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Abstract

The intensive animal production and confinement increase the potential for intoxication gas, with incidences of
carbon monoxide (CO), carbon dioxide (CO,) and ammonia (NH,), which alter the ideal characteristics of the air,
adversely affecting poultry production. This research aimed to diagnose the influence of NH, indoor air quality of
three poultry laying sheds with birds of different ages. Randomized blocks design (RBD), were performed being the
blocks represented by plants of birds of different ages, in factorial 4x2 arrangement (number of weeks evaluated
x concentration reading schedules gasses). Readings were carried out by means of sensors for 28 days, where they
were measured twice a day (9:00 and 15:00 h) instant concentrations of ammonia (NH,) and carbon dioxide (CO,).
It was observed that the concentration of NH, andCO, obtained do not represent values that are harmful to the
performance of the birds showed during the entire trial period within the recommended values in the literature.
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Avaliacao da qualidade do ar em instalacOes avicolas
Resumo

A produgéo intensiva de animais e o confinamento destes aumentam o potencial de intoxicagdo por gases, com a
presenca mais comum de monéxido de carbono (CO), diéxido de carbono (CO,) e amoénia (NH,), os quais alteram
as caracteristicas ideais do ar, afetando negativamente a produgéo avicola. Com base nessas consideragdes, objeti-
vou-se com o presente estudo diagnosticar a influéncia da qualidade do ar no interior de trés galpdes avicolas de
postura, com aves de diferentes idades. Utilizou-se delineamento em blocos casualizados (DBC), sendo os blocos
representados pelas instalacdes com aves de diferentes idades, em arranjo fatorial 4X2 (ntimero de semanas ava-
liadas x hordrios de leitura da concentracdo de gases). Foram realizadas leituras por meio de sensores durante 28
dias, onde foram mensuradas duas vezes ao dia (9:00 e 15:00h) as concentrag¢fes instantdneas de aménia (NH,)
e didxido de carbono (CO,). Observou-se que as concentracdes de NH, e CO, obtidas néo representaram valores
prejudiciais para o desempenho das aves, apresentando-se dentro dos valores recomendados na literatura e com
base no periodo experimental considerado.

Palavras-chave: Amonia; avicultura de postura; didéxido de carbono.
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Introduction

The poultry industry has grown exponentially
and genetic improvement has provided a high devel-
opment of poultry production, providing increase eggs
production, nutrition development, management, san-
ity, ambience and air quality, thus enabling large-scale
production. (Damasceno, 2010; Ferreira, 2016).

The high productive indexes presented by the
poultry industry, which places Brazil in a prominent po-
sition, is the country’s leader in the export ranking, and
it is consecrated as the third largest chicken producer in
the world (UBABEF, 2017).

In poultry production, in the year 2015, about
39.51 billion egg units were produced, placing Brazil
among the ten largest egg producers. The Brazilian states
with the highest production were Sdo Paulo, having
33.24% of production, followed by the states of Minas
Gerais, that registers 11.50% and Espirito Santo, with
9.61% (UBABEF, 2017).

One factor that must be respected during the
production process is the air quality, which can be con-
sidered an important factor for the success of the poul-
try industry. Air is a source of oxygen that is critical to
animal metabolic rate, in addition to assisting in the
dissipation of heat. Aerosols, gases, vapors, and dust are
the most air pollutants that are found inside a poultry
industry. Ammonia (NH,), carbon monoxide (CO) and
carbon dioxide (CO,) are the common pollutants there
were found in the aviaries, which cause a huge damage
to animals and workers. (Lima et al., 2004; Miragliotta,
2005; Nais et al., 2007).

The pollutants alter the ideal characteristics of
the air, causing damage to the productive performance,
animals that are exposed to high gas concentrations begin
to present greater sensitivity to respiratory diseases tract,
with this the zootechnical index becomes compromised
(Baéta; Souza, 2010; Furtado et al., 2010).

The high gas concentrations in the premises
act primarily in the respiratory system of birds and mu-
cous membranes that are in direct contact with the air.
NH, gas is characterized as the primary agent, causing
physiological changes, whereas CO, is characterized as
an asphyxiant. These high concentrations reduce sig-
nificantly oxygen concentration, leading to a decrease

in air quality (Curtis, 1983).

Therefore, in view of these arguments, the pur-
pose of this study was to perform the diagnosis and
analysis of the air quality, regarding CO, and NH, con-
centrations, in sheds with commercial laying hens of
different ages in production.

Material and methods

Geographical location and characteristics of exper-
imental facilities

The experiment was developed during a period
of 28 days in the experimental farm Prof. Hélio Barbosa
from the Veterinary School of UFMG, in Igarapé-MG,
Belo Horizonte — MG metropolitan region. The climate
according to the classification of Kdppen is cwa - humid
type, with well-defined seasons, presenting annual av-
erages 22°C, with rains in the summer. Three poultry
facilities (sheds) of 55.5 x 8.20 m dimensions were stud-
ied, totaling a total area of 455.1 m? (Figure 1).

Figurel — Top view of the array of aviaries at the experimental farm
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The facilities were open on the sides and oriented
to the east-west. It didn’thave side curtains or artificial
air-conditioning system. The breeding system adopted
was the use of cages, located on two floors, with the first
floor being at a height of 0.70 m from the ground, and
the second floor at 1.70 m, arranged in three rows of
47 m in length (Figure 2). The cages had the following
dimensions of 48cm in length x 32cm height x 26¢m in
depth, with the capacity to accommodate from 3 to 4
animals per cage.

Each shed had different densities and stages of
birds breeding. In the shed number 01, 4783 birds that
were in the thirty-fourth week of laying were confined.
In the shed number 02, there where 4000 birds in the
nineteenth week of laying, and in the shed number 03,
3302 birds in the sixty-eighth week of production were
confined. The birds confined in the three experimental
sheds were of Hy-Lyne w-36 lineage.

Figure 2 — Aviary cross section, with the row arrange-
ment and height cages representation (di-
mensions in cm, E: 1/100)

Data collection

The instantaneous concentrations of ammonia
and carbon dioxide gases measurements were performed
at the facilities’ center point, approximately 1.30m high,
between the two cage levels, at the mean bird breathing
height. The data collection schedules adopted were 09
and 15h, which is quite representative in analogy to the
daily behavior of the gas concentrations.

To read the ammonia concentrations, a sensor
of the brand BW Technologies, Alert Extreme Gas model
of electrochemical principle, with a resolution of 1 ppm
and accuracy of = 1ppm was used to detect the instan-
taneous concentration in a measurement range of 0 to
100ppm.

For CO,, the Instrutemp brand, model AZ-77535
portable digital infrared USB output, with a resolution

of 1ppm and accuracy of = 50ppm that detects the in-
stantaneous concentration in a measurement range of
0 to 10.000ppm.

Experimental design

A randomized complete block design (RBD) was
used in factorial arrangement 4 x 2, with reference to
the number of weeks of the experiment and the reading
times of the gas concentration.

The data were analyzed with the aid of the
System for Statistical Analysis and Genetics-SAEG. The
data were submitted to variance analysis, and the means
averages were compared using the Tukey test, adopting
the level of 5% of probability (SAEG, 2009).

Results and discussion

The measurement schedules of ammonia (NH,)
and carbon dioxide (CO,) gases of the present study
were not significant. Table 1 shows the average results
of carbon dioxide and ammonia gas concentrations in
the three evaluated poultry houses.

Tablel — Average concentrations of CO, and NH, gases
observed inside installations

Sheds co, NH,

Shed 1 891,76 A 4,25 B
Shed 2 769, 86 B 2,56 C
Shed 3 888, 67 A 6, 01A
CV (%) 10, 30 50, 51

*Averages followed by the same letter in the column do not differ from
each other by the Tukey test at 5%.

It was observed that in shed number 1 and 3 they
did not differ statistically in terms of carbon dioxide con-
centration, presenting average values with little variation
and averages of 891.7ppm and 888.67ppm, respectively,
presenting the worst air quality when compared to the
installation 2. The values found in this study were lower
than those reported by Menegali et al. (2009), which
in works carried out in winter chicken facilities varied
between 2.65 ppm and 8.79 ppm.

The results were also lower than those found by
Vigoderis et al., (2010) and Cordeiro et al., (2010) who
studied the effect of different levels of minimum venti-
lation velocities on air quality and on the zootechnical
performance of broilers, these authors state that the
problems caused by poor air quality must be corrected
in order to improve the internal situation of the air in the
installation, for this it becomes imperative corrections
in the ventilation systems.

Among the factors that may have contributed to
a higher concentration of gases in these facilities, it can
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be inferred that the density of the animals, the life stage
and the accumulation of manure may have contributed
significantly to the higher gas concentration averages.

Another factor that should be mentioned in the
surroundings of shed number 1 was a dense vegetation
barrier that made it difficult to satisfactorily renovate
the air inside the installation. The aviaries analyzed did
not have any artificial ventilation system, only natural
ventilation.

In the shed number 2, a better air quality was
observed, which is justified by the fact that the animals
confined in this place are in a lower stage of life than
the other facilities and thus have less accumulated waste
inside the facility. According to Franca et al., (2017) a
number of factors, such as biological and meteorological,
directly interfere with the formation and production of
ammonia and carbon dioxide gases. For the author, the
high concentration of these gases in the aviary depends
on the local climatic conditions, the age of the animal
and the composition of the feed provided.

It is worth noting that the average values found in
the three facilities were within the recommended limits.
It is accepted by the literature that according to Wathes
(1999), the recommended limit concentration of carbon
dioxide inside the poultry facilities is 3, 000ppm. In this
study, the concentration ranged from 769.58 to 891.71
ppm, although the maximum values did not reach the
harmful limits to the development of the birds and did
not cause damage to the health of the aviary workers,
allowing the conclusion of the respective values of the
safety limit.

About the ammonia concentration, there was a
statistical difference (P <0.05) between the sheds ana-
lyzed. The shed number 3 showed the highest ammonia
concentration, these results can be explained since the
ammonia emission rate in the aviary is related to internal
temperature outside the aviary, relative air humidity and
live weight of the animals, thus the installation number
3 housed the animals with the highest ages consequently
with greater live weight.

Even the highest NH, gas averages are within
the range of acceptable limits that according to Wathes
(1998), which are 20 ppm, for continuous exposure,
values higher than this concentration can directly affect

the development of birds and behavior changes can be
observed. In addition to physiological changes, a sig-
nificant drop in feed conversion and feed intake. Direct
contact of this gas with animals may alter respiratory
conditions and cause irritation to mucous membranes
and eyes.

When more excreta deposition occurs on the
ground the chances of poisoning increase, therefore,
absorption can occur continuously and with this, triggers
reactions in the animal (Curtis, 1983).

Table 2 presents the mean values of CO, and NH, con-
centration in relation to the observed periods.

Table 2 — CO, and NH, gas Concentration, for the eval-
uated period

Periods Co, NH,
1- (1 - 7days) 838, 66 B 2,69 B
2 - (8 — 14 days) 824,74 B 3,11B
3 - (15 - 21 days) 847,52 AB 5,97 A
4 -(22 - 28 days) 889,48 A 5,32A

CV (%) 10, 30 50, 51

*Averages followed by the same letter in the column do not differ from
each other by the Tukey test at 5%.

At weeks 3 and 4 the carbon dioxide concentra-
tion was higher than the in initial weeks, statistically.
The lowest NH, concentration averages were at weeks
1 and 2, differing statically from weeks 3 and 4 which
had the highest concentrations, this may be due to higher
accumulation of waste.

It should be emphasized that even the periods
with higher average incidence were in the limit acceptable
range according to the literature.

Conclusion

The air quality based on the ammonia (NH,) and
carbon dioxide (CO,) in the conditions of this study did
not present high values as they were within acceptable
limits for the development of the birds.,
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