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SUMMARY

Hostilities leads to damage or destruction of hydrotechnical structures, as well as riverbeds
are disturbance. This leads to turbidity of clay particles contained in surface waters. As a
result, the load on sewage treatment plants increases, which can also be damaged as a result
of hostilities. This leads to a deterioration in the level of providing the civilian population
with clean water. A mathematical model of clay particles monitoring and retention by
polystyrene foam from an aqueous suspension due to the phenomenon of electrostatic
adsorption has been developed. Its adequacy was checked using experimental studies of the
{-potential of the adsorbent and adsorbate. The factors affecting intensity of the process of
water purification from clay particles at different year seasons by filtration through granular
media have been studied and analyzed. The effectiveness of polystyrene foam at different
stages of the process of filtering an agqueous suspension containing clay particles was
investigated. The dependence of the intensity of retention of colloids of mineral origin by
polystyrene foam filter media granules on the value of their {-potential was determined.
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Introduction

There is a need for a comprehensive study of the physico-chemical parameters of substances, which
are the main source of deterioration of the quality indicators of purified water. Strikes on sewage
treatment plants are often used as a weapon against the civilian population in times of war. The
greatest damage to water resources comes as a result of the destruction of treatment facilities and the
failure of service organizations that were engaged in water supply. As a result, in the zone of active
hostilities, return water enters reservoirs without treatment. Such a parameter of purified waters as
turbidity is closely related to the electrostatic properties of the colloids contained in them. A real
water treatment facility was chosen for a more detailed experimental study of this relationship.
Monitoring the condition of the existing water treatment facilities of ME "Chernivtsivodokanal” in
Chernivtsi, Ukraine allowed to objectively identify characteristic problems that require an urgent
solution to reduce the harmful effects of clay particles. It turned out that the main indicator, which is
of critical importance for the purification of these waters, is turbidity. This is caused mainly by the
high concentration of colloids of mineral origin contained in the water of the Dniester River.

Method and Theory

The electrostatic interaction between a polystyrene foam granule and clay particles can be described
using the method of the linear superposition approximation (LSA) (Korobiichuk et al., 2020). The
basic assumption of LSA, first proposed by Bell, is that the solution of the Poisson-Boltzmann (PB)
equation for a two-particle system can be constructed as a linear superposition of solutions for isolated
particles in an infinite medium (Korobiichuk et al., 2020). This is due to the fact that with significant
distances between particles, due to shielding, the absolute value of the electric potential is
significantly reduced and its distribution is regulated by the linear equation of PB:

Vi = Ky, 1
1
where k™! = Le = (8‘:;1)2 is the Debye screening length and I = %Z?’zlziznﬁ’ is the ionic strength

of the electrolyte solution. The integration surface can be chosen most conveniently as a plane located
arbitrarily between spheres (Figure 1).
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Figure 1 LSA for two unequal spheres
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The adequacy of the developed mathematical model of monitoring and retention of clay particles by
polystyrene foam from an aqueous suspension due to the phenomenon of electrostatic adsorption was
verified by experimental studies. Experimental measurements of such electrokinetic properties of the
investigated colloids as {-potential and their hydrodynamic radius in water samples that were taken at
the research facilities were carried out using a modern computerized device Zetasizer Nano ZS
("Malvern Instruments”, Great Britain) (Onanko et al., 2020). Their results and key parameters of the
measurement process (temperature, viscosity, count rate, conductivity of the medium, total number of
measurements, deviation of the {-potential and its mean value, standard deviation, dispersant, name of
the dispersant medium and its dielectric constant), as well as a graph the distribution of apparent
values of the {-potential of colloidal inclusions depending on the number of measured values in the
studied water sample and the density histogram of the distribution of colloidal particles by their sizes
are displayed in the report files that were generated by the software of this device in automatic mode.

Examples

Such complex colloidal systems as natural surface waters are characterized by a negative charge of
the {-potential of colloids, which cause the turbidity of the source water. Our experimental studies of
colloids of mineral origin, using the example of clay particles from the surface waters of the upper
reaches of the Dniester River, confirmed this statement. The report file with the results and key
parameters of the process of measuring the {-potential of colloidal inclusions in water samples taken
from a water intake on the Dniester River is presented on Figure 2.

Zeta Potential Report I‘
v2.3 I
Maven Instruments Lid - © Copyright 2008
Sample Details
Sample Name: Not17
SOP Name: mansettings.nano
General Notes:
File Name: 30.10.2018 Dispersant Name: Water
Record Number: 7 Dispersant RI: 1,330
Date and Time: 30 xoBTHs 2018 p. 17:21:16 Viscosity (cP): 08872
Dispersant Dielectric Constant: 78,5
System
Temperature (°C): 25,0 ZetaRuns: 12
Count Rate (kcps): 57,7 Measurement Position (mm): 4,50
Cell Description: Zeta dip cell Attenuator: 10
Results
Mean (mV) Area (%) St Dev (mV)

Zeta Potential (mV):
Zeta Deviation (mV):
Conductivity (mSfcm):
Result quality

500000
400000

300000

Total Counts

200000

100000

941
486
0513

Peak 1: -9.41
Peak 2: 0,00
Peak 3: 0,00

100,0
0,0
00

Zeta Potential Distribution

4,86
0,00
0,00

Matvern Instruments L4

Figure 2 Report file of the measurement of the {-potential of colloidal inclusions from a water intake

on the Dniester River

Record 2: Ne1 2
Record 5: Ne1 §

-100 0
Apparent Zeta Potential (mV)

100

Record 3: Ne1 3
Record 6: Ne1 6

20e Ver. 712
Sarial Number | MAL1040124

200

Record 4: Ne1 4
Record 7: Ne1 7
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The electrokinetic properties of colloids of mineral origin were determined experimentally on the
example of samples of which were collected from a water intake on the Dniester River. The measured
value of its {-potential was -9.41 + 4.86 mV. Polystyrene foam is a chemically inert media with a
positive {-potential of +2 mV (Onanko et al., 2020). The measured value of colloids of mineral origin
samples of which were collected from the common filter collectorits {-potential was -11.4 = 5.77 mV.
The report file with the results and key parameters of the process of measuring the {-potential of
colloidal inclusions in water samples taken from the common filter collector is presented on Figure 3.

Zeta Potential Report ,A
Malvern

Maivern Instruments Lid - © Copyright 2008

Sample Details
Sample Name: Ne4 1

SOP Name: mansettings.nano

General Notes:

File Name: 30.10.2018 Dispersant Name: Water
Record Number: 22 Dispersant Rl: 1,330
Date and Time: 30 xo8THa 2018 p. 18:12:55 Viscosity (cP): 0,8872
Dispersant Dielectric Constant: 78,5
System
Temperature (°C): 25,0 Zeta Runs: 12
Count Rate (kcps): 61,0 Measurement Position (mm): 4,50
Cell Description: Zeta dip cell Attenuator: 11
Results
Mean (mV) Area (%) St Dev (mV)
Zeta Potential (mV): -114 Peak 1: -114 100,0 577
Zeta Deviation (mV): 577 Peak 2: 0,00 00 0,00
Conductivity (mS/cm): 0,571 Peak 3: 0,00 0,0 0,00
Result quality
Zeta Potential Distribution
600000
500000
§ 400000
© 300000
8
200000
100000
ot
-100 0 100 200

Apparent Zeta Potential (mV)

= Record 22: Ne4 1 Record 23: Ned 2 = Record 24: Ne4 3
Record 25: Ned 4 Record 26: Ned 5 Record 27: Ne4 6
= Record 28: Ne4 7

Malvern Instruments Ltd Zetasizer Ver. 7.12 Féo name: 30.10.2018 dts
wwwe malvern com Serial Number - MAL1040124 Record Number: 22
12 fiwc 2018 91223

Figure 3 Report file of the measurement of the {-potential of colloidal inclusions from the common
filter collector

With larger values of (-potentials of colloidal particles observed in the purified water suspension
during summer-autumn floods (sampling date - 10/25/2018), polystyrene foam granules are effective
media for their retention. This is explained by the difference in the signs of the (-potentials of
colloidal particles and polystyrene filter media. A greater difference between the values of their (-
potentials indicates a greater force of electrostatic adsorption between them and polystyrene foam
filter media, as well as the determining role of this force among other forces of attraction, in
particular, mechanical interception (Onanko et al., 2021).
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During the winter low water (sampling date - 2/19/2019), turbidity and {-potential indicators have
lower values due to less intense atmospheric precipitation and greater heterogeneity of the species
composition of ions leached from the rocks. The general dynamics of changes in turbidity indicators
and (-potential at water treatment facilities are similar to the dynamics of the period of summer-
autumn floods. However, due to the smaller values of the {-potential of the colloids in the purified
water suspension, the consumption of reagents necessary to achieve the normative indicators of the
quality of purified water in accordance with State Sanitary Regulations and Rules 2.2.4-171-10 is
much lower, and sometimes the use of reagents is not needed. This is explained by the fact that due to
the smaller amount of precipitation, the species composition of ions in the purified water suspension
is more heterogeneous and insufficiently balanced for the electric double layer formation of such a
thickness that will ensure the predominance of repulsive forces over attractive forces between
colloidal particles and filter media grains.

Conclusions

1. Experimental measurements confirmed the adequacy of the developed mathematical model of clay
particles monitoring and retention by polystyrene foam granules from an aqueous suspension due to
the phenomenon of electrostatic adsorption.

2. The measured values of the {-potential of colloids made it possible to determine that it is more
appropriate to use polystyrene foam filter media during the period of summer-autumn floods.

3. For colloids of mineral origin, the intensity of their retention by granules of polystyrene foam filter
media directly depends on the value of their {-potential.
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