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ABSTRACT

The prospects of using the sewage sludge from Lviv wastewater treatment plants for biological reclamation was
assessed. On the basis of the results of the monitoring of the qualitative and quantitative composition of sewage
sludge accumulated in silt fields, the dependences of the distribution of sanitary-microbiological and ecological-
chemical characteristics of the accumulated sludge were investigated. Agroecological laboratory studies on esti-
mating the possibility of using sewage sludge in a mix with natural sorbents as a substrate for cultivation of plants

was carried out.
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INTRODUCTION

Today, one of the global environmental prob-
lems of society, without the solution of which
further development is impossible in general, is
the uncontrolled generation and accumulation of
waste. Accumulating in places of special and un-
authorized storage, these wastes have a negative
impact not only on the environment (the possibil-
ity of fires, greenhouse gases emissions, soil and
groundwater pollution by heavy metals and other
hazardous substances), but also on the human
health. One of the types of hazardous waste is
the organ-containing waste. Therefore, in recent
decades, scientists in many countries around the
world have been paying attention to the possibil-
ity of reusing the waste that contains an organic
component. Such wastes include the waste from
coal mining, sewage sludge (SS), the organic
component of solid waste, and the waste from
biogas production (spent biomass). Among the

134

listed wastes, special attention is paid to the possi-
bilities of reusing sewage sludge, which is formed
after the stage of biological wastewater treatment
(Malovanyy et al., 2016, Malovanyy et al., 2019).

In developed countries, sewage sludge has
long been used successfully in various industries:
as a fertilizer in agriculture, as a component of
nutrient mixtures for reclamation of quarries and
landfills, for the production of building materials,
for biofuels and electricity and for the allocation of
valuable components (nitrogen, phosphorus, etc.).

It is known that sewage sludge contains heavy
metals and pathogenic microorganisms, which in
the case of their use in agriculture can adversely
affect the environment. Therefore, in the Europe-
an Union, the use of sewage sludge in agriculture
is regulated by Directive 86/278/EEC, which sets
the maximum permissible concentrations of the
heavy metals contained in SS. In addition, this
Directive aims to promote the safe use of sewage
sludge in agriculture in the EU in such a way as
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to prevent the adverse effects on soil, vegetation,
animals and humans, as well as surface water and
groundwater. The use of SS in agriculture is the
most common method of disposal in Portugal,
Ireland, Great Britain and Spain, where more than
70% of sludge is used compared to other meth-
ods (Kacprzak et al., 2017, Mininni et al., 2015,
Inglezakis et al., 2014, Fijalkowski et al., 2017).

In the countries where the law prohibits or
restricts the use of SS in agriculture, it are most
often burned. This method of disposal is most
common in Germany, the Netherlands and Swit-
zerland (Eurostat, 2017, Pavsic et al., 2014).

In the countries such as Serbia and Malta, the
traditional way of disposing of sewage sludge
is to store it on sludge sites (Eurostat, 2017). In
Sweden, Finland and the United Kingdom, sew-
age sludge has been used for several years for
reclamation of disturbed lands. According to
(Kriiger & Adam, 2015, Di Bonito, 2008), in the
case of using a mixture of SS and lime, there are
positive changes in the biological reclamation of
landfills and spent quarries for coal mining. In
Luxembourg, wastewater sludge is granulated
and then exported to other countries for further
incineration or composting (Fytili & Zabaniotou,
2008). In Poland, SS is incinerated together with
brown coal, wood or household waste to generate
heat and energy (Twardowska et al., 2014).

The practice of recovering phosphorus from
sewage sludge has become important in some
countries of the European Union. For example,
the Netherlands is one of the first countries in the
world to implement full-scale recovery of phos-
phorus at Geestmerambacht municipal wastewa-
ter treatment plants. The country’s task is also to
replace 20% of the consumption of phosphorite
ores (from which phosphorus is most often ob-
tained) with the phosphorus reduced from SS. In
addition, approximately 32% of the sewage sludge
generated in the Netherlands is now used in the
cement industry and power plants (Werle, 2015).

In the United States, since the early 1980s,
composting of SS has been widely used in con-
junction with solid waste to produce biogas. By
applying the technology of anaerobic decomposi-
tion of sewage sludge, the electrical and mechani-
cal energy is obtained, as well as heat, which is
generated due to the formation of methane, which
can be used with Hybrid energy storage systems
(Shchur & Biletskyi, 2019). Incineration is also a
common way to dispose of sewage sludge in the
United States. In Georgia, the ash from burning

SS is used to make bricks, in Minnesota — as an
additive to asphalt mixtures, in Maryland — dried
sewage sludge is used as fuel in cement kilns, etc.
(Werle, 2015, Guedes et al., 2014).

In Japan, unlike in other countries, incin-
eration is most often used to dispose of sewage
sludge. In addition, other thermal processes of
sludge disposal are also used, such as gasification,
drying and carbonization. The products formed as
a result of thermal processes are used for the pro-
duction of building materials and phosphorus re-
covery, due to which a high rate of SS processing
is achieved, with minimization of its disposal un-
der the scenario of “zero sludge” (Christodoulou
& Stamatelatou, 2016).

A common practice in Japan is the phosphorus
recovery from sewage sludge, using the crystalli-
zation process. As a result of this process, accord-
ing to (Tyagi & Lo, 2013), the final products are
calcium phosphate and magnesium ammonium
phosphate (NH,MgPO, - 6H,0 — struvite), which
is an excellent fertilizer for plants due to its slow
release property. The methods for determining the
influence of the nature of the carrier on the physi-
cochemical characteristics and catalytic proper-
ties can be implemented for the chemical process-
es of phosphorus removal (Nebesnyi et al., 2020).

In China, about 45% of all sludge is used in
agriculture, 34.4% is stored on sludge sites and
3.5% is incinerated (Xu et al., 2014, Chen et al.,
2012). Thickening, conditioning, dewatering and
anaerobic digestion are used for pre-treatment of
sewage sludge in China. Disposal of wastewater
in China is mainly carried out according to the
scheme “thickening — anaerobic digestion — de-
watering — land application” (Yang et al, 2015).

In recent years, sewage sludge has been
used to produce biogas and electricity at Chi-
nese wastewater treatment plants. Ash, which is
formed during the combustion of sewage sludge,
is successfully used for the production of cement,
bricks and other building materials.

Compared to other countries in the world,
the situation with the disposal of sewage sludge
in Ukraine is negative. The low level of sew-
age sludge utilization in Ukraine is mainly due
to imperfect legislation and outdated treatment
plant equipment. Therefore, at present the prior-
ity is the reconstruction of the treatment facilities
with the possibility of obtaining ash from sewage
sludge or biogas production.

Thus, in Kyiv at the Bortnytsia aeration station
it is planned to build Block Nel and reconstruct
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Blocks Ne 2 and 3, which provide biological
wastewater treatment with the creation of nitrifi-
cation and denitrification zones in aeration tanks,
as well as construction of gravity and mechani-
cal sludge compactors.. As a result of such recon-
struction of the treatment facilities, the final prod-
uct of wastewater treatment will be ash, which
can be used in industry (Kievvodokanal, 2018).

The construction of a biogas plant is planned
at the wastewater treatment plants in Lviv. Ac-
cording to (Lvivvodokanal, 2018, Kizyeyev et al,
2016), the process of digestion in methane tanks
of sludge from primary sedimentation and excess
activated sludge from aeration tanks will be car-
ried out at this plant. As a result of this process
will be created biogas that can be used to produce
electricity and heat.

Today in Ukraine, from 3 to 5% of sewage
sludge is used in agriculture, which is regulated
by DSTU 7359: 2013 “Waste water. Require-
ments for wastewater and its sediments for irri-
gation and fertilization”. Thus, according to (Pe-
truk et al., 2013) in the case of using the fertil-
izers based on sewage sludge in the amount of
500-600 kg / ha, there is an increase in yields of
oats and potatoes by an average of 20%, corn by
33.5%, rapeseed — 24% etc.

In this study, the prospects for the use of ac-
cumulated sewage sludge in the silt fields of Lviv
wastewater treatment plants were assessed. In the
future, it would be appropriate to conduct a series
of microbiological studies (Moroz et al, 2020).

The purpose of the study was to assess the
prospects for the use of sewage sludge in Lviv
wastewater treatment plants for biological rec-
lamation. In order to do this, the volume and
composition of accumulated sewage sludge were
monitored, and the possibility of using them as
part of the substrate for biological reclamation
was assessed.

MATERIALS AND METHODS OF
RESEARCH

A tachyometric survey for topographic and
geodetic works for the purpose of binding and
contouring of the silt field of Lviv wastewater
treatment plants was performed by means of
SOKKIA electronic tacheometer, which allows
registering numerical and textual information, and
performing coding of terrain objects in the field,
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which after appropriate processing of materials
with the help of software and technology com-
plexes such as “Topograd” and “DIGITALS”, en-
able to automatically obtain the topographic plans
in digital and graphical forms. Special milestones
for distance reflectors were used in the work with
the total station. The angles were measured in one
complete step. The fluctuations of the values ob-
tained from the half-receptions in the process of
measuring the angle did not exceed 20°.

In the process of measuring the lines, the rela-
tive linear error did not exceed 1/2000, provid-
ed that the absolute linear errors did not exceed
0.05 m. The distance from the points of tacheomet-
ric courses (survey stations) to the pickets and the
distance between the pickets did not exceed 500 m.

The distances measured at the station to the
picket points were registered in the electronic to-
tal station data terminal. At the same time, an out-
line was drawn in the process of surveying at each
station. The outlines were decorated with symbols
(with explanatory inscriptions), approximately
following the scale of the survey, on separate
sheets for each station, which are oriented along
the course and on which they show the direction
of orientation. The outlines showed the situation
of the area and the boundaries of this land plot.

Execution of field works during the tacheo-
metric survey was combined with preliminary in-
house processing of survey materials. In this case,
the following were carried out:

e check of field logs and drawing up of the de-
tailed scheme of a shooting basis;

e calculation of coordinates of survey stations;

e calculation of heights of all pickets at stations;

e overlapping points of the shooting base and
the situation.

Processing of measurement results included:
e creation of cartographic material for the sur-

vey of the silt field at the address: Lysyny-
chi village council, Pustomyty district, Lviv
region;

e use of the Ashtech Solutitson program to cal-
culate vectors — bases between points;

e assessment of the quality of measurements was
performed on the absolute root mean square
errors of location, the accuracy of which is in
the range of 0.05-0.20 m;

e Office processing of field data was performed
on a personal computer using the “DIGI-
TALS”, “INVENTGRAD” and “MAPINFO”
software.
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As a result of the work, a digital model and
database were created in the form of a dmf-file.

The sampling of the accumulated sediments
was performed using a metal cylindrical tube,
such as a chute, with a bottom valve. The diame-
ter of the sampler was 128 mm, length 1 m. A pipe
was screwed to the top of the sampler, the length
of which was increased by means of couplings.

The quality of the growth substrate was
determined by a generally accepted method
(DSTU ISO 2004, DSTU ISO 2005). In this
method, plants are preferred to establish the
possibility of using a growth substrate because
they characterize the state of the environment
in which they grow, multiply rapidly, react
differently to harmful factors and thus allow
choosing the most appropriate response for a
particular study. The use of such method makes
it possible to determine the combined biologi-
cal activity of the influence of physicochemical
factors on the environment (Horova & Kulyna,
2008). The method is suitable for all types of
soils, soil-forming materials, precipitated waste
or chemicals that may be introduced into the
soil. According to the method, the growing sub-
strates are the studied mixture of soil and con-
trol soil, which is known to be of good quality.

Two types of plants belonging to one of the
categories were selected for the experiment.
Category 1 — monocotyledonous plants: rye,
ryegrass, rice, oats, wheat, barley, sorghum,
corn. Category 2 — dicotyledons: white mustard,
canola, radish and wild turnip, Chinese cabbage,
watercress, tomato, bean. Before using the seeds
of each crop, an analysis was performed and the
energy of their germination was determined. In
each of the vessels, 10 identical seeds of the se-
lected species were planted. For each replicate
in each embodiment, the percentage of seed ger-
mination relative to the average germination in
the control vessels was calculated. The length of
the longest roots of each plant was measured and
the average length of the longest root for each
investigated growth substrate was determined.
A statistical analysis was used to determine the
smallest significant discrepancies between con-
trols and test concentrations. For the study, in
accordance with this method, different types of
substrate based on soil, sewage sludge and natu-
ral sorbents were used, which were compared to
the control soil.

RESULTS AND DISCUSSION

On the basis of the results of topographic and
geodetic surveying, a map of the silt field mor-
phology (Fig. 1) and its three-dimensional model
(Fig. 2) were constructed, which clearly shows a
decrease in the absolute marks of the silt surface
in the eastern and northeastern directions from
almost 247 m to slightly more than 244 m. The
elevation between the highest and lowest points
reaches about 3 m.

As can be seen from Figure 2, the surface of
the silt field is uneven. This may be due to the
fact that during the storage of sludge in the silt
field, they were discharged on one side only, re-
sulting in such an uneven distribution. The vol-
ume of sludge accumulated in the silt field was
determined by multiplying the area of the silt field
(129 006 m?) by the sludge capacity (3.16 m). As
a result of calculations, the volume of sediments
in the silt field is 407 659 m°.

In the course of research, the sanitary-mi-
crobiological characteristics of the accumulated
sediments were determined. According to the re-
search results, the sewage sludge accumulated in
the silt field does not contain pathogenic microor-
ganisms, and therefore can potentially be used as
fertilizer for growing plants.

The ecological and chemical characteristics
of the accumulated sediments were also deter-
mined. The research data show that the amount
of moisture in the selected sediment samples
is in the range of 6.45-15.23 wt.% (% of total
weight). The content of organic matter in sew-
age sludge is in the range of 28-44 wt.% The to-
tal mineral content in the sediments of the stud-
ied silt field is 46—-60 wt.%. The pH of the test
medium is slightly alkaline in nature and ranges
from 7.12 to 7.98.

As for organic matter, in most wells there is
a clear pattern of its reduction with the depth of
sampling. Since the amount of organic matter in
the near-surface layer of the silt field (0-0.2 m)
1s 35-44 wt.%, and its maximum values in the
lateral plan extend a wide strip from places of
dumping of sediments in the northwest direc-
tion (Fig. 3).

In the middle interval of the silt field (1.4—
1.6 m) the organic matter content is in the range
of 32-42 wt.%. Laterally, the enrichment of sedi-
ments with organic matter coincides with the up-
per interval of the silt field. In the bottom interval
(2.8-3 m), the organic content is the lowest and
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Fig. 1. Map of morphology of the silt field surface: 1 — geodetic point of
measurement with data of absolute height, m; 2 — isogypsum; 3 — shrubs

amounts to 28-40 wt.%. In comparison with the
upper layers, the lowest content of organic matter
is observed here in the central part, and its maxi-
mum values are observed in the peripheral parts
of the silt field.

Heavy metals (Malovanyy et al., 2020) and
petroleum products (Zelenko et al., 2019) can
be sorbed in activated sludge, natural zeolites,
bentonites and other types of natural sorbents.
The content of mobile forms of metals in the

accumulated sewage sludge was determined.
The content and nature of the distribution in the
body of the accumulated sludge of such metals
as Cu, Pb, Ni, Cd, Zn, Cr, Co, Mn, Fe were es-
tablished. According to the results of monitoring
studies, it was found that both the concentrations
of mobile and gross forms of heavy metals in the
sludge field sediments do not exceed the MPC.
The Mn content in the depth range of 2.8-3.0 m
is shown in Figure 4.

Fig. 2. Three-dimensional model of silt field surface morphology (without lower silt field protrusions)
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Fig. 3. Map-scheme of organic matter content in the depth range 0-0.2 m: 1 — number of wells
and organic matter content, wt.%; 2 — isolines of the same content of organic matter

In order to determine the potential ability to
use the accumulated sewage sludge as a fertil-
izer in agriculture and in the process of biologi-
cal reclamation of disturbed lands, the content of
individual nutrients was analyzed: total nitrogen
(N,,,)» ammonium nitrogen (NH") and phospho-
rus (mobile form in terms of P,O,). Studies have
shown that the content of total nitrogen in the
sewage sludge from the Lviv wastewater treat-
ment plant ranges from 2.1 to 3.5% wt., which
meets the standards of DSTU 7369: 2013 for

their use in agriculture. In the vertical distribu-
tion of total nitrogen in most wells, there is an
increase in its amount with depth. The content
of ammonium nitrogen in the selected samples
of accumulated sewage sludge varies between
318-892 mg/kg of sludge. There are no regu-
larities in the vertical distribution. The content
of mobile form of phosphorus (in terms of P,O,)
in sludge is 1431-2160 mg/kg of air-dry matter.
As for the vertical distribution, no patterns can be
traced. Its largest values are found in the section

4222 1

Fig. 4. Schematic map of Mn content in the depth range 2.8-3.0 m: 1 — well
number and Mn content, mg/kg; 2 — isolines of the same content of Mn
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of the well Nel3, which is located in the central
part of the silt field.

Agroecological studies are important for de-
termining the suitability of substances, includ-
ing the use of sewage sludge in agroecology
(Tymchuk et al., 2020). Agroecological labo-
ratory studies to assess the possibility of using
sewage sludge as a substrate for growing plants
were performed with dark gray podzolic soil, to
which sewage sludge was added in the ratio (%):
100:0; 80:20; 60:40; 40:60; 20:80; 0:100. The
created substrate was placed in Petri dishes and
10 seeds of common barley (Hordeum vulgare),
white mustard (Sinapis alba) and watercress
(Lepidium sativum) were planted in it. For the
reliability of the studies, the experiments were
performed in quadruplicate. During the experi-
ment, observations were made on such indica-
tors as: time of emergence of sprouts, their num-
ber per day, total germination.

According to the results of research, it was
found that even a small proportion of sewage
sludge (20%) in the substrate, with this type of
storage has a very negative effect on the germi-
nation of all plant species. In the samples with a
sediment content of more than 40%, the develop-
ment of dangerous fungi and mold was observed.

At the next stage of research, dark sediments
were added to the dark gray podzole soil in the
amount (%): 0; 20; 25; 30; 35; 40. In the same
substrate in the amount (%): 0; 5; 7.5; 10 added
natural zeolite. For the reliability of the data, the
experiments were performed in triplicate. Bioin-
dication was performed in Petri dishes by plant-
ing on the created substrate 10 seeds of barley
(germination 95-97%). During the experiment,
the following indicators were observed: time of
emergence of sprouts, their number per day, total
germination. Upon completion of the study, the
length and weight of the aboveground part and
roots were measured.

It was established that the use of substrate
based on sediments and zeolite has a positive
effect on plant growth and development. Thus,
the average height of the terrestrial part of plants
(stems) in almost all samples is greater than in the
control sample (Fig. 5).

As can be seen from Figure 5, in the substrate
with sewage sludge content of 35% and zeolite
content of 0%, the average height of the terres-
trial part of plants exceeds the control indicator
by 24,4%, but in the substrate with sewage sludge
content of 40% this indicator is lower by 18,4%.
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In the samples with a zeolite content of 5% and
a sewage sludge content in the substrate of 40%,
the average height of the ground part exceeds the
control indicator by 20.2%, and in the sample
with a sewage sludge content of 20% it is lower
by only 1.09%. In the substrate with a zeolite con-
tent of 7.5% in all samples, there is an increase
in the average height of the aboveground part of
the plant compared to the control by 31.8%. In
the samples with a sorbent content of 10%, the
average height of the ground part in comparison
with the control sample is higher by 27.8% in the
substrate with sewage sludge content of 30% and
lower by 2.4% — with the sewage sludge content
of 25%. Thus, the best growth rate of the terres-
trial part of the plant is observed in the substrate
with a sewage sludge content of 35% and a zeo-
lite content of 7.5%.

At the next stage, the study was performed
with two types of substrate: in the first added
dark gray podzole soil, sewage sludge and ze-
olite, in the second — dark gray podzolic soil,
sewage sludge and glauconite in the ratio (%):
50:40:10. Comparisons were performed with
the control sample (soil). Bioindication was per-
formed in plastic cups (volume 500 ml) by plant-
ing 10 seeds of barley (germination 95-97%)
and 30 seeds of ryegrass (germination 90-93%).
In order to ensure the reliability of the data, the
experiments were performed in triplicate. The
general appearance of plants on the 40" day is
shown in Figure 6.

It was found that in the control samples, the
stems of barley were higher in comparison with
other samples, but it should be noted that in the
samples with glauconite, the stems were more
branched. In the zeolite samples, the stems were
also quite branched, but they continued to turn
yellow and dry out. In the samples with ryegrass,
the stems were larger in the control samples (soil)
and sometimes wider in comparison with the
samples containing sorbents. However, in the ze-
olite and glauconite samples, ryegrass stalks were
more branched compared to the control.

Thus, based on the results, it can be conclud-
ed that in the case of adding two different types
of natural sorbents (zeolite and glauconite) to the
substrate, there are positive changes in germina-
tion, involving the growth and development of
bioindicator plants (barley and ryegrass). In ad-
dition, it should be noted that this composition of
the substrate has a positive effect on the growth of
ryegrass, which is an energy plant.
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0% zeolite 5% zeolite
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Fig. 5. Dependence of change of the growth of terrestrial plants from the substrate

Fig. 6. General view of plants on the 40* day

CONCLUSIONS

The content of heavy metals and nutrients in
the sewage sludge accumulated on the silt field
of the Lviv wastewater treatment plants was
monitored. It was established that the content
of test substances in sewage sludge does not
exceed the maximum allowable concentrations.

According to the results of monitoring stud-
ies, it was established that the amount of min-
eral substance increases with the depth of oc-
currence in sewage sludge. The reason for this
is the gravitational differentiation of the silt
substrate, which is manifested in the deposition
of heavier mineral components. An additional
factor is their leaching from the silt by metro-
genic water, followed by the movement down
the section of the silt field.

The laboratory tests of bioindication of sub-
strates based on sewage sludge, soil and natural
sorbents have shown that in the case of adding
an additional component (natural zeolite) to
the substrate, there is a positive effect on the

germination of bioindicator plants. The best
germination rates were observed in the samples
with a sediment content of 40% and a zeolite
content of 7.5 and 10%, respectively.

According to the results of phenological ob-
servations and the results of measuring the pa-
rameters of plants, the dependences of changes
in growth and development of plants that can
be used for biological reclamation on different
types of substrate were established. It was found
that in the case of using a substrate based on
sewage sludge and glauconite for growing bar-
ley, the weight of one plant is 4.4% higher than
in the control sample, and in the case of using a
substrate based on sewage sludge and glauconite
for growing ryegrass, the average stem height is
3.2% higher compared with the control sample.

It was established that the use of both natu-
ral sorbents: natural zeolite and glauconite in
the substrate is optimal. The average length of
ryegrass roots in the substrate with zeolite and
glauconite is 5.6 and 12.3% higher, respectively,
than in the control sample.
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