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ABSTRACT

The process of eutrophication has a negative impact on the water body (flora and fauna) and
decreases its aesthetic and recreational values. In this work, we propose to combine chemical
and physical methods for the restoration of rivers and lakes in Ukraine with the help of region-
ally occurring carbonates and quartz-glauconite sand. Experimental studies have shown that their
use should have a high environmental effect on the improvement of the river water quality, that
is, after the use of the Fe-coagulant. The addition of this coagulant can removal prostates and
organic matter but may reduce the water pH. Therefore, to prevent stress recurrence in the aquatic
ecosystem after adding natural calcium carbonate to water, its optimal doses were determined
experimentally. It was found that the optimal application dose depended on the initial pH value
of water and its mineralization. Experimental studies of the physical and chemical properties of
quartz-glauconite sands have shown high values of the filtration coefficient, the capability of increas-
ing the water pH value and improving the water reducing properties. These properties of natu-
ral reactive materials (limestones and quartz-glauconite sand) were used to design and construct
earth structures for river rehabilitation. Reactive materials can be placed on the river banks, parallel
to the direction of the water flow, or as permeable reaction barriers constructed perpendicular to
the river flow direction. After the rehabilitation works are completed, the area on the river banks
may be adapted as a public space for the local residents.

Keywords: Lake; River; Liming; Quartz-glauconite; Reaction barriers

1. Introduction

The contamination of freshwater bodies is one of the
most important environmental impacts being threats to
sustainable development. According to Beretta-Blanco and

* Corresponding author.

Carrasco-Letelier [1] the protection of freshwater bodies
and water quality, mainly against anthropic eutrophication
processes, is one of the Sustainable Development Goals.
Eutrophication is the enrichment of minerals and nutrients
that increase the natural primary production (i.e., algae and
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macrophytes) of water bodies [2]. One of the major stress-
ors on the aquatic biota in European streams and rivers is
enrichment in nutrients [3,4]. The eutrophication of large
and small rivers is a current problem in Ukraine [5-7].
This is especially true for rivers that flow through cities,
especially in densely populated areas [8]. Flora and fauna
suffer from eutrophication, such rivers silt their banks and
may have an unsatisfactory aesthetic appearance. This
also applies to the Ustya River (Rivne town, Ukraine) [9].
Eutrophication of the Ustya River is shown in Fig. 1.

It is commonly known that the process of eutrophi-
cation is associated with high concentrations of PO} and
NO, and low values of water pH. Sukhodolska and Gryuk
[10] informed about different water pH values in the
Ustya River depending on seasonal changes. Their analy-
sis showed that high concentrations of nitrate (NO,") and
phosphate (PO?) occurred in May—June (0.047, 0.025 mg/
dm?® and 4.255, 6.124 mg/dm?, respectively) and in October-
November (0.017, 0.072 mg/dm?® and 5.726, 2.370 mg/dm?,
respectively). Thus, the lowest pH values were observed in
June and September (5.9, 5.04, 4.14 and 4.89, respectively).
Low water pH impairs the natural process of denitrification
and mineralization of contaminants on the river bottom.
The above analysis shows that the natural process of
self-purification is impossible in the Ustya River. This prob-
lem is closely related with recreational issues. Residents of
the nearby settlements in Rivne, Zdolbuniv, Kvasyliv and
their surroundings are short of sandy beaches. The exist-
ing muddy banks and pollution make the water unsuitable
for fishing. In order to restore the natural self-purification
ability of the river, it is necessary to eliminate or minimize
the impact of NO; and PO} sources and induce direct
self-purification of the river water.

Methods of reducing PO} from river sediments include:
physical (i.e., hypolimnetic aeration, artificial destratifica-
tion, controlled lake desludging and dredging) and geo-
chemical technologies (i.e., implementation of alum and
iron as coagulants) [11-13]. The capping materials may
be either passive physical barriers (e.g., sand, gravel, clay)
or active barriers. Active barrier systems are composed
of generally permeable chemical or geochemical mate-
rials capable of binding contaminants by adsorption or
precipitation processes [14,15]. The removal of NO; may
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Fig. 1. Ustya River in Rivne, Ukraine.

occur due to increased pH and activation of denitrification.
This process may follow after the removal of PO} from a
river or lake [13].

A new method that may solve the problem of the pres-
ence of high PO concentrations is the addition of modi-
fying bentonite lanthanum (Phoslock) to water [16-18].
Phoslock is a modified clay product, consisting of lantha-
num (5%) and bentonite (95%), developed in the 1990s
by the Australian Government Commonwealth Scientific
and Industrial Research Organization to combat eutrophi-
cation in waterways. Lanthanum is a rare earth element
which strongly binds to phosphate, making it a valuable
tool in the control of phosphorus pollution in water bod-
ies. Benefits of this method include the removal of PO}
and lack of impact on the decrease of water pH [19,20].
As a result, phosphate lanthanum is insoluble at low pH,
which allows for efficient mineralization of phosphates
in river or lake sediments.

Successful implementation of management actions
aimed at reducing algal blooms in rivers requires an inte-
grated approach [12,21-23]. In many countries such techni-
cal solution is very expensive, because the manufacture of
such material requires substantial capital investments and
power inputs for the modification of bentonite lanthanum.
Most of these problems may be resolved in a cheaper way
by using natural regional materials. This also applies to
solving the pollution issue in the Ustya River (Rivne, Ukraine).

The choice of PO} remediation methods to achieve the
objectives of river management is influenced by the suit-
ability of the remediation method (regional availability of
necessary natural resources) and by the nature of the river
environment. As practiced in many countries [22,24,25],
high PO} concentrations are reduced by adding environ-
mentally safe coagulants, that is, ferric chloride (FeCl,),
to water. Its addition, at a predetermined optimal dose,
reduces not only the phosphate content but also the con-
centration of organic suspended solids. In this case, the
coagulated organic suspended solids together with hydro-
lyzed iron will settle on the reservoir bottom, where their
mineralization will take place. FeCl, application takes place
usually in late spring, with the coagulant introduced by
direct injection into the water. The main disadvantage of
natural water purification with the FeCl, coagulant is that its
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addition significantly reduces water pH. As recommended
by the National Swedish Environmental Protection Agency
[26] and Hakanson [27], safe reduction of water pH for
living aquatic organisms is a change not exceeding 1.5,
whereas with the addition of the iron-containing coagu-
lant, the reduction in water pH may exceed 2.5. Researchers
note that addition of iron to lakes/rivers is inappropriate,
due to the fact that it reduces the water pH. As a result, the
pH value may be less than 4 [28]. If this method is used
alone, not combined with other methods, this may lead
to undesirable impact on the environment and aquatic
biota. In that case, denitrification cannot be accomplished.
The purpose of this work is to propose an approach
using the FeCl, coagulant to reduce phosphates, integrated
with other approaches for water purification, which will
provide a high degree of water purification and ensure
safe conditions for living aquatic organisms. The water
pH value in the lake and in the river may be increased
by using calcium carbonate (CaCO,) and quarts-glauco-
nite sand from the local Zdolbunivsky Quarry. The prob-
lem may be solved by installing filtration reaction barri-
er-dams and beaches comprising local quartz-glauconite
sands which have unique properties and distribution in the
Ustya River basin. Therefore, the aim of this work is to study
how selected chemical properties of different types of water
change after contact with local natural materials, which are
waste of mining. This work is a continuation of previously
conducted experimental studies focused on determining the
mineralogy and grain-size composition of quartz-glauconite
sands, which are widespread in the Ustya River basin [29].

2. Material and methods
2.1. Geographic characteristics of the Ustya River basin

Ustya is a small river in Ukraine, in the Rivne region
(50°36'52.4"N 26°14'26.2”E) (Fig. 2). The river is a 68 km
long left tributary of the Goryn River (Pripyat basin). Its
catchment area covers 762 km? The river slope is 1.6 m/km.
The valley is trough-shaped, with clear outlines, up to 4 km
wide and up to 60 m deep. The floodplain is up to 1-1.2 km

Y. Trach et al. / Desalination and Water Treatment 232 (2021) 346-356

wide, with wetlands. The river is winding, 25 m wide, 8 m
wide in the middle course, 1.6 m deep, straight in some
places. Artificial reservoirs and drainage systems were cre-
ated in the Ustya River basin. The river water is used for
domestic and industrial water supply, and for fish farming.

2.2. Geological characteristics of deposits of natural CaCO, (chalk)
and quartz-glauconite sands of the Ustya River basin

Chalk deposits attain a thickness of up to 50 m and are
abundant in the Ustya River basin (Fig. 3).

The Zdolbunivsky Quarry is intensively mined by
“Dickerhoff Cement Ukraine” for cement production, as
well as for local household needs. In terms of mineral com-
position, natural CaCO, (chalk) contains at least 95% of
calcite (up to 55.6% CaO and up to 43.6% CO,). The mate-
rial has the following properties: natural humidity 8.63%—
36.20%; average bulk density 1.87 g/cm’ compressive
strength 14.40-26.30 kg/cm?, loosening coefficient 1.32-1.75
[30]. In a dry state, chalk is easily ground into powder and
can be used as a natural material to increase the pH of soils.
All quartz-glauconite sand samples were found to contain
two types of aluminosilicate glauconite: one with concen-
trated Fe, and the other with less iron, which was replaced
by Al and Mg. However, neither the filtration coefficients
of these sand samples nor their impact on water pH have
been studied. Glauconite and quartz-glauconite sands
are interesting due to the high content of K,O < 12% [29].
There are many studies about the potential leaching of K
into quartz-glauconite sands and their use to decrease soil
acidity by water treatment. This valuable alkali metal K is as
ion change cations because easy can go in water. Therefore,
it can be predicted that when glauconite is introduced into
water, the water pH increases. Quartz-glauconite sands,
together with Sarmatian sands and limestones from the
lower part of the Neogene form a large erosional remnant
east of Rivne and Zdolbuniv in the form of hills with abso-
lute heights up to 250 m. In the Zdolbuniv deposit, the bal-
ance reserves of sand represent 6,998 thousand tons, but
are stored in dumps as waste of mining [31]. According to
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Fig. 2. Geographic location of the Ustya River basin within the Rivne district and region.
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chalk and sand

Legend: a - Novomilsky pond, b - Staromilsky pond, ¢ - Irpin ponds, d - Bridge of the Rivne-Kvasyliv highway

on the Ustya riverbed, e - Gorges in the relief on the floodplain and the Ustya riverbed, f - At the confluence of

Ustya River with the Basivkutsk reservoir; g - Basivkutsk reservoir.
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Explanations: 1 — Zdolbuniv formation (Coniacian-Turonian) (chalk); 2 - Inoceramid Beds (Cenomanian);

3 - Upper Paleogene, Eocene and Oligocene tiers (quartz-glauconite sands); 4 - Lower Sarmatian (clay sands);

5 - Upper Sarmatian (limestones); 6 — Neopleistocene Eluvial-deluvial deposits; 7 -

Neopleistocene Lake-

alluvial deposits; 8 - Neopleistocene Deluvial-acolian deposits; 9 - Location of the designed beaches

(quartz-glauconite sands) 10 - Location of the designed filtration barrier-dams (quartz-glauconite sands).

Fig. 3. Scheme of the geographic distribution of chalk deposits and quartz-glauconite sands in the Ustya River basin and the

location of the designed filtration barrier-dams and beaches.

the mineralogical analysis of Natkaniec-Nowak et al. [29],
sand samples occurring in the upper part of the succession
in the Zdolbuniv Quarry are coarser than the sand samples
occurring in the lower part of this succession. They com-
prise psammitic fraction with grain sizes at 0.3-0.12 and
0.6-0.3 mm, composed of approximately 86%-91% of rub-
bles - mainly quartz with a subordinate amount of glauc-
onite (up to 20%). They comprise psammitic fraction with
grain sizes at 0.3-0.12 and 0.6-0.3 mm, composed of approx-
imately 80%-85% quartz and glauconite (up to 15%—20%).
The analysed sands, according to standard methods
[32,33], were classified according to their physical proper-
ties as: “heavy” (particle density); “crumbly” (dry skeleton
density), “low degree of water saturation” (coefficient of
water saturation), and “natural” (origin). According to the
grain-size composition, grain-size modulus, and fraction
content below 0.16 mm [34], the sands belong to the “fine”
group, and according to the content of dust and clay par-
ticles to the group “with low and very low content”; how-
ever, they do not contain significant amounts of silt, clay and
organic inclusions, the content of which does not exceed 1%.

2.3. Determination of the filtration coefficient of
quartz-glauconite sands

Determination of the filtration coefficient of quartz-
glauconite sands was performed according to [35]. The cal-
culation of the filtration coefficient (Kj, m/d) was conducted
using the formula:

K= 2 &)
F-1(0.7+0.03-t)

where Q — constant water consumption, m®/d; F — area of the

transverse diameter of driving cylinder, m? I — hydraulic

gradient, t — water temperature, °C.

2.4. Studies of changes in the water parameters at contact with
natural CaCO, and quartz-glauconite sand

Experimental studies of changes in the water parame-
ters at contact with natural CaCO, and quartz-glauconite
sand were performed in static conditions. Natural CaCO,
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and quartz-glauconite sand samples were collected in the
Zdolbuniv Quarry (Fig. 4). The samples were dried at 105°C
to a constant weight, the CaCO, was ground to a grain size
less than 0.01 mm. Three types of water were used for the
studies, with mineralization equal to 0 mg/dm? 0.23 g/dm?
and 0.53 g/dm?, respectively. For each type of the prepared
water solutions (by mineralization), the pH value was 4.5.
The water pH was adjusted using 0.1 N HCL

Natural CaCO, was added at a rate of 0.05 and 0.1 g/
dm?® to 500 mL of water and then the solution was mixed.
Selected doses are typical for the introduction into acidic
natural waters [36]. After adding CaCO, to the water, the
following parameters were determined simultaneously
with the water pH value measured every 10 min: redox
potential (Eh), electrical conductivity (EC) and total dis-
solved solids (TDS). These values were measured using a
multimeter. Measurements were taken three times. Water
samples and CaCO, were mixed using a magnetic stirrer.
Increase of water alkalinity (AL) was determined before
and after the addition of CaCO, and reaching equilibrium
constants of the water pH. AL was determined using the
titrimetric method with 0.1 N HCI and methyl orange.
Experimental studies of changes in the values of pH and
Eh in water at contact with quartz-glauconite sand from
Zdolbuniv Quarry were performed at a rate of 2 g of
sand per 200 mL of water. All experimental studies were
conducted at a temperature of 17°C.

3. Results and discussion

3.1. Results of determining the change in water quality indicators
at contact of water with natural CaCO; (chalk)

The determined filtration coefficients of the quartz-
glauconite sand from the river bank varied in the range
of 9.8-16.4 m/d (Table 1), which significantly were higher
than the limit required for the balanced absorption of sur-
face runoff. The studied permeable sands are suitable as
filtration barriers for the construction of beaches along the
Ustya River and associated artificial reservoirs.

Sample (a) Sample (b)

Fig. 4. Samples of natural (a) CaCO, (chalk) and (b) quartz-
glauconite sand taken from Zdolbuniv Quarry.

The tested sands are highly permeable, considering
the norms subdividing soils according to the degree of
water permeability [32]. Traditionally, the Fe-coagulant
(FeCl,) was added to reduce the intensity of eutrophi-
cation, that is, to reduce the concentration of phosphates
in natural water bodies. It is proposed to add such coag-
ulant to the river source and to the Basiv Kut lake. With
addition of the FeCl, to water, the water pH is reduced.
In some cases, it decreases to pH = 4. A quarry was estab-
lished for the production of CaCO, in the area of the
studied lakes (Fig. 2). It was suggested to add samples of
this natural material after the addition of FeCl, in order
to increase the pH of lake water. Changes of pH, Eh, EC
and TDS kinetics in time are presented in Fig. 5.

Changes in the water pH at contact with natural CaCO,,
the kinetics of these changes, values of Eh, EC and TDS,
and the increase of AL were determined simultaneously.
Results of the experimental studies are presented in Table 2.

As shown in Table 2, the increase in ApH, AEh, AEC,
ATDS and AAL values depended on the initial water pH
value, TDS value, and the dose of CaCO,. The lower the
initial water pH value, the higher the value of all these
parameters. Thus, addition of 0.1 g/dm? of CaCO, at initial
values of pH =4 and TDS = 0.01 g/dm?® resulted in increase
of ApH =3.78, AEh = -120 mV, AEC = 0.13 mSm/cm, and
ATDS = 0.09 g/dm?. At a similar initial water pH and CaCO,
dose but increased salinity, the trend growth of ApH, AEh,
AEC and ATDS shows a reduction of these characteristics
in the three analysed water types. Therefore, after anal-
ysis of the experimental results (Table 2), it can be stated
that the values of pH, Eh, EC and TDS were reduced with
increase of initial pH and TDS values. When analysing the
kinetics of the pH value changes and the dependence of
these changes on the dose of the added CaCO,, at mod-
erate water mineralization (TDS = 0.23 g/dm?®) and initial
value of pH =5, it can be observed that the value of water
ApH increases. When CaCO, was added to water at a dose
of 0.1 g/dm? the ApH increase was 1.87, at the dose of
0.05 g/dm® — ApH was 1.51, whereas at the dose of 0.025 g/
dm?® — the ApH was 1.04. Addition of CaCO, to water at
a dose of 0.025 g/dm?® did not increase the water pH to
a neutral value and the increase was clearly below 1.5.
Based on the recommendations of the Swedish National
Environmental Protection Agency [26], a safe change
of water pH value for living aquatic organisms should

Table 1
Filtration coefficients of quartz-glauconite sands in Zdolbuniv
Quarry

Soil samples Filtration coefficients

No. well/depth, m cm/s m/d

Well 1/0.0-2.0 0.019 16.41
Well 1/2.0-5.0 0.011 9.84

Well 2/2.0-3.5 0.02 17.28
Well 2/4.0-4.5 0.015 13.42
Well 2/5.0-6.0 0.012 11.06
Well 2/6.0-8.0 0.012 10.42
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Table 2
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Results of changes of water quality indicators at contact of water with natural CaCO,

Types of CaCO,, pH ApH Eh, AEh EC, AEC  TDS, ATDS II, mg/ AII t, equilibrium
water g/dm? mV mS/cm mg/dm? dm? time, min
0.1 4.05 3.73 380 -120 0.02 0.14 10 100 12.2 48.8 90
0.05 4.05 3.55 396 -108 0.02 0.13 10 90 12.2 24.2 90
Distilled 0.025 4.05 215 386 =80 0.02 0.08 10 20 12.2 11.6 60
water 0.1 5 3.56 320 -145  0.02 0.05 10 40 12.2 48.8 80
0.05 5.1 3.31 320 -109 0.02 0.04 10 30 12.2 14.4 80
0.025 5.1 2.02 320 -70 0.01 0.02 10 10 12.2 10.5 50
0.1 4.02 298 402 -103 0.55 0.14 230 70 12.2 42.6 120
0.05 402 281 405 -104 0.55 0.11 230 40 12.2 23.18 120
Moderately o5 400 19 400 -80 055 0.05 230 20 122 153 80
mineralized
ter 0.01 5.03 1.87 314 -79 0.55 0.07 230 40 24.4 54.9 100
wa 0.05 5.05 1.51 315 =50 0.55 0.05 230 40 244 244 100
0025 55 104 320 -20 055 0.02 230 20 24.4 126 70
0.1 405 272 415  -79 0.79 0.04 550 50 6.1 61 140
0.05 4.08 2.89 389 59 0.79 0.07 520 40 6.1 4148 140
Mineralized 0.025 4.05 1.85 410 =30 0.79 0.03 520 20 6.1 11.2 100
water 0.1 5.07 1.65 310 -116 0.79 0.08 520 60 36.6 42.6 120
0.05 502 176 298 50  0.79 0.04 520 30 30.6 261 120
0.025 5.07 0.85 300 -25 0.79 0.02 520 20 30.3 9.5 100
not exceed 1.5. Comparing the change in ApH values at 9
CaCQ, doses of 0.05 and 0.1 g/dm? this value is approx- ApH “pH4
imately the same. Thus, it is advisable to add CaCQO, to 8
moderately mineralized water at a dose of 0.05 g/dm?® and 7
at initial water pH values of 4.5. Such dose should increase =
the water pH to a safe value and thus eliminate its overcon- m,ﬁ
sumption. As shown above in Table 2, the added CaCO, is 5
not completely soluble in water. Hence, it can be argued that
the sedimentation of CaCO, on the reservoir bottom may 4
maintain a prolonging action to protect/maintain the neu- 3
tral pH value of water over a long time. Undissolved CaCO, 0 5 10 15 20 25 30 35
may for some time prevent the dissolution of previously HHE, T
sedimentary phosphates such as ferric phosphate (FePO,).
Moreover, data analysis (Table 2) shows that after addition ;
of natural CaCO, to water with pH 4 and 5 a decrease in 320 EF=310.V_BEhe
the water Eh value can be observed. This fact results in a 310
positive effect, because it proves that water has reducing
properties. In addition, the positive effect of adding CaCO, 300
to acidic and moderately acidic water is that it always = 290
increases carbonate alkalinity. Lower initial water pH and g 280
higher doses of CaCQO, result in a higher alkalinity increase.
Alkalinity of natural water is very important to maintain the 270
buffering of natural water and controlling the water acidity. 260 I I I
. . .y 250 I I
3.2. Physical and chemical characteristics of water 0 5 10 15 20 25 30 35

Results of changes in the physical and chemical charac-
teristics of the three types of water at contact with quartz-
glauconite sands point to higher pH and Eh values. The
results of experimental studies are presented in Fig. 6 and
Table 3. At initial values of water pH = 4, the equilibrium
time when the water pH did not change was 20, 25 and
30 min for distilled, moderately mineralized and mineralized

time, min
Fig. 6. Values of pH and Eh in the analysed water types.

water, respectively. The value of water pH increased to
8.2, but the time equilibrium was different. At pH = 5,
the equilibrium time was 25, 30, and 35 min, respectively.
Besides, studies of the changes of water Eh after addition of
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quartz-glauconite sand were performed. Change of Eh val-
ues depended on the initial mineralization of water and pH.
Thus, as a result, the reducing properties of water improved.
Changes in the pH and EC values of water are explained
by the properties of the mineral glauconite which is a
component of the studied sands. This mineral belongs to
silicates of the hydromica group and contains more than
10% of potassium. Apparently, this alkaline metal interacts
with water and, as a result, the water pH value increases
and the water Eh value decreases. The impact of natural
minerals on the physical and chemical composition of water
was also studied by Trach et al. [37] and Reczek et al. [38].

3.3. Location and features of the designed sandy beaches and
filtration barrier-dams

Beaches composed of quartz-glauconite sands in the
Ustya River basin (Fig. 7) are planned to be constructed in
the Basivkutsk Reservoir. Such placement of the beach will
contribute to the rehabilitation of the Ustya River basin
after its cleaning with the coagulant and to further use by
the residents for recreational purposes. The beaches com-
posed of quartz-glauconite sands designed to be coastal
strips. In cross-section they will be triangle-shaped, about
10 m wide at the base, up to 1 m high, and with under-
water inclined and surface subhorizontal surfaces (Fig. 7).
Abrasion of the sandy beach by waves will help spread-
ing the quartz-glauconite sand to the bottom of the
reservoir and burial of the contaminated silt.

Construction of filtration barrier-dams from quartz-
glauconite sands in the Ustya River basin is designed in the
following sections: (1) in front of the bridge of the Rivne-
Kvasyliv highway across the Ustya River, (2) at the junc-
tion of the Ustya River with the Basivkutsk Lake (Fig. 7).
Structurally, the filtration barrier-dam in cross-section will
represent a prism with a width of 5-6 m at the base and a
height of 1-1.5 m (Fig. 8). To improve the stability of bulk
barrier-dams against possible suffusion processes, boulders
and rubble of porous Upper Sarmatian shelly limestones,
occurring in the Zdolbunivsky, Zdovbytsky and other local
quarries, will be added to the sand at a ratio of 1:5. This
technological solution has proven successful in the construc-
tion of the retaining shaft around the Novomysl hydrau-
lic dump and may be considered as a sufficiently reliable
hydraulic structure with satisfactory filtration properties.

In each filtration barrier-dam, in the part that will
block the Ustya River bed, a sluice built of concrete
and metal structural elements is planned to regulate

Table 3
Dependence of water pH and Eh change on the mineralization

the flow and control the flood water level. The optimal
design of the sluice will be the subject of a separate study
by hydraulic engineers [39,40]. An advantage of this
approach is that the new capping sediment may provide
an improved habitat for sediment-dwelling organisms.
However, the potential for extensive smothering of benthos
with addition of a thick capping layer poses a disadvantage.
Targeting of capping to areas where hypolimnetic anoxia
occurs will reduce the possible adverse effects on the
benthos.

3.4. Revitalization of the Ustya River

Projects of development and revitalization of rivers and
lakes are presently some of the most interesting examples
of contemporary public spaces. Green areas are becoming
increasingly important for residents of urban space during
the COVID-19 pandemic [41]. The projects assume the res-
toration of natural and functional values of areas often
destroyed by human activities, due to which the offer of
recreational space for residents may be extended and at
the same time the landscape values of a local natural envi-
ronment may be emphasized. The proposed revitaliza-
tion project of the Ustya River in Rivne will include the
improvement of the water quality and an architectural
design of public space for the residents (Figs. 9 and 10).

The main assumption of this architectural project is to
create an open public space that will allow residents to use
the natural values of the river. Due to the length of the
river, the project assumes the introduction of various char-
acteristic functional zones: (i) Urban zone. The first func-
tional zone will comprise recreational areas with an urban
character, designed in the city along the river. This space is
designed to be the most representative and eye-catching,
with various types of urban attractions for the residents.
The urban zone should include sports, and recreational
and cultural activities, due to which residents will gain
new space for meetings, interactions and leisure; (ii) Sport
and recreational zone. The second zone will include sport
and recreational areas, where the residents will experience
various types of sport activities, such as: pitches, courts,
and playgrounds. The revitalization project assumes
that bicycle, skateboard and roller paths will be created
along the river. The nearby wasteland will be trans-
formed into a sport space; (iii) Natural and recreational
zone. The farthest zone will be a natural and recre-
ational area, where the residents will have the largest
contact with natural and exceptional environmental

Types of water TDS, mg/dm?® pH ApH Eh, mV AEh, mV t, equilibrium time, min
Distilled 10 4 42 310 -50 20
5 3.2 300 -35 30
Moderately mineralized 230 4 42 280 —40 30
5 3.2 290 -35 35
Mineralized 520 4 4.2 310 35 35
5 3.2 300 -20 40
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Fig. 9. The concept of the development of public space in an urban zone.
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Fig. 10. Visualisation of the river valley after rehabilitation.

values. The space is also needed for the separation of
the flood zones, therefore it should be least urbanized.

The conducted research and a proposal of measures
aiming at improvement of the river water quality, together
with the architectural revitalizing project, allows to present
a comprehensive concept for the development of the Ustya
River. The design assumptions attempt to revitalize natural
and functional river and lake banks into a green, friendly
space for the residents. The project should consider local
nature protection, which should be the primary and most
important task.

4. Conclusions

The combination of chemical and physical river reme-
diation methods may result in a high ecological effect
for improving the river water quality, that is, the use of
Fe-coagulants, and regional limestone and quartz-glauco-
nite sand deposits. Due to the nearby location of limestone
quarries and the high amount of glauconite (over 20%) in
the quartz-glauconite sands, the materials may be used
to improve the physical and chemical parameters of water
quality after the addition of the Fe-coagulant. It was proved
that in contact with water, addition of natural calcium car-
bonate and quartz-glauconite sands increases the water pH
and decreases its redox potential. In addition, the dissolu-
tion of natural calcium carbonate increases the hydrocar-
bonate alkalinity in three types of water and thus increases
the water buffering capacity. Partial dissolution of calcium
carbonate and its accumulation on the lake bottom will
allow to keep the deposited phosphates in the form of fer-
ric phosphate for a long time. To increase the pH of water
that moves from the lake to the river mouth, it is proposed
that water would pass through a bulk reaction barrier com-
posed of quartz-glauconite sands. As a result, increased pH
and decreased redox potential may optimize denitrification
and decrease the value of nitrate. Sandy beaches should be

covered with quartz-glauconite sands, the volume of which
should be supplemented annually in the wave area. The fil-
tration barrier should be constructed in areas of floodplain
water outflow, it will not decrease the water level in the
river and will not cause significant coastal flooding of res-
idential areas. The revitalization project of the Ustya River
in Rivne will include the improvement of water quality and
create an open public space along the river banks, which will
allow local residents to use the natural values of the river.
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