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Water-soluble Inorganic Ions in the Road Ambient Atmospheric Particles of
Tianjin

ZHAO Meng-xue, WU Lin, FANG Xiao-zhen, YANG Zhi-wen, LI Feng-hua, MAO Hong-jun”

(College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)

Abstract: Atmospheric particles, especially water-soluble inorganic ions are hazardous to human body. Motor vehicle exhaust is the
greatest contributor to atmosphere pollution in Tianjin. In order to explore the emission characteristics of different road types, PM, 5 and
PM,, from four types of roads were sampled and analyzed by water-soluble ions component analysis and Pearson correlation analysis
during the period of April to May, 2015 to discover the ratio of PM, 5 to PM,; and the major pollutants. The results showed that water-
soluble inorganic ions mainly existed in fine particles varying with different road types, which mainly came from secondary pollution.
The quantities of secondary ions in PM, ; were twice as high as that in PM,,, which were the key components of the water-soluble
inorganic ions. This was probably due to the increase of automobiles and their emissions, as well as the transmission and spreading of
pollutants in the surroundings. Furthermore, water-soluble inorganic ions might exist in the forms of NaNO,, NH,Cl, NH,NO,,
(NH,),S0,, KCI, KNO,, K,S0,, MgCl,, CaCl,, etc. K*, Mg**, Na*and Ca’* showed high homology and the contributors of
PM, ; and PM,, were mainly the mixture of combustion and secondary pollutants, then followed by the mixture of re-suspended dust and
traffic source.

Key words:PM, ; and PM,;; road distribution characteristics ; particle size characteristics; correlation analysis; principal component

analysis
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Table 2 Detection limit of the water-soluble ions analysis method
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IR PH S F NH, 0.48 Ca?* 0.32
K* 0.48 — —
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Table 3 Concentration of water-soluble ions in the particles at different sampling sites/pg-m~
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Fig. 1 Mass fraction distribution of the water-soluble inorganic ions in PM, 5 and PM, particles
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Fig. 2 Mass fraction of ions in particles on different roads
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Table 4  Percentage of the water-soluble inorganic ions in PM, 5 and PM, particles on four roads of Tianjin
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PM,, 24.2 15.3 65.0
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Table 5 PM, 5 and PM,; mass fraction on the roadside and ratio of the water-soluble ion concentrations thereof

BT PM, /P, F- cl- NO, NO; S03- Na* NH; K* Mg?* Ca?*
KT 0.7 0.4 0.7 0.7 0.7 0.7 0.5 0.8 0.7 0.3 0.3
e % 0.3 0.5 0.6 1.0 0.6 0.7 0.5 0.9 0.8 0.3 0.2
FFE 0.3 0.4 0.5 0.6 0.5 0.7 0.4 0.8 0.7 0.2 0.1
HMIRZR 0.6 0.5 0.6 0.7 0.7 0.8 0.5 0.9 0.8 0.3 0.2
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Fig. 3 [NO; ]/[ S0~ ] of PM, 5 and PM,, on four roads in Tianjin
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Table 6  Principal Component Analysis of the water-soluble ions in PM, 5 on the roadside of Tianjin

BT B! PR E1E HPIRZL

Hy1 BHy2 BFF3 BFEFr1 BE¥2 BE¥F3 Byl H¥y2 H¥y3 HEHys FErFr1 BFETF2 A3
F- 0.5 0.1 0.7 0.3 0.4 0.8 0.7 -0.3 0.5 -0.2 0.6 0.6 -0.4
Cl 0.8 -0.3 -0.1 0.7 0.4 0.2 0.8 0.3 -0.2 -0.4 0.8 -0.1 0.0
NO, -0.2 -0.1 0.9 -0.2 -0.1 0.4 -0.2 -0.3 0.9 -0.1 0.1 0.9 -0.2
NOs 0.9 -0.2 -0.1 0.7 -0.6 -0.1 0.9 -0.3 -0.1 -0.2 0.9 -0.3 -0.2
S03- 0.9 -0.2 0.1 0.8 -0.5 0.0 0.6 -0.4 0.0 0.6 0.9 -0.3 -0.2
Na* 0.9 0.2 -0.1 0.9 0.1 0.3 0.5 0.8 0.1 -0.2 1.0 0.2 0.1
NH, 0.9 -0.4 0.1 0.9 -0.3 -0.0 0.9 -0.4 -0.1 0.1 0.9 -0.3 -0.2
K* 0.9 -0.2 -0.1 0.9 -0.1 -0.1 1.0 -0.1 -0.1 0.0 1.0 0.0 -0.1
Mg? 0.5 0.9 0.0 0.5 0.7 -0.3 0.4 0.7 0.1 0.3 0.6 0.4 0.6
Ca®* 0.5 0.9 0.1 0.5 0.8 -0.3 0.4 0.7 0.33 0.3 0.6 -0.0 0.7
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Table 7 Principal Component Analysis of the water-soluble ions in PM,, on the Roadside of Tianjin

BT KT PR FTiE HPIREL
K71 A2 ¥ 1 A2 1 K72 K3 AT 1 A2
F- 0.8 0.5 0.8 -0.1 0.7 -0.3 0.5 0.9 -0.4
Cl- 0.8 0.2 0.7 -0.5 0.8 0.3 -0.2 0.9 -0.0
NO, 0.5 0.5 0.6 0.7 -0.2 -0.3 0.9 -0.6 0.3
NO; 0.9 -0.3 0.9 -0.1 0.9 -0.3 -0.1 1.0 -0.0
S0;~ 0.9 -0.4 0.9 -0.4 0.6 -0.4 0.0 0.9 -0.1
Na* 0.9 -0.2 0.9 0.3 0.5 0.8 0.1 0.9 0.0
NH, 0.9 -0.3 0.9 -0.4 0.9 -0.4 -0.1 1.0 -0.1
K* 0.9 -0.2 0.9 -0.1 1.0 -0.1 -0.1 1.0 0.1
Mg** 0.8 0.1 0.8 0.5 0.4 0.7 1 0.3 0.9
Ca?* 0.4 0.7 0.4 0.7 0.4 0.7 3 0.5 .8
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