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Abstract

In this work, we provide a literature review of water treatment techniques and propose a novel resource-efficient solution for the
purification of aqueous media from microbiological contamination. Methods: Combined filter sorbents were developed and studied
based on novel modified nanostructured filter materials. Synthetic and natural zeolite were used as the mineral base. The production
technique was optimized to coat minerals with aluminum oxyhydroxide by means of a sol—gel process. Additional treatment with
fine zinc particles obtained by electrospark dispersion was applied to modify the sorbent surface and obtain the surface charge
required. Results: The antibacterial, sorption and physicochemical properties of the samples as well as their surface structures were
investigated. According to broad microbiological tests, the possibility of purifying bacterial-contaminated water was demonstrated
to an acceptable level by means of adsorption filtration. Conclusion: The proposed novel approach for water treatment against
bacterial contamination can be considered an alternative to the currently available water treatment technologies.

Keywords: Zeolite, Water purification, Aluminum oxyhydroxide, Escherichia coli, Zinc nanoparticles.

1. Introduction

Among the pollutants present in the Earth’s hydro-
sphere, microbiological impurities are especially dan-
gerous to humans [1]. The biological factor of water
pollution can be defined as the sum of its biological
components. The impact of these components on the
environment and humans is related closely to their
ability to reproduce under natural or artificial condi-
tions. These components produce biologically active
substances that, when released into the environment,
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have adverse effects on both living organisms and the
environment itself. Water sources always contain mi-
croorganisms, among which there may be pathogens,
some of which cause lethal diseases. The main
sources of biological pollution are domestic sewage
and wastewater from enterprises (primarily farms,
dairy and sugar factories, and meat processing plants)
[2].

Notably, pathogens can also be found in ground-
water [3]. The pathogenic microorganisms found in
water change the environment as well as the water it-

self over time, causing it to manifest new properties
that may cause disease [4].
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Statistics show that one of the main causes of ill-
ness and death in the world is the use of water con-
taining pathogens [5]. As a result of changes in vari-
ous factors, such as the socioeconomic, demographic,
ecological, or immunological state of a population,
there will be a corresponding adaptation of patho-
genic microorganisms to new conditions, which rep-
resents a significant problem for public health. De-
spite the development of technology and the level of
hygiene in society, a large number of people in the
world still live with limited access to clean drinking
water [6].

Therefore, in modern water treatment, it is espe-
cially important to reliably remove bacterial contam-
inants from the water being used [7]. In most cases,
natural water does not meet the standard hygienic re-
quirements for drinking. Therefore, water must be pu-
rified and disinfected before being supplied to con-
sumers. Natural water used for drinking and industrial
purposes must be harmless and comply with both san-
itary and epidemiological indicators. The standard
water treatment includes water filtration and disinfec-
tion. When water is purified from microbiological
contaminants, impurities contained previously in the
source water are removed to a particular degree, de-
pending on the effectiveness of the purification [8].
At present, the treatment of water from microbiolog-
ical pollutants can be divided into two categories: me-
chanical water purification and disinfection. Purify-
ing water from microbiological pollutants is a process
by which bacteria, viruses, fungi, microalgae, and
protozoa are extracted from the aquatic environment.
As a rule, disinfection requires the introduction of
chemical reagents into the water, and secondary pol-
lution thus occurs. Reagents can react with the impu-
rities contained therein to form more hazardous com-
pounds. The advantage of water disinfection pro-
cesses is prolonged action and a wide antibacterial
and antiviral spectrum [9]. As a result of disinfection,
microbiological impurities are not removed from the
water but are instead destroyed [10]. However, with
disinfection, organic bacterial residues and chemical
reagents remain in the treated water and can be toxic
and allergenic. In addition, the methods of water dis-
infection existing in modern water treatment systems
cannot achieve 100% efficiency in destroying micro-
organisms.

Among the various methods to neutralize microbi-
ological contaminants, the most common are ultravi-
olet sterilization, chemical and thermal treatment
(ozonation and chlorination, respectively), and mem-
brane purification.

The ultraviolet sterilization of water is a fairly ef-
fective approach for purification [11]. Ultraviolet ra-
diation of a certain wavelength has a detrimental ef-
fect on the enzyme systems of bacteria. When water
is treated in this way, irreversible damage to the
DNA, RNA, and cell membranes of microorganisms
occurs as a result of photochemical reactions. How-
ever, the UFO method is incapable of disinfecting tur-
bid waters and is quite expensive, while toxins may
be formed owing to the decomposition of dead bacte-
ria.

The membrane purification of aqueous media is
the most effective method to remove a wide range of
inorganic and organic pollutants as well as pathogenic
microorganisms from water [12]. According to this
method, water molecules pass (are filtered) through
the pores of the membrane, while microorganisms
(bacteria, viruses, etc.) remain on the surface of the
membrane because their size is larger than the pore
diameter. Compared with other membrane methods,
reverse osSmosis is the most effective method and has
been used in the water treatment industry since the
1970s. The main disadvantage of the membrane
method is the need to create an increased pressure
(from 2 to over 20 kgf/cm?). In addition, the cleaning
membrane quickly becomes clogged with pollutants,
and additional water is required to flush it, which then
goes down the drain and into the sewer (up to 75 %
of the purified water). Sediment formation also oc-
curs on the surface of membranes, reducing the eco-
nomic performance of the method. As a rule, such
membranes are short-lived and need to be replaced
after a while. Chemical methods of disinfection are
based on the addition of various chemicals (reagents)
to water that contribute to the death of the microor-
ganisms it contains. Chlorination is the most wide-
spread and affordable method of chemical water dis-
infection [13] because of its simplicity, the low cost
of liquid or gaseous chlorine, its ease of maintenance,
and the high bactericidal properties of chlorine. Lig-
uefied chlorine is used most often in this process, but
other reagents, such as bleach, chlorine dioxide, chlo-
ramines, calcium, and sodium hypochlorites, are also
employed.

The process of ozonating water for disinfection is
a method used widely and improves the water quality
significantly by killing microorganisms and oxidizing
chemical impurities [14]. This method is much more
efficient than the chlorination process. However,
ozone is unstable and exists for only
30-40 minutes in water, while the products obtained
in the process of ozonation of water can affect human
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health negatively. In addition, ozonation plants have
a high cost and high energy consumption.

Although all these purification methods have ad-
vantages, they all also have major disadvantages.
Therefore, new resource-efficient methods to purify
different agueous media from microbiological pollu-
tants must be discovered urgently. The problem of ur-
ban wastewater should also be especially emphasized,
as it has grown to a global scale due to the growth of
human society. Combining different water treatment
methodologies is considered to be a promising solu-
tion to recycle wastewater [15].

If followed by disinfection, plain filtration is also
effective in achieving discharge standards for
wastewater [16]. In this regard, the development of
new sorbents that possess bacteriostatic properties
could considerably improve this method. Removing
disinfection products from drinking water is a prob-
lem in itself, and various approaches have been used
to solve it. Flexible reverse osmosis is a newly pro-
posed technology to purify and save water simultane-
ously by recycling brine into inlet water [17]. How-
ever, this approach is quite expensive. Nanofiltration
is also used to purify drinking water and has been ap-
plied increasingly in municipal water treatment plants
because it has a high removal rate of organic pollu-
tants, while it simultaneously reserves significant
amounts of minerals beneficial for drinking water
[18]. Compared with conventional drinking water
treatment, membranes efficiently remove color and
turbidity, ions (up to 97 %), metals and metalloids
(ranging from 80 to 100 %) and pharmaceuticals [19].

Increased industrial activity and population
growth have led to an acute and permanent shortage
of fresh water resources. The purification of industrial
wastewater by removing toxic pollutants to make it
suitable for agriculture requires an effective approach
[20].

It should be noted that, in recent years, the use of
sorption technologies has been increasing in the field
of water purification. Usually, sorption materials are
used for water purification against chemical pollu-
tants, including arsenic [21], iron [22], and other
heavy metals [23]. New sorbents have now appeared
that can extract microorganisms from agueous media
[24]. This ability is not based on the effect of mechan-
ical filtration (sieve effect), but on the specific sorp-
tion properties of the materials. The majority of mi-
croorganisms in water are in an electronegative state.
The reliable extraction of these impurities from an
aqueous medium is possible only with the help of
sorbents with a positive electrokinetic potential. Here,

we can use the principle of electrokinetic adsorption,
according to which negatively charged microorgan-
iIsms are attracted to the surface of a sorbent with a
positive potential. This is a new and highly promising
niche in the field of creating modified sorbents [25].
The approach is based on the fact that the new mate-
rials represent a different fibrous base, on which the
nanofibers of aluminum oxyhydroxide are immobi-
lized in the form of an active component [26]. Sur-
face-modifying agents can be obtained from a variety
of starting materials, even concrete [27].

It was discovered previously that aluminum oxy-
hydroxides can form an electropositive charge in an
aqueous medium [28]. However, the magnitude and
sign of the charge depend on the reagents used and
the method of producing aluminum hydroxides and
oxides. A similar effect has been shown for nanosized
filter materials [29], such as a non-woven material
containing nanosized powders [30]. This material is
intended for the filtration of liquid media to extract
contaminants, including microorganisms. The effect
is achieved by a mixture of alumina nanofibers and
secondary fibers arranged in a matrix, creating asym-
metric pores with an average size of 548 um. The
secondary fibers are microglass fibers, cellulose fi-
bers, and fibrillated cellulose fibers. The most effec-
tive samples for tissue filtering nanomaterials show
efficiencies in the extraction of bacteria and virus
models from aqueous media within a range of 99.9 %
for Escherichia coli (initial concentration: 5.9x10°
colony-forming units [CFU]/cm®) and 99.999 % for
bacteriophage MS2 (initial concentration: 1.1x10°
PFU/cm?).

The disadvantages of these materials are that they
cannot be used in standard water treatment equipment
and do not have bacteriostatic properties. The com-
mon disadvantages of such technologies also include
a small working range regarding the pH of the puri-
fied medium, the low mechanical strength of fabric
filter adsorbents, and the high cost of the materials
used.

Considering all the advantages and disadvantages
of nanostructured electropositive filter sorbents, we
can conclude that they are promising for private and
industrial water treatment. However, this would re-
quire improving their operational characteristics, re-
ducing their cost, and increasing the overall resource
efficiency in production and use.

In this context, we propose and describe in detail a
new approach for water treatment using powdered
materials as an adsorption base for novel nanomateri-
als. Powders, as a rule, have a small specific surface
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area, but high technical and operational properties
when used in a variety of water treatment equipment.
Obtaining the bacteriostatic properties of these mate-
rials is also difficult. Among the known filter sorbents
with bacteriostatic and bactericidal characteristics,
these properties are imparted by modifying material
using silver compounds, which are expensive and not
applicable to the mass segment.

Investigations of the physicochemical, filtration,
and bactericidal properties of novel nanostructured
filter materials with combined surface modifications
to achieve supreme sorbent efficacy against bacterial
contamination may lead to a novel effective method
for water treatment.

2. Methodological Section

Natural zeolite from the Kholinsky deposit (LLC
“Kholinsky zeolites,” Russia) and synthetic zeolite
NaX (LLC Molecular Sieve Plant “REAL SORB,”
Russia) with fraction sizes 0.1-0.5 mm were used as
materials for the production and study of novel
nanostructured filter sorbents. The structure of
Kholinsky zeolite can be represented by a three-di-
mensional grid of alternating tetrahedra including
many chemical elements and saturated with oxygen
atoms.

Synthetic zeolite NaX is an artificial mineral and
is used for the deep drying and fine purification of
gases and liquids, separation of gaseous and liquid
mixtures, separation of hydrocarbon mixtures, and air
separation. The chemical formula of the zeolite is
NaX*Na2,0*Al,03*2.5Si0,*H20. The material has a
developed porous structure, with pores that have pre-
cisely defined dimensions.

Aluminum oxyhydroxide was obtained from raw
materials in the form of food-grade aluminum using a
sol-gel process. During this synthesis, nanofibers of
aluminum oxyhydroxide were immobilized on a zeo-
lite surface. An aluminum plate was ground using a
JET JPSG-0618SD surface grinder (JET, Switzer-
land). Then, the crushed aluminum was sieved using
a laboratory sieve (Vibrotekhnik LLC, Russia) with a
mesh size of 0.1 mm. The resulting fraction of alumi-
num of size less than 0.1 mm was used in the synthe-
sis of the nanostructured filter adsorbent.

Bactericidal properties were realized in the
sorbents because of the immobilization of fine parti-
cles of zinc compounds on the surface of the carriers.
Zinc particles were obtained by electrospark disper-
sion from zinc granules. To carry out the electrospark
dispersion, the installation described in Zhuravkov et

al. [31] was assembled. A positive charge was im-
parted to the surfaces of minerals by immobilizing
nanofibers of aluminum oxyhydroxide using the sol—
gel technology described in Martemyanov et al. [32].

To impart the required fractional composition
(0.1-0.5 mm) to the carrier, the initial fraction of ze-
olites was ground in an agate mortar (Xiamen Tob
New Energy Technology Co., Ltd., China) and passed
through sieves (Vibrotechnik LLC, Russia) with
mesh sizes of 0.1 and 0.5 mm.

The morphology of the modified surface of the de-
veloped nanostructured filter adsorbents and their in-
dividual components was studied by transmission
electron microscopy using a JEM-100-CXII electron
microscope (JEOL, Japan).

The specific surface area and specific pore volume
of the developed filter sorbents as well as their carri-
ers, intermediate products, and active components
were determined using the thermal desorption of ni-
trogen on a Sorbtometer-M specific surface area ana-
lyzer (OOO Katakon, Russia).

Measurements of the zeta potential of the studied
samples were taken using a Zetasizer Nano ZSP de-
vice (Malvern Instruments, Great Britain) in auto-
matic mode, based on the electrophoretic mobility of
particles using the dynamic light scattering method.
The samples were prepared prior to the zeta potential
study. For their preparation, the samples under study
were ground in an agate mortar (Xiamen Tob New
Energy Technology Co., Ltd., China) and then
passed through a sieve (Vibrotechnik LLC, Russia)
with a mesh size of 0.1 mm. A sample of material
with a particle size less than 0.1 mm was taken and
a suspension of the test samples was prepared. A
0.02-g portion of the sample was weighed and sus-
pended in 20 cm? of distilled water and subjected to
short-term ultrasonic action (~3—4 s), and an aliquot
(~1 cm®) was taken and placed in a measuring cell.
A dynamic mode was used to carry out the study of
the filtration properties of the nanostructured mate-
rials and their components to extract E. coli bacteria
from the model suspension. The installation for the
test consisted of a tank with a volume of 250 dm?, a
peristaltic pump (Calpeda, Italy), a filter module, a
receiving tank, and a pipeline connecting all the
components. The model bacterial suspension was
pumped from the tank through the loading of the fil-
ter material, and the filtrate entered the receiving
tank. The filter module height was 100 mm and its
inner diameter was 42-46 mm. The objects of study
for the microbiological testing were natural zeolite
from the Kholinsky deposit (fraction 0.1-0.5 mm),
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synthetic zeolite NaX (fraction 0.1-0.5 mm), a novel
surface-modified sorbent based on Kholinsky zeolite
(fraction 0.1-0.5 mm), and a novel surface-modified
sorbent based on synthetic zeolite NaX (fraction 0.1
0.5 mm). The surface-modified sorbent was loaded
into the filter module at 20 vol. %, while the rest of
the volume was natural zeolite (80 vol. %). Viscose
fabric (GeoSM, Russia) was placed between the ma-
terials in the module to separate them into layers.

A test bacterial suspension was prepared in tap wa-
ter, which was settled for 24 hours to remove chlo-
rine, and then seeded with E. coli ATCC 25922 (Li-
ofilchem, Italy), leading to a final concentration of
1.7x10" CFU/cm?.

E. coli strains are used widely to prepare model so-
lutions in microbiological studies. These bacteria
have been studied and characterized extensively and
are the most convenient and versatile organisms for
screening tests.

Filtration studies were conducted at three speed
modes at capacities of 10, 20, and 40 dm?® per hour. In
the final stage, 500 dm? was filtered through sorbents,
and control probes for microbiological studies were
taken every 50 dm?,

Bacteria were counted by the membrane accumu-
lation method. The investigated filtrates and the ini-
tial model solution were passed through bacterial con-
centration membranes (Elema-N LLC, Russia). Then,
the membranes were placed on Endo agar in Petri
dishes (Petroplast LLC, Russia) and placed in a B6
thermostat (Thermo Fisher Scientific, Germany). The
cultures were then incubated at a temperature of 37°C
+ 1°C for 24 hours. After 24 hours, a visual count of
the colonies was carried out, measured in CFU/cm?.

To determine the antibacterial properties of the
studied sorbents and their constituents, contact inhi-
bition was used as a diffusion method for E. coli
ATCC 25922 (Liofilchem, Italy) on a solid nutrient
medium. The technique was as follows. First, a
24-hour culture of E. coli with a concentration of
1.4x10" CFU/cm?® was seeded on a Petri dish 90 mm
in diameter with meat peptone agar. The cups were
dried in air for 10 minutes. On the back surface, the
sample application zones were marked. Then, the
studied sorbent was weighed in 0.1-g amounts, and
the sorbent was placed on a seeded Petri dish in the
corresponding marked areas. After 24 hours, the con-
tact suppression of microbial growth was measured in
millimeters within the sorbent zones. The transpira-
tion of the inhibition zone (absence of bacterial
growth) was assessed visually in transmitted light.

3. Results and Discussion

An analysis of the major surface characteristics of
the novel sorption nanomaterials revealed a slight in-
crease in all the parameters studied, in comparison
with the initial minerals. In general, the changes ob-
served in characteristics were not critical in improv-
ing the sorption properties. The values established for
the specific surface area and specific pore volume of
the nanostructured filter sorbent samples as well as
those of their carriers and active components are pre-
sented in Table 1.

Table 1. Specific surface area and specific pore volume of
the materials studied

Particle Specific Specific
Sample size, surface pore vol-
mm area, m¥g | ume, cm®/g

Natural zeolite 0.1-0.5 28.84 0.012
Synthetic zeolite 0.1-0.5 340.47 0.146
Aluminum <0.1 192.68 0.084
oxyhydroxide
Zinc compound <0.1 21.42 0.009
particles
Modified sorbent
based on natural 0.1-05 45.71 0.02
zeolite
Modified sorbent
based on syn- 0.1-0.5 355.7 0.152
thetic zeolite

The differences among the parameters of natural
and synthetic minerals should be noted. From Table
1, it can be seen that the synthetic zeolite had a spe-
cific surface area and specific pore volume an order
of magnitude larger than those of natural zeolite.
Therefore, the modification of the zeolite with active
components led to a significant increase in surface
characteristics (>50 %). After modifying the miner-
als, one would expect a sharp increase in surface pa-
rameters and a radical increase in the sorption capac-
ity of artificial zeolite. This was not observed when
modifying the synthetic zeolite with active compo-
nents.

An important characteristic of particles is their
hydrodynamic radius, which is determined largely
by the zeta potential. Table 2 shows the zeta poten-
tials of the nanosorbent samples studied, their indi-

vidual mineral carriers, and their active components.
Table 2. Zeta potentials of the sorbents studied and their in-
dividual components

Sample Particle Surface zeta
size, mm potential (3av), mV
Natural zeolite 0.1-0.5 —28.00
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Synthetic zeolite 0.1-0.5 —38.20

Aluminum

oxyhydroxide =01

33.20

Zinc compound

particles 0.1

8.79

Modified sorbent
based on natural
zeolite

0.1-05 224

Modified sorbent
based on synthetic
zeolite

Modified sorbent
based on natural
zeolite with bacte-
ria

Modified sorbent
based on synthetic
zeolite with bacte-
ria

0.1-05 26.1

0.1-05 —20.00

0.1-05 —31.90

We determined the zeta potentials of the surfaces
of the sorption materials obtained, including those
with E. coli bacterial culture adsorbed on their surface
at a concentration of 2.8x10” CFU/cm?®. The modifi-
cation of mineral surfaces with active components
was found to lead to the appearance of a positive
charge. As a result, the modified sorbents had a posi-
tive surface charge that would interact with microor-
ganisms. The synthetic zeolite had a slightly higher
positive surface charge than the sorbents based on
natural zeolite. This result can be explained by the
fact that the specific surface area of the original syn-
thetic zeolite was significantly higher than that of nat-
ural zeolite, and a larger amount of active components
(aluminum oxyhydroxide) with a positive charge can
be immobilized on a larger surface. The inner surface
(closed) with a negative charge barely interacted with
the microbiological contaminants. Charged surface
could be one of the effective solutions in microbio-
logical water purification.

The study of the surface morphology of the sam-
ples using transmission electron microscopy revealed
the polymorphism of the sorbent particle structures.
Figure 1 shows the scanning electron microscopy
(SEM) images of the natural and synthetic zeolite at
7,200x magnification.

The surfaces of these particles were slim, but they
had sharp angles. Neither particle had a spherical
shape, and they looked similar to each other (Figure
1).

The surface modification covered the particles
with  nanofibers of aluminum oxyhydroxide
150-200 nm in length and 2 nm in width (Figure 2).
Fine zinc particles are not visible under the nanofibers

of aluminum oxyhydroxide. At the same time, the na-
noscale coating on the modified sorbents is an even
layer, even in difficult and sharp areas. Taking this
surface morphology into account, it is assumed that
these particles can suppress the growth of bacteria not
only by chemical action with zinc ions but also by
mechanical damage and dislocation of the bacteria by
nanoneedles [33]. Bactericidal surfaces are currently
being investigated thoroughly and seem to be a prom-
ising alternative to chemical treatment [34]. This in-
teresting phenomenon could be used to develop a new
generation of bacteriostatic sorbents. The results of
the bacteriological test thus confirm the presence of a
weak antibacterial effect in the modified sorbents.
The evaluation results of the test samples in suppress-
ing the growth of E. coli at a concentration of 1.4 x
10" CFU/cm? are presented in Table 3.

1 pum

Lum

Fig. 1. SEM photomicrographs of zeolite particles at 7,200x
magnification: (a) natural zeolite and (b) synthetic zeolite

500 nm
et

500 nm

Fig. 2. SEM photomicrographs (10,000x magnification)
of sorbents based on (a) natural zeolite and (b) synthetic
zeolite

Table 3. Determination of bactericidal properties of sorp-
tion materials and their individual components

Zone of inhibition
of bacterial growth, mm
Natural zeolite 0
Synthetic zeolite 0
Aluminum oxyhydroxide 5
0
1

Sample

Zinc compound particles
Modified sorbent based on
natural zeolite
Modified sorbent based on
synthetic zeolite

Table 3 shows that both the initial minerals and
their active component, aluminum oxyhydroxide, did

not possess bactericidal properties, as there was a

1
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continuous growth of bacteria around and under the
sample, and there was no zone of microorganism sup-
pression. The pure fine zinc particles had a large mi-
crobial inhibition zone of approximately 5 mm, while
the modified sorbents suppressed the growth of mi-
croorganisms under a sample of materials and within
a radius of 1 mm surrounding them. The very pres-
ence of this zone can be considered a desirable prop-
erty. For this reason, testing the sorption properties of

100
80

G
6
5

0
0
a0
20
20
10
0 — — —
1 10

50 100 200

DEGREE OF BACTERIA REMOVAL,%

modified materials in relation to microbiological con-
taminants was of great interest. In the course of the
microbiological testing of the samples, the surface-
modified samples were found to have a significant ad-
vantage compared with the intact minerals. Testing
was carried out at various filtration rates ranging from
10 to 40 dm?® per hour.

B Intact natural
zeolite

™ Intact synthetic
zeolite

Modified natural
zeolite sorbent

Modified
synthetic zeolite
sorbent

300 400 500

FILTERED VOLUME, DM3

Fig. 3. Degree of bacteria removal from the model suspension by intact and modified sorbents
at a filtration rate of 10 dm3 per hour
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n

40
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B Intact natural
7eclite

® Intact synthetic
zeolite

Modified natural
zeolite sorbent

Modified
synthetic zeolite
sorbent

300 400 500

FILTERED VOLUME, DM3

Fig. 4. Degree of bacterial removal from the model suspension by intact and modified sorbents
at a filtration rate of 40 dm3 per hour

Figure 3 shows a comparison of the filtration char-
acteristics of the intact minerals and novel modified
sorbents (natural and synthetic zeolites; fraction
0.1-0.5 mm) in the process of extracting E. coli from
a model solution at a filtration rate of 10 dm? per hour.
Under these conditions, the intact natural zeolite
showed poor filtration of E. coli. Some degree of bac-
terial removal was observed in the first and tenth liters
of the filtrate, and the most significant result reached
51.18 % purification based on the initial concentration
of bacteria (1.7x10" CFU/cm®). This value is six or-
ders of magnitude higher than the usual maximum

permissible concentration (MPC). The synthetic zeo-
lite had a similar weak performance in filtering E. coli
from the model solution. On the contrary, high-qual-
ity removal of microorganisms from the aqueous me-
dium ranging from 1 to 300 liters of filtrate was ob-
served for the modified sorbent based on natural zeo-
lite (at 10 dm?® per hour), with complete purification
being underway (0 CFU/cm?®). At 400 liters of filtrate,
a small breakthrough of bacteria into the filtrate be-
gan (16 CFU/cm®). However, this was also higher
than the MPC. For modified synthetic zeolite, the re-
covery of microorganisms from an aqueous medium
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was also very good from 1 to 300 liters of filtrate, and
complete purification was underway (0 CFU/cm?®). At
400 liters of filtrate, bacterial breakthrough into the
filtrate was visible (6 CFU/cm?®). At 500 liters of fil-
trate, 95 CFU/cm?® was observed, which is a relatively
low value but is still higher than the MPC.

A significant increase in the filtration rate up to 40
dmd per hour led to an unsatisfactory recovery of mi-
croorganisms after 50 liters of filtration (Figure 4). At
the same time, after 200 liters of filtration, the degree
of extraction of microorganisms decreased further,
and water purification did not occur for any sorbent
type.

However, with a decrease in the rate of transmis-
sion of the model solution through the layer of the
studied modified sorbent, there was a significant in-
crease in the degree of extraction of microorganisms
from the aqueous medium. Thus, an increase in the
contact time between the surface of the modified
sorbents and the contaminated aqueous medium made
it possible to clean the model solution from E. coli.
The modified sorbents based on synthetic zeolite
demonstrated slightly better characteristics for clean-
ing microorganisms from the model solution than the
natural sorbents (Fig. 4).

In this study, large fractions of unmodified miner-
als had a low extraction of bacteria from the model
suspension, thus indicating that they cannot be used
for microbiological filtration, even with a slow pump
rate. We suppose this is because of the lack of charge
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