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1 Introduction 
Elevated exposure to airborne particles is linked 

to deleterious health and well-being outcomes. 

Exposure assessment can be improved with 

enhanced understanding of source-receptor 

relationships, expressed through the inhalation 

intake fraction metric (Nazaroff, 2008). 

A key aspect when considering localized indoor 

releases of particulate matter (PM) is that the 

spatial distribution of indoor pollution is 

sometimes not well represented by the common 

approximation of perfectly mixed indoor air. 

Further efforts are needed to deepen our 

understanding of inhalation intake fractions in 

relation to different types of localized particle-

phase indoor pollutants (e.g., bacteria, fungi, 

norovirus, pollen, animal dander, and dust-mite 

detritus), their spatiotemporal variability, and 

the influential transport mechanisms. This study 

aims to improve understanding of inhalation 

intake fraction by elucidating source-receptor 

relationships. Ultimate goals are to improve 

accuracy in exposure assessment, and to 

facilitate development of better exposure control 

methods. 

 

2 Materials/Methods 
Experiments were conducted in an 

environmental chamber (50 m3) served by a 

dedicated heating, ventilating and air 

conditioning system that delivers 100% outdoor 

air through high-efficiency particle filters (air-

exchange rate = 2.3 h-1). A thermal manikin with 

a body shape and heat output of a real person 

was used to resemble a sedentary office worker. 

In each experimental run, a consistent amount of 

polydispersed particles was generated by means 

of nebulizing a solution of 10% olive oil in 

isopropyl alcohol. Particles were released 

continuously for 10 minutes from one indoor 

location, which was varied as shown in Figure 1. 

 

 
Figure 1: Positioning of source release and 

monitoring locations in environmental chamber. 

 

Optical particle counters (models Grimm 11-A 

Germany, and Met One HHPC 6+ USA) were 

used to measure the time- and size-resolved 

particle concentrations for diameters in the 

range 0.3-10 µm. Particle concentrations were 

recorded with 1-min resolution in the breathing 

zone and at four stationary locations to elucidate 

spatio-temporal variability of particle 

concentrations in the room. The total inhalation 

intake fraction is defined as the ratio of the mass 

inhaled to the mass released from a source. The 



 

 

total intake fraction can be decomposed into 

three additive periods: the source-active (α) 

period; a transitional post-release (β) period with 

non-uniform concentrations; and the post-

release (γ) period characterized by well-mixed 

concentrations above the background value. 

 

3 Results and Discussion 
Figure 2 shows measured inhalation intake 

fractions from nine localized source release 

locations, disaggregated over the three 

integration periods. Overall, the total intake 

fractions were in the range ~1,000-10,000 ppm.  

Particles released proximate to the groin or feet 

caused up to 10,000 ppm total inhalation intake, 

much larger than for releases at other locations, 

(e.g., S1-S6). The finding of substantially higher 

inhalation intakes for releases proximate to the 

body very likely reflects the combined effects of 

the proximity of the source to the manikin and 

the influence of manikin’s thermal plume 

transporting particles to the breathing zone. 

 

 
Figure 2: Cumulative inhalation intake fraction 

for nine localized episodic indoor releases 

disaggregated into three exposure periods. 

 

Particles emitted at the supply air vent caused 

relatively low inhalation intake of 3,200 ppm, 

owing to their more uniform distribution 

throughout the room. The inhalation intake for 

emissions near the groin or the feet was ~ 2.5–

3 higher than the inhalation intake recorded 

when the release occurred at the supply vent. 

This observation indicates that an individual 

particle of outdoor origin that is introduced into 

the room via a mixing-style ventilation system is 

much less likely to reach the breathing zone than 

a particle liberated near the envelope of a seated 

person. The findings suggest that the well-mixed 

mass balance models could substantially 

underestimate the inhalation intake under certain 

circumstances, such as when particle release 

occurs near and can be entrained into the 

thermal plume of the exposed subject. 

As seen in Figure 2, for most of the studied 

locations, exposure is dominated by the post-

release (β + γ) phase rather than the source-

active (α) period. For the conditions tested, the 

contribution of the post-release period was in the 

range 44–97% of the total. 

 

4 Conclusions 
Our findings indicate that source location, 

natural convection around the body and 

exposure duration considerably modify 

inhalation intake. The results suggest that the 

well-mixed representation of an indoor 

environment could underestimate the inhalation 

intake, particularly for emissions proximate to 

the body surface. Overall, inhalation intake was 

dominated by the post-release period rather than 

by the active release period. 

This study highlights that spatial heterogeneity 

of particle emission locations in relation to 

occupant position can materially influence 

inhalation intake and exposure rates. From a 

practical point of view, in rooms that operate 

with low air mixing (e.g., with predominantly 

seated occupants), quantification of source 

emission rates and sensor positioning proximate 

to the human breathing zone may be critical for 

accurate assessment of inhalation intake. Future 

research should probe the influences of different 

ventilation strategies, variable ventilation rates, 

higher occupancy levels and different pollutant 

attributes. 
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