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Abstract

A dynamic flow-through chamber system was used to measure fluxes of ammonia-nitrogen (NH3-N, where NH;-
N=(14/17)NH;) from soil surfaces. The research site was located in eastern North Carolina (35.9°N latitude; 77.7°W
longitude) and measurements were conducted during spring and winter 2000, in order to assess the NH; source strength
of intensively managed agricultural soils and the physiochemical properties which control these emissions. Soil
temperature (Tyj), soil pH, soil moisture, total Kjeldahl nitrogen (TKN=organic N+NH;-N+NH; -N) were
monitored throughout both research periods. Soil temperature was found to explain the largest variability in soil NHj3
emissions (Log;o NH3-N Flux =0.054T.; +0.66; R> = 0.71), suggesting that an approach similar in design to the
biogenic emissions inventory system land use and temperature model for NO emissions, might be effective for modeling
biogenic NH3 emissions. Soil nitrogen was also significant in predicting NH; flux [NH; Flux=55.5(NH3-N)—160,
R? = 0.86; NH; Flux =0.6(TKN)—410, R> = 0.27], but only after the two days with the heaviest rainfall were removed
from the regression, emphasizing the role of soil moisture in controlling the transfer of gases across the soil/air interface.
Soil pH remained relatively constant throughout both research periods and therefore did not serve as a useful predictor
of NHj; flux. A rain event, followed by a drying period produced a characteristic pulse in ammonia emissions. This
pulsing phenomenon has been observed for other trace gases by various researchers. This research location was the site
of a commercial hog operation, which allowed for the comparison of soil and lagoon emissions (lagoon emissions were
based on an algorithm developed by Aneja et al. (J. Geophys. Res. 105 (2000) 11,535). An analysis of the source
strengths confirmed that lagoon emissions are a larger flux source (average lagoon flux ~18,137ng Nm™2s~!; average
soil flux ~354ng Nm~2s~'); however soil surfaces make up a larger fraction of a commercial hog operation than the
lagoon surfaces, and as a result they cannot be neglected when developing and apportioning NH3 emissions. A yearly
average of ammonia emissions at this site revealed that soil emissions represent approximately 28% of the lagoon
emissions. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Ammonia (NH3) is an important atmospheric trace
species, both in terms of its effect on tropospheric
chemistry and due to its impact on ecosystems.
Ammonia, which is the most abundant alkaline species
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in the atmosphere, is critical to neutralizing acids formed
through the oxidation of sulfur dioxide (SO;) and
nitrogen oxides (NO,) (Asman et al., 1998). When
NH; is deposited onto the soil, it is both taken up by
plants and converted by bacteria into nitrate (NO3)
(nitrification) (Lekkerkerk et al., 1995). The nitrification
process forms hydrogen ions leading to acidification of
the soil, leaching of NO3 to groundwater, and possible
deficiencies of other plant nutrients such as potassium
(K™*) and magnesium (Mg>") (Asman et al., 1998). In
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addition to acidification, excess nitrogen loading can
lead to overenrichment of both land and water
ecosystems. Further, excess N deposition can cause the
above ground portion of the plant to grow rapidly,
leaving the root system relatively smaller and weaker
and more susceptible to disease and harsh weather
conditions (Lekkerker et al., 1995).

Unlike oxidized nitrogen and sulfur compounds (NO,
and SO, respectively), which are predominately emitted
from industrial processes, NHj3 is primarily emitted by
agricultural sources and therefore requires different
control strategies (Sutton et al., 1993). A review of the
current literature revealed that soil and plant emissions
account for anywhere between 11% and 28% of the
global NHj; budget (Table 1). In North Carolina, which
is currently the second largest pork producing state in
the US, the percentage of ammonia emissions from
swine is approximately 46% compared to the US
average of 10% (Battye et al., 1994) (Fig. 1). Accurate
inventories of NH; are needed to model both its
transport and deposition (Misselbrook et al., 2000).
Beyond quantifying this overall source strength and the
effects to ecosystems, there needs to be an accurate
budget and reliable source apportionment (i.e., animal
houses, waste storage, land application, re-emission
from soils) of nitrogen inputs into such systems (Aneja
et al., 2000). Current inventories that are then used in air
quality models are determined using emission factors
(i.e., tons NH3/animal/year or % NH;-N emitted/ton of
N-fertilizer applied), most of which are based on
European studies. Therefore, the objectives of this study
are to quantify and relate the soil NH; flux at an eastern
North Carolina site to different environmental variables
in the soil, and determine the source strength of these
soil emissions. Moreover, the soil ammonia emissions
will be compared and contrasted to ammonia emission
measurements made over animal (swine) waste treat-
ment and storage lagoons (Aneja et al., 2000).

Table 1

2. Experimental
2.1. Sampling site and sampling scheme

The NHj; flux measurements were made at the Upper
Coastal Plain Research Station, located in Edgecombe
County, North Carolina (see Table 2 for site/soil
characteristics). This facility is operated with typical
agronomic and husbandry practices for the respective
crops and animals and contains approximately 178 ha,
101 of which are cropland soils. The facility also
maintains a farrow-to-finish hog operation with ap-
proximately 1250 hogs on site. The waste from the
animals (urine and feces) is flushed from the hog
production houses into two uncovered anaerobic waste
treatment and storage lagoons (a primary and secondary
lagoon, total acreage ~1ha). The effluent from these
lagoons is periodically sprayed to the crops as a nutrient
source. A corn crop was planted on 5 April 2000 and
spring measurements began on 26 April and ended on 14
May 2000. Due to several rain events and equipment
malfunctions, only 5 days were suitable for conducting
the measurements, all of which are presented in Table 2.

Although the field sampled is typically sprayed with
lagoon effluent, it was not sprayed during the 2000
measurement campaign and instead received approxi-
mately 146kg Nha™' on 24 May 2000. The corn crop
was harvested on 21 August and the stalks were
shredded and left on the soil surface. No cover crop
was planted and the winter measurements were con-
ducted from 13 to 19 December 2000. Rain events
prevented measurements on two of the days, although
measurements were made on the remaining 5, all of
which are presented in Table 2.

NH; concentration measurements were made on 10
random sampling plots located within a 10 m radius of a
mobile laboratory (Modified Ford Aerostar Van,
temperature controlled to within the operating range

Relative global ammonia source strengths (Tg Nyr~!) reported by several different researchers®

Researchers source strengths (Tg Nyr—')

Sources Warneck (1988) Schlesinger and Hartley (1992) Dentener and Crutzen (1994)
Coal combustion <2 2 —
Automobiles 0.2 0.2 —
Biomass burning 2-8 5 2
Domestic animals 22 32 22
Wild animals 4 — 2.5
Human excrements 3 4 —
Soil/plant emissions 15 10 5.1
Fertilizer losses 3 9 6.4
Oceans — 13 7
Sum of sources 54 75 45

2Tg=10"%g; adapted from Warneck (2000).
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Fig. 1. Percent of ammonia-nitrogen from various sources in North Carolina.

Table 2

Site and soil characteristics for spring and winter 2000 measurement campaigns at the Upper Coastal Plain Research Station,

Edgecombe County, NC*

Site: Upper Coastal Plain Research Station
35.9°N latitude

77.7°W longitude

Elevation: 35.5m

Soil type: Norfolk loamy sand

Sampling period Crop/fertilization ~ pH %WFPS  N-content (ngg™") Soil temperature NH; flux

W =) O (ng Nm™?s™")
NH;-N  NO3;-N  TKN

5 April 2000 Corn planted

26 April 2000 (33) 5.2 38.6 6.1 16.9 909 16.2+2.3 145.4+33.5

27 April 2000 (28) 52 405 7.7 17.7 1070 151+1.7 38.4+11.7

12 May 2000 (21) 5.1 24.9 7.0 19.2 963 28.4+3.0 271.1+135.1

13 May 2000 (20) 5.2 229 4.5 8.1 889 30.4+3.0 128.8£45.5

14 May 2000 (20) 5.5 24.3 5.1 5.4 806 28.6+2.2 90.3+13.6

24 May 2000 146kg Nha ™!

21 Aug 2000 Corn harvested

13 Dec 2000 (29) 4.9 33.1 35 12.0 933 6.8+1.0 26.1+10.9

14 Dec 2000 (27) 5.2 39.9 8.5 11.1 1004 8.3+0.6 73+3.4

16 Dec 2000 (34) 5.2 28.6 3.0 5.3 941 88+1.5 9.6+5.7

18 Dec 2000 (29) 5.1 53.9 3.9 9.1 776 74+1.8 13.7+6.0

19 Dec 2000 (27) 5.3 35.8 2.4 8.6 737 69+1.9 3.4+43.1

ATKN (total Kjeldahl nitrogen) = organic N+ NH3-N+ NH, -N.

of the instruments). The sampling scheme consisted of
measuring concentrations of NH; after the sample
exited the dynamic flow-through chamber system. The
system recorded 60-s, rolling averages of NH; concen-
trations. These values were then binned and averaged
every 15min. The 15-min binned averages were used in

all flux calculations. N in Table 2 refers to the number of
these binned averages (to also include soil temperature
as discussed in Section 2.4).

A daily experiment consisted of placing the chamber
on the stainless steel collar, which had been inserted into
the soil the previous evening. The collars were all located
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on bare soil with no plants being enclosed within the
collar or chamber system. The chamber was placed on
the collar at approximately 8:00 a.m. and flushed with
zero grade air for at least 1h before data collection
began at 9:00 a.m. This sampling scheme ensured that
the concentrations within the chamber reached steady
state prior to any data acquisition and allowed for the
instruments to undergo their daily calibrations. Daily
experiments ended at approximately 5:00 p.m. and the
stainless steel collar was relocated to a random location
within a 10m radius of the mobile laboratory, in
preparation for the next day’s experiment. This proce-
dure allowed a minimum of 16h for any effect on soil
NH; flux, due to soil disturbances caused by the
insertion of the stainless steel collar, to dissipate.

2.2. Instrumentation

NH; concentrations were measured inside of the
dynamic flow-through chamber system with a Thermo
Environmental 17C Chemiluminescence NH; Analyzer
(TECO 17C). The TECO 17C utilizes the following
reaction in order to arrive at the NH;3 concentration:

NO + O3 >NO»+0; + hv. (1)

Using a stainless steel converter heated to ~750°C,
both the oxides of nitrogen (NO,) and NH;
(Nt= NO,+NHj3) are converted to NO. NH; concen-
trations are obtained by subtracting the NO, signal,
which is obtained with a molybdenum converter heated
to ~325°C, from the Nt signal (TECO, 1999). Calibra-
tions of the instruments were conducted following
protocols using a TECO 146 dilution/titration instru-
ment in conjunction with a cylinder of 3.82 ppmV NO in
N,, 100 ppmV NHj in N, (National/Specialty gases) and
zero grade air (National Welders). The TECO 146 was
serviced and calibrated to specifications prior to each
measurement campaign. A multipoint calibration was
conducted prior to, and at the midpoint of the
measurement period. Zero and span checks were
conducted each day, according to the operator manuals.

2.3. Dynamic flow-through chamber

A dynamic flow-through chamber, lined with five-mil
thick fluorinated ethylene propylene (FEP) Teflon, was
used to measure NH; concentrations emitted from the
soil. The translucent chamber, 26.5cm in diameter, and
47.2cm high (volume ~261), fits inside of a stainless
steel collar, which is driven into the ground to a depth of
~10cm (Fig. 2). Zero grade air, which is used as a
carrier gas, is passed through the chamber at a constant
flow rate (approximately 51lpm), via a flow controller
located on top of the chamber (Gilmont Shielded
Industrial Flowmeter, accuracy +5%). The air inside
the chamber is mixed by a variable-speed, motor driven

In-Situ Analysis via
Mobile Laboratory

Flow
Controller Stirrer
(5 1pm)
\ fl cf o
QII (outlet)
Zero Grade Air : h=47.2 ¢cm
> (inlet) - eflon -Coated Wall
D=26.5 cm

<+— Stainless Steel Collar

Fig. 2. Schematic of dynamic flow-through chamber system.

Teflon impeller. The sample exiting the chamber travels
through Teflon tubing (0.64cm outside diameter,
0.40cm inside diameter) to the detection instruments.
The entire measuring system, from the inlet port on the
chamber to the point where the stream is analyzed in the
instrument, is made of FEP Teflon to minimize chemical
reactions with the sample stream. The NH; detection
instruments draw 1.51pm, which resulted in a sample
residence time in the Teflon lines (sample lines do not
exceed 10m) of approximately 5s. The dynamic
chamber system, with the continuous stirring provided
by the impeller, meets the necessary criteria for
performance as a continuously stirred tank reactor
(CSTR). For performance as a CSTR, the chamber
needs to be “‘ideally” mixed (Aneja, 1976). In ideal
mixing, the composition of any elemental volume within
the chamber is assumed to be the same as that of any
other volume within the chamber. Trace experiments
(residence time distribution) were used to test the flow
and mixing characteristics of the system. The results of
these mixing studies indicated that the dynamic chamber
behaved as a “perfect” mixer with negligible stagnancy
or channeling (Aneja et al., 2000). NH; fluxes were
calculated using a mass balance approach as described
in Roelle et al. (1999) and Aneja et al. (2000).

Utilizing the power law profile, which is frequently
used in air pollution applications (Arya, 1999), we are
able to estimate the wind velocities at a height of 0.1 m
(the approximate height of the impeller above the soil—
air interface), when the 10m wind heights are known.
The power law profile is given by

V Z m

7 (z) @
where V; is the wind velocity at a reference height Z, and
m is taken to be 0.1 for this smooth surface (Arya, 1988).
Mean wind velocities were between 1 and 4ms™' (at a
height of 10m) throughout this measurement period.
Using the power law profile (Eq. (2)), and the measured
10 m wind velocities, equates to wind speeds between 0.6
and 2.4ms~! at a height of 10cm (approximate height
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of impeller). This calculated 10cm wind speed approx-
imates the wind speeds measured inside of the chamber
(~1-2.5ms™ ') using a hot wire anemometer.

2.4. Soil analysis

A soil sample was taken from the center of the
chamber footprint at the end of each measurement
period (1 sample per measurement period), and analyzed
for soil pH, soil moisture and total Kjeldahl nitrogen
(TKN =organic N+ NH;3-N+NH, -N) by the North
Carolina State University Department of Biological and
Agricultural Engineering. Percent water filled pore space
(% WFPS) is a measure of soil water content and can be
expressed as the percentage of pore spaces in the soil
that are filled with water. The % WFPS is a convenient
expression to describe soil moisture because it accounts
for the differing bulk and particle densities of soils and
therefore allows for the comparison of soil moisture
from different soil types. Soil temperature was measured
with a Campbell Scientific temperature probe (accuracy
+3%) inserted into the soil to a depth of approximately
Scm. Air temperatures (Campbell Scientific; accuracy
+3%) were measured inside of a radiation shield at a
height of 1.5m. Soil data were stored in 15min binned
averages utilizing a Campbell Scientific 21 x Micro-
logger.

3. Results and discussion
3.1. Environmental controls on NH; flux

The ammonia—water and ammonia—soil system have
been studied in the past because of their industrial
importance and as a means for studying the absorption/
desorption mechanism (Whitman and Davis, 1924;
Godfrey, 1973; Levenspiel and Godfrey, 1974; Ibusuki
and Aneja, 1984; Leuning et al., 1984; Warneck, 2000).
These previous studies indicate that the three most
important parameters in the biological and chemical
processes which determine the NH; equilibrium and
production rate are temperature, pH, and nitrogen
content. In the soil environment these variables translate
to soil temperature, soil pH, and the soil moisture and
nitrogen content.

3.2. Soil temperature

The temperature dependence is linked to the NHj3
production/emission through chemical and biologi-
cal processes occurring simultaneously in the soil
environment. In the absence of recent N fertilizat-
ion, ammonia appears in the soil through a process
called mineralization or ammonification whereby
microorganisms satisfy their energy needs in the soil

by converting amino acids in the dead organic matter to
NH; as in the following reaction (Delwiche, 1970;
Kinzig and Socolow, 1994):

CH,NH,COOH + 11/20,—-2C0,+H,0 + NH3;.  (3)

Given that biochemical reactions have been shown to
rise exponentially with temperature in the range between
288 and 308K, one would expect there to be a
corresponding increase in the soil NHj concentration
as soil temperature increases (assuming that the system
is not limited by soil organic matter content) (Warneck,
2000). In fact, this exponential dependence of both
reduced and oxidized nitrogen trace species on soil
temperature has been repeatedly demonstrated in both
field and laboratory studies (Sherlock and Goh, 1985;
Van der Molen et al., 1990; Roelle et al., 1999)

The NH; and NH, in the soil solution are in aqueous
equilibrium:

NHj,, = NHiqq) (4)

and if the NH; vapor pressure in solution is greater than
the vapor pressure of NHj in the surrounding air than
the NHj3 will be volatilized (Sherlock and Goh, 1985).
This relationship can be expressed in the form of
Henry’s Law (H ), where

H= (NH3(aq))/(NH3(g)) (5)
and
Log H = —1.69+ 1471.7/T (6)

(Hales and Drewes, 1979; Sherlock and Goh, 1985).

From Eqgs.(5) and (6), it can be shown that an
increase in soil temperature will produce a correspond-
ing increase of the NHj ) concentrations in the soil. This
same Henry’s law equilibrium applies in water bodies
(such as hog waste lagoons) and Aneja et al. (2001a)
have developed a fundamental mechanistic ammonia
model to predict lagoon NHj; emissions based on this
equilibrium. The Aneja et al. (2000) study confirmed
that lagoon temperature was the dominant parameter
affecting NHj3; emissions from lagoons and the tempera-
ture dependence model that they developed was then
compared to a temperature dependence model devel-
oped in this study for NH3; emissions from soil surfaces.
Other physiochemical parameters that influence NH;
emissions are pH, nitrogen content, and moisture
content of the soil.

The calculated NHj fluxes (including rainfall totals
which are discussed later) during the spring and winter
2000 measurement period can be seen in Fig. 3. The
values calculated during this study fall within the range
of NHj soil fluxes reported by other researchers (Table
3). The daily averaged NHj3 flux values plotted versus
the daily averaged soil temperature (Fig.4) reveal a
statistically significant relationship (p<0.01) with NHj3
flux increasing exponentially as soil temperature
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Fig. 3. Total rainfall (primary axis) and NH;3-N flux (secondary axis) versus day of experiment. Vertical bars represent one standard

deviation of the ammonia flux.

Table 3

List of researchers and reported NH; flux values measured under various crop and fertilization scenarios

Researcher Site description Reported NH; flux values
Harrison et al. (1989) Grass and crop surfaces —20-100ng Nm~2s~!
Meixner et al. (1991) Wheat —12-25ng Nm 257!
Weber et al. (2000) Post-fertilization (80 kg N'ha™') winter wheat
1999 64ng Nm 25!
2000 178 ng Nm 25!
This study
Spring Corn crop, pre-fertilization 38-271ng Nm~2s7!
Winter No crop planted 326ng Nm 25!
Aneja et al. (2000) Anaerobic lagoon surface
Spring 1706+ 552 ug Nm ™2 min ™"
Summer 4017+987 pug Nm 2min~!
Fall 8444401 pg Nm > min~"
Winter 305+ 154 pg Nm ™2 min~"!

increases. The soil temperature model in this study
[LogioNH5-N Flux (ng Nm s 1)=0.054T; +0.66;
R>=0.71] and the lagoon temperature model in the
Aneja et al. (2000) study [LogioNH;-N Flux (ug
Nm >min~")=0.048 Tjagoon +2.1; R?> = 0.78] were re-
sponsible for approximately the same amount of
variability in the NH; flux from the soil and lagoon
surfaces. This strong dependence of NH; emissions on
temperature has been cited for other nitrogen (N) trace
gases (NO, NO,, and N,0) with approximately the same
results (Kim et al., 1994; Sullivan et al., 1996; Roelle
et al., 1999). In fact, the US Environmental Protection
Agency (EPA) currently utilizes this exponential tem-
perature dependence in the biogenic emissions inventory
system (BEIS) model to estimate the biogenic nitric
oxide emissions (NO) which are then used as input data
for ozone and air quality models (Birth and Geron,

1995; Thornton et al., 1997). The strong temperature
dependence reported in this study suggests that a similar
approach may also be effective in estimating the biogenic
NH; emissions.

3.3. Soil pH, soil moisture, and soil nitrogen content

As previously discussed, other parameters such as soil
pH and soil moisture have been identified as controlling
NH; production. The [OH ] produced as a result of the
following dissociation in the soil solution

NH3(aq) > NHZr(uq)-i-OH7 (7)
can be represented by

[OH"] = K/[H"]
(K= water dissociation constant). (8)
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Fig. 4. Plot of NH3-N flux versus soil temperature. Vertical lines represent one standard deviation of the average NH; flux, and
horizontal bars represent one standard deviation of the temperature during that flux measurement period.

As the soil pH increases ([OH | increases), the
equilibrium is shifted towards more NHj; being released

(Warneck, 2000; Li, 2000), and studies have demon-
strated pH to affect NH3 emissions (Singh and Nye,
1988; Aneja et al., 2001b). However, in intensively
managed agricultural soils, the pH value of a soil
column (~20cm) tends to remain fairly uniform (see
Table 2), and therefore no significant relationships
between soil pH and NH; flux can be discerned. The
studies which identified soil pH as a significant variable
typically looked at pH in the top 1-3 cm of the soil and
were during fertilization events, both of which found
much larger changes in pH values (1-3 pH units).
Therefore it is recommended that future field studies
should also include an analysis of soil pH over a few
different sampling depths.

The soil moisture conditions at this field site are best
described by Fig. 3, which shows the rain events in
relation to the sampling days and measured flux values.
The %WEFPS (Table 2) also describes moisture condi-
tions; however, the effect of our soil sampling technique
(20cm depth), has the potential to dilute the actual
moisture content in the top few centimeters of the soil
column, where the largest concentration of ammoniacal
nitrogen has been shown to reside (Singh and Nye,
1986). As more water is introduced, pores in the soil
matrix begin to fill and hinder the diffusion of NHj3 gas
from the soil to the air (Kirk and Nye, 1991).
Additionally, from an equilibrium standpoint, as the
water content in the soil increases, the NH; decreases as
the equilibrium moves towards the right hand side of
Eq. (7). Increases in emissions have been observed when
soils with high moisture content are subjected to drying
via high winds or temperature. This increase or “pulse”
is believed to be caused by the combination of an

increase in the ammoniacal nitrogen concentration of
the soil and greater diffusion through the relatively drier
soil (Burch and Fox, 1989; Battye et al., 1994). A similar
“pulse” in emissions (day 3 in Fig. 3) may be causing the
large increase in emissions which occurred after the
sharp decrease in soil moisture (decreased from
40.5%WFPS to 24.9%WFPS). While this observation
is based on only one data point, prior to which there was
a lapse of several days of data, it is supported by similar
observations from other researchers (Burch and Fox,
1989; Battye et al., 1994).

The relationship of NHj volatilization and N content
of the soil can be seen in Fig. 5. Several investigators
have attempted to develop models describing the
physical and chemical processes affecting the release of
NH; from soil surfaces (Sherlock and Goh, 1985; Singh
and Nye, 1986). Based on their mechanistic models, a
linear dependence of NHj3 flux on soil nitrogen content
was expected and found to explain more variability in
the data than other attempted relationships. In both
plots (a and b), there were relatively weak dependences
of NH; flux on NH3-N and TKN content of the soil
(R?> =0.12 and 0.02 for NH3-N and TKN respectively)
when all data points are considered in the regression.
Given the strong influence that soil moisture has on
NHj3;, both in terms of its equilibrium and in its control
of diffusion through the soil, both NH3-N and TKN
were reanalyzed taking the moisture conditions into
account. When 2 sampling days (rain events >0.3cm
and standing water evident in some parts of the field)
were removed, there was an appreciable increase in the
significance of N content on NHj release. The rain
events which occurred on 13 and 16 December were
both light mists with the majority of the total rainfall
occurring after the sampling period. Interestingly, the
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largest rainfall event (17 December) did not suppress
NH; emissions on 18 December, relative to the other
wintertime measurements. However strong winds asso-
ciated with the frontal passage following the rainfall
event did act to dry out the surface layer even though the
soil core had the highest %WFPS. The greater
dependence of NHj; volatilization rates on NH; content
(R*=0.86) as compared to TKN (R?2=0.27) is
expected as TKN is the sum of both ammoniacal N
and organic N.

3.4. Budget for site

Aneja et al. (2000) described a temperature based
model similar to the model described in this study,
although the Aneja model related NH; emissions from
hog waste lagoons to lagoon temperature. While the
processes regulating NHj emissions from lagoon sur-
faces differ from those regulating soil NH; emissions,
the temperature relationship is found to be applicable to

both. The physical and chemical processes regulating the
emissions from the lagoon and soil surfaces and their
dependence on soil temperature are described in detail in
Aneja et al. (2000) and Warneck (2000), respectively.
Utilizing the temperature model developed in this study
to estimate NH; emissions from soils and the tempera-
ture based algorithm developed by Aneja et al. (2000) to
estimate NHj emissions from lagoons (see Table 3 for
measured lagoon NH; emission averages), it is possible
to estimate the relative seasonal source strengths of the
soil and the lagoon.

Although this yearly estimate is based on a model
developed from two seasons of data, the temperature
dependence is assumed to remain consistent, during
periods when the soil has not been recently fertilized,
throughout diurnal cycles and throughout the year (Van
der Molen et al., 1990; Aneja et al., 2000; Warneck,
2000). Using the daily averaged temperatures (informa-
tion obtained from North Carolina State Climate
Office), the seasonally averaged emissions from the
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Fig. 6. Budget of NH3-N estimates from soil and lagoon surfaces at the Upper Coastal Plain Research Site. Soil estimates were
determined by applying the flux algorithm developed in this study to the total land area (~ 101 ha). Lagoon estimates were determined
by applying the flux algorithm developed by Aneja et al. (2000) to the total lagoon surface area (~ 1 ha).

101 ha of soil surface at this site during spring, summer,
fall, and winter were determined to be 324, 933, 383, and
83 kg NH;-N respectively (Fig. 6). Similarly, the sea-
sonally averaged lagoon emissions from the 1ha of
lagoon surface during spring, summer, fall, and winter
were determined to be 1140, 2953, 1315, and 340kg
NHj;-N respectively. Therefore, the NH; emissions from
soil surfaces represent approximately 28%, 32%, 29%,
and 24% of the spring, summer, fall, and winter lagoon
emissions. The typical practice in most hog operations is
to spray the fields with the hog waste effluent instead
of fertilizing them with commercially derived fertili-
zers. This field, however, was not sprayed and therefore
this budget may be biased low, as emission factors for
land spreading of slurry are often cited as being larger
(~15-76%) than the factors for the commercially
derived fertilizers (Misselbrook et al., 2000).

4. Conclusions

Utilizing a dynamic flow-through chamber technique,
NH; flux values were calculated for the spring and
winter (2000) at an upper coastal plain site in North
Carolina. Soil pH remained relatively constant through-
out the measurement period and therefore was not
useful as an NH; flux predictor. The NH; flux values
were most strongly correlated with soil temperature
[LogioNH5-N Flux (ng Nm 2s™1)=0.054Tj +0.66;
R? = 0.71], which may help to steer the way towards
developing a temperature and land use type model
(similar in design to the EPA’s BEIS model for
estimating biogenic NO emissions) to estimate biogenic
NHj; emissions. However, when the major rain events

were eliminated, the role of soil nitrogen (both NH3-N
and TKN) in explaining the variability in NH; flux
improved significantly.

The average NH; flux values from this study
corresponded well with other reported values and
confirmed that soils have smaller fluxes of NH; than
lagoons (Table 3). However, as in most commercial
animal operations the land area used for crops is
significantly larger than the surface area for lagoons.
A preliminary analysis revealed that given the relative
sizes of the agricultural soils in comparison to the
lagoons, the soils (soils represent ~28% of the lagoon
NHj; emissions) cannot be neglected when developing
and apportioning NHj; budgets. Further, the soil
algorithm developed in this study was based on a crop
which had not been fertilized for several months prior to
the experimental period. Given that land spreading of
slurry is estimated to release approximately 15-76% of
the applied nitrogen may indicate that estimates
presented in this study should be considered as a lower
limit.

While temperature has often been shown to be a
controlling variable in nitrogen trace gas emissions,
other variables (pH, N-content, % WFPS) have dis-
played more mixed results (Williams et al., 1992; Matson
et al., 1997). Therefore, future work should consist of
field and laboratory studies to further investigate these
relationships and data following slurry application
should also be obtained to help refine the NH; budget
for intensively managed agricultural soils. While this
research does help to quantify the soil source strength, it
does not shed much light on transport through canopies
or on the effect ambient NH; concentrations have on
deposition versus emissions. Even though the values
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reported in this study are within the range of other
reported values, a side-by-side comparison of the
differing NH3; flux methodologies would be extremely
beneficial in furthering our knowledge of this species.
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