
Monkkonen et al., 2005;Mouratidou and Samara, 2004; Pekey et al.,
2010; Pellizzari et al., 1999; Polidori et al., 2007; Ramachandran
et al., 2003; Sexton et al., 1984; Sinclair et al., 1990; Spengler and
Thurston, 1983; Spengler et al., 1981; Tovalin-Ahumada et al.,
2007; Wu et al., 2005).The summary of the major studies also
shows an enormous range of I/O ratio for both PM2.5 and PM10. As
shown in Figs. 3 and 4, the huge I/O ratio is highly due to the
presence of indoor smoking, such as 3.36 in Portage and 2.33 in
Steubenville (Santanam et al., 1990), 3.07 in Indianapolis (Pellizzari
et al., 2001), 1.67e2.5 in seven U.S. cites (Wallace et al., 2003), 2.13
and 2.18 in Onondaga and Suffolk (Sheldon et al., 1989) for PM2.5
and 2.3 in Indianapolis (Pellizzari et al., 2001) for PM10. Besides,
other indoor combustion process such as the use of fireplace can
also lead to high I/O ratio. The low I/O ratio is strongly related to few
indoor sources, the use of filtration and the tightness of the build-
ings, such as 0.71 for PM2.5 in Riverside which is measured at night
with few indoor sources (Clayton et al., 1993) and 0.48 for PM10 in
Daeguwhich is measured inwinter with the use of filtration (Jo and
Lee, 2006).

Many researchers focus on one of the influencing factors of I/O
ratio in order to find some conclusive information. However, the
conclusions by different researchers are inconsistent. The following
sections focus on the comparison of different researchers’ conclu-
sions on specific issues such as particle size, ventilation mode,
season variety and so on. For convenience, the I/O ratio was
rewritten as according to Eq. (1) and the steady-state case of Eq. (2)
when a building is naturally ventilated:

I=O ratio ¼
aP

aþ K
þ

_S
ðaþ KÞVCout

; (5)

For particle size, many researchers chose to compare PM2.5 and
PM10. As shown in Table S1, the results by Rojas-Bracho et al.
(2000), Monn et al. (1995), Jones et al. (2000), Liu et al. (2003)
show that the I/O ratios of PM2.5 are lower than those of PM10.
The results byMorawska et al. (2001) and Poupard et al. (2005) also
indicated that the I/O ratios of fine particles are lower than that of
coarse particles. However, the results by Li (1994), Evans et al.
(2000), Pellizzari et al. (2001), Colbeck et al. (2010), Wang et al.
(2006) and Rojas-Bracho et al. (2002) show that the I/O ratios of
PM2.5 are higher than that of PM10, which is different from the
previous opinion. The results by Thatcher and Layton (1995),
Weschler (1984) and Geller et al. (2002) also indicate that the I/O
ratios of fine particles are higher than that of coarse particles.
Additionally, the results by Clayton et al. (1993), Li and Lin (2003)
and Riain et al. (2003) show that the I/O ratios of PM2.5 almost
equate to that of PM10. Some researchers measured the size-
dependent I/O ratios for ultrafine particles (0.002e0.5 mm) (Zhu
et al., 2005; Koponen et al., 2001), while other researchers
measured the size-dependent I/O ratios for fine and coarse particles
(Gupta and Cheong, 2007; Tippayawong et al., 2009). However,
they also did not obtain a uniform conclusion of the impact of
particle size on I/O ratio. The most probable reason for the incon-
sistency among these studies is that the measurement conditions
are different. In each study, the deposition rate for PM10 should be
larger than that of PM2.5, while penetration factor for PM10 should
be smaller than that of PM2.5. The characteristics of penetration
factor and deposition rate may cause the higher I/O ratio of PM2.5
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Fig. 3. Experimental data distribution of PM2.5 I/O ratios in the large-scale studies (larger than 20 homes) in different cites. The RSP were classified to the group of PM2.5. The
numbers in ( ) represent the number of the sample homes. *Indoor smoking that was definitely mentioned in the studies.
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Fig. 4. Experimental data distribution of PM10 I/O ratios in the large-scale studies
(larger than 20 homes). The TSP were classified to the group of PM10. The numbers in
( ) represent the number of the sample homes. *Indoor smoking that was definitely
mentioned in the studies.
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