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Overview

• Why we are here

• Ammonia formation and drivers

• Amendments to improve air quality

• PPE and sensors for air quality

• Take-home messages
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Air pollution

• Presence of chemical, physical, 
biological agents that modify 
atmosphere characteristics.

• Linked to human health issues, 
animal and plant impacts, 
aquatic system degradation

• Global consequences: climate 
change
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Air quality 

• As part of the Clean Air Act (CCA), EPA sets ambient air 
quality standards (NAAQS).

Two types of standards are established:

– Primary standard: to protect human health, and

– Secondary standard: to protect visibility, animals, 
vegetation, etc.

Online at: https://www.epa.gov/criteria-air-pollutants/naaqs-table
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NAAQS air pollutants
• Particulate matter (PM)

– Fine Particulate (PM2.5)

– Particulate PM10

• Nitrogen oxide (NO2)

• Sulfur oxide (SO2)

• Carbon monoxide (CO)

• Ozone (O3), and 

• Lead (Pb)
Size comparisons for PM particles
(Source: EPA, Particulate Matter (PM) Basics)6
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Air pollutants inside broiler houses

• Carbon dioxide (CO2)*

• Ammonia

• Reduced sulfur (sulfides)

• Volatile organic compounds (VOCs)
– Carboxylic acids, alcohols, and ketones

• Dust
– Particulate matter (PM), 

– Airborne fungi and bacteria

– Endotoxins 7

Ammonia (NH3)

• Colorless, pungent gas with high alkalinity.
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respiratory complications, 
bacterial/fungal infections, 

footpad dermatitis, 
blindness

respiratory complications, 
bacterial/fungal infections, 

PM formation, 
eutrophication, 

acidification, 
climate change

REL: 25 ppm

Ammonia in agriculture

Synthetic 
fertilizer

Ruminants

Swine

Poultry

(Sources: NADP Network, 2021;  Behera et al, 2013)9
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Ammonia in broiler houses

Nitrogen partitioning in broiler production 
(Coufal et al, 2006)

Feed nitrogen (N)
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Uric acid

• Most of excreted N is uric acid (60% - 70%) .

• At high pH, temperature and moisture, uric acid hydrolyzes 

into urea then ammonia (NH3).

Probable pathway of aerobic breakdown of uric acid 
(Source: Nassem and King, 2018) 
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Uric acid Urea NH3 + CO2

Moisture and temperature 
effects on ammonia emissions 
(Source: Miles et al. 2011)

Ammonia drivers
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Ammonia in broiler houses

Nitrogen partitioning in broiler production 
(Coufal et al, 2006)

Feed nitrogen (N)
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Interventions for NH3 control

Bird Feed & water Litter

Genetics, 
enzymes

Low crude protein,
Additives (plant extracts)
Prebiotics, probiotics, 
synbiotics

Amendments,
Bedding materials,
Floor type (litter-free)
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Barn Ventilation & heating
Misting (oil, water)
Electrostatic space charge system (ESCS) 

Amendments for NH3 control

Acidifiers Adsorbents 
(absorbers)

Inhibitors

Lowers pH 
to shift NH3

to NH4
+

High water holding 
capacity (adsorption), 
binds ammonia

Enzyme inhibitors 
stop uric acid and/or 
urea breakdown to 
form ammonia
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Amendments for NH3 control

Acidifiers

• Lowering pH to shift NH3

towards NH4
+

• Inhibit uric acid 
decomposers
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Amendments for NH3 control

Acidifiers

• Alum -- Al2(SO4)3·14H2O 

• Sodium bisulfate  -- NaHSO4

• Sulfuric acid + clay -- H2SO4

• Ferric sulfate -- Fe2(SO4)3

• Zinc sulfate -- ZnSO₄

• Aluminum chloride -- AlCl3

• Phosphoric acid -- H3PO4

• Citric acid -- C6H8O7

• Lignite (low-grade coal)
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Amendments for NH3 control

Acidifiers
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Acidifiers

Sodium bisulfate 
dosage effect on 
ammonia 
emissions
(source: Fairchild et al., 2006)
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Acidifiers

Alum (ATL) and sodium bisulfate (SBTL) effects on moisture and 
pH
(source: Sahoo et al., 2017) 20

Acidifiers

21

Repeat sodium bisulfate 
application effect on 
ammonia emissions
(source: Hunholt et al., 2015)
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Amendments for NH3 control

Absorbers

• Zeolite (clay)

• Biochar

22

Electron microscope images of (left) biochar, and (right) 
zeolite

Amendments for NH3 control

Absorbers

• Zeolite (clay)

• Biochar
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Relationship between biochar 
(BC) inclusion rate and percent 

increase in water holding 
capacity (WHC)

(Source: Linhoss, 2019)

Amendments for NH3 control

Absorbers

24

Ammonia sorption vs pH of 
different biochar types

(Source: Keyoung et al, 2015)
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Efficiency of NH3 mitigation strategies
Source: Wang et al, 2019

Change (NH3%)

In-house NH3 interventions
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Farm-wide NH3 interventions
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Indoor air quality monitoring

Ammonia test strips

Single or multi-gas 
monitor

Colorimetric tubes

Continuous monitoring 
sensors

Ammonia
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SCBA or self-
contained breathing 
apparatus

PPE for respiratory Health

Disposable particulate/dust respirators

Chemical cartridge respirators

Powered air-
purifying respirators

28

Take-home message

• Air quality is a major challenge facing poultry production.

• Ammonia is the largest air quality pollutant in broiler houses.

• Ammonia control require precise management to control pH, water, 
and temperature inside the barn.

• Acidifers are most effective but repeat addition needed to maintain 
levels throughout the cycle.

• Using multiple additives and repeat application can increase 
ammonia reduction

• Continued data collection are critical to inform management 
practices. 29

Questions..

msharar@ncsu.edu
(919) 515-8242
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