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Introduction
Indoor air quality results first from indoor production of
gases, dust, and pathogens, and second, on dilution by
fresh air input. Ventilation depends mostly on inside air
temperature. As a consequence, indoor air quality should
depend on climate, building thermal insulation, animals,
and emitting surfaces. It is of common sense in animal
production that emitting surfaces, animals, management
practices and ventilation interact, and that these
interactions can lead to various irreversible changes in the
emitting surfaces. Therefore, the influence of animal
behaviour on indoor air quality can be obviously
assumed.
Observations confirmed this assumption in the case of
feeding behaviour, and ammonia, carbon dioxide, or dust
(Hinz & Linke, 1998b; Jeppsson, 2002; Groenestein et al,
2003), while diurnal variations of nitrous oxide and
methane emissions were not observed (Nicks et al, 2003).
Ammonia emission has received many attention since
decades. However, animal behaviour is not accounted for
explicitly in modelling concentrations and emissions
from livestock buildings (Aarnink & Elzing, 1998; Ni,
1999; Pinder et al, 2004). Filling this knowledge gap can
help to improve management practices, building
conception, and mitigation strategies through a finer
tuning to climate, farmer, and animals.
The pig-on-litter system is a suitable example for this
objective because the pigs choose a defecating area, they
explore the litter, they adapt their behaviour to the air
temperature (Ducreux et al, 2002), while the litter
evolution is affected by this behaviour (manure surface
and manure amount in the litter: Jeppsson, 2002; the
exploring behaviour also influences the gas exchanges
within the litter and the microbial transformations), the
methods of air or behaviour monitoring have been
already discussed (Hinz & Linke, 1998a; Phillips et al,
1998; Jensen et al, 1986). Therefore, short-term as well
as long-term changes can be observed. We focused here
on short-term relationships. We chose warm conditions,
assuming the ammonia concentration to rise when the
pigs stand on. During warm periods they lie on the dirty
part of the litter and the warm emitting surface increases
as soon as they stand up. The number of standing animals
can be a key variable to link the behaviour to air
concentrations (Groenestein et al, 2003).

Material and Methods
We chose a building with low animal density (2,6 m2/pig)
in order to have contrasted lying and excreting areas. The
room contained 23 pigs between 80 and 120 kg. We
recorded the animal behaviour with a camera and 24h-
video recorder between 6h and 23h. We measured
continuously the NH3, CH4, and N2O concentrations with
a multigas photo-acoustic analyser connected to a
sampler (INNOVA, 1312+1303) and controlled by a
computer. We monitored four different sampling points
inside and two outside a commercial building with
natural ventilation during two weeks in july 2003. We

also monitored the air flow rate with the SF6 dosing-
tracer method, and inside and outside air temperature and
humidity (all details are given in Robin et al, 2003). We
studied time sequences of some minutes where the air
flow rate and the outside and inside climates were stable,
the animal and litter metabolisms were assumed stable, so
that the animal behaviour was assumed to be the main
variable influencing the inside gas concentrations. We
chose sequences where the gas concentration changed
and all animals could be counted. We measured the
number of standing and digging animals on the video
records for each concentration measurement during those
sequences.

Results
The final number of moments where the gas
concentration changed, all the animals could be counted,
and the overall conditions were stable was very low
because of the data rejected due to difficulties with the
material or uncertainties with the synchronisation of the
video-recorder and the gas equipment.
NH3 concentrations increased above the excreting area
but not above the lying area. On the contrary,
concentrations of N2O and CH4 increased above the lying
area and not above the excreting area.
Figure 1: variation of NH3 concentration above excreting
area when the proportion of standing animals increases.
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NH3 concentration increase was not related to the number
of standing animals when it varied slightly but a
relationship was observed when the number varied
strongly (Fig. 1).
Figure 2: variation of CH4 concentration above lying
area when the proportion of standing animals increases.
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The CH4 concentration increased with the number of
standing pigs when both increased (Fig. 2) but the points
were scattered during the decrease of the concentration.
The N2O concentration increased when the number of
standing animals decreased, i.e. when the pigs began to
lie and dig the litter around them (Fig. 3). As for CH4 no
relationship was observed during the decrease of the
concentration.
Figure 3: variation of N2O concentration above lying
area when the proportion of standing animals decreases.
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Discussion
We assumed from previous work that relationships could be
observed for ammonia and not for methane or nitrous oxide
(Groenestein et al, 2003; Hinz & Linke, 1998; Jeppson,
2002; Nicks et al, 2003). In our experiment, relationships
were observed for all gases, while the relationship for
ammonia was not as clear as assumed initially. In the case of
ammonia, this result can be explained by a lower ammonia
concentration in the excreting area and a relative lower
surface of the animals. As a matter of fact, the animal
density was low in our case. It can have induced a higher
organisation or adsorption of excreted nitrogen in the litter,
and a higher excreting area not covered by lying animals
regarding the surface variation that occurred when a small
proportion of animals stood up. It shows that modelling this
relationship should account for the type of breeding system.
The increase in methane concentration can be explained by
the emission of gas from the porosity closed by the lying
pigs. The lack of relationship above the excreting area can
be explained by a to small free air space in this area. The
lack of relationship during the concentration decrease can be
explained by new processes such as some emitting sites
becoming aerobic.
In the case of nitrous oxide the same increase as methane is
not observed because the redox conditions where methane
accumulates in the free air space are not favourable to
nitrous oxide accumulation. When more pigs lie and dig
around themselves, increasing sites with enough oxygen for
nitrification and too much for complete denitrification can
release the produced nitrous oxide. It can explain the
increase in concentration of nitrous oxide.

Conclusion
The existence of relationships between gas concentration
and animal behaviour at the scale of the livestock room can
be obviously assumed though they are absent of most
models of gas emission developed since decades.
We looked for short-term relationships between ammonia,
methane and nitrous oxide, and the number of standing
animals in the case of the pig-on-litter system. Relationships

were observed when the gas concentration increased but not
during the decrease.
The gas concentrations varied very little and could be
explained by local interactions between the pigs and the
litter porosity. It shows that acting on short term behaviour
will not change the level of the gas concentrations and can
be neglected in models. However, the long term interaction
between pig behaviour and litter management practices can
change the biological transformations within the litter and
have a much stronger influence on the gas concentrations
and emissions from the building. Modelling this process to
improve management practices requires to characterise the
feed-back between behaviour and surface heterogeneity
within the breeding room. This modelling needs a coupled
description of the nitrogen, carbon and water cycles within
the system, more complete than it is generally done in
modelling livestock buildings.
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