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Introduction

Delmarva Land and Litter Collaborative (DLLC) brings together representatives from the poultry 
industry, farming, regulatory agencies, academia, and environmental groups in a collaborative and 
mission-driven manner. We understand that the complex challenges facing the integration of food 
production, environmental protection, rural economies, and communities cannot be solved by single-
faceted approaches. DLLC members prioritized learning more about ammonia emissions resulting 
from poultry production. This paper provides an overview of what we have learned from experts in 
academia, modeling, regulatory, and non-profit organizations. 

Chesapeake Bay Program (CBP) modeling shows that nitrogen coming from all manure sources 
(livestock and poultry) has been relatively constant or slightly decreasing from 1985 to 2019. During 
that period, airborne nitrogen from other sources, such as fossil fuel use, has been reduced so that the 
share of total nitrogen entering the Chesapeake from manure sources has increased1. DLLC members 
are looking for practical solutions to reduce ammonia emissions from poultry production to improve 
watershed health, and to ensure that the CBP accounts for ammonia reduction practices that have 
been put in place by the poultry industry. What follows is a summary of the science, production 
management practices affecting ammonia, and what we identified as key gaps in our collective 
understanding.

Ammonia and the Nitrogen Cycle

Nitrogen (N) exists as an inert gas (N2), and biologically reactive forms such as ammonium (NH4
+), 

ammonia (NH3), nitrite (NO2
-) and nitrate (NO3

-). N2 gas comprises 78% of the earth’s atmosphere 
and is converted to biologically active forms by either an industrial process, lightning bolts, or 
microorganisms in a process called nitrogen fixation. Many of the nitrogen-fixing microorganisms are 
associated with the roots of legumes including crops like soybeans and alfalfa. After 1913, industrial 
nitrogen fixation using the high-temperature Haber-Bosch process laid the foundation for the 
production of inorganic nitrogen fertilizers. 

Ammonia and ammonium are the most biologically reactive forms of nitrogen, and it is important to 
understand the difference between them. The balance between ammonium and ammonia depends 
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on pH. In acidic conditions, (below pH 7), ammonium (NH4
+) dominates. Under basic/alkaline 

conditions, ammonia (NH3) dominates. Ammonia exists as a volatile gas and is the form that is of 
concern in poultry litter emissions. High concentrations of ammonia in bird housing can negatively 
impact bird health, and ammonia that leaves poultry houses can be deposited on terrestrial and 
aquatic ecosystems. Typical tests for nitrogen concentrations do not distinguish between ammonia 
and ammonium and a single reporting number as ammonia nitrogen is typically presented and used 
to track environmental nitrogen processes.

Nitrogen (N), phosphorus (P), and potassium (K) are the most limiting nutrients for plants, 
represented by the three numbers on fertilizer bags indicating the content of N:P:K (by percent) in 
the fertilizer. Plants and animals use nitrogen to make proteins and other molecules required by 
living things. However, excess nitrogen in the form of ammonia can be toxic in high concentrations.  
For this reason, mammals convert excess ammonia into urea that is excreted in the urine. Birds and 
reptiles convert excess ammonia into uric acid, which is excreted as part of the animal or bird’s feces.

Nitrite (NO2
-) and nitrate (NO3

-) are oxidized forms of nitrogen, commonly referred to (along with 
NO) as NOx. NOx can be formed by microbes oxidizing ammonia and by the combustion of fuels like 
coal, fuel oil, gasoline, and biomass. Some microbes can convert NOx molecules back to ammonium, 
and others can convert the reactive nitrogen molecules back to N2 gas. This is the reverse of nitrogen 
fixation called denitrification, which is generally how reactive nitrogen is removed from the system. 
Both ammonium and nitrate are plant-available, meaning they can be utilized by plants to support 
growth. Inorganic fertilizers typically consist of ammonium or nitrate-based nitrogen. However, 
plants must reduce the nitrate to ammonium to make proteins.  

Manures from animals and birds contain ammonium, nitrate, phosphorus, and potassium in addition 
to a myriad of micronutrients and, therefore, make a good organic fertilizer. However, only a small 
portion of the nitrogen in poultry litter is plant-available – estimated to be 18%2. Most of the nitrogen 
in animal manure is bound in organic molecules. Microbes use organic matter as a food source and 
excrete ammonium as a waste product, a process called mineralization. Because this process takes 
time, manure can act as a slow-release fertilizer.

In the past, fertilizer use of manure focused on the nitrogen content, resulting in some cases of over-
application of manure phosphorus and other nutrients. Over-application of nutrients increases 
the risk of loss to air and water resources. Farmers who follow nutrient management plans, that 
prescribe recommended nutrient application rates based on soil tests and plant needs, help avoid the 
over-application of nutrients from either manure or inorganic fertilizers and reduce environmental 
impacts.

Back to the Birds

The white part of bird and reptile droppings is the uric acid they make to excrete excess nitrogen 
produced internally from digesting their food. When birds are grown in concentrated flocks, like 
barnyards and poultry houses, the droppings can build up significantly and are useful as manure 
fertilizer. The amount of uric acid produced is dependent on feed conversion efficiency, or how much 
of the feed nitrogen ends up as nitrogen in the bird and how much is excreted as excess. An increase 
in nitrogen assimilation into bird mass (increased growth efficiency) translates into a decrease in the 
amount of nitrogen excreted as uric acid. Increased growth efficiency has been a goal of the poultry 
industry, improving bird yield on feed and thereby reducing waste nitrogen.
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Controlling Ammonia Inside Poultry Houses

High levels of gaseous ammonia are unhealthy for birds, especially for young chicks. High ammonia 
concentrations in poultry housing can damage the respiratory system of birds, increasing the risk for 
disease. Because of the negative health impacts of ammonia on birds in poultry houses, managing 
ammonia levels in houses is a priority for poultry growers. The industry has been researching 
and implementing ammonia reduction methods for decades. The biggest reductions in ammonia 
generation have come from genetic and feed enhancements to increase growth efficiency, reducing the 
amount of uric acid in manure, and management of moisture and litter pH.  

Microbes in the house bedding convert uric acid to ammonium, but they require water to do so. A 
litter pH of more than 7 is responsible for ammonium conversion to volatile ammonia and its loss 
as gas from poultry manure. When pH is less than 7, ammonium (NH4

+) is the more abundant form. 
Consequently, NH3 emission can be inhibited by acidifiers that lower manure pH and reduce the 
conversion of ammonium to ammonia. Litter treatments such as Sodium bisulfate (Poultry Litter 
Treatment- PLT®), Poultry Guard, and alum (A7, 3+, or Liquid Alum) bind water and reduce the pH 
of the litter, inhibiting bacteria from converting uric acid to ammonium and conversion of ammonium 
to ammonia gas. Various techniques are used to limit moisture in the litter to prevent the conversion 
of uric acid to ammonium. These techniques include efficient waterers that limit spillage and 
ventilation that is also used to keep moisture and in-house ammonia levels down. 

Preventing ammonia at the source is best because ventilation is very expensive and is not adequate to 
control the conversion of uric acid to ammonia. Ventilation management reduces the concentration 
of ammonia in a poultry house by increasing airflow to both keep the litter dry and remove ammonia 
from the in-house air. The ability of airflow to dry litter depends on reducing in-house air humidity 
which is affected by the incoming air temperature and humidity. In warm humid conditions, it is 
more difficult to keep litter dry with ventilation, which increases the emission of ammonia from the 
production houses. House ventilation management requires a lot of energy and is a balance between 
energy used to warm outside air brought in when it is cooler for ammonia reduction by moisture 
management, and the energy used to move larger volumes of air to displace ammonia when outside 
conditions are warm and moist3. 

Better moisture control limits caking or crusting of litter, allowing many growers to reuse litter for 
multiple flocks.  Common practices for between flock litter management include de-caking to remove 
crusted litter and windrowing to turn over and compost litter in piles between flocks.  There is no one 
consistent litter management technique across the industry, and each variation will affect between 
flock ammonia emissions, estimated be 30% of in-flock emissions4.

3
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Figure 1. NASA Earth Observatory: https://
earthobservatory.nasa.gov/images/144351/the-seasonal-
rhythms-of-ammonia

What Happens When Ammonia Leaves Poultry Houses?

The emission of ammonia from poultry houses shifts our focus from risks to birds to risks to the 
environment. Ammonia (NH3) is released as volatile gas, and ammonium can be released into the 
atmosphere in association with coarse and fine particulate matter. While volatile ammonia and 
coarse particulate matter are typically not transported long distances, fine particulate matter can 
be transported hundreds of miles from the emissions source5. Ammonium deposited on the land is 
readily taken up by plants, soil microbes, and algae in surface waters as an essential element until it 
exceeds their needs. Because nitrogen is a limiting nutrient for plant growth, an overabundance can 
result in excess phytoplankton growth in aquatic ecosystems. While some ammonium is essential for 
ecosystem health, too much ammonia can create imbalances. From an ecosystem perspective, the 
overabundance of ammonium, nitrate, and phosphorous from all human activity is of concern.  

Ammonia emissions from agriculture are temperature dependent, and thus show a seasonal cycle 
over a national scale. The seasonality of ammonia emissions is depicted in Figure 1 with very low 
atmospheric concentrations in the winter months and higher concentrations in the warmest months 
of the year (Figure 1). Once released into the atmosphere, ammonia concentrations near the ground 
decrease exponentially (rapidly) with distance from poultry houses (Figure 2). The decrease of 
ammonia with distance is a result of both deposition to land and dilution into the air. 

Figure 2. Exponential loss of 
airborne ammonia with distance 
from poultry house fans. Trees were 
planted at 11.4 and 15 m and the 
samples taken within the trees. The 
equation for this curve is NH3 ppm 
hr-1 = 11.576 * e(-0.121 * meters distance). Data 
and curve extracted from Adrizl et al. 
(2008)9.

Vegetative buffers planted to intercept air leaving poultry houses via exhaust fans increase the 
deposition of dust and ammonia6. Research has shown that vegetative buffers can reduce ammonia 
from poultry operations by about a quarter, while dispersing about a third of the remainder to reduce 
near-field effects7. Others have found that not all plants are equally good for vegetative buffers. For 
example, Padus virginiana outperformed Padus maackii, Winged Euonymus, Malus spectabilis, 
and Acer saccharum marsh in reducing the downwind transport of particulate matter8. Other work 

https://earthobservatory.nasa.gov/images/144351/the-seasonal-rhythms-of-ammonia
https://earthobservatory.nasa.gov/images/144351/the-seasonal-rhythms-of-ammonia
https://earthobservatory.nasa.gov/images/144351/the-seasonal-rhythms-of-ammonia
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Monitoring Ammonia

Ammonia air emissions are being monitored at various sites by a partnership between the Maryland 
Department of the Environment (MDE), Keith Campbell Foundation for the Environment, the 
Delmarva Chicken Association (DCA), and the University of Maryland Eastern Shore. Data from 
these sites are available on the MDE webpage and have been summarized for April 2020 through 
March 2021 in a report11. One of these stations is located in downtown Baltimore (Oldtown), and 
three are on the Eastern Shore with different land use and poultry house densities. The Horn Point 
station represents background for the Delmarva without nearby poultry operations and has the 
lowest values over time (Figure 3) and the lowest average values (Figure 4). The city of Cambridge 
and its wastewater treatment plant are 4 miles to the east, and there are at least 23 houses within 10 

found that while spruce and hybrid willow are 
effective traps for dust and associated odors, 
poplar, hybrid willow, and Streamco willow 
are appropriate species to absorb aerial NH3

9. 
Forest canopy length, height, and leaf area have 
been shown to be factors related to capturing 
ammonia from the air10, and thus the natural 
forested areas of the Delmarva downwind of 
poultry operations may also act as a sink for 
agricultural ammonia emissions.  

Figure 3. Graphics produced with data from: https://mde.maryland.gov/programs/Air/AirQuali-
tyMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx. Houses per square mile were 
calculated from the number of houses in a 2-mile radius around the sensors.

https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
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miles distance to the south and south southeast of this station, with the closest poultry operations at 
about a 6 miles distance. After having established background data for atmospheric ammonia on the 
Delmarva, the operation of this station has been discontinued to focus the resources elsewhere. An 
additional monitoring station is planned for near Preston, MD.

While it is not possible to distinguish nearby urban from poultry influences for Princess Anne and 
Pocomoke City, the input from poultry operations is clearly seen with the increase in poultry house 
density from Horn Point to Pocomoke City (Figures 3 and 4). The spike seen in the Princess Anne 
data is from the application of anhydrous ammonia (liquid fertilizer) on nearby corn fields11. The low 
values at Horn Point (2.15 ± 0.36 ppb) suggest these emissions from poultry may be atmospherically 
localized. The average for the Princess Anne station (5.36 ± 0.69 ppb) is slightly lower than the 
average for the Baltimore urban station (6.13 ± 0.54 ppb). The data from Pocomoke City (8.64 ± 0.96 
ppb) has a higher average and is more variable than the relatively steady emission of ammonia from 
the urban station at Old Town (6.13 ± 0.54 ppb). None of the recorded values are close to thresholds 
for human health concern12.

Although conflated with urban and other agricultural sources, the Princess Anne and Pocomoke data 
indicate a signature of poultry house ammonia emissions. Horn Point represents background for 
Delmarva and indicates a limited distribution of airborne poultry ammonia. Urban and other sources 
of ammonia in the Chesapeake Bay watershed (coal and oil combustion in power plants and vehicles, 
wastewater treatment plants, and other sources) may be more consistent spatially and seasonally as 
seen in the data for Old Town Baltimore (Figure 3). More sampling stations would add data points 
to better calibrate air emissions to the density of houses and birds (Figure 5) to improve estimates 
of losses of ammonia to the environment from poultry production. To date, there has been a lack of 
context provided for ammonia coming from poultry operations, and there are unanswered questions 
in understanding the magnitude of the problem.

Figure 4. Averages of ammonia air concentrations recorded 
by Maryland Department of the Environment (MDE) at the 
stations in Figure 3. Averages are of log transformed data. 
Data obtained from: https://mde.maryland.gov/programs/
Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-
Monitoring-Project.aspx. 

Figure 5. Average ammonia concentrations from air sensors 
relative to the density of poultry houses within a 2-mile 
radius of the sampling sites. The red dot is the average 
from the Old Town Baltimore sampling location. Data for 
the graphics from: https://mde.maryland.gov/programs/
Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-
Monitoring-Project.aspx.

https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
https://mde.maryland.gov/programs/Air/AirQualityMonitoring/Pages/Lower-Eastern-Shore-Monitoring-Project.aspx
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Improving Understanding of Ammonia Fate and Transport

The Delmarva Land and Litter Collaborative hosted a series of webinars in 2021 to increase 
members’ understanding of poultry-related ammonia emissions and management. Presenters 
included Brian Fairchild (University of Georgia), Hong Li (University of Delaware), Paul Patterson 
(Penn State University), Kyoung Ro (USDA-ARS), Viney P. Aneja (North Carolina State University), 
Jesse Bash (EPA National Exposure Research Lab) and Gary Shenk (US Geological Survey). These 
experts summarized the impact of ammonia on the environment, the technologies and practices 
used to control ammonia emissions and the science of estimating ammonia deposition for guiding 
management decisions. Following is a summary of findings and questions raised during the sessions.

Defining and modeling ammonia emissions and their fate is a complex problem.  
• Ammonia deposition is increasing in the bay watershed and nationally.
• Overall agricultural ammonia emissions tend to follow a seasonal pattern, with greater emissions 

in the warm seasons. Urban sources and atmospheric deposition from fossil fuel combustion and 
wastewater treatment plants may be more consistent.  

• Ammonia leaving chicken houses as emissions to the air may reach the Chesapeake Bay, Delaware 
Bay, or the Atlantic Ocean or may be retained in the terrestrial landscape.

• The EPA National Exposure Research Lab uses atmospheric modeling to simulate ammonia 
deposition resulting from all sources, including poultry production.  Model estimates can be 
validated by air measurement networks and satellite observations.

• The CBP uses watershed modeling to track the nitrogen delivery from all sources, including 
ammonia deposition, under the Chesapeake Total Maximum Daily Load (TMDL) for water quality. 
The model estimates ammonia losses to soil storage, volatilization, and uptake by biota. 

How can modeling be improved?
• Ammonia production from poultry increases with the size of birds as they grow, with most 

ammonia emissions in the last 2 weeks.  Do current estimates of ammonia per bird match current 
bird growth efficiency?

• Poultry houses are not continually full of birds.  Built-up (reused) litter emissions are never zero, 
but less during inter-flock and early flock periods when birds are absent or small.

• Loss of nitrogen as ammonia from litter is dependent on litter management practices.  Have 
current litter amendment use, litter storage, transport, and application practices been 
incorporated?

• Ammonia emissions have limited geographic dispersal.  Where is ammonia deposited relative to 
sources?  What fraction goes to Delaware Bay and the Atlantic Ocean vs the Chesapeake Bay?

• Ammonia emissions are adsorbed (onto) and absorbed (into) planted vegetative buffers.  How 
much of poultry emissions are being captured by vegetative buffers? Recognizing that terrestrial 
nitrogen is subject to transport over time, are vegetative buffers incorporated into the model?

• Ammonia emissions are absorbed by natural vegetation in forests and wetlands.  How much 
ammonia is incorporated into Delmarva’s natural forests, grasslands, swamps, and wetlands and 
internally recycled, stored, or denitrified to N2 gas versus ammonia that is transported to surface 
waters over time?

• Litter nitrogen applied to fields is absorbed by crops and natural vegetation around fields with 
some loss to groundwater and stormwater runoff.  How much litter nitrogen in grains is recycled 
in the feed that supports poultry production? 
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