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Abstract: Size—resolved atmospheric particles were collected monthly from February 2012 to January 2013 on the campus of Chengdu
University of Technology using the Anderson multi-stage impactor sampler. The mass concentrations of these samples and the contents
of nine water-soluble ion species were analyzed. The results showed that the annual average concentrations of PM, , and PM,, in
Chengdu during the sampling period were ( 125.9 +56. 14) pgem > and (224.5 £83.64) pgem ™’ respectively. The highest mass
concentration of particulate matter was observed in winter followed by spring while the lowest was in autumn. The average content of
water-soluble ions in particulate matter in Chengdu was about 37. 15 pg*m ™ and the order of water-soluble ion mass concentrations was
SO} >NO; >NH; >Ca’* >Cl~ >Mg** >K* >Na* >F . Meanwhile SO~ NO; and NH, were the major watersoluble ionic
components that accounted for 78% of total water-soluble ions. Unimodal distribution was observed for SO;~ NO; and NH," mainly
in fine particles while Ca** and F~ were concentrated in coarse particles and their distribution was also unimodal. Similar size
distributions were found for C1~ and K* as well as Mg’* and Na* both of which were bimodal. The content of water-soluble ions in
both fine and coarse particles during winter and spring was significantly higher than that in summer and autumn in Chengdu. Based on
the correlation analysis for major ions SO}~ NO; and NH, in fine particles are likely in the form of ( NH,) ,S0, NH,HSO, and
NH,NO,. In coarse particles the major watersoluble ions (i.e. SO~ NO; and Ca’*) might exist in the forms of Ca( NO,) , and
CaSO,. The secondary formation processes soil dust and biomass burning are the major sources of water-soluble ion species in the
particulate matter in Chengdu.
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1 b
Table 1  Seasonal variation of mass concentrations and the

ratios for size-resolved particulates

PM, , PMy, PM, , /PM,,
/pgem 3 /pgem~? 1%
141.5+70.23  262.7 £110.6 52.33
111.5 £26.49 222.9 £74.82 51.08
98.54 +13.54 182.0 +17. 14 54,03
152.2£93.17  230.3 +124.0 64. 54
125.9 +56. 14 224.5 +83. 64 55.49

1) PM, | <0.43 pum 0.43 ~0.65 pm 0.65 ~1.1 pm 1.1 ~2.1 pum
4 ; PMy, 8

2.1.2

! 2 0.65~1.1pm 1.1~2.1 pm

Fig. 1 Variations in meteorological factors during

the sampling period
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Fig. 5 Seasonal distributions of water soluble ions in coarse and fine particles
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Fig. 6 Proportions of water=soluble ions in coarse and fine particles
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Fig. 7 Size distributions of each water soluble inorganic ions in Chengdu
2. b
Table 2 Correlations between the ions in coarse and fine particles
S03~ NO; al- F- Ca?* Mg * Na* K* NH,'
S03~ 1 0. 896 * 0.756** 0.271 0.221 -0.082 0.901* 0.925* 0. 964
NO; 0.885™ 1 0.917* 0.376 0. 196 -0.052 0.940* 0. 855 0.901
Cl- 0.956™ 0.872™ 1 0.338 0.295 0.244 0.796 ™ 0. 808 ™ 0.729™
F- 0.854™ 0.967™ 0.818* 1 0.412 -0.255 0.473 0.358 0.371
CaZ* 0.737™ 0.957™ 0.748* 0.953 ™ 1 0.583" 0. 068 0. 389 0. 109
Mg2 + 0.648" 0. 826 0.692" 0.857* 0. 889 ** 1 -0.313 0. 156 -0.238
Na* 0.898 0.796™ 0.753* 0.8227* 0. 664" 0.621" 1 0.825™ 0.9527*
K* 0. 128 0.15 0.313 0.011 0. 137 0.03 -0.183 1 0. 888 *
NH, 0.794* 0.463 0. 747 0.413 0.228 0. 146 0. 648" 0.143 1
1) ;F P<0.05 * P<0.01
0.885 0.896 NH,NO, 0 Ca®"
0.01 SO;™ . NO; 0.737
2- -
SO;~  NO, 0.957 (
; NH,  SO; . NO; 0.221  0.196) Ca’". SO;~
(R 0. 964 0.901 P< NO; Ca( NO;) ,~ CaSO,
- 2 - +
0.01) ( NO; .+ SO;” - NH, .
0.796  0.463) Ca’* 85%
+
NH, Ca( NO;) ,~
SO; "« NO; NH, . SO;~ NO; CaS0, ( NH,) ,SO0,
( NH,) ,S0, NH,HSO, . NH,HSO, NH,NO,.
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o) 1 Table 3 Rotated component matrix of the principle components
5_ analysis for water-soluble ionic compositions in coarse and fine particles
67.72% SO
NO, . NH, : 1 2 1 2 3
2
2 19.91% S04 0.962  -0.033 0.876 0.477 0.033
- - NOs 0. 969 0.053  0.981 0. 046 0.072
Mg~ Ca cl- 0.858  0.304 0.863  0.398  0.250
2 89.67% F- — — 0.982 -0.013 -0.073
Ca®* 0. 187 0.843 0.960 -0.219 0.078
Mg** -0.120 0.927 0.902 -0.290 -0.015
3 Na* 0.971 -0.179  0.816 0.393 -0.315
1 K* NH/ K* 0.920 0.274 0.072  0.062  0.986
69.51%. SOZ - NO; . cl . NH, 0.972 -0.121  0.428 0. 888 0.077
B - - % 67.72 21.91  69.51 14.33 12.32
F~. Ca™". Mg 0.8 1) e -
S02°. NO; Mg, Ca’* 1 3
3 SO;” Ca’t Mgt (1)
0.737 0.648; NO; Ca’"™ Mg" .
0.957 0. 826 CaSO0, .
MgSO, Ca( NO;) , Mg( NO;) , ;
SO;™+ NO; S0, (2) (SO;™
NO. ¥ NO;  NH;) 78%
SO, NO, Ca’*. S0O;” NO;
H,S0, HNO, 75.83%.
CaCO,  MgCO, S0;"+ NO;  NH; ( NH,) ,S0,
. . NH,NO,
SO2°. NO;  Ca®*  Ca(NO,),. CaSO,
47 . 2 .
14.33% NH, (3)
48 ( . ) ’
3 12.32%
K* NO,
3 96. 16% 50, : :
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4042

38

11

12

13

Kleeman M J Cass G R. Source contributions to the size and
composition distribution of urban particulate air pollution J .
Atmospheric Environment 1998 32( 16) : 2803-2816.
Sheffield P Roy A Wong K
pollution linked to respiratory illness in infants and increased
Health Affairs 2011 30(5): 871-878.

et al. Fine particulate matter
hospital costs J .

] 2006
Zhuang M Z Yang H B Wang J
characteristics of air particles in Xiamen J . Modern Scientific

(6): 92-95.

(6): 92-95.
et al. Research on ionic
Instruments 2006

J. 2004 24(4): 488-492.

J. 2013 32

(3): 682-688.
YangZ Li X D Yu] et al. Variation characteristics of water—
soluble inorganic ions in size-segregated atmospheric particles in
Chengdu in winter J . Chinese Journal of Ecology 2013 32
(3): 682-688.

J. 2014 27(7): 782-
789.
Zhang CY Wu J H Zhang P et al. Particulate composition
and source apportionment trends in winter in Chengdu J .
Research of Environmental Sciences 2014 27(7): 782-789.
Xiao H'Y Liu C Q. Chemical characteristics of water-soluble
components in TSP over Guiyang SW China 2003 ]
Atmospheric Environment 2004 38(37) : 6297-6306.
Tian Y Z WuJH Shi G L

levels

et al. Long-term variation of the
compositions and sources of sizewesolved particulate
matter in a megacity in China ] Science of the Total

Environment 2013  463-464: 462-468.

I 2012 25(10):
1099-1106.
Zhang D Zhai C Z Zhou Z E
soluble inorganic ions in different size particles in Chongqing J .

2012 25(10): 1099-

et al. Characteristics of water—

Research of Environmental Sciences
1106.
PM,,+ PM, D .
2015.
Wang Z. A study of the source apportionment of PM;, PM, 5in
Guiyang D . Guiyang: Guizhou Normal University 2015.
I 2016 37(8): 2863-2870.
Jiang Y He G Y Luo B

inorganic water-soluble ions in atmospheric particulate matter in

et al. Pollution characteristics of

Chengdu plain J . Environmental Sciences 2016 37(8):
2863-2870.
PM,, PM, D .
2014.

Sheng T. The ratio characteristics and source apportionment of
PM,, and PM, sin the city of Kunming D . Kunming: Kunming
University of Science and Technology 2014.
PM, 5 /PM,,
I

16

20

21

22

23

24

25

26

2015 34(1): 60-69.

Dao X Zhang L . Wang C
ionic compounds of atmospheric particles in winter and summer of
Beijing-Tianjin-Hebei area  China J
Chemistry 2015 34(1) : 60-69.

et al. Characteristics of mass and

Environmental

PM,, PM,;
I 2014 30
(2): 145-150.
Sun R Zhang W J Dong H'Y

source analysis of water-soluble irons in PM;, and PM, 5 in

et al. Chemical character and

Tianjin city J . Environmental Monitoring in China 2014 30

(2): 145-150.
J. 2009 28(2):
261-266.
. PM,,. PM, s
D . : 2011.

Liu J. Study on pollution characteristics of water-soluble ions

PM,, and PM, s in Lanzhou city D Lanzhou: Lanzhou
University 2011.
PMio5 5~ PMy 5
I 2010 28( S1): 196-199.

Tursun Y Talip D Abutiz A et al. Chemical characterization of
water-soluble ionic components of atmospheric PM,,, s and
PM, 5 in winter in Urumqi J .
2010 28(S1): 196-199.

Huang X J LiuZ R Zhang ] K et al. Seasonal variation and

Environmental Engineering

secondary formation of sizesegregated aerosol water-soluble
inorganic ions during pollution episodes in Beijing ]
Atmospheric Research 2016 168:70-79.

Chen Y Luo B Xie S D. Characteristics of the long—range
transport dust events in Chengdu Southwest China ]
Atmospheric Environment 2015 122:713-722.

Zhao PS Dong F He D et al. Characteristics of concentrations
and chemical compositions for PM, 5 in the region of Beijing
Tianjin and Hebei China J .
Physics 2013 13(9) : 4631-4644.

Atmospheric Chemistry and

] 2016 37
(9) : 3249-3257.
Wang . Wen T X Miao H'Y et al. Concentrations and size
distributions of water-soluble inorganic ions in aerosol particles in
Taiyuan Shanxi J . Environmental Science 2016 37(9):
3249-3257.
Yao X Chan C K Fang M
composition of PM, 5 in Shanghai and Beijing China ]
Atmospheric Environment 2002 36(26) : 4223-4234.
Zhang R Jing J Tao J

source apportionment of PM, 5 in Beijing: seasonal perspective

et al. The water-soluble ionic

et al. Chemical characterization and

J . Atmospheric Chemistry and Physics 2013 13 ( 14):
7053-7074.

(2012—2013 ) J . 2016 36(3):
1021-1031.

Chen Y Xie S D Luo B.

Composition and pollution

characteristics of fine particles in Chengdu from 2012 to 2013



10 4043
J . Acta Scientiae Circumstantiae 2016 36( 3) : 1021-1031. (PM, ) in Chengdu China during wintertime haze pollution

27 Ocskay R Salmal Wang W et al. Characterization and diurnal J . Environmental Science and Pollution Research 2015 22
variation of sizeresolved inorganic water-soluble ions at a rural (17) : 12902-12918.
background site J . Journal of Environmental Monitoring 2006 40 Andreae M O Andreae T W Annegarn H et al. Airborne
8(2) : 300-306. studies of aerosol emissions from savanna fires in southern Africa:

28 Wall S M John W Ondo J L. Measurement of aerosol size 2. Aerosol chemical composition J . Journal of Geophysical
distributions for nitrate and major ionic species J . Atmospheric Research 1998 103( D24) : 32119-32128.

Environment 1988 22(8): 1649-1656. 41 .

29  Tao] Zhang L M Engling G et al. Chemical composition of J. 2012 32(8): 1422-
PM, 5 in an urban environment in Chengdu China: importance 1432.
of springtime dust storms and biomass burning J . Atmospheric LiuZ QiJH WangL etal Particle size distribution of water—
Research 2013 122: 270-283. soluble inorganic ions of atmospheric aerosol in Qingdao J .

30 Chen Y Xie S D. Characteristics and formation mechanism of a China Environmental Science 2012 32(8): 1422-1432.
heavy air pollution episode caused by biomass burning in 42
Chengdu  Southwest China ] Science of the Total I 2010 26
Environment 2014 473-474: 507-517. (17): 357-361.

31 Khoder M 1. Atmospheric conversion of sulfur dioxide to Liu LN Hao QJ LiuZ R et al. Size distributions of water
particulate sulfate and nitrogen dioxide to particulate nitrate and soluble ions of atmosphere in the mountain Dinghu J . Chinese
gaseous nitric acid in an urban area J . Chemosphere 2002 Agricultural Science Bulletin 2010 26( 17) : 357-361.

49(6) . 675-684. 43 .

32  Watson ] G Chow J] C Lurmann F W e al. Ammonium I 2016 37(6): 2034~
nitrate  nitric acid and ammonia equilibrium in wintertime 2040.

Phoenix Arizona J . Air & Waste 1994 44 (4): 405- Cao RF Yan YL Guo L L et al. Distribution characteristics
412. of water-soluble ions in size-segregated particulate matters in

33 GuoS Hu M Wang Z B et al. Sizewresolved aerosol water— Taiyuan J . Environmental Science 2016 37 (6): 2034-
soluble ionic compositions in the summer of Beijing: implication 2040.
of regional secondary formation J . Atmospheric Chemistry and 44 . PM, 5
Physics 2010 10(3) : 947-959. J. 2016 21(4): 439-

34 Zhang L. Vet R Wiebe A et al. Characterization of the size— 448.
segregated water-soluble inorganic ions at eight Canadian rural QuQ Yang YH SongD L et al. Chemical characterization of
sites J . Atmospheric Chemistry and Physics 2008 8(23): PM, 5 at urban Chengdu during the typical biomass burning
7133-7151. season J . Climatic and Environmental Research 2016 21

35 Zhao J P Zhang F W Xu Y et al. Characterization of water— (4) : 439-448.
soluble inorganic ions in size-segregated aerosols in coastal city 45 Dordevic D MihajlidiZelic A Relic D et al. Size-segregated
Xiamen J . Atmospheric Research 2011 99(3-4) : 546-562. mass concentration and water soluble inorganic ions in an urban

36 Arimoto R Duce R A Savoie D L et al. Relationships among aerosol of the Central Balkans ( Belgrade) J . Atmospheric
aerosol constituents from Asia and the North Pacific during PEM- Environment 2012 46: 309-317.

West A J . Journal of Geophysical Research 1996 101( D1) : 46  Zhuang H Chan C K Fang M et al. Formation of nitrate and
2011-2023. non-sea-salt sulfate on coarse particles ] Atmospheric

37  WangY Zhuang GS Tang A H et al. The ion chemistry and Environment 1999 33(26) : 4223-4233.
the source of PM, s aerosol in Beijing J Atmospheric 47 Pakkanen T A Kerminen VM Hillamo R E et al. Distribution
Environment 2005 39(21) : 3771-3784. of nitrate over sea-salt and soil derived particlesdmplications from

38 Wang QY CaoJJ] ShenZ X et al. Chemical characteristics of a field study J . Journal of Atmospheric Chemistry 1996 24
PM, 5during dust storms and air pollution events in Chengdu (2) : 189-205.

China J . Particuology 2013 11(1): 70-77. 48  Harrison R M Pio C A. Major ion composition and chemical

39 LiXD YangZ FuPQ et al. High abundances of dicarboxylic associations of inorganic atmospheric aerosols J . Environmental

acids oxocarboxylic acids and a-dicarbonyls in fine aerosols

Science & Technology 1983 17(3): 169-174.



