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Research on the growth mechanism of PM, s and its chemical

components in Beijing urban area from 2013 to 2020
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Abstract

Since 2013, the annual average mass concentration of PM;s in Beijing’s urban
area has been decreasing year by year, but heavy PM,s pollution incidents have
continued to occur frequently, and there are still many uncertainties in the causes and
physical and chemical mechanisms of the rapid or even explosive growth of pollution.
This study analyzes the thresholds of conventional meteorological elements, PM;s
and its chemical components under three growth mechanisms of slow, rapid and
explosive growth, as well as the correlation between the changes in meteorological
elements and the increase in pollutant concentration from 2013 to 2020 in Beijing
urban area. The results showed that from 2013 to 2020, the average accumulation rate

of PM,5 showed a trend of slowing down, and the proportion of slow growth in the
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accumulation phase of PM, s increased year by year in Beijing. Under the premise that
the criterion is gradually strict, the proportion of explosive growth has not changed
much year by year (4%—7%).The PM,s concentration threshold for an explosive
increase from 2013 to 2016 was 62 g m™, and after 2017, the threshold was strict to
45 pg m=. 82 pg m* is the threshold value that is extremely prone to explosive
growth of PM, 5 since 2018. After this value, the probability of explosive growth will
increase significantly. Organic aerosol (Org) played a vital role in the explosive
growth. In the same time interval, the contribution of Org to the growth concentration
of submicron aerosol species (PM;) is slow growth < fast growth < explosive growth,
and the contribution of primary OA (POA) in rapid and burst growth to Org growth
concentration on average exceeds 50%, which is higher than the average proportion of
40% during the study period. Among the inorganic components, the contribution of
SO,*” in increasing concentration of PM; shows explosive growth (13%) > fast
growth (11.8%) > slow growth (11.1%), while the contribution of NO3 is opposite.
The contribution of secondary particulate matters (SPM) in the cumulative phase is
higher than that of primary particulate matters (PPM), but in the explosive growth, the
contribution of PPM to the pollution increase (up to 45%) is significantly higher than
33% in the average period, indicating that the contribution of PPM to the explosive
growth cannot be underestimated. After the explosive growth began, the temperature
decreased (0.2-1.2<C), while the humidity and pressure increased significantly in
autumn and winter. The main air mass in the explosive growth is southward (the three
heights account for 69%-82%), followed by the eastward direction (12%-20%) in
Beijing urban area.

Keywords: Explosive growth; Chemical composition; Threshold; Meteorological

element; PM,s; Pollution accumulation.

[

g
HEA6F i R X K5 G e ™ [ X 22— (Cai et al., 2017; Zhang et al., 2012), H

KRATGTRET MR AR SRR BL. M5 ilrh, sk R T (PMgs)
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N E BRSBTS G (Zhang et al., 2008), 1215k & KA B K H (Zhang et al.,
2010). FEMAPM, s £Vl IO EE R WHE TR R 2 G2 LRSI (Liu et al., 2020;
Wang et al., 2017; Xu et al., 2021). fEFFBRRE B)— BN A1, AR TR FAT R RFEENE R TGS
TR R BEANT (RN AR, 2020). HA R REERS R G KI5 S R8T 134
82 i G A M T B GBI R 3R T A 5 2 A 22 R R R AR A BB R A b5
GRS RABL R ARG et oTmk . 5K/ BAE N (2020) T 7R W], U A=A
FT TR Z W] P EP M s B2 AN =75 TH£440%~100% 0 52 i 32 3 [X 2§75 L 1) T ol 2L
R AAE P B XU M IR A s S PRI, R B T R R 2R R 1 P AN TS G ) T A A
E(Wu et al., 2017). bk, AL OV AR R 58 R URAE KR E K T2 —(Lei et al,
2020). RO FIAEAH S R AR B — ORTREY),  ER IR #h . HIR Hh AR AE VS G K AEIN [ BT
HR Y N (T4, 2013), 7E— 8 5 MR T ALV R, TSR EDEAL S RN
N A VR I PR p AT 355 7 E AR ORI 5 4%(Wang et al., 2016).

1703 W (Zhang et al., 2015; Zhong etal., 2017), =PMp i FER K B A2 B 5 HARk BE 1
RS0 B0 BRI — D52, BRI RS B — A5 i
R, W AE BOE 2 B X ) S A BB R AR08 (Liu et al., 2019). 5 JeWI7E RAHI &
N BRI A R R CE R, ARSREAE T RERINGEE G, P, LT3
J5 AR B I — N B LN K LR 2 B E TR R B R MK R A
TG YR TG A R HG K R R A S PRI 45 18, Wang %5 A (2014) 58 i AU 7T S
VA ) OB AN A% RN B T V5 B BRIE RS K, Zheng %5 A\ (2015) A D975 e i 5 X
BREEFE R T EEMME, Zhong®E A (2017) I 7085 15 4L (bR 18 K 5 22 (1 H RS %
BRI BIME T, T TS A 70% PA_L FRIPM, 15 1 7T UH R DT 5 2 RSk 38 s 72 i B U4t
e

20134F, (CRATTRBIRATENER) RIHESD St e, SUAEE S XA 55 0 G R BF Sk
by PMo s FEBMEBAFE FEAS, EAR R AR I & SBOF SRS 2 I, 412020
SEHT RN PEOCIE AR ATIE N, 1325—28H . 238—14 F b5t {73 H B Ve i stk 2
et iR, TSR R B A G S Yk BRI G, Zhong % A (2019) %) 1t
152013201741 20K B i35 Yo R (R 78 45 N g R R MRS KL fi e PM 34 FE B 2
100pug m® GZAENT1 pg m™) . THXHRE AR IPM, K E, X — BRI KA ? 155
HEACH A, Rl R AR ME G AR B TR B AR BRI 7 AN A IH R I PM, s 2 20 73 R Tk
A2 PMo s RBUEFE 5 R T RNE B A B2 IR IE? BT Bk, AR
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FIAE 5 T8 X 2013—20204EPM, s ST IR [ . 2R AR E R AL A A T 5Ok, T AR
By PMos KA E ARG . POl ANR R =R KU R I BE AR,
RARRERNBNE G5 GIR R A RCR, BLI9TE G A5 o PM s TRAR AE R 22
R PR Al SO .

1 HE

A 5T 4 FH 1) 2013—2020 4F 1) PM, s 3% /) 5 22 Bl 3 B o [J 25 55 0 00 & b P g
(http://www.cnemc.cn [2021-03-01]) F2AERJAE 8 MIRIX EiZuh CRIn. HAWE . KREE.

AR R, G B . 3D EME. SRER (BRRRE. BE. K KA.
UREED R A6 T E AR R AL X E S P, R R ONh IRE R R

TR Y %, 2R E R RE R LIRS R m B RAGE. BIEEIRREZ
SR IR FEER MR, Bl THHRRER 5L R E LR SE TS R
FOREE, T R S RSB IR A R S, VEL SRR A (2019) 1 30w .
2 [ [H KB5S AR 0 (NCEP) A ER T 40 WT Rk R B354 8% 9191 km X 191 km) %t
BHJEMIZITHT2 h B IAT IR, G s IEEC100m. 300mAN500m, i8] 77
FoNih U P EEACR FAHYSPLITAOMA) o 2 545t MSs x4 b K Bk AT 1
SR N BEKERT03mm) .

UKL W) A 25 20 53 048 SR FE B v B R 2 e K AU BRI S BTk 3% 43 36 (39°58'28"N,
11622'16"E) {2 RERETH, DS [0 B oM20124E7 H 22 20134E5 H o SRAU AR AR )1k 2
Y1 AE LR WX (Aerosol Chemical Speciation Monitor, ACSM) , I [i]43##%~15min, ACSM
FEFAITEE I um L FEIRT (PMp, ATLASEIU A (Org). Bilikdh (SO, MR
#h (NO3)  #dh (NH,D RS (ChD IISEIITELINE, A3 SR ELAI 2 40 WLSun
S5 N (2012) NG5 N (2010) ) 25 2% STk« UL 39 18] [7] Fef SR Y X8 BE R B A (Model AE22,
Magee Scientific Corporation) FITEOM(1400a, Thermo Scientific) %} 22 k% (BC) FIPMysHIJi &
W SE AT S oAb, ACSM R HLZEL 43 1) T i 1% PRI AR AT SR FH L A8 R B IR A vk

(PMP), ZJ7iEAH SR I HAN D BRE W UIbrich (2009) 25 A\ SCHR -

2. GERAHT

2.1 20134 LRI T IX PM, 3 KB Bt 73 FRANZ SR 2R
N T RFCAL AT X PM, s7F 1h—1d P A~ [F] 18] B e B b AR HE R » K5 2013—20204F TS
PM, st I BE (MK HR>0) AR HETIZETIE, 25900 RGN Bz i1—24/Nif [ [



167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186
187

188
189
190

CIE HL I B 96 2 LRI B PM s iRk FE K 26K 170 2h[E] P M, 59 B2 19 K 232 K T-0....24h[R]1 B
PMy st BEIE I KRR T-0) 7T Giit, St SR WKL, PMosfE i [ AJRS (1—24
NI BRI FE DA+APM, s 8678 o 58 SN BEH PMy 5111251 A 2 A2 0 8] 1] B 1)
+APM, 5 5 [A] BRI 25 B AR o AHR) AR 03 (45 m) LU TR, B TR RGNS RLRI3G G, +APM s 25 T
51, AHPM /T2 BAUE R IE AR, LL20134E M, 12/ EIRg, +APM,5=54.6 g m™

(PM, 51T 34 B R % N 4.6 g m™® h), 113k 224 A BEI, +APM,s7li570.3 g m™ (PMys
(1973 BRUE % H3.0 g m® h) . %12013—20204F #1479\ ] be A, []— I ][] Bg Py, 2013—
20204F IR AE+APM, sBIH RN AIE L BRI S 1hRIFGES, 20134F+APM,5=19.2 g m™,
20174F514.6 g m™, 20204EF#K4512.2 g m™, +APM, il T 2%~1.020.6pg m™/4F . AR,
FRTRIES R AIBR T, PM, s )T 2 R Sl IR R i3, W1320194F, +APM,s7E12h
IR 428.0 pg M2 (PM,sHIFH) EREZE 42.3 g m™/ h), 24h[A]kE+APM,5=31.4 g m™

(PMsify P2 AL A L3 g M/ h), PMysEAR RN [ ] 5 ) P45 SR AP it e 0 MK T
20134 . ZREKAE, 20134ELIK, BRI PMo sl IR FIMEBFE RSN, +APM, s EIME
DA KGRI BE T PM, 127 SR AR I et BB R TR )

142013—20204F AH 7] 18] B F+APM s HEAT 135 (&L, B2 4[5 £, +APM,5-8Y ), +APM,5-8Y

AN +APM sTEIT8AE - 127K~ o 200742 — AN 73 /KU, 20074F LAY CIR)— i a] (AR D ,
T +APMy s T UL MK, 201745588, SR +APMsf#AIR 2T 217K F-LL R o fLhis]
k& 1, +APM, 5-8Y=15.91g m™, 20134E4EHJ+APM, 5 i 11X —H1{E25%, 1] 202044 31+ APM, 5

WM T- 84~ 457K ¥ [1121%

2021 60 .,
2020 o <
2019 0000000° 3

o -
2018 Jgo0e°® 40 2

s o g

§ 2017 - 30 3

> S
2015 e 1o 3
2014 5
2013 : - 0 o

0 2 4 6 8 101214161820 2224 >
Hour interval g
3

¢

20 30 40 50 60
Average growth concentration/ pg m
] 1 2013-2020 £E(HRARFRZE 30 ) H 1-24 /N 8] [ P O A 67 5143 A 1R 1h. 2h...24h)+APM, 5
FEE (EPRIER) URZER+APM,s K 8 FI{E (BHE R, AEXTNARMB Gt
RO

Fig. 1 The annual average of +APM; 5 (the color table in the figure) and the 8-year average
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of+ APM,; (dots in the figure, value corresponds to the right axis and the colorbar) from
2013-2020 (the left axis of the ordinate) within the 1-24 hour interval (the abscissa is divided
into intervals of 1h, 2h...24h)

TSRWTE BAULRE I AR S KRR, WRER DB B R, B PRI
R, EERIHIRERIZUT SR . RIEPM, s REURIEE, AW TORE %0 R
BoE SRS (HMD 38K Pig (KS) K AR (BF) K =AB. W T =fg K
FRIE, PR ITE, Jr RN R — I [A] R 45 H e — e M BIE,  212013—2020
FAZI T AIRG (K=1,2,...24) S KIIME (Ao (EILFE D, Z8MK (HMo & 3Ch
ZIARE NI RIRFE DT A BTHM <A PREIE K (KSO - 191X 8] 91 8] g 0 131 2% 2 18],
HIASKS <2*A: BERIMK (BRO [MIXIE A ZERGRE26 L L, RIBR>2*Ac. E2a-ch
KA ELG HEFEZEN K (F2a), Pl (F2b) LR A (Bl2c) fEAN[H A
BRI b AT 5 B LR (et B i 2 Z ARG K% >0) . IEIRT I, 2013—20204F, Z218
B B D T iy, 5202048, 2% I 1) R B b 22 18 1 b B 378 21850 LA L, T pRid Y
KA I KA LR T-5%. [MIFRLNT, 201344 & 19 KA Fir 3 19 K ik B BT o5 () L 2
A[1£8.9%, {HIX—LLHE H2018 iR 4% A T o it X — I 5 32 B 5 KD 20134F ik b
TR FPM, s E I EAI+APM, 538 5P AR, RAE SRR RAESE, X
FARTRIG FHE RIS T, PRV Y T IR BB I A4 AT RETE — R B bl 7 o)
KGR PRES A I LLE, T T3 JLAEPM stk BEARR BRI Ry, B IE KA STk vl Be A7
FE— 2 M il o

R T RDIEE R AT SR L2 7t R FE W, 77 58 22K F 2013—20204F B 473 KA fH A
SN Z S 18] TR B T PR A yeor CBRILFRRIE82R), FUIWT IR FI T R, Z8HK (HMyyea) ¥
FEHMyyear <Axyears TRIEHIH (KSyear) 1 /2 Ak year <KSkyear<2*Aiyear: KK (BFyear)
IBFiyear>2* A yearo FeFH 77 ZE 205 S AF AN [ I 18] 18] o =i K 7 20 o 1) B S EAT Gt (
2d-£). EHERIL, SIS ARG &, SRR LB AR A RFTET0—85%, 577 1M
i, [l hBE ARG TG, 2K R Lu ) 2 FEa s, Thial e & [RIRg M S it i 22
PRI KA LU B, S AIFET8% A - F20184F41, 2013—20164F AH[R] I 8] /8] K I 2218
B4R PE B AA 5 T-2017—20204F 5 2 M Kt T AH S, 2013—20204F 7] — I 1] i i o (B
20184F), PLE A L B IZAE T RS . Hrp2013—20154F 1, I [H] (R REiEEId 14h )5, PR
KT o B T 20%, 5t 38 25%, 171 20204 4% Hef ] [7] o - R a8 K g b R e A
19%. W THRAIK, SEMILESMEONES, BARGERE%—T% 0. %L, RH
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77 F2J5, =R T 3 SURIRIZ AR R SRR EAT TAHRIIK R 5, BR20184E4h, 2013
LR ARG KA I K] B BT E 1 LU B i sy, DRI K LU A P IR, AR A 1
KRR UAKR (4%—7%). HT, TRMATREIBZTTHE2, 2013F LUK, KAT5%
SR BT B K L B I T, RIS R IR B IO S R BLAE PM ik S 1
BEAIC, AR ILAETS G RARRY Bois e BRIz . IR 7 R, B KR L IR AE
PR, ERATE2E GRIESFEPM, I KAB IR & I BRE A ), BEEKMT
BEBEERBUN, WA HIT R R BE R RITEIZEP M, s TR SRR 1515
N BRI BR I, Pk R MG K T G B A A P AT — T A PR

Year

T T
JiElog 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 B 10 12 14 16 18 20 22 24
Hour interval Hour interval Hour interval
C [ [ N
50 55 60 65 70 75 80 85 90 8 12 16 20 24 28 32 0 2 4 6 8 10 12 14
Ratio of HM to total growth /% Ratio of KS to total growth /% Ratio of BF to total growth | %

Year

J%20 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
Hour interval Hour interval Hour interval
> [— — ]
72 76 80 84 0 12 14 16 18 20 22 24 26 40 44 48 52 56 60 64
Ratio of HM to total growth / % Ratio of KS to total growth / % Ratio of BF to total growth / %

2 2013—2020 4 1—24h Al F R A 5 R 1(a-0ORIF R 2(d-DEFEM AR FZ T ZB(HM),
PRE (KS) F@KR (BF) HKAE SRS BT & HE KRl
Fig. 2 The proportion of slow (HM), rapid (KS) and explosive (BF) growth in the total
number of growths under the two discrimination conditions of Plan 1 (ac) and Plan 2 (df) in
the 1--24h interval from 2013 to 2020.

S RGN TG e RAAB B MR Y, 75 8 A 0 K ik A T (AR O
B BEFERY], PMys R ARG R AR Bl AA T Z1 10k FE T E — e R B EARHR G
MK EEBRI{E (Zhang et al., 2018). & 3 JuRAITT & 2 GREERMANNHRI M) AT 1 CR
FH 8 4EME AR IR #5350 R R IEKAT PMos RS IRE CR SRR R I K RE) 1)
TP (25P) EPUSrAL (75P) GeibfE. Horb, NGRS iHE rlE A R AR R K
M ZH B, T DY Al AR AKX — i B 5 K B K1 K (Zhong et al., 2018; J
Zhong et al., 2019).

EIEH] PMos WK B FEHURIZBE RS, RIS 2 BONEBE, H i TR 2 b g i
WHIAIREAR, TVEHATZE RS, IR IR HEGE— 264 T HITT %8 1 34T XS ELIRHIE .
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J7%E 2 1h [AIRE I R BB Ge v 20 AT Y AL, (HRE AR BB AE T a3, 2013 4
FIAlIA 134 pg m®, 2020 4EFAMEREE 64 pg mP. B[N 1h 5, B R BRI AR A
% BN, (HEL 2017 95, ATIRIBRME IR & T 5], 2013—2016 4F 7% 1A RE g A
KRB R AN 62)g ™, WEAE T Zhong 25 A (2019) 42 Hi f11b 5T PMy 5 1 A2 19K 110 7 s 1 (1
(7Tlpg m™®), —J7ifi, Zhong &8 A HIHTF FUIN BONTS Yt E A2 (2013—2017 4F), 5[]
I 62 g m™ W AT 7T BRAE A B IRUR P . 2017 43S, I RLTAI R PM, 5 VA2 P R0 1 B S8 P
%, EEMLE 4575y mP 2 (A, WHERH TR 1 (3D, 2013—2017 4K KR
fEA I LR T 2018—2020 4F . [AITf, 2017 fFj5, BEA&E =R MIEEEEE, 978 1 E
MBI, HRERHS YR FE P hI7E 4500 m LAA, AT S0 I A o s K A A 2,
TG G, R E S G B i R AR
J7 % 2 L DUS L GETHE (50 A7 X 1]y 82—2421g m™, 2013—2017 4E# 5y 2 A4 2 18

K PMys e BE I 400G, Sh BRI ZE T HE R BT 150 g m™®, 1fif 2018 4FE, X3
B A SRS, RERIR B Sh R JE - S B S 100 pg m LAY . 82 pg m® oy 2018
LK 24h PR 5 B PMys B RSB K ISR T HE, — B TUb(E, HEUEAE K 2
B RRARTE R TT 5 1R 5 R A A PM s WRBEAEL 577 5% 2 B0 AR X TR 2 R AN K
WRPEAR A AR FIRE S 2018 4F, 2018—2020 4FEA% 5y KA MR R I K PM,s W E(E L 2018
ERVNHTIEERTAL S

0 2 4 6 a 10 12 1|4 16 18 20 22 24 0 2 4 &6 a 10 '132 1|4 16 18 20 22 24
our interval our interval
F#E2 piE 3
40 60 80 100 120 140 BU 120 150 200 240 4
BF Pre-growth threshold of PM; s / pg m BF Pre-growth threshold of PM, ¢ / ug m’

2021 73F |
2020 "

[

0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
ES Hour interval HHRI Hour interval
C — — ] C m—
40 80 120 a 80 120 160 2 240 a
BF Pre-growth threshold of PM, s /ugm BF Pre-growth threshold of PM, g ijpg m

B3 2013—2020 4 1—24h [EREFRATR 1 (P MHR2 (B WHHBFAET
BRI KRAERT PM, s WREBEER T I4AL (25P) 1 EDUAAr% (75P) RiEE
Fig. 3 The lower quartile (25P) and upper quartile (75P) of the PM, 5 concentration before
the explosive growth occurs under the scheme 1 (bottom) and scheme 2 (top) in the 1--24h
interval from 2013 to 2020.
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2.2 thZAH 5
F4°420124E7 H 22201355 A #H1H] 1—24h (8] & P15 2 PMos22 18 (HMD. Hiit (KS) Flljz

K (BF) #KrHPM; (PM; = Org + SO+ + NO3 + NH," + Chl + BC) % ZH 4 H4 KA ZEPM i
BERA AT SO LEE (4D, IR R 4 ol 3o =g K Uy sUFE A B K B b T
FIECEE o I ] B s (R PM s 508 9 5 43 38 ACSME] — Hh 5 [R5 WL I TEOM . PM, s % K
SRR T R TR A year K P 7 52 (BETHIN IR BE 201247 H—20134E5 ) 5%, PM,
FIPM, s Bt A %% (Jiang et al., 2015; Sun et al., 2016), it A B & 2= hPMfE
PM,sH L E 7£0.72—0.83 2 [8] (°F140.75) . JEITJRARMTZ AR (PMF) $ 0030 15 i Org
FERT N —IRE NI (HOA) F1 XA NS (O0A) , Org=HOA+OOA. HiE4n] I,
It 5 T (B ok, = s K 2 (10rg, R L FF HO AR 38 K9 P A2 PM i 1 Kok
JEE v AT o R LE A TR, ZRB b, LhiR) B M HOARY K AR (5 HE0.27, 1 24hi) BB HOA
B KAl 5 HBRIRE0.15, S22 AR, ToHLEE (SO, + NOz + NH,™ + ChD) KAl () STk b %
[E B (U384 KA BTN, T SR e KA R L FE AR o R — B IRl RI R AR, Orgid AR I ok
IR <P K< AI K, L DTBRTE AN 7] 1R B v 1 43 A5 [X [ 43 51 90.39—0.51 (344K
0.43) . 0.43—0.53 (#{E0.47) #10.46—0.57 (#J{H0.49) .

P AR KA, —IKEP4L5 (POA, AHFFTHI=HOA) XTOrghK i B [ 5Tk T35
5000 C([E5) , AT A BehPOAT- 1 i EE (~40%) , TIHOA T Ek H A, RHL
H PRI R K R A B RS G BRI SRR . (X T ERBG K, B BR AT RO K,
ZKAENREE (SOA, ABFFLH=00A) X H-KIK LI TTHkiZ 5K, ShiRIkEAE, SOAM
TR AR S T-POA, F24nA 24, SOA (5 LT IA61%, SHfF 70R BEH SOAF- (5 LA 4.

St FIEHLERAL S, MR R 3K 55 IF 90 15D B 1 SO,™ 1 KA 70 S 388 K IR BE o (1 BT R 2
13%, =T E (11.1%) FPREK (11.8%) . NO; HITTHRIMIAE 5, 75 [a] (8] b 52 2L
AR <PCE<ZBM K. Hrh, ZBRMPUERKF, NOy A KIR EE S T ER 1 K Af
o s ALY, R R TE R I K T, NOg 7E TEHLAL 73 BRI B2 i 14 TR T 34 42%—46%
FERARIG K, =R EER NS (NOs +S0,2 +NH, ) HKA TTERZE AR K (39294
AR E30%—35%) .

WFAE T, AR (SPM=SO,” + NO3 + NH,+O0A) J&PM, H % B B I 4L Bk,
gy, L) EPMI67%, FHE KA R0 3 (L AE, 2013). KB, SPMYE RS

pa
e STk B B T IR IE R (PPM= Chl + BC+HOA) |, HL it 5 [a] fR st =k (3,
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Fig.4 The growth rate of each component of PM; in slow (HM), rapid (KS) and explosive (BF)
growth and the proportion of the three growth methods in all growth periods (purple circle) in the
1-24h interval from July 2012 to May 2013.
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Fig.7 Statistical graph of the mass concentration of each component of PM1 before the
explosive growth occurred in 1h interval. The dot is the average, the vertical line is the 10th
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Fig.8 The statistical values of the growth concentration of each component of PM; in all
growth stages (GP), slow (HM), fast (KS) and explosive growth (BF) at 1h interval.

2.3 WK 5AGR B T KRB AL 7T

TEREBUR R E I, KT Y A E B TR E . HEARRY, #ms
HHATE . G AR IR A AR B R EEARRRE . B U RER
FE . KL /K2 (Liu et al., 2020; Zhu et al., 2018). 2013—2020 4EH, 2218, P AR R =
Tt KB B2 T ~60%. ~67%F1~82% (1—24h ¥ HIEKAZE (9 H—IKE3 AD.
N T EERZET R RN ARERGIHARE I, A K&ZE (9 H—XRE 3 H) ikt
AR BT RBMERAT 4. B 9 FIER 1 70 laa ) 1 AKAZ= =R K05 sSUR AT UE . X
WL RE L ARG B R GTHE DL =R KT VR AT R B R RE R ARNE (1
—24h [a]F).

[l —[a) B rf (W FE BOAAK A ZE, N ED, AT A UR < PRIEHE K <212 MK (K

), LAInABI, A R AR A ESME (1024.50hpa) W EAK T B (1025.0 hpa) F14%
18 (1025.4 hpa). FRLE/R, BERMEMKITMGE, URMERIS,  HAERE R R Ron K,
SUERRMEIZ IR . SR AP A 5 B RRE R AP, (E R MRIE 8 K<
PO K <R R I . KB 7T, =K 07 S R AT KA EFRIE 3 T IER /N X (<1.5m/s)
1, BAEKIT IR G R AUKF Y #EE D4k SR BAR ORI REAC) . =Pt K7 S0 AR A0 (AR
X B I E R ARG S PROE I K> GHARIE G . I KTTIR)S, AR BA —E g m, (2L
PRI K PRI K o B2, BB IR A S, YR BRI T e 3 (Lhia) bR
TR E G IIME 3.5%, 24h[AIFR IR EEIG K I (E AT 1k16.6 %). HIEI8AN, 2218, tRidAn
R =K TR, NOs 5 SO/ K IR EE (M LLAE 435I 174, 1551112, RBUKI5 4
R K SO, BT o A L T B A K . SunE A1 (2016)F TE 4 A
A ZE PREARKIR FETH G, SO~ Il b 2 SRR T 57, TTNOg 3 22 LU A 277
TE, SRLFAAE -T2 230, E R B SN BONNOG 1 T2 ZE A L o B RIS KR A
) I3 DA B R S8 K (0 R (5 45 SO,% R K i, BB TS5 4 SO, i
HECE T R . SiREEAR S BRI ET IR AE N =R KT N RS, B R R
WRKTTIG, W — B IEC (0.2—1.2°C), HBRGHEE W R a T H e piAmg K77 . i 5%
R, B E FFRPOA NI EENS WA ST =i (Sun et al., 2014), tHAE— AR5 EARRE BRI K
1 R AR IOrg FFPOARIH i i bt o = FE 7 s I & J2 e B 70 A1 X [H) 22 3 AN K (SR #4{B.600

—800m).
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Fig.9 Statistic graphs of temperature (Temp.), pressure (Pres.), wind speed (WS), humidity
(RH) and mixed layer height (MLB) before the explosive, fast and slow growth at the
interval of 1-24h.

F1 =MEKH B 1—24h FIfRH E[RERFHRME
Table 1 The average change value of each meteorological element in the 1-24h interval of the
three growth stages



f&] RH Temp MLB WS Pres
] HM KS BF HM KS BF HM KS BF HM KS BF HM KS BF
1h 0.2 0.7 35 0.1 0.0 -0.2 -2.0 -1.8 0.1 0.0 0.0 -0.1 -0.1 -0.1 -0.1
2h 1.6 1.9 5.0 -0.1 0.0 -0.4 -0.5 -1.5 -4.0 0.0 0.0 -0.1 0.0 -0.1 -01
3h 2.4 3.1 6.2 -0.3 -0.1 -0.6 4.7 0.9 -5.7 -0.1 0.0 -0.1 0.0 -0.1 -01
4 h 34 4.2 7.4 -04 -0.2 -0.7 12.3 5.1 12.2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.2
5h 4.3 5.0 9.1 -05 -0.2 -1.0 20.3 10.8 18.4 -0.1 -0.1 -0.1 -0.1 -0.3 -0.2
6h 5.1 6.2 9.8 -06 -04 -11 27.7 20.3 324 -0.2 -0.1 -0.2 -0.2 -0.3 -0.3
7h 5.9 7.1 10.2 -0.7 -04 -11 41.3 17.5 43.6 -0.2 -0.1 -0.2 -0.3 -05 -04
8h 6.6 7.8 11.3 -0.7 -04 -1.2 53.6 215 48.3 -0.2 -0.2 -0.2 -04 -0.6 -0.6
9h 7.0 8.1 114 -0.8 -03 -11 59.6 16.4 33.1 -0.2 -0.2 -0.2 -05 -0.8 -0.8
10 h 7.5 8.7 118 -08 -04 -11 59.0 205 16.6 -0.2 -02 -0.2 -06 -09 -1.0
11h 7.9 9.1 118 -0.8 -0.3 -09 57.7 158 -15.8 -0.2 -0.2 -0.3 -06 -1.0 -1.2
12 h 8.2 92 121 -0.7 -0.2 -0.8 52.1 -2.0 -19.0 -0.3 -0.2 -0.3 -0.7 -12 -14
13 h 8.3 94 117 -06 -0.2 -0.6 38.8 -5.1 -40.6 -0.3 -0.2 -0.3 -08 -13 -15
14 h 8.3 98 114 -06 -01 -04 276 -159 -39.1 -0.2 -0.2 -0.3 -08 -14 -16
15h 8.2 98 119 -06 -01 -04 106 -148 -40.2 -0.2 -0.2 -0.2 -09 -15 -17
16 h 8.1 101 117 -05 00 -0.2 -5.3 -135 -428 -0.2 -02 -0.2 -09 -16 -19
17 h 78 104 122 -0.4 0.0 -0.2 -195 -13.3 -40.0 -0.2 -0.2 -0.2 -1.0 -1.7 -2.0
18 h 76 105 123 -0.3 01 -0.2 -34.2 -6.8 -38.0 -0.2 -02 -0.2 -1.1 -19 -21
19h 75 106 127 -0.2 0.2 -0.2 -450 -13.2 -279 -0.2 -0.2 -0.2 -1.1 -20 -2.3
20 h 7.3 108 131 -0.1 0.2 -0.3 -51.8 41 -265 -0.2 -0.2 -0.2 1.2 22 24
21h 72 11.0 139 01 03 -0.2 -56.1 -89 -104 -0.2 -02 -01 -1.3 23 -26
22 h 71 113 144 0.1 0.3 -0.2 -60.0 -9.5 -8.3 -0.2 -0.2 -01 -1.3 24 -29
23 h 71 115 156 0.2 03 -0.2 -60.2 -19.6 2.4 -0.2 -0.2 -0.2 14 -26 -3.0
24 h 71 117 16.6 0.2 04 -0.3 -63.4 -28.7 23.0 -0.2 -0.2 -0.2 14 27 -31
392
393 Xt 2013—2020 FEFT A BRI KI B (1h 858, 59k ETHRE)E) AEIRE (72h)
394  HATIE RIS AT, BTk E 4 B 100m. 300m £ 500m, GnfE 10, HrbER e kR .
395  HEATGEE IR R K B R B KR S ek B R 1501 m, 5 R SRR RE AR A 351
396 A, HER, MRE KRS F7E 100m. 300m A 500m 1 R b4 S Bk E R RS T A A
397 At EgER LA A R Ak E -, Hodr, 100m & B A RS 7 1) ST SR 1) 82%, H vkl 300m
398 &%, TIMR 72%. 100m AT 300m = A EE 7 AR ) 6 B AR VR R Y e,
399  A3AR X A4 AR 55%—90% L K 45%—85%. & RES A7 4N, Sk 2R 77 1) 7E 1 Ak 4
400 K orEk— e r e, Heb 300m &, R 2R 5 A B S B AR BIRFI 20%, BT R AR
401 AP FEESR AW L, #ERRKRESER S, 100m 5 A e 2R 7 ) A B A e R A
402 AET 70%, 300m A1 500m i EE A A AE R EE A B TR, H T 60%. A,
403  WE/DEASESBISRATEIL T, 100m. 300m F1 500m &= R4 B TR 6% 8% K1 12% .
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Fig 10. Overlay of backward trajectories of pollutants at heights of 100m, 300m, and 500m during
the explosive growth
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