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Sensitivity of Particle Mass Concentration to the Ambient Ionic
Concentration Changes in Seoul

Eun Kyung Choi* + Kyung Sul** - Si On Oh*** - Yong Pyo Kim****
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ABSTRACT : Hygroscopicity of particles is an important factor that determines particle water
content and, thus, particle mass concentration. Since particle mass concentration, especially, that
of fine particles is closely related with various air pollution phenomena, it is critical to
understand hygroscopic properties of fine particles. In this study, sensitivity of fine particle mass
concentration on the change of the total ambient concentrations of sulfuric acid, nitric acid, and
ammonia is studied by applying a gas/particle equilibrium model on the fine particle (PM.5s)
measurement data in Seoul. Since there was enough ammonia to neutralize both total sulfuric
acid and nitric acid in Seoul, when the levels of either acid changed, ammonium salts of either
acid were formed or disappeared. However, at the mean ambient relative humidity condition in
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Seoul, ammonium nitrate was in solid phase while ammonium sulfate was in aqueous phase.

Thus the dry ionic concentration was most sensitive to the variation of nitric acid level, while the

total mass concentration (ionic concentration plus water content) was most sensitive to the

variation of sulfuric acid.

Key Words : water content, PM, s, inorganic ions, aerosol mass concentration, SCAPE
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(Table 1) Fine particles(PM.5) mass and ionic concentrations and related gaseous Species concentrations
measured between April 2001 to February 2002 in Seoul

Concentration Standard

3 Mean Median Max. Min.

(ug m™) dev.
SO 6.34 5.29 451 30.1 1.30
HNO; * 9.16 7.69 6.32 42.78 1.59
NH; * 751 3.69 713 22,58 221
Na’ 0.29 0.20 0.24 1.23 0.08
HCl * 1.55 146 1.08 7.59 0.61
K" 0.49 0.32 0.40 1.69 013
Ca”* 051 0.37 0.40 2.16 0.14
Mg* 0.12 0.09 0.09 041 0.02
PMs5 mass 51.7 339 424 214.6 128
RH(%) 57 12.1 57.0 83.3 32.2
Temperature (K) 285 9.7 286.4 301.6 263.4

* the sum of gaseous and particulate phase concentrations
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{Figure 1) Sensitivity of (a) dry particle mass concentration and (b) total particle mass concentration with
ambient total ionic concentration changes(solid circle line: sulfuric acid change, dotted triangle
line: ammonia change, dotted square line: nitric acid change)
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<Figure 2> Sensitivity of water content with total ion concentration change,
(a) sulfuric acid, (b) nitric acid and (c) ammoina
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{Figure 3> Change of particle water content and solids with relative humidity at average ambient condition in Seoul
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(Table 2) Seasonal mean values of the fine particles ionic concentrations(ug m™) and temperature and RH

Temp. RH

®) %) Na*  SOY NH; HNO;  HClI K" ca®t  Mg*
Spring 289.0 51 048 7.62 811 1038 087 0.51 0.82 0.24
Summer 300.2 64 0.25 2.72 6.04 393 0.36 0.21 0.16 0.08
Fall 286.5 58 019 6.73 903 1138 223 0.55 0.40 0.08
Winter 2375 59 0.20 5.88 5.87 749 2.01 0.51 0.40 0.06

*the sum of the gaseous phase and particle phase mass concentrations

(Table 3) Relative humidity range(%) with solid appearance at the ambient conditions in each season in Seoul

NazSO, K3SO, (NH,) 2S04 NH,Cl NHyNO3 KNOs CaSOy
Spring ~65 ~65 69~
Summer ~49 ~59 ~50
Fall ~55 ~51 ~58 ~61 ~59 61~

Winter 55~60 ~54 ~65 ~66 ~54 65~
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{Figure 4) Sensitivity of total particle mass concentration with ambient total ionic concentration changes
at (a) spring, (b) summer, (c) fall and (d) winter (solid circle line: sulfuric acid change,
dotted triangle line: ammonia change, dotted square line: nitric acid change)
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