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1. Introduction

The animal breeding room is made of concrete. Despite 
the reliability of the building material, there are certain fac-

tors of its destruction, which lead to a decrease in the service 
life. The production of concrete structures remains popular 
and is constantly being improved. It remains to solve a num-
ber of problems with chemical and biological corrosion of 
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Concrete floors are most 
commonly used in animal housing. 
However, the specific environment 
of livestock buildings (moisture, 
urine, disinfectants) has a negative 
effect on concrete and leads to its 
corrosion. The influence of chemical 
and physical factors on concrete 
is reinforced by the development 
of microorganisms, which quickly 
adapt and use concrete as a living 
environment.

To reduce the influence of an 
aggressive environment on the 
concrete floor, an experimental 
mixture of dry disinfectants was 
proposed.

The components of the 
disinfection mixture have been 
selected taking into account the 
safety for animals and humans.

The TPD-MS method was 
used to determine the change in the 
chemical composition of concrete. To 
study the microstructure of concrete, 
the method of scanning electron 
microscopy was used.

Microbiological studies revealed 
bacteria A. Thiooxidans, S. aureus, 
E. coli, S. enteritidis, S. Сholeraesuis, 
C. Perfringen and micromycetes of 
the genus Cladosporium, Fusariums, 
Aspergillus, which contribute to the 
development of biological corrosion 
of concrete in livestock buildings. 
The fact of the negative impact 
of concentrated disinfectants on 
the structure of concrete was also 
established.

As a result of the studies 
carried out, it was proved that 
a mixture of dry components for 
disinfection exhibits antimicrobial 
properties to varying degrees to the 
strains of field isolates of bacteria 
and fungi isolated in a pig-breeding 
farm. It was found that when 
using the proposed mixture of dry 
disinfectants in the research room 
of the pigsty, the relative humidity 
decreases by 38.5 %; ammonia 
content – by 46.2 %; hydrogen 
sulfide – by 57.8 %; microbial 
bodies – by 74.7 %, compared with 
the control room.

It has been experimentally 
proven that the proposed mixture 
of dry disinfecting components 
has hygroscopic and antimicrobial 
properties and is promising for use in 
livestock farms
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the experiment does not give recommendations as to the 
possibilities of destroying microorganisms on the surface of 
concrete in the rooms are exploited [1, 2].

The solution to this problem can be the use of a disinfec-
tant, which in low concentrations can destroy a wide range 
of microorganisms. The disinfectant sodium chloramine 
tosylchloramide (CAS 127-65-1, EINECS 204-854-7) con-
tains 25 % active chlorine. A universal powder disinfectant 
is based on active chlorine.

Recommended for disinfection in medical, agricultural, 
industrial, food and other institutions where there is a risk 
of a large biological and infectious load.

The disadvantage of this product is its corrosiveness 
in high concentrations. However, the use of chloramine in 
low concentrations (e. g. 0.2 %) does not show a destructive 
effect on the concrete surface. In addition, chloramine has 
sporicidal activity and hygroscopic properties [3].

There is a common problem with the walls of reinforced 
concrete structures in sewer tunnels, especially after a long 
period of use. Corrosion is caused by biological sulfuric 
acid produced by thionic bacteria. Bacteria of the genus 
Thiobacillus under anaerobic conditions convert hydro-
gen sulfide gas into corrosive sulfuric acid. The work used 
nanomaterials to protect concrete from corrosion [4]. The 
proposed method of antimicrobial corrosion has insufficient 
experience in testing its durability in aggressive production 
environments.

In livestock buildings, there is a problem of the influ-
ence of an aggressive environment on building structures, 
especially the floor. Pus and urine constantly accumulate 
on the floor, which are difficult to remove even with care-
ful mechanical cleaning. In addition, there is a daily use of 
disinfectants in animal husbandry. Disinfectants are most 
often represented by concentrated alkalis or acids, which 
lead to carbonization of the surface layer of concrete. To 
solve these problems, researchers in the work proposed on 
the basis of nanoparticles of titanium dioxide (nano TiO2), 
finely dispersed titanium dioxide in anatase crystalline 
form (anatase TiO2), surfactants (alkyl trimethylamine 
chloride), which makes it possible to increase the resistance 
of concrete under aggressive operating conditions. However, 
the experience does not consider the issue of concrete protec-
tion during long-term operation [5].

Kaolin can be proposed as a finely dispersed component 
for protecting concrete floors that have been in operation for 
a long time. Kaolin is a naturally occurring mineral that con-
tains aluminum and silicon oxide. The properties of kaolin 
include adsorption and ion exchange activity. Studies have 
shown [6] that kaolin is an excellent sorbent for bacteria. 
In addition, kaolin does not affect concrete structures and 
is safe for animals, even if it enters the body with water [7].

Warehouses for storing liquid manure in pig or dairy 
farms represent a significant part of investments in agri-
cultural infrastructure. It is important that these facilities 
work properly and that they do so throughout their lifecy-
cle. However, concrete in outbuildings is exposed to high 
concentrations of hydrogen sulfide (H2S) and sulphates, 
which leads to a deterioration in the condition of reinforced 
concrete. This leads to premature wear on the piers and 
floors. In some pig shops, a 50 % loss in expected life has 
been reported [8].

Also, experiments carried out by the researchers proved 
that the cause of concrete corrosion in livestock buildings is 
micro-fungi of the genus Penicillium, Fusarium, Cladospo-

concrete. At the beginning of research it is important to find 
out the cause of corrosion. Namely, to investigate chemical 
and biological factors and determine the critical period of 
destruction for concrete structures.

When operating livestock buildings, conditions are cre-
ated for the growth of micro-fungi and bacteria. At the 
beginning of the formation of a favorable environment, 
autotrophic microorganisms begin the process of assimila-
tion. Further, specific bacteria and fungi use concrete as a 
medium for existence. The dissimilation process starts very 
quickly, due to the presence of a sufficient amount of mois-
ture and a positive temperature. Also microorganisms are 
highly resistant to chemical disinfectants. In addition, with 
the constant use of one disinfectant, highly resistant strains 
of microorganisms arise.

It should be noted that chemical disinfectants are quite 
aggressive compounds that cause destruction of the concrete 
surface. Disinfectants are used in a liquid, dry and aerosol 
state. The most commonly used compounds are chlorine, 
oxidizing agents, phenols, aldehydes, acids and alkalis.

In addition, biogenic excretions from animals, such as 
urine and faeces, act on concrete floors. Also, the sewage 
system for manure removal suffers from specific biological 
corrosion. Thus, it has been established that chemical and 
biological corrosion affects concrete floors in livestock 
buildings.

In livestock buildings, to increase the service life of 
concrete floors, forced ventilation and mechanical cleaning 
of manure are used. They also carry out current repairs to 
eliminate cracks in concrete, arrangement of channels for 
the drainage of fluid and pus. When keeping animals on the 
floor, let’s use a deep bedding of straw or sawdust. However, 
all these measures do not generally solve the problem of con-
crete corrosion.

In order to reduce the corrosive effect of high humidity, 
biogenic secretions, microorganisms and chemically aggres-
sive compounds on concrete floors, it is proposed to use a 
mixture of dry disinfectants based on (%): chloramine – 0.2; 
thymol – 0.1; copper sulfate – 2.0; iron sulfate – 1.0; calcium 
sulfate dihydrate – 45.0; zeolite – 42.0; kaolin – 9.6.

The disinfection mixture has a neutral pH, while de-
stroying 99 % of microorganisms due to the synergistic 
effect of the components. In addition, the disinfectant re-
duces indoor moisture and the concentration of urine on the 
concrete surface. The relevance of such research lies in the 
development and introduction into production of a mixture 
of dry disinfecting synergistically selected components to 
prevent the occurrence of biological and chemical corrosion 
of concrete floors in livestock buildings.

2. Literature review and problem statement

Concrete structures are subject to various types of cor-
rosion in aggressive environments. Excessive moisture and 
autotrophic microorganisms that quickly colonize building 
materials lead to a worsening of the situation. Concrete 
structures in sewer systems, marine construction, under-
ground construction and other humid environments are 
susceptible to microbial attachment, colonization and ulti-
mately deterioration. Researchers, through careful selection 
and research, have found that certain additives, including 
inorganic and organic antimicrobial agents, can confer 
remarkable antimicrobial properties in concrete. However, 
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Also, the assessment of the effectiveness of disinfectants 
should not be limited to laboratory tests. Field tests should 
be used to assess the actual effect of disinfectants. In ad-
dition, it is important to consider that field samples can be 
used to identify bacteria and test the sensitivity of isolated 
microorganisms to disinfectants.

Studies conducted at the Helm State Hospital and 
Health Office, Algeria, proved that 52 % of the vast majority 
of bacteria studied were susceptible to copper sulfate. The 
maximum bactericidal activity of copper sulfate was re-
corded against Proteus vulgaris and Staphylococcus aureus. 
However, strains resistant to copper sulfate (Escherichia 
coli, Staphylococcus saprophyticus) were isolated [16]. The 
experimental dry ingredient mixture includes several com-
pounds for maximum antimicrobial spectrum.

The researchers conducted an experiment on a dairy 
farm in China. As a result of the research, it was found 
that the use of drinking water with the addition of calcium 
sulfate at 21 °C significantly suppressed the growth and re-
production of E. coli up to 105 CFU/ml [17]. However, the 
exact mechanism by which calcium sulfate acts on bacteria 
has not been established. In addition, the question arises 
of the concentration of the disinfectant in the intestinal 
contents.

Summing up the work of the researchers, it can be noted 
that it is impossible to completely prevent the corrosion of 
agricultural buildings, but it can be reduced through the 
choice of materials and preventive measures.

One of the important factors in preventive measures is 
the choice of an effective disinfectant with the least corro-
siveness to concrete.

The proposed mixture dry mixture for disinfection con-
tains active ingredients (%): chloramine – 0.2; thymol – 0.1; 
copper sulfate – 2.0; iron sulfate – 1.0; calcium sulfate dihy-
drate – 45.0; zeolite – 42.0; kaolin – 9.6.

When choosing components for a dry disinfectant mix-
ture, we were guided by modern requirements for disinfec-
tants. The main ones are considered safety when used in the 
presence of people and animals. A wide spectrum of bac-
tericidal action is also important. In addition, hygroscopic 
properties and low corrosive effects on concrete structures 
were additionally taken into account.

So, the use of an experimental dry mix for disinfection is 
advisable to improve the corrosion and microbial resistance 
of concrete floors.

3. The aim and objectives of research

The aim of research is to develop and introduce a mix-
ture of dry disinfecting synergistically selected components 
to enhance anti-corrosion resistance and extend the life of 
concrete floors in livestock buildings.

To achieve this aim, the following objectives were solved:
– to establish the reasons for the formation and the de-

gree of chemical and biological corrosion of concrete floors 
in livestock buildings;

– to investigate the antimicrobial activity of the pro-
posed mixture of dry components for disinfection relative to 
isolated strains of field isolates in livestock buildings;

– to determine the hygroscopic properties of the experi-
mental mixture for disinfection when used on the surface of 
floors in livestock buildings.

rium, Aspergillus and bacteria Escherichia coli and Pseudo-
monas aeruginosa. When carrying out microscopic studies 
by immersing concrete samples on Mesopotamia agar, it was 
proved that an additive to concrete, which includes: yellow 
iron oxide pigment, water glass, copper sulfate and peracetic 
acid, have antimicrobial properties [9]. However, the prob-
lem is the limited life of antimicrobial properties.

All materials (wood, metal and concrete) used in the 
construction of outbuildings are at risk of corrosion. Metal 
and concrete structures are easily corroded by chemicals in 
manure products, organic and inorganic acids, which lead 
to the formation of iron and iron oxides and weight loss. 
Prolonged exposure of concrete structures to manure, agri-
cultural runoff and other chemicals leads to hydration of the 
cement, the formation of calcite crystals, and the breakdown 
of the structure. In addition, poultry manure has been asso-
ciated with a pronounced risk of corrosion compared to pig 
or cattle manure, possibly due to high concentrations of H2S 
and NH3 and other corrosive agents [10]. Researchers have 
proposed the use of sulfate-resistant cement for concrete 
flooring in the construction of livestock farms. The issue of 
protecting the already existing structures of livestock build-
ings remained unsolved.

Also, the construction of agricultural structures from 
materials that provide optimal production against corrosion, 
such as ash and or impregnation of the concrete mixture 
with silica vapors does not fully guarantee the durability of 
concrete.

The use of thymol powder as an environmentally friendly 
disinfectant can solve the problem of the corrosive effect 
of microorganisms on building materials. Thymol (2-iso-
propyl-5-methylphenol) – C10H14O, natural monoterpene 
phenol, isomer of carvacrol. Thymol was obtained from the 
essential oil of Thymus vulgaris. It is a crystalline substance 
that has a strong aromatic odor. Thymol exhibits antimicro-
bial properties, due to the destruction of membranes of bac-
teria and microsporidia, and organic biofilms on the surface 
of building materials [11].

Poultry disinfection programs use hydrated lime to 
provide more light intensity for the birds and improve the 
appearance of the farm. However, according to this study, 
hydrated lime was more effective than currently available 
disinfectants [12]. Unfortunately the use of slaked lime is 
possible for walls, but not practical for use on concrete floors. 
In addition, slaked lime does not solve the problem of mois-
ture reduction in the room.

A way to overcome the increased humidity in the room 
can be the use of substances that have hygroscopic properties, 
such as zeolites. Zeolites are a group of minerals, hydrous 
aluminosilicates. The ability to absorb liquid in zeolites is 
related to their porous and channel structure. This type of 
microporous structure provides the zeolite with a large in-
ternal surface in relation to the external, which is associated 
with increased ability to exchange cations (which makes it 
a hydrophilic compound), is able to effectively adsorb polar 
molecules. Natural zeolites, which are mined in Ukraine in the 
Transcarpathian region, containing clinoptilolite. This type 
of zeolite has high thermal, mechanical and chemical resis-
tance [13]. Natural zeolites act as a sorbent for inorganic and 
organic compounds. The disadvantage of zeolites is a certain 
size of cavities through which suction passes and large lobules 
cannot be absorbed [14, 15]. The advantage of natural zeolites 
over artificial ones is the ability to regenerate.
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4. Materials and methods of research

4. 1. The object and conditions of research
The studies were carried out in the laboratory of veter-

inary medicine of the Sumy National Agrarian University 
during 2020–2021 (Sumy, Ukraine).

Industrial research was carried out under the condi-
tions of the State Enterprise for Research Economy of the 
Institute of Agriculture of the North-East of the National 
Academy of Agrarian Sciences of Ukraine p. Garden, Sumy 
region, Sumy region.

The research was carried out in a pigsty in a nursery 
workshop. The room was built in 1980. During this period, 
several cosmetic repairs were carried out. The animals are 
housed in a brick building with a concrete floor. Manure 
cleaning is done manually. Due to the high density of 
stocking of animals, it becomes necessary to carry out daily 
preventive disinfection. Therefore, the effectiveness of the 
disinfectant is of great importance.

Disinfection using an experimentally developed mixture 
of dry components was carried out after thorough mechani-
cal and sanitary cleaning, by uniformly sprinkling the floor 
surface at a rate of 50–100 g/m2.

4. 2. Technique for examining concrete samples using 
TPD MS

To study the heat resistance of concrete, a thermopro-
grammed mass spectrometry (TPD MS) unit was used. 
Concrete samples were obtained from the control room – 
farm office and research – pigsty room (nursery workshop). 
The structures were built in one time 1980. Heating sam-
ples of concrete weighing 5–10 mg were conducted at the 
temperature 40 to 900 °C. Simultaneously recorded using 
the mass spectrum of the mixture of gases and identified 
them by molecular weights (m/z): 18 – water; 44 – carbon 
dioxide СО2, 48 – sulfur oxide SO [18].

4. 3. Technique of scanning electron microscopy
The study of the microscopic structure of concrete was 

carried out by scanning electron microscopy on an REM 106 
device (JSC SELMI, Sumy, Ukraine). The studies were car-
ried out in a scanning electron microscope in the secondary 
electron mode in the range of electron-optical magnifications 
from 200 to 5000 times. Biofilms on concrete samples were 

examined after fixation in 2.5 % glutaraldehyde in 0.2 M 
phosphate buffer solution. The deposition of samples to pro-
vide electrical conductivity was performed with silver [19].

4. 4. Method for determining the microclimate in the 
pigsty room and conducting microbiological studies

Determination of the content of carbon dioxide, ammonia 
and hydrogen sulfide was carried out using a gas analyzer. The 
relative humidity of the air in the room was investigated with 
a static psychrometer by August, the bacterial pollution of the 
air – with the device of Yu. Krotov. Washes from the surface 
of the structures of livestock buildings (walls, floor) were tak-
en in the pig breeding workshop. The bacteria were grown on 
elective media. The cultivation was carried out according to 
the species of the microorganism [20]. Microscopic fungi were 
cultivated in Petri dishes on Czapek-DOXA medium [21].

4. 5. Methods for determining the antimicrobial ac-
tion of an experimental mixture of dry components for 
disinfection

The mixture for disinfection was poured into the wells in 
Petri dishes on MPA with isolated strains of microorganisms 
in pig breeding rooms. Cultivation of bacteria and fungi was 
carried out taking into account the cultural characteristics 
of microorganisms. After 48 days, the zones of inhibition 
of the growth of microorganisms around the wells with the 
disinfectant mixture were determined [22].

5. Results of the study of concrete floors and the use of 
an experimental dry mix for disinfection in a pigsty

5. 1. Results of determining the causes of corrosion of 
concrete floors in the pigsty room

Indoors, concrete is impregnated with fecal matter and 
urine, which contain a significant amount of natural carbon-
ate Н2СО3 and sulfuric Н2SO4 acids. In addition, microor-
ganisms and disinfectants constitute an aggressive environ-
ment that destroys concrete structures, especially floors. In 
connection with the prevailing specific conditions on the 
surface of concrete structures, a number of microorganisms 
were isolated (Table 1). However, the bacterial biofilm on 
the concrete floor surface was formed by Acidithiobacillus 
thiooxidans (Fig. 1, a) and Aspergillus fumigatus (Fig. 1, b).

 

 
a                                                                                                                  b 

 

Fig. 1. Scanning electron microscopic image of a biofilm on concrete of microorganisms:  

a – Acidithiobacillus thiooxidans; b – Aspergillus fumigatus
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The conducted studies of concrete floor samples by 
the TPD MS method confirm the presence of a change 
in the chemical composition of concrete under the in-
fluence of biological and chemical corrosion of livestock  
farms (Fig. 3).

It was experimentally established that on the graph 
the control sample, when heated to 580 °C, has a clear 
peak with an intensity of 0.40. The concrete floor sample 
obtained from the surface did not emit CO2 when heated. 
The result indicates the destruction of the surface layer of 
concrete (Fig. 2, a, b) and a change in the chemical composi-
tion of concrete. In addition, a concrete sample taken from a 
depth of 1 cm from the surface emits carbon dioxide with an 
intensity of 0.25 at a temperature of 500 °C and forms a peak. 
Thus, it can be assumed that the destruction of the concrete 
surface up to 1 cm during long-term operation of the rooms 
is caused by the influence of chemical factors (disinfectants 
and manure) and biological (waste products of bacteria and 
micromycetes).

The absence of carbon dioxide in the concrete samples 
from the surface is associated with the growth of Aspergillus 
microscopic fungi (Fig. 1, b). Fungi bacteria use in the pro-
cess of metabolism to synthesize organic acids that interact 
with CO2. As a result of the reaction, characteristic crystals 
of calcium citrate are formed (Fig. 2, a).

During heating of concrete specimens, the intensity and 
temperature of water release were also recorded (Fig. 3, b). 
As a result of the study, it was confirmed that at 100 °C with 
an intensity of 0.8, H2O evaporated from the sample from the 
surface of the research room. This result was obtained due to 
the destruction of the surface and the constant presence of 
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Fig. 3. Thermograms of release from concrete samples in the 

pigsty room: a – CO2 (m/z 44); b – H2O (m/z 18);  

c – SO (m/z 48)

b 
 

Fig. 2. Scanning electron microscopic image: a – formation 

of calcites under the influence of micromycetes;  

b – destruction of the surface layer of concrete under the 

influence of chemical and biological corrosion
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moisture. From the control sample and from a depth of 1 cm, 
moisture evaporated for a long time at a temperature of 100 to 
800 °C with low intensity. No clear peak was observed in the 
thermogram.

The samples from the control room and from the re-
search room from a depth of 1 cm underwent less destruction 
and chemical destruction. This is indicated by the results 
of destruction obtained when these objects are heated for a 
long time, even at temperatures up to 800 °C. In addition, in a 
control concrete sample and a research one from a depth of 1 cm 
when heated, sulfur oxide is released (Fig. 3, c). However, in the 
samples from the surface, SO is released with an intensity of 
0.02 at a temperature of 450 °C and forms a clear peak.

The change in the chemical composition 
of concrete on the surface of the pigsty floor 
confirms the presence of natural sulfuric 
acid, which is formed from the faeces of 
animals. Since this process is constant and 
long-term, thionic bacteria (Acidithiobacil-
lus thiooxidans), which use sulfur for their 
metabolism, dissimilate concrete (Fig. 1). 
The destruction of the surface layer of 
concrete is clearly visible during electron 
microscopy (Fig. 4). With a strong destruc-
tion of concrete, the presence of cracks and 
lagoons can be seen with the naked eye.

As a result of the studies carried out, 
it was proved that the long-term operation 
of pig-breeding buildings leads to the de-
struction of the surface layer of the concrete 
floor as a result of exposure to chemical and 
microbial corrosion.

5. 2. Results of the study of the anti-
microbial activity of the experimental dry 
mixture for disinfection

In livestock buildings, a large number of 
microorganisms accumulate as a result of long-
term operation. To determine the sensitivity of isolated 
strains of microorganisms isolated from the pig breeding 
rooms to the experimental dry mixture for disinfection, wash-
ings were carried out from the concrete surface. Then, using 
the disk method, an experiment was performed in Petri dishes 
to determine the size of the growth inhibition zone (Table 1).

Table 1

Sensitivity of microorganisms to the experimental dry 

mixture for disinfection (M±m)

Culture number of colonies growth retardation zone, mm

S. aureus n=10 6.22±0.12

E. coli n=9 10.12±0.15

S. enteritidis n=8 9.43±0.25

S. сholeraesuis n=8 10.04±0.18

C. perfringens n=10 11.09±0.14

A. thiooxidans n=9 9.55±0.27

Aspergillus n=12 8.38±0.30

Cladosporium n=10 7.52±0.18

Fusarium n=8 5.65±0.22

Note: * – p ≤ 0.05 compared to the lowest concentration.

According to the results of the experiment, it was found 
that the experimental mixture for disinfection exhibits 

antimicrobial properties against all isolated strains of 
field isolates of bacteria and fungi. The results obtained 
provide the basis for further testing it in production con-
ditions.

5. 3. Results of the study of the microclimate in the 
room for keeping pigs

Determination of microclimate parameters was carried 
out in the piglet rearing workshop. This room was chosen 
due to the high stocking density of 10–12 piglets per pen. 
In the control room, disinfection was carried out with 2 % 
sodium hydroxide; in the research room, a dry mixture for 
disinfection of 50–100 g/m2 was used (Table 2).

As a result of the experiment, it was found that the 
temperature index and the concentration of carbon di-
oxide in the air of the premises for keeping pigs were the 
same. The relative humidity in the research room on the 
third day of the experiment was 38.5 % less than in the 
control room. Gases such as ammonia and hydrogen sul-
fide are part of the natural excreta of animals (urine and 
flare masses), therefore their concentration depends on 
the number of animals in the house and the rate of manure 
removal. In addition, a concrete floor will absorb enough 
moisture and urine like a sponge if it is not protected by 
disinfectants or bedding.

The use of the experimental dry mixture for disinfec-
tion in the research room on the third day of the exper-
iment reduced the concentration of ammonia by 46.2 % 
and hydrogen sulfide by 57.8 %, compared to the control. 
Generally, microbial contamination in a room is influenced 
by the number of animals, ventilation and sanitary condi-
tions. In the research and control rooms, the conditions for 
the animals were identical. The only difference was in the 
disinfectant used.

According to the results of the study, a decrease in the 
number of microbial bodies in the research room was record-
ed by 74.7 %, compared to the control room.

It was established according to the results of the experi-
ment that the proposed dry mixture for disinfection reduces 
moisture in the room, microbial contamination and the con-
centration of gases: ammonia and hydrogen sulfide.

Table 2

Parameters of the microclimate in the pigsty when using an experimental dry 

mixture for disinfection, (M±m, n=10)

Indicators

Control room Experimental room

immediately af-
ter disinfection

after 3 days
immediately af-
ter disinfection

after 3 days

t, °С 18.65±0.23 18.12±0.30 18.15±0.37 18.33±0.22

Relative humid-
ity, %

72.53±0.12 70.28±0.16 72.30±0.32 43.20±0.21*

CO2, % 0.14±0.03 0.16±0.02 0.15±0.02 0.15±0.04

ammonia 
(NH3), mg/m3 19.24±1.10 19.45±1.12 19.34±1.09 10.35±1.22*

hydrogen sulfide, 
(H2S) mg/m3 11.20±0.20 12.50±1.15 11.37±1.23 5.27±1.18*

Total microbial 
contamination, 

thousand CFU/m3
0 100.3±5.23 0 25.3±3.42*

Note: * – p≤0.05 compared to the control room
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6. Discussion of the results of the study of biochemical 
corrosion of concrete

According to the results of the studies, the reasons for 
the emergence of an aggressive environment in the pigsty 
room were established. In the study of the microclimate in 
the pig rearing workshop, an increased humidity by 38.5 %, 
ammonia – by 46.2 % and hydrogen sulfide – by 57.8 % (Ta-
ble 2) in the control room was revealed. High humidity 
and optimal temperature create favorable conditions for 
the growth and development of microorganisms. In the 
pigsty, groups of bacteria and fungi of heterotrophs were 
identified that do not show great aggression to concrete:  
S. aureus, E. coli, S. enteritidis, S. Сholeraesuis, C. Perfrin-
gen (Table 1) [21].

An undesirable corrosive effect occurs in the presence 
of high concentrations of H2S and NH3, which create 
conditions for the development of thionic bacteria A. thio-
oxidans (Table 2). Microorganisms create a biofilm on the 
surface of the concrete floor (Fig. 1, a). In addition, A. Thio-
oxidans [22] in the process of metabolism after desimilation 
of concrete destroy its structure (Fig. 2, a), changing its 
chemical composition. In the samples, SO is released from 
the surface with an intensity of 0.02 at a temperature of 
450 °C (Fig. 3, c).

Also, micromycetes of the genus Cladosporium, Fusar-
iums, Aspergillus were isolated from the concrete surface 
of the pigsty premises (Fig. 1, b), which are capable of col-
onizing concrete and leading to destruction. Also, studies 
have proven that micromycetes use carbonate compounds 
in concrete in the process of its assimilation [23]. As a result 
of the reaction, characteristic crystals of calcium citrate are 
formed (Fig. 1, b). The thermogram (Fig. 3, a) shows the 
absence of CO2 emission from the concrete floor sample ob-
tained from the surface.

Long-term use of concentrated disinfectants aggres-
sively act on concrete, such as hydrochloric acid, formalin, 
hydrated lime, soda ash [24] and cause its corrosion. The 
conducted research has established the effectiveness of us-
ing an experimental dry mixture for disinfection in order 
to protect the surface layer of concrete from the destructive 
effects of moisture, fecal matter (Table 2) and microorgan-
isms (Table 1). In addition, organic acids, ammonia, sulfates 
contained in natural excreta of animals increase the rate of 
swelling of concrete, accelerate the process of dissolution 
and softening of concrete structures, especially floors [25].

The hygroscopic effect of the experimental dry mixture 
for disinfection is due to the presence of zeolites in its com-
position, and the antimicrobial action is due to a complex of 
chemical components (chloramine; thymol; copper ferrous 
sulfate calcium sulfate dihydrate; kaolin). All components 
of the experimental dry mix for disinfection are inactive 
in dry form. Upon contact with bacteria and moisture, the 

process of destruction of microbial cells and organic biofilms 
is triggered. As noted earlier, all the components of the 
experimental dry mixture for disinfection have a different 
spectrum of antimicrobial activity and, when combined, a 
synergistic effect arises.

On the pig farm, specific conditions were investigated 
and analyzed, namely the microclimate of the premises, 
the composition of microorganisms and the disinfectants 
used. The study cannot be considered absolutely correct 
due to the limitations of the research material, since on 
other farms the service life of the premises, the conditions 
for keeping animals, microflora and disinfectants may 
differ. However, this experiment provides information on 
the destructive effect of chemical and microbial corrosion 
of concrete floors in pig farms. A new effective method is 
proposed to reduce the corrosive effect of the pigsty envi-
ronment on concrete through the use of an experimental 
dry mixture for disinfection.

The direction of further research is the development of 
disinfectants for concrete in livestock farms with the pros-
pect of forming a protective film.

7. Conclusions

1. The presence of microbial corrosion in the pigsty 
environment has been experimentally proven due to non-ag-
gressive ones: S. aureus, E. coli, S. enteritidis, S. Сholeraesu-
is, C. Perfringen and aggressive to concrete: bacteria – A. 
Thiooxidans and micromycetes – Cladosporium, Fusariums, 
Aspergillus. The fact of the negative influence of the applied 
disinfectants on the concrete structure was also established.

2. The studies have shown that the experimental dry 
mixture for disinfection exhibits antimicrobial properties to 
varying degrees to the strains of field isolates of bacteria and 
fungi isolated in a pig-breeding farm.

3. It has been found that when using the experimental 
dry mixture for disinfection in the research room of the 
pigsty, the relative humidity decreases by 38.5 %; ammonia 
content – by 46.2 %; hydrogen sulfide – by 57.8 %; microbial 
bodies – by 74.7 %, compared to the control room.
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