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ABSTRACT: Air quality in animal confinements is directly related to animal metabolisms, releasing heat, humidity
and carbon dioxide (CO,) to the air from respiration and gases from digestion and feces such as NH;, CH,, H,S and
dust. Heating systems produce CO and NO, due to incomplete combustion which produces concentrations greater
than those allowed by Colombian legislation (Decreto 948, 1995), and international countries such as the USA
(National Organization for Security and Health NIOSH, 1994) and Brazil (NR-15, 1978), which represent some of
the largest livestock development industries in the world. Among these gases, ammonia is the pollutant most often
found in air inside animal confinements which deteriorates the health and productivity of animals and people. Hence,
the study of ammonia has attracted the attention of researchers for years in various different countries. The objective
of this work was to discover important aspects which must be taken into account in animal confinements, such as
permissible ammonia concentrations. The developed models calculate concentrations and emissions, which can be
used in countries such as in Colombia, where works and knowledge on environmental control and the production of
gases in livestock confinements are few.
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RESUMEN: La calidad del aire en los sistemas de crianza esta directamente relacionada con el metabolismo de los
animales, liberando directamente a la atmosfera calor, humedad y diéxido de carbono CO?2, a través de la respiracion
y los gases de la digestion y excretas como NH3, CH4, H2S, material particulado, y gases de la combustién
incompleta de los sistemas de calefaccion como el CO, NO2, con concentraciones mayores a las permitidas por las
normas Colombianas (Decreto 948 de 1995), asi como con otros paises como EE.UU. (Organizacion Nacional para
la Seguridad y la Salud de NIOSH, 1994) y Brasil (NR-15, 1978), que tienen un importante desarrollo en la industria
pecuaria a nivel mundial. Entre estos gases, el amonio es el gas mas toxico y encontrado con mayor frecuencia en el
aire, dentro de la instalaciones de cria de animales que causa dafios a la salud y la productividad de los animales y de
las personas. Por lo tanto, el estudio de amonio ha llamado la atencién de los investigadores durante afios en
diferentes paises. El objetivo de este trabajo es dar a conocer aspectos importantes que deben tenerse en cuenta en las
estructuras para animales, como las concentraciones admisibles de amonio, y los modelos desarrollados para calcular
las concentraciones y las emisiones, que pueden ser utilizados en paises como Colombia, donde los trabajos sobre el
control ambiental y el conocimiento de la produccion de gases en las estructuras pecuarias son pocos.

PALABRAS CLAVE: Amonio, polucion del aire, ambiente, instalaciones pecuarias.
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Nomenclature

the rate of ammonia emission (g NH3 bird™ d™)

ER total surface area per cow (m* cow™)

A, total amoniacal nitrogen (kg m™ as NH3)

[TAN] effective Henry’s Law Constant (dimensionless)

H* mass transfer resistance (day m™)

r the general mass transfer equation

E area of surface (m® )

A the mass transfer coefficient (ms™)

hp surface’s concentration (kmol m™)

Cg,0 flux’s concentration (kmol m™)

Cgoc the control volumes (m™)

VR coefficient of gas

King coefficient of liquid

Kt the fraction of un-ionized

f volume of urine (m®)

Vu control volume (m®)

\A diffusion coefficient (m’ s™) i
Dag concentration of amoniacal nitrogen in the air of the structure (kg m™)
CNH3 N-gas, air: concentration of amoniacal nitrogen in urine (kg m™)
CTAN concentration of urea in urine (kg m*)

Cu concentration coefficient

K

1. INTRODUTION

In livestock confinements, air contaminants
principally originate from organic material. The
inhalation of particulates and organic vapors can
lead to respiratory tract diseases in humans and
animals. In this sense, air quality problems in
animal confinements must consider the
following two aspects:

First, pollutants can directly cause alterations in
the animal as a result of agent-body interactions
(mechanical irritation, local inflammation etc.),
harming the very animal which produces the
pollutants, as well as making the attacked tissue
susceptible to new diseases. Secondly, the excess
of certain components may increase stress in the
animal leading to a decline in its immune
system, and consequent vulnerability to diseases
and decrease in productive and reproductive
performance.

The emission of NH; from agricultural activities
in Europe, excluding the former USSR, doubled
between 1950 and 1986 [5, 41], while during the
same time period in the Netherlands, NHj;
emissions increased by a factor of 2.5. This
increase in NH; emissions has contributed
significantly to the deposit of critical levels of
nitrogen (N) in soil in many European countries,
leading to the eutrophication and acidification of
soils J16, 17]. In Netherlands, for example,
approximately 46% of the potential acid
deposition is caused by emissions of NHj,
mainly from agriculture [3].

From the given information, livestock producers
are current seeking to guarantee animal welfare
conditions, improve the well-being of people
working directly in production systems and to

minimize environmental impacts. All these
propositions have a direct relationship with air
quality and concentration and emission of
harmful gases in livestock confinements as well
as the atmosphere.

Ammonia (NH;)

Ammonia is a colored gas with a penetrating
odor; it is lighter than air and soluble in water.
Once emitted, NH; can be quickly converted into
ammonium (NHy), through reactions with nitric
or sulfuric acid easily found in these
environments. A ammonia is a toxic pollutant
most often found in air within livestock
confinements, and produced from the microbial
decomposition of uric acid found in manure.
High ammonia concentrations are usually found
in closed buildings. This gas can act as an irritant
to the eyes and respiratory membranes,
developing a chronic stress that can affect the
course of infectious diseases and also directly
influence the growth of young animals. The
maximum  concentrations,  suggested by
reference [31], indicate that humans may be
exposed to 25 ppm for duration of § hours, 35
ppm for 15 minutes and 50 ppm for 5 minutes.

CONCENTRATIONS AND AMMONIA
EMISSIONS ON ANIMAL PRODUCTION

e  Poultry houses

In birds, the excess of ammonia causes various
disorders and problems such as the reduction of
appetite and respiratory rate, lesions in the
respiratory tract, conjunctivitis and larger
susceptibility to viral infections. To reference
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[46], in an experiment conducted in poultry
houses in the United States, produced in isolated
buildings with tunnel type negative ventilation
systems, detected ammonia concentrations
ranging from 10 to 50 ppm, with an average of
242 ppm. [47], recommend a maximum
ammonia level of 20 ppm in poultry buildings.
To determine the concentration of ammonia in
industrial poultry houses, and given that
determination and control helps to increase
production and reduction of levels of disease,
permanent monitoring of ammonia production of
ammonia is performed by control systems.
(Worley. J.W (2002) cited by [45].

Given that knowledge of ammonia emissions are
important to determine the local and regional
impacts of industries on regional air quality, a
reference [15] found that poultry houses with
new and re-used bedding contribute to 8.8 and
11.7 kT/year of ammonia, respectively, in the
states of Kentucky, USA, and 240 and 324
kT/year of ammonia emissions for new and re-
used bedding respectively on the national level.
To achieve these results, the authors used the
equation (1), which has an error Standard
(SEER) of 1.1 mg NH; bird" d', and obtaining
the average annual production of NH; by the
bird in each period of growth .

Birds are grown to different weights, and thus by
equation (1), the total emission per bird varies by
market weight.

ER =0:03 - x (1)

Where, ER is the rate of ammonia emission (g
NH3 bird™" d™),

bird's age  if used litter
x=+0 if new litter and bird age <7
bird's age  if new litter and bird age >7

Studies evaluating different facilities and
ventilation systems for the production of poultry
(ducks, turkeys, breeders and broiler chickens),
found a direct correlation between high rates of
emission of ammonia and odors (OR, Odour
Unit or Unit of Odor) in production of ducks
(376 OR / LU and 40.6 g / h.LU) and turkey
(138 OR / LU and 11.3 g/ h.LU), in naturally

ventilated facilities with high currents of air. For
broilers, were found averages of 3.1 g/ h.LU, of
ammonia and 79 OR / Lu to smell with
measurements of short duration, and the
emission of ammonia has grown rapidly in the
final stages of production when the mass of
animal and the amount of manure produced
increases [28]. In tropical climates several
studies have been done to determine
concentrations in poultry, but no emissions [6].
Among these works has been done by the
reference [24], where they found the distribution
of ammonia in a shed type tunnel

¢ Hog buildings

To references [21, 22], reported that average
ammonia concentrations measured in different
hog farms in Northern Europe were between 5
and 28 ppm, and registering momentary
increases of 50 ppm. According to references
[20, 37], conducting research in HRHB (High
Rise-Hog Buildings) systems in the USA,
concentrations of ammonia during the summer
are less than those seen during the winter, the
period in which the facilities are kept closed
ventilation is minimal. Sun et al. (2002), found
ammonia concentrations in excess of 30 ppm in
enclosed hog buildings during winter when
ventilation was minimal.

Studies conducted by [38], on high-growth
HRHB swine production systems, demonstrated
that in structures in which manure pits are found
directly below the building, the ammonia
concentrations are below 20 ppm in the animal
environment, and below 40 ppm in the pits
where manure is deposited. This behavior was
observed for most of the year. Ammonia levels
greater than 25 ppm present health risks to both
pigs and workers. To reference [36], encountered
reductions of 12, 30 and 29.9% in pig weight
gains (8.5 kg body weight) when they were
exposed to concentrations of 50, 100 and 150
ppm of NHj, respectively, for four weeks.

To estimate and control ammonia emissions in
hog buildings, To references [7, 29], developed a
simulation from a mathematical model which
considered temperature, air speed and pH. It is
known that ammonia is produced from hog
manure. Of the nitrogen consumed by animals,
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between 50% and 20% is excreted as urea and
organic nitrogen components (feces). Urea is
hydrolyzed into NH;3 and CO,, and this reaction
is catalyzed by the urease enzyme, which is
produced by bacteria found in feces. When
simulating ammonia emissions with the
proposed control system, emissions were
reduced by about 8% on an annual basis. This
reduction was mainly due to the low rate of
ventilation during certain periods of the year,
maintaining more ammonia inside the building.
The resulting concentration of ammonia inside
was higher with the new algorithm (13.2 versus
9.1 ppm), but never exceeded the maximum
tolerable level of 25 ppm.

e Cattle confinements

Ammonia in closed buildings for dairy cattle
produces a large quantity of urea hydrolysis in
urine [27]. The amount of urea in relation to the
total nitrogen content in the urine of dairy cattle
depends on physiological factors such as diet
and levels of composition and production. A
growing surplus of dietary degradable proteins
results in an increase in the rate of urine
excretion [43], while the volume of urine
produced is related to the intake of nitrogen (N),
potassium (K) and sodium (Na) [44].

Permissible ammonia concentration levels as
stated by the American Conference of
Governmental Industrial Hygienists [2] are 15
ppm in confinements. According to reference
[25], ammonia emissions for dairy cattle range
from 20-45 g dia”' cow™.

To reference [34], found that ammonia
emissions per cow in the USA ranged from 13.1
to 55.5 kg of NH; cow” years™, with a mean of
23.9 kg NH; cow' years "', depending on
weather and geographic region. To determine
emissions produced by each animal per day, To
reference [34], used the following equation:

Emissions (kg NH / cow/ day)= Ac[TAN |H * !

2

To reference [34], found that the greatest
ammonia emissions in the United States were
found in the American south and east, in states
such as Arizona and California. The authors
attributed this to higher temperatures recorded in

the mentioned states, and the intense production
of cattle in these places .

Models for the evaluation of ammonia
emissions in animal production facilities

Ammonia emissions estimates for facilities that have
been based on as-designed animals numbers or
animal units (1AU = 500 kg), or maximum AU
capacity, can also impact the estimate of annual
emissions [15]. Emissions rate is approximately the
product of ammonia concentration and ventilation
exhaust airflow rate. While this calculation is
simple in concept, in practice, both concentration
and ventilation are difficult to measure
accurately under commercial animal house
conditions [49]. These measures are more
difficult in naturally ventilated animal house in
tropical’s countries such as in Colombia.

To identify and quantify the uncertainties of
existing to reference [33], suggested some
methods for measuring ammonia emissions from
naturally ventilated animal houses and waste
stores. Four basic approaches were identified: I.
feed and manure nitrogen balance (ammonia by
difference); II. Summation of local ammonia
sources; III. determining ammonia fluxes, either
directly or indirectly, using an envelope more or
less remote fro m the ammonia source; IV.
measurement of ammonia sources to air e.g. by a
tracer ratio method. A ranking exercise was
carried out to help identify the most promising of
these approaches for development to provide a
robust method for use on farms. Overall, the
approach of measuring ammonia sources to air,
by a tracer ratio method or similar, achieved the
top ranking. The second ranking was achieved
by the approach of determining ammonia fluxes,
either directly or indirectly, using an envelope
more or less remote from the ammonia source.

Similarly, a reference [14], did a comparative
demonstrations of three methods (flux sampling,
external tracer ratio, and internal tracer ratio),
were mounted in four real farm situations. A flux
sampling method was demonstrated at a
commercial dairy cow house (slurry-based), at a
commercial piggery (straw-based), at a full-scale
above-ground cylindrical slurry store (dairy cow
slurry) and a full-scale earth-bank lagoon (pig



Dyna 158, 2009 93

slurry). An external tracer ratio method was
demonstrated, in parallel with the flux sampling
method, at the dairy cow house and at the above-
ground slurry store. An internal tracer ratio
method was demonstrated at the dairy cow house
only. At the dairy cow house, the corrected
emission rates from the flux sampling method
and from the external tracer ratio method agreed
to within the estimated experimental range,
while the emission rate from the internal tracer
ratio method was significantly lower. The
overall conclusion of the study is that all three
methods can have a useful role, the choice of
which to deploy depending on the particular
measurements needed in each case, for measure
the emission of ammonia from naturally
ventilated animal houses and wastes stores.
Although, these methodologies, still are difficult
for use in tropical’s countries, and needed of
particularly conditions for their used, because
they are thus naturally ventilated, which makes
the flux of NH3 from them difficult to
determine, as the ventilation rate (the number of
air mass exchanges per unit time) varies
according to temperature, wind speed, building
design, orientation to the wind and animal
occupancy. Conversely, for countries such as in
Europe and U,S, there are several methodologies
that has been using in many investigation, whit a
good accuracy such as did for references [4,
8,11, 13, 15, 19, 30, 34] and others.

Models for the evaluation of ammonia
concentration in animal production facilities

Hog building

To reference [48] applied two models for
assessing the concentration of ammonia in hog
confinements using two different diets (HPC and
HPSBP), and the monitored results were which
were compared with the predictions based on
models of mass transfer. Model 1 was developed
by reference [1,7] and Model 2 by the same
researchers. Mass balances were performed
using different mass transfer coefficients and
different concentration gradients.

The release of ammonia from the surface of
manure pits to the environment, in a process that
typically occurs inside the confinement, can be

modeled using the general mass transfer
equation (equation 3):

E = hm * A * (Cg,O - Cg,oo) (3)

Several methods have been used to determine
the mass transfer coefficient used in equation 3.
Haslam et al. (1924), cited by [48], developed a
set of four equations to describe the mass
transfer coefficient using gas (equation 4) liquid
boundary layer (equation 5) and the overall
volume transfer using a coefficient for the partial
pressure gradient (equation 6) or a concentration
gradient (equation 7)

K =ay"t1r 4

m.g
K,, =bT* )

The coefficients a and b in equations 4 and
5, were converted in some cases using the
ideal gas law [1] to express km,g and km,1in SI
units

1
g = 1 (©)
+
m,g HKm L
1
Iy = @
-
m,g m,L

According to reference [48], many empirical
relationships have been developed to determine
the convective mass transfer coefficient of
equation 3 for different flows, regimes and
surface geometry. The variable £, can be
described by one of the following equations, as a
function of the Reynolds number (Re) and the
Schmidt number (Sc) [18].

For laminar flow:

D ,;.0,664.Re!/?.Sc"?

hm
L

; 5¢<0.6
®)
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For turbulent flow:

D 45.0,0296.Re}> . sc!/3

L
0.6 < Sc <3000

hm

9)
Using equation 11 and a measured value of total
amoniacal nitrogen (TAN), equation 3 can be
reorganized and solved for ammonia gas
concentration in the boundary layer. Equation 3
can then be specified in a more useful form,
according to reference [48]:

E=h, .A.(”%—Cg,m) (10)

To reference [48] reported that, after the review
of much ammonia emission models [29]
supported the use of the equation (11) to
determine the Henry constant (H):

C
H= CL""’ =1384.1.053*"" (11)

8,0

The concentration of ammonia in urine (CL, o)
is determined by the fraction of total amoniacal
nitrogen (TAN), that is un-ionized. The fraction
of un-ionized is calculated from the ammonia pH
and the acid ionization of ammonia constant,
shown in equation 12, according to Zhang et al.
(1994) and cited by reference [48]:

107"
/= 2729 (12)

0.0897 + 2727
107 +5.10 T

The main difference in the use of two models is
that the Model 1 uses equation 4 to determine
the mass transfer coefficient, while the Model 2
uses equations 8 and 9.

Interior gas concentration for Model 1 can be
estimated with the following equation:

E
C =— 13
e =7 (13)

The variable E can be obtained using equation 4
as the mass transfer coefficient in which « is set

equal to constant 50.1 [1, 49],

K, ,.A.fTAN
g=Kna S (14)
H

The internal gas concentration for the Model 2
was based on a dynamic balance of control
volumes of the equation 15. Equations 11 and
12 were used in both models to determine H and
F.

dc,
LE=E+Cy JR-C, VR (19)

Both  models represent the ammonia
concentration behavior in environments of pigs
subjected to two different diets (HPC and
HPSBP), however, Model 2 was chosen
determined to be better because it is nearer to the
actual values. The equations used in the model
tested are capable of simulating the
concentration of ammonia and a emission of
pollutants when TAN, pH, wind speed and
temperature are measured accurately.

Cattle building

A combination of the reference [34] and [25,
26], models, combining natural and mechanical
ventilation, was used to predict concentrations of
ammonia from the solutions of the four
differential equations (equations 4, 5, 6 and 7),
proposaled by Haslam et al. (1924) and
referenced by [34],, to model ammonia in closed
hog systems and cited by Welford et al. (2003).

It was assumed that air within the facility is well
mixed as well as the chemical constituents in
urine present in a separate pool on the floor The
equations proposed cited by [25] to find
concentrations of ammonia in  cattle
confinements where the unknown variables can
be obtained with the equations of 10 to 12are:

av, Nanimais(t)x L, x E,
dr ~ 1000x24x3600% p,  (16)




Dyna 158, 2009 95

C1NH3—N lig ,bound
Eysn = kAu (Tq - CNHS—Ngas,ar (17)
dC, F u C
u _“u(lC (O |-Lmaxu
dt 7, (€.u-c.) K+C, (18)
dCpyy Mo € 1 S 1
=K, —/—*——||kd,=—=+F, |C,y — kA, —C
dt T K + Cu Vu u H u TAN H NH3-N gas,ar (19)
dC —N gas,ar 1
& = _[FBCNH37N gas,ambiente - FBCNH37N gas,ar + ENH37N:| (20)
dt v,

The use of the previously shown equations in
computer programs such as Matlab provide
simulations results of ammonia behavior in dairy
cattle structures that do not deviate from the
results measured in field conditions.

Models to simulate the flow and distribution
of ammonia in the structures

Models which use computational fluid
mechanics (CFD) have been developed to study
the behavior of flows in greenhouses and in
animal structures. To reference [39],, developed
a model in two dimensions with CFD to analyze
air quality and ventilation conditions and to
predict the flow and concentration of ammonia
in HRHB. The two dimensional CFD models are
limited by their depictions of a real geometry of
the structure, processes such as displacement of
internal air, and distribution of ammonia through
the horizontal section. To overcome these
limitations, a three dimensional model was
proposed by reference [40]. To develop the
model, the system was assumed to be isothermal
(no heat sources such as pigs, heaters or lights
were considered) and conservation of mass,
conservation of momentum, conservation of
species, and the RNG «-g¢ renormalization
equations and the turbulence model were used.

When applying the previous equations, To
reference [40] found that during summer
conditions the maximum concentration of
ammonia was found by less than 5 ppm, and
under winter conditions reached 29 ppm. The
model results based on equations were consistent
with the measurements taken in real conditions.

Thus the researchers recommend using 3D
models in livestock structures to predict the
behavior of air quality and ventilation

requirements, as in the example applied to a
HRHB. Of the works presented above for the
prediction of ammonia concentrations in
livestock  structures, control of contour
conditions proved to be much easier in closed
buildings. In the case of open structures found in
tropical and subtropical climates in countries
such as Colombia and Brazil, these types of
work they have not yet been made, but are still
considered important for the prediction of
ammonia emissions produced in livestock
buildings in these countries.

CONTROL OF AIR QUALITY

Given the harm caused by excessive ammonia,
both in the confinement buildings and on the
environment, industry groups along with the
U.S. Federal Government established guidelines
and regulations on the emission of ammonia. In
2005, the U.S. Union of Egg Producers stated
that producers should maintain ammonia
concentration levels below 50 ppm (at the height
of chickens), so that the property is certified as
"animal care". However, maintaining ammonia
levels low is difficult for large producers,
especially during the winter when ventilation is
minimal [23]. Ammonia emission control in the
structures is also corrected by some management
techniques such as:

Animal Nutrition: When animals are fed a basic
ration of corn and soybeans, studies show that
the ammonia concentration limit of 50 ppm is
exceeded both in poultry buildings with and
without waste management systems [23].
Recently studies cited by [9] showed that a diet
using dried beans and corn dried distillers grains
with solubles (DDGS), can reduce between 40
and 50% the ammonia emission in laying hen
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structures without affecting the production of
eggs.

Chemical treatments: Research shows the
potential of certain chemical compounds to
reduce ammonia emissions in poultry buildings.
More et al. (2003) cited by [9], found that the
use of liquid aluminum sulfate on chicken
bedding showed positive results for reducing
ammonia emissions. Thus, the application of
liquid aluminum sulfate is effective in reducing
the emission of ammonia from poultry litter with
a moisture content less than 20%, keeping the
concentration of ammonia at 25 ppm during in
the first three weeks of manure production. The
high acidity of aluminum sulfate helps to reduce
the existing pathogens, ensuring a more healthy
environment [9, 10]. To reference [21],
evaluated and compared the effectiveness of
currently utilized various additives, i.e. tap
water, salt water, digested manure, microbial
additive, soybean oil, artificial spice and
essential oil, reducing odor emissions from the
confinement pig building.

Ventilation: Natural or forced ventilation allows
for alterations and control in the structures,
providing oxygen and removing gases such as
ammonia. The ventilation meets the thermal and
hygienic requirements differently. In the winter
when ventilation is minimal, dust and gas
concentrations increase, including ammonia
[35], Within poultry houses with natural
ventilation there are three distinct layers of air:
an upper level of hot air with high levels of acid
hydrogen sulfide and ammonia, an middle layer
of fresh air recently introduced, and a bottom
layer of cold air which warms quickly upon
contact with birds and is tainted with carbon
dioxide from bird respiration [42].

CONCLUSIONS

The production of gases such as ammonia
within structures should be considered when
proposing industrial projects and environmental
control policies.

The models presented to predict the ammonia
concentrations and emissions in closed livestock
structures showed positive results, similar to
those obtained in real conditions. However, these
models should be adapted to function in open
structures, to be used in countries such as

Colombia, where work regarding air pollution
control in industries has been little developed.

In Colombia, it is important to begin
performing studies on the contribution of
livestock premises on global emissions of
ammonia and producing air quality index maps
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