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Abstract

Suspension of particulate matter (PM) in indoor spaces, which increases risk of negative impact on occupants’
health from exposure to PM, is influenced by humidity level in the indoor environment. The goal of this study is to
investigate the property of size-resolved PM suspension in accordance with the relative humidity through simulation
chamber experiments which reflect the indoor environmental characteristics. The relative humidity of simulation
chamber is adjusted to 35%, 55% and 75% by placing it inside a real-size environmental chamber which allows
artificial control of climatic conditions (e.g., temperature, humidity). At the respective humidity conditions, PM
suspension concentration caused by occupant walking is analyzed by particle size (0.5-0.8, 0.8-1.0, 1.0-2.5, 2.5-3.5,
3.5-4.5, 4.5-5.5, 5.5-8.0, and 8.0-10 m). Irrespective of the particle size, the suspension concentration reveals a
decreasing tendency as the relative humidity increases. Furthermore, a one-way analysis of variance (one-way
ANOVA) test statistically verifies that the suspension concentration has a significant difference depending on the
indoor relative humidity level. In addition, as the relative humidity increases, a proportion of the suspended
particles with 0.5-2.5 im diameter decreases, while that with 2.5-3.5 i diameter increases. The reason is considered

that the humidity has an effect on adhesion and coagulation forces of the particles.
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Figure 1 (a) Schematic diagram and (b) production
of indoor simulation chamber for
particulate matter suspension experiment
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Table 1 Diameter classification of the suspended
particulate matters [unit: (m]

Groupl  Group2  Group3  Group4
Diameter 0.5-0.8 0.8-1.0 1.0-2.5 2.5-3.5
Group5  Group6  Group7  Group8
Diameter 3.5-4.5 4.5-55 5.5-8.0 8.0-10

(b)
Figure 2 (a) Real-scale environmental chamber
and (b) indoor simulation chamber inside
the real-scale environmental chamber
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Table 2 PM suspension concentrations under 55%
relative humidity condition

PM1 PM2.5 PM4 PM10
No. conc 202 123 46 12
[particles/Ll  (£43) (£16) (£12) (£4)
Mass conc 3 11 20
lug/mr] (x1.4) (£2.5 (49

*Conc. variation is within measurement resolution
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Figure 3 Changes in PM concentrations in the chamber under 55% relative humidity condition with

diameter of (a) 0.5-4.5 im and (b) 4.5-10 m
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Figure 4 Changes in PM concentrations in the chamber under 35%, 55% and 75% relative humidity
conditions with diameter of (a) 2.5-3.5 un and (b) 8-10 um
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Table 3 Size-resolved PM suspension concentrations under each relative humidity condition (the values in
bracket represent the standard deviation) [unit: particles/L]

Particle size [m]

R.H. %]
0.5-0.8 0.8-1.0 1.0-2.5 2.5-3.5 3.5-4.5 4.5-5.5 5.5-8.0 8.0-10
35 245 148 243 162 37 20 18 14
(£21) (£17) (£50) (£40) (£13) (+8) (£8) (£3)
55 200 126 202 123 46 22 18 12
(*57) (+16) (+43) (£16) (£12) (*7) (5) (+4)
75 143 92 143 127 36 12 10 7
(£45) (£15) (£25) (7) (4 (£4) (+4) (£2)

Part. Aerosol Res. Vol. 20, No. 2(2024)



30 AWA - EAd

300

250

200

150

—

100

Number conc. [#/L]

—_—

50

s —
S ———

S e e—

.5-0.8

°

8-1.0

e ——

.0-2.5 2.5-3.5

= 35% 55% 75%

i
8 §II §II St

3.5-45 4.5-5.5 5.5-8.0 8.0-10

diameter [um]

Figure 5 Size-resolved PM suspension concentrations under each relative humidity
condition (Error bars represent the standard deviations)
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Table 4 One-way ANOVA result about the influence of relative humidity on PM suspension concentration

05-0.8 m 0.8-1.0 m 1.0-25m 2.5-3.5m 3.5-45m 4.5-55m 55-80m 8.0-10 im
p-value 0.008 0.012 0.026 0.113 0.004 0.016 0.001 0.051
2.5-3.5m
18% 2.5-3.5/m
DR 23% 0.5-2.5(m
72% 66%

(a)

(b)

Figure 6 Changes of the suspended particle-size composition depending on relative humidity variation: (a)

35%, (b) 75%

Particle and Aerosol Research A 20 @ A2 &



2 AFoA e AW Aol o2 mAd
A d7FE HAF EAS 1—4‘9‘%}7] flote] ZARIHE
8% £ Poioitt. olE s =AY
H U JhSEE 35%, 55%, 75%% dAstal AR

B3 Al uAHA H4F FEE 8719 94 AElE
o]l EA6 2E AA0A mAHA v 5
T AdEErt 718 ot Fachs e B
on, one-way ANOVA A4S E3] RARIY U H]
A HIAHA ke FE0 wEt §o3 Zol7t A

= BAZCE sttt E3 STt S7HEl
w2t 0.5-2.5 m 949 A HEZ FAoHe BH,
2.5-3.5 m ¥A9 HE&2 F7eHE lstqinh ole}
22 A% A FEg 4 %d@!oﬂ gk % 9] 3
T HZoE ARHN & A
HAPHE o]-8-5}o] qok"‘j

Al

E
A=A A 11—41@ Ay @39
3 o

11'41 2t EP E %L% Dl*ﬂ‘?ixl Aol ek o

2t &<l P % e BAPoRE FF AR}
Oﬂlﬂi EAA 5 9T 24
“1-?7} 28% Zloz A7dr. geo] HAt vAH
Az 371 Sl Bt 252 F9 AdAIA &
AHEZ A =E BHA w4k mAEA A7
g AFAR B3t A7 28T Aer AlrdEH

‘Eﬁ
=
Jil
_rg
i)
oln

AdiEEe] e vl4 AR 7] £2 E B4 4 31
AR =
o AT AREPIEIRELY. DLV 42

oz IFAFAE APS ol 5
(No, 2019M3E7A1113078).

Part. Aerosol Res. Vol. 20, No. 2(2024)



32 Ad - A4

References

Cho, S., Cho, Y., Park, D., Kim, M. (2021). Study
on characteristics of particulate matter
suspension in indoor space through
simulation chamber experiments: Influence
of physical activity, Journal of the Korea
Academia-Industrial cooperation Society,
22(11), 376-383.

DOIL https://doi.org/10.5762/KAIS.2021.22.11.376

Heo, S., Kim, D. Y., Kwoun, Y., Lee, T. J., Jo, Y.
M. (2021). Characterixation and source
identification of fine dust in Seoul
elementary school classrooms, Journal of
Hazardous Materials, 414, 125531-125541.
DOL https://doi.org/10.1016/j.jhazmat.2021.125531

Jeong, S.-W., Seo, G.-T. (2019). Estimation of local
human health burden due to inhalation of
fine particulate matter and identification
of major emission sources using a life
cycle impact assessment method, Journal
of Korean Society of Environmental
Engineers, 41(7), 361-371.

DOL https://doi.org/10.4491/KSEE.2019.41.7.361

Ji, J.-H. (2018). Size distributions of suspended fine
particles during cleaning in an office,
Particle and Aerosol Research, 14(2),
25-33.

DOL: hetp://dx.doi.org/10.11629/jpaar.2018.14.2.025

Kim, Y., Wellum, G., Mello, K., Strawhecker, K. E.,
Thmos, R., Giaya, A., Wyslouzil, B. E.
(2016). Effects of relative humidity and
particle and surface properties on particle
resuspension rates, Aerosol Science and
Technology, 50(4), 339-352.

DOI: https://doi.org/10.1080/02786826.2016.1152350

Kim J., Park S., Kim, H., Yeo, M. S. (2019).
Emission characterization of size-resolved

particles in a pre-school classroom in

Particle and Aerosol Research A 20 @ A2 &

relation to children’s activities, Indoor
and Built Environment, 28(5), 659-676.
DO https://doi.org/10.1177/1420326X17707565
Kim J. J., Hann, T., Lee, S. J. (2019). Effect of flow
and humidity on indoor deposition of
particulate matter, Environmental Pollution,
255(2), 113263-113269
DOI: https://doi.org/10.1016/j.envpol.2019.113263
Kwon, H.-S., Rue, M. H., Carlsten, C. (2020).
Ultrafine particles: unique physicochemical
properties relevant to health and disease,
Experimental & Molecular Medicine,
52(3), 318-328.
DO https://doi.org/10.1038/s12276-020-0405-1
Lai, A. C. K., Tian, Y., Tsoi, J. Y. L., Ferro, A. R.
(2017). Experimental study of the effect of
shoes on particle resuspension from
indoor flooring materials, Building and
Environment, 118, 251-258.
DOL: https://doi.org/10.1016/j.buildenv.2017.02.024
Lv, Y., Wang, H., Zhou, Y., Yoshino, H., Yonekura,
H., Takaki, R., Kurihara, G. (2019). The
influence of ventilation mode and personnel
walking  behavior on  distribution
particles,
Building and Environment, 149, 582-591.
DO https://doi.org/10.1016/j.buildenv.2018.12.057
Qian, J., Ferro, A. R. (2008). Resuspension of dust

particles in a chamber and associated

characteristics of indoor

environmental factors, Aerosol Science

and Technology, 42(7), 566-578.

DOI: https://doi.org/10.1080/02786820802220274
Qian, J., Peccia, J., Ferro, A. R. (2014).

Walking-induced particle resuspension in

indoor environments, Atmospheric

Environment, 89, 464-481.

DOI: https://doi.org/10.1016/j.atmosenv.2014.02.035
Rosati, J. A., Thornburg, J., Rodes, C. (2008).

Resuspension of particulate matter from



gkl WE HA vAEAY] 27 £ 9 54 24 33

carpet due to human activity, Aerosol
Science and Technology, 42(6), 472-482.
DOL https://doi.org/10.1080/02786820802187069
Shin, H.-W., Na, H.-Y., Son, J.-A., Eom, Y.-S,,
Kang, D.-H. (2021). Measurement of
particle emission rates according to
student’s activity in elementary school
classrooms, Korean  Institute of
Architectural Sustainable Environment
and Building Systems, 15(4), 338-349.
DOI: https://doi.org/10.22696/jkiaebs.20210029
Tian, Y., Sul, K., Qian, J., Mondal, S., Ferro, A. R.
(2014). A comparative study of walking
induced dust resuspension using a
consistent test mechanism, Indoor Air,
24(6), 592-603.
DOIL: https://doi.org/10.1111/ina.12107
Wang, Y., Chen, L., Chen, R., Tian, G., Chen, C.,
Ge. X. (2017). Effect of relative humidity
on the deposition and coagulation of
aerosolized SiO2 nanoparticles,
Atmospheric Research, 194, 100-108.
DOL: https://doi.org/10.1016/j.atmosres.2017.04.030
Zheng, S., Du, W., Zhao, L., Li, X. (2020). Effect of
relative humidity on resuspended particles
caused by human walking, Journal of
Shanghai Jiaotong University, 25(3),
365-371.
DOI: https://doi.org/10.1007/s12204-020-2176-1

Part. Aerosol Res. Vol. 20, No. 2(2024)





