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Abstract
In order to reduce the concentration of ammonium in wastewater from livestock farms, the main pollutant for its subsequent 
application to agricultural fields, a laboratory flow-through electrolysis unit was developed and tested. The experimental setup 
involved the use of an analog of livestock wastewater, which was constituted by an aqueous solution, designated as the electrolyte. 
This electrolyte comprised distilled water with the incorporation of ammonium nitrate, at a concentration of 300 mg per liter 
of NH4. The objective of the experiment was to study the effect of an electric field on the change of ammonium concentration 
in the aqueous solution for demineralization of wastewater from livestock farms. Experimental studies were carried out on 
the developed dynamic electrolysis unit, during which the effect of electric fields on the moving flow of electrolyte simulating 
wastewater was studied. The electrolyte was passed through electrodes where it was treated by direct electric current with 
parameters of 12 V and 5 A. The flow rate was 0.45 l/s, the length of the working part was varied during the research and was 
0.5 m, 1 m and 1.53 m, respectively. At the end of the experiment, the concentration of nitrogen compounds and hydrogen pH of 
the electrolyte were determined. It was found that the effect of electric field on NH4 aqueous solution leads to a decrease in the 
concentration of ammonium nitrogen compounds, at the working part of 0.5 m to 152 mg/l, 1 m - 114 mg/l and 1.5 m - 76 mg/l 
and a change in the pH of the electrolyte from acidic reaction 5.54 to alkaline - 8.86. Reducing the concentration of ammonium 
nitrogen reduces the ecological burden on the soil, ground and surface waters and improves the quality of plant products grown 
on agricultural land where animal husbandry wastewater is used. Changing the pH of the electrolyte from acid to alkaline 
reaction will have a positive effect on acid soils of the Central Non-Black Earth Zone of the Russian Federation.

Keywords: Livestock Farm Wastewater, Ammonium, Electrolyte, Effluent, Ammonium Compound Concentration Changes, Ammonium 
Content in Livestock Farm Wastewater
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1. Introduction
Manure with a moisture content of up to 90% is considered semi-
liquid, more than 95% is considered liquid, and more than 95% 
is considered manure effluent [1]. Livestock effluent includes the 
liquid fraction obtained after separation of manure and manure 

effluent. The principle scheme of manure separation is shown in 
Figure 1, which includes a receiving tank where its homogenization 
and subsequent pumping to the separator, which separates manure 
into liquid and solid fractions. The liquid fraction enters the storage 
tank from where it is pumped by pump or gravity to the lagoon.

 
Figure 1: Basic Scheme of Manure Separation into Solid and Liquid Fractions: 1) Receiving 

Tank; 2) Separator; 3) Storage Tank; 4) Lagoon 

 

Initially, the composition of litter-free manure includes protein at 12.8%, fiber at 19.8%, fat at 

2.6%, total nitrogen at 5.2%, phosphorus at 0.07%, along with a substantial amount of 

minerals and trace elements. The reaction of the manure is weakly alkaline, with the majority 

of the nitrogen present in an easily soluble ammonia form [1,2]. The composition of livestock 

effluents is influenced by various factors, including the method of animal housing, the species 

of livestock, the age of the animals, the composition of the animal rations, and other 

environmental conditions. A notable aspect of livestock management is the reduction of 

concentrates in animal diets, a practice that results in a concurrent decrease in nitrogen and 

phosphorus content and an increase in potassium. The chemical composition of liquid 

manure, manure effluent, and livestock effluent is predominantly influenced by the degree of 

dilution with water. Notwithstanding the substantial dilution, these effluents possess notable 

fertilizing properties. Livestock effluents are regarded as the most intensive pollutants when 

compared with municipal and industrial wastewater. Nevertheless, these effluents possess 

notable fertilizing properties. However, in its original form, animal wastewater is not suitable 

for application as organic fertilizer. The presence of substantial feed residue, veterinary 

treatment products, and other solid inclusions has been observed, which can lead to pipeline 

clogging, damage to control valves and other technical components, and the potential 

presence of pathogenic microorganisms. Consequently, livestock effluent undergoes a series 

of pretreatment processes prior to application as a fertilizer. These processes include, but are 

not limited to, separation into solid and liquid fractions, deodorization, disinfection, 

separation of solids, shredding of feed residues, homogenization, and other operations.  
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Initially, the composition of litter-free manure includes protein at 
12.8%, fiber at 19.8%, fat at 2.6%, total nitrogen at 5.2%, phosphorus 
at 0.07%, along with a substantial amount of minerals and trace 
elements. The reaction of the manure is weakly alkaline, with 
the majority of the nitrogen present in an easily soluble ammonia 
form [1,2]. The composition of livestock effluents is influenced 
by various factors, including the method of animal housing, the 
species of livestock, the age of the animals, the composition of 
the animal rations, and other environmental conditions. A notable 
aspect of livestock management is the reduction of concentrates 
in animal diets, a practice that results in a concurrent decrease in 
nitrogen and phosphorus content and an increase in potassium. 
The chemical composition of liquid manure, manure effluent, 
and livestock effluent is predominantly influenced by the degree 
of dilution with water. Notwithstanding the substantial dilution, 
these effluents possess notable fertilizing properties. Livestock 
effluents are regarded as the most intensive pollutants when 
compared with municipal and industrial wastewater. Nevertheless, 
these effluents possess notable fertilizing properties. However, in 
its original form, animal wastewater is not suitable for application 
as organic fertilizer. The presence of substantial feed residue, 
veterinary treatment products, and other solid inclusions has 
been observed, which can lead to pipeline clogging, damage to 
control valves and other technical components, and the potential 
presence of pathogenic microorganisms. Consequently, livestock 
effluent undergoes a series of pretreatment processes prior to 
application as a fertilizer. These processes include, but are not 
limited to, separation into solid and liquid fractions, deodorization, 
disinfection, separation of solids, shredding of feed residues, 
homogenization, and other operations. 

The transition to hydroslush systems for livestock housing has 
been shown to result in an escalation in the volume of livestock 
effluents, thereby exacerbating environmental concerns [3,4]. In 

Russia, where there is a substantial number of livestock farms, 
this problem is particularly pronounced. For extensive livestock 
enterprises, the volume of liquid wastewater that must be utilized 
ranges from 100 to 1,500 cubic meters per day [5]. Conventional 
methodologies employed for the treatment of livestock wastewater 
encompass the utilization of anaerobic lagoons, artificial wetlands, 
and subterranean storage. However, these conventional approaches 
are characterized by their prolonged operation time, substantial 
financial expenditure, and the necessity for extensive treatment 
areas, often resulting in the generation of voluminous sludge. 
Consequently, electrolysis has emerged as a promising alternative, 
offering versatility, simplicity, and environmental compatibility. 
However, to date, scientists worldwide have offered their views on 
the technical parameters of electrolysis plants [6]. The objective 
of this study is to examine the impact of an electric field on 
the variation in ammonium concentration within an aqueous 
solution during its movement within an experimental unit. This 
investigation aims to ascertain the necessary parameters of a 
device for the detoxification of wastewater from livestock farms.

2. Materials and Methods
2.1.  Study Area
The wastewater from livestock complexes, with a volume of 1 
m3, contains 0.8–1.4 kg of nitrogen, 0.3–0.7 kg of phosphorus, 
and 0.4–1.2 kg of potassium. The mineral composition of 
nitrogen is predominantly present in the form of ammonium, with 
concentrations in wastewater that exceed those of phosphorus and 
potassium mineral compounds. Notably, livestock wastewater 
can contribute to the nitrogen content of soil, with total nitrogen 
comprising 3.2% of the total volume, with more than 50% of 
nitrogen present in the readily soluble form of ammonia. The 
approximate composition of wastewater from livestock complexes 
is presented in the following table. It should be noted that the 
composition may vary depending on the method of animal housing, 
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livestock, age, type, and feeding rations.

Wastewater pH K, mg/l NH4, mg/l P2O5, mg/l Suspended sludge, mg/l
Wastewater from pig farms 7.5 274 573 152 1347
Wastewater from cattle 7.4 860 420 158 1347

Table: Wastewater Composition of Livestock Farms

While excess nitrogen can accumulate in plants without causing 
harm, an excess of this element poses a significant threat to 
human and animal health. The application of elevated nitrogen 
doses has been demonstrated to result in a decline in crop yield, a 
disruption of the sugar-protein and calcium-phosphorus ratios, and 
a substantial increase in nitrate content. The predominant forms of 
mineral nitrogen in soil include ammonium, nitrates, and nitrites. 
The latter, while present in negligible amounts, are not absorbed 
by the soil-absorbing complex [7]. In soil, ammonium undergoes 
partial nitrification, a process facilitated by microorganisms and 
characterized by an oxidative mechanism. Two categories of 
wastewater treatment and utilization methods have been identified. 
The first group, known as the "regenerative group," involves the 
extraction of substances from wastewater for subsequent reuse. A 
notable example is wastewater from gas-generating plants, which 
contains phenols and vinegar. These substances can be extracted 
and reused [8]. The second and most prevalent group is the 
destructive group, which involves the degradation of pollutants 
through reduction or oxidation processes, followed by the removal 
of the degradation products. These methods encompass a range 
of processes, including pretreatment and discharge to water 
bodies, utilization as a nutrient source in agricultural settings, 
incorporation into filtration fields for additional treatment, and 
the treatment of effluents in biological-oxidizing (BOC) ponds. 
Beyond these applications, effluents from livestock farms can be 
valorized through diverse processes, including: the production of 
yeast raw materials and protein additives; processing in biogas 
plants to generate methane; evaporation; hydroponic cultivation of 
green vitamin feeds; disinfection in algae (BOKS), crayfish, and 
fishpond systems; biological lagoons; disinfection by ozonation 
in specialized installations with the aid of hydroelectric shock; 
utilization as organic fertilizers or composts; and transportation to 
agricultural fields, among others [9]. 

The operational data from full artificial biological treatment facilities 
indicates that the efficiency of treatment is low, with rates ranging 
from 50% to 60% [10]. During the process of passing livestock 
effluents through treatment facilities, there is a redistribution of 
biogenic elements in by-products, with losses amounting to 24% 
nitrogen, 2.6% phosphorus, and 7.2% potassium. Furthermore, the 
solid fraction, which is formed during the separation of wastewater 
into fractions prior to its introduction into treatment facilities, and 
activated sludge sediment, necessitate additional treatment in soil. 
The most environmentally safe and economically viable method 
of utilizing wastewater from livestock farms is to apply it to 
agricultural fields during the cultivation of crops. Typically, these 
materials are introduced into the soil through tilling or irrigation 
methods. This approach ensures the removal of a substantial 

proportion of the constituents present in wastewater, concomitant 
with the harvest of the crop. However, stringent monitoring 
procedures must be implemented to ensure the quality of the 
produce, particularly with regard to the nitrogen content [11,12]. 
In order to reduce the ammonium content in livestock effluents 
for application to agricultural fields, it is necessary to develop 
more effective methods of their preparation. This is important to 
prevent or minimize pollution of agricultural landscapes and water 
bodies as a result of economic activity of livestock enterprises of 
the agro-industrial complex. The operation of these enterprises 
generates large volumes of manure and manure runoff, which have 
a significant impact on the ecological state of the environment. The 
high fertilizing value of livestock effluents should be leveraged to 
restore and maintain soil fertility, thereby reducing economic costs 
associated with mineral fertilizers. Concomitantly, adherence to 
environmental norms concerning their safe usage is imperative. 
Pollution is defined as the introduction of techno genesis products 
into the environment that have a deleterious effect on humans and 
other living organisms, biological components, and that engender 
negative toxic ecological consequences [13]. It is important to note 
that not all pollutants are equally neutralized by the environment; 
some are redistributed among the various components of nature.

Among the substances contained in liquid effluents after their 
separation into solid and liquid phases, nitrogen compounds stand 
out as the most mobile and hazardous from an environmental 
safety perspective. Nitrates (NO3) and ammonium nitrogen (NH4) 
are particularly noteworthy. The greatest quantity of nitrogen 
compounds is absorbed by vegetation, as plants are capable of 
assimilating 200 to 600 kilograms of pure nitrogen per hectare 
of crops annually, contingent on the prevailing climatic zone. 
An excess of nitrogen can compromise the quality of crops and 
even pose a threat to human health. Consequently, the cultivation 
of crops intended for direct human consumption in wastewater 
disposal systems is not recommended to mitigate potential health 
hazards. It is noteworthy that livestock effluent storage in lagoons 
can result in nitrogen compound losses ranging from 20% to 30%, 
contributing to atmospheric air pollution [14]. Inorganic nitrogen 
in soil is predominantly present as ammonium, nitrates, and 
nitrites. 

The latter are present in negligible amounts. Ammonium in soil 
is present in the soil solution in the ionic form NH4

+, as well as 
in the soil-absorbing complex in the exchange and non-exchange-
absorbed state, easily replacing hydrogen, potassium, and partially 
calcium ions. Ammonium is predominantly absorbed by clay 
ternary minerals, representing the final form of NH4 absorption, 
while dissolved and exchange-absorbed states serve as intermediate 
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forms. The fixation process is reversible. The process of ammonium 
transfer from its fixed position is facilitated by the activities of 
plants and microorganisms, which extract NH4

+ from the soil 
solution and facilitate its exchange-absorbed state. This results in 
a shift in the dynamic equilibrium reaction, NH4

+ (solution) NH4
+ 

(exchangeable) NH4
+ (fixed) [1,8]. Ammonium in soil undergoes 

nitrification, an oxidative process, by microorganisms. The initial 
step in this process is the oxidation of NH4 to NO2, which is an 
unstable form. Subsequent to this, NO2 is converted to NO3, a form 
that is not absorbed by the soil. The denitrification process, defined 
as the reduction of nitrate nitrogen to gaseous forms (NO, N2O, 
N2), occurs in anaerobic conditions and an alkaline reaction of the 
medium. This process also takes place in the soil. The magnitude 
of gaseous nitrogen losses from soil has been estimated to range 
from 15% to 20%. The nitrogen content of soil is also influenced 
to a great extent by cultivated crops. The ratio of N-NO3: The 
exchangeable nitrogen ratio (N-NH4) is 1:0.1-0.04 for row crops, 
1:0.1-0.15 for cereals, and 1:0.25-0.35 for perennials [8]. Nitrogen 
(N) is an essential element for plant life, found in proteins and 
nucleic acids (e.g., RNA, DNA), which play a crucial role in 
metabolism. Chlorophyll, enzymes, and other nitrogen compounds 
(e.g., nitrates, nitrites, ammonia) are also found in plants. An 
unlimited supply of nitrogen to plants results in the inability 
to process it into complex organic substances, leading to its 
accumulation as nitrates. This, in turn, alters the ratio of substances 
within plants [7-10]. Excessive application of runoff has been 
demonstrated to result in nitrates leaching into the underlying soil, 
leading to an increase in the concentration of ammonium in the 
soil solution. This, in turn, facilitates the leaching out of the soil, 
which contributes to groundwater contamination by downward-
flowing moisture.

2.2.  Design and Construction of the Experimental Unit
The design and operating conditions of the electrolyzer are pivotal 
in determining the efficiency of contaminant removal from animal 
waste streams, as evidenced by previous studies. Despite the 
utilization of a uniform electrode material, disparities in design 
and operating parameters give rise to substantial variations in 
process performance. In the context of swine wastewater, the 
majority of studies have employed laboratory batch reactors, 
while continuous operations have predominantly been executed 
in conjunction with other treatment technologies [15,16]. The 
process of water purification by electrolysis is predominantly 
executed in electrolyzers that are equipped with vertically mounted 
electrodes, frequently arranged in a configuration resembling 
a block of rectangular plates with a thickness ranging from 5 
to 10 millimeters. Aluminum and its alloys, as well as iron, are 
predominantly utilized in the fabrication of anodes and cathodes. 
Anodic dissolution of the electrode material has been shown to 
result in clogging of the treated effluent with metal hydroxides. This 
phenomenon is undesirable due to the potential for such materials 
to infiltrate the soil. These compounds are indicative of a sludge 
with a non-dense structure, which necessitates the implementation 
of supplementary treatment devices, such as the electrolyzer-
sump, galvanocoagulator-electrolyzer, and electrolyzer-flotator. 
The proposed design is intended to address the aforementioned 
issues and enhance the efficiency of wastewater treatment in 
livestock complexes through electrolysis, obviating the need 
for additional treatment apparatuses. To conduct the studies, a 
dynamic electrolysis unit was designed and assembled, including 
the following main elements: mounting frame; electrolyte tank; 
direct current source; working part (electrolyzer) 0.5 m long, with 
the outer electrode (cathode) made of aluminum alloy and the 
inner electrode (anode) made of graphite; current carrying wires; 
flow control tap; flow meter; discharge hose (Figures 2, 3, 4,5).
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Figure 3: Scheme of laboratory flowing electrolysis unit where; 1) Electrolyte Level, 2) 
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Figure 5: Cross Section B - B of the Electrolyzer where: 4) Current Carrying Wires, 11) 
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Hollow Cylinder, 13) Hermetic Plug on the Internal Electrode 14) Holding Spacers 
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 Cross-sectional area doutside= 0,0003 m2. 
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The following characteristics are exhibited by the electrolyzer: 
parameters of the inner electrode (+anode):
• Diameter of the contact surface dinside = 0.016 m; - length of the 
circle linside= 0.05 m; - cross-sectional area dinside= 0.0001 m2. 
• The parameters of the external electrode, designated as the 
cathode, are as follows: 
• Diameter of the contact surface doutside=0,046 m;
• Length of the circle loutside=0,144 m;
• Cross-sectional area doutside= 0,0003 m2.

It was established through experimental means that when 
employing graphite as an anode in the electrolysis of a NH3NH4 
solution, the formation of aluminum hydroxide Al (OH3) is 
excluded, in contrast to the use of aluminum alloy for this element. 
The electrolyte, containing an initial NH3NH4 concentration of 
300 milligrams per liter and a pH of 5.54, was introduced into 
a dynamic electrolysis unit and passed through the working 
section at flow rates of 0.15, 0.30, and 0.45 liters per second. 
Subsequent to the treatment, the final ammonium concentration 
and hydrogen pH were ascertained. The design presented in the 
article is experimental and is intended to develop a methodology 

for determining the parameters of industrial plants of this type, so 
the flow rates were set in increments of 0.15 l/sec for the possibility 
of determining the dependence of NH3NH4 concentration change 
on the flow rate, geometric parameters of electrodes for designing 
a real sample for specific livestock complexes, in addition, when 
the temperature of livestock effluent in the lagoon decreases, it is 
possible to reduce the flow rate in the electrolyzer to increase their 
temperature.

3. Results and Discussion
The treatment of the electrolyte with initial parameters NH3NH4 
300 mg/l and pH 5.54 by electric fields during its movement 
through the working part of the dynamic electrolysis unit led to 
a decrease in the ammonium nitrogen content and a change in 
the hydrogen index. The following decreases in concentration 
were observed: at a flow rate of 0.15 liters per second (l/sec), 54 
milligrams per liter (mg/l), or 82% of the initial value; at 0.30 l/
sec, 104 mg/l, or 65.3%; at 0.45 l/sec, 153 mg/l, or 49% (Figure 6). 
As indicated in the preceding static experimental studies, a change 
in the hydrogen index was observed in a non-flowing unit [17]. 
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The detoxifying potential of electrochemical treatment has been 
demonstrated in previous studies [3]. During the detoxification of 
wastewater from pig farms, the efficiency of NH4

+ removal exhibited 
a range of 87%, contingent upon the operational conditions [18]. It 
has been established that an increase in ionic strength results in an 
increase in current density at a constant cell voltage. Conversely, 
an increase in incoming conductivity at a constant current density 
results in a decrease in cell voltage [19]. The incoming conductivity 
in the purification process is predominantly influenced by the type 
and concentration of electrolytes. During the purification process, 
various salts, including sodium chloride (NaCl), barium chloride 
(BaCl2), potassium chloride (KCl), sodium sulfate (Na2SO4), and 
potassium iodide (KI), have been utilized as electrolytes. Notably, 
sodium chloride (NaCl) is the most prevalent electrolyte employed 
to enhance electrical conductivity. The incorporation of NaCl in 
the purification process provides a substantial amount of Cl-, 
which subsequently produces Cl at the anode and instantaneously 
forms HOCl through a reaction with water. The HOCl, in turn, 
reacts with the ammonia (NH3) present in the solution, leading to 
the production of nitrogen (N2) gas. Furthermore, the presence 
of NaCl has been shown to mitigate the adverse effects of other 
anions, such as bicarbonate (HCO3-) and sulfate (SO4

2-), which 
have been observed to diminish current efficiency by promoting 
the precipitation of calcium (Ca2+) and magnesium (Mg2+) ions 
and the formation of an oxide layer [20]. Holt et al. recommended 
that for effective and efficient electrochemical wastewater 
treatment, the Cl- concentration should be maintained well above 
200 mg/l (0.02%) [21]. Furthermore, the generation of chloride 
(Cl-) during electrochemical treatment has been demonstrated to 
play a pivotal role in the process of water disinfection. However, 
during the experimental studies, the addition of these salts to the 
electrolyte was not incorporated. Temperature is another process 
parameter that regulates the pollutant removal efficiency of 

electrochemical treatment of waste streams [22]. However, to the 
best of the authors' knowledge, no studies have been conducted 
that have investigated the effect of temperature on the removal 
of pollutants in the electrolysis of animal wastewater. Typically, 
the electrolytic treatment of livestock wastewater is conducted at 
ambient temperature (18 to 27 °C) [23-25]. In this experimental 
study, the solution temperature was set at 22°C, a choice that 
aligns with the findings of other researchers.

The initial pH of the incoming stream is a pivotal operating 
parameter that influences the efficacy of electrochemical 
wastewater treatment. The pH level affects the ionic conductivity 
of wastewater, as well as the dissolution of electrodes and the 
formation of hydroxyl radicals. During the electrolysis of animal 
wastewater using sacrificial electrodes, the removal process of 
solids and dissolved organic matter can be explained by the latter 
mechanism [26,27]. Consequently, effective electrochemical 
treatment of livestock wastewater can be carried out in the pH 
range of 6-8 [28]. However, it is imperative to note that the 
efficacy of this range may vary depending on the characteristics 
of the wastewater and the targeted pollutant. Consequently, 
experimental optimization of this range is necessary to ensure 
the optimal treatment of specific wastewater samples. The 
study also documented a variation in the hydrogen index of the 
electrolyte, which was contingent on the flow rate configured in 
the electrolyzer. At the inception of the experiment, the flow rate 
was set at 5.54, and the subsequent fluctuations are delineated in 
Figure 7. At a flow rate of 0.15 L/sec, the hydrogen index registered 
at 8.88. At flow rates of 0.30 L/sec and 0.45 L/sec, the hydrogen 
index values were 7.77 and 6.47, respectively. This phenomenon 
can be attributed to the alterations in the concentration of dissolved 
substances within the electrolyte during the electrolysis process, 
resulting in a corresponding change in the hydrogen index.
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Ammonium losses from the electrolyte were attributed to the 
release of ammonia at the cathode, specifically the formation of 
NH3. According to extant literature, the concentration of ammonia 
in the air at livestock complexes can reach from 35 to 98 milligrams 
per cubic meter (mg/m3) due to microbiological activity. This 
exceeds the maximum permissible level (MPL) from 1.5 to 5.0 
times. The MAC is 0.2 mg/m3 (GN 2.1.6 3492 - 17) [13,14]. The 
collection of NH3 in the air of buildings and premises through 
the use of scrubbers is not a viable option in the area of lagoons, 
which are located in the open territory. This is due to the fact that 
NH3 in the air is a prerequisite for air pollution and a direct threat 
to the health of personnel of livestock complexes. The proposed 
prototype of the dynamic unit facilitates the separation of ammonia 
from lagoons containing livestock effluents, concentrating it within 
a single enclosed space. This allows for subsequent destruction 
of the ammonia via a scrubber, thereby addressing the issue of 
soil, groundwater, and surface water contamination. Additionally, 
it enhances the quality of crop production cultivated on fields 
utilized for the application of animal by-products (APP). It is 
noteworthy that in areas where APP is employed, fodder crops are 
predominantly cultivated, thereby impacting the quality of meat 
and dairy products.

4. Conclusions
The findings of the research indicate that the most optimal 
configuration for the electrolysis unit is the implementation of 
electrodes composed of the following materials: an aluminum 
alloy anode and a graphite cathode. This combination eliminates 
the formation of metal hydroxides, which, when introduced into 
the soil during the application of effluents in agricultural fields, can 
adversely affect soil quality and crop yield. It is noteworthy that the 
anode composed of graphite exhibits a prolonged service life when 
compared with aluminum alloys. Furthermore, the byproducts 
of its degradation are not hazardous to the soil or agricultural 

products. The efficacy of the developed design for the removal 
of ammonium from the effluents of livestock complexes has been 
demonstrated by experimental laboratory studies. The obtained 
results will facilitate the development of a calculation method for 
industrial installations of this type in livestock complexes. This 
method will depend on the concentration of nitrogen compounds 
in each specific case. The composition of effluents will be 
contingent on housing, feeding, age, and breed of animals, as well 
as the technological schemes used for the removal and utilization 
of manure.
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