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Abstr!&t Séwndau} morgdmL los;, “the main components of dtmosp_henc PMQ 58T dominant contributor to haze formation. The detailed characteristics and main
generation, meghanismy of secondary inorganic ions in PM, 5" are still unclear in“the Changsha-Zhuzhou -Xiangtan City Group, which is suffering from severe haze pollution,

particularly i’ the autumn and winter seasons. For our study, we collected PM,  samples in November 2020 and January 2021 from four urban sites in the Changsha-Zhuzhou-
Xiangtan ity Group. Secondary inorganic components such as SO3 =, NO; , and NH," in PM, 5 were quantified. The average values( pg+m ) of p(S0; ™), p(NO; ),
and p(NH," ) in autumn and winter were(5.2 +2.5) and(7.9 +4.8),(4.122.2) and(7.2 +4.2), and(17.1 £10.5) and(7.8 £5.2) , respectively. During the heavy
haze pollution events in winter, the sum of p(S02 ™), p(NO; ), and p(NH," ) (SNA) contributed 72.7% to the growth of PM, ; mass concentration, and p(NO, )
accounted for 41. 2% This result suggested that the generation of NO; was the key factor leading to the formation of winter haze pollution. In the polluted stage, high aerosol
water content( AWC) promoted the rapid secondary generation of SNA, whereas adverse meteorological conditions also led to the accumulation of pollutants. The values of
sulfur oxidation rate( SOR) and nitrogen oxidation rate(NOR) were still high in the dissipation stage. It indicated that the PM, 5 concentration fell due to the reduction in
primary emissions and favorable weather conditions in dissipation, instead of the weakening of secondary generation of SNA. Compared to that in autumn, the higher AWC
concentration, pH value, and lower temperature in winter were the main factors for the higher p(NO,™ )/p(PM, <) and NOR values in the Changsha-Zhuzhou-Xiangtan City
Group. At the same time, the heterogeneous reaction was the main generation pathway of NO;™ , when the AWC concentration was high in winter. Affected by aerosol pH value
and generation rate, the liquid-phase oxidation reactions of H,0, and SO, were the main generation pathways of SO7 ™ in autumn and winter in the Changsha-Zhuzhou-
Xiangtan City Group. Compared to that in autumn, the higher AWC was more conducive to forming SO~ , which led to higher SOR in winter.

Key words: secondary inorganic ions; pollution feature; secondary generation; haze pollution; Changsha-Zhuzhou-Xiangtan City Group
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Fig. 1 Sampling sites of PM, 5 in Changsha-Zhuzhou-Xiangtan City Group
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Table 1 ~ Summary of sample collection information

il 15 ZA PM, s REEH B (4E-H) AR /m BB A
BRI 113. 03°E, 28.13°N 2020-11 F12021-01 15 40
AT 112. 90°E, 28.22°N 2020-11 12021-01 15 40
RN R 1 113. 14°E, 27. 84°N 2020-11 F12021-01 15 40
TR T 112.92°E, 27. 84°N 2020-11 #12021-01 15 40

RS2 AR S5 F T 505 57 2050 1A
RERAURL 1) 2R A i AT SR A, SR A Ui i 55 11 Ry
100 Lomin " SRAEFE R HAE 90 mm AR I £F 48
JIES. SRAERFIR] A 2020 4F 11 H 6 ~25 H L& 2021 4
1 5 8~27 H, % HRFFIHM 08:00 £72E 2K H
07:30 3£ 23.5 h, HARIFA BB RFE 160 1>, 58
23 IS 16 A, RIS AS 5% s 1 21 i <4 808 (X
), XU SRR AR ) AN 6 TS YL (NO, |
SO,. CO, 0,. PM,, . PM“){&F%&T}EﬂJ%EHSu
(1) 1 2 M0
1.2 JKIETEE FAS T :

SCIGR FH Fi - 7 38 883 %Uﬁi%%@féu%u%l
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LB 9 K PR T A S @%ﬂﬂ% 208
Cls NO; 863/ )%nliﬁacﬁﬁ(Nm Ca“,,
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ﬁ})ﬂﬁﬁ Metrosgp Guard 4, @%%%ﬁﬂﬁ%ﬂ%& 155 R
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@Az%klél"]ﬁ(%’l‘ﬁ*ﬁ{ﬁ T E A 1.0 mL-min Al EE%'“
F oy RN DIONEX IonPac CSI2A, %TP o
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CERS500 , e Ay HY FE A4 R (20 mmol -L™") , Vit 7
B A 1.0 mL-min~".
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content, AWC) DA S S e pH {H. B AT NO; -
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» N oo,/ f'
] "pH = o — e we | & (1)
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2 %Eﬂﬁ ~A ’

2.1 Mﬁk(%iﬁaﬁiﬁﬁkk* PM, , ' SNA E’Jéﬂﬁj\%
TR B S oy A 25 S

P 2 SRRk A& 25 RAE I TR AR TR 308 T AN ()l
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17.6% ., 11.6% 1 9.2%; 475 SNA 54155 (1) e J&
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[(7.8 £5.2) pgem ™ ] >80, [(7.2 +4.2)
pe-m ] 7E PM, T 5 FLAR IR 21.2% . 9. 6%
F8.8%. Belh kA, KRR T #F4 2= p (SNA )/
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SNA Az B 520 T Ay Jb 35 R i) 2 A A 22 5 1 L 1Y)
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A O (18.2 pgem ™) > BRI R (17.8

pgem ) > WIE T (17.6 pgom ™) > BB
(14.8 pg-m ™) B TRELR B8 0 10 NO; MR
Bkt T NOy MRk AE il S KA R B
SR R - OHIR BEBAE T NO, AL A= i
HNO, (3 3, 1ii - OHAEAE 5 0, Eﬁ%zr“ﬁﬁ&ﬁ%éﬁ
— 3t e No, il 5 o, Jif”%ﬂﬁiﬁi NO; ,
W TRE A Vo A o 1 VAR B NOS 'ﬁ,ﬁ\iﬁamﬂﬁjtﬁ”ﬁ%
M B HAR HHT%”‘*%?Jﬁﬁkmtﬁ@%ﬂ&f“m
NH, ﬂi/‘jtjtﬁzﬁﬁa I A A A ﬁk%ﬁ*ﬂfﬂﬂﬁﬂﬁmb’“
T 5k, ﬁ%’\*%ﬁlﬁfﬁﬂdﬂ?ﬁwm&?ﬂ?ﬁlﬁﬁm
1%, th T NOJ | Sy .Jﬁkiﬁﬁﬂ’]mﬁ&ﬂﬁc
NO; T%ﬁﬁ;ﬂ%’ii\ b

TR2 2020 02021 FREE ﬂﬂzﬂiﬁﬂki 0,. NO,, SO, REMNESE, B8 ELHE F

!
Table 2 05, NO,, 502 concenlrdnonb lempera,ture and relative humidity data in autumn and winter

f; J = of Lhangbha Zhazhou- X,ra’nglajr City Group in 2020 and 2021

fEw T 24 R p(0; )/ug m™3 p(N02)/p,g m~  p(S0,)/pg-m3 K/ C X/ %

3 FEA R 63.2 43.2 6.5 7.8 53.5

éﬂ% B 62.6 45.7 8.5 8.4 48.8

TR AR 57.4 50. 4 7.7 8.7 68.2

TR Tl 55.4 49.2 10. 4 8.1 65. 1

FEA R 89.2 35.8 6.6 15.0 68.2

o B IR 80. 7 30.2 6.2 15.8 62. 4

RN R 18 76.0 41.5 10. 1 16.3 70. 8

TR Tl 62.8 48.8 6.9 15.9 76.9

2.2 SNA X575 YL it B 5 pi ik

TEARYCRAE LI S A rh, &% 4 ol S P 7E (]

= TR
LN RS

AR R AR S R 3 B,
KRR SNA W AR TE 4 A0l R

— B (2021 4E 1 H 19 ~25 H) WL 2] — R 525 1
ST PIE AT AR, 2021 4E 1 H 19 ~23 H, A S
B A I BEBE. R U AR U R T AT b s Y
p(PM, )23 57.5,48.1,68.7 F169.4 pg-m >
ok B IR B0 128.1, 106.0, 118.2 F1 125.8
Mg-m%,l H?24 H p(PMzs)ﬂ:tﬁTF%}JF? 1 H25
HFEZE 75.0 pg-m P LUN  FBEAGE 1 A 19 H
[p(PM, ) <75.0 wg-m > ] I BRI 20 g « %5 15 B
B %1 H20~23 HXI4r[p(PM,5) >75.0
pgem ISR R 4 1 H 24 ~25 H (PM,
WRETFF R T B ) 3] 43 Sk < I RIY BE . A AR TR 4k T A

() SNA ¥ B 5 PM, Wk B2 A8 fb — 30, B 2 BT
Je BEAG ) R 34T 1 5 G By B 3k B ik 3 0 (%
3). p(S0;7) ., p(NO; ) Fl p(NH, ) 7E REAT 155 87 i
SN TS B 4.4, 8.6 F13.5 pgem ™ |
THE“TSYBBE#9 9.9, 29.2 F113.9 pg-m K
W= BB 19°9.7 . 24.0 112.6 pg-m ™ ; 7E
B IFFBE s o N TE BB /9 2.9, 5.0 Al
2.6 pgem” EFFECIGYHBLT M9 9.8, 24.9 M
11.6 pg-m 7 FH FREETHBE" /9.4, 22.1 Al
10.3 pg-m ™ ; BRUNER IS &5 50 BN T T B B 19
6.4, 10.7 %n4 9 pegem” EFFE VY BT 1Y
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Fig. 2 Variations in PM, 5 and SNA concentration during sampling period in Changsha-Zhuzhou-Xiangtan City Group
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Table 3 Relevant data of winter haze pollution process in Changsha-Zhuzhou-Xiangtan City Group
s g5y p(PMys)  p(0;)  p(NO,)  p(NOy) p(SO,) p(SO;7) p(NHS)  KGE XG5 ﬁ’jm?%)%
S BB pem ™ speem” Jpgem T speem Jpgem spgem Jpgem ™ /mes™t B/% /€0 HE/m
e, HIEETBE49.0 100. 0 43.0 8.6 10.0 4.4 3.5 2.3 3.4 1.0 273.3
?;?: BYHEBE 101.5 45.8 48.3 29.2 5.0 9.9 13.9 1.9 69.8 8.9  262.3
HEEB 825 39.5 29.0 24.0 2.0 9.7 12.6 3.1 82.5 7.2 378.2
o HTEBTBE 43.0 98.0 36.0 5.0 12.0 2.9 2.6 2.1 29.8  10.8  273.3
;ﬁiﬁj BYHE 96.3 53.0 46.0 24.9 7.0 9.8 11.6 1.7 63.4 9.8  262.3
HEE 70.5 38.5 33.0 22.1 3.5 9.4 10.3 2.4 75.3 8.3 378.2
. WHENE 51,0 99.0 46.0 10.7 10.0 6.4 4.9 0.1 55.5 10.5 273.3
g;}gﬁf SHR B 92.3 38.3 57.5 29.1 7.3 9.8 11.8 0.1 81.1 10.3 262.3
B 65.0 43.5 40.5 22.8 5.0 9.4 10.6 0.3 9.1 9.6  378.2
. EIBTEE 57.0 89.0 59.0 8.9 17.0 6.5 4.9 0.2 542 9.7 273.3
?;‘;Ff EHMEB 97.5 43.3 55.8 28.6 9.3 9.4 11.2 0.9 76.9 9.8 262.3
B 76.5 36.0 38.0 25.6 3.5 9.3 11.8 1.9 88.1 8.6  378.2

TR T A X Bk A8 Z 1R B AR (P38 <l < 15°C)
HARA I8 B 455, P Ik - OH UM &L Ak SO, A= 1
SO~ MY TRk IT BEAS 3 T MR TR T AE K & 221
PIRAX AR > 50. 0% (& F 5k 81.0% ) JH it
S0, B@Wﬁfiﬂj&ﬂlﬁi@mmjﬁfﬁ'é%tﬁﬂ%i%iﬁkfﬁﬁ
£ 502 W BERGETE; T NOL 0 E 4 ik
‘MK NO, A -omjﬁ%@ﬁﬁmfﬁ@gﬁ-*
AR NOT B NS WL 5 0, 2 B AR N0 T
et AR A T2 0 2 A NOS . it NO il H e
SAEAEZ - OH 5 U e 257K Bk (AWC) 2 Y, et
AR tts BT LAV NO S B9 538, AT {4 O U A
qj;%ﬁ J f" f ) A __f.-

TEA R Y T e 4 3519 SOR T NOR
HFE WIS B B A, 25 8 W O T I O
% IR BB RAH, T3l s [H] A9 SOR F NOR #7421k
B, PR I A P DX 3B ok 73 W7 2 15 G i AR 1Y)
3 NBBERY SOR Al NOR 281k, KARELI T A Z2 55
1545 3 AN B PM, gV & SO;™ . NO, Al NH,
T PM, s & BRI 3 FER.

FER AR I T B 05 e s R A <V T B
SOR A1 NOR 435124 0.2 F1 0. 1, PLB W FE 4k 2 i
855, p(S0;7) . p(NO; ) | p(S0;™)/p(PM, ) Hl
p(NO; ) /p(PM, )X M 5.0 pgem ™, 8.3 pgem >,
8.2% F113. 6% . BIRZFr B PM, 5L K2 SNA ¥k FEEif
KRR FF (HIE RS T NO, Fi SO, wEEC R
SRS WA A O, WA RS et B
S T R T A R AR X B A, IR K
(AWC) b FARAE (10K 2.5 pg-m ™) , B i il
T SO;™ FINO; MW AH %Ak, T A5 p (SO3™ )/
p(PM, ) . p(NO; )/p(PM, ) . SOR Hl NOR 1 ;
M2 “ V5B B, SOR 1 NOR _F+% 0.5 #10. 3,
BEET W% b s Ry B 3 B A, R B p (SO;T) |

o

-

p(NO; ) p(S0;™)/p(PM,5) Fil p(NO; ) /p(PM, 5)
5 F 9.7 ;Lg-m_3 L28.0 pdg-m-_l";';é.‘ 2%
26. 6% . PR A B4 T AWC 1K MY, M v
W 1 2) 5 g m L ETEE 64.6 pgin b T
TR T SO0 A NO Ak ¥ A A . A A B
1, 2 Kb B S5 R 22 R B BT
5Tl i e 72 5 SO, R B v 1 34 5
{8, 7 17 P 3 AL 30 220 T 7 i ) NO I
“H AR WA RSB A, NO, e BVRLE
Fhs < IHHRBL” 9 SOR' 1 F+2E 0.7, 1fif NOR f/§1H {3
FEh 0.3, B B SO2 M9 YA AL IR R E— 45
5%, X AT RESE T AWC FH & 88. 3 pg-m i 1S
JE 4 H AL A B HE— B R X E TR 4 BOR
NOR, SOR 5 AWC #H 5 4rHr vh il LA 2 55HIE , 75
£75 KBRETTRER SOR # NOR #5 AWC £ i
FAEAHIE, M ELBEE AWC R THE, SOR LUK NOR
T FERBEHIRLE. W p(SO;) Fl p(NO; ) FFhf
TREE 9.6 wg-m *H123.6 pg-m >, H1 TiZHr B
TR IH B3 R p (SO, ) Al p(NO; ) BY R
WA T 2 Pl TR A0 2 186 38 g , 9 B S
. “THHUS B B p(SO27 ) /p(PM, ) Fl p(NOS )/
p(PM, ) #E—2 FFHZE 13.2% Fl 32. 1%, X ] fig &
57 X 3R SR A S G A O, 8 45— U ket
PM, ¢ B SRR BT , E TE 3 ek AR — 035 e 4
VIR HE | TS B0 035 Y IAE PM,, PG o5 Lotk — 2
BN AR R, 7E AR FR TS e id B R, SOR 3
T NOR, XA fie B SO~ By R FEAL 4R i 35
% AWC YR BE AR T NO, B — U AL A 1T A
ZHABR R, T s s Y i 72 3 AN B
O, W BEGE A, A IR Y O, e BE 1T g 24
NOR b+ F= 28 Ji A

TEARR SRS Jead 2P NH, R X AE PM,
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[ S0, ¥R BT F3AY. 5 Tang %Y BT ST M LE
2014 AR ARE IR TR ZE50 05 e B b p (SO% )
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pgem A | R R TR A T B A ZE g s G i
FEH p(S0,) FIIMEAL N 6.8 pg-m . K ILAR I E
(1) SO, ] BB FBUR K KARE IR T 55 75 Jead Fe v
SO~ WP T NO; HeJE i T8 [

2.3.2  TIREARXTRARTE IR T BERKAC 22 SNA 22 7
A

KAk B TR p (SO7 )/p (PM, ).
p(NO; ) /p(PM, 5) . p(NH, )/p(PM, ;) TERKF N4
ZMN11.6% . 8.8% ., 17.6% F121.1% ., 9.2% .
9.6% %7 SOR(0.4 +0.2) Al NOR(0.2 0. 1)
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