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Regulatory Pressures



• 3,500 cows

• 80% lactating – consumed 90% of N fed

• CP averaged 16.7%

• Milk production 64 lb/d/hd56 acres

1.8 ha
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• 3500 total cows

• 80% of total milked

• Produced 29 kg milk head-1 d-1

• Fed 16.6% - 17.4% crude protein
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• Methane concentration

• Wind and turbulence variables

• Inverse dispersion model
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Source kg/d g/hd-d % of N intake

Open lot 1,061 304 41

Lagoons 59 17 2.3

Ammonia Emission Averages

• Late summer – expected peak annual emissions
• Adult cows – lactating or pregnant dry cows
• Most manure deposited on open lot

Caveats



Study Location PCER (g/hd/d)

Open lot, whole farm, summer

Todd et al. (2015) New Mexico 321

Bjorneberg et al. (2009) Idaho 190

Moore et al. (2014) California 140-199

Leytem et al. (2011) Idaho 127

Freestall barn or barn+open lot, whole farm

Leytem et al. (2013) Idaho 332 (summer)

Flesch et al. (2009) Wisconsin 93-100 (summer)

Cassel et al. (2005a) California 50 (winter)

Cassel et al. (2005b) California 103 (spring)
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Estimated Annual Emission

Season PCER
g cow-1 d-1

Fraction fed 
N
%

Summer 321 43
Winter 189 22-26*
Annual 255 30-35*

* N intake: 600 to 700 g N/hd/d



Conclusions

o High emissions during study
• 321 g NH3 cow-1 d-1

• 43% of fed N

o Manure management is critical
• 95% of NH3 emissions from open lot
• Where N is excreted and how handled plays 

important role in determining NH3 emissions



Open-Lot Particulate Matter, 
2011-2015

A Survey of Recent Research



Summary

• #1:  BIOAEROSOLS (50%)
Ø Inflammatory agents and endotoxin
Ø Microbial speciation & persistence
Ø Endocrine activation



Ravva et al. (2011)
• PLoS ONE 6(2):1-9
• Bacterial RNA sequencing

Ø Sonoma dairy vs. Modesto dairy
Ø Manure bacteria vs. aerosol bacteria

• Predominant airborne bacteria are 
NOT predominant bacteria in manure

• Location dependent (but n=2)



Dungan et al. (2011)

• Journal of Animal Sci. 89(10):3300-9
• 10,000-head open/free-stall dairy
• Endotoxin, bacteria, and fungi
• Upwind & downwind (50m, 200m)

Ø 50m:  elevated concentrations
Ø 200m:  near background concentrations



Adapted from Dungan et al. (2011)



Summary

• #2:  OCCUPATIONAL HEALTH (30%)
Ø Pulmonary function of workers
Ø Characterization of PM
Ø Occupational exposure
Ø Endotoxin
Ø SYSTEMATIC REVIEW – Reynolds et al., 2013



Reynolds et al. (2013)

• Journal of Agromedicine 18(3):219ff
• Lung disorders linked to endotoxin exp.
• Obstructive changes “generally mild”
• Emerging evidence beyond endotoxin
• Parlor washing has measurable effect
• Protective effect of early-life exposure



Summary

• #3:  CONCENTRATION MEASURES (24%)
Ø Cow allergen and dust vs. distance (D)
Ø PM concentrations (FY)
Ø Elemental concentrations (D)
Ø Barn concentrations vs. animal activity (D)



Williams et al. (2011)



Joo et al. (2013)

• Free-stall dairy barn, Washington state
• Pronounced seasonality for PM10

• TSP (not PM2.5 or PM10) weakly 
correlated with animal activity

• Emission rates: 26-33 lb/1,000 hd-d PM10



Conclusions
• Significant attention to bioaerosols, 

public and occupational health
Ø Systematic reviews
Ø Public exposure monitoring
Ø In vitro bioactivity assays
Ø Microbial markers of livestock

• Alternatives to IDM for flux estimation


