Taylor & Francis
Taylor & Francis Group

Journal of Agromedicine

ISSN: 1059-924X (Print) 1545-0813 (Online) Journal homepage: https://www.tandfonline.com/loi/wagr20

Air Quality Assessments in the Vicinity of Swine
Production Facilities

Stephen J. Reynolds PhD, CIH , Kelley J. Donham MS, DVM, Jason
Stookesberry BS, Peter S. Thorne PhD , Periasamy Subramanian PhD ,
Kendall Thu PhD & Paul Whitten MS

To cite this article: Stephen J. Reynolds PhD, CIH , Kelley J. Donham MS, DVM , Jason
Stookesberry BS , Peter S. Thorne PhD , Periasamy Subramanian PhD , Kendall Thu PhD & Paul
Whitten MS (1997) Air Quality Assessments in the Vicinity of Swine Production Facilities, Journal of
Agromedicine, 4:1-2, 37-45, DOI: 10.1300/J096v04n01_06

To link to this article: https://doi.org/10.1300/]096v04n01 06

@ Published online: 11 Oct 2008.

\]
CJ/ Submit your article to this journal &

||I| Article views: 69

A
& View related articles '

@ Citing articles: 14 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=wagr20


https://www.tandfonline.com/action/journalInformation?journalCode=wagr20
https://www.tandfonline.com/loi/wagr20
https://www.tandfonline.com/action/showCitFormats?doi=10.1300/J096v04n01_06
https://doi.org/10.1300/J096v04n01_06
https://www.tandfonline.com/action/authorSubmission?journalCode=wagr20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=wagr20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1300/J096v04n01_06
https://www.tandfonline.com/doi/mlt/10.1300/J096v04n01_06
https://www.tandfonline.com/doi/citedby/10.1300/J096v04n01_06#tabModule
https://www.tandfonline.com/doi/citedby/10.1300/J096v04n01_06#tabModule

Air Quality Assessments in the Vicinity
of Swine Production Facilities

Stephen J. Reynolds, PhD, CIH
Kelley J. Donham, MS, DVM
Jason Stookesberry, BS
Peter S. Thorne, PhD
Periasamy Subramanian, PhD
Kendall Thu, PhD
Paul Whitten, MS

SUMMARY. With the transition to increasingly larger swine pro-
duction facilities, nearby residents have voiced concerns about envi-
ronmental contamination, odor, and adverse health effects. The goal
of this study was to evaluate outdoor airborne concentrations of am-
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monia, dust, and endotoxin in the environment near four types of
swine production facilities and one control farm with no livestock.
Dust and endotoxin were detected at a distance of 60 meters outside
of facilities but generally, concentrations were below limits of accu-
rate detection. The mean (and standard deviation) for outdoor am-
monia concentrations were: 0.251 (0.064) ppm-large confinement;
0.086 (0.091) ppm-medium confinement; 0.214 (0.160) ppm-small
confinement; 0.139 (0.188) ppm-small conventional; less than 0.004
ppm-control farm. While the airborne concentrations of ammonia
measured outside the production facilities were below current oc-
cupational health standards, it is possible that ammonia could be a
physical irritant in combination with other exposures, or it could
serve as a cue capable of initiating a physical response. Furthermore,
ammonia may serve as a surrogate measure for other gases (sulfides)
emitted by these facilities. [Article copies available for a fee from The
Haworth Document Delivery Service: 1-800-342-9678. E-mail address:
getinfo@haworth.com]

KEYWORDS. Ammonia, swine production facilities, odor, air sam-
pling

INTRODUCTION

Iowa is the leading pork producing state in the USA, with over 23
million head grown per year.! Economic forces, technologic advances, and
agricultural policy are combining to accelerate an industry transition to
fewer, larger, more intense swine production operations. With this transi-
tion, residents living in the neighborhood of these facilities have voiced
increasing concern for environmental contamination, odors, and adverse
health effects. Health complaints have ranged from symptoms of asthma
and other upper respiratory conditions, to gastrointestinal disturbances,
and neurological symptoms.

While detrimental health effects among workers exposed to airborne
agents inside swine production facilities have been well documented,?25
there have been no published reports evaluating exposures or physical
health effects among populations living near swine production facilities.
However, there was one report of adverse mood shifts in residents living
downwind of large facilities.2® Approximately 60% of swine production
workers complain of at least one respiratory symptom, most of which are
acute symptoms.212 Among this group of workers with respiratory symp-
toms, approximately 30% also experience chronic bronchitis, 30% have
reactive airway disease, and 30% experience episodes of organic dust
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toxic syndrome.14:15 These conditions can be directly attributable to expo-
sure to aerosolized dust and its biologically active constituents (endotoxin,
allergens) in addition to gases such as ammonia and hydrogen sulfide.
Dose-response studies among lowa swine farmers indicate that changes in
pulmonary function are associated with dust levels as low as 2.4 mg/m?3
and ammonia concentrations at 7 ppm.24:23

The goals of this study were: (1) to conduct detailed health interviews
of residents living in the vicinity of large scale swine production facilities;
and (2) to evaluate potential exposure to airborne ammonia, dust, and endo-
toxin in the immediate neighborhood of different types of swine produc-
tion facilities. This paper presents the results of the environmental study.

METHODS
Site Descriptions

Recruitment letters were sent to 26 swine producers (stratified by size
and type of operation, i.e., small, medium, large confinement, and conven-
tional facility) who had previously participated in research on agricultural
health concerns. A total of eight agreed to participate in this study. The
“Large Confinement” facility had eight buildings with 980 sows, 2,700
feeder pigs, and 250 breeding stock. One building had a deep manure pit,
and the others had pull-plug systems. There were also three manure la-
goons onsite. The indoor reference sample was collected inside the nurs-
ery. The “Medium Confinement” facility had six buildings with a total of
430 sows, 1,950 nursery/grower pigs, and 1,650 finishing hogs. Manure
was stored in a 250,000 gallon slurrystore located outside of the buildings,
in addition to deep manure pits under the finishing buildings. The refer-
ence indoor sample was collected inside the central feeder building. The
“Small Confinement” facility had four buildings with 240 sows, 100
nursery/grower pigs, and 1,800 finishing hogs. Manure was stored in a
200,000 gallon lagoon, and two buildings had deep pits. The indoor refer-
ence sample was collected inside the farrowing/nursery building. The
“Small Conventional” facility had 52 sows, farrow to finish, but no la-
goon. A farm without livestock production, and with no neighoring farms
with livestock within 1 mile was selected as a control facility, with an
indoor sample collected inside a storage building.

Air Samples

Air sampling was conducted on one day at each site over a time period
of 6 hours. One sample was collected inside a livestock building (the
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source), and five samples were collected outside of each facility. The out-
side samples were arrayed surrounding the source at a distance of 60 meters
and a height of 2 meters. Data from air samples included: ammonia;
hydrogen sulfide; total dust; endotoxin; temperature; and relative humid-
ity. Wind speed and direction were also recorded.

Ammonia was collected in two midget impingers (SKC Inc.) connected
in series containing 10 ml of 0.01 N sulfuric acid, at a flow of 0.8 Lpm
using personal sampling pumps (SKC Inc. and MSA Inc.). Following
sampling the final volumes were measured and the solutions were stored at
4°C until analyzed using a fluorometric enzyme method.?” Ammonia in
the solutions reacted with a-ketoglutarate and NADH in the presence of
I-glutamate dehydrogenase, in a pH 8.2 buffered solution (Sigma Chemi-
cal) with reduction in fluorescence detected at 460 nm using a Hitachi
F-1050 spectrofluorimeter. The limit of detection for ammonia was 0.004
ppm.

Hydrogen sulfide was sampled using colorimetric direct reading dosim-
eters (Gastech).

Air samples for total dust and endotoxin were collected on 37 mm
Glass Fiber filters (Gelman Sciences, Ann Arbor, MI) in three piece closed
face cassettes (Nuclepore, Pleasanton, CA), at a flow rate of 2 Lpm using
personal sampling pumps (SKC Inc., Eighty Four, PA and MSA Co.,
Pittsburg, PA). Total dust was determined gravimetrically according to
NIOSH Method 0500. Filters were desiccated and weighed before and
after sampling using a Mettler MT-5 Ultrabalance (Mettler Instrument
Corp., Highstown, NJ). Following weighing, filters were extracted with 30
ml of pyrogen-free, sterile water with continuous mixing for 120 minutes
at 22°C. The extracts were then analyzed for endotoxin using the chromo-
genic endpoint QCL1000 Limulus Ameobocyte Lysate assay as previous-
ly described (BioWhittaker, Walkersville, MD).26 The limits of detection
for dust and endotoxin were respectively 0.2 mg/m3 and 4 EU/m>.

Temperature and relative humidity were measured using a sling
psychrometer at one hour intervals throughout the sample period. Wind
speed was measured using a direct reading wind speed indicator.

Data Analysis

Data were analyzed using SAS software. The means and standard devi-
ations of airborne concentrations at each facility were calculated. Wilcox-
on rank sum tests were used to evaluate differences in airborne concentra-
tions between different types of facilities, and to test for differences
between indoor and outdoor concentrations. Wilcoxon rank sum scores
were also used to test for the effects of wind direction (upwind vs. down-
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wind), farm type, temperature, and relative humidity on outdoor airborne
concentrations of dust, endotoxin, and ammonia. Spearman correlations
were also calculated to evaluate relationships between airborne concentra-
tions and environmental conditions.

RESULTS

Outdoors, levels of total dust and endotoxins were below detectable
limits (0.2 mg/m3 and 4 EU/m3, respectively) in most cases. Indoor total
dust concentrations ranged from 0.75 mg/m? in the Medium Confinement
farm to 2.59 mg/m3 in the Large Confinement farm. Indoor endotoxin
concentrations ranged from 58 EU/m? at the Small Confinement farm to
526 EU/m? at the Large Confinement farm. Hydrogen sulfide was not
detected at any sample location. Mean temperatures ranged from 72 to 89°F,
with relative humidity ranging from 44 to 85% (samples were collected
during summer and fall). Windspeed ranged from 0 to 20 miles per hour,
and wind direction was extremely variable.

Outdoor ammonia concentrations at the four test farms are presented in
Figures 1-4. The mean (n = 5 in all cases) and standard deviations of
outdoor ammonia concentrations were as follows: 0.251 (0.064) ppm-
Large Confinement; 0.086 (0.091) ppm-Medium Confinement; 0.214 (0.160)
ppm-Small Confinement; 0.139 (0.188) ppm-Small Conventional. Am-
monia was not detected (less than 0.004 ppm) at the Control farm. Out-
doors, ammonia concentrations ranged from 0.01 to 0.46 ppm. Indoor
ammonia concentrations ranged from 1.27 ppm in the Medium Confine-
ment farm to 2.59 ppm in the Large Confinement farm. Concentrations of
ammonia were always greater downwind of sources than upwind (p =
0.002). The differences between indoor and outdoor concentrations of
ammonia were also significant (p < 0.05) for all four production facilities
(p < 0.01). The outdoor airborne concentrations of ammonia at all four
swine production facilities were significantly higher than the concentra-
tion of ammonia at the control farm. Temperature and relative humidity
were not correlated with ammonia, dust, or endotoxin.

DISCUSSION

Airborne concentrations of ammonia were detectable at low concentra-
tions downwind of swine production facilities. This is the first study that
has shown the evidence of contaminants from swine facilities present in
the outdoor air. The airborne concentrations of ammonia, dust, and endo-
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FIGURE 1. Ammonia Concentrations in Large Confinement Facility
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FIGURE 2. Ammonia Concentrations in Medium Confinement Facility
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toxin detected outdoors were lower than current occupational health guide-
lines for acute physical toxicity, including the 7 ppm level recommended for
inside swine production facilities.2*25 However, this does not limit the
possibility that these concentrations cause psychological stress that second-
arily manifests in physical symptoms. Work by Schiffman in North Carolina
suggests the possibility that this may happen in some instances.2® The
concentrations of ammonia measured in this study were also below the
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FIGURE 3. Ammonia Concentrations in Small Confinement Facility
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FIGURE 4. Ammonia Concentrations in Small Conventional Facility
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NIOSH-reported odor threshold of about 1 ppm.2° Higher concentrations
of contaminants were generally associated with larger swine facilities, and
with confinement type of production versus conventional systems. It is
possible that ammonia may serve as a surrogate measure for other gases,
especially sulfides, released from manure that may account for odor and
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other complaints from individuals residing near these facilities. Further
investigation focusing on more sophisticated and sensitive methods for
evaluating airborne concentrations of sulfides, mercaptans, and other ma-
nure-generated gases in the vicinity of swine production facilities is war-
ranted.
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