units due to the dissolution of carbon
dioxide in the water. The initial pH of the water was 6.1,
while the pHena = 4.3. The change in pH of microbial
water during carbon dioxide action is presented in the
Table 2. Thus, the increase in the acidity of the aqueous
medium due to water-soluble carbon dioxide with a total
consumption of 1.4 dm? after a two-hour process led to
the active destruction of cells.
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Figure 1 — Dependence of the destruction degree of
bacterial cells on the process duration.
Experimental data are represented by points.
Experimental data: NMo =7 - 10* CFU/cm?,
CO; action (1), Ar action (2), He action (3),

O3 action (4). Process conditions: T =288 + 1 K.

Table 1 — The destruction degree of the duration of
microbial water treatment and the treatment mode

Processing Dq depending on the mode of
time, s water treatment, %
O action COz action
1800 - 60.86
3600 19.06 80.14
5400 32.63 85.0
7200 34.73 91.0
Ar action He action
1800 29.0 11.43
3600 53.71 21.43
5400 64.57 36.29
7200 73.57 47.71

Table 2 — Changing pH values of the reaction
medium during bubbling of carbon dioxide

Processing time, s pH values
0 6.1
1800 5.1
3600 4.8
5400 44
7200 4.3
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Argon, compared with helium, purified water by
73.57 %, because the efficiency of helium after
t = 7200 s is 47.71 %. In general, the effect of argon is
almost twice the efficiency of helium during the entire
duration of bubbling, which is explained by the
physicochemical properties of the gas.

The least efficiency in water purification has been
studied in an oxygen atmosphere, the process of which
can be divided into two stages. In the | stage, there was
a slight accumulation of MO cells, apparently due to
oxygen consumption by aerobic cells of the studied
bacteria. In the 1l stage, we were observed a slow and
gradual decrease of the cells amount, which is explained
by the saturation of the aquatic medium with oxygen
and subsequent destruction of the cells. The presented
results on the action of oxygen are consistent with the
results of our previous work [16], which also revealed a
two-stage process of NM change during oxygen
bubbling through microbial water at different NMg and
found that the duration of bacillary cell accumulation
decreases with increasing microbial load in the water.

According to the results of research, it is possible to
compare the efficiency of MO destruction in the aquatic
medium under the action of different gases and, thus, to
determine the gaseous atmosphere in which this process
is most effective and in which gas the bacteria are
destroyed most slowly.

Taking into account the effectiveness of the effects
of the studied gases, we can display the relative series of
the effective destruction of Bacillus cereus due to their
action:

CO,> Ar > He > 0..
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Thus, the performed experiments allowed to
describe and substantiate the processes of water
purification from specific MO and to establish the
effective nature of gas for its destruction.

4. Conclusion.

The influence of the nature of different gases on the
process of aerobic MO destruction in the water with the
same microbial load is shown. We used a quantitative
method of calculating the initial and final NM by
sowing samples of the investigated water on a nutrient
medium in Petri dishes before and after experiments. It
is established that the process of water purification from
MO depends on the nature of the bubbled gas. The
destruction degree of the studied microorganisms is
calculated depending on the mode of water treatment
and the process duration. The gas, the supply of which
allowed to achieve the largest number of destroyed cells
after 7200 s, was experimentally determined. The action
curves of the gases on the process of water purification
from bacteria were decreasing throughout the duration
of the experiment, except for the oxygen action. It is
investigated that the influence of oxygen on the process
of MO destruction consists of two stages. They are an
insignificant accumulation of the cells (stage I) and its
subsequent destruction in the Il stage. The percentage of
cell accumulation during 3600 s of oxygen supply to the
aqueous medium was 9.43 %, which is due to the
consumption of bubbling oxygen by bacteria. This led
to the lowest efficiency of the process for the action of
oxygen in the end. The highest efficiency of water
disinfection is achieved during the action of carbon
dioxide by reducing the pH of the reaction medium. A
relative series of effective action of the investigated
gases on the microbial water purification is constructed.
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Kosaus 1. 3.

E®EKTUBHICTD ITPOLIECY BOJOOYHIIEHHS BIJ BAKTEPIN B 3AJIEZKHOCTI BIJ] IPUPOIA T'A3Y

IIpescTaBieHo JOCIIDKEHHS BIUIMBY Pi3HOI NPHPOAM rasy Ha eeKTHBHICTH OYMILEHHS BOAHM BiJ manndkonoxaibHux Gakrepiit pomy Bacillus
cereus. BukoprcToByBany Ail0 KHCHIO, BYIJIEKHCIIOrO ra3y Ta iHEPTHHX aproy i remiro. JlocmimkyBaHow Bogoro Oyiaa MoneiabHa MIKpoOHa BOAa,
OTpPHMaHA Ha OCHOBi /I€3a€pOBAHOI JIMCTHILOBAHOI BOAM 3 BHECEHHAM JI0 Hei 4MCTOi KynbTypH GakTepiit B kimbkocti 7 -10* KYO/cm®. 3aranbna
TPUBATICTh IPOIIECY CTAHOBIIIA 2 TOJUHU IIPH TeMIepaTypi peakuiiinoro cepenosuina 288+1 K. Ilokasano 3miHy uncia mikpooprasizmis (UM) Bix
TpuBajocTi 6apOOTyBaHHs rasy, B 3aJeXKHOCTI Bim iforo mpupoau. Po3paxoBani crymeHi 3pyitHOBaHuX MikpooprasizmiB (MO) micias KOXHOTO
Binbopy mpobu Boau (Dg), siKy Bigbupamu micns koxuux 30 XB mporecy. BuBuaroun BIUTHB pi3HUX PEXHMIB 0OPOOKH BOAHM, HAMOLIBIIY KiTBKICTH
3pyiHOBaHKX GaKTepialbHUX KIITHH JOCIiUKEHO B atMocdepi Byriekucioro razy (Dg = 91,0%), a HaiimeHnry — B atMocdepi kucHio (Dg = 34,73%).
B atmocdepi KUCHIO BUSIBICHO ABOCTagiiHMil mpouec 3minu UM: 36inburenHs Ha nepiuiit crazii puBamictio 1800 ¢ Ta 3 mOAaNbIIMM 3MEHIICH HAM
Ha apyriit. Ilicns 6ap6orysanns CO; 3i mBuakictio 0,2 cM%c uepes BogHe cepenosuile 06’eMoM 75 cM® MIKpOOHE YHMCIIO 3MEHLIMIOCH Ha JBa
MOPSAKH, IO, OYEBUHO, OOYMOBIICHO 30UIBIIEHHSAM KHCIOTHOCTI JOCITIIKYBaHOTO cepefqoBHINA. BussuBmm BHCOKY edektuBHicTh aii CO, Ha
npouec pyiiHyBaHHS OakTepiallbHMX KJITHH, L Ta3 JOLUIBHO 3aCTOCOBYBATH B IIPOLIECAX BOJOOYMIICHHS, a TAKOXX B IIOEJHAHHI 3 IHIINMH
pearenTamu a60 Hi3HIHIME METOAaMH 0OPOOKH BOIH 3 METOIO ITiICHICHHI PYHHIBHOI il HA MiKPOOO’ €KTH.

Kurouosi cioBa: Bacillus cereus, ra3, ouuiieHHs BOAH, pyHHYBaHHS OaKTepiii.
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