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Abstract To understand the chemical characteristics of water-soluble ions in PM,  in spring in Mang City,
Yunnan Province, PM, ¢ samples were collected at three monitoring stations in Mang City from March 11 to April 1,
2019 and 9 water-soluble ions (SOZ_ \NO; .CI” [ F~ \NH; K" Na* LCa™ \Mg%) were analyzed. At the same time,
the main sources of water-soluble ions in PM, 5 were discussed by principal component analysis ( PCA) . The results
showed that: The daily mean value of PM, 5 was 25.5-84. 1 pg/m’ during the sampling period in spring, most of
which less than the level Il standard limit of Ambient Air Quality Standards ( GB 3095-2012) . SNA ( collectively
referred to SO; . NO; and NH}) accounted for 84.1% of the total water-soluble ions, indicating that SNA
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dominated the main fraction of PM, . The proportion of SO} in total water-soluble ions was the highest, about
52. 8%, and the largest contribution to secondary ions. SOR ( sulfur oxidation rate) was 0. 58, indicating that there
was an obvious secondary conversion process from SO, to SO; in the atmosphere. SO; /NO;>1 indicated that the
contribution of stationary source to water-soluble ions was greater than that of mobile source. The correlation analysis
of water-soluble ions showed that C1~ had a good correlation with Ca®* and Mg®, indicating that Ca’*  Mg”* may
exist in the forms of CaCl, and MgCl, in atmospheric particulate matter. The correlation coefficients between K* and
NO; was 0. 81, which indicated that K* may exist as KNO,. NH;, NO; and SO mainly existed in the form of
(NH,),S0, and NH,NO,. The anion to cation micro-equivalent ratio of PM, ;was 0. 82, indicating that PM, ; was

weakly alkaline. The PCA showed that the main sources of water-soluble ions in PM,  in spring in Mang City were

dust source, biomass combustion source and secondary inorganic aerosol.
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Fig.1 Temporal variation of PM, s concentrations
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Table 1 Comparison of water-soluble ions concentrations of PM, 5 between Mang City and several other cities  pg/m’

BT AW DR TR PNEIR FHLe! EWnt
NH 3.22(21.2%) 7.34(20.8%) 8.98(26.8%) 10. 18(21. 6%) 0.52(3.2%)
F 0.15(1.0%) 0.02(0.06% ) 0.13(0.3%) 0.54(3.3%)
Cl™ 0.38(2.5%) 1.92(5.5%) 0.05(0.2%) 1.10(2.3%) 0.72(4.4%)
NO; 1.54(10. 19%) 10.30(29. 3%) 12. 60(37. 6%) 17.80(37. 8%) 0.51(3.1%)
S07” 8.03(52.8%) 13.90(39.4%) 9.41(28.1%) 14.70(31.1%) 9.72(59.0%)
Na* 0.19(1.3%) 0.34(1.0%) 0.37(1.1%) 2.08(4.4%) 0.56(3.4%)
Mg 0. 13(0.9%) 0.06(0.2%) 0.20(0. 6%) 0.07(0.2%) 0.30(1.8%)
Ca®* 0.65(4.3%) 0.33(0.9%) 1.05(3.1%) 0.30(0.6%) 2.83(17.2%)
K* 0.91(6.0%) 1.07(3.0%) 0.83(2.5%) 0.86(1.8%) 0.77(4.7%)
SNA 12.79(84. 1%) 31.54(89.5%) 30.99(92.5%) 42.68(90.5%) 10.75(65.3%)

AR SN b T,



+ 1060 -

WL TARHA AR

BE

SRR ILFER T RS TS Yk B Rl A
R UGB TAE PM, R HESIe I 0 i g
TR ROK 1 B e B, AT DAAE — 8 AR B 1 B AR
PM, (B2, s sl v i i s S5 etk il . K 8
KEEBE F I 6.0%, & T ™ KI5
MU RBACT SRR T (R 1), KT EESRIET Y
JEARBE, HAE ST PM, o KV 1k B F v A R B AR X
B, AT RE 5 oo T AS KR b DB RS AR HE
THLTT YL ) A B S AL A G

2.3 TREBEREEBIEWREEL

SOT 1 NO; J& PM, , " 2 Fb 5 B2 11 /K 5 P
T, IR ORI M B T I E B, R
FER T KA P S0T A NO; B MR LA K& &
KRR R KA T NO, Fl SO, 1] NO;
FISOT 1 WKk e 4k 1 1R v] DL RS A 3R
(NOR) I 4L 4 % (SOR) K FE1E, #mn SOR
FNOR R R AATE R I i i R —Rr e A it
FEEUE R AR R B n, 24 SOR /T 0.1
B A KA P IEAARAEE R A6+ NOR Al
SOR & /=7, 196 B R FE 4 F2 B 0K, SOR il NOR
HEALT .

(S0 ]
[S03] +[S0,]
_ _[NOJ (2)

[NO; ] + [NO,]

T C A SO, MMk B EE , T Ll Hitie A
JSFI B R 2 AR EE S0 NOR T SOR 3411, 45
W2, M2 /W, 151 A% SOR 1 FBIE N
0.58, KT 0. 10, B W K< A2 78 W W 1Y SO, )
SO Y R AL B2 SOR K T i M At | B
TR T B R T T R R 0 A

(1)

NOR

BB A 2 MRS, S8 SOR & T AL g —
e, PEHTHY NOR AHXT /N CE3(E N 0.04)
T R A st wTRE R
T T = Bt I AR e |58 AR SR AR SR
JEE A e A R R R BUBURL A B A1 AR ER e, NH,NO,
I3RS 5 NOR AR,

*x2 TWHEHZ NOR.SOR 5HMIEHRIATEL

Table 2 Comparison of NOR and SOR between

Mang City and other cities in spring

i H ABEFE N g Jpsar e
SOR 0.58 0.25 0.25 0. 44
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Table 3 PM, ; water-soluble ions correlation coefficient matrix

By Na* NH; K* Mg Ca® F- cl- S03” NO;
Na* 1
NH; 0.011 1

K* 0.114 0.458* 1
Mg?* 0.527* 0.128 0.193 1

Ca®* 0.532* 0.213 0.112 0.950 ™ 1

F- 0.393* 0.254" 0.832* 0.326* 0.297 ** 1

Cl- 0.525* 0.299* 0.379* 0.577™ 0.572* 0. 483 1
S0% 0.138 0.948* 0.279* 0.275* 0.361* 0.103 0.304" 1

NO; 0.110 0.622™ 0. 808 ** 0.388* 0. 407 * 0.745* 0.433* 0. 463 ** 1
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Fig.2 Correlation analysis between NH} calculated

values and measured values
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Table 4 Rotated component matrix of major components

about water-soluble ions of PM, 5 in Mang City

e PCl PC2 PC3
Na* 0.77 0.13 -0. 11
NH; 0.02 0.29 0.95
K* 0.30 0.94 0.21
Mg** 0.91 0.11 0.13
Ca? 0.91 0.05 0.23
F- 0.29 0.92 -0.04
ol 0. 69 0.37 0.17
S0 0.19 0.07 0.96
NO; 0.21 0. 80 0. 44
05 2 BTHRR 1% 47.7 21.6 16.0
BB TR/ % 47,7 69.3 85.3
FHIE(E 4.29 1.94 1.44
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3 &g
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