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Diurnal Varlatlons and Source Analyms of Water-soluble Compounds in PM2 5
/ # ‘ 2
During the Wlnter in Llaocheng/ City fr==
YI Ya-nan',, HOU Zhan-fang' > ", MENG ]mgj]mg , YAN Li°, WAN‘G Xin-prei4, LIU Xiao-di', FU qug-
xuan , WEI Ben-pe i
(1. Sﬂhool‘ of Environment -and Planning, Llaocheng UnlversLty, Llaocheng 252000, China; 2. Staté“Key Laboratory of Loess and
Quaternary Geology, Institute of Earth Envireriment, Chmesg A(ademy of Sciences, Xi’an 710061, China; 3. Chinese Academy for
Env1ronmental Planning, Beijing 100012, China; 4. Key Laboratory of Geographic Information Science, Ministry of Education, School
of Geographic Sciences, East China Normal University, Shanghai 200062, China)
Abstract: To investigate the diurnal variations and sources of water-soluble compounds in Liaocheng City, PM, ; samples were
collected between January and February 2017. The PM, ; samples were analyzed for the compositions, concentrations, and sources of
water-soluble inorganic ions, oxalic acid, and levoglucosan. The sources of these chemical compound were investigated using principal
component analysis (PCA) and multiple linear regression ( MLR) modeling. The results showed that the mass concentrations of PM, ,
during the nighttime were higher than those during the daytime, and the average concentrations exceeded the National Ambient Air
Quality Standard ( GB 3095-2012) by more than 1. 8 times. Moreover, atmospheric pollution was worse during the day than during the
night. SNA (SO;™, NO; , and NH; ) were the dominant species among the inorganic ions, the relative abundance of which with
respect to the total concentrations of inorganic ions was 73. 4% and 77. 1% during the daytime and nighttime, respectively. The ratios
of anion to cation equivalents (AE/CE) were less than one, suggesting that the PM, ;was slightly alkaline, and the degree of acidity at
night was stronger than during the day. The results of the correlation analyses suggested that aqueous-phase oxidation was the major
formation pathway of oxalic acid, which is driven by acid-catalyzed oxidation. The oxalic acid was mainly influenced by biomass
burning during the winter in Liaocheng City. The results of the PCA-MLR model suggested that water-soluble compounds in Liaocheng
City were mostly from vehicular emissions and secondary oxidation, biomass burning, while the impacts of mineral dust and coal
burning were relatively minor.

Key words: inorganic ions; oxalic acid; levoglucosan; PM, 5 ; Liaocheng City
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Table 1 Diurnal variations in the mass concentrations of PM, s and water-soluble compounds in Liaocheng City/pg+m
o455 FIK(n=25) B (n =25) FHj(n=50)
PM, 5 130.9 £63. 8 134.4 +65. 4 132.6 +65. 4
Cl- 5.8+2.1 7.4+4.4 6.6+3.5
NO; 21.0+14.5 25.1+15.3 23.0+14.9
S03- 17.5+13.9 13.7 £10. 1 15.6 £12.2
Na* 1.1£0.2 1.1+0.3 1.120.2
NH, 11.5+9.0 12.8 9.0 12.2+9.0
K* 1.8 +0.8 2.5+1.4 2.1£1.2
Ca** 3.4x2.4 1.4+0.8 2.4+2.1
Mg?* 1.5+0.4 0.3+0.1 0.9+0.7
pH,, 4.520.6 3.0£0.3 4.4+1.5
LWC 44.2 +£33.0 53.0+28.2 48.6 +47.0
RH/% 39.0£15.3 44.6 +16. 4 42.7+15.6
0, x107° 65.2+8.3 28.7 +20. 1 47.0+23.9
. —F#/ng-m"? 472.2 +281.9 314.7+178. 4 393.4 +246.7
Ll B/ ng-m 3 284.3 £80.0 347.8 £152. 4 316.1+124.6
LR/ Fe A R 1.7+0.6 0.9+0.3 1.2+0.6
NO; /803~ 1.3+0.4 2.0+0.6 1.6 +0.6




4322 2D 53

B 40 %

®2 2017 EEFYET PM, RERESRHEEH ALY

Table 2 Comparison of mass concentrations of PM, 5 in Liaocheng City with other cities during winter, 2017

3

N = PM, s/pg-m~

SRFEIT ] (4F-H-H) R e i HEE ETE
2017-01-17 ~2017-02- 10 dent 68.1+79.7 88.4 +104.2 78.3+£92.4 5.9~428.6
2017-01-17 ~2017-02- 10 IEigi) 85.3 £85.7 108.6 +98.6 97.0+92.2 10.1 ~344.8
2017-01-17 ~2017-02- 10 KI5 93.4+73.3 111.2 £86.1 102.3 £79.6 18.8 ~390.5
2017-01-17 ~2017-02- 10 FLiRES 98.1+42.7 120.2 +68.9 109.2 +57.8 25.3 ~330.2
2017-01-17 ~2017-02- 10 A 140.5 +£87.9 150.2 £96.8 145.3 £91.6 16.0 ~336.8
2017-01-17 ~2017-02- 10 I 165.4 +107.9 178.5 +110.8 172.0 £108. 4 33.7~418.5
2017-01-17 ~2017-02- 10 TG 130.9 £63.8 134.4 +65.4 132.6 £65.4 40.6 ~342.2
2016-01-17 ~2017-02- 10 T3k 97.1+33.4 113.8 +52.1 105.5 +44.1 34.6 ~211.8
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Comparison of the relative abundance of inorganic ions relative to the total concentration

of ions during the daytime and nighttime in Liaocheng City
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Table 3 Correlation analysis of inorganic ions during the daytime and nighttime in Liaocheng City
] b2 cl- NO; S03- Na* NH,f K* Ca®* Mg?*
Cl- 1. 00
NOy 0.76 ** 1. 00
SO3 - 0.69 " 0.87* 1.00
a® .53 . 47" .48 " 1. 00
% Nd+ 053” 047” 048”
NH, 0.76 * 0.96 ** 0.96 ** 0.45" 1.00
K* 0.77™ 0.86™ 0.88™ 0.32 0.90 ™ 1.00
Ca®* -0.03 -0.08 -0.06 0.27 -0.17 -0.13 1.00
Mg?* -0.18 -0.31 -0.34 0. 06 -0.42" -0.32 0.75 1. 00
Cl~- 1. 00
NOy 0.54* 1. 00
S03° 0.50 " 0.86" 1.00
Na* 0.43" 0.37 0.39 1.00
NH, 0.60 ™ 0.96 ** 0.95* 0.42" 1.00
K* 0.79 0.53* 0.62* 0.23 0.60 ™ 1. 00
Ca** 0. 04 -0.35 -0.44" 0.04 -0.37 -0.24 1.00 -
Mg’ * 0. 06 -0.32 -0.45" -0.05 -0.35 -0.20 0.90" ._~1.00.
- o
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Fig. 2 Correlation analysis of anion and cation equivalents during the daytime and nighttime
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Fig. 3 Comparison of calculated and measured concentrations of NH," during the daytime and nighttime
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Fig. 5 Correlation analysis of oxalic acid with temperature and relative humidity during the daytime and nighttime
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Table 4 PCA-MLR model for water-soluble compounds in PM, 5 during winter in Liaocheng City
b2 Fas 1 FRsr 2 Fsr3 F o 4
K* 0.07 0. 86 0.32 0.24
Na * 0.23 0. 03 0.81 0.31
Ca?* 0.15 0.21 0.94 0.27
Mg?* 0.39 0.42 0.90 0.42
NH, 0.52 0.07 0.16 0.36
S0%- 0.32 0.23 0. 06 0.85
NO; 0. 88 0.12 0.23 0.25
al- 0.05 0.76 0.47 0.36
LR 0.79 0.28 0.13 0.24
A THE T R A 0.23 0. 89 0.17 0.16
NO, 0.91 0.16 0.28 0.41
so2 0.24 0.32 0.31 0.94
FRTTIR T 2/ % 46.7 76. 4 89.6 96. 8
5!51,)?1 Plah 4 RA + WAL LR ke R YR viga PEIRARBE
TR/ % 50.7 28.5 14.1 6.8

1) BARFRIRGEIER T 0.75 H9EEE

ﬁ%@%”Ja»ﬁm‘ﬁ”4£&%%w%@m B 4 PR FES AR N A A, KL S
, VLI BARBEXT W T KA —E s, 5 Y00 EEVE AR 5, I SPSS #E17 £ otk ik
ﬁwﬁfﬁ% [EH(MLR) , 53 EIH 5 (10) .
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