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ABSTRACT

Dynamic, flow-through flux chambers
are sometimes used to éstimate ammonia
emissions from livestock operations;
however, ammonia emissions from the
surfaces are affected by many factors which
can be affected by the chamber. Ammonia
emissions estimated using environmental
flow-through chambers may be affected by
air exchange rate; however, chamber fluxes
have not been directly compared to the flux
from the same source when unaffected by a
chamber. We compared measured ammonia
fluxes and water evaporation from an EPA
flux chamber and WTAMU wind tunnel
using buffered ammonium sulfate solutions
and distilled water. Emission rates were
also measured in open pans in the laboratory
and outside.

INTRODUCTION

Ammonia is a volatile inorganic
compound (VIC) that has been studied for
many years. Ammonia is prevalent in
agricultural regions (Todd et al., 2008).
Ammonia is a base that can form particles
known to cause respiratory problems in
humans (Todd et al., 2008; Koerkamp et al.,
1998). Several methods have been used to
quantify ammonia emissions from animal
feeding operations. Some of this research
has been conducted using flux chambers,
wind tunnels, and other methods that do not
mirror actual field conditions (Parker et al.,
2009a, b). Varying field conditions can
affect volatilization losses. Because
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volatilization and evaporative flux are
effected by temperature, pH, wind speed,
and relative humidity, sampling methods
that don’t incorporate these factors can give
inaccurate measures of flux (USEPA, 1982;
Cole et al., 2007; Parker et al., 2008, 20091
Hudson and Ayoko, 2008). Therefore,
methods that replicate conditions similar to
those at the sampling site would be more
accurate. It is necessary to create and test
methods that accurately replicate wind as
well as humidity and temperature. Ifit is
not possible to replicate weather conditions,
it is then necessary to apply correction
factors that will adjust measurements to
actual field conditions. The objective of this
research was to assess the accuracy of wind
tunnels and flux chambers in measuring
ammonia flux as compared to field
conditions.

MATERIALS AND METHODS

Flux Chamber and Wind Tunnel
Description

The ‘USEPA’ flux chamber used was
dome-shaped with a 30 L volume and
0.13 m? footprint (Kienbusch, 1986). The
WTAMU wind tunnel was rectangular with
a 2.4 L volume. It had dimensions of .
51 mm height, 305 mm length, and 152 mm
width, with a surface area of 0.046 m? and
cross-sectional area of 0.0062 m? (Parker et
al., 2008, 2009a).
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Experiment |

In Experiment 1, tests were conducted
simultaneously in the lab and field. Three
different sized stainless steel pans were used
with areas of 995 cm’” (large), 735 e’
(medium), and 321 em” (small). Each size
pan was used both inside and outside. The
large pan was used with the EPA (USEPA)
chamber in the lab, and the small pan was
used with the WTAMU wind tunnel in the
lab (Rhoades et al., 2005; Parker et al.,
2008; USEPA, 1952). The medium pan was
left open in the laboratory (Figure 1). Large,
medium, and small pans were placed outside
and left open to ambient air conditions. The
EPA chamber had a sweep air flow rate of
5 L/ min (0.17 turmnovers/min), while the
WTAMU wind tunnel was set to 15 L/ min
(6.2 turnovers/min). An ammonium sulfate
buffer solution was used in the pans in order
to replicale the volatilization from a feedlat
runoff storage pond (Cole et al., 2007). The
salution was composed of the following:

15.22 2T, K-HPO.; 1.8 g/L KHPQy;

ﬁﬁ’ﬂl R e -

‘.

.88 gL (NH4):504; 0.6 g/ NaOH and had
an initial pH of 8.6 and initial N content of
400 mg/L (Parker et al., 2009b). Liguid
samples were collected at 0800 and 1700 hr
and analyzed for N al the USDA laboratory
in Bushland, TX using the procedures of
Cole et al. (2007). At the same times, the
pans were weighed with an electronic
balance to calculate the evaporation and
nitrogen volatilization rates. Experiment |
was conducted over a 48 hr penod. Indoor
andd outdoor relative humidity and
temperature readings were recorded every
hour-on-the-hour using a portable humidity
sensor {VWR, West Chester, PA)and 2 m
weather station (Weather Hawk, Logan,
UT). Because <olution pH 1s also an
important factor regulating the ammonia
volatilization process, it was monitored
along with the temperature of the solution.
Average temperature mside was 21.5 °C
while average outside temnperatures was 30.0
‘C. Relative humidity in the Jab stayved
refatively constant at 55 %; whereas relative
humuidity ranged from 17 to 80 %4 outside.
Average wind speed outside was 0.1 mis.
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Figure 1. Phﬂ{bgraplt ol the flux chamber and wind tunnel used 1n the laboratory for

Experiment 1.
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Experiment 2

In Experiment 2, both the WTAMU
wind tunnel and EPA chamber were placed
outside adjacent to the identical pans (Figure
2). The pans were filled with the arnmonia
solution as described i Experiment |, The
pans were weighed on an electronic balance
at G800, 1600, and again at 0800 hr, 24 hr
later. Several 30 ml samples were taken
from each pan at 0800, 1600, and again at
(1800 hr to determine nitrogen content in the
solution. Weather data was recorded by the
weather station as well as being recorded
with a VWR humidity/temperature reader.
Temperaiures averaged 26.4 °C and
humidity averaged 34.9 %. Wind speed
averaged 0.2 m/s,

Experiment 3

The EPA chamber and the WTAMU
wind tunnel were placed with the matching
pans included in the same conditions as
Experiment 2 (Figure 2). Instead of the
armmeonia solution, distilied water was used
lo measure evaporative flux. Temperature
and relative humidity readings were
collected every hour for 24 hr. Pans were

wetghed on an electronic balance every 2 hr.

Because the chambers and pans were located

on the north side of the building, direct
sunlight was only on the pans from
approximately 1100 until 1900 1

e
Ir. |

average temperature was 24.5 °C, average
relative hunudity was 52.5 "4, and average

. - A, 1 \ U (- S T 8
ind speed was 0.1 m's during the 24 h

ey

Experiment 4
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the day. Relative humidity was much lower.
The experimental setup was 1dentical to
Fxperiment 2 except that enly evaporative
flux was measured. The experiment was
carried out over a 24 hr period because the
large pan was almost eniircly evaporated by
the end of that period. The pans were place
at 1 m heighi on a table. and the weather
station was placed at 2 m height above the
pans., Average temperature for the 24 hr
period was 31.9 °C, average relative
humadity was 18.0 %, and wind spesd
averaged 2.9 m/s with gusts of 5 m/s.
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Figure 3. Evaporation rates were much
higher for the pans outside than inside the
lab. Maximum evaporative flux was about

8,000 mg m* min™ for the outside pans. The

maximum for the inside pans was near 2,500
mg m min| Maximum ammonia flux was
near 3,500 pg m™ min”' outside and 2 800
pg m-min” inside. The relationship
between flux and evaporation is shown in
Figure 3.
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Experiment 2

Ammonia volatilization and evaporative
flux rates for Experiment 2 are presented in
Figure 4. The open pans had much higher
flux rates than the EPA chamber and were
similar to the WTAMU wind tummel. The
wind tunnel was much closer to evaporation
and volatilization rates in comparison to the
EPA chamber; however the wind tunnel was
not entirely accurate. Maximum evaporative
flux was near 11,000 mg m™ min™ and
maximum ammonia flux was over 11,000
pgm” minT
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Figure 3. A comparison of evaporative and NH;-N flux for Experiment |
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Figure 4. Evaporative flux (a) and ammonia flux (b) for Experiment 2

FExperiment 3

Data for Experiment 3 is represented in
Figures 5 and 6. Maximum evaporative flux
for the large pan was near 14,000 mg m™
mm'!'; whereas, the EPA chamber was much
lower, with a maximum near 4,000 mg m”™
min”'. The maximum for the small pan

Megas -Anintal Manure Management lssues

20089 Canference

approached 16,000 mg m™ min™ and the
maximum for the wind tunnel was near
14,000 mg m~ min”'. The WTAMU wind
tunnel mirrored the replicate open pan
exiremely well, except for the peak
evaporative flux region near 1200 hr.
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Figure 5. A comparison of evaporative tluxes for the EPA flux chamber and an identical open
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pan located adjacent to the flux chamber (Experiment 3).
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Figure 6. A comparison of evaporative fluxes for the WTAMU wind tunnel and an identical
open pan located adjacent to the wind tunnel (Experimernt 3).

Experiment 4

Fvaporative flux on the roof in
Experiment 4 was ruch higher than for the
other studies. A maximum evaporition near
35,000 mg m~ min' was reached in the
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small pan and 23,000 mg m”* min™ in the
large pan (Figures 7 and 8). Evaporation
from pans in the EPA chamber and
WTAMU wind tunnel were noticeably
lower than the pans without chambers.
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Figure 8. A comparison of evaporative fluxes for the WTAMU wind tunnel and an identical
open pan located adjacent to the wind tunnel (Experiment 4).

Although volatilization and evaporative
flux was closely mirrored by the WTAMU
wind tunnel in Experiment 2 and 3, when
the pans were exposed to more volatile wind
and temperature conditions in Experiment 4,
the wind tunnel relationship was not as
apparent. In all expertments, evaporation
from pans in the wind tunnel more closely
correlated to evaporation from open pans
than did evaporation from pans in the EPA
flux chamber. Both methods were most
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accurate during night time conditions. In
both Experiment 3 and 4, peak evaporation
and volatilization times occurred between
1200 and 1400 hr.

CONCLUSIONS
The goal of this research was to assess
the accuracy of wind tunnels and flux

chambers in measuring ammonia flux when
compared to field conditions. Although, at

Round Rock, Texas



times, flux measurements made using flux
chambers and wind tunnels may correspond
with field conditions, when more volatile
conditions are present, these methods may
greatly underestimate actual field results. A
methodology to either correct, or better
interpret, the data for volatilization and
evaporative flux must then be established for
these methods.
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