A RALHR) A 20 A2
J. KOSAE Vol. 20, No. 2(2004) pp.161~174
Journal of Korean Society for Atmospheric Environment

AR ol S8 9ol o3 thy| doj2FS
AHA ol M X
0O X OO

Formation and Growth of Atmospheric Aerosols by Water
Vapor Reactions in an Indoor Smog Chamber

2o - u e - 2EF - gFAD
A ATY AAALATAE, Vol oA g w ARG g
(20031 49 249 A 4=, 20049 249 10Y€ A H)

Min Cheol Kim, Gwi-Nam Bae*, Kil-Choo Moon and Ju-Yeoun Park"
Air Resources Research Center, Korea Institute of Science and Technology
YDepartment of Environmental Science and Technology, Ewha Womans University

(Received 24 April 2003, accepted 10 February 2004)

Abstract

Aerosol formation and growth by water vapor reactions were investigated in a 2.5-m® indoor smog chamber
filled with the unfiltered ambient air. The relative humidity of test ambient air was elevated at 59~64% or
84 ~88% by adding water vapor. The aerosol number size distribution and the concentrations of O3, NO, NO,, and
SO, were measured during the experiments. The O; and NO, gases were well reacted with the water vapor at high
relative humidity of 84~88%, and the reaction rates of these gases seemed to be decreased at low relative
humidity of 59~ 64%. The formation and condensational growth phenomena of ambient aerosols by water vapor
reactions were observed in a Teflon bag, depending strongly on the initial particle size distribution. The water
vapor reactions might be affected by the contents of oxidants produced by photochemical reactions under sunlight.
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Fig. 1. Experimental set-up for water vapor reactions in ambient air.
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Table 1. Experimental conditions for water vapor reactions in ambient air.

Run number A35-1 A45-1 A50-1 B30-1 B40-1 B60-1
Group I I I I 11 I
Target relative humidity (%) 50~60 80~90
Experimental date 04/19/02 04/24/02 03/07/02 04/22/02 02/06/02  02/05/02
Outdoor conditions
Air temperature (°C) 13.1 12.8 8.1 26.2 54 5.6
Relative humidity (%) 37 25 27 38 70 40
Trradiation (MJ/m?) 1.68 3.15 2.87 3.01 0.27 1.10
Initial conditions
Starting time (hour : min) 10:22 14:40 14:30 14:24 10:20 11:15
Air temperature (°C) 18.3 19.1 18.4 19.8 11.0 11.9
Relative humidity (%) 2 o P 56 47 25
O3 concentration (ppb) 4.9 23.7 26.6 34.0 2.1 3.5
NO concentration (ppb) 337 0.9 0.9 1.0 81.9 104.1
NQO, concentration (ppb) 495 11.8 13.3 21.5 389 46.8
SO, concentration (ppb) 5 0 NM? 1 NM NM
Particle concentration 0.02~0.1um 1973 2247 1147 2778 9043 538
(particles/cm®) 0.1~0.3um 1208 301 454 1251 7084 4760
Test relative humidity™ (%) 61 59 64 88 87 84
Increment of relative humidity” (ARH, %) 35 43" 519 32 40 59
Increment of relative humidity” (ARH*, %) 24 34 37 50 17 44
Run time (min) 130 125 160 130 158 130

" Estimated value, » Not measured, » Relative humidity at a run time of 80 min.,
4 Difference between test RH and initial RH, * Difference between test RH and outdoor RH
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Fig. 2. Variation of relative humidity in a Teflon bag dur-
ing the experiment.
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Fig. 3. Variation of gas concentrations in a Teflon bag during the experiment.
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Fig. 4. Initial particle size distributions for water vapor
reactions in ambient air.
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Table 2. Dominant factors affecting water vapor reactions in ambient air.

Group X
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Run numer

A45-1, A50-1, B30-1
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