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1 INTRODUCTION 

1.1 Background 

Confined animal feeding operations can affect air quality at local, regional and global scales through emissions of 

gases (e.g. NH3, N2O, CH4, and VOCs), particulates (PM2.5 and PM10) and odours. However, field measurements 

are limited, and there is a need for more accurate quantification of gaseous and particulate emissions from different 

types of confined animal operations. Quantifying emissions from dairy cattle farms is challenging. A few studies 

have used the mass balance approach for quantifying total N emissions, but this method cannot distinguish between 

nitrogen species (e.g. N2O versus NH3) (Adams et al., 2004; Bierman et al., 1999; Erickson and Klopfenstein, 

2001a,b; Farran et al., 2006).Various chamber techniques have been used to measure different emissions from either 

open housing (collecting yard) (Misselbrook et al., 2006) or dairy barns (inside), but these techniques alter the 

environment and can be unrepresentative of natural conditions (Cole et al., 2007). 

So far there are no emission measurements for cubicle house for dairy cattle in Spain. The Spanish 

Ministry of the Environment and Rural and Marine Affairs (MARM) decided in 2008 to initiate a work programme 

to evaluate ammonia emissions and GHG from intensive dairy cattle farms in order to improve the estimations 

presented by Spain to the National Inventory. 

1.2 Objectives 

The objectives of the study were to a) measure the concentration of ammonia (NH3) and methane (CH4) and the 

ventilation flux in a cubicle house for dairy cattle in Segovia, Spain, to calculate the gas emissions of the farm; b) 

determine the concentrations of ammonia around the farm with the aim to map the farm plume.  

 

2 MATERIALS AND METHODS 

2.1 Experimental farm 

The cubicle house for dairy cattle, located in central plateau of Spain, had 250 heads with straw-bedded system and 

once a day removal of solid manure. The stable had forced ventilation. Air enters through one upper aperture (in the 

roof) and it leaves through lateral windows. 

2.2 Methods and experimental design 

Meteorological variables: Meteorological variables were measured both before and during the experiments (wind 

speed, wind direction, temperature and radiation at different heights). In addition, during the experiment a sonic 

anemometer was installed in the centre of the barn, with anemometers in upper aperture and lateral windows, to 

control the ventilation flux. 

Gas concentrations inside the barn: All concentration measurements inside the barn were performed 

using an photo acoustic gas analyzer, Innova 1412-5, (Fenyvesi et al. 2000; Fabbri et al. 2002 and 2004; Borso et al. 

2004) through seven 40 m long sampling lines, 3 in the upper aperture (inlet gas concentration) and 4 on the lateral 

windows (exhaust gas concentration).  

Ammonia concentrations around the farm: To measure NH3 concentrations in the atmosphere around the 

farm, passive samplers were used (Ferm, 1998).  Samplers were distributed in a net of 50 x 50 meters up to 600 

meters and were exposed for 96 hours. 
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3 RESULTS AND DISCUSSION  

3.1 Emissions of ammonia and methane from the dairy cattle farm 

Ammonia and methane concentrations and ventilation fluxes were measured during the fifth and sixth of June 2009. 

With this information, gas emissions were calculated applying a mass balance.  

 

Gas emission = [exhaust gas concentration – inlet gas concentration] x ventilation fluxes 

 

For ammonia, emissions result in 10.47 kg of ammonia/head and year.  The estimated ammonia values 

are slightly lower than the emissions used by Spain in the National Inventory. 

 

 
FIGURE 1  Ammonia concentrations (µg/m3) registered (∆ inlet gas concentration; □ exhaust gas 

concentration)  

 

For methane, emissions result in 79.05 kg of methane/head and year, lightly lower than the presented in 

Spanish National Inventory.   

 

 
FIGURE 2  Methane concentrations (µg/m3) registered (∆exhaust gas concentration; □ inlet gas 

concentration)  
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Ammonia concentrations around the farm 

 The maximum ammonia concentration that was found near the dairy cattle farm after 96 h of exposition 

was 154 µg/m
3
. In distances higher than 300 m, the values decreased to 4 µg/m

3
, considered as background values 

for the zone (previous measurements by Sanz et al 2007).  

 

 

  FIGURE 3  Ammonia concentrations (µg/m3) around the dairy cattle farm 

 

4 CONCLUSIONS  

The ammonia and methane emissions calculated for the dairy cattle farm were lower than the factor used for 

reporting the emissions for dairy cattle in the Spanish National Inventory. More experimental measures need to be 

done to determine if the present emission factors used by Spain in the compilation of the gas emissions for dairy 

cattle can be improved. 

The ammonia plume of the dairy farm is characterized by concentrations near the barn about 150 µg/m
3
 

(average 96 hours). It rapidly decreases with distance down to background concentrations (4 µgr/m
3
) at 300 m.  
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