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Abstract

Odors causing volatile organic compounds (VOC-odors) are released as the
result of mass transfer from stored pig slurry under anaerobic decomposition. This
research proposes a VOC-odors-transport-model to simulate the diffusion behavior of
p-cresol, toluene, and p-xylene, (the three intense VOC-odors found in swine housing)
and to study their dynamic transport processes in a ventilated airspace with mixing
heterogeneity. A hypothetical scenario is used which assumed that pig slurry as
undisturbed followed by the release of VOC-odors in contaminated layer, transported
through a clean layer and as well as an air-boundary layer. The variation of VOC-odor
concentration could be presented as a diffusion equation to simulate its transport
processes. Swine manure clean-up criteria based on non-excess of the total hazardous
dose corresponding to an acceptable risk from indoor inhalation for 10 years could
then be calculated. We developed a multiple airflow regions gamma model (MARGM)
to simulate airflow patterns in a ventilated airspace with mixing heterogeneity based
on residence time distribution and gamma distribution statistics. The residence time
distribution function takes the form of the three-parameter gamma distribution and
account for different mixing types such as complete mixing, piston flow, incomplete
mixing, and various combinations of the above types. By fitting the VOC-odor
concentration profiles with three-parameter gamma distribution, we can characterize
the extent of mixing and provide information for predicting mixing heterogeneity in a
ventilated livestock through mixing factor and mean residence time of selected
VOC-odors. The typical swine unit with mechanical ventilation system in Tainan was
selected for model simulation. The moisture content varied from 60 to 80%; the depth
of clean layer varied from 1 to 2cm as well as contaminated layer from 4 to 8cm. The

results show that the peak concentration of p-cresol at moisture content 60% is higher



than that of 70% or 80%. Moisture content shows different effects to the peak
concentration of toluene or p-xylene. Increase in thickness of clean layer will delay
the time to peak concentrations. Calculated swine manure clean-up criteria of p-cresol,
toluene and p-xylene are 10.10, 6.13, and 6.69 g m-3, respectively. Results from
MARGM simulation demonstrate that the mean residence time of p-cresol is
44.45+0.91 h and mean mixing factor is 0.20+0.05 corresponding to a ventilation rate
of 3.75m3 s-1 and manure moisture content of 70+10%. When ventilation rate is 7.5
m3 s-1 and manure moisture content is at 70£10%; resulting in a mean residence time
of toluene of 267.30£58.90 h with a mean mixing factor of 0.81+0.17. When
ventilation rate is 5 m3 s-1 and manure moisture content is at 70£10%; resulting in a
mean residence time of p-xylene of 332.38+£129.83 h and a mean mixing factor of
0.81£0.19. QOur results give additional physical information to characterize mixing
behavior temporally and spatially with mean residence time and mixing factor,
respectively. The robustness of MARGM can offer designers to reconsider the
efficiency of ventilation systems though different mixing flow pattern in place of

complete mixing.
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