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Abstract

In the structure of the animal husbandry production, a prominent place belongs to the pig industry thanks to the valuable
products and quick payback. However, when providing the population with food, a large amount of waste accumulates,
which is not only a valuable organic fertilizer, but also a producer of environmental pollution, since gaseous air pollutants
are emitted into the atmosphere during their decomposition. As a result of the conducted research, the effectiveness of
the investigated mineral fertilizers — phosphorite flour and slaked lime in reducing the level of ammonia (NH3), carbon
dioxide (CO,), methane (CH,), nitrogen oxide (NO) and hydrogen sulfide (H,S) emissions from pig manure at storing it
in lagoons was established. In particular, it was established that the addition of phosphorite flour and slaked lime to the
pig manure in lagoons contributes to lower emissions of gases (NHs, CO,, CHy, NO, H.S), respectively by 18.4-33.6%
and 8.8-30.8%. At the same time as the emission of the studied gases decreases, mineral fertilizers provide a lower level
of the pH, i.e. it shifts to the acidic side. Thus, the establishment of the effectiveness of the investigated mineral fertilizers
on the reduction of emissions of harmful gases from pig manure during its storage in lagoons indicate the perspective of
their use to prevent environmental pollution in the pig industry.
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INTRODUCTION Agricultural production is closely related to

environmental conditions, the availability and
Animal husbandry is a strategic branch of the  possibility of exploitation of natural resources —
national economy, as it provides not only the land, water, forests, plants and animals (Smith et
domestic market of our country with food, but is al., 2008; Demchuk et al., 2010; Mykhailova,
also a significant reserve for the country's export ~ 2016). Agricultural enterprises are powerful
potential. It also provides the crop industry, in  polluters of air, water sources and soil, which
particular agriculture, with organic fertilizers, leads to a decrease in their profitability and
that is, manure (Demchuk et al., 2010; Palapa et competitiveness. Only one pig farm of 100,000
al.,, 2016; Zakharchenko, 2017). The largest  pigs pollutes the natural environment as much as
amount of manure is produced in cattle breeding a large industrial center with a population of
— 44%, pig farming — 39%, poultry farming is 400-500,000 people (Maksishko & Malik, 2012;
responsible for the accumulation of 17% of  Zakharchenko, 2017). The specific smell from a
waste (Pinchuk & Borodai, 2019). In particular,  piggery complex with 108,000 pigs spreads to a
4 kg of excrements is produced for each liter of  distance of up to 5 km (Dubin & Vasylenko,
milk (with a productivity of 5 thousand liters per ~ 2014). In modern conditions, environmental
year), 11 kg for 1 kg of pork (for live weight  protection is one of the most important issues.
gains of 600 g per day), 30 kg for 1 kg of beef = Effective management of the livestock industry
(for gains of 1 kg per day), and 4.6 kg of waste is impossible without a purposeful, scientifically
is generated for 1 kg of poultry meat. And thisis ~ based approach in this area (Smith et al., 2008;
without taking into account water and litter that Tubiello et al., 2014; Caro, 2019). Therefore, the
enters the manure (Buzovskyi et al., 2008). priorities in the livestock industry are not only to
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meet food needs, but also the minimization of
the negative impact of by-products on the
environment, ensuring the welfare of animals
and at the same time increasing the profitability
of the industry.

In agriculture currently the second place in the
production of livestock products, after poultry, is
occupied by the pig industry (Nykyforuk &
Zhukorskyi, 2014). The anthropogenic impact of
the functioning of agricultural enterprises on the
atmosphere occurs as a result of the entry into it of
the decomposition products of organic waste —
harmful gases that cause the deterioration of the
ecological situation and, therefore, climate change
(Khodorchuk et al., 2014; Pinchuk & Borodai,
2019; Caro, 2019). The fight against climate
change is a global challenge, the ways to solve this
issue are reflected in a number of successively
concluded international agreements: the United
Nations Framework Convention on Climate
Change (1992), the Kyoto Protocol (1997) and the
Paris Agreement (2016). (Kholod, 2009; Udova et
al., 2014; Pinchuk, 2015). Taking into account that
with the help of the tools provided by the first two
agreements, it was not possible to achieve a
significant reduction of greenhouse gas emissions,
the Paris Agreement was concluded. The latter is
aimed at reducing greenhouse gas emissions to a
level that by 2030 will not exceed 60% of the 1990
level and limiting the increase in air temperature to
1.5°C from the pre-industrial level (Mykhaylova,
2016; Tymoshchuk et al., 2022).

According to estimates by the World Food and
Agriculture Organization, the livestock sector is
responsible for 18% of all greenhouse gas
emissions, which is more than emissions from
transport (14%) (Tubiello et al., 2014; Palapa et al.,
2016; Korbych, 2021). The livestock sector
accounts for the formation of about 9% of global
carbon dioxide emissions (the duration of its
retention in the atmosphere is 50-200 years), 37%
of anthropogenic methane (the global warming
potential is 21-34 times higher than CO»), 64% of
ammonium emissions and 65% — nitrous oxide
(potential of influence is 265-310 times higher than
CO,) (Gerber et al., 2013; Binkovska and Shanina,
2016). An indirect source of potential greenhouse
gas — N>O is ammonia, which causes eutrophi-
cation of water bodies, leads to acid rain, soil
acidification and is associated with the formation of
aerosols (Blunden & Aneja, 2008; Korbych, 2021).
Among the by-products of manure decomposition,
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the most toxic gas with an unpleasant smell is
considered to be hydrogen sulfide, which is one of
the factors in the occurrence of acid rain and,
therefore, climate change (Blunden & Angja,
2008). It is predicted that emissions of the main
greenhouse gases will increase by 25-90% by 2030
relative to the indicators of 2000, if a number of
measures to improve the situation are not adopted
(Smith et al., 2008; Udova et al., 2014).

According to the National Register of
Anthropogenic Emissions of Greenhouse Gases in
Ukraine, the second place belongs to animal
excrement, and pig farming occupies 46%.
Methane emissions from the decomposition of pig
manure are known to be higher (3.19 kg/head/year)
compared to emissions from intestinal fermentation
(1.5 kg/head/year) (Herman, 2009).

In the sources of scientific and and patent
literature there are known methods of reducing
emissions into the atmosphere of some
particular gases from pig farming waste, mainly
ammonia, hydrogen sulfide, somewhat less
methane, with the use of peat (Portejoie et al,
2003), an additive "ManureMax" (Shah &
Kolar, 2012), basalt tuff (Broschak et al., 2017),
the preparation "Bioprogress" (Broschak et al.,
2020). At the same time, it is urgent to reduce
the negative impact of emissions of a complex
of harmful gases on the environment — NHj3,
CO2, CHs, NO, H>S from organic waste.

The purpose of the study was to establish the
effectiveness of the influence of mineral
fertilizers on the emission of harmful gases
(NHs, CO,, CHs4, NO, H2S) from pig manure
when stored in lagoons.

MATERIALS AND METHODS

A study on the effectiveness of using mineral
fertilizers to reduce the emission of harmful
gases from pig manure when it is stored in
lagoons was conducted at Ugryniv Eco Ferm
LLC, Chervonohrad District, Lviv Region. The
experiment was performed using: -electro-
chemical, mathematical-statistical and
analytical methods.

To reduce the level of emissions of harmful
gases (NH3, COz, CH4, NO, H:S) from pig
manure in the lagoons, mineral fertilizers were
applied in the optimal pre-installed (in vitro)
dose — 2.5%: Option I — control (without adding
substances); Option II — phosphorite flour;



Option III — slaked lime. The emission level of
the studied gases was determined with the help
of a portable gas analyzer — Dozor C-M-5
(device inspection certificate type UA.TR.001
212-18 and certificate of conformity No.
UA.TR.002.CB.1234-19). Determination was
carried out once a week for a month after the
application of the studied mineral fertilizers.In
the course of the experiment, acidity was
monitored using the pH-Meter Typ N5170.

The statistical analysis of the obtained research
results was carried out by the methods of
variational statistics using the standard package
of Microsoft Excel and AtteStat application
programs using the Student's t-test. The
differences between the average arithmetic
values were considered probable for: * P<0.05;
** P<0.01; *** P<0.001.

RESULTS AND DISCUSSIONS

On the basis of the conducted experimental
studies, it was established that the most
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noticeable effect in reducing the emission level
of the studied gases — NH3, CO>, CH4, NO, H2S
when using mineral fertilizers — phosphorite
flour and slaked lime from pig manure during its
storage in lagoons was observed on the seventh
day. The duration of the positive effect on the
reduction of emission of harmful gases from pig
manure in the lagoons with the use of the studied
fertilizers gradually decreased up to 31st day of
research.

In the process of conducting experimental
studies, it was established that the addition of
phosphorite flour to pig manure in lagoons
contributes to a lower level of ammonia
emission (Figure 1), depending on the day of the
experiment (1st, 7th and 31st), respectively by
21.3%, 27.0 (P<0.05) and 9.8% (P<0.05). When
using slaked lime, a decrease in the NHj3 release
from pig waste when stored in lagoons was
noted: by 11.4% on the Ist day, by 19.7%
(P<0.05) on the 7th day and by 6.6% on the 31st
day of the experiment.
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Figure 1. Effect of mineral fertilizers on the level of NH3 emission from pig manure during its storage in lagoons

The analysis of the results shows the
effectiveness of phosphorite flour on the level of
carbon dioxide emission (Figure 2) from pig
manure in the lagoons, which decreases
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compared to the control, respectively: by 27.0%
(P<0.05), 28.4 (P<0.05) and 8.7% depending on
the day of the experiment — 1st, 7th and 31st day.
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Figure 2. The influence of mineral fertilizers on the level of CO, emissions
from pig manure during its storage in lagoons
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When applying slaked lime, there is a decrease
in CO> release from pig waste when stored in
lagoons — by 19.1% (P<0.01) on 1st day, 23.1%
(P<0.01) on 7th day and by 8.5% — on the 31st
day of research.

According to the research results, it was
established that the addition of phosphorite flour
causes a lower level of methane emission
(Figure 3) from pig manure in the lagoons,
respectively: on the Ist day — by 15.0%

(P<0.05), on the 7th day — by 18.4% (P<0.05)
and on the 31st day — by 5.7% (P<0.05) relative
to the control. Somewhat worse results
regarding the reduction of CH4 emissions from
pig waste when stored in lagoons were obtained
with the use of slaked lime. The difference,
compared to the control, was 7.1%, 8.8 and
3.2%, depending on the day of research — Ist,
7th and 31st day.

130

125

120
« 115
&
= 110

105

100

1 7 13 19 25 31
Experiment period, days
H Control G Phosphorite flour B Slaked lime

Figure 3. The influence of mineral fertilizers on the level of CH4 emission from pig manure during its storage in lagoons

The introduction of phosphorite flour helps to
reduce the level of nitrogen oxide emissions
(Figure 4) from pig manure in the lagoons,
depending on the day of the experiment,
respectively: by 23.7% (P<0.05) — on 1st day,
33.6% (P <0.05) — on the 7th day and by 7.7% —

on the 31st day. When slaked lime is added to
pig waste in lagoons, NO release decreases by
19.7% (P<0.05), 30.8 (P<0.05) and 6.9%,
depending on the period of research — 1st, 7th
and 31st day.
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Figure 4. Effect of mineral fertilizers on the level of NO emission from pig manure during its storage in lagoons

Experimental data confirm that the use of
phosphorite flour contributes to a lower level of
hydrogen sulfide emission (Figure 5) from pig
manure when it is stored in lagoons, compared
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to the control, depending on the day of the
experiment: on the 1st day — by 15.8%, on the
7th day — 27.9% (P<0.05) and on the 31st day —
by 7.4%. The addition of slaked lime causes a



decrease in H»S release from pig waste in
lagoons, respectively — by 10.5% (P<0.01),
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24.6% (P<0.01) and 6.1% (P<0.05), depending
on the period of research (1st, 7th and 31st day).
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Figure 5. Effect of mineral fertilizers on the level of H>S emission from pig manure during its storage in lagoons

On the basis of the obtained results, it was
established that the pH value of pig manure
when stored in lagoons (Figure 6) in control was
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6.44-6.58, and when mineral fertilizers were
applied — phosphorite flour and slaked lime — it
decreased to 5.65 and 5.81, respectively.
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Figure 6. Changes in the level of acidity of pig manure when it is stored in lagoons, options with mineral fertilizers

Summarizing the above, it should be noted that
those investigated substances, which provided
the lowest pH value, made it possible to reduce
the emission level of harmful gases, NH3z, CO»,
CHa, NO, H,S, from pig manure when stored in
lagoons to the greatest extent.

Therefore, the analysis of research results shows
the effectiveness of mineral fertilizers
phosphorite flour and slaked lime on reducing
emission of the studied gases from pig manure
when it is stored in lagoons.

It was experimentally established that the best
results of the tested mineral fertilizers
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(phosphoric flour and slaked lime) in reducing
by 18.4-33.6% the level of gas emissions, NH3,
CO., CH4, NO, HS, from pig manure when it is
stored in lagoons were obtained using
phosphorite flour. Slaked lime contributed to
lower gas emissions relative to the control on
8.8-30.8%. Thus, phosphorite flour has a more
effective effect on reducing the emission of the
studied gases from pig manure in lagoons — by
2.8-9.6%, relative to slaked lime.

Therefore, the research results indicate the
feasibility of adding the studied mineral
fertilizers to pig manure in lagoons to reduce



emissions of harmful gases when storing by-
products of animal origin, which will make it
possible to prevent environmental pollution and
preserve nature purity for future generations,
and thus increase the profitability and
competitiveness of the pig farming industry.

CONCLUSIONS

The expediency of using the studied mineral
fertilizers — phosphorite flour and slaked lime to
reduce the emission of harmful gases — NH3,
COz2, CH4, NO, HaS from pig manure during its
storage in lagoons due to changes in the pH of
the substrate has been theoretically substantiated
and proven. It was experimentally confirmed
that in the comparative evaluation of the action
of mineral fertilizers — phosphorite flour and
slaked lime, the most effective reduction of
emissions of the studied gases from pig manure
in lagoons occurs by the use of phosphorite flour
—18.4-33.6%.
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