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SUMMARY

As a result of the hostilities, the water supply and drainage facilities are destroyed, which
leads to sewage entering the reservoirs without any treatment. This is dangerous because of
the spread of infectious diseases among the population that consumes this water and the
blooming of the water, which eventually leads to the extinction of fish and the overgrowth of
water bodies. A mathematical model of phytoplankton monitoring and retention by
polystyrene foam from an aqueous suspension owing to the phenomenon of electrostatic
adsorption was developed. Its adequacy was verified by experimental studies of the (-
potential of the adsorbent and adsorbate. The factors affecting the time and intensity of the
process of water purification from algae due to the process of filtration through granular
media have been studied and analyzed. The effectiveness of polystyrene foam at different
stages of the process of filtering an aqueous suspension containing cyanobacteria was
investigated. The dependence of the intensity of the retention of colloids of biological origin
by polystyrene foam filter media granules on the value of their {-potential was determined.
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Introduction

Worldwide, water supply from surface sources requires the collection and purification of water, which
is characterized by a rather wide (Turcheniuk et al., 2022) and multifaceted spectrum of
anthropogenic pollution (Yakymchuk et al., 2022). One of the most complex and dangerous
manifestations of these pollutants is the intensive development of aquatic vegetation from surface
sources in almost all the natural and climatic zones (Shevchenko et al., 2019). During times of war,
strikes on sewage treatment plants are often used as weapons against the civilian populations (Ivanik
et al.,, 2022). The greatest damage to water resources comes from the destruction of treatment
facilities and dams (Remeshevska et al., 2021), and the failure of service organizations engaged in
water supply and wastewater treatment (Vyzhva et al., 2019). Consequently, in the zone of active
hostility, the return water enters reservoirs without treatment, intensifying the development of algae
(Rokochinskiy et al., 2023). Of the several hundred types of algae, more than 75 cause intense water
“blooming”. Monitoring the overgrowth of water bodies is necessary to mitigate algal growth. This
problem is equally relevant when taking and treating water for the water supply of any facility
(Kuzmych & Yakymchuk, 2022). Algae (phytoplankton) significantly complicate the artificial
replenishment of underground (subbed) water, irrigation, and subsoil irrigation (Kuzmych & Voropai,
2023).

Method and Theory

The electrostatic interaction between a polystyrene foam granule and the conglomerate of
phytoplankton cells can be described using the linear superposition approximation (LSA). The
integration surface can be chosen most conveniently as a plane located arbitrarily between the spheres
(Figure 1).

Figure 1 LSA for two unequal spheres
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The basic assumption of the 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 (Trus et al., 2022). 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:

V2 = k*y, (M

1

where k™! = Le = ( kT )2 is the Debye screening length and I = %Z?]:l zn} s the ionic strength of

8me?l

the electrolyte solution.

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

Results

Experimental measurements of the {-potential of colloids of biological origin were carried out to test
the hypothesis regarding the relationship between the magnitude of the {-potential of colloids of
various origins and the magnitude of the interaction force of their electric double layer with the
electric double layer of polystyrene foam granules. Polystyrene foam is a chemically inert media with
a positive {-potential of +2 mV. The electrokinetic properties of colloids of biological origin were
determined experimentally using phytoplankton (mainly conglomerates of cyanobacteria), the
samples of which were collected in the Dnipro catchment area of Kyiv, Ukraine. The measured value
of its {-potential was -13 =4.29 mV. Attachment of cyanobacterial colonies on solid agar surfaces in
petri dishes to polystyrene discs is described as a replication method for the detection of hydrophobic
microorganisms. Our experimental studies confirmed the existence of an electrostatic adsorption
effect of cyanobacteria on polystyrene surfaces. The report files with the results and key parameters of
the process of measuring the {-potential of colloidal inclusions and the hydrodynamic radius of
colloidal inclusions in water samples taken in the area of the Dnipro water intake in Kyiv is presented
in Figure 2.

The initial stage of filtration of the aqueous suspension containing cyanobacteria through polystyrene
foam lasted 1-2 hours on average. Such a short period of "charging" of the polystyrene foam filter is
caused by the following factors. In the space of the filter, cyanobacteria spread owing to the
phenomenon of diffusion (convective diffusion), in accordance with Fick's first law, owing to the
difference in their concentrations in the water suspension. Cyanobacteria were attracted to the surface
of the polystyrene foam filter media owing to the phenomenon of electrostatic adsorption caused by
the difference in {-potentials according to Coulomb's law (Bereka et al., 2021). At the first contact,
they were fixed on it owing to the phenomenon of physical adsorption caused by London or Van der
Waals forces. They were then fixed on it with the help of the bioglue, which they produce. This is
because the polystyrene foam granules have a hard and relatively smooth surface.
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Figure 2 Report files of the measurement of: the (-potential of colloidal inclusions (a) and the
hydrodynamic radius of colloidal inclusions (b) from the water intake of the Dnipro water station

This type of surface is preferred by cyanobacteria, which try to immobilize on it because of their
hydrophobic nature. Thus, the process of its fixation in the intergranular space of the filter bed was
completed.

Conclusions

1. The conducted experimental studies confirmed the adequacy of the developed mathematical model
of phytoplankton monitoring and retention by polystyrene foam granules from an aqueous suspension
due to the phenomenon of electrostatic adsorption.

2. At the initial stage of filtering an aqueous suspension containing cyanobacteria, polystyrene foam
proved to be an effective granular media. This is because of the difference in the {-potentials of the
adsorbent and adsorbate, as well as the peculiarities of the cyanobacteria life cycle, which tends to
immobilize on the flat and solid surfaces of the polystyrene foam granules.

3. For colloids of biological origin, the intensity of their retention by granules of polystyrene foam
filter media, and therefore the time of "charging" of the filter with these granular media directly
depend on the value of their {-potential.
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