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ABSTRACT

Smoke generated in a fire consists of gaseous substances and particulate matter, such as unburned carbon that adsorbed
the gases. Human injury caused by inhalation of gaseous substances present in smoke is mostly short-term, whereas damage
caused by inhalation of particulate matter is relatively a long-term phenomenon depending on the state of the gas-phase
adsorption. The amount and location of the deposited smoke particles are important factors in estimating the damage caused
to humans, which are affected by the breathing conditions as well as particle conditions, such as the size and concentration
affected by the combustion conditions. In this study, in order to understand the characteristics of the deposition of smoke
particles in the respiratory tract related to the study of human smoke inhalation injury, the number and mass concentration
of smoke particles deposited in different areas of the respiratory tract for different fuel types, combustion conditions and
breathing conditions were calculated. In addition, the amount of mass deposition of smoke in the respiratory tract for a
certain period of inhalation was compared with the atmospheric standard of fine dust.

Keywords : Smoke particle, Combustion condition, Respiratory tract, Breathing condition, Lung deposition
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Table 1. Fire Conditions for Different Fire Stages Based on the ISO/TS 19700°"

Fire Stage S1b S2 S3a S3b
Fire Type .Nor.l-ﬂaming: . Well-vethilated Under—ventilat?d FlaI.ning: Under-ventilated Fl?.ming:
Oxidative Pyrolysis Flaming Small Localized Fires Post-flashover Fires
Temperature (C) 350 650 650 825
@p (L/min) 2 - - -
Equivalence Ratio (¢) - < 0.75 2 +02 2+ 02
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Table 2. Breathing Parameters for Different Activities!"”
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Breathing Parameters
Activities Mlmztlft;;::it:ll)atlon Breathl(nlg/ni;c;quency Tidal Volume (ml) Flowanfzatleg Xﬁ):leE?;li/sI)nhale
Sleep 7.5 12 625 250
Sitting 9 12 750 300
Light Exercise 25 20 1250 833
Heavy Exercise 50 26 1923 1667
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Figure 1. Geometric number concentratlons of smoke particles for
each material and fire stage.!”
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Figure 2. Comparison of deposition fractions among three different
regions of respiratory tract in the condition of sitting
and nasal breathing: symbols stands for Total (O),
Extrathoracic region ([]), Tracheobronchial region (A),
and Alveola region (V).
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Figure 3. Geometric concentrations of smoke particles for: number
(a); and mass (b): comparison between inhaled (O
symbols), deposited on the whole ([] symbols), and
deposited on each region (£, YV, < symbols) of
respiratory tract for wood at the fire stage of S1b in the
condition of sitting and nasal breathing.
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