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Abstract

The purpose of this research is to investigate the size-dependent particulate matter
(PM) indoor/outdoor/personal exposure relationships in bioenvironmental enclosures.
Both the mechanically ventilated swine buildings located at Sanchung city, Jutang
county, and Hsinshi county, respectively, in north, central, and south Taiwan region
and the residence house located at Hsihou county in central Taiwan region were
selected as study sites and were designated as NS, CJ, SH, and CS, respectively.
Measured PM size distributions followed a lognormal distribution with geometric
mean diameters of 2.15, 3.11, 2.23, and 1.71 pm and geometric standard deviations of
1.75, 2.26, 1.76, and 2.47, respectively, in swine buildings NS, CJ, SH, and residence
CS. Measured mass concentrations were 70.79 £12.74 (meanzsd), 2529.43 2238.24,
3802.14 1178.66 and 513.24 132.63 ug m™, respectively, in swine buildings NS, CJ,
SH, and residence CS. Transport mechanisms of indoor PM include turbulent
diffusive deposition, gravitational settling, and ventilation. The size-dependent PM
source concentrations can be evaluated from the mass balance point of view under
steady-state conditions. Calculated PM mass indoor/outdoor (1/O) ratios with indoor
PM source were 1.6 — 24.5, 0.02 — 4.97, 1.36 — 35.5, and 4.66 — 20.8, whereas
0.3—0.99, 0.01 — 0.47, 0.002 — 0.58, and 0.42 — 0.99 without indoor PM source,
respectively, in swine buildings NS, CJ, SH, and residence CS. The PM deposition in
human respiratory tract (HRT) was described based on a five-compartment lung
model including nasal passage (ET1), pharynx (ET2), bronchial region (BB),
bronchiolar region (bb), and alveolar-interstitial (Al) compartments. Transport
mechanisms of PM in HRT include inhalation, gravitational settling, turbulent
diffusive deposition, inertial impaction, interception, and PM clearance, whereas

inertial impaction is the dominant mechanism (ranged from 1.28x10? — 5.89x10™*



s1). Calculated PM mass lung/indoor (L/I) ratios with indoor PM source of swine
buildings NS and CJ and residence CS were 0.03 — 0.85, 0.01 — 0.81, and 0.02 —
0.82, respectively, whereas 0.008 — 0.76, 0.006 — 0.71, and 0.009 — 0.77 without
indoor PM source. The study reveals that significant variations result from PM wide
size range and physiological factors in lung. The root mean square error of deposition
efficiency between model prediction and ICRP66 is 0.17, whereas 0.05 between
model prediction and non-ICRP66. Calculated steady-state integrated exposure dose
in HRT were 86.84, 2605.15, 4386.93, and 607.38 x10® ug cm™ for a person in swine

buildings NS, CJ, SH, and residence CS, respectively.
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