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Abstract

The present work aimed to adapt and validate a precise and simple application method defined as the “Saraz method for the determination of
ammonia emissions” (SMDAE), based on the method of mass diffusion, to determine ammonia flux due to mass convection from broiler litter.
It was found that ammonia flux (N"A) can be obtained by the SMDAE diffusion method. The SMDAE method presents a recovery efficiency
for volatilized ammonia of 77 + 4% and can be used for ammonia concentrations as high as 0.5 ppm.

Keywords: Ammonia flux; poultry houses; broiler litter, air quality.

Adaptacion y validacion de una metodologia para determinar
emisiones de amoniaco generado en camas de galpones avicolas con
ventilacion natural

Resumen

El objetivo del presente trabajo fue avalar y validar un simple y preciso método definido “método Saraz para determinar emisiones de amoniaco”
(SMDAE), basado en un método de difusion de masa, para determinar el flujo de amoniaco debido a la conveccion de la masa (NA”) generada
en la cama aviaria. Se encontrd que el flujo de amoniaco puede ser obtenido por el método difusivo SMDAE. El método SMDAE present6 una

eficiencia en la recuperacion del amoniaco volatilizado de 77 + 4% y puede ser usado con concentraciones de amoniaco mayores 0.5 ppm.

Palabras Clave: Flujo de amoniaco; instalaciones aviarias; calidad del aire.

1. Introduction

Knowledge on ammonia emission rates generated from
manure in animal confinements is very important, due to its
direct relation to negative health effects and productivity of
animals and people [1]. Many studies were performed based
on the reduction of ammonia emissions from manure by the
minimization of nitrogen excretions in the feces due to
dietary changes. This procedure is the first step for reducing
NH; emissions from agricultural installations [2, 3].
However, despite the efficiencies obtained by the technique

for reducing ammonia by diet manipulation, ammonia
emissions cannot be reduced until 100%.

Some methodologies have been developed and validated
to determine ammonia gas emissions generated by animal
manure, and have been applied in both open and closed animal
production installations. However, these obtain different
efficiencies in the recovery of the total ammonia nitrogen
(TAN), volatilized.

The methodologies most commonly used are those,
which involve mass balances, external, and internal tracer
gas and the passive methods [4-9].
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Most methodologies for ammonia quantification present
good performance in closed installations. However, these
methods require adaptations for open installations. When
using tracer gases, external tracer gases are less efficient
compared with internal tracer gases [10,11]. The passive flux
method requires predominant air flow in the direction of the
flux collector, while the greatest difficulty of the mass balance
method is to find the convective mass coefficient [12,13].

Thus, each of the mentioned methodologies has
advantages and disadvantages, and a common disadvantage to
all is the high cost of operation. Other volatilization models
have also been used to predict ammonia emissions based on
different circumstances and types of poultry installation
[14,15]. The acquisition of mass transfer coefficient (hm),
which is an important parameter in the volatilization model of
ammonia present in manure, is found in literature with wide
variation, and it is a disadvantage of the model.

A methodology used in the study of soils for determining
nitrogen (N) loss from the soil by volatilization of TAN makes
use of a collector chamber for ammonia fixation by diffusion,
where quantification is performed by acid — base titration,
using the Kjeldhal method [16]. In this methodology, nitrogen
recovery efficiencies of roughly 70% are encountered [17-20].

Based on these facts, the present study aimed to obtain
the ammonia flux value due to mass convection (N"A) of
broiler litter, using the ammonia mass flux (SMDAE) which
is based on the mass diffusion method (J"A).

2. Material and methods

The present study was developed in the Laboratories of the
Department of Agricultural Engineering, at the Federal
University of Vigosa, Brazil, and in a conventional
commercial broiler house working jointly with the Pif-Paf
Alimentos S/A company, located in the municipality of
Vigosa, MG, Brazil. According to the Kdppen classification,
the climate of the region is type Cwb — high altitude tropical
with wet summers and pleasant temperatures. This study was
performed during the summer, with an average temperature of
22°C and relative humidity ranging between 50 and 70%.

2.1. Characteristics of the facilities

The commercial poultry house utilized in this
investigation housed 14000 Cobb chickens, with housing
density of 12 birds m? and the following dimensions: 100 m
x 13 m (Length x Width), 3 m high ceilings, 0.50 m
overhang and 20° roof inclination angle.

The poultry house, with little thermal insulation, which is
commonly observed in Brazil and South America, was open
with natural ventilation during the experimental phase and the
litter was composed of fresh coffee hulls.

2.2. Mass diffusion method proposed for determining
ammonia mass flux called SMDAE

A passive flux method used by [19] and [21] was
adapted and validated for determining ammonia flux from
the litter of poultry buildings. This adapted method, called
“Saraz method for determination of ammonia emissions”

Sponge 2

-

Sponge 1

Figure 1. Collector device used to capture volatilized ammonia
Source: The authors

(SMDAE), is based on the mass diffusion method for the
determination of ammonia flux from broiler bedding, based
on the total volatilized ammonia content that is volatilized
and captured.

2.2.1. Measuring equipment

A common PVC pipe measuring 20 cm in diameter and 30 cm in
height was used to construct the NH3 capturing device. Two
polyurethane sponges measuring 20 cm in diameter each and
thickness of 2 cm were placed in the tube so that they were 10 cm
(Sponge 1) and 30 cm (Sponge 2) from the base of the PVC
collector. The function of sponge 1 was to directly capture the
ammonia flux produced by the poultry litter bedding, while sponge
2 was used to prevent contamination by exterior gases that might
affect the values of the ammonia captured by sponge 1 (Fig. 1).

2.2.2. Appropriate time for ammonia capture

The objective of this experiment was to encounter the
ammonia flux from the bed and simulate the natural
conditions of this emission in real time, in order to determine
the appropriate ammonia adsorption period for the collector
device. Thus, the tests performed lasted 1, 2, 3, 4, 12, 16, 22
and 24 hours, with three repetitions for each time.

2.2.3. Location of the collector devices and collection of
experimental data

Data collection was performed on three consecutive
days in each week of the birds lives, between 22-28, 29-35,
and 36-48 days of the productive cycle. In compliance with
the studies performed by [6] it was considered that, on the
first 14 days, ammonia emissions are minimal and, after this
time, emissions increase linearly.

Seeking to observe the influence of waterers and feeders
on ammonia flux, compared to other regions of the poultry
house, four collector devices were installed in the vicinity of
the feeders and four, in the vicinity of the waterers.
Ammonia flux measurements were taken during 9 days
between 8:00 to 10:00 AM and 3:00 to 5:00 PM.

2.2.4. Determination of the quantity of ammonia captured
To capture volatilized ammonia, each sponge was

impregnated with 80 ml of a solution composed of sulfuric
acid (1 mol L) and glycerine (3 %), corresponding to an
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Figure 2. Mass diffusion model of the prototype
Source: The authors

adaptation of the ammonia fixation method by diffusion,
whose quantification is performed by acid-base titration by
the Kjeldhal method [16].

Eighty mL of a potassium chloride (KCI) solution at a
concentration of 0.5 mol L! added to 40 mL of water were
used to extract the ammonia captured in the sponge. This
solution mixed with the sponge was prepared in a Tecnal
model TE-0363 nitrogen distillation column. After distillation,
the condensed sample was titrated with hydrochloric acid
(HCl) at a concentration of 0.5 mol L' The NHs
concentration (g NH3) captured by the sponge was obtained by
the volume of the tilter solution (mL), the solution
concentration (mol L"), and number of moles of NHs The
SMDAE mass flux was obtained by using the eq. (1).

SMDAE (gNH,m?>s™) =% (1)

Where:

SMDAE = NH3 mass flux (g NH; m? s™).
NH3 = NH3 mass (g NH3).

A= sponge area (m?).

t = Exposure time of sponge (s).

2.2.5. Determination of the SMDAE efficiency

To determine the efficiency of the proposed SMDAE
method for ammonia recovery, it was determined the
difference between the quantity of NHs volatilized from the
litter and the quantity of NHs recovered by the sponge. Ten
replications were performed to achieve this value.

2.3. The theoretical proposed SMDAE diffusion method
and the mass convection method

The proposed SMDAE diffusion method is derived from
Fick’s Second Law. A schematic of the prototype is
presented in Fig. 2, where Cas (g m?) corresponds to
concentration of specie A at the litter bedding surface, Ca, z
(g m?) concentration at height Z of the sponge; J”a that is
equal to the ammonia emission flux SMDAE captured by

the sponge (g m? s™!); and Dag is the diffusion coefficient of
ammonia in the air (0.28 x 10 m?s!) according to [22].

wo_ _ 5CA _ DAB (CA,O _CA,Z)
J", =SMDAE =—-D,, z 7 ()

SMDAE = —DABZCA’S G)

For the mass convection model, a boundary limit
model was used for concentration of a chemical species
on a flat surface, where N”4 is the ammonia flux (g m? s
) and hm the mass diffusion coefficient. This coefficient
is a function of the Reynold’s number (Re) and the
Schmidt number (Sc); V is the average wind speed at the
height of the birds; L is the length of the installation; and
v is the viscosity of the air. Mass flux by convection is
determined as [22]:

N"A=MmCas ~Cax) 4)

For the case in which it is considered outside the
boundary limit, mass flux is determined as:

N", =h, Cps 6)

Because flow in the building is turbulent, the mass
convection coefficient is calculated as:

4 1

~ D, 0,0296 Res Sc?

h =
m L
(6)
0,6 <Sc<3000
where:
VL
Re=—
v (7
1)
Sc=— 8)
DAB
Table 1.
Recovery of volatilized ammonia by the collector device
Ammonia Volatilized
recovered ammonia Efficienc Minimum Maximum
by the from the 20;) y (g NHz m” ( N’;-II llrlrz)
sponge litter ° 2 g \Hs
(gNHs;m?) (g NHzm?)
16.76 19.99 77.55+£4.32 68.85 82.47

Source: The authors
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Figure 3. Ammonia mass according to time
Source: The authors

2.4. Statistical analyses

After the experiments, the data obtained from both
measurement methods (SMDAE diffusion and convection
models (N”a) were treated and analyzed statistically, and a
non parametric one-way analysis of variance (Kruskal-
Wallis test), with method as treatment, was conducted.

To determine the incidence of variables such as location
(waterer and feeder) and the time of the day a non
parametric one-way analysis of variance (Kruskal-Wallis
test), with period as treatment was conducted.

2.5. Acquisition of experimental data

Background ammonia concentration data in the
environment were obtained from an electrochemical
detector “Gas alert Extreme Ammonia (NH3) Detector”
from BW Technologies with a measuring range from 0-100
ppm, temperature between -4 to +40°C, relative humidity
from 15% to 90% and presenting an accuracy of + 2%. Data
collection was performed in twenty minutes interval.

Air temperature at sample height was measured
(DS1820, Dallas Semiconductor, address). Energy was
provided to the 1-wire™ system by a parasitic feed derived
from the data transmission conductor, where only two
conductors are necessary. Temperature measurements were
made every five minutes. Air speed (m s') was measured
with a digital wind gage (Testo 425), with a range between
0-20 m s, precision of + 0.5 (°C), accuracy of 1%
(pressure) and 2.5% (m s') and 0.1°C, positioned five
centimeters in front of each sponge on the upwind side. Air
velocity data collection was performed in five minutes
interval. Relative humidity of the air inside and outside of
the poultry house was obtained at diverse points
representing the entire poultry house, using independent
systems (Hobo H8-032) with accuracy of 0.7 at 21°C. Data
collection was performed at one second intervals.

The pH of the poultry litter was determined in the
laboratory using a digital pH meter, for which each sample of
the bed collected in the installation was diluted in water at a
1:4 ratio (bed sample:water). Moisture content of the litter was
determined in the laboratory as the mass difference between

16 22 24

the dry and moist mass using an oven at 105°C.
3. Results and discussion

Fig. 3 presents the behavior of the ammonia mass
captured by the collector device encountered by the mass
diffusion method in function of the time,. It was observed
that the behavior of the curve of ammonia for all replicates
was linear in function of time, with a greater increase in
emissions after the prototype was exposed for four hours.
Hence, the prototypes were exposed for no more than two
hours to facilitate sampling in the field and allows for a
larger numbers of experimental replicates.Table 1 shows the
ammonia mass recovery data and the ammonia recovery
curve, according to its volatilization. The collector device
used had a recovery efficiency of 77.55 + 4.32 g NH3 m?
and was efficient, compared to the experiments performed
by [19, 23] and [21], who found 70% efficiency when using
the chamber collector method. Moreover, the proposed
method can capture ammonia concentrations exceeding 0.5
ppm.

After determining the efficiency of the collector device,
the mass diffusion flux SMDAE was calculated by equation
3. The value of Ca;s was obtained from the SMDAE. The
ammonia fluxes were achieved by equation 4, by the mass
convection model (N”’4).

The mass convection coefficient (hm) was calculated
from equation 6 for turbulent flow, temperatures between 25
and 30°C, and velocities at the concentration boundary limit
ranging from 0.10 to 0.35 m s™!, where the values found in
this experiment are in agreement with other experiments,
including [24] and [25]. The values of hm achieved ranged
from 5.15 x 10*to 1.34 x 10° m s*'. These hm values did not
differ from those reported by [26] and [27], who worked
with velocities at the same range.

The analysis of variance between the N”a and SMDAE
method achieved is shown in Fig. 4. The test reveals There
was a significant difference between NH; flux values
determined by the SMDAE method with the emissions for
mass convection obtained by the N”a (p<0.001), as
expected, due to the incidence of wind in the N”’a method.
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Figure 4. Ammonia flux by the N"A and SMDAE methods

Source: The authors
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Figure 5. Regression between mass diffusion prototype (SMDAE) and mass convection (N”A)

Source: The authors
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Figure 6. Ammonia flux according to localization
Source: The authors

Fig. 5 shows the regression of the SMDAE model of mass
diffusion and mass convection N"4, at the significance level of
p< 0.05. The values of N’ underestimate the SMDAE in all
cases, as demonstrated in Fig. 4. However, it was observed
that the R? coefficient was 0.91, which reveals a high
correlation between the models and that the SMDAE method
can be used to determine N"A from poultry manure in terms
of natural ventilation. The values of N"a within the range 10
and 103 gNH3 m™2s™! did not differ from those reported by [13,
27, 28, 29], who worked with mass transfer methods.

The boxplot of the Fig. 6 show the statistical analysis for
the correlation between the convective mass flux (N”A) in
function of the location of the samples (waterer and feeder).
Results of the analysis of variance at the confidence level
showed that There were significant differences (p<0.001).
The difference in ammonia flux (N”a) from the litter in the
areas of the feeders and waterers may be due to the lower
moisture content near the feeders in comparison with the
waterers. This was expected, since, according to [28, 30],
the total volatilized ammonia (TAN) increases when the
moisture of the litter bedding increases.

4. Conclusions

The SMDAE method has a good relationship with the N”’a
mass convection method, which is the method most
commonly used for works with mass balances from ammonia
sources, and presented a recovery efficiency of approximately
78% of total volatilized ammonia, and can capture ammonia at
concentrations as high as 0.5 ppm. Therefore, this method
could be considered efficient and used as an alternative to
determine ammonia flux (N”a) from the poultry litter in
installations with natural ventilation.
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