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Abstract ; To investigate seasonal variations in the chemical compositions of aerosols in Ji'nan City, PM, ; samples were collected
during simmer and winter in 2015. The sampling period lasted one month during each season. PM, ; samples were analyzed for the
composition, concentration, and sources of water-soluble inorganic ions, organic carbon (OC), elemental carbon (EC), and water-
soluble organic carbon (WSOC). Results showed that mass concentrations of PM, . in winter were about twice those in summer, and
concentration levels varied between fine and excellent. The concentrations of total water-soluble inorganic ions were also higher in
winter than in summer, with SOi’ , NO; , and NH," being the dominant species and well correlated with each other. NH, in PM, ,
mostly existed in the form of (NH,),S0, and NH,NO, in both summer and winter. There was strong secondary oxidation of SO, and
NO,. The sulfate oxidizing rate (SOR) was higher in summer than in winter, while the nitrate oxidizing rate (NOR) showed the
opposite trend. The ratio of anions to cations in both summer and winter were less than one, suggesting that PM, 5 were slightly
alkaline. The ISORROPIA-II mode showed that acidity in winter was stronger than in summer. Concentations of OC and EC were both
higher in winter than in summer. The ratios of OC to EC and WSOC to OC and estimated concentrations of secondary organic carbon
(SOC) showed that secondary pollution was more serious in winter than in summer. Principal component analysis( PCA ) indicated that
the major sources contributing to inorganic ions were secondary oxidation and biomass burning in summer, and coal combustion and
secondary pollutants formed by chemical oxidation of precursors emitted from coal combustion in winter.
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“Iﬁgt'f RV IR ﬂm% AN —wa s AEHR
NH, +H 2 “'J ©7.2+3.8 i 1. 1~17 4 .f";'.l" 18.9+£7.0 3.2~34.4 2.6
Naf * Jf 2.5£1.0 0.5~6.8 2.3£1.6 0.3-~7.2 0.9
Ca?* 1.1+0.5 0.0~2.1 0.8 +0.5 0.1~2.0 0.7
K* 0.7+0.3 0.1~1.6 1.4+0.6 0.3~2.6 2.0
Mg** 0.3 +0.1 0.0~0.6 0.2 +0.1 0.1~0.4 0.7
SO?{ 18.0 £10.4 2.8 ~44.4 27.8 £15.7 2.7~57.3 1.5
NO5 9.4 +6.8 0.3~19.9 21.3 +£8.3 3.7~34.9 2.3
Cl- 0.7+0.3 0.1~2.1 3.7+1.2 1.3~6.9 5.3
BET 40.0+18.7 6.3~79.9 76.4 +30. 1 23.1~136.4 1.9
SNA 34.6 +18.0 4.3~75.2 67.9 £28.8 13.9~125.5 2.0
PM, 75.3 £27.9 34.0~130.8 158.3 £95.3 28.6 ~415.8 2.1
SNA/PM, s 0.5+0.4 0.1~1.7 0.5+0.2 0.1~1.2 1.0
oC 8.9+3.0 3.4~15.7 18.1+9.5 4.1~34.9 2.0
EC 2.6x1.1 0.8~5.1 7.6+3.6 2.3~14.9 2.9
OC/EC 3.8+1.3 1.6~7.3 2.4+0.7 1.3~4.1 0.6
SOC 4.8+2.7 0.2~11.5 8.2+6.0 0.4 ~20.5 1.7
WsocC 5.2+2.3 0.4~9.6 8.3+5.0 1.5~20.5 1.6
SOR 0.4 +0.1 0.1~0.6 0.3+0.1 0.1~0.4 0.8
NOR 0.2+0.1 0.0~0.3 0.2+0.1 0.1~0.3 1
AE 0.5+0.3 0.1~1.3 1.0+0.5 0.2~1.9 2
CE 0.6 +0.2 0.1~1.2 1.2+0.4 0.5~2.1 2
AE/CE 0.9+0.3 0.2~1.6 0.8 +0.2 0.4~1.3 0.9
pH;, 5.3+1.0 3.1~7.1 4.2+1.3 2.0~6.5 0.8
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Table 2 Concentrations of PM, 5 in summer and winter in Ji’'nan City, compared with other cities in China
o _ ) PM, s i i/ pgem 3 ]
D7 5 SV AF 2.5
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AR 2013-01 ~2013-12 225 400 [14]
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Table 3 g=€oncentrations of md]OT water- solublc l,ons 1n Ji'nan City, compared with other cities in the world
withe P4 Reermces) O /5 neg® N0 Jugrm NHZ /pgm ik
F L ES &S ES e ES e
Jeat 2008 ~2010 25.56 13.31 12.51 11.93 14.34 6.96 [21]
Kt 2009-09 ~2010-08 11.8 7.9 8.3 4.4 13.0 6.2 [22]
R 2013-06 28.93 29. 66 17. 65 [23]
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Table 4  Correlation analysis of inorganic ions in summer and winter in Ji’nan City

NH; Na* Ca’* K* Mg * S0%- NO; cl-
NH,; 1.00
Na* 0. 20 1.00
Ca?* 0.25 0.47* 1. 00
e K* 0.83 ™ 0.29 0.12 1.00
Mg** 0.12 0.45™ 0.96 ™ 0.23 1.00
S0%- 0.51* 0.30 -0.06 0.47 -0.07 1.00
NO; 0.87 0.16 0.01 0.63 ™ 0.05 0.51* 1.00
cl- 0.59 0.62* 0.25 0.73* 0.30 0.48 0.42* 1.00
NH; 1.00
Na* -0.15 1.00
Ca?* 0.36 -0.25 1. 00
e K* 0.86 ™ 0.01 0.18 1.00
Mg?* 0.31 -0.27 0.97* 0.11 1.00
S02- 0.89 ** -0.17 0.50* 0.70 0.48 ** 1.00
NO; 0.72* -0.34 0.30 0. 64 ™ 0.23 0.70 1.00
cl- 0.73* 0.03 0.03 0.88 " -0.05 0.57 " 0.50 ** 1.00
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