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Abstract

The combination of intensive poultry production and certain environmental factors in poultry houses can
sometimes lead to poor indoor air quality and pollutant emissions. Gases present in the indoor air of poultry
houses, such as ammonia (NH3), methane (CH4), hydrogen sulfide (H2S), carbon dioxide (CO2) but also dust,
are of particular importance given their adverse effects on production performance and poultry health. The
gases originate from biodegradation of fecal matter accumulated under anaerobic conditions inside poultry
houses. Regular assessment of indoor air quality allows for planning waste disposal and thus ensures clean
air for poultry and workers. In today context, all operations carried out to optimize environment in poultry
farms are of capital importance to guarantee the welfare and poultry health.
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Introduction

Given the increasing demand for white meat and derived prod-
ucts, there is currently an intensification of animal production
in general, particularly in the poultry sector. This growth in an-
imal production has been accompanied by the development of
farming techniques, which has led to an increase in pollutant
emissions into the atmosphere [1]. It is now estimated that near-
ly half of the mass of feed and water used in livestock farming
is lost in gaseous form during animal production and effluent
management [2]. Pollutant emissions from livestock farms have
been the subject of numerous publications [3-8]. They are char-
acterized by temporal and spatial variability, which makes their
estimation complex. The methods for quantifying these emis-
sions depend on various objectives as well as the financial re-
sources available to farmers [9]. The measurement of pollutant
concentrations can be carried out using physical methods [10],
such as absorption spectroscopy, or chemical methods, such as
gas chromatography or bubbling. These methods are general-
ly used within well-defined processes, such as source emission
measurements, remote source measurements, or mass balance
calculations [11]. Additionally, emission measurements often
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rely on observing concentration differences between the inside
and outside of buildings [12]. Many so-called "operational”
measurement devices are used. However, they are often costly
and/or complex to implement. The methodologies applied also
influence the representativeness of the measurements. Indeed,
they can lead to significant differences in results [13]. Proposing
a set of reference measurement strategies adapted to the diver-
sity of farming systems has therefore become a current concern,
requiring a better understanding of emissions and the mecha-
nisms behind their formation [12]. Exploring new research ave-
nues is necessary to better understand these mechanisms. Mod-
eling is an option for estimating emissions, but it must also excel
in mastering knowledge related to the formation and emission
of pollutants. Currently, the typologies used in emission inven-
tory calculations are based on two types of effluents: solid or
liquid, i.e., manure or slurry [ 14]. Furthermore, the development
of regulations on gaseous emissions requires the acquisition of
references regarding emissions at different stages of the farming
system. In this bibliographic article, we will enumerate the dif-
ferent sources of pollution in poultry farming buildings and their
consequences on agriculture.
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Sources of Pollutant Emissions in Poultry Houses

Biochemical pathways for producing malodorous gases [15]

Poultry housing systems and their manure storage structures
contribute significantly to the emission of gases, odors, and dust
into the atmosphere. While poultry farming produces methane
(CHa4) and nitrous oxide (N20) to a lesser extent, ammonia a
volatile, polluting, and odorous compound is the primary gas
emitted by the poultry industry [16]. It is estimated to account
for 9% of methane emissions, 6% of nitrous oxide emissions,
and 15% of ammonia emissions related to livestock [17]. Poul-
try farming also generates fine particles called aerosols [18-20]
and contributes significantly to secondary dust emissions [21].
Most particles are suspended inside poultry houses, and up to
50% of ammonia volatilizes there [6]. Ammonia is considered a
precursor of secondary particles, which form after the conden-
sation of various chemical compounds in the air [19-20,6]. At
high atmospheric concentrations, it causes respiratory diseases
in poultry [22-23].

Feed

A study by [24] suggested that feed contributes only minimally
to airborne dust in poultry houses. However, [25] attributed 80—
90% of dust in caged layer facilities to feed sources. Handling,
preparing, and distributing feed in closed poultry houses gener-
ate significant amounts of dust [26]. Dust primarily originates
from seed coatings and depends on the feed’s moisture and fat
content [21]. Dust emissions decrease with higher feed moisture
levels [27-28]. The form of feed (meal, crumbles, and pellets)
also affects dust production [29]. Birds fed with meal produce
more dust than those fed pellets [21]. Certain feed ingredients
generate more dust than others. Corn-based feeds produce less
dust than sorghum- or wheat-based feeds [30]. Barley generates
more dust than corn [31].

Feeding Equipment

Feed distribution and handling equipment also contribute to dust
formation. In automated feeding systems, large amounts of dust
can become airborne when feed spills from troughs or feeders
[32]. Wasted feed due to spillage is likely a major factor in dust
generation [21]. Feed on the floor can be crushed into smaller
particles by trampling and become airborne. A significant in-
crease in particle emissions occurs after feed distribution, with
further spikes from repeated passes of feed carts or automated
feeders along the cages [33].
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Feces

Dried feces are a major source of particles in livestock buildings.
The emission factors of particles, particularly PM10, in poultry
buildings vary depending on the type of manure. They tend to
be higher for manure than for droppings [34]. Dry droppings
can emit up to 8% of dust particles in poultry housing. The key
factor lies in the dry matter content of the feces. It is closely
linked to the internal environment of the building (temperature,
humidity, and ventilation) as well as the frequency of manure re-
moval [35]. [24] reported a significant contribution of crystalline
dust to airborne dust in poultry houses, likely originating from
mineral crystals formed from urinary components.

Animals

Animals themselves are a significant source of dust, with 2—-12%
of dust particles in poultry housing coming from the animals.
This dust arises from skin flakes, down, or feathers [36, 26]. The
quantities released depend on both the number of animals and
their weight [37, 35]. They are also related to animal activity,
which itself depends on the poultry genotype [38]. Moreover,
dust becomes airborne primarily due to animal movement, which
generates large amounts of dust from feed, feces, and litter [21].
The movement of animals creates air turbulence around them,
dispersing settled particles and increasing particle concentration
[39]. Similarly, stocking density has a major effect on dust pro-
duction and emission, as it directly influences animal activity
and also affects hen temperature, thereby increasing airborne
microorganism concentrations [40]. Dust production increases
with the age and weight of birds [41-42]. Up to the sixth week
of growth, respirable aerosol concentrations in poultry houses
increase with bird weight [43, 8]. The main reason for this rise is
likely the increased surface area of various dust sources—such
as feed quantity, feces, or the skin surface of hens as animals
grow [44, 21].

Poultry House

The amount of dust in the air of livestock buildings is heavily
influenced by the housing system [45-47]. Studies indicate that
layer hens housed in aviaries consistently exhibit higher concen-
trations of airborne dust compared to cage systems, where hens
have little or no access to litter [39]. The type of building and
manure management methods also affects particle emissions,
particularly PM10 [48]. The nature of the particles, which orig-
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inate from the building structure, depends on the construction
materials used. These materials are responsible for most of the
mineral fraction of particles produced indoors, which can also
come from the external environment. The exterior of the build-

ing can therefore be a source of dust when its air tightness is in-
adequate, particularly around air inlets. Dust then transfers from
the outside to the inside of the building [49].

Biological, physical and chemical pollutants removed from 1 m? of poultry house ventilation air (Herbut, 1997)

Season Microflora [colonies/m?] Dust [mg/m?3] Ammonia [ppm]
Spring 37600 4,7 7,0
Summer 22500 2,2 10,0
Automn 16500 7,4 9,0
Winter 59900 0,7 8,0

Factors Influencing Particle Formation in Poultry Farms
Several factors affect particle concentration in the air of poultry
buildings: air temperature, relative humidity, ventilation rate,
animal activity, stocking density, bird species and age, feed type
and structure, and feeding method [27]. However, it is the com-
bination of some of these factors that causes variations in dust
levels [18]. Studies conducted in poultry houses have shown that
total temperature and relative humidity significantly influence
total particle concentrations [50]. The evolution of emitted par-
ticle quantities reveals that increases in dust levels are accompa-
nied by decreases in humidity [43]. Indeed, a relative humidity
of 70% or higher can contribute to low particle concentrations
due to high equilibrium humidity [39]. Conversely, relative hu-
midity below 60%, especially in cold ambient temperatures, pro-
motes an increase in airborne particles [36]. This observation
can be explained by the fact that any decrease in air humidity
leads to drying, which raises dust levels in the ambient air of
buildings. However, relative humidity can affect the ability to
remove particles from surfaces where they settle, as well as the
viability of airborne microorganisms. Air temperature is the fac-
tor with the greatest impact on air quality. Indeed, it directly in-
fluences, through ventilation, the dry matter content of manure,
which promotes increased dust emissions [17]. [43] described
low dust production at 10°C, with quantities peaking between
15.6°C and 21°C and decreasing as temperatures approached
37.3°C. Small differences between outdoor and indoor tempera-
tures are normally associated with higher ventilation rates, fur-
ther demonstrating the strong influence of ventilation speeds on
dust concentrations [42, 51].

Ventilation

One of the factors that largely determines the concentrations and
emissions of particles in livestock buildings is the ventilation
rate. Positively linked to temperature and negatively to relative
humidity, ventilation influences the distribution of particles in
the airspace of livestock buildings [27]. Primarily designed to
control temperature and humidity, ventilation systems, through
these two parameters, affect particle concentrations, especially
in winter, when they are higher due to low ventilation rates [52].
However, an increase in the ventilation rate does not necessarily
lead to a proportional reduction in dust concentration in live-
stock buildings [44]. This seems to be primarily caused by a low
sedimentation rate of particles when associated with high venti-
lation rates. Sedimentation is effective for larger particles.

Microclimate

Weather conditions are one of the parameters influencing the
variability of particle emission factors in poultry buildings.
These include daily variations as well as seasonal variations
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[53], where the ventilation rate is closely linked to the climate
or season. Due to higher ventilation rates in summer compared
to winter, lower concentrations and higher emission rates can
be expected in summer, while higher concentrations and lower
emission rates can be expected in winter [41]. Several studies
have demonstrated higher mass concentrations of dust in winter
than in summer [54, 39,42]. In contrast, [47] report that PM10
emission factors are higher in warm periods (spring-summer)
than in cold periods (autumn-winter). In the same context, [55]
attribute PM formation rates to enhanced ventilation in warm
periods, which creates increased turbulence and raises the sus-
pension of particles in the buildings air.

Activities Conducted in the Poultry House

Daily tasks carried out in poultry buildings, such as feed distri-
bution, egg collection, cleaning activities, or simply the inter-
vention of the farmer or workers in manure removal, are likely
to generate significant amounts of dust, as they influence bird
activity and promote the formation and suspension of particles
[49,35]. It is important to note that the smaller the particles, the
more they adhere to surfaces, and it is the airflows created by an-
imal activity and human activity that are likely to suspend these
particles in the air and keep them in that state [56].

Ammonia Emission Sources in Poultry Farming

Ammonia (NHs) emissions from poultry farming facilities have
become a major concern due to the negative effects of excessive
release into the atmosphere [57-58]. These emissions are linked
to livestock manure and contain nitrogen (N) excreted by the
animals [11]. This nitrogen may be mineral nitrogen contained
in the organic matter of the manure before any decomposition, or
it may result from the secondary decomposition of moistened or-
ganic matter [59]. Ammonia emissions are therefore dependent
on the management and fate of animal manure at different stages
of a farm. They occur inside the poultry house and depend on
factors such as housing systems, indoor climate control, and ani-
mal activity [60-61],[6,13]. Emissions also occur during manure
storage, where nitrogen and carbon content depends on storage
duration and treatment type [62,6,13,17]. Additionally, ammo-
nia is emitted during manure spreading and is influenced by the
nature of organic matter, as well as manure redistribution during
grazing [59]. Emission estimates for a given situation must also
account for local environmental conditions [63-64].

Effects of Poultry Houses Characteristics and Environmen-
tal Conditions on Pollutant Emissions

In laying hen houses, indoor air quality is essential for maintain-
ing a healthy environment for workers and plays a crucial role
in egg production [65-66]. Key indoor environmental factors in-
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clude pollutant gas concentrations, temperature, relative humidi-
ty, light intensity, and airflow [67]. Environmental parameters in
poultry houses, such as temperature and humidity, vary with the
age of the birds (ITAVI, 1997). To maintain an optimal indoor
temperature at minimal energy cost, humidity levels should be
kept between 55% and 75% [68]. However, high humidity lev-
els can contribute to pathogen spread and the release of harmful
gases like ammonia.

Environmental conditions depend on farming systems and their
management. Thus, emissions of certain gases vary significantly
depending on farm type, design, and building management [20].
Ammonia emissions factors tend to increase with aviary systems
and decrease in conventional cage systems [69]. According to
[66], dust levels in floor-raised systems are higher than in cage
systems and exhibit greater variability. Among cage systems,
furnished cages have higher dust levels than conventional cag-
es, with the highest levels found in aviary systems. Ventilation,
used to dilute pollutant concentrations by supplying fresh air,
plays a major role in ammonia emissions. In hot conditions,
increased ventilation rates due to rising temperatures enhance
airspeed over manure surfaces, which can temporarily increase
NHs emissions (Méda, 2011). Ammonia volatilization depends
on air movement near the emitting surface. However, in the long
term, ventilation reduces NHs emissions by drying out manure
[70,63]. High ammonia levels (above 25 ppm) in poultry houses
can negatively affect production performance and bird health,
leading to respiratory issues, poor weight gain, reduced egg pro-
duction, and higher feed conversion ratios [23,71-72].

Conclusions

The design and equipment of a poultry house must ensure the
well-being of the animals and optimal production while min-
imizing the emission of gases and dust into the atmosphere.
These polluting emissions are closely linked to farming prac-
tices that influence their formation and release. Therefore, for
emission estimates to reflect reality and for progress in reduction
to be effective, it is necessary to specify the typology of farming
systems, hence the importance of distinguishing their specifici-
ties in terms of structural characteristics and farming manage-
ment. Gaseous emissions are automatically linked to manure,
while dust is primarily related to feed, though this does not mean
they are the only sources of emissions in poultry farming. The
modernization of farming buildings has led to improved living
conditions for the animals. Pollutants emitted by the poultry in-
dustry are harmful not only to the animals but also to the human
environment. They can lead to ecological disasters, especially in
the field of agriculture. The application of dietary interventions
(enzymes, probiotics, prebiotics, plant extracts, herbs, spices,
and essential oils) could be a promising strategy for mitigating
the emission of noxious gases. In addition to improving sustain-
ability, it would also improve the production performance and
health of the poultry.
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