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Charaéterization and Formation Mechanism of Water-soluble Inorganic Ions in PM, ,

and PM,, in Summer in the Urban Agglomeration of the Ili River Valley
CHEN Qiao'**, GU Chao®, XU Tao®, ZHOU Chun-hua*, ZHAG Guo-tao' , ZHAO Xue-yan' * | WU Li-ping’, LI Xin-gi>*, YANG Wen'

(1. Chinese Research Academy of Environmental Sciences, Beijing 100012, China; 2. Ecological Environment Monitoring Centre of Xinjiang Uygur Autonomous Region,
Urumgi 830011, China; 3. School of Environmental and Municipal Engineering, Tianjin Chengjian University, Tianjin 300384, China; 4. Environmental Monitor Station of Ili
Kazak Autonomous Prefecture, Yining 839300, China)

Abstract; The simultaneous observation and analysis of atmospheric particles on a regional scale is an important approach to developing control strategies for air pollution. To
study the spatial distribution characteristics of particulate matter and water-soluble inorganic ions in the Ili Valley Urban agglomeration, PM, 5 and PM,, samples were
synchronously collected from July 19 to July 29, 2021 in Yining City and the surrounding three counties, and then nine types of water-soluble inorganic ions (WSIIs) were
analyzed. The spatial distribution characteristics, existence form of WSIls, and influencing factors were discussed in depth. The results showed that the average p(PM, ;) and

= and 59 pg'm >, respectively. The emission of local industrial and mobile sources in

p(PM,;) in the Ili River Valley urban agglomeration in summer were 23 pg:m
Yining City was higher than that of the surrounding three counties , resulting in the highest p(PM, 5 ) in the region (235 pg+m ). Due to the influence of dust sources and
topography, the p(PM,, ) in Yining county was the highest in the region (63 pg-m ™). Huocheng county is located upwind of the region, and these favorable diffusion
~ and 49 pgem ™, respectively). The concentrations of WSIIs in PM, 5 and PM,, ranged from
28.2%-29.9% and 16.0%-20. 2%, respectively. The four main ions (SOi’ , NO; , NH,", and Ca>*) accounted for approximately 90% of WSIIs mass concentrations.

The concentration order of the four main ions in PM, 5 was SO7~ >Ca>* >NH,” >NO; and SO;~ >Ca®* >NO; >NH, * in PM,,. The results of correlation analysis

conditions resulted in the lowest p(PM, 5) and p(PM,;) (20 pg'm

2+

showed that the similar SO7 ™ concentrations in the four cities were mainly caused by regional transport. Ca®* was the highest-concentration ion in PM,, of Yining City and

2+

Qapqal Xibe Autonomous county, and the proportion of Ca™ " was significantly higher than that in most cities in China, which reflected that the cities in the core area of the

Tli Valley were greatly affected by the dust sources. The ratios of n(NO; )/n(S02™ ) in PM, 5 and PM,, were 0. 78 and 0. 76, respectively, indicating that the influence of
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stationary sources was greater than that of mobile sources. The ratio of n(NO; )/n(SO; ) in Yining City > Huocheng county > Yining county > Qapqal Xibe Autonomous

county, which was consistent with the motor vehicle populations of the four cities, reflecting that Yining City was affected by motor vehicle sources more than the surrounding

three counties. The secondary components mainly existed in the form of (NH, ), S0, , NH,HSO, , and NH,NO,. There was excess ammonia after the reaction hetween NH,"
and SO7 ™ in each city. NH,NO, mainly existed in Yining City, which was mainly related to high NO, in Yining City. The NOR of the four cities were 0. 03-0. 10 and 0. 03-
0.16 in PM, 5 and PM,,, respectively, and the secondary transformation of NO, was weak due to the influence of high temperatures in summer. The SOR were 0. 21-0. 41
and 0.23-0. 44, respectively. The SOR of Qapqal Xibe Autonomous county was the highest due to the relatively high humidity, whereas the SOR of Huocheng county was
higher than that of the three sites in Yining City due to the influence of regional transportation. The formation mechanisms showed that SO3 ™ in Qapqal Xibe Autonomous

county and Yining City were mainly produced by the heterogeneous reaction, and in Yining county it was mainly formed via the homogeneous reaction. However, the formation

mechanism in Huocheng county was complex and was affected by both homogeneous and heterogeneous reactions.

Key words; water-soluble inorganic ions (WSIIs) ; secondary inorganic components; sulfate oxidation rate (SOR) ; formation mechanism; Ili River Valley
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p(NH, ) /p(PM, 5) /% 3.5 3.6 3.2 3.7 4.4 3.2
p(Ca’* ) /p(PM, ) /% 8.1 5.5 5.9 5.4 7.0 5.9
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Table 2 Multiple linear regression coefficients between SOR and all factors in PM,;, and PM, 5 at six sites

\ PMIO PMZ. 5
J=¥iA
T RH 0, S0, T RH 0, S0,

HCE -0.26 0.13 -0.54 -0.21 ~0.20 0.12 -0.21 -0.12
CTV 0.55 1.24 0. 80 0.22 0. 34 0. 88 0.59 0. 04
YNCE -0.75 -0.21 0.95 0.18 ~0. 64 -0.18 0.73 -0.02
YNE -0.78 -0.03 -0.30 0.15 -0.02 0.51 0.35 -0.33
SWP 0.51 0.72 0.35 -0.87 0.55 0. 84 0.35 -0.75

NG 0.73 1.20 -0.13 -0.32 0. 80 1.15 —0. 44 0.17
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— 7T, SO; W5 KA SO, WRER HiELR,
JAH =B p(S0,) (3.7 pg-m ) B GAR T
(9.0 pg-m ™), 1M SO, = Z kU5 F 1k A1 18k iY #&
%, e T T 32 AR M — Uk HE IR ) 5 A A

2.3 FEEFHCEMAEER
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544 M (NH, ) ,S0, 3¢# NH,HSO, , Fl 4 /) NH,
5 NO; 1 Cl™ 454 Ca* Fl Mg” " 2322 IR (1
WY CU MR IR A, B AR R
be | ALATRREMR B RN R AL 5 . A R T e
RO —Jr R B T R a6, 75—

D5 TR ES e 1 R 5. % 25 120 43 18] 9 AH DG 1
AT TR IR, 6 KA PM, s FI PM, H SO;~ 5 NH,
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