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Abstract.  
   Evaluation of ammonia (NH3) volatilization under agricultural practice conditions are complicated 
by the variability of emissions. For this reason we proposed and designed a laboratory volatilization 
set-up aiming at precisely characterising the ability of any soil, commercial fertilizer or organic 
manure to volatilize in well controlled and standardized conditions. The laboratory volatilization set-
up is based on the classical dynamic incubations. In this manuscript we present the gait and the tests to 
obtain measurements of volatilization under standard conditions.  In a first step we show the research 
of design volatilisation chamber by modelling the sweep air flow and visualization of participation in 
the volatilization flux from the surface. The second step is the choice of the sweep air flow rate then 
the performance of chambers and acid traps. Finally we test the homogeneity of the whole laboratory 
volatilization set-up. 
 
Introduction  
The role of ammonia (NH3) volatilization is well recognized in the reduction of the nitrogen value of 
synthetic fertilisers. It is also involved in the formation of small atmospheric particles that can harm 
human health, as well as in eutrophication of surface water and soil acidification. Still, its evaluation 
and prediction which are required under agricultural practice conditions are complicated by the 
variability of emissions. This makes it complex to investigate a large range of environmental and 
agronomic conditions by the way of field experiments. For this reason we proposed and designed a 
laboratory volatilization set-up aiming at precisely characterising the ability of any soil, commercial 
fertilizer or organic manure to volatilize in well controlled and standardized conditions. 
 
Material and Methods  
The laboratory volatilization set-up (figure1) is based on the classical dynamic incubations [1]. It 
involves 15 ammonia volatilisation chambers, allowing for carrying out at the same time 3 replicates 
of the 4 treatments as well as 3 controls. The work presented here consisted in (i) making it exactly 
repeatable, reproducible and easily operable in controlled conditions and (ii) in defining the 
normalized conditions. 
The volatilization chambers (figure 2) were designed in order to (i) host intact soil/manure cores in 
their sampling ring and (ii) ensuring the homogeneity of the NH3 emission over the entire surface of 
the sample. The volatilisation chambers are placed in a thermostatically controlled enclosure. Air is 
supplied by a compressor: it passes through acid traps to remove any ammonia; it is also 
thermostatically controlled and humidified (up to 95% relative humidity) so as not to over dry the 
samples without creating any droplet. It is then distributed to the 15 chambers where air flow is 
controlled accounting for pressure and temperature variations. The air leaving each volatilization 
chambers is bubbled in acid traps, which are changed 5 times during a ~3 week experiment. 
Air temperature, humidity and flow rate were chosen as a better compromise between their known 
influence on ammonia volatilisation variation and technical constraints. The flow is controlled by 
mass regulators and humidity by vapor generator associated to a dew point sensor. A 
standardised artificial soil was proposed aiming at giving a physical matrix for liquid manure to 
infiltrate but with no chemical or biological reaction. In order to avoid any contamination or ammonia 
adsorption, materials were carefully chosen and tested. 



 
 

 
Figure 1. Principle of laboratory volatilization set-up  
 

 
Figure  2.  Volatilisation chamber. 
  
Results  
Modelling sweep air flow. 
The sweep air flows have been modelling by Comsol software and help us to choice the design of the 
chamber in order to have the entire surface really swept by air. The figure 3 shows a section along the 
central axis of the chamber. The air flow between the top and is constrained in its path to force it to 
scan the entire surface to exit through the center. The air velocity is indicated by the color difference.  



 
  
Figure3. Modelling sweep air flow. 
 
Sweep flow rate choice. 
The choice of flow must meet two constraints. The first is to provide a fairly soft bubbling. The 
solution should not be discharged from the outlet of the bubbler. The second is that the air exchange in 
the chamber is important to promote volatilization. We chose to use a rate of 3.5 liters per minute, that 
give an exchange rate of 5 volumes per minute.  
      
 Test of empty Chambers 
An empty chamber test allows us to detect if one of the materials used for the construction of the 
whole system released ammonia (NH3). We did circulating the air in the chambers and have led to the 
bubbler. The bubblers solutions were analyzed by conductivity. The results of a test on a series of 
three chambers showed no trace of ammonia. 
 
Performance of the chamber and acid trap. 
We tested the performance of the chamber. For this we filled the chamber with a solution containing 
ammonium NH4+. We test a very high concentration (880mg/l of N N4

+). At this stage there is no 
volatilization. It begins only after the addition of sodium hydroxide (NaOH). The air sweeping the 
chamber is directed to a first and to a second bubbler in series. After 5 hours of bubbling we stopped 
the volatilization by adding acid in the chamber and stop the sweep air after one hour. We analyzed all 
the solutions. Losses are calculated by solving difference between beginning and end 
ammonium solutions in the chamber as well as ammonia trapped in the bubbler. The ratio of the two 
values gives the system performance. Performance on one test is near 100%. The analysis of the 
second bubbler allows us to show that in the first bubbler trapped ammonia to 100% because nothing 
was found in the second bubbler. In order to confirm these results we are repeating the test on all 
rooms. This will allow us to give the yield with his uncertainty. 
        
Temperatures uniformity in the incubator. 
Temperature has a great influence on ammonia volatilization so it is important that the chambers have 
the same temperature. We have tested the chambers surface temperatures. A one hour average for 
eleven chambers temperatures gives similar results to within 0.2 ° C (table 1). New tests are underway 
to controlling the temperature of the air entering the chambers. 
 
 
 



Table 2. Chambers temperatures when incubator temperature is set at 15°C  
 
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 

15.1 15.0 15.2 15.0 15.0 15.3 15.1 15.0 14.9 15.1 15.0 
 
 

 
Figure4. Provision of temperature sensors 
 
Conclusion and perspectives  
The first tests give satisfaction and must be repeated for all the chambers in order to obtain values of 
variability and indications of reliability. Some uncertainty calculations on each step of 
measurement must be made to produce an uncertainty on the final result 
Concerning the soil we have three possibilities. 
- Use a not disturbed soil, the chamber tube is used as tube sampling. 
- Use a reworked and compacted to a protocol which would ensure even soil porosity for each 
experiment. 
- Use a standardised artificial soil like river sand. Sand must be washed and compacted to ensure a 
controlled and repeatable infiltration manure or liquid effluent to be analyzed. 
Tests on these three types of soils need to be done to produce experimental protocol for each. 
After all these tests we can use the system to characterise and compare ammonia volatilization from 
different organic and mineral fertilizers applied on soil or alone. Thereafter the characterizations 
fertilizers obtained with this set up will be used to inform a model of assessments ammonia 
losses after spreading fertilizer in the field. 
 
Acknowledgments: The work was partially granted by ADEME and GPN within the “Volatilisation 
standard” project. 
 
References (Times New Roman, bold, size 11) 
 [2] Pain BF, Misselbrook TH, 1997. Sources of variation in ammonia emission factors for manure 
applications to grassland. In: Jarvis SC, Pain BF (Ed.); Gaseous nitrogen emissions from grasslands, 
293-309, CAB International, Wallingford, UK 


