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Litter in the poultry house is a source of toxic gases (ammonia, hydrogen sulphide and carbon dioxide), dust, and is a favourable
place for the life and reproduction of microorganisms and helminths. The number of these secretions in the poultry house depends
on many factors: the sanitary status of the poultry house, the species, the age of the birds, the microclimate, the season, feeding
conditions, and so on. The purpose of the research was to substantiate the rational construction and modes of operation of the
device for the decontamination of microorganisms in the air of the poultry house on the basis of the use of sources of ultraviolet
irradiation. The necessity of development and application techniques for cage batteries with a litter removal belt system which
provide reduction of microbial contamination of air in poultry houses and the content of harmful gases in it have been substantiated.
The device was developed and the effective mode of disinfection of the air of the poultry house in the collector air duct of the litter
drying system based on the use of sources of ultraviolet irradiation was determined. The application of the bactericidal device made
it possible to reduce microbial air contamination on the 1% day of accumulation of the litter during the cold season - by 2.6 times, in
the transitional season - by 2.1 times; on 5™ day, the accumulation of the litter decreased by 3.0 and 2.3 times, respectively. During
the operation of the air irradiation system, the content of toxic gases in it decreased compared to the period when the air was not
treated with the ultraviolet irradiation - ammonia by 19.7% and carbon dioxide by 5.9%. The absolute values of microbial air
contamination in the poultry house and the toxic gas content in the transitional season were lower than in the cold season, due to
the higher indoor air exchange and the increase of clean outside air in the proportion. The difference in microbial air contamination
between the basic and the proposed variants in the cold and transitional seasons was statistically significant.
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Introduction

In industrial poultry farming, maintaining poultry health, improving its productivity, and obtaining quality products have always
remained the most important tasks. Keeping the poultry on the farms is associated with its complete isolation from its natural
habitat. Therefore, there is a need to create optimal conditions for poultry to maintain their health and increase productivity.
However, some poultry farms continue to use the same premises and restrict sanitation. This leads to an increase in the
contamination of the premises with opportunistic and pathogenic microflora, the composition and diversity of which change
regularly. It has been found that high bacterial contamination of the air environment may contribute to the initiation of infections
(Mpundu et al., 2019). The interaction of the bird’s organism with not one but a number of microorganisms of different taxonomic
groups leads to a stressful state. Thus, with long-term effects of one or more of these stressors, general and specific resistance
decreases, and the likelihood of the affection of the bird with various infections, such as colibacteriosis, tuberculosis, salmonellosis,
pasteurellosis, etc., occurs. (Essam et al., 2018; Paliy et al., 2018a). An increase in the total number of microorganisms, including
opportunistic bacteria in the air and on structures, is observed in rooms that do not adhere to the ‘empty-occupied’ zoohygienic
principles and which are not subject to disinfection for a long time (Milanov et al., 2017; Paliy et al., 2018b). In the premises of
different farms, the level of microbial contamination may vary depending on climatic factors, housing conditions, technological
processes, etc. (Oakley et al., 2013).
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Excessive concentrations of ammonia and hydrogen sulphide in the premises reduce the safety and productive performance of the
poultry and adversely affect the health of service staff (Ishchenko et al., 2019). Also, a high concentration of ammonia in the
poultry house results in various diseases of the bird’s respiratory system, pathological changes in the trachea, lungs, kidneys and
liver (Naseem & King, 2018). In addition, increased ammonia levels have been shown to cause keratoconjunctivitis, reduce body
weight, and impair feed conversion (Rouger et al., 2017). According to other data (Muir et al., 2014), an increase in ammonia levels
causes weakness of the capillary walls, a decrease in macrophage function, an increase in sensitivity to respiratory diseases, a
decrease in the ability of the bird to remove E. coli from the lungs and air sacs. Increased microbial contamination of poultry houses
and toxic gas content contributes to high bacterial contamination not only of the birds’ organisms but also of poultry production,
which reduces its quality and can cause disease in humans (including colibacteriosis and salmonellosis) (Paliy et al., 2018c; Tan et
al., 2019; Zhao et al., 2015). Som eauthors (Broucek & Bohuslav, 2015; Palii et al., 2019; Potter et al., 2012) developed a nhumber
of techniques aimed at reducing the microbial contamination of air in the poultry houses and harmful gases content in the air.
However, these techniques mainly concern keeping the poultry on the litter bedding. The development of safe and cost-effective
techniques for reducing microbial air contamination and the toxic gases content in the air when using cage batteries equipment, in
particular - with litter removal belt system, remains an unsolved task. Therefore, the study of microbial contamination and its impact
on the body of the bird, the development of ways to reduce the bacterial background and the content of toxic gases on poultry
farms are urgent problems in increasing production efficiency and improving the quality of poultry products. This explains the
increased interest of scientists in the study of means and methods of optimizing the microbiological contamination of the air
environment of poultry houses.

Materials and Methods

The purpose of the research was to substantiate the rational design and modes of operation of the device for the disposal of
microorganisms in the air of the poultry house based on the use of sources of ultraviolet radiation. The study was carried out in the
poultry house, 18x96 m in size, with a capacity of 47280 egg laying hens. The poultry was kept in 4-tier *Hellmann’ cage batteries
(Germany) equipped with a litter removal belt system and build-in air ducts. To neutralize the microorganisms it was proposed to use
bactericidal lamps with a wavelength of ultraviolet irradiation of 253.7 nm, placed at the main air ducts, through which the air from the
mixers of the litter drying system is fed into the ducts installed above the litter removal belt conveyors. The diameter of the duct was
1 m. Philips TUV TL-D 75W HO SLV bactericidal lamps, 75 kW, in quantities of 6, 12 and 24 pieces, were installed inside the duct
perimeter wind of its inner circle in one (6 and 12 pcs.) and 2 rows (24 pcs.) along the duct. Main specifications of TUV TL-D 75W HO
SLV lamps are given in Table 1.

Table 1. The main technical characteristics of the bactericidal lamp TUV TL-D 75W HO SLV.

Name of indicators Value of indicators

Electric power of the lamp, W 75
Supply voltage, V 108
Current through the lamp, A 0.84
Bactericidal flux, W 25.5
Useful life, h 8000
Shape of the bulb T26
Type of the lamp cap G13
Diameter of the bulb, mm 28
Mass, g 186
Length without contact pins, mm 1199.4

The total bactericidal flux was: when using 6 lamps - 153 W (volumetric dose of ultraviolet irradiation 15 J/m?), 12 lamps - 306 W
(volumetric dose of ultraviolet irradiation - 30 J/m3), 24 lamps - 612 W (volumetric dose of ultraviolet irradiation - 60 J/m®). The
amount of air supplied by the duct averaged 30.000 m3/h. Schematic diagram of the bactericidal device is shown in Figure 1.

The total microbial contamination of air and the toxic gases content in it were studied: before its irradiation (in the area of the air
duct before bactericidal lamps) and after irradiation (in the area of the air duct after bactericidal lamps and in the duct installed
above the litter removal conveyor) as well as in the poultry house, according to standard techniques. Each parameter was
determined in the specified places in the amount of not less than 5 performed in triplicate in each of 3 variants. The total number of
samples selected was 180.

Results and Discussion

The following options were considered as possible variants of microbial disinfection in the air of the poultry house: 1 - air disinfection
immediately in the poultry house, 2 - disinfection of the air of the poultry house, which was sent for recirculation, in the air mixer
chamber. In the case, when cage batteries with built-in air ducts are used, the latter variant of disinfection was considered as more
acceptable (cheaper and safer), since the need to reduce microbial air pollution was mainly in the cold season, and according to
preliminary calculations, a significant reduction in microbial air pollution sent for recirculation, providing a reduction of microbial air
pollution in general in the poultry house to a level below the maximum permissible concentrations (MPC).
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Figure 1. Layout scheme of the bactericidal device in the collector duct of the litter drying system: 1 - collector duct; 2 - TUV TL-D
75W HO SLV bactericidal lamps; 3 - block of automatic control of bactericidal lamps.

The main methods of decontamination of microorganisms in the air have been analysed: the 1% - by exposure to disinfectants (wet or
aerosol methods), the 2™ - by ozone, and the 3™ - by ultraviolet radiation (UVR). The latter method was found to be the most suitable
for use in the mixer chamber by a number of indicators: ease of construction and maintenance, reliability of the equipment used,
sufficient bactericidal efficiency and safety in use, the expected additional effect of reducing the toxic gases concentration.

According to normative documents (BHTI-AMNK-04.05, 2005): ‘Departmental Technological Design Standards for Agro-Industrial
Complex. Poultry Enterprises’ and ‘Sanitary Processing Instructions - Disinfection, Pest Control and Deratization of Poultry Objects’
(Order No. 69 dated 20.06.2007), if it is necessary to decontaminate 99.0% of microorganisms in the air, the volumetric dose of
ultraviolet irradiation should be 256 J/m3, 95% - 167 J/m?, 80% - 90 J/m>. When calculating the bactericidal plant for the poultry
house, in view of the requirement that the microbial contamination of the air in the premise is to be reduced to a level below the MPC
(220 thous. microbial units/m? of the air), for which it was necessary to provide at least 50% level of microbial decontamination.

Three variants of the bactericidal plant layout were developed based on the use of Philips 75W TUV-75 bactericidal lamps. The first
and second layout variants included the installation of a collector duct along the perimeter of the intake manifold, through which the
air from the mixer is fed to the ducts placed on the litter removal conveyor, with 6 and 12 TUV-75 bactericidal lamps, respectively.
The third variant provided for the installation of 24 the same lamps in the collector duct, but in two consecutive rows.

The results of studies of the effectiveness of microbial disinfection in the air of the poultry hose, depending on the number and method of
placement of bactericidal lamps are given in Table 2.

According to the study, before the bactericidal lamps were switched on, the microbial contamination of the air in the poultry house was
624-651 thous. microbial units per 1 m?, which is 2.8-3.0 times higher than the MPC. The microbial contamination of the air in the
collector duct before the bactericidal lamps was less than in the poultry house due to mixing with clean outside air. The irradiation of
the air in the collector duct made it possible to reduce its microbial contamination, when passing by the bactericidal lamps, by 1.16
times - in the 1% layout variant, 1.6 times - in the 2" variant and 2.7 times - in the 3" layout variant.

Table 2. Microbial contamination of the air in the measurement point, depending on the number of bactericidal lamps and methods of
their placement in the duct, thous. units per m°.

Number of bactericidal lamps and method of their

Measurement point of microbial placement
contamination of the air 6 lamps 12 lamps 24 lamps
1% variant 2" variant 3" variant
IIa?mtgseO[?loultry house, before turning bactericidal 624 + 393 638 + 24.8 651 + 27.8
In t_he air dycts, before bactericidal lamps during 243.3 + 17.8 1945 + 16.1 99.4 + 5.2
their operation
In the air ducts immediately after bactericidal
lamps during their operation 209.7 £ 19.6 124.7 £ 12.3 36.2 £ 3.7
In the air ducts above the litter removal belt
conveyor, during the operation of bactericidal 182.4 + 18.7 91.8+7.8 259+ 2.3

lamps
In the poultry house, during the operation of
bactericidal lamps

517.1 £ 31.7%**

382.3 £ 25.9%**

196.1 £ 17.3***

Note: *** - P<0.001 (compared to the contamination level before turning bactericidal lamps on).

When passing through the manifold system, the microbial contamination of the air somewhat declined, probably due to the action of
ozone produced by the use of bactericidal lamps. As a result, microbial air contamination in the poultry house decreased by 1.2 times -
when using 6 bactericidal lamps, by 1.7 times - when using 12 bactericidal lamps and by 3.3 times - when using 24 bactericidal lamps.
In the latter case, microbial air pollution was below the MPC. The difference between microbial air contamination in the poultry house
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before switching on bactericidal lamps and during their operation, as well as between the variants of bactericidal lamps layout by this
indicator was statistically significant (P<0.001). The treatment of inflowing air with ultraviolet irradiation also affected the toxic gas
content in it (Table 3).

Table 3. Influence of air disinfection with the ultraviolet irradiation on the toxic gases content in it.

Number of bactericidal lamps and method of their

Measurement point of the toxic gases placement
content 6 lamps 12 lamps 24 lamps
1%t variant 2" variant 3" variant

In the poultry house, before turning bactericidal
lamps on:
ammonia, mg/m> 17.4 + 0.54 17.8 + 0.47 17.1 £ 0.39
carbon dioxide, % 0.16 + 0.0025 0.17 £ 0.0041 0.18 + 0.0046
hydrogen sulphide, mg/m? - - -
In the ducts, before bactericidal lamps during
their operation:
ammonia, mg/m> 7.2 £ 0.59 6.6 + 0.62 5.2 + 0.071
carbon dioxide, % 0.08 £+ 0.0039 0.10 £ 0.0061 0.09 £ 0.0034
hydrogen sulphide, mg/m? - - -
In the ducts above the litter removal belt
conveyor during the operation of bactericidal
lamps:
ammonia, mg/m?> 6.9 £ 0.29 5.9 +0.32 3.9+0.18
carbon dioxide, % 0.08 £+ 0.0024 0.09 £+ 0.0031 0.07 £+ 0.0026
hydrogen sulphide, mg/m? - - -
In the poultry house, during the operation of
the bactericidal lamps:
ammonia, mg/m? 16.7 + 0.43 16.3 + 0.39% 13.7 £ 0.34%%*
carbon dioxide, % 0.16 £ 0.0018 0.17 £ 0.0017 0.17 £+ 0.0025

hydrogen sulphide, mg/m?

Note: * - P<0.05; *** - P<0.001 (compared to the level before turning bactericidal lamps on).

During the operation of the air irradiation system, the content of toxic gases in it decreased compared to the period when the air
was not exposed to ultraviolet radiation: - 1 variant of bactericidal lamps layout: ammonia by 4.0%, no reduction of carbon dioxide
content in the poultry house; - 2" variant of bactericidal lamps layout: ammonia by 8.4%, reduction of carbon dioxide content in
the poultry house was not recorded either; - 3™ variant of bactericidal lamps layout: ammonia by 19.7%, carbon dioxide by 5.9%,
but the difference in the content of carbon dioxide was not statistically significant. Based on these studies, the 3rd variant of
bactericidal lamps layout was selected for the further work as the most effective one. During the production verification of the
proposed device for the decontamination of microorganisms in the air of the poultry house on the basis of the use of UVR sources, a
study was carried out, which predicted the accumulation of poultry litter on the belt conveyors of cage batteries (up to 5 days). This
made possible to study different variations of the microbial contamination of the poultry house and to give an objective assessment
of the operation of the device at different seasons. The microbial contamination of the air during the production inspection is shown
in the Table 4.

Table 4. Microbial contamination of the air in the poultry houses (the basic and proposed variants) during the production
inspection, thous. units per 1 m>.

Days of accumulation of litter on the belts of cage batteries

Season 15t 3rd gth
Basic variant
Cold season (December - February) 324.7 £ 21.4 456.8 £ 23.9 573.4 £ 16.2
'_I'l:;rs"l)tlonal season (October -November, March 786.9 + 15.8 413.6 + 18.8 448.4 + 19.1
Warm season (May - September) 261.5 £ 21.2 319.3 £ 23.7 353.6 £ 15.4

Proposed variant
124.7 £ 19.3%**

134.3 + 18.3***
253.3 £ 16.7

159.8 + 16.6***
162.4 £ 17.2%**
311.7 £ 14.6

191.0 £ 14.3***
198.3 £ 19.2*%**
358.4 £ 17.8

Cold season (December - February)
Transitional season (October - November, March
- April)
Warm season (May - September)
Note: *** - P<(0.001.

The use of the bactericidal device made it possible to reduce microbial contamination of air on the 1% day of accumulation of litter in
the cold season - by 2.6 times, in the transitional period of the year - by 2.1 times; on the 5™ day, the accumulation of litter it
decreased by 3.0 and 2.3 times, respectively. In the experimental poultry house, during the cold and transitional season during the
entire period of poultry rearing, the microbial air contamination was below the MPC. During the warm season, the bactericidal
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device was not used because the recirculation of air from the poultry house was not carried out, thus, the microbial contamination
of the experimental and control poultry houses was similar and slightly above the MPC for cage rearing of the poultry, but it was
below (up to 5 days after accumulation period) the MPC for floor rearing. Thus, the results of the production verification completely
confirmed the effectiveness and practical significance of the proposed technological solution for the reduction of microbial air
contamination in the poultry house and the toxic gases content in it. The works (Paliy et al., 2018d; Wells et al., 2010) prove that
disease prevention works are an important part of the general technological process of functioning of any poultry farm.

The decrease in ammonia content due to the irradiation of the air with the ultraviolet radiation of the bactericidal range is also
noted in the works by several other authors (Chidambaranathan & Balasubramanium, 2017; Tahiru et al., 2019). This is explained,
on the one hand, by the direct action of ultraviolet radiation on ammonia, on the other hand, by the ammonia is affected by ozone,
which is formed in a certain amount from the oxygen of the air under the influence of ultraviolet radiation. As a result of the
reaction of ozone with ammonia, ammonium nitrate is formed. The health of the poultry and its productivity largely depend on the
sanitary well-being of the industrial area and the poultry house where it is kept. Thus, the research (Ishchenko, 2019) found that
after 120-250 days of cage rearing of laying hens, from 48 to 450 and from 43 thous. to 1.9 miIn. microorganisms per 1 cm? on
horizontal and vertical surfaces, respectively, were found. Along with saprophytic bacterial microflora and molds, enteropathogenic
E. coli strains, salmonellae and several other microorganisms were picked out from many samples. The analysis of numerous data
on the terms of preservation in the environment of opportunistic microorganisms indicates the need for careful sanitation of
production zones of poultry farms (Milanov et al., 2017). One of the important constituents of the microclimate is the content of
harmful gases (carbon dioxide, ammonia and hydrogen sulphide) that are accumulated as a result of the vital functions and
decomposition of the litter. The intensity of gas exchange in birds is known to be much higher than that in animals. Improper
aeration in the room causes the accumulation of a large amount of CO,, which leads to irritation of the mucous membranes, general
weakness, lethargy and loss of appetite (Fernanda et al., 2017). Increased concentration of NH3 causes poisoning. Since ammonia
reduces the oxidizing properties of haemoglobin, oxygen starvation and anaemia develop (Mendes et al., 2014).

Ammonia emission in the poultry house can be reduced by ‘forage’” methods’; for example, the normalization of protein and amino
acids levels in the diet, introduction of various feed additives by technological methods, such as strict adherence to the normative
parameters of the microclimate in the house, not exceeding the stock density parameters and reducing the litter bedding moisture,
etc.; by physical methods - by means of ultraviolet irradiation of polluted air; by chemical methods - by adding different chemical
reagents to the bedding or litter (Linlin et al., 2018; Naseem & King, 2018). When studying the possibility of using UVR to purify the
air from ammonia, the range of actual concentrations of ammonia in livestock premises was investigated. It has been found that
ultraviolet radiation has a positive effect on reducing the concentration of ammonia. The longer the polluted air is exposed to UVR, the
lower the final ammonia concentration. The reduction of ammonia to zero level is quite slow, but reducing it to levels below the
maximum permissible concentration is quite fast. Researchers have concluded that this method can be used to purify the air from
ammonia in livestock premises (Bilgili, 2006; Isohanni & Lyhs, 2009; Waring & Siegel, 2011). In the future, it is promising to study the
microclimate in the poultry houses when various reagents are added to the litter, with the aim of reducing the presence of toxic gases
in the air.

Conclusion

Application of the proposed technological method - irradiation of air in the litter drying system with an ultraviolet radiation (24
lamps - 612 W) with a wavelength of 253.7 nm in a volume dose of 60 J/m? reduces the microbial contamination of air by 3.3 times
- to a level below the maximum permissible concentration. During the operation of the air irradiation system, the toxic gases
content in it decreased compared to the period when the ultraviolet irradiation of air was not carried out: ammonia by 19.7%,
carbon dioxide by 5.9%, but the difference in the content of carbon dioxide was statistically insignificant. The results of the
production verification confirmed the effectiveness and practical importance of the proposed technological solution for the reduction
of microbial air contamination in the poultry house and the toxic gases content in it.
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