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Seasonal Variation and Source Analysis of Water-soluble Inorganic Ions in Fine

Particulate Matter in Zhengzhou

YAN Guang-xuan', ZHANG Jing-wen', LEI Hao-jie', HUANG Hai-yan', TANG Ming-shuang', CAO Zhi-guo',
LI Yun-bei', FAN Jing', WANG Yue-si’’, LI Huai-gang"

(1. Key Laboratory for Yellow River and Huai River Water Environment and Pollution Control, Ministry of Education, Henan Key
Laboratory for Environmental Pollution Control, School of Environment, Henan Normal University, Xinxiang 453007, China; 2. State
Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Xinxiang
Environmental Protection Monitoring Station, Xinxiang 453000, China)

Abstract: In order to explore the characteristics of PM, 5 concentration and water-soluble inorganic ions in Zhengzhou City, a total of
170 PM, , samples were collected in the spring, summer, autumn, and winter seasons of 2016, with 30 days continuous sampling
during each season. The mass concentration of PM, ; was analyzed gravimetrically, water-soluble inorganic ions were determined by ion
chromatography, and principle component analysis was employed for source apportionment. The results showed that the mass
concentration of PM, 5 was 150. 72 pg-m > during the sampling period. The mass concentration was highest in winter and lowest in
summer, and that of autumn is higher was higher than that of spring. The ions SO}~ , NO; , and NH," were the major WSIs found in
PM, , accounting for 92.55% , 92.94% , 93.06% , and 93. 15% of the total amount of the seven ions found in spring, summer,
autumn, and winter, respectively. The anion-to-cation ratio was 0. 886, which indicated that PM,  was slightly alkaline in Zhengzhou.
Secondary inorganic species, including NH, , NO, , and SO} were the major components of the water-soluble ions. These ions most
likely existed in the form of NH,NO, and (NH, ),SO, during spring and summer, while they were present as NH,NO,, (NH,),SO,
and NH,HSO, in autumn. In addition to these three forms, NH,Cl or other forms may exist in winter. Industrial emissions,
combustion, secondary transformation, soil, and construction dust were the major sources of the water-soluble ions in PM, ;.

Key words; Zhengzhou; PM, ;; water-soluble ions; seasonal variation; source identification
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Fig. 1 Seasonal variation in the characteristics of PM, 5 and SNA during the four seasonal sampling periods in Zhengzhou
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W TR 2 XJEH T NH, K™ 540\LiGEsh
X, BHE . METETHEZE.

2.2.2  [JIBHES - H far P

=5
A
=}
K*

SNA) & PM, , i B 3 UK E B T, AR T HBFFLM, SO;7, NOT L BT Cl SE BB T
SNA R EFAE N M B FIRE — 2k (2 TTHIIBRLY AR P NH, | Na®™ | Mg®* | Ca’" il
3), SNA [ JF 7 ok e B - B & = 00 LA 43 31 K * 25 PH B 1 AT B8 i 0RE 9 (0 Bt L B K 1Y pH
F2 PM, ARKBRUEBFAINELTENL pgeom >
Table 2 Seasonal variation in the water-soluble ion components in PMZ.S/;.Lg-m’3
Sy Hrd oy B eSS &S e LAE
NO; 15.24 5.86 14.10 38. 80 18.50
S02- 13.98 12. 90 13.01 33.05 18.23
NH, 9.34 6. 69 7.58 31.06 13. 67
cl- 0.77 0.33 1.13 4.32 1. 64
K* 0.73 0.42 0.79 1. 69 0. 90
Mg * 0.13 0.04 0.06 0.07 0.08
Ca®* 1.48 1.14 0. 60 1.49 1.18
x3 BERSBAHETE PM, FRKEEETFRES G /ng-om >
Table 3 Concentration distribution of water soluble ions in some cities in China/pg+m =3
Hh A ARy FEah AL PM, 5 SO;~ NO; NH,’
EN TS 2016 ~2017 180 150. 72 18.23 18. 50 13.67
Jrgelisl 2016 / 69. 40 9.97 10. 45 7.65
VAP i 2016 / 94. 40 11.18 14.83 8.43
i 2016 / 74.67 9.83 10. 40 7.70
gt 2011 ~2013 / 47.00 10. 23 9.21 6.04
Fhoh 4] 2015 87 74.26 14. 45 15.19 9.78
Jp (24 2013 ~2014 130 66. 20 12. 60 6.58 4.52
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Fig. 2 Plot of the cation concentration vs. the anion

concentration for the whole year
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Fig. 3 Seasonal distributions of SOR and NOR
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NH, I NO; | SO~ . Cl~ (M et s,
Kok R R 4350 0.911 , 0. 873 1 0.752; 1361
KA I By & £k 7T BE L NH,NO,. (NH, ),SO0,.
NH,HSO, P} NH,Cl i% 4 fE A7, BT Cl iy
Frit ik B SNA A LB, I8 Z 8% NH, Cl
PIAELE. B M T e 3k I AE AR TE 25 O NH,NO, |
(NH,),S0, 1 NH,HSO, iX 3 i, NH; 5(S0;™ +
NO; ) MR R L AE R . B BRRIA X 4 D
IyHI 1,33, 1,62, 1.16 F11.78; XKW PM,
) SO;~ A1 NO; EZgE NH, FomlL g NH, nT LA
AR SO, W B B fE A X NH,NO, Al
(NH,),S0,, NH, iR AANL(5) ; W NH, A~
BESE A SO;, B ER AFAEIE X NH,NO, FI
NH,HSO,, NH; itBEAX KK (6). ¥ AKX
THAEYS NH, P9SEBRME g, B AT A5 21 4 3k 14 77
B
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FRECE T 12 148, KK | ERWTEHRNT
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4 NH,NO, ., (NH,),S0, fil NH,HSO, iX 3 ff, 5 I
IR — 3. AR AR SITE 1 1T T,
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PLILH AN RE Z M NH, Cl [AFAE.
2.3.3  FERs

AT R B A 53 B ik (PCA), F SPSS
15. 0 BRAEXHRMITT PM, o P A9 K I VB 4 4 AT

NH') - ¢(NO;) x 18 ¢(S0;7) x 18 x2
«NHD) ==+ %6 HTEAMT. A3 T B WAt 1 BT v
(5)  BROPREH S BOLANE A T (R DL T
N0 X 18 B ik 2 ) 16 3, 15 £ RS P
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(SO x 18 il A VERF o e bR, A0 KMO Hh
A (6)0.769 >0. 5, % W3F I WA 4H 7. %5 H M T
F4 KBEMEETEPM,  # Spearman X RE"
Table 4 Spearman correlations of PM, s and the water-soluble ions
PM, 5 NH, K* Mg?* Ca’* cl- NO; S02-
PM, s 1
NH/ 0.737* 1
K* 0.780 ** 0.677 ** 1
Mg2 * -0.250 " —-0.387 " —0.008 1
Ca’* —-0.509 ** -0.473* 0.333 " 0.565 ** 1
Cl~- 0. 805 ** 0.752* 0.774 ™ -0.196 -0.452* 1
NO5 0.838 ™ 0.911 % 0.730 ™ -0.281" -0.463 ™ 0.853 1
SO% - 0.691 ** 0.873 0.597 " -0.414" —0.443 " 0. 620 ** 0.772** 1

1) # % FIRTE0.01 ACE(AUM) 1 WEEAHIE; * FIRTE 0. 05 ZKF-(CRU) I i 2 AHC

£5 PM, HAKAEBFHELKREEEFHEER"
Table 5 Varimax rotated factor loading matrix

for the water-soluble ions in PM,

Bran KT 1 HF 2

NH; 0. 968 -0.022
K* 0.919 0.172
Mg®* -0.057 0. 909
Ca®* 0.052 0. 881
cl- 0. 929 0.035
NO; 0.915 -0.054
S03- 0.939 -0. 127
BIRE/ % 62.45 23.62

FRAFE 4.371 1. 653

1) BAFRREAERT 0.6

KA PM, s T 7K M 85 1R e 2 = TR 268 g 6 o
WA PR 7 B T 5 1R IR 1986. 07 % . Hovp | ik
g3 1 EFEm R +4A NH | K* | C17 | NO;
F1SO;~. NH,; . NO; F1S0;™ Ay FE RS k%
by 3cH 2.3, 2 IS T CLT R K T 2R ) 2 Bk
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