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SOURCE AND RECEPTOR AMMONIA AND HYDROGEN SULFIDE

CONCENTRATIONS IN COMMUNITIES WITH AND WITHOUT

SWINE EMISSION SOURCES: FOLLOW‐UP STUDY

S. J. Hoff, J. D. Harmon, D. S. Bundy, B. C. Zelle

ABSTRACT. Research was conducted from May 2004 through September 2005 to investigate the concentration of hydrogen
sulfide (H2S) at the perimeter of nine swine operations across the state of Iowa and the ammonia (NH3) and H2S
concentrations near and inside residences located in the community of swine operations and in one area of the state not
associated with animal agriculture. The nine sources monitored ranged from sites that housed approximately 1,800 to 4,000
finishing pigs. The results indicated that at the perimeter of all nine sources monitored, the overall average H2S concentration
ranged from 1.9±2.7 ppb to 26.3±32.3 ppb (mean±S.D.). Downwind samples, or samples collected during calm periods,
resulted in average H2S concentrations that ranged from 7.4±6.9 ppb to 45.8±31.8 ppb. In both cases, the maximum H2S
concentration was recorded at a finishing site where an earthen basin and a concrete formed below‐grade basin existed in
close proximity to the livestock housing. Measurements of H2S and NH3 were also conducted at five residences, four of which
were located near the swine operation sites for perimeter H2S levels, with one located in an urban setting far removed from
animal agriculture. The overall daily average NH3 concentration measured inside the homes ranged from 28.6±12.8 ppb to
94.7±28.1 ppb. The overall daily average NH3 concentration measured in the ambient air outside the homes ranged from
11.7±5.3 ppb to 55.1±20.6 ppb. The NH3 concentration inside the homes were significantly higher than in the ambient air
outside of the homes (p<0.01). H2S concentration inside the homes ranged from 0.7±0.2 ppb to 2.5±1.5 ppb. Hydrogen
sulfide concentration in the ambient air outside the home ranged from 0.4±0.2 ppb to2.4±2.4 ppb. For the residence
monitored in an urban setting far removed from animal agriculture, the overall average H2S concentration outside the home
was 0.4±0.2 ppb with the inside home averaging 0.7±0.2 ppb. The highest average inside home concentration for NH3 and
H2S was 94.7±28.1 ppb and 2.5±1.5 ppb, respectively, both from a residence where the occupants smoked. The next highest
inside home NH3 concentration was 85.7±15.3 ppb. For this residence the occupants did not smoke but felines were kept
inside. The results from the residence ambient air monitoring indicate that the concentration and duration for either NH3 or
H2S fell well below the Minimum Risk Levels (MRL) as defined by the Agency for Toxic Substances and Disease Registry
(ATSDR, 2008).
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everal U.S. and northern European studies have
investigated the emission of gases from livestock
and poultry production systems. Typically, the gases
investigated include ammonia, hydrogen sulfide,

and the general class of VOCs associated with livestock odors
(O'Neill and Phillips, 1992). The need to study the
concentrations of these gases in the community surrounding
livestock and poultry operations has surfaced due to
increasing pressure from community citizens and regulatory
agencies fueled by health concerns/claims.
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The Agency for Toxic Substances and Disease Registry
(ATSDR) has developed a series of minimum risk levels
(MRLs) designed to protect sensitive populations such as
young children, asthmatics, and the elderly (ATSDR, 2008).
The two gases listed by ATSDR as toxic substances with
MRLs of particular interest to animal agriculture are
hydrogen sulfide (H2S) and ammonia (NH3) because of their
presence in most animal operations. The MRLs specified by
ATSDR are categorized by duration of exposure. For NH3, an
acute (1‐14 days continuous) and chronic (>365 days
continuous) MRL is given as 1,700 parts‐per‐billion (ppb)
and 100 ppb, respectively. For H2S, an acute and intermediate
(15‐365 days continuous) MRL is given as 70 and 20 ppb,
respectively (ATSDR, 2008). These MRLs are highly
protective dose guidelines with significant safety factors and
provide an excellent resource to compare field‐collected data
when investigating the impact of animal agriculture on
community residents.

LITERATURE REVIEW
Literature exists that quantifies gas emissions, in

particular NH3 and H2S, from animal production systems.
Very limited amount of data exists correlating these source
emissions with receptor dose levels that might be
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experienced by receptors in the community of animal
agriculture.  The literature review that follows summarizes
some of the available research regarding ambient
concentration of gases near animal facilities. A more
extensive review of the literature can be found in Hoff et al.
(2002, 2008).

Koziel et al. (2004) studied the seasonal variations in
ambient NH3 and H2S at a fence‐line adjacent to a
50,000‐head cattle feed yard in Texas. They reported average
hourly fall, winter, and spring ammonia concentrations of
429, 475, and 712 ppb, respectively, with average hourly
hydrogen sulfide concentrations of 7.73, 0.73, and 2.45 ppb,
respectively. The highest hourly average ammonia and
hydrogen sulfide concentrations measured were 5,270 and
34.9 ppb, respectively. The lowest concentrations were
always measured during the night most likely the result of
lowered volatilization.

McGinn et al. (2003) studied ammonia and selected
volatile fatty acids adjacent to a 6,000‐, 12,000‐, and
25,000‐head beef feedlot and reported 2‐ to 3‐day average
downwind ammonia concentrations of 130, 813, and 459 �g
NH3‐N m‐3, respectively. The highest average concentration
for the 12,000‐head feedlot was associated with the most
densely populated feedlot of the three studied (13.3 vs.
20.0 m2 animal‐1 and 25.6 m2 animal‐1 for the 6,000‐ and
25,000‐head feedlots, respectively).

Hoff et al. (2008) monitored the H2S and NH3
concentrations in ambient air and at two locations inside a
residence located within 699 m of two independent
4,800‐head deep‐pit swine finishers located in two distinct
locations from the residence. In addition, a land application
area existed in a third direction with the closest distance at 92
m which received injected swine manure during a portion of
the monitoring period. The results from this study showed
significantly higher (p<0.01) NH3 concentrations inside the
residence compared to ambient concentrations with no
apparent correlation to downwind events from the swine‐
related sources. The concentrations and durations of H2S and
NH3 measured in the ambient air as a result of downwind
source events was far below the concentrations and durations
recommended by ATSDR (2008).

OBJECTIVES
The objectives of this research were (1) to collect and

analyze H2S concentrations near swine operations and the
associated H2S and NH3 concentrations at and within a
neighboring residence, and, (2) to conduct simultaneous air
quality measurements surrounding and inside the home of a
neighboring residence to determine the effect, if any, that
swine operations have on indoor air quality. This research
represents a follow‐up to the research presented in Hoff et al.
(2008) where a single residence, located in a pig dense region
of Iowa, was monitored inside and out for ammonia and
hydrogen sulfide in response to downwind events from two
deep‐pit swine production sites and one land application
area. This current study monitored nine additional swine
production sites along with five residences, with one of the
residences located in an urban, non‐agricultural region of
Iowa.

MATERIALS AND METHODS
Nine swine finishing operations in five Iowa regions were

selected for evaluating source perimeter H2S concentrations.
Eight of the swine operations monitored were selected in

pairs within four of the five regions with the intention that one
of the swine operations used deep‐pit manure storage and the
other companion site used some form of outside manure
storage. The overall goal was to select a pair of sites, located
within approximately five miles of each other, to be
monitored at the same time of the year. At four of the
monitored swine operations, a nearby residence was selected
for monitoring ambient and inside home H2S and NH3
concentrations.

SOURCE PERIMETER H2S CONCENTRATION MEASUREMENTS

For all swine operations monitored, Single Point Monitors
(Model SPM; Zellweger Analytics, Morristown, N.J.) were
collocated at the four compass points (N,S,E,W) at the
perimeter of each swine production site. For some of the sites
the corner‐compass points (NE,SE,SW,NW) were used
instead. SPM placement decisions were based on the relation
between the source and a nearby residence identified for
monitoring. At every source where a corresponding
residence was monitored, collocated SPMs were placed in
the Source‐to‐Receptor direction. These collocated SPMs
were labeled as “S‐R SPM monitors” as shown in figure 1. In
most cases the distance from any SPM monitoring location
was within 20 m of the building or manure storage facility. A
10‐m weather tower was installed at each swine production
site, where temperature/relative humidity (Model HMP45C;
Vaisala, Inc., Helsinki, Finland), solar radiation (sun+sky;
Model LI200X; LI‐COR, Inc., Lincoln, Nebr.), wind speed/
direction (Model CS800; Climatronics, Inc., Bohemia,
N.Y.), rain (Model TE525‐L; Texas Electronics, Inc., Dallas,
Tex.), and barometric pressure (Model 278; Setra, Inc.,
Boxborough, Mass.) were monitored. A typical collocated
SPM set‐up at a swine production site is shown in figure 1.
The collocated SPM monitors were placed in a protective
container along with the necessary data acquisition
equipment (Model CR510; Campbell Scientific, Inc., Logan,
Utah). Teflon coated sample tubes, one from each SPM, were
placed 1 m above the ground with funnels used as intake line
protectors. A solar panel (Model SP20; Campbell Scientific,
Inc.), batteries, and a solar charging regulator (Model
CH100; Campbell Scientific, Inc.) were used to power the
SPMs and data loggers. The SPMs were programmed to
record the 15‐min average H2S concentration and all were

Colocated SPM Monitors
MET Tower

S-R SPM Monitors

Residence

Mobile Ambient
Laboratory (MAL)

Exposure Angle

Figure 1. Example monitoring set‐up for one of the source‐receptor sites
monitored.
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started at the 15‐min mark to coordinate sampling. The SPMs
had a lower and upper detection limit of 2 and 90 ppb,
respectively.

RESIDENCE H2S AND NH3 CONCENTRATION MEASUREMENTS

A total of five residences (receptors) were monitored for
both ambient and inside home H2S and NH3 concentrations.
Four of the residences were located near four of the swine
production sites monitored, with the fifth residence located
in an urban setting, far removed from animal agriculture.

At each residence, a fully‐instrumented Mobile Ambient
Laboratory (MAL) was placed near the residence equipped
to monitor H2S and NH3 at one location inside the home and
one location at the ambient air surrounding the home (fig. 1).
A portable weather tower was placed at 1.5‐m elevation
where temperature/relative humidity (Model HMP45C,
Vaisala, Inc., Helsinki, Finland), solar radiation (sun+sky;
Model LI200X, LI‐COR, Inc., Lincoln, Nebr.), and wind
speed/direction  (Model CS800, Climatronics, Inc., Bohemia,
N.Y.) were monitored.

The H2S and NH3 concentration at a residence was
collected on a 1‐s basis with the 1‐min average stored for
analysis. Residence monitoring was conducted by sampling
from the ambient air location for a fixed period of time of no
less than 20 min, followed by the inside residence sampling
for a time of no less than 20 min. The sampling was
conducted using a series of vacuum pumps and solenoids,
controlled automatically by the data acquisition and control
system (see Heber et al., 2002; Jacobson et al., 2003). The gas
sampling system incorporated by‐pass pumping implying
that sampled air flowed continuously through each sample
line before being routed to the analyzers. In this manner,
sample air was constantly flowing from each sample
location, in preparation for analysis. The sampled air was
routed into the MAL and this air was presented
simultaneously to analyzers for H2S (Model 45C, TEI, Inc.,
Waltham, Mass.) and NH3 (Model 17C, TEI, Inc.). The
analyzers were calibrated before and after each monitoring
session using EPA‐protocol (EPA, 1997) certified calibration
gases which states an accuracy of at least ±2%. A two‐point
calibration was conducted for both hydrogen sulfide and
ammonia at 0 and 40 ppb and 0 and 800 ppb, respectively, for
analyzer ranges of 0‐50 ppb and 0‐1000 ppb, respectively.
Calibration of analyzers was conducted with a dilution
system consisting of a zero‐air generator (Model 701,
Teledyne API, Inc., San Diego, Calif.) combined with
diluters dedicated for hydrogen sulfide (Model 700E,
Teledyne API, Inc.) and ammonia (Model 702, Teledyne
API, Inc.).

GENERAL MONITORING CONSIDERATIONS

Each swine production site and the associated residence
(if applicable) were monitored for approximately three
weeks, with two of the sites monitored for four and five
weeks, respectively. Monitoring began in May 2004 and
continued through August 2004, and was reinitiated in May
2005 and continued through September 2005. In summary, a
total of nine swine production sources were monitored for
this project in five regions of the state. A total of five
residences were monitored as well, with four of these
residences associated with four of the nine monitored
sources. The fifth residence monitored was located in an

urban setting near Des Moines, Iowa, with no animal
agriculture within five miles of this residence. Table 1
summarizes the source and residence monitoring.

Data was analyzed using descriptive statistics at each
source and each monitored residence. Paired t‐tests were
conducted for all inside versus outside residence (ambient)
measurements by taking consecutive inside/outside
measurements as paired data. The SPM monitors used had a
lower detection limit (LDL) of 2 ppb and an upper detection
limit (UDL) of 90 ppb. These non‐detects (NDs) were
processed as 90 ppb for UDL NDs and for the LDL NDs data
was processed by extrapolating the SPM analog output (4‐20
mA) below the LDL. Specifically, a fixed 125� resistor was
placed in series with the SPM monitor output of 4‐20 mA
resulting in an output voltage from the SPM of 0.5 to 2.5vdc
(data logger upper limit was +2.500vdc). The resulting SPM
voltage output range was then linearly assigned to H2S
concentrations between 0‐90 ppb, respectively. With this
method, the data file contained H2S concentrations below the
LDL of 2 ppb. With this method, an analog output of 4.36 mA
from the SPM was equal to the LDL of 2 ppb. Analog outputs
between 4 and 4.36 mA (i.e. 0.500 and 0.544vdc) were
linearly assigned to concentrations between 0 and 2 ppb. This
method is similar to randomly assigning LDL NDs to a value
within the LDL ND region. This procedure was judged
appropriate as the number of LDL occurrences far exceeded
the UDL occurrences at any location and simply fixing the
LDL NDs to a value (i.e. 0 ppb, 2 ppb, or LDL/2 ppb) would
have inappropriately skewed the results. The strategy used of
reasonably estimating readings below the LDL was deemed
appropriate and is one of many methods for dealing with ND
data (Luban et al., 2004; Zhang et al., 2009).

RESULTS
The source perimeter H2S concentration for the nine

swine finishing sites monitored are presented first. Four of
the sites monitored were associated with a monitored
residence and for these four sites, the source perimeter H2S
concentrations are compared to the ambient and inside
residence H2S and NH3 concentrations. Finally, results are
presented that discuss the relationship between ambient and
inside residence H2S and NH3 concentrations.

Table 1. Source and residence monitoring conducted.

Source Location ID
Residence

Monitored? Sampling Period

S1
LK1

Yes
5/13/2004 ‐ 6/3/2004

S2

S3
ST1 6/17/2004 ‐ 7/8/2004

S4 Yes

S5
GL1

  Yes[a]
7/20/2004 ‐ 8/12/2004

S6

S7
SC1 5/12/2005 ‐ 6/30/2005

S8 Yes

S9 DW1 7/20/2005 ‐ 8/9/2005

None GR1 Yes 8/16/2005 ‐ 9/11/2005
[a] The GL1 Sources S5 and S6 were within 137 m of each other; the 

residence monitored was monitored against both of these sources.
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SOURCE PERIMETER H2S CONCENTRATIONS
Table 2 summarizes the perimeter H2S concentrations for

each of the nine swine finishing sites monitored. These nine

sources (S1 to S9) were associated with five different regions
in Iowa identified as LK1 (S1, S2), ST1 (S3, S4), GL1 (S5,
S6), SC1 (S7, S8), and DW1 (S9). Table 2 specifies manure

Table 2. Source perimeter hydrogen sulfide concentrations (ppb)

Surface
Area[b] (m2)

Source
Spaces[c]

SPM H2S Concentration (ppb)

S ID MM[a] Start‐Stop ID Avg SD Max[d] >90 ppb[e] N[f] Days

N 4.1 8.0 89.1 0 1,977 20.6

S 10.1 13.7 >90 4 1,046 10.9

1 LK1 DP 2,510 3,176 5/13‐6/3/2004 E 9.7 12.9 78.7 0 2,016 21.0

0 W 14.5 20.9 >90 37 1,903 19.8

Overall 9.5 15.1 >90 41 6,942 72.3

N 6.1 7.6 >90 1 1,981 20.6

S 6.1 6.2 66.9 0 1,046 10.9

2 LK1 EB 2,254 1,929 5/13‐6/3/2004 E 10.6 13.2 >90 20 2,014 21.0

0.32 W 4.9 5.2 61.1 0 1,904 19.8

Overall 7.1 9.3 >90 21 6,945 72.3

N 14.6 21.6 >90 14 1,981 20.6

S 12.5 10.4 74.8 0 1,046 10.9

3 ST1 CB+EB 3,463 2,894 6/17‐7/8/2004 E# 65.1 29.0 >90 647 2,014 21.0

0.34 W 5.0 8.6 78.6 0 1,904 19.8

Overall 26.3 32.3 >90 661 6,945 72.3

NW 3.7 6.9 48.3 0 1,980 20.6

SW 4.2 4.8 28.2 0 1,046 10.9

4 ST1 DP+CB 1,670 1,882 6/17‐7/8/2004 NE 3.6 3.9 35.6 0 2,014 21.0

0.11 SE 3.5 3.1 41.5 0 1,904 19.8

Overall 3.7 4.9 48.3 0 6,944 72.3

NW 4.1 4.8 49.7 0 1,878 19.6

SW 4.3 6.5 80.7 0 1,878 19.6

5 GL1 CB 3,742 3,812 7/20‐8/12/2004 NE 5.7 8.2 >90 6 1,877 19.6

0.20 SE 4.7 5.9 40.2 0 1,679 17.5

Overall 4.7 6.5 >90 6 7,312 76.2

NW 3.9 5.0 89.6 0 1,979 20.6

SW 5.7 4.9 38.6 0 1,046 10.9

6 GL1 DP 2,008 2,510 7/20‐8/12/2004 NE 2.7 3.2 45.6 0 2,012 21.0

0 SE 6.5 11.5 >90 16 1,902 19.8

Overall 4.5 7.2 >90 16 6,939 72.3

N 2.8 2.4 18.4 0 3,069 32.0

S 1.8 4.1 >90 6 4,987 51.9

7 SC1 DP 1,562 1,976 5/12‐6/30/2005 W 1.8 1.6 30.3 0 4,895 51.0

0 E 1.7 1.7 21.6 0 5,284 55.0

Overall 1.9 2.7 >90 6 18,235 189.9

E1& 4.9 8.6 79.3 0 5,275 54.9

8 SC1 DP 3,123 3,953 5/12‐6/30/2005 E2 3.8 6.2 55.2 0 4,096 42.7

0 E3 0.5 3.1 71.1 0 3,815 39.7

Overall 3.3 6.9 79.3 0 13,186 137.4

N 5.1 6.1 38.5 0 1,921 20.0

S 5.7 8.3 61.1 0 1,046 10.9

9 DW1 DP 3,123 3,953 7/20‐8/9/2005 E 2.2 2.1 19.1 0 1,969 20.5

0 E 10.1 11.5 70.7 0 1,559 16.2

Overall 5.5 8.0 70.7 0 6,495 67.7

[a] Manure management (MM) designations; DP = deep‐pit, EB = earthen basin, and CB = concrete basin.
[b] Value below manure surface area signifies ratio of outside to total (barn + outside) manure surface area.
[c] The number of pig spaces for all barns on‐site estimated by dividing total barn floor area by 0.79 m2/space.
[d] The “E” placement collocated SPMs were positioned between the CB and EB basins. For SC1 S8, all SPMs were placed on an E‐W axis between 

S8 and the SC1 residence. E1 was 10 m from nearest point of S8, E2 was 30 m from nearest point of S8, and E3 was 61 m from nearest point of S8 
which was also 16 m from the nearest point of the SC1 residence.

[e] In all cases the minimum concentration recorded was below the LDL of 2 ppb.
[f] The number of 15‐min averages that exceeded the UDL of 90 ppb.
[g] The total number of 15‐min averages recorded.
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management  type, manure surface area, ratio of outside
manure surface area to the total manure surface area
(total=outside + barn floor area), estimated animal spaces,
monitoring period for each site, basic H2S concentration
statistics for each of the four compass locations, and the
overall average H2S concentration averaged across all eight
SPMs for each swine production site. For each of the compass
location statistics, the average of two collocated SPMs was
used for analysis.

As shown in table 2, every source with the exception of S4,
S8 and S9 had at least one 15‐min average H2S concentration
that exceeded the SPM UDL of 90 ppb. The COV (SD/Avg)
for all of the sampling locations was high. It was common to
experience one 15‐min average concentration near the UDL
of 90 ppb followed by the next 15‐min average near the LDL
of 2 ppb as a result of downwind versus non‐downwind

measurement events, respectively. The average source
perimeter H2S concentration ranged from 1.9±2.7 ppb for S7
to 26.3±32.1 ppb for S3. Source 3 had nearly the largest
overall manure surface area (3,463 m2) with the highest
fraction of outdoor manure surface area at 0.34.

The perimeter H2S concentration was analyzed to
determine the influence of manure management type and
total manure surface area on the average H2S concentration
measured. The results were grouped by manure management
method where all deep‐pit only sources were summarized
(fig. 2a) in comparison with all sources with any amount of
outside storage (fig. 2b). In figure 2b, the outside manure
storage area (OMSA) as a ratio of the total manure storage
area (TMSA) is given. The average perimeter H2S
concentration for the deep‐pit sources followed a moderate
trend with total manure surface area (R2=0.41):

Figure 2. Average perimeter H2S concentration for (a) all deep‐pit only sources (S1, S6, S7, S8, and S9) and (b) those sources with any amount of outside
storage (S2, S3, S4, and S5). Note: S3 data compiled without the inclusion of the collocated SPMs placed at a location directly between the CB and EB
outside manure storages (see table 2).
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Avg Perimeter H2S, ppb = 0.0002*TMSA, m2 (1)

valid for deep‐pit TMSA sources below 3,123 m2. For all
sources with any amount of outside storage, the relationship
found was (R2=0.79):

Avg Perimeter H 2 S, ppb = 23.7*(OMSA/TMSA) + 0.7 (2)

valid for OMSA/TMSA ratios between 0.11 and 0.34.

SOURCE PERIMETER H2S CONCENTRATIONS AS INFLUENCED
BY SOLAR RADIATION

Solar radiation was a dominating atmospheric parameter
affecting source perimeter H2S concentrations. Figure 3
summarizes the perimeter H2S concentration for S9 with
solar radiation (W m‐2) given to distinguish between day and
night periods. The results given in figure 3 show a general
trend found for all source perimeter H2S concentrations
where the majority of elevated H2S concentrations occurred

during night‐time (low solar) periods. As shown in figure 3,
the daytime conditions had a suppressing effect on the
concentration of H2S measured at the perimeter.

The overall influence of solar radiation on perimeter H2S
levels is shown in figure 4 where the relationship between the
exceeded perimeter H2S concentration and the average solar
radiation (±95% CI) is given for the perimeter data from all
nine sources. For example, if the perimeter H2S
concentration exceeded 50 ppb, the average solar radiation
measured was 49±11 W m‐2. Low solar conditions played a
dominant role regarding the maximum H2S concentration
measured at the perimeter of the source at the 1‐m
measurement height.

RESIDENCE H2S CONCENTRATION IN RELATION TO SOURCE

PERIMETER H2S CONCENTRATIONS
Along with four of the sources monitored, a nearby

residence was monitored (table 1) to evaluate source

Figure 3. Perimeter H2S concentration data for S9. Solar radiation data given to identify night and day periods. All perimeter SPM data combined.

Figure 4. Measured perimeter H2S exceedance concentration (ppb) as a function of the average solar radiation (W m‐2), compiled for all nine sources
monitored. 95% CI shown with each data point.
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perimeter H2S concentration and residence (or receptor) H2S
and NH3 concentrations. Sources S1, S4, S5/S6, and S8 were
sources near four of the five residences monitored (LK1,
ST1, GL1, and SC1, respectively).

The LK1 residence provides monitoring data that was
characteristic  of the trends observed with all monitored
residences and is given to demonstrate these general trends.
As shown in figure 5 (LK1 residence), distinct periods were
measured where elevated ambient H2S concentrations were
measured and these elevated H2S concentrations coincided
with elevated S‐R SPM concentrations. Several more
elevated source perimeter H2S concentrations were
measured at S1 that did not result in any discernable elevated
ambient H2S concentrations near the residence. In both
elevated ambient H2S concentration cases shown in figure 5,
the solar radiation was low corresponding to night conditions
and simultaneously the wind speed fell to near‐calm
conditions (<1.3 m s‐1=3 mph). LK1 residence results
highlight the general H2S characteristics between a source
and the ambient H2S concentration at a monitored residence
in that a low percentage of downwind events were
measureable at the residence and of those that did, the
atmospheric conditions were mainly low solar combined
with low wind events.

RESIDENCE NH3 CONCENTRATION IN RELATION TO SOURCE

PERIMETER H2S CONCENTRATIONS
Figure 6 summarizes the characteristics associated with

ambient and inside residence NH3 concentrations and the
corresponding source perimeter H2S concentrations, for the
collocated SPMs in the source‐to‐receptor (S‐R) downwind
direction, for S1/LK1 (fig. 6a) and S4/ST1 (fig. 6b). The S‐R
SPMs were used as an indicator for both H2S and NH3 events
at the residence, since S‐R NH3 concentrations were not
measured.

These two cases demonstrate the two typical patterns of
ambient and inside home NH3 concentrations in response to

potential downwind events. As shown in both cases, an
elevated inside home NH3 concentration was not associated
with a similarly elevated ambient concentration. For the LK1
residence (fig. 6a) located 356 m from S1 (see table 3), the
elevated NH3 concentrations inside the home were very acute
with the ST1 residence (fig. 6b) located 1,185 m from S4
exhibiting a more chronic elevated NH3 concentration.
These two trends depict the two inside residence responses
observed for NH3. The elevated inside home NH3
concentrations for the LK1 residence (fig. 6a) recorded on 25
and 26 May (not the 24 May event) occurred during the day
with the 26 May event occurring during high solar conditions,
opposite the trend found for the H2S concentrations discussed
earlier. As shown in figure 6b, the NH3 concentrations
measured at the ST1 residence exhibited no elevated NH3
concentrations in the ambient air outside the residence, but
experienced a very consistent elevated NH3 concentration
inside the home.

SOURCE‐TO‐RECEPTOR PERIMETER EVENTS IN RELATION TO

RESIDENCE H2S AND NH3 CONCENTRATIONS

The source perimeter H2S concentrations were sorted by
the S‐R SPM monitors to further quantify downwind
residence events. All S‐R SPM concentrations that exceeded
3 ppb were used to predict potential downwind events to the
monitored residence. At the residence, the H2S and NH3
concentrations that exceeded 2 and 50 ppb, respectively,
were tabulated and used to detect a downwind event at the
residence. The summarized data is shown in table 3.

The S‐R SPM monitors located at S6 experienced a
perimeter H2S concentration that exceeded 3 ppb, 39.1% of
the time. These events were designated as potential
downwind events to the GL1 residence. The GL1 residence
in turn experienced 0.4% of inside residence H2S
concentrations that exceeded 2 ppb and 0.6% of ambient H2S
concentrations that exceeded 2 ppb. In addition, the GL1

Figure 5. S1 perimeter H2S concentration for the SPM monitors located between S1 and the monitored LK1 residence (S‐R SPM monitor) and the
ambient H2S concentrations. Solar radiation and wind speed also shown.
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Figure 6. (a) S1 perimeter H2S concentration for the SPM monitors located between S1 and the LK1 residence (S‐R SPM monitor) and the ambient
and inside residence NH3 concentration, and (b) the same information for S4 and ST1. Solar radiation shown as well.

residence experienced 11.1% of inside residence NH3
concentrations that exceeded 50 ppb and 4.9% of ambient
NH3 concentrations that exceeded 50 ppb. The S‐R SPM
monitors located at S4 experienced a perimeter H2S
concentration that exceeded 3 ppb, 44.7% of the time. The
ST1 residence in turn experienced 0.1% of inside residence
H2S concentrations that exceeded 2 ppb and 0% of ambient
H2S concentrations that exceeded 2 ppb. Likewise, the ST1
residence experienced 6.2% of inside residence NH3
concentrations that exceeded 50 ppb and 0% of ambient NH3
concentrations that exceeded 50 ppb. Clearly, source‐to‐

receptor perimeter events were not accurate indicators of
events at the residence.

RESIDENCE NH3 CONCENTRATION DETAILS

Figure 7 represents a typical plot showing the ST1
residence data. For this residence, sample line 1 (SL1)
indicates ambient air sampling and SL2 indicates inside
home sampling. The period of time chosen for figure 7 was
a time where it was assured that the ST1 residence was not
downwind of any animal source (i.e. upwind events). When
sampling was switched to the inside home location (SL2), a
clear increase in both NH3 and H2S concentrations were
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Table 3. Receptor NH3 and H2S concentrations in relation to elevated S‐R H2S concentrations.

Source No.
Location

ID

Source
Perimeter Receptor H2S Receptor NH3

Equivalent
Days of

Simultaneous
Monitoring

Separation
Distance

(m)

% Time S‐R
Perimeter[a]

% Time
Inside[b]

% Time
Ambient

% Time
Inside

% Time
Ambient

H2S > 3 ppb H2S > 2 ppb H2S > 2 ppb NH3 > 50 ppb NH3 > 50 ppb

S1 LK1 42.4 0.9 2.8 3.4 0.0 8 356

S4 ST1 44.7 0.1 0.0 6.2 0.0 20 1,185

S5 GL1 50.0 0.4 0.6 11.1 4.9 31 655

S6 GL1 39.1 0.4 0.6 11.1 4.9 31 679

S8 SC1 31.5 4.0 2.1 7.5 4.1 28 77
[a] Percent time that the S‐R perimeter H2S monitor exceeded 3 ppb which was used to indicate a potential downwind residence event.
[b] Percent time that the inside residence (Inside) or air outside the residence (Ambient) exceeded the stated concentration, as related to the total percent

time that the S‐R perimeter monitor exceeded 3 ppb H2S. For example, for all monitoring conducted at ST1, 44.7% of the time the S‐R perimeter 
H2S concentration exceeded 3 ppb. For this 44.7% time, 6.2% of the same time the inside residence air experienced an ammonia concentration that 
exceeded 50 ppb, whereas outside the residence, 0% of the readings exceeded 50 ppb during this same 44.7% time.

measured, and a similar drop in concentrations were found
when sampling was switched to ambient air (SL1).

Figure 8 shows a one‐day trend (11 June) of the SC1
residence. Figure 8 was a day where the wind patterns
resulted in non‐downwind events from S8. As shown in
figure 8, the SC1 residence exhibited a pattern of increasing
NH3 concentration during the day, beginning at about 07:00
to 08:00 and continuing for several more hours throughout
the day. For all measurements shown however, consecutive
inside home NH3 concentration was noticeably higher than
the ambient concentration.

DAILY AVERAGE RESIDENCE H2S AND NH3
CONCENTRATIONS

The residence monitoring data was summarized by
looking at the daily averages measured for each residence,
separated by ambient and inside residence sampling
locations. The daily average inside residence NH3
concentration,  averaged across all five residences, was
68.0±28.3 ppb with ambient averaging 36.8±26.1 ppb.
These differences were significant (p<0.01). For H2S, the

daily average inside concentration, averaged across all five
residences, was 1.2±1.0 ppb with the ambient averaging
1.1±1.4 ppb (p>0.50). The overall daily average NH3
concentration measured inside the homes ranged from
28.6±12.8 ppb for the LK1 residence to 94.7±28.1 ppb for
the SC1 residence (table 4). The overall daily average
ambient NH3 concentration ranged from 11.7±5.3 ppb for
the LK1 residence to 55.1±20.6 ppb for the SC1 residence.
The difference between ambient and inside residence NH3
concentration differences for each residence monitored was
significant (p<0.03). Inside residence H2S concentration
ranged from 0.7±0.2 ppb to 2.5±1.5 ppb. Ambient H2S
concentration ranged from 0.4±0.2 ppb to 2.4±2.4 ppb. The
highest ambient H2S (2.4±2.4 ppb) and NH3 (55.1±
20.6 ppb) concentrations were recorded for the SC1
residence which was located 77 m to the east of an
approximate 4,000‐hd deep‐pit finishing site (residence SC1
and S8). The difference in ambient and inside residence H2S
concentrations for the ST1 and GR1 residences were
significant (p<0.01; all others p>0.25).

Figure 7. ST1 residence monitoring showing real‐time H2S and NH3 concentration data collected as the sampling system switched from ambient (SL1)
to inside residence (SL2) sampling.



984 APPLIED ENGINEERING IN AGRICULTURE

Figure 8. SC1 residence monitoring showing real‐time H2S and NH3 concentration data collected as the sampling system switched from ambient (SL4)
to inside residence (SL5) sampling.

Table 4. Daily average ambient and inside residence NH3 and H2S concentrations.

ID

Distance from
Nearest Source (m)

(Source)
Sampling
Location

NH3 Concentration (ppb) H2S Concentration (ppb)

Avg SD Max Min ±95% CI Avg SD Max Min ±95% CI

L 356
(S1)

Residence 28.6 12.8 54.1 10.4 7.9 0.8 0.2 1.2 0.6 0.1

K Ambient 11.7 5.3 24.0 4.2 4.0 0.9 0.8 3.1 0.3 0.5

1

S 1,185
(S4)

Residence 85.7 15.3 112.3 52.2 5.6 0.7 0.2 1.1 0.4 0.1

T Ambient 18.1 4.1 32.9 10.1 1.5 0.4 0.2 1.2 0.3 0.1

1

G 655 & 679
(S5 & S6)

Residence 57.8 16.0 114.5 30.4 5.0 1.1 0.3 2.3 0.7 0.1

L Ambient 49.8 31.4 155.2 16.4 9.7 1.1 0.4 2.2 0.5 0.1

1

S 77
(S8)

Residence 94.7 28.1 141.7 33.9 9.9 2.5 1.5 6.5 0.7 0.5

C Ambient 55.1 20.6 112.7 30.1 7.2 2.4 2.4 11.4 0.6 0.9

1

G >8,000 Residence 36.0 6.9 46.7 22.2 2.7 0.7 0.2 1.3 0.4 0.1

R
1

Ambient 24.1 4.0 30.5 16.5 1.7 0.4 0.2 1.0 0.2 0.1

DISCUSSION
This research project studied source perimeter H2S

concentrations at nine swine finishing sites varying in size
and manure management. Concentrations of H2S and NH3 at
a nearby residence for four of these sources were evaluated
to determine the influence, if any, of the swine operation on
the residence air quality.

The perimeter H2S concentration results indicated that the
average perimeter concentration was highest for swine
operations using outside uncovered manure storage systems,
and that overall the H2S concentration was greatest during
combined low solar and low wind speed conditions.
Reviewing all perimeter H2S concentration results, a clear
trend was found where the exceeded source perimeter H2S

concentration increased with decreasing solar radiation. A
moderate trend in H2S concentration with the manure surface
area was found. The highest average source perimeter H2S
concentration was measured for a source with the highest
ratio of outside to total manure surface area.

If an elevated H2S concentration was measured with
monitors placed between a source and a nearby residence, an
elevated H2S concentration in the ambient air near the
residence was measured only if the separation distance was
less than 679 m from the source (GL1 and S6). These elevated
levels measured at the residence occurred during low solar
and low wind speed conditions. The inside residence NH3
concentrations were significantly higher (p<0.03) than
ambient concentrations. The evidence suggests sources
within the home caused elevated NH3 concentrations. The
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highest inside home NH3 concentrations were measured for
residences where the occupants either smoked (SC1) or
owned housed pets (ST1).

If NH3 is being considered in the future for health‐based
regulation, the results presented here suggest that inside
home NH3 concentrations should be considered before
results measured at the source or in the ambient air at the
residence are assessed for compliance. The highest average
inside home concentration for NH3 and H2S was 94.7±28.1
ppb and 2.5±1.5 ppb, respectively from the SC1 residence
(both adults smoked). The next highest inside home NH3
concentration was 85.7±15.3 ppb recorded for the ST1
residence (inside pets). These two inside home daily average
NH3 concentration levels measured for the SC1 and ST1
residences were close to the currently recommended
Minimum Risk Level (MRL) for NH3, established by the
Agency for Toxic Substances and Disease Registry (ATSDR,
2008), where a chronic MRL of 100 ppb for NH3 has been
established. If the levels measured for the SC1 and ST1
residences would persist for 365 days or more, the ATSDR
guidelines for the protection of sensitive populations would
be close to exceedance. The results from the ambient air
monitoring near the residences indicated that the
concentration and duration for NH3 and H2S fell well below
the MRLs as defined by the ATSDR. This was true even for
the residence located 77 m from the nearest source.

Several studies confirm that ammonia is added to
cigarettes to increase the rate of nicotine uptake (Pankow et
al., 1997). A short‐term study conducted in Missouri
(ATSDR, 2003), directed by the ATSDR, reported elevated
inside residence ammonia concentrations compared to
ambient concentrations in an area of dense swine production.
In the Missouri study, the reported inside home NH3
concentrations were 5 to 10 times higher than those reported
in this study. The measurement method used in the ATSDR
(2003) study could have contributed to these differences.

The results presented point out the futility in assessing
potential air quality impacts on citizens based on outdoor,
ambient measurements or correlations between a source and
residence. A better approach would be to identify the
confined locations where we spend most of our time, and then
conduct an exhaustive air quality evaluation over long
periods to assess chronic air quality challenges to potentially
sensitive occupants such as the elderly, asthmatics, and
children. A natural progression to this study would be a
long‐term air quality evaluation of homes and schools for
children located in regions of the state or country where
asthma incidences are high.

CONCLUSIONS
A research project was conducted from May 2004 through

September 2005 to investigate the concentration of hydrogen
sulfide (H2S) at the perimeter of nine swine operations across
the state of Iowa and the ammonia (NH3) and H2S
concentrations near and inside residences located near four
of these swine operations and in one area of the state not
associated with animal agriculture. The results indicated
that:
� The average H2S concentration at the perimeter of the

sources monitored ranged from 1.9±2.7 ppb to
26.3±32.3 ppb. Downwind source perimeter samples, or

source perimeter samples collected during calm periods,
resulted in average H2S concentrations that ranged from
7.4±6.9 ppb to 45.8±31.8 ppb. In both cases, the
maximum H2S concentration was recorded at a finishing
site where an earthen basin and a concrete formed below‐
grade basin existed in close proximity to the livestock
housing,

� Source perimeter H2S concentrations at the measurement
height of 1 m were significantly affected by solar radiation
with the highest concentrations measured for solar
radiation levels below 50 W m‐2,

� The overall daily average NH3 concentration measured
inside the residences monitored ranged from 28.6±12.8
ppb to 94.7±28.1 ppb with the overall daily average
ambient NH3 concentration ranging from 11.7±5.3 ppb to
55.1±20.6 ppb. The NH3 concentrations inside the homes
were significantly higher than in the ambient air outside
the homes (p<0.01),

� The overall daily average H2S concentration measured
inside the residences monitored ranged from 0.7±0.2 ppb
to 2.5±1.5 ppb with the overall daily average ambient
H2S concentration ranging from 0.4±0.2 ppb to 2.4±2.4
ppb,

� The incidences of source‐perimeter downwind events was
a poor indicator of incidences at the residence,

� The highest average inside home concentration for NH3
and H2S was 94.7±28.1 ppb and 2.5±1.5 ppb,
respectively, both from a residence where the occupants
smoked. The next highest inside home NH3 concentration
was 85.7±15.3 ppb. For this residence the occupants did
not smoke but felines were kept inside, and finally,

� The results from the residence ambient air monitoring
indicate that the concentration and duration for either NH3
or H2S fell well below the Minimum Risk Levels (MRL)
as defined by the Agency for Toxic Substances and
Disease Registry (ATSDR, 2008).
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