
 

Abstract.  Livestock production in the agricultural sector has been 
highlighted as a source and contributor of several atmospheric 
pollutants. These pollutants can have adverse health effects on 
humans but may also contribute to stress experienced by livestock. 
Several pollutants that are of interest include ammonia, particulate 
matter, gaseous acidic species, methane, and non-methane 
hydrocarbons.  

This paper presents a protocol for quantifying concentrations of 
several different chemical species in animal production facilities. The 
focus is on quantifying concentrations of these different species but it 
is of equal importance to accurately measure ventilation rates. In 
order to detect the pollutants, this protocol uses annular denuders 
and ion chromatography for discrete measurements of ammonia, 
ammonium salts, and acidic species. Thermo-Electron analyzers 
were used to detect methane, and non-methane hydrocarbons, sulfur 
dioxide, particulate matter and others. The analyzers need frequent 
calibration and maintenance which must be done on site. Calibration 
and changing of desiccant packs are essential to maintain consistent 
results, and in some cases, such as ammonia, moisture in the 
sample line can be detrimental to the analyzer as well as the results.  

To quantify the exhaust emission rate from the barn, a fan 
assessment numeration system (FANS unit herein) was used for 
large volumetric flows. This created a profile of the air movement 
across the exhaust fans. For smaller fans or areas of lower 
volumetric flows, a balometer was used to estimate the flow. This 
protocol includes methods that allowed for a very robust and 
comprehensive assessment of air quality in agricultural livestock 
production facilities.  
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Introduction 

There has been a trend over the last half century where agricultural livestock production has 
moved from small family owned operations to larger more industrialized production facilities 
(Dixon, 2009). It has also become evident through past endeavors that industrializing any 
process tends to enhance waste streams and exacerbate the associated environmental 
problems. Waste can take many forms; this paper will focus on the release of air pollutants 
contributing to the local air quality. The protocol outlined herein is set out to assess the impact 
of animal production on local air quality for continued environmental stewardship, as well as 
worker and animal safety.  

Pollutants of particular interest include ammonia, carbon dioxide, sulfur dioxide, methane, non-
methane hydrocarbons, size fractionated particulate matter (including 1, 2.5, and 10 µm size 
fractions) and acidic gaseous species.   

Technology within livestock housing has also undergone dramatic changes over time. This is 
due in part to the fact that animal health and well-being play large roles in overall production. It 
is therefore important to maintain acceptable indoor air quality levels to ensure production levels 
remain high, while also considering tolerable conditions for human and animal welfare. A wide 
variety of management techniques and technologies exist that cause the quantification of 
pollutant levels to be difficult. This has resulted in an insufficient scientific knowledge base. 

In Ontario and elsewhere, it is common practice to use emission factors as a means of 
assessing emission levels (Dixon, 2009).  It is therefore crucial that scientific literature on 
emission factors reflect as many species and management practices and as much seasonal 
variability as possible to ensure accurate quantification of the emission factors. If emission 
factors are applied to unrepresentative production operations, the effect will be poor 
characterization of pollutant emissions (Roumeliotis, 2010a). 

It has been recommended that extensive research be conducted to increase the breadth of 
scientific knowledge surrounding emission factors and agricultural livestock production facilities. 
For this to be possible, it is imperative that a protocol be developed that can be applied across 
species and climates. The protocol must be a robust and comprehensive assessment of air 
quality in agriculture.  

Literature Review 

Agricultural Air Pollutants &Associated Health Effects 

Ammonia is an important pollutant of interest because it has been identified as a severe 
respiratory tract irritant by the Canadian Centre for Occupational Health and Safety (CCOHS, 
1998). Workers and animals inside production facilities are at risk of being exposed to high 
levels of ammonia for long periods of time. Furthermore, ammonia is suspected to react with 
acidic gases present in ambient air to produce secondary aerosols which contribute to fine 
particulate matter (<2.5um) concentrations (Baek et al., 2004).  Once in the environment, 
exposure to high levels of ammonia in the aquatic environment can also cause eutrophication of 
aquatic ecosystems, harmful algal blooms, and decreased water quality (Aneja, 2001).  

Livestock production operations are responsible for generating large amounts of ammonia and 
particulate matter. Interest lies in the interactions between these two pollutants. The abundance 
of ammonia results in a highly alkaline environment, such that there is a high probability that, in 



 

 

 

the presence of acidic species and sufficient residence time, a neutralization reaction will ensue 
producing secondary inorganic aerosols (Roumeliotis, 2010a). Therefore, it is important to 
characterize the acidic species and aerosols present in the indoor air. This chemical process is 
known as the gas-to-particle conversion.  

Interest in size fractionated particulate matter stems from the fact that it can have detrimental 
effects on the respiratory system. Inhalation of fine particulate matter can result in impaired lung 
function and difficulty breathing (EWH, 2006). The input of aerosols into the atmosphere also 
acts as an indicator for estimating climate change as a result of human activities (Jones et al., 
1994).  

Carbon dioxide is well known for its ability to act as a greenhouse gas and contribute to global 
warming. Livestock production facilities tend to produce an abundance of carbon dioxide due to 
the large amount of respiration occurring from the housed animals. As a result, it is deemed a 
pollutant of interest (Dixon, 2009). Methane has been shown to have 20 times the global 
warming potential of carbon dioxide and is therefore also a pollutant of interest. 

Sulfur dioxide is a seldom measured chemical in agricultural livestock housing. However, this 
chemical is known to have several adverse health effects in both animals and the environment. 
The Canadian Centre for Occupational Health and Safety (CCOHS) explains that exposure to 
low levels (1ppm) can cause irreversible impairment in lung function, whereas higher 
concentrations (20 ppm) can cause pulmonary impairment and chronic bronchitis. This chemical 
is also known as a primary component of acid rain which can have negative impacts in the 
environment (CCOHS, 1997).  

Current Measurement Techniques 

In Ontario, it is common practice to use emission factors to evaluate and compare different 
types of facilities and animal species. An emission factor is defined as the mass of pollutant 
emitted per animal unit per unit time. One animal unit is typically represented as 500 kg of live 
weight (Dixon, 2009).  

Currently, two of the most common methods for assessing emissions to local air sheds include 
the use of experimental respiratory chamber tests and source emission monitoring or in-situ 
source testing. Each method has its own respective benefits and limitations. 

Experimental respiratory chamber testing involves placing one animal inside an environmental 
chamber where all parameters can be strictly controlled and monitored. A known air flow in and 
out is established and conditions inside the chamber are set to simulate typical on-farm 
conditions. Specific practices can also be established to isolate the source of emissions. This 
method is particularly useful when attempting to establish specific parameters affecting 
emissions (Dixon, 2009).  

The second, more common, and most cost intensive, is in-situ source testing. This involves 
measuring emissions from the on-farm livestock house ventilation system. This method is 
considered to be much more accurate and representative since monitoring will occur during 
normal house operation and can include sources other than the animal such as the manure 
management system. This type of source testing can also be carried out over long periods of 
time spanning each season and it allows for climatic variation to be accounted for. 
Disadvantages include, as previously mentioned high cost, difficulty establishing ventilation 
rates, and difficulty controlling environmental parameters to isolate primary factors effecting 
emissions.  

Outlined within this protocol is the in-situ source testing method. This method is used to 
continuously monitor concentrations of ammonia, carbon dioxide, sulfur dioxide, methane, and 



 

 

 

non-methane hydrocarbons. The in-situ protocol will follow the guidelines set out by Dixon 
(2009).  

The inorganic fraction of secondary particulate matter accounts for up to 56% of total fine 
particulate matter on average in the atmosphere (Anderson et al., 2003; Ten brink, 2001). 
These secondary inorganic aerosols are also responsible for some adverse health effects in 
workers and livestock (Roumeliotis, 2010a). It is therefore of interest to determine the 
concentration of secondary inorganic aerosols being emitted as well as their precursors.  

The U.S. Environmental Protection Agency (U.S. EPA) approved the Annular Denuder System 
(ADS) for determining reactive gas concentrations and secondary inorganic aerosol species. 
The main advantage of using the ADS is its ability to simultaneously collect gaseous species 
responsible for secondary aerosol formation as well as the particulate species associated with 
their formation (Roumeliotis, 2010a).  

The recommended ADS configuration is inappropriate for localized sources because it is limited 
to sampling air with only background levels of ammonia (Winberry et al., 1999). This limitation 
stems from rapid ammonia saturation due to high levels of ammonia in livestock housing. One 
possible solution is to lower the sampling volumetric rate thereby reducing the amount of 
ammonia passing through the ADS. This becomes problematic when considering the detection 
limits of the ion chromatography system used to determine the concentrations of alkaline, acidic, 
and secondary inorganic aerosol species. Modifications to the ADS by Roumeliotis (2010a) 
involved a 1 hour sampling time and a series of seven annular denuders for ammonia capture 
for a target mean ammonia concentration of 25ppm.  

Due to the nature of the protocol being set forth within this paper, it is important that a 
methodology be developed to accurately measure fan ventilation rates. Fan sizes will vary 
depending on livestock housing types; sizes can range from 45.7 cm (18”) to 121.9 cm (48”). A 
study conducted by Morgan (2012) compared the use of a flow assessment numeration system 
(FANS) and a balometer for quantifying ventilation rates from varying sized fans in a commercial 
layer facility. It was determined that as the fan size decreased, the standard deviation in the 
average flow rate increased. It was also demonstrated that on the same fan, the balometer 
would severely underestimate flow compared to the FANS unit, rendering it an inadequate 
means of measuring flow rates (Morgan, 2012). Within this study it was recommended that 
further research and testing be done using the FANS unit, which is underway at the University 
of Guelph to address this issue. The FANS unit will be the primary method of ventilation 
quantification for the protocol presented in this paper.  

 

System Setup, Equipment &Methodology 

Monitoring Criteria 

In order to effectively sample air from animal housing units, there were a number of criteria that 
were important to meet in order to accurately record the data. The full cooperation of the farmer 
was required to avoid issues that may have risen due to electrical costs incurred or minor 
disruptions in operation. Documentation of the number of animals and the feed composition 
were needed to breakdown the emissions on a per animal unit basis (Dixon, 2009), and to 
determine the food-to-waste nutrient breakdown that was directly related to some of the 
contaminants being emitted. The barn needs to be equipped with a computer system to record 
when exhaust fans and lighting are turned on and off. Mechanical ventilation allows for the 
quantification of exhaust air to be measured more easily than a naturally ventilated barn. If the 



 

 

 

amount of exhaust cannot be quantified effectively, then emission factors cannot be produced 
and comparisons to other facilities cannot be made. Finally, the barn is required to represent a 
commercial sized farm since these large-scale operations are typically what dominate the 
industry. 

Additional Important Parameters 

There are other parameters that should be measured both inside and outside the livestock 
housing unit primarily to determine any correlations that may be present with the gaseous 
pollutants being measured. The following table outlines such parameters: 

 

Table 1. Secondary Parameters of Interest 

Indoor Outdoor 

temperature temperature 

relative humidity relative humidity 

differential pressure static pressure 

manure characteristics (pH, moisture, TKN, Ammonium-N)  

Minimum Interference with Livestock Production 

It is of paramount importance to ensure that the impact of a study on the livestock being studied 
is minimal. When livestock are disturbed by abnormal activity, irregular trends in pollutant 
concentrations can be observed. Therefore it is recommended that provisions be taken to 
reduce the impact on livestock and normal day to day operations. Obtaining representative data 
is vital in deriving accurately representative emission factors.  

Data Variability 

Due to the nature of the data being collected, there can be large variability in the data with 
respect to climate (seasons), time (day), location, and manure management techniques. It is 
important to ensure that the sampling will span several seasons to account for varying outdoor 
conditions, with respect to temperature, pressure, wind speed and direction, and relative 
humidity. This also allows for diurnal trends to be observed as they change across seasons. 
Use of a portable heated sample line is employed such that the sampling location within the 
barn can be changed at certain points in the sampling campaign. This allows for many attempts 
at determining the most representative location for collecting data.  

There are also special considerations with regards to sampling location and height, as well as 
exhaust fan location. Air samples should be taken from a midpoint in the barn to ensure that the 
air has a natural flow path and is not being obstructed by the walls or ceiling. The sampling 
location should also be roughly 2 m from the floor and no less than 3 m from any exhaust fans 
(Roumeliotis, 2010b). This practice limits the effects that pollutants entrained in exhaust flow 
patterns will have on the data collected.  

There are several different types of strategies that are used to manage manure within livestock 
housing. Alteration between methods can have a very large effect on pollutant concentrations. 
As a result, it is important that these practices be understood prior to beginning a sampling 
campaign such that they can be incorporated into analysis and overall conclusions.  



 

 

 

System Setup and Equipment 

Sample Line & Sample Pump 

Condensation in the sample air can have detrimental effects on data and the continuous gas 
analyzers. For this reason, a Clean Air Engineering Inc. Model 0723-100, 100m heated sample 
line was used (Clean Air Engineering Inc, Chicago, IL, USA). The heater maintains a constant 
temperature of 124oC (255oF) to ensure that no condensation occurs from the time the gas 
enters the sample line to the time it reaches the analyzers. The heated sample line consists of 
an inner 1/2” Teflon tube and heating coils to maintain a set temperature.  

A diaphragm pump capable of pumping at 20 L/min was used to supply sample air to all of the 
analyzers. The specific pump was a KNF UN035.1.2 TTP (KNF Neuberger Inc., Trenton, NJ, 
USA).  

Sample Gas Distribution Network 

A sample gas distribution network of Teflon tubing was used to deliver sample gases to each 
individual analyzer. Sample gases must be delivered to all analyzers at atmospheric pressure. 
For this reason, an atmospheric dump was incorporated into the gas distribution network, after 
which four two-way valves were used in parallel to change between ambient air and sample 
gas. At the exhaust point on the sample pump, a 1 µm filter pack was installed in line such that 
any particulate matter entering with the sample gas was filtered out. A redundancy filter pack 
was installed on the sample line entering each analyzer.  

Trailer Setup 

A dual axle trailer was used as the housing unit for all of the analyzers due to the portability 
(Dixon, 2009). This allows the trailer to be moved to different locations to study various 
agricultural housings. All analyzers(see Figure 1) were housed within the trailer in a custom 
shelving unit. Each level of the tower is a sliding shelf which allows easy maintenance of 
analyzers. Support gases for calibration and operation are secured along the walls. This setup 
can be seen in Figure 1.  .The heated sample line entered the trailer from the barn through a 
port in the side of the trailer. The trailer was equipped with a 15,000 BTU air conditioning unit 
and a standalone heater in order to maintain a temperature range of 18-22oC.This  ensured that 
the analyzers did not overheat nor did the exhaust lines freeze over. 

 

 
Figure 1. Sampling Tower and Support Gas Setup 



 

 

 

 

Continuous Gas Analyzers 

Within the mobile trailer unit, there were 4 continuous gas analyzers, each used to monitor 
concentrations of respective pollutants with a total of 7 species.  Each analyzer is a Thermo 
Electron Corporation instrument as summarized in Table 2 which lists the gas species that they 
detect and their detection limits. The samples are averaged over a five minute period and can 
be collected continuously for approximately 10-14 days depending on the analyzer. 

Table 2. Instrument Specifications 

Model 
# 

Pollutant Lower Detection Limit Upper 
Detection 

Limit 

17C Nitric Oxide, Nitrogen Dioxide, 
Ammonia 

1 ppb 20 ppm 

41C Carbon Dioxide 5ppb 2000ppm 

43C Sulfur Dioxide 0.5, 1.0, 2.0 ppb (@ 300, 60, 10 sec averaging 
time, respectively) 

Unknown 

55C Methane, Non-methane 
Hydrocarbons 

20 ppb Methane 50 ppb NMHC Unknown 

 

Particulate Matter Sampling 

To sample the particulate matter (PM) in the barn, a dustproof housing unit was installed into 
the barn which contained three aerosol monitors. The monitors used were the TSI Model 8520 
DustTrakTM aerosol monitoring units. The DustTrakTM monitor uses an optical particle counter 
(OPC) with a range of 0.001-100 mg/m3and a 24-hour zero stability of ± 0.001 mg/m3 (TSI Inc, 
2006). The instruments ability to measure with this accuracy is ideal for long term continuous 
monitoring (Morgan, 2012). Each air intake consists of 4 heads in order to capture a 
representative sample, as seen in Figure 2.  Ideally the sample should be taken at a similar 
location as the heated sample line, maintaining a proper distance from the exhaust fans and 
floor. The monitor collects data and averages it over one minute. It can continuously record data 
for up to a month, although biweekly collection is recommended.   
 

 

Figure 2. Aerosol Monitor Housing and Sample Heads 



 

 

 

Annular Denuder System 

In order to quantify the amount of secondary inorganic aerosols and determine the gas-to-
particle transformation, the ADS was used. All but one ADS is coated with a phosphoric acid 
that will provide adsorptive sites to bind to (Roumeliotis, 2010a), while the other has a basic 
coating to collect the acidic species. A pump pulls air through the ADS inlet into a cyclone 
preseparator where particles greater than 2.5 µm in aerodynamic diameter are removed. The air 
stream then enters the annular denuder where the ammonia is removed leaving the aerosols to 
be collected on membrane filter (Winberry, 1999).  

The ADS was set up in the barn for a one hour sampling period. After this time, the setup was 
brought back to the lab were the coatings and filters were extracted with subsequent analysis by 
ion chromatography. 

Flow Assessment Numeration System 

In order to determine emission rates, accurate exhaust rates must be known. The FANS unit is 
a way of determining the amount of exhaust leaving the barn per fan. The FANS unit was 
centered in front of each exhaust fan and sealed in order to capture all of the air expelled by the 
fan. Once in position, the FANS unit is controlled by a computer that traverses an array of Model 
27106T Gill Propeller Anemometers up or down the length of the FANS unit (Morgan,2012). The 
FANS program then converts the propeller rotation to a DC voltage that is linearly proportional 
to air velocity (University of Kentucky, 2011). The velocity is averaged over the cross-sectional 
area of the FANS unit to obtain a volumetric flow rate.  

The exhaust can be measured in two ways; upstream and downstream. Upstream incorporates 
placing the FANS unit on the inside of the barn and measuring the flow as it leaves the building. 
This is the intended use of the FANS unit since a better seal can be created along the wall on 
the inside. Some introductory research has been done to determine if the FANS unit can be 
used downstream as effectively as it can be upstream. There was approximately a 3% increase 
in volumetric flow recorded when the FANS unit was placed downstream rather than upstream 
(Li, 2009). Further testing is being conducted at the University of Guelph to determine the 
positioning of the FANS unit in relation to the exhaust fans. 

Calibrations and Maintenance  

In order for the analyzers to avoid drift and bias, calibration is needed. The frequency and 
required calibration gases were taken from the Thermal Electron manuals that apply to the 
analyzer in question and are summarized in Table 3.  

Table 3. Calibration Requirements 

Model # Minimum Frequency Calibration Gases 

17C Weekly 
Ammonia (25 ppm) 
Nitric Oxide (16 ppm) 
Nitrogen Dioxide (16 ppm) 

41C Biweekly 
Carbon Dioxide (2500 ppm) 
Nitrogen (99.999%) 

43C Biweekly 
Sulfur Dioxide (50 ppm) 
Nitrogen (99.999%) 

55C Weekly 
Hydrogen (99.999%) 

Propane (100 ppm), Methane (100 ppm) mixed gas 



 

 

 

Nitrogen (99.999%) 

 

The DustTrakTM monitors needed to be calibrated before each sampling campaign (TSI Inc, 
2006). To calibrate, the DustTrakTM zero-filter was attached to the sample inlet to provide air 
free of PM.  

In order to provide moisture-free reference air for the 17C ammonia analyzer, a desiccant 
absorption column was used. The desiccant is an anhydrous calcium sulfate that is 
manufactured by Drierite. The desiccant was replaced on a weekly basis in order to provide dry 
air.  

Upon entry into the sampling trailer, the barn air passed through a filter in order to remove 
particulate that may foul the analyzer membranes or influence concentrations readings. The 
filters were nylon membrane filters with a pore size of 1.0µm. The filter was placed directly after 
the sample line pump in order to capture possible PM produced by the pump, as well as the PM 
entering from the barn. The filter was replaced on a biweekly basis in order to maintain the 
purity of the sample air. 

Final Comments and Recommendations 

Agricultural emission sampling is an important practice due to the increased production of 
animal products, and animal waste. An inventory must be created and constantly refined in 
order to quantify the amounts of pollutants that are expelled into the surrounding air sheds. 
Continuing research is needed due to the varying management practices, species, seasons and 
geographic location.  

In order to report accurate information, testing must be done during normal animal operation. In-
situ testing is often more difficult due to the variability of contributing factors such as 
temperature, relative humidity and animal activity. However the data provides a much more 
realistic scenario of actual animal operations, and ergo the actual emissions. 

The instrumentation used can be technically difficult to work with. The analyzers need constant 
attention, with weekly or biweekly calibration requirements. As a result of these calibrations, 
gases are required on site and must be handled by qualified persons. Data must be collected on 
site regularly in order not to miss any due to failures in equipment or power shortages.  

It is recommended that weekly visits to the site be performed in order to obtain all the required 
amount of data, and to maintain proper instrumentation. This will also ensure that if malfunctions 
with the instrumentation do occur, data loss is kept to a minimum. To improve the data 
collection further, data could be recorded and sent wirelessly to be accessed remotely. The 
condition of each analyzer or monitor could also be accessed to see if any alarms or problems 
had occurred. A video camera is also recommended in order to have visual documentation on 
animal activity in order to help characterize trends in emissions. 
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