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• Dairy production and air quality impacts

• Farmstead improvements

• Manure systems
• Pits roofs and covers
• Solid-liquid separation
• Anaerobic digestion
• Cover and flare
• Biofilters

Outline
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Agricultural production 
systems and landscapes are 
changing
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New and larger emissions sources with this consolidation
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Air quality Sources and impacts 

• Fresh manure

• Long-term manure storage

• Land application of manure

Ammonia
• Farm equipment 

• Cattle locomotion

• Indirectly from NH3 
emissions

Particulate matter
• Fresh manure

• Manure storages

• Silage & TMR

VOCs

 Place & Mitloehner. 2010. A review of the dairy industry’s role in climate change and air 
quality and the potential of mitigation through improved production efficiency. J. Dairy Sci.

!
SMOG

↓
MILK

Ground-
level

O3

!
ODOR

6

Greenhouse gases Sources

• Fossil-fuel combustion
• Not nimal respiration      

(cows eat grass)
• Most significant gas 

contributing to climate 
change

Carbon dioxide (CO2)
• Enteric fermentation
• Short and long-term manure 

storages
• Land-applied manure 

contributes limited amounts
• GWP 28

Methane (CH4)
• Cropland
• Long-term manure storages 

(with crusts)
• Enteric (trace)
• GWP 273

Nitrous Oxide (N2O)

 Place & Mitloehner. 2010. A review of the dairy industry’s role in climate change and air 
quality and the potential of mitigation through improved production efficiency. J. Dairy Sci.
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Bioaerosols

• Elevated levels of 
pathogens, endotoxins and 
biological particulates

• Pathogens, including                 
S. rectivirgula (farmer’s lung)

• ARS found minimal impact 
bioaerosol 200m downwind of 
free-stall dairies

• Down wind transport from 
manure spreading

 Jahne et al. 2015. Emission and dispersion of bioaerosols from dairy manure application sites: Human health risk 
assessment. EST

 Schaeffer et al. 2017. Size, composition and source profiles of inhalable bioaerosols from Colorado dairies. EST
 Lecours et al. 2012. Characterization of bioaerosols from dairy barns: reconstructing the puzzle of occupational 

respiratory diseases using molecular approaches. AEM
 Dungan, Leytem & Bjorneberg. 2013. https://lpelc.org/assessment-of-bioaerosol-transport-at-a-large-dairy-operation/
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Opportunities exist on our modern dairy 
facilities to contain and treat emissions 
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Farmstead Hygiene – Pick up your poop
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Farmstead Hygiene - Your feedstuffs too

↓ PM & odor
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Farmstead Paving and driving speed

↓ PM
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Manure Roofs and floating covers (crusts)

↓ NH3

↗ N2O

↕ CH4

VanderZaag et al. 2008. Appl. Engineer. Agric. 24(5): 657-671
Kupper et al. 2020. Agric. Ecosys. Envrion. 300, 106963
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Manure Solid-liquid separation
Separated liquids     Separated solids

Zhang et al. 2022. J. Environ. Manage. 310, 114777
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Manure Separated solids management

↑ NH3

↑ PM
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Manure Anaerobic digesters

Aguirre-Villegas et al. 2019. Science Total Environ. 696, 134059
Page et al. 2015. J. Environ. Manage. 152, 91-98 

↓ N2O & CH4
↓ NH3

90% ↓ odor
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Anaerobic digester considerations
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Cover & flare systems
↓ Odor
↓ CH4
↓ NH3
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Improved cover & flare systems

16

17

18



Livestock and Poultry Environmental Learning Community Webinar Series April 21, 2023

The archived presentation is available at: https://lpelc.org/archived-webinars/ 7

Biofilters Manure & food waste storage pits
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Air Plenum

Biofilter media

Odorous 
Gases

Cleaned 
Emissions

Blower

↓ Odor
↓ H2S
↓ NH3
↘CH4
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Biofilters Central pits and manure processing buildings
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