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Abstract. The article is devoted to the study of the prospects of
using compost with sewage sludge in the raw material for the
recultivation of disturbed lands. A special installation was used
for bio-composting, which allowed controlling of the process
parameters. The results of bio-indication of composts obtained
under different conditions of compositions of the raw material
mixture are given. Based on the analysis of the results of bio-
indication, the optimal composition of the raw material mixture
using “fresh” and “old” sewage sludge is established. An
analysis of the parameters of the bio-indication process was
carried out for this compost of optimal composition, which
makes it possible to develop recommendations for the
implementation of the process in industrial conditions.

Keywords: compost, sewage sludge, bio-indication, raw
materials, process, recultivation, zeolite, bio-composting.

1. Introduction

The problem of technogenic degraded lands in
Ukraine and the world poses a significant threat to
environmental security. We can distinguish three main
types of facilities that need to be restored most: mining
guarries, the rapid development of which took place in
the second half of the twentieth century; solid waste
landfills and dumps, which are the main element of
waste management system in developing countries;
and slag heaps.

With the destruction of the soil cover, man-
made landscapes are formed, which slow down the
self-restoration of vegetation and soils. It is possible to
reduce or eliminate this negative man-made impact on
the environment of such landscapes with the help of
recultivation technology: the creation of forest

plantations, covering disturbed lands with fertile soil
layer, strengthening of surface grass cover, chemical
reclamation, removal of the top layer of soil with its
subsequent use to restore vegetation, the introduction
of natural zeolites (Hrechanyk et al., 2022).

Using substrates synthesized with organ-
containing waste and natural sorbents in exchange for
using fertile lands is quite promising. To increase the
level of environmental safety and in accordance with
the principles of sustainable development, industrialized
countries have begun to adopt laws and programs
aimed at protecting and restoring the environment
damaged by mining. Countries such as the United
States, Germany, Poland, and the United Kingdom
have begun to pay close attention to recultivating
technologies. (Antwi et al., 2014; Fijalkowski et al.,
2018).

On the other hand, one of the most important
current environmental problems is the disposal and
removal of sludge from the sludge sites of sewage
treatment plants. Among the various wastewater
treatment options, composting has gained widespread
popularity due to its associated benefits such as waste
sanitation and the conversion of waste into value-
added products (Qian et al., 2014), weight and volume
reduction (i.e. improved controllability) and environment
pollution reduction. (Bernal et al., 2017; Wang at all.,
2018). Thus, mineral nutrients are processed — nitrogen
(N), phosphorus (P) and potassium (K) (Zhou et al.,
2018; Wang et al., 2015). Composting technology is
receiving increasing attention as an environmentally
friendly way of disposal of organic waste (Zhang et al.,
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2014). Researchers (Raut et al., 2008) have suggested
that composting helps to manage large amounts of
organic waste under sustainable management. A
properly managed composting process provides a
stable result and a harmless end product that can be
used as a soil conditioner, a fertilizer which does not
pose any threat to the environment, and a valuable
component for reclamation substrates (Vaverkova et
al., 2020). It has recently been shown that compost
from organic waste is of better quality than commercial
inorganic fertilizers (Chowdhury et al., 2015).
According to (Hermann et al., 2011; Banegas et al.,
2007), composts can replace soil conditioners to
support the formation of humus, which cannot be
achieved artificially. Compost improves the water
holding capacity of the soil (Mohammad et al., 2012).

There is a significant problem in the management
of degraded soils: they are relatively poor in nutrients
necessary for the normal functioning of plants.
Therefore, an important step is ensuring proper
fertilization of soils to obtain all necessary nutrients.
Among the available and effective methods of
meliorative technology is using sewage sludge (SS).
The use of SS as a substitute for fertilizers contributes
to the formation and stabilization of the soil by
decomposing organic matter, which is largely
disturbed in places contaminated with heavy metals.
The environmental potential of SS also affects the
physicochemical properties of the soil (improving
aggregation and infiltration capacity and increasing the
availability of nutrients) (Grekhova et al., 2016). Thus,
the use of SS in technologies for biological
recultivation of degraded lands solves two problems —
soil conditioning for recultivated turf surface and
environmentally safe processing of SS. Researchers
(Seaker et al., 1983) note the positive results of
recultivation of disturbed areas (landfills) when using
SS with sand and peat in a ratio of 1:2:2 and soaking
the seeds in a humic growth regulator for plant
development. When adding this mixture to the landfill,
the rate of seed germination increases significantly.
Researchers (DSTU 8727:2017) report the successful
use of sludge as a correction for acidic materials falling
out of mines. Thus, in Pennsylvania, a single application of
sludge with calculations up to 184 Mg/ha created a
lush cover of forage plant species on the reconstructed
bitumen strip of the mine with equal pH.

The accumulation of large amounts of SS is a
particularly pressing environmental problem in
Ukraine. This interferes with the normal operation of
the sewage treatment plants (STP) and leads to
pollution of all components of the environment. The

vast majority of Ukrainian STP does not perform deep
processing and disposal of SS, and the main method of
dehydration and stabilization is the storage of SS on
sludge sites. The increase in the amount of sludge and
stricter legal regulation of their placement and burial
require the development of new technologies to ensure
their efficient processing. Thus, the complex utilization
of SS solves not only environmental problems (reduces
the need for fertile soil, and allows for disposal of a
significant part of organ-containing waste) but also
economic by obtaining secondary raw materials.

The composting process is influenced by factors
that are classified into two groups:

— depending on the composition of the compost
mixture such as nutrient balance, pH, particle size,
porosity, humidity;

— depending on the process control such as O
concentration, temperature, water content and
compaction (Liu et al., 2011).

Control of parameters such as temperature, pH,
C/N ratio, bulk density, porosity, nutrient content,
particle size, humidity and oxygen supply are crucial
to get an accurate idea of the optimal process conditions.
During the composting process, microorganisms need
C, N, P and K as the main nutrients (organic C which
decomposes) for energy supplement and developmental
activity (Igbal et al., 2015). In addition to these factors,
a group of researchers (Bernal et al., 2009) suggests
that the ability to decompose waste during composting
may also vary depending on the chemical components
of waste, the natural load and microbial efficiency in
the compost matrix. Similarly, environmental conditions
can directly affect the microbial activity and the rate of
degradation of organic matter during composting
(Hueso et al., 2012). Weather conditions (temperature
and humidity) in the study area may also be important.

In the research, we aimed to use the aerobic bio-
composting method to experimentally obtain optimal
formulations of mixtures based on typical SS of
Ukrainian STP with the addition of the most common
and economical vegetable raw materials (wood chips)
and recirculating active bio-compost. The criterion of
the optimal formulation of raw materials for
composting, and the established optimal composting
regime were the results of the bio-indication of the
obtained compost.

Conducting research in laboratory conditions
allows minimizing influences on the process of bio-
composting of various factors of external environment
such as sharp differences in air temperature,
waterlogging by atmospheric precipitations (at the
realization of process in the open air).
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2. Experimental part

The installation for bio-composting of organo-
containing mixtures in laboratory conditions consists
of a thermostated device brand TCP-0105, equipped
with a tubular electric heater with a maximum power
of 3.0 kW, temperature controller, mixer and
thermocouple resistance. The volume of the working
space of the thermostat is 250 dm?®. Internal dimensions of
the thermostated capacity are 1080 x 810 x 320(280) mm.
Overall dimensions (maximum) are 1200 x 900 x 550 mm.
Inside the thermostatic device, there are four identical
containers (standard plastic buckets with a nominal
volume of 20 dm?3) partially filled with the investigated
raw materials for composting.

The thermostated container is installed in the
frame of the installation and covered with a special
fastener for fixing the tanks with the studied substrates
in the submerged position. In addition to the heating
element and the mixer, a platinum resistance
thermocouple is installed on top, which is electrically
connected to the regulator. Automatic maintenance of
the set temperature of water in the thermostat is carried
out using the temperature regulator by change of the
power given on a heater of the thermostated container.
A platinum resistance thermocouple is connected to
the regulator input and a triac to the output. A mixer,
impeller mounted on the axis of the motor, serves to
equalize the temperature field in the tank.

Temperature and humidity sensors are installed
in the inner part of the tank lids. Sensors are connected
by a cable with a digital eight-channel temperature and
humidity meter VTV 118-4 (four channels for
temperature and humidity). Temperature measurements
in the thermostat are performed using a built-in
temperature controller with a resistance thermocouple.
The thermostat controller TCP-0105 has a digital
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display and buttons for setting the required values of
water temperature in the thermostat vessel.

The aerobic composting experiment has been
performed for 60 days in four plastic bioreactors with
a capacity of 20 dm?® each, which are tightly closed
with lids. The initial volume of compost mixtures in
each bioreactor is 12 dm?, which is 60 % of their
nominal volume (Fig. 1).

For aeration, the compost in the reactors was
stirred vigorously once a day for 20 s. Temperature
measurements of compost mixtures were performed
once a day immediately after measuring the
composition of the gas mixture by inserting the
thermometer inside the mixture at the same depth from
the bottom of the bioreactor.

Automatic maintenance of the set temperature
of water in the thermostat is carried out using the
temperature regulator by change of the power supplied
to the heater of the thermostated container. A platinum
resistance thermocouple is connected to the regulator
input and a triac to the output. A mixer, impeller
mounted on the axis of the motor, serves to equalize
the temperature field in the tank.

To avoid a rapid decrease in temperature
observed in small-volume reactors (Mason et al.,
2004), the specified temperature was set to implement
the thermophilic composting regime simulating the
corresponding temperature dynamics inside the full-
scale compost pile. The thermophilic regime of bio-
composting lasted for 5-7 days, which is enough to
destroy most pathogens, and then the temperature was
gradually reduced. The temperature control procedure
makes it possible to model the thermodynamic regime
of the composting process, which will determine many
other parameters of composting such as humidity,
biological activity, and dynamics of microorganisms
population (DSTU 1SO 11269-2:2002, 2004).

—
9 = V .
\ '_/ B

Fig. 1. General view of the installation
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The chemical composition of gas in bioreactors
was measured once a day using a five-component gas
detector-analyzer DOZOR-S-M-5, which allows
determining the content of five gases in the air: oxygen
(O2), methane (CHs.), carbon dioxide (CO2), ammonia
(NHs) and hydrogen sulfide (H»S). To determine the
oxygen content, its minimum value was recorded in
bioreactors to ensure the necessary conditions for
aerobic composting. It is considered that for the
composting process, the oxygen concentration should
be within 15-20 %. Sufficient aeration at the early
stage of composting reduces the time of the process,
which leads to the oxidation of carbon (C) to carbon
dioxide (COz) and reduced methane emissions
(Awasthi et al., 2014). The value of carbon dioxide was
recorded at the maximum during the measurement.

Determination of the quality of the growth
substrate was performed by the generally accepted
method (DSTU ISO 11269-1:2004; Horova et al.,
2008). One of the most promising crops was chosen for
bio-indication research — Perennial fenugreek (Lolium
perenne), which belongs to Category 1 -
monocotyledonous plants and can be used for
reclamation of man-made disturbed lands. Before the
study the seed germination energy of each crop was
analyzed and determined. Twenty identical seeds of
the selected species were planted in each vessel. The
percentage of seed germination relative to the average
germination in the control vessels was calculated for
each iteration in each variant. The root length of each
plant was measured, and the average root length was
determined for each studied growth substrate. Statistical
analysis was used to determine the least significant
discrepancies between control and test concentrations.

During the study, the dark gray podzolic soil
was used as a control environment, to which fresh
sewage sludge was added in the ratio (%) of 0; 30; 40;
50; 60; 70. Also, a natural sorbent — zeolite was added
in the same substrate in the amount (%) of 0; 5; 10; 15.

The created substrate was poured into a 500 ml
container and 20 fenugreek seeds were planted (90—
95 % germination). The experiments were conducted
in quadruplicate iteration to obtain reliable data. The
laboratory maintained constant humidity (55-60 %),
temperature (23-25 °C) and lighting (4 phytolamps
with the light output of 1400 Lm). Irrigation of the test
samples was carried out by drip irrigation daily
depending on evaporation and was 5-7 ml /day for
each test sample. During the experiment, observations
were made on such indicators as time of emergence of
sprouts, their number per day, total germination, and

measurement of stem length; photos of samples were
taken.

3. Results and Discussion

The criterion for the optimal composition of the
raw material mixture for composting is the study of
bio-indication on the obtained mixtures. Therefore, we
used the following sequence to establish the optimal
composition of the raw material mixture for composting
and composting modes. Composting of four model
mixtures, whose composition is given below, was
performed on the bio-composting installation described
above. During composting, the maximum possible
number of process implementation parameters was
analyzed. After that, bio-indication studies of the
obtained composts were performed. For the best
variant of bio-indication, the analysis of parameters of
composting process realization was carried out.

As the main target raw materials for the
development of model mixtures were used:

1. Sewage sludge.

—mechanically dehydrated “freshly selected”
SS (SSt) after centrifugation of the mixture of raw
sludge and excess activated sludge in the mechanical
dehydration plant of Lviv STP$

—“old” (2-3 years old) SS (SS,) selected on the
existing sludge site of Lviv STP.

2. Wood chips obtained by mechanical crushing
of wood waste at the site of bio-composting of organic
waste of LCP “Green City” of the Lviv City Council
were used as vegetable filler in all studied mixtures.

3. Recirculating, active, about two weeks old
bio-compost was used in all the studied compositions
selected from the middle part of the compost piles of
the bio-composting station of LCP “Green City” to
accelerate the development of the bio-composting
process.

Four different mixtures of raw materials were
prepared for laboratory composting: three mixtures
(No. 1 — No. 3) with different volume fractions of SS
and mixture No. 4 — control mixture of active compost.
The planning of mixtures composition No. 1 — No. 3
was based on the recommendation of DSTU 8727:
2017 (p. 8.6) that in the case of using sawdust as a
filler, the volume ratio of “filler: SS is from 0.5:1.0 to
1.5:1.0 in summer and from 1:1 to 2.0-3.0:1.0 in
winter (Rynk, 1992). It is necessary to use fillers to
obtain high-quality compost. (Bernal et al., 2009). As
afiller in their study Zhou et al. (2014) use wood chips
to provide lignin useful for the formation of humic
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substances during composting. Scientists indicate the
effectiveness of joint composting of manure with rice
straw (Zhou et al., 2015) such composting ensures a
balance of nutrients for microorganisms, as rice straw
compensates the high density and moisture content
during the composting process. Absorption of excess
moisture and provision of the required porosity for
better aeration in the compost mass is reported by
Maulini-Duran et al. (2013). Meng, et al. (2016) note
that the combined addition of mushroom substrate and
wheat straw significantly improves compost quality
and plant germination index, in particular reduced
NH3 emissions by 21.9 %.

In this laboratory study, in the first approximation,
the integer values of the ratio of the volumes of the
filler (wood chips) and SS were accepted, namely two
compositions with a ratio of 1:1 and one mixture of
2:1. To identify the impact of old SS on the bio-
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composting process in one of the mixtures with the
ratio of “wood chips: SS” = 1:1 (mixture No. 3) half of
the sediment volume was “freshly selected” SS, and the
other half — “old” SS. For equality of starting conditions
in the implementation of the bio-composting process in
the laboratory, the initial volume of all mixtures before
composting was the same and amounted to Wo = 12 dm?.

The humidity of raw material mixtures was
determined by calculation based on the results of
analytical laboratory determination of the humidity of
all four components: “freshly selected” and “old” SS,
wood chips and active bio-compost. The actual content
of free moisture in the substrates was determined by
measuring the weight loss and drying the samples in a
thermostat brand TC-80 M °C at a temperature of
68 °C for one day. The volume fractions of
components in mixtures No. 1 — No. 4 and their
humidity are given in Table. 1.

Table 1

Volume fractions of components in the raw material mixture

Mixture number SSg, % SS, % wood chips, % |active compost, % !—|um|d|ty of t_he
mixture, % weight.
1 25 0 50 25 62.2
2 33.3 0 33.3 334 66.2
3 16.7 16.7 33.3 33.3 66.2
4 0 0 0 100 60.0
All mixtures were thoroughly mixed to — carbon and nitrogen content in SS is 250 g/kg

homogenize their structure and intensify the
composting process. The calculated masses of
organic carbon and nitrogen in the four studied
mixtures and the calculated C/N ratios at the
beginning of the bio-composting process are given
in Table 2. Estimated concentrations of organic
carbon and nitrogen in SS and wood chips are
accepted as average values according to the results
of previous studies of similar raw materials
(Biatobrzewski et al., 2015; Rynk, 1992):

of dry substance and 31 g / kg of dry substance,
respectively (C/N = 8,1);

— carbon and nitrogen content in wood chips is
475 g/kg of dry substance and 2,4 g/kg CF,
respectively (C/N = 200).

The mass concentrations of carbon and nitrogen
in the active compost selected from the piles of the bio-
composting plant are estimated at 300 g/kg of dry
substance and 20 g/kg of dry substance, respectively
(C/IN = 15).

Table 2

Estimated ratios of the mass content of carbon and nitrogen (C/N) in the raw material mixtures

) Mass of carbon, g Mass of nitrogen, g
Mixture - - CIN
number ss wqod active total ss qud active total | of mixture
chips compost chips compost

1 151.8 358.0 205.4 715.1 18.8 1.8 13.7 34.3 20.8

2 202.4 238.6 273.9 714.9 25.1 1.2 18.3 44.6 16.0

3 202.4 238.6 273.9 714.9 25.1 1.2 18.3 44.6 16.0

4 0.0 0.0 821.6 821.6 0.0 0.0 54.8 54.8 15.0




Obtaining and Using Substrates with Sewage Sludge 159

Bio-composting of raw mixtures was performed
according to the method described above. After the
completion of the bio-composting process, the obtained
compost was used for bio-indication studies, which
were performed according to the method described
above. During the study, ready-made composts were
used, to which natural sorbent (zeolite) was added in
the amount (%) of 0; 2.5; 5; 7.5.

The results of the bio-indication study showed
that in the case of adding to the substrate natural
sorbent — zeolite in the amount of 5 and 7.5 %, there is
a positive effect on the germination of bio-indicator
plants. The best germination rates were observed for
compost No. 1 with zeolite additives and were 100 and
87 %, respectively. For compost No. 2, in samples with
a zeolite content of 5%, the average value of
germination was 93 %. The average height of ryegrass
stem for composts No. 1, 2 and 3 with sorbent content
is higher than in these samples with sorbent content
0% by 43 % (sorbent content 7.5 %), 6 % (sorbent
content 2.5%) and 9.7 % sorbent content 7.5 %),
respectively. As noted by Tiquia and Hodgkiss (1996)
a plant germination index greater than 80 % percent
indicates mature and phytotoxic free compost. The
average weight of one plant in compost No. 3 in
samples with sorbent content of 2.5% and 5% is
higher compared to the control variant (dark grey
podzolic soil) by 23 and 63 %, respectively. The
average weight of one stem in composts No. 3 and 4
with a sorbent content of 5 % is greater than the control
by 11.1 %. The average value of the root length in
compost No. 3 in the sample with a sorbent content of
5 % is 5.4 times more than the control variant with a
sorbent content of 5 %.

Thus, based on the obtained data, we can state
that the optimal universal component for creating a
growth substrate is compost No. 3 (containing a
mixture of “freshly selected” and “old” SS). Root
systemin of the plants grown on it is not so developed,
which allows adapting to various environmental
factors and in combination with a small proportion of
natural sorbents can be effective for the reclamation of
landfills, which minimizes the need to use a fertile soil
layer. Based on this result, the modes of the
composting carried out earlier were further analyzed
for compost No. 3, the raw material composition of
which was as follows: SSt — 16.7 %; SS, — 16.7 %;
wood chips — 33.3 %; active compost — 33.3 %. The

humidity of the raw material mixture before the start
of bio-composting was 66.2 %.

Temperature is one of the main parameters of
the anaerobic composting process, which characterizes
the intensity of decomposition of organic matter by
aerobic microorganisms and is subject to monitoring.
The initial temperature of bio-composting was 27 °C.
Fig. 2 shows the temperature graph of the studied
compost mixture. The study started at a water
temperature in a thermostated tank of 35 °C, which
corresponds to the average temperature of mesophilic
aerobic composting.

At the beginning of the experiment, the
temperature of the compost mixture was significantly
lower than the temperature in the thermostat, but on the
second day of the research, the temperature was higher
than the water temperature in the thermostat, which is
evidence of rapid activation of processes of decomposition
of organic raw materials by aerobic microorganisms
accompanied by intense local heat release. For
example, two days after the start of a series of studies,
the temperature inside the compost mixture was
40,0 °C which corresponds to a significant positive
temperature difference AT in the mixture and
AT = +5.0 °C, which is indirect evidence that the
most intense phase of aerobic composting in control
active compost has already taken place in natural
conditions in the piles of the bio-composting station.
On the seventh day of the research, the water
temperature in a thermostated tank was increased,
reproducing the gradual transition of the composting
process from mesophilic to the thermophilic mode
in laboratory thermostated conditions. Starting from
the 13th day, the temperature of the compost mixture
stabilized at 2-5 degrees less than the water
temperature in the thermostat, which indicates a
decrease in the intensity of biodegradation and the
transition to the stage of maturation of the compost
mixture.

The minimum concentration of O, in bio-
compost mixtures decreased slightly in the first week
(Fig. 3). Later, some fluctuations in oxygen
concentration were observed, which is probably due to
the non-stationary period of formation of the bio-
compost process. Subsequently, starting from the 15th
day of the study, the oxygen concentration stabilized
and became constant.

Since CO; is the main gas formed due to
microbial degradation of organic matter, the rate of
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CO; emissions reflects the rate of decomposition of = The maximum CO; content in the bioreactor at the
organic matter and microbial activity in the process of  level of 6.7 % vol. was observed in the period from 1
anaerobic composting of organo-containing mixtures  to 8 days of the research. From the 15th day, stable
(Awasthi et al., 2014). The change in CO, content  values of CO;content in the bioreactor were observed
(% vol.) inside the bioreactor is presented in Fig. 4.  in the range of 0.5-1.5 % vol. of COa.
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Fig. 2. Change in temperature of compost mixtures in the bioreactor: a) from 1 to 14 days; b) from 15 to 40 days
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Fig. 3. Changes in the time of the volume fraction of oxygen in the gas environment of the bioreactor
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Fig. 4. Changes in CO; content inside the bioreactor

Moisture content is usually reduced due to a
combination of high levels of temperature and aeration
during the thermophilic phase. The initial moisture
content (68 % of the wet mass) decreased, therefore,
the practical method was used to determine the level of
water evaporation in bioreactors (drying of samples in
a thermostat), and periodic watering was carried out to
maintain optimal humidity of the composting mixture.

4, Conclusion

1. The results of the study of the aerobic bio-
composting of organo-containing mixtures in the
laboratory proved the prospects of using sewage
sludge as a raw material.

2. Based on the analysis of bio-indication data,
we can state that the optimal universal component for
creating a growth substrate is compost No. 3
(containing a mixture of “freshly selected” and “old”
SS). The terrestrial parts of the plants grown on it are
not so well-developed but have very branched root
systems. This allows plants to adapt to various
environmental factors and, in combination with a small
proportion of natural sorbents, ensures the efficiency
of landfill reclamation, which minimizes the need to
use a fertile soil layer.

3. The analysis of changes in the parameters of
the bio-indication process for compost of the established
optimal composition (change in temperature, change in
the volume fraction of oxygen and CO; content in the
gaseous medium) was made, which makes it possible
to develop recommendations for the implementation of
the process in industrial conditions.

Acknowledgements

This research is supported by the National Research
Foundation of Ukraine (Project 2020.02/0177

“Development of a complex technology for obtaining
and using substrates based on organic waste and
natural sorbents for the needs of biological reclamation
and remediation of industrially disturbed lands™).

References

Antwi, E. K., Boakye-Danquah, J., Asabere, S. B., Takeuchi, K., &
Wiegleb, G. (2014). Land cover transformation in two post-
mining landscapes subjected to different ages of
reclamation since dumping of spoils. Springer Plus, 3(1),
702. doi: https://doi.org/10.1186/2193-1801-3-702

Awasthi, M. K., Pandey, A, K., Khan, J., Bundela, P. S.,Wong, J. W.,
& Selvam, A. (2014). Evaluation of thermophilic fungal
consortium for organic municipal solid waste composting.
Bioresour. Technol, 168, 214-221. doi: https://doi.org/
10.1016/j.biortech.2014.01.048

Banegas, V., Moreno, J. L., Moreno, J .I., Garcia, C., Ledn, G.,
& Hernandez, T. (2007). Composting anaerobic and aerobic
sewage sludges using two proportions of sawdust. Waste
Manag., 27, 1317-1327. doi: https://doi.org/10.1016/
j.wasman.2006.09.008

Bernal, M. P., Alburquerque, J. A., & Moral, R. (2009).
Composting of animal manures and chemical criteria for
compost maturity assessment. A review. Bioresour.
Technol., 100(22), 5444-5453. doi: https://doi.org/10.1016/
j.biortech.2008.11.027

Bernal, M. P., Sommer, S. G., Chadwick, D., Qing, C., Guoxue, L.,
& Michel, F. C. (2017). Current approaches and future
trends in compost quality criteria for agronomic, environmental,
and human health benefits. Adv. Agron., 144, 143-233. doi:
https://doi.org/10.1016/bs.agron.2017.03.002

Biatobrzewski, 1., Miks, M., Krajnik, Dach, J., Markowski, M.,
& Czekata, W. (2015). Model of the sewage sludge-straw
composting process integrating different heat generation
capacities of mesophilic and thermophilic microorganisms.
Waste Manag., 43, 72-83. doi: https://doi.org/10.1016/
j.wasman.2015.05.036

Chowdhury, A. K., Konstantinou, F., Damati, A., Akratos, C. S.,
Vlastos, D., Tekerlekopoulou, A. G., & Voyenas, D. V.
(2015). Is physicochemical evaluation enough to
characterize olive mill waste compost as soil amendment?
The case of genotoxicity and cytotoxicity evaluation.



162 Myroslav Malovanyy, Uliana Storoshchuk

J. Clean. Prod., 93, 94-102. doi: https://doi.org/10.1016/
%20j.jclepro.2015.01.029

DSTU 8727:2017. Osad stichnykh vod. Pidhotuvannia orhano-
mineralnoi sumishi z osadu stichnykh vod. Kyiv: DP
“UkrNDNTSs”, 2017.

DSTU ISO 11269-2:2002 Yakist gruntu. Vyznachennia dii
zabrudnykiv na floru gruntu. Chastyna 2: Vplyv khimichnykh
rechovyn na prorostannia ta rist vyshchykh roslyn. Kyiv:
Derzhstandart Ukrainy, 2004.

DSTU ISO 11269-1:2004 Yakist gruntu. Vyznachennia dii
zabrudnykiv na floru gruntu. Chastyna 1: Metod vyznachennia
inhibitornoi dii na rist koreniv. Kyiv: Derzhstandart
Ukrainy, 2005.

Fijalkowski, K., Rosikon, K., Grobelak, A., Hutchison, D., J., &
Kacprzak, M. (2018). Modification of properties of energy
crops under Polish condition as an effect of sewage sludge
application onto degraded soil. Journal of Environmental
Management, 217, 1, 509-519. doi: https://doi.org/10.1016/
j.jenvman.2018.03.132

Grekhova, I., & Gilmanova, M. (2016). The usage of sludge
of wastewaterin the composition of the soil for land
reclamation. Procedia Engineering, 165, 794-799. doi:
https://doi.org/10.1016/j.proeng.2016.11.777

Hermann, B. G., Debeer, L., De Wilde, B., Blok, K., & Patel, M. K.
(2011). To compost or not to compost: Carbon and energy
footprints of biodegradable materials’ waste treatment.
Polym. Degrad. Stab., 96, 1159-1171.

Horova, A., & Kulyna, S. (2008). Otsinka toksychnosti gruntiv
chervonohradskoho  hirnychopromyslovoho raionu za
dopomohoiu rostovoho testu. Visnyk Lvivskoho universytetu.
Seriia biolohichna, 48, 189-194.

Hrechanyk, R. M., Malovanyi, M. S., Tymchuk, I. S., &
Storoshchuk, U. Z. (2022). Otsiniuvannia vplyvu mineralnykh
dobryv i kapsulovanykh PET na ahroekosystemy biolohichnoi
rekultyvatsii porushenykh zemel. Naukovyi visnyk NLTU
Ukrainy: zbirnyk naukovo-tekhnichnykh prats, 32(2), 40—
44. doi: https://doi.org/10.36930/40320206

Hueso, S., Garcia, C., & Hernandez, T. (2012). Severe drought
conditions modify the microbial community structure,
size and activity in amended and unamended soils.
Soil Biol. Biochem., 50, 167-173. doi: https://doi.org/
10.1016/j.s0ilbi0.2012.03.026

Igbal, M. K., Nadeem, A., Sherazi, F., & Khan, R. A. (2015).
Optimization of process parameters for kitchen waste
composting by response surface methodology. Int. J.
Environ. Sci. Technol., 12, 5, 1759-1768. doi: https://doi.org/
10.1007/513762-014-0543-x

Liu,J., Xu, X. H, Li,H. T.,& Xu, Y. (2011). Effect of
microbiological inocula on chemical and physical properties
and microbial community of cow manure compost. Biomass
Energy, 35, 3433-3439. doi: https://doi.org/10.1016/
j.biombioe.2011.03.042

Mason, I. G., & Milke, M. W. (2005). Physical modelling of the
composting environment: a review. Part 1: reactor systems.
Waste Management, 25, 481-500. doi: https://doi.org/
10.1016/j.wasman.2005.01.015

Maulini-Duran, C., Artola, A., Font, X., & Sanchez, A. (2013).
A systematic study of the gaseous emissions from biosolids
composting: Raw sludge versus anaerobically digested
sludge. Bioresource Technology, 147, 43-51. doi:
https://doi.org/10.1016/j.biortech.2013.07.118

Mohammad, M., Alam, M., Kabbashi, N. A., & Ahsan, A.
(2012). Effective composting of oil palm industrial waste by

filamentous fungi, a review. Resour. Conserv. Recycl., 58,
69-78. doi: https://doi.org/10.1016/j.resconrec.2011.10.009
Qian, X., Shen, G., Wang, Z., Guo, C., Liu, Y., Lei, Z., &
Zhang, Z. (2014). Co-composting of livestock manure with
rice straw, Characterization and establishment of maturity
evaluation system. Waste Management, 34, 530-535. doi:
https://doi.org/10.1016/j.wasman.2013.10.007

Raut, M. P., William, S. M. P. P., Bhattacharyya, J. K.,
Chakrabarti, T., & Devotta, S. (2008). Microbial dynamics
and enzyme activities during rapid composting of municipal
solid waste e a compost maturity analysis perspective.
Bioresour. Technol., 99, 6512-6519. doi: https://doi.org/
10.1016/j.biortech.2007.11.030

Rynk R. (1992). On-Farm Composting Handbook. Northeast
Regional Agricultural Engineering Service. Retrieved from
https://campus.extension.org/pluginfile.php/48384/course/s
ection/7167/NRAES%20FarmCompost%20manual%2019
92.pdf

Seaker, E., & Sopper, W. (1983). Reclamation of deep mine
refuse banks with municipal sewage sludge. Waste
Management & Research, 1(4), 309-322.

Tiquia S. M., Tamal, N.F.Y, & Hodgkiss, J. (1996). Effects of
composting on phytotoxicity of spent pig-manure sawdust
litter. Environmental Pollution, 93(3), 249-256. doi:
https://doi.org/10.1016/s0269-7491(96)00052-8

Wang, Q, Awasthi, M.K., Ren, X., Zhao, J., Wang, M., Chen, H.,
& Zhang, Z. (2018). Recent advances in composting of
organic and hazardous waste: a road map to safer environment,
in: Biosynthetic Technology and Environmental Challenges.
Springer, Singapore, 307-329. doi: https://doi.org/10.1007/
978-981-10-7434-9_17

Wang, Y., Ai, P., Cao, H., & Liu, Z. (2015). Prediction of
moisture variation during composting process: a comparison of
mathematical models. Bioresour. Technol., 193, 200-205.
doi: https://doi.org/10.1016/j.biortech.2015.06.100

Vaverkova, M. D., Adamcova, D., Winkler, J., Koda, E.,
Petrzelova, L., & Maxianova, A. (2020). Alternative
method of composting on a reclaimed municipal waste
landfill in accordance with the circular economy: Benefits
and risks. Science of The Total Environment, 723, 137971.
doi: https://doi.org/10.1016/j.scitotenv.2020.137971

Zhang, L., & Sun, X. (2014). Changes in physical, chemical,
and microbiological properties during the two-stage co-
composting of green waste with spent mushroom compost
and biochar. Bioresour. Technol., 171, 274-284. doi:
https://doi.org/10.1016/j.biortech.2014.08.079

Zhou, H. X., Zhao, Y., Yang, H. Y., Zhu, L. J., Cai, B. Y., Luo, S.,
Cao, J. X., & Wei, Z. M. (2018). Transformation of organic
nitrogen fractions with different molecular weights during
different organic wastes composting. Bioresour.
Technol., 262, 221-228. doi: https://doi.org/10.1016/
j.biortech.2018.04.088

Zhou, H. B., Chen, T. B., Gao, D., Zheng, G. D., Chen, J., Pan, T. H.,
Liu, H. T., & Gu, R.Y. (2014). Simulation of water removal
process and optimization of aeration strategy in sewage
sludge composting. Bioresour. Technol., 171, 452—-460. doi:
https://doi.org/10.1016/j.biortech.2014.07.006

Zhou, C., Liu, Z., Huang, Z. L., Dong, M., Yu, X. L., & Ning, P.
(2015). A new strategy for cocomposting dairy manure with
rice straw: Addition of different inocula at three stages of
composting. Waste Manage., 40, 38-43. doi: https://doi.org/
10.1016/j.wasman.2015.03.016




 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 3 to page 54; only odd numbered pages
     Font: Times-Roman 11.0 point
     Origin: top right
     Offset: horizontal 70.87 points, vertical 65.20 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     TR
     
     111
     TR
     1
     0
     789
     297
     0
     11.0000
            
                
         Odd
         52
         3
         SubDoc
              

       CurrentAVDoc
          

     70.8661
     65.1969
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

        
     2
     54
     52
     26
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 2 to page 54; only even numbered pages
     Font: Times-Roman 11.0 point
     Origin: top left
     Offset: horizontal 70.87 points, vertical 65.20 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     TL
     
     110
     TR
     1
     0
     789
     297
    
     0
     11.0000
            
                
         Even
         53
         2
         SubDoc
              

       CurrentAVDoc
          

     70.8661
     65.1969
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2 2.0c
     Quite Imposing Plus 2
     1
      

        
     1
     54
     53
     27
      

   1
  

 HistoryList_V1
 qi2base



