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Abstract. This paper reports a field study of effect of house ozonation on PM concentrations. The
experiments were conducted on a commercial broiler farm consisted of four identical tunnel ventilated
broiler houses (12.8 meters by 152.4 meters) (42 feet by 500 feet) with two served as treated units and
two served as control unit. PM sampling was carried out in January 2008 such that the ventilation system
in each house was set in the winter mode. Low-volume total suspended particulate (TSP) samplers were
used in sampling PM inside both treated and control houses as well as PM around the farm. It was
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observed that TSP and PMy, concentrations were significantly higher in O treated houses as compared
to those in control houses. TSP concentration varied along vertical direction in both treated and control
houses. The concentration decreased as height increased.
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Introduction

Particulate matter (PM) and gaseous emissions from animal feeding operation (AFO) facilities
are of increasing concern. Due to adverse health effects and the magnitude of emissions,
ammonia (NHs) and PM are considered major pollutants emitted from poultry houses. To
comply with increasingly stringent state and federal air pollution regulatory requirements for air
emissions, mitigation of NH; and PM has become an urgent need for the poultry industry.

In the past two decades, significant work has been done on developing strategies for controlling
and mitigating air emissions from AFOs (Hartung et al., 1998; Heber et al., 1997; Hoeksma et
al., 1993; Novotny et al., 1994; Gast and Bundy, 1986; Zhang et al., 1994; Carpenter et al.,
1986). In summary of the literature, there are three basic methods to control air emissions: (1)
reduce emission production at the source, (2) suppress emissions once formed, and (3) remove
emissions from air (either from internal air or from exhaust air).

Among various mitigation technologies for animal house air pollution control, house ozonation is
the most controversial technique that attempts to remove emissions from internal air. In terms of
ammonia mitigation with ozonation application, reported results in the literature are somewhat
contradictory (Keener et al., 1999; Yokoyama and Masten, 2000; Elenbaas-Thomas et al.,
2005). Keener et. al (1999) reported that ozone (Os) treatment at concentration levels within
0.15 ppm removed 58% of ammonia and 60% of dust mass in a swine building, whereas
Elenbaas-Thomas et al. (2005) indicated that room ozonation in a swine building at a maximum
O; concentration of 0.1 ppm did not result in any statistically significant reduction in dust mass
concentrations, odor concentrations, sulfur compound concentrations, or bacteria counts.
Moreover, significantly higher ammonia concentrations were observed in the ozone treated
room as compared with the room without ozone treatment in the study.

The controversy over application of ozonation for emission reduction also comes from the
possible chemical reaction of O; and NHs. This possible chemical reaction is described by the
following equation (Wikipedia, 2008):

2NH3; + 405 Y NH4;NOj3 +40; +H,0 (1)

In the literature, the reaction of O3 with air contaminants is subject to debate. Some scientists
reported that the reaction process of Os; with many indoor chemical contaminants may take
months or years (Salls, 1927; Shaughnessy et al., 1994; Esswein and Boeniger, 1994;
Boeniger, 1995). In addition, Hoigne (1998) also reported that direct oxidation of NH; by Os in
the aqueous phase is very slow.

While the reaction in equation 1 may only occur at very low rate, the reaction of Oz with NH3 will
produce another criteria pollutant, ammonium nitrate, which is also known as a secondary
aerosol/PM. It is very undesirable to control one pollutant while paying the price of generating
another kind of pollutant. Evaluation of O3 technology for NH; control needs to include
investigation of PM emission as well.

To evaluate the effectiveness of in-house ozonation under safety limits for reducing ammonia
emission inside broiler houses, a field study was carried out on a commercial broiler farm in
northeast North Carolina for five flocks. This paper reports results of PM concentration
measurements from this field study.



Methodology

Broiler house selection

The layout of the commercial broiler farm for the study is illustrated in figure 1. As shown in the
figure, the farm consisted of four identical tunnel-ventilated houses (12.8 meters by 152.4
meters) (42 feet by 500 feet) with 21,500 broilers per house. Os; was introduced to the two
center houses through PVC pipes on the ceilings. The other two houses served as control units.
Except for the ozonation, all other operational parameters were managed in the same manner
through the four houses (feed, number of chickens, ventilation system settings).

NH; emission comparisons were conducted over a period of five consecutive grow-out periods
(flocks), whereas comparisons of PM emissions were carried out for the last flock of the project
in January of 2008. In-house NH3; and CO, concentrations were continuously measured for a
minimum of 48 hours per week for five grow-out periods using one portable multi-gas unit
(PMU) (Gates, et al., 1995) per house. Ozone concentrations were monitored with GasAlert
Extreme® (BW Technologies) data loggers as well as spot checked with colorimetric sampling
tubes. Detailed information about NH; concentration comparisons will be reported in another
manuscript (Wang et al., 2008).
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Figure 1. Layout of the commercial broiler houses for the study (plan view)

PM sampler placements

PM sample collections were accomplished by conducting three sets of data sampling events
over eight consecutive days when the chickens were six to seven weeks old in January 2008.
The ventilation system in each house was set in the winter mode such that only two minimum
ventilation fans were operating for two minutes on and five minutes off alternately. The ambient
temperature was in the range of (-0.5-10 °C) (31-50 °F) during the sampling events.



PM concentrations inside the houses were measured using low volume total suspended
particulate (TSP) samplers with one co-located low volume PM;, sampler inside houses 1 and 2
(control vs. treated). The PM samplers were placed near a minimum ventilation fan (shown in
figures 1 and 2) 1.30 meters (51 inches) away from the side wall. The heights of the sampler
heads are labeled in figure 2. The co-located TSP/PM,, samplers placed inside houses 1 and 2
were 0.43 meter (17 inches) apart at the sampling height of 0.71 meter (28 inches).
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Figure 2. TSP and PM,, sampler placement inside the houses for the first set of data collection
(9 replicates)

After the first set of data collection for 9 sampling events (replicates) with three hours per
sampling event, a group of TSP samplers were placed in houses 1 and 2 (control vs. treated) to
investigate PM vertical concentration variations for another three sampling events. The heights
of the sampler heads are labeled in figure 3.

In addition to investigation of PM concentrations inside the houses, PM concentrations around
the farm were also examined to provide preliminary estimates of contributions of PM emissions
from the houses to the surrounding PM concentrations. For this data set, PM samples were
taken at a minimum ventilation fan outside house 1 as well as at six locations surrounding the
buildings (shown in figure 4). Surrounding sampling locations were (30.5-61.0 meters) (100-200
feet) away from the houses. Due to space limitations, no samples were taken in either the north
or south directions. All the sampler heads were 1.55 meters (61linches) in height. Each sampling
event lasted for 4 hours with four sampling events (replicates) in total.
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Figure 3. TSP sampler placement inside the houses for the second set of data collection (3
replicates)
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Figure 4. TSP sampler locations around the farm (houses) for the third set of data collection
(overhead view) (4 replicates)

PM concentration determination

The low-volume TSP sampler used in this research was originally designed at Texas A&M
University and reported by Wanjura et al. (2005) and Wang et al. (2005). TSP and PMyq
concentrations measured by low-volume TSP and PM,, samplers were determined by dividing
the mass captured on the filter of the sampler by the total volume of air pulled through the
sampler during the sampling period. The following equation was used for the concentration
calculations.

AM
2Q*t

Where, Con. is measured concentration (mg/ m®); AM is mass captured on the filter that equals
pre-weight of filter minus post-weight of filter (mg); Q is the air flow rate through the sampling
system (m®/s); and t is the sampling time (s).

Con.

()

An alternative method to determine PM,o concentrations was to combine TSP concentrations
and particle size distribution (PSD) analyses. Using this method, the PM;o concentration equals
the TSP concentration times the mass fraction of PM;, obtained from the PSD (shown in
equation 3):



Con.PMy, = (Con.TSP) * [Mass fraction of PMy, (%)] (3)

Where, Con. PMy, is the PMyo concentration; Con.TSP is the concentration of PM measured by
TSP sampler (ug/m?); and mass fraction of PMy, is the mass percentage of particles with
diameters smaller than or equal to 10 um. This mass percentage was determined through PSD
analysis using a Coulter Counter Multisizer® (Beckman Coulter, Inc. Miami FL). The particle size
analysis gives a PSD in the form of particle volume (or mass) versus equivalent spherical
diameter (ESD). The ESD was converted to the aerodynamic equivalent diameter (AED) using
the following equation (Hinds, 1999):

AED:ESD*W (4)

Where, p, is particle density (g lem?®); p, is the density of water (1g/cm®); and y is the particle
shape factor (dimensionless, x=1 for spherical particle). The density of the PM sample was
measured using an AccuPyc1330 Pycnometer (Micromeritics, Georgia).

Results and Discussions

PM concentration inside houses: control vs. treated

Concentrations of TSP and PMy, insides the houses for the first nine sampling events (first set

of data collection) are listed in table 1. TSP concentrations were calculated using equation 2,

whereas PM;, concentrations were determined using equation 3. Treated concentration listed in

table 1 is the average of those in houses 2 and 3, whereas the control concentration is the

average of those in houses 1 and 4. The average mass media diameter (MMD) and geometric
standard deviation (GSD) of PSD6 & the control houses were 14.29 um in AED and 1.91,
respectively; the average MMD an dveré&lS.B8Bumin APDSD 6 s
and 1.93, r espec tgave 8195 avefabeePdg maBsSraciion in the control

rooms and 32.95% average PM;o mass fraction in the treated houses.

As illustrated in figures 5 and 6, there were significant difference in TSP and PMy,
concentrations between treated and control houses. Treated houses had higher TSP and PMy,
concentrations.

Table 1. TSP and PM;q concentrations for the first set of data collection (inside the four houses)

PMi(mg/m®at 280 hei (TSP(mgim)at 280 heig

Test Control Treated Control Treated
1 0.24 0.65 0.77 1.96

2 0.22 0.52 0.70 1.56

3 0.96 2.29 3.09 6.96

4 1.66 3.78 5.35 11.46
5 3.17 3.19 10.23 9.68

6 4.48 5.01 14.46 15.21
7 2.25 3.22 7.27 9.76

8 6.53 7.22 21.08 21.92
9 4.62 6.23 14.91 18.90




Figure 5. Comparison of TSP concentrations between treated and control houses for the first set
of data collection
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Figure 6. Comparison of PM;o concentrations between treated and control houses for the first
set of data collection

Vertical variation in TSP concentrations inside the houses: control vs. treated

The second set of data collection aimed to investigate PM vertical concentration variation.
Results of this set of data collection are listed in table 2 and figure 7. TSP concentrations at all



