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Characterlstlcs of Water-soluble Im'ls in ‘an Autumn’ Haze Process in the Southern

Slchua,n Urban Agglomeratlon After the Implementatlon of China’s Air Pollution

Prevention' an(_l Control Action Plan —

WU An-sian' , HUANG Xiao-juan' * , HE Ren-jiang”, LI Jin-jian' , YE Mo-lin®, WU Tao*, XIAO Zhi-dan*, LIU Zi-rui’ , WANG Yue-si’, ZHANG
Xiao-lingl , ZHANG Jun-ke®

(1. Plateau Atmosphere and Environment Key Laboratory of Sichuan Province, School of Atmospheric Sciences, Chengdu University of Information Technology, Chengdu
610225, China; 2. College of Public Health, Southwest Medical University, Luzhou 646000, China; 3. Neijiang Meteorological Office, Neijiang 641000, China; 4. Yibin
Meteorological Office, Yibin 644000, China; 5. State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing 100029, China; 6. Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China)
Abstract; To investigate the PM,  pollution in the southern Sichuan urban agglomeration after the implementation of China’s Air Pollution Prevention and Control Action Plan
(APPCAP), PM, 4 samples were simultaneously collected in four cities ( Neijiang, Zigong, Yibin, and Luzhou) from November 7 to 19, 2018. The pollution characteristics
of PM, 5 and main water-soluble ions were analyzed in combination with the synoptic situation, and the influence of regional transport on atmospheric pollution was also
discussed in this study. The results showed that the mean p (PM, ) in this region was (67.2 +38.3) pg'm >, being highest in Luzhou and lowest in Neijiang. The
proportion of SNA (SO; ™, NO; , and NH," ) in PM, 5 was 33.3%, among which NO; was dominant. From the intermediate stage (2015) to the end (2018) of the
implementation of APPCAP, p(PM, ;) values were increased by 13.8%, 47.2%, and 69. 1% in Neijiang, Yibin, and Luzhou, respectively, though unchanged in Zigong.
Due to the significant reduction in p(SO, ) but slight decrease or increase in p(NO, ) , as well as the lack of controlling NH; emissions, from 2015 to 2018, p(NO, ) had
increased by 36.7%-116.0%, whereas p(S0;~ ) decreased by 19.8%-40. 2%, and p(NH,’ ) changed slightly in four cities. On haze days, the nitrogen oxidation rate
(NOR) increased by 60. 0%-118. 2%, whereas the sulfur oxidation rate (SOR) increased slightly or decreased, leading to a significant increase in p(NO; ) (2.7-3.0 times
that on clean days) and NO, /SO~ mass ratios (1.7-1.9 on haze days). These values indicated that the secondary formation of nitrate was the dominant chemical
mechanism in this haze process. On haze days, the PM, 5 pollution in this region was mainly affected by the regional transport within Sichuan Basin, particularly by the
northeasterly air masses passing through Chongging.

Key words: PM, . ; water-soluble ions; southern Sichuan urban agglomeration; haze; backward trajectory
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Table 1  Four sampling sites and their characteristics
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HRETS Y . )1 R T R X COE 3 p (PM, 5 )
(67.2 £38.3) pg-m >, 5 [ H Y X 3k (] 4 0F 5%
BRI (F22) XS p (PM, ) & T RIAL T )i
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Fig. 1 The 500 hPa, 850 hPa, and surface synoptic situation at 08 :00 on November 8, 15, and 18, 2018

%2 JIEHHES RS PM, FIAREETFRED /pg-m

Table 2 Concentrations of PM, 5 and water-soluble ions in the southern Sichuan urban agglomeration and other regions/ pg+m

X 35 Uil W HM(4E-H-H)  p(PMy5)  p(NOy )  p(SO;7)  p(NHS)  p(K*)  p(Cl7) ik
WYL 2018-11-07 ~2018-11-19 51.0 8.6 6.0 4.0 1.0 1.0 AW
AT 69.5 10.8 7.0 5.5 1.5 1.3 LN
s HIE 72.0 10.8 7.3 5.2 1.3 0.8 LN
P 76.1 11.2 7.7 5.5 1.5 1.1 BN

AR 2017-09 ~ 2017-11 58.8 15.2 10.0 6.7 1.2 2.8 [19]

EiR 2017-09 ~ 2017-11 68.8 7.5 10.9 4.9 0.7 0.7 [20]

deae 2018-09 ~2018-11 58.1 14.5 .0 — — — [21]

ge v B 2017-09 ~2017-11 61.0 11.5 9.8 11.1 2.0 — [22]
HFEO 2019-10-17 ~2019-11-16 43.0 5.3 2.6 2.1 — 0.3 [23]

K= M 2017-10 85.0 14.4 11.5 10.0 1.1 2.7 [24]
e 2019-09 ~2019-11 70. 8 14.7 8.6 6.6 0.7 0.8 [25]

e vl 2016-10 ~2016-11 76.7 6.2 6.7 6.5 0.3 0.6 [26]
Kb 2017-09 ~2017-11 56.3 10.6 10.5 5.6 0.8 0.7 [27]

e il 2014-09 ~2014-11 48.0 1.0 11.4 4.4 0.6 0.1 [28]
B ifg 2016-09 ~2016-11 - 1.4 8.8 4.4 0.4 0.1 [29]

1) "3R8 SCHR A F B

) FCHTS TR OART g Tt B X TS BR= At X, AT LIRS e p (PM, ) 7R 2 [ 4E T
=AM TR KRR TR, s T BEKE
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b, &I KV Bk AL oy — B H 5 H
p(PM, o) & [FBAR Ak ZK T B Tk B A RN Ay
p(NO; ) >p(80;7) >p(NH, ) >p(K*) =p(Cl7)
(W) >p(C17) (WM, AFAES). NO; 2
IR PM, B 455, p(NO; ) 8.6
~11.2 pgem > 78 PM, s 5 N 14. 7% ~ 16. 9% . 1%

(%2), £ 42 EH AT 85K 4/\iJﬁFﬁp(SNA)
HF:(24.4 £15.1) pg-m 7 (PFIM) >(23.3 £14.4)
pgem C(CHTE) =(23.3+12.6) pgem ™ (HT) >
(18.6 £11.1) pg-m*(NIL) , i PM, s[4 Lb 1153 51
932, 1%, 32. 4%, 33.5% F136.5%.
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a—'—p(PMzs) p(SNA) p(SO)ﬁlp(NO (%%3)
2015 4F % I Bk Bk = F 2 p (PMg,su) J, 52.3
wgm P 2018 4F, p(PM“)r"i*“jm 14.9 |

wadm (28 5%) 2015 4F, %iﬁkfﬁfﬂ(%ppPMﬁ) ,f

(pgeh )N 70.3( [17) >48. 9 (ELEE) >45: 0(05
M) ~44.8 (L), 2018 4E A FE M p (PM,,) 5
2015 AFHFF MNTL, BRI M p (PM, 5 ) 43l 38
T 13.8% ., 47.2% F1 69. 1% , Hoh i M p (PM, )
ey W 2015 AR )1 BT ARE R op (PM, )
T o 2018 AF f i B3 T . FE N A LG T
“CRATARTILEHET (2012 4E) Bk p (PM,, ) (81.2
pg-m73)mJ, Jiti 7393 (2015 4F) p (PM, ) T F&
35. 6%, 1 5% it v D) 2 S i 45 R (2018 4R ),
p(PM, o) R T b, 3K 16 B« KA 457 1 S it
XFTL p(PM, ) FOFEE ) ELA 1 25 AL, (EL Bl o Do HE
T HE TR, FE— 2D BEAK p (PM, 5 ) Y X B2 Bk B
K. p(SNA) 7R 4k 7R, A L F 2015 4, 2018 4F
BT p(NOS )BT 36. 7% ~116. 0%, p(SO?™)
W FEK T 19. 8% ~40. 2%, p(NH, ) 24k /N, ffif5)1]
BT RE PM, 75 i LA SO~ S 3 (2015 4F) #4728
FLLNO; M (2018 4E). p(NO; ) A 48 in
B, Sk 02 )1 e Sk T R PML, 5 95 G, 8 ) A g
NO, fHE . Bk e Al 1) e T R A 0 L IX 0 KR
PM, ;i & B, SO L) R T NO,  H i T
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LR AU E R | I X TR L L ] e R e A
PM, 75 Y48 H M NH, HERCE R ATHBIX  NH, JaiHEXT
PR PM, 75 Qe I RCR I A S 0. AR EE T 2015 4F,
2018 NI FEIRTIHE p (SO, ) #4 B, B 426. 7% ~
81.0%. p(NO,) L HA 25, YL p(NO, ) FEAIE,
WMTCAEAL, H DTS 53 0 3. 6% 1 21. 4% .
{HJE, H U AI'EEE p(NO, ) FOXEIRIH 2 & T p(NO,)
b, WYL p (NO; ) #5 & K [ I TF, 1 45 I i
p(NH, ) i /INEE 22 Jir P i, 3 AR 7T 8 5 3% IX 4k
A NH, HERCA 6. R, S 34T R 6 PM,
SYL ARRIEREE ] NO, A FEAE [, 38 B i X6t
NH, s HE TAE.
2.3 st ORI kAR L
HRAE SCHR[ 34 ], AT 506 X 38 H ¥ p(PM,, ) >

75 wgem BT BeAE TS Y B (11 A 10 ~ 15
H) R ARE B B p(PM, ) <115 pg-m B
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&3 2015 52018 £ PM, 5, /KiBHEF. SO, 1 NO, REXFEE/pg-m 3
Table 3 Comparison of PM, 5, water-soluble ions, SO, , and NO, between 2015 and 2018/ p.g-m =3
WA 2015-09-14 ~2015-11-3013" 2018-11-07 ~2018-11-19 ( AHF5%)

) ZSRAN Ely HZ PN ZSRAN Ely i bl
p(PM, 5) 44.8 70.3 48.9 45.0 51.0 69.5 72.0 76.1
p(NO; ) 4.5 7.9 5.0 5.2 8.6 10. 8 10. 8 11.2
p(SO?{) 8.5 11.7 9.3 9.6 6.0 7.0 7.3 7.7
p(NH, ) 4.5 5.7 5.2 4.9 4.0 5.5 5.2 5.5
p(S0,) 21 16 24 15 4 5 13 11
p(NO,) 29 28 28 31 19 29 34 31

WOFY p(PM, 5)3K(97.1 £32.3) pgem >, NIL. H  FHEES.8%~11.1%. X FHHNIL, AT, HEFM
TUCE RPN p (PM, ) 390 8 (72.2 £19.5) . P9 NO; /SO;™ FL{EL A3 T A 3 K9 1.0, 1.0,
(99.2 £21.9), (102.7 £32.9) F1(114.3 +38.3) L1IMLL, EAZESHERM L7, 1.9, 1.8 F 1.7,

pgem  EIEERE 2.0, 2.2, 2.3 F12.6 14 5
K, 4 AT A K VAP B TR 38 R B T = ([
4) ,Hori p(NH, ) B3R R, 38 KRG T R 3.1
~3.6 1%, K2 p(NOS ) , 2.7 ~3.0 1%, p(K*)
H2.1~2.71%, p(SO;™ ) M 1.6 ~1.8 1%, Hi{&fg
p(Cl™) ,H 1.4~1.71—F%.Tz${ﬁﬁ‘ﬁlm&,%%d%f;

S FHE, PR NOS > NH,>S01 S K* >
Cl™ EHLAE Il 3 F 5. A H T %, 4 Al

SNA HINO éFu NH ) TESETXS PM, 5 13 W’J%@&
HA NOS El;r 12, 3%~ 14. 3%iﬂﬁﬂu£ 14. 9%~
19.4%, E%T%@kil@hﬁxl_ﬂ?j( NH;
5. 19 ~6!5% WM 7. 6% ~9. 5% f%ﬁiﬁmfm_
RN frﬁso2 ) RIS, L T90% 13"2%;-

HHIZ X delsi R AL s p (PM, 5 ) OS2 RIS R, 3 3
ZUEH T 5K p(NO,) THE AL NO; IR
R AT, K 4 WoR, 4 Amfﬁ%%xﬂﬁi%wt;% NOR
(AR MINO; 1/([NOS ] + [NO, ]ﬂﬂﬂ(ﬁ(n
K0, 11 ~0 17 1T E R 0. 24 ~0. 32 ij;nT
60. 0% ~ 118. 2% . p (SO, ) A, {Elﬁ?ﬁ S0/
E’J%%Fﬁ:fﬁiiﬂiﬁiﬂﬁiTﬁk SOR LA
AN S05] }/([502 1 +180,]) J7E7E T KMIGE R
5391k 0. 22 0.51 1 0.30 ~ 0. 53,/\4%;3&?\1‘/1
SOR m%ﬁﬁ“j&, HeA=3 A Ik T 3 I 05 13. 39~

36. 4% . BAR R £k 19~ VA 2 I v 4 v s A
S B S L1 L1 BT 1P o | RN 17 Sl

R R

x4 BHEXRMEXp(SO,). p(NO,). SOR F1 NOR &
Table 4 The p(S0,), p(NO,), SOR, and NOR on clean and haze days

. p(S0,)/pg-m™3 p(NO,)/pg-m~3 SOR NOR

RPN PN THER PN THR PN THR E PN
YL 3.0 5.9 17.0 23.5 0.51 0.49 0.17 0.32
v 4.8 5.3 27.6 30.9 0.44 0.53 0.14 0.29
HEE 12. 1 14.7 30.7 38.4 0.22 0.30 0.11 0.24
babAl 9.7 12.7 25.0 38.6 0.30 0.34 0.15 0.24

2.4 JEBELE B
X 1 e 3k T AR Ak 2 it R AR 3t RS L B 43 3]

R5 BREEPUBIFEMITA p(PM, ). p(NO; ), p(SO;~
Table 5 Trajectory paths, occurrence probabilities, and the corresponding p(PM, 5) , p(NO; ), p(S0;3

AT (K 5) , I W7 45 280 7 2 K3 )1 B 3
HifE p(PM, ) Il p(SNA) FUSEIR (5 . 7E 1 1

) #p(NH,)
~), and p(NH," ) on haze days

L A R PM NO; S03~ NH,'
kit pap R 251X B pLPMas)  p(NOT)  p(307)  p(NE)
/% /pgrm /pgem ™ /pgem ™ /pgem”
HIT 1 25.0 ZRBH . FERH . RSCES AN 81.8 18.3 10. 8 9.5
2 75.0 R BN TR 71.2 13.5 7.7 6.6
B3t 1 25.0 ?‘*‘KH B JE AT 100. 5 16.3 8.8 8.6
UAS
2 75.0 AJII\ e R, WRHAINTL 98.8 16.8 8.7 8.6
. 1 50.0 SRILFA BT 82.9 13.7 8.0 6.0
- 2 50.0 JUaE ERS, BB, YDA A BT 122.5 20.2 11.0 11.1
. 1 33.3 BERGAE . Wl WRE | AN R 116.5 15.1 10.3 8.1
2 66.7 I M R 113.2 17.9 10.0 8.9
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Fig. 5 The 48 h backward air-mass trajectories on clean days and haze days
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M PM, 15 L300 ™8, NTTAHXT 305 SNA
LI PM, 1 FZA A, 34 p(SNA) H(22. 4
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NO;, NEZEE T4

(2) H“RAF7 S2E (2015 4F) 29001

Z5A(2018 4F) , INYL, B AP N BKZE p (PM, )
SrIBEINT 13.8% . 47.2% F169. 1%, A 55 F; M
2015 ~2018 4, &Ik iRk Z= p (NO; ) ¥EHn T 36. 7%
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