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Characteristics and Causes of A Typical Particulate Matter Pollution
Process in Autumn in Shanghai

ZHANG Jiawei, WANG Dongfang” , LIN Zijie
(Shanghai Jianke Environmental Technology Co. , Lid. , Shanghai 201108, China)

Abstract; Taking a typical particulate matter pollution process in October 2020 in Shanghai as the research
object, a light UAV was used to conduct vertical observation of PM, ;in Dongtan Chongming, Shanghai, the verti-
cal distribution characteristics and causes of particulate matter during the pollution period were analyzed combi-
ning the monitoring data from surrounding atmospheric superstations and multi-model simulation. The re-
sults showed that at 11:00 on the 22nd, the concentration of PM, 5 decreased with the increase of height below
200 m,and increased with the increase of height between 200 m and 400 m,which was related to the weakening
of the dilution of oceanic air masses at 400 m and the impact of pollution emission from the surroundings. Nitrate
was the main contributor to particulate matter, accounting for 44. 4%. The relative humidity at night was 95%.
The increases of water content in particulate matter was highly positively correlated with the increase of nitrate
(R=0.928) ,and water vapor promoted NO, to enter the particulate state through heterogeneous reactions. Sec-
ondary conversion sources, biomass and coal combustion played a decisive role in secondary particulate matter
pollution.
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g T E R R 2 L REVR I RE BB AR BRI IE R Y T R YS de g R b 4n
RIGRHE AR, LA PV, 5 15 YN R IR A R TR R 09 0 80 DR B R T TR 2K, 0 T A 75 e

EUs e g L AR SR, LY R EE B MR £k W7 E 582023 10-03; 43T H #9 :2024-09- 10
AR A FE A ) R SR e e R K R EETE . b R % S V8 B0 H (20d21204009) 5 I
kRN TR LA 5 YR AE TR R BL ) B 5% Vg 11 2 5 R R R 2 4 B 90T (3R FE 2020-39)
W R 35 4 T0F 5 80 Y 5 T M 484, M LA PR AR 199370 A0 LA BUE, B

HRAAE G R
* BIE1EE : £/ F E-mail: wangdongfang@ sribs. com

(AT P FONANS BT i TR ke VAN 4 e e



F36% Ho

o A A6 b v T RK 2 — U TR R ) 75 e AR R AE Bl PR 43

2024 4 12 A

Py ok IR A B — T o

15 YWyl S5 B 52 KA~ BB A 4 o A1, 52
DIk R RO PR AR R R o A% S Y 3 B
77X E T TRE PR AER LI | T
SO R L H T e L O M AR
L AR SR Ry 1 Y Wy T UL B4R s,
Bz BT L A HE 5T R A R A 0R ) 1 R
A R T AL, X B S BT AR HE 2020 4F 10 A 1Y
— YR W75 Y IR B PM, o MR AT T R 0
T, 25 G hiAs Y H RS BB R, 20 B 7 4 44
6] PM, ; 93 B0 A RRAE S A i 72 o R, 45 &
T 5% W AR M R 0 e 0 B R I s e 2
TR A AU 25 T BE, X ¥ e S0 1) UKL 9 4 23 4R AT K%
IR AR AT VR AN R, DL O b i T ORI ) T
el iR I S

1 MRE5RH*®
1.1 3 UL 438 kR

A G T B R G oy 0 A ke T
T T P35 A0 ) 28 5 B AR i . Hb TR R S 4K
VR T T S5 Y XA o AR W o UKL ) 1k
2P B R U T T 5% WY AR O R Rl . Gk T
BF Bl 2020 4F 10 7 21 H—24 H,
1.2 RAMILM

A 5T FH ¥4 A7 Uk W) A% 2% i 2 L JE N
051 N R = 2 I R N AP S B N W N = =
() PM, o AT RN . JE AL 2RI A Sirius -
E2V2 B2 S WA, 0B ) 1% 8% 4 58 6 g ik
WSE PM, o T X AR YR DX M 0K 9 7 e i 72
() S F0H] , A00 25 HE 15 G BRI T & AR LV
TG 2 FF . R R5OW I X3 1 75 % 6 % B
AN TR R W =05 A I N G VIR B: LGSy VA
T AR AL T I B 5% W AR M DX 8, B S i T IX
2y 50 km iz X IR 15 gL Wy E N FOHE R E O 52 K
75 G Wy HE TSR ) 358 /0N  J81 30 2R T T 1 A E, 37 b
SEAH G B B m KSR, F 2020 4R 10 A 22 H
11:00.15:10.16:00.21:15 43 B3 47 T 4 2 W I+
2N, AR T 25 B[R] 29 5 min, 5 K AT & 2
550 m, 10 m DLF 322 KR A 52 m 0] | 48
7 LIS B
1.3 #AF %
1.3.1 ISORROPIA #3 Jj 2417

SRR 5K & 1 (ALWC) ] 3T 44 )
g4 —

{14 YA 2 T 18 5 I A, Xt YRR 1 T
HEMEM ., AW 55 A H ISORROPIA #4 5y 4 f5
K W F2 25 ( Metastable ) & 35} P ( Forward ) 55 2
HEATW A K & e B, LB Tk 2 4l 4 (K7
Na' Ca’" \Mg’" \NH; NO; SO Cl") [y ¥ J¥ I iR
W % BB R I R e i A o
1.3.2 k&M H KAY #AL R (LPDM)

LPDM BRI 35 IR F i b, 2R A e K4
DL AT B I [ AR A — 7 . BT A5 R —
P A T TIOR8 5 5 1) TR PN 1 4 B I, 4 3
TR FE A N 2 S AR R R T
WF5E 3k F 3 B/ NOAA JF & ¥y HYSPLIT4 555X ik 17
Pk B H R A HUBE S, FIFH NCEP fy 1° x 1°1
GDAS %4 9K 8l 5 2032 17, LPDM 1 7K 3 43 B % 1%
FoR0.1°x0. 1051
1.3.3  SZARBIRL A7 5

WURL ¥ Ok UR BT R D USEPA & fi 1Y
PMF5. 0 5570 4 5 i A BG4 4 - 20 Fh 50
KLY 2 5345 . PM, 5 J5T o ok B R 4% 2 43 B A1 o
PG, T HCh 7 1), Qrobust/Qtrue = 1, 5 £l
PLEBR BN, SR ETE-3.0 ~ 3.0 JL[H
WL,R>#>0.8,
1.4 HEHHFE

AT PM, 5 B9 B4, 36 T NO;S (SO% |
NH; .CI" A HLY (OM) (EC Hi5¢ ¥ it IR ot %
B Al 2 4y AT EA, AL LL 1.6 f5 1Y OC
O M FE Y R AR T 4 92 T Malm 21
il Zhang %S FE R A RATH

2 HER5WR
2.1 FHEIEMERA

2020 4£ 10 A 21 H—23 H, Fi#di ¥ — 1k
A R s Y sk AL Bl 1(a) (b) S 10 A
21 H—24 H LG5 W R MERUR Y ML S80I
i, WL AU S — B B R ORI T
21 HAXE—22 H F 8], 52 B 23 W o 007 35 b 1 DL i
WUFR S5 PE AL KR 32, KA 2 0.5 m/s, &7 B A5 1
W,% 21 HH RREKMGEW(HEKE
4.1 mm) KR BE HEFEFE 95% L I s i iR # A 9
BORFI 5 5% 1 (45 55 B AR e S AL PM, (BT
21 H 19:00 #& iR @ FF, 3F T 22 H 0:00 #
PM, , {H#BF7 (78 pg/m’) ,2:00 AF[IE(H 103 pg/m’,
BRRE TG Y M I bR PR (75 peg/m’) 37.3%,



B30 A6

S A A b M T Bk 2 — it T R ) 75 e 5 R R A B IR 23

2024 4 12 H

15:00 i} PM, ; P& % K AKF (56 pg/m’), it bx
WA 15 hy 5 BB b A B . 22 H
15:00 j& JXGH 3 K, 7 WO 4, o 2835 e W oh A
i) PM,, %k PM,,, PM,./PM,, i 14:00 ¥
0.70 M [E 2 0. 46, i T4 EAE A B35, Uk
Yo FEA A 48 P REE ;22 H 21:00 &2, 5
£ PM,, (E 2 W] #3523 H 9:00 PM,, {H &
L3k 131 pg/m’, & 23 H2FEJG PM, /PM, 44515
0.25 ey LUK 4 ¥4 e FRAE A &2

200 PM;, —-—PM,s ¢PM,s/PM,, 5 1.00
@ o . ‘o
= 150 PRLL M L %d 075 =
£ o e o =
) ° o g% ° O a
D 100 ¢ A /\/\ Lo e Hdoso B
< \o o, % zf
& 50 W \*Xo/-vo 0000c0,00d ™ o] 025 &
. . C.
SNV, Ne = M7 S N\
0 i __ BRSNS )
25 F _ —Pi4m/s ERPERTLE - —- AIXRRE 4 100
NOM o 2\ —= 4
. -
g 20 ool \«\*»\»ﬁ\ﬁl\)tw'ﬁ%ﬁ&\%f//r’— 80 &
< I5F Y Ny \ / il
5 \ i \ ! 60 =]
}E 1.0 \ l/ \/\\/ =
® 05| i_ v/ /o H40 E
O i 1 Il | 1 20
2020-10-21 2020-10-22 2020-10-23 2020-10-24 2020-10-25
Hiy

1 BHYNSKSHENER
Fig. 1 Monitoring results of particulate matter and

meteorological parameters

2.2 Bk EA S BAL T AR

10 4 22 H 11:00.15:10,16:00 }% 21:15 iX
4 A B A I 2R M TG KL PM,, o 14 36 000 &5 SR AL
B 2, fE 2 AL, AT M PM, o (B R R) AR Ak

600 - ——11:00 ——15:10 ——16:00 —e—21:15
500
400 -

300

R/ m

200

60 90 120 150
p e/ (ug-m)

B2 41HEPM,, RERENEESS®
Fig. 2 Vertical distribution of PM, 5 concentration

during 4 time periods

A 11:00 5, A 5 0 0] 75 M BEAG , 5 b T 3
W25 HL i A8 Ak A — B, | E LR BOR,
22 [ 11:00 200 m 5% LR PM, , MK BE % w5
438 i i A AR, 200 m kb PM, {2 72 pg/m’ A
A5 30T M T B AR R EE 24 45. 0%, X A A5 e W I )
i RAFEAE s 7E 200 m ~ 400 m {5 [l N, PM, § B 2
7 it 255 1 85 A9 346 Jonn v 38 K, 400 m Ak PM, o 452
200 m Ab 141 %) 88.9% ;400 m L I, PM, . {H FFIK
B 5 e B 3G N RS . 454 LPDM BEAIXE 22 H
11:00 AS[A] 5 BE A TS 48 h A9 B IR 25 1, % B4 1]
ML 10 m 200 m fZ Eas 700 m A S A FE
Sk A s B X g JE ) B — R R L A7 #
FR A T A A AR BEVE L TR 400 m g B
T 32 R [ A b R b R P B T Y ST
T AE FH T 055

LW X 10 H 21 H—23 H A B,
Rl EEAL 5 48 h S 3Bk WKl 3 (a) (b) (¢)o
A1 3(a) AT 0L, 11:00 400 m @& B3 A7 76 I B 1Y)
¥ Th AR Ud AT RE 22 F) A 3 48 3 DX T M 1 VS e
HER A 2 o FR IR L, R EORE TS Y B B, R
PR G550 T A M T Y RS T ) b 3l R s ik
SETARPM, YRR KL, 22 HF )R, T
At dm At XU XL 3 E W 3 R, 150 00 KU B K R
5.7 m/s, ¥ WG AR A, T M T PM, 5 R ER R
%o 2 B 25 3 7R, 15:00 PM, 5 {EAE 300 m L)
N AR 2 e B (10 T 48 K, 300 m Ak A 1 5
25 114 pg/m®, M1 %Z T H 1 38 IE 29 86.9% , H 7E
150 m~300 m @& FEA7F 76 W R i 8. 45 & Rl
kF [ W 3(b) ], s A 32 2ok A b Jr ) B
FEAE W 4R T, 2 0 Bt o KU B 8 06 K, 32 31 v 2k
T R AT A8 I O B i DX SR AT 2 VS G ) i
B 5 i B g, 16: 00 #F 100 m ~ 300 m i [l 4
PM, ; fE#% 15:00 B & B AR FL % 2 B2 B /N, 5 4
TR N CE I O T N | oy I Tl E D U BT RE (R 1}
AN T A 5K o

22 H 21:00 2, vb2b FA0K 2 Tl i PM, A
BT, PM, § (EE— 25 FRAR FLTE 4% B )2 14 o A
#THE, 22 HRR—23 HA R Hd i PM, 75
el By Jey g RS A B AR O K R I b S
WU 3(c) ],48 h A4 RS 1 500 km DL |, f& %
1o B A ik 2 500 m, 1 23 a7 B S AL A AR AE A B
2.3 HE 4 A4 AR B B AT

2020 4F 10 H 21 H—24 H 2 0] 4 W 0k 4 40

_ g5 —



B36t o AR AR b T A TR — U B MORE ) 75 G i B AE B 0 R 4 A 2024 4 12 A
NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL NOAA HYSPLIT MODEL
Backward trajectories ending at 0.00 UTC 22 Oct 20 Backward trajectories ending at 0.00 UTC 22 Oct 20 Backward trajectories ending at 0.00 UTC 22 Oct 20
GDAS Meteorological Data GDAS Meteorological Data GDAS Meteorological Data
= () 3 | (b) @
& 8 45 &
g 138 _120~22 F 11:00 o 8 IOS\IQ\ 13 E 130
z - & &
222[% e e 00
5 22130 = 3 3
30
g g (:3: :::::::::::77:::,7,::%;%‘
] It ZERES Y- 1309
et = OIS 12 O6 o TE 12 06 071 =
B3 AENE TESERF48h STEHIE
Fig. 3 48 hour backward air flow trajectories at different time and heights
Sror A AEAE UL 4 (a) (b) o &L 4 AT L, PM, 5 4
B ) } 0 @ o AwkRge 0 w0
FRBr B (10 A 22 H 0:00—14:00),NO; #{H K _ | b | —o. -
p ! [ 150
A rar s =y >, E =
42.3 pg/m’, L 44, 4% RBORY G Btk 3 [ | i o
s = 1 =
Moy HEARATA B (21 H9:00—23:00) , £ 10 : 0 &
- < |
NO; fif I 7} 466. 2% , i BT 20. 6 4T 43 41, I LV | | 60
_ N N _ . 10 F(b) [-~ALWC | TemtLfpZisy | 4 120
THUR I 2 45 4140 R OB 5 L NO, R NOS AR NN B
e i - N e ! Y PREICR o
IR LI 21 BRSNS, R L O imson N 1% %
. N e o | ! o | 5 | s
H 13.00 ZE4% 75 16 pg/m’ ~ 27 pg/m’ Z 6], i % Z oa i | o
=2 N e | .
BT 10 A 9 5K (5 pe/m*) L NO, 9 BB o2 by <
- s o 0 0
NO; 7% AL T 78 2 M RTIR Y 2020-10-21  2020-10-22  2020-10-23  2020-10-24  2020-10-25
HE SR EEZJRT NO, 5 OH [ 5w A

AL, TR A BURLAS NOS T %5k {4 N,0, iy
SOMAE RS AR B A K AR 21 B g —22 H
KL, 5O A X B R Gk 95%, ALWC H 21 H
19:00 fy 30.8 pg/m’ Fh @5 &= 22 H 3:00 Ay
95.9 pg/m’, AT 2.1 4%, W, 21 H—22 H
ALWC 5 NO; 2R M IEAMA X KR, LRI R
9 0.928, M4 1L (NOR) "™ Sk &, bt #5 % Jil
TR B AL B HfE E, NOR B BB B B K, 22 H
3.00 % 0.66, # % 21 H 19:00(0.27) FF+ T
L4 £, RWIEA F 5 KR B A A A M0 KRR
B4 M TR NO, il i 2 M B A PR s
M3 NOy W Ko Lt 3 T B il IRk 5 FH
BT AR G AT, & B 5 NHG 5 NOS /N
JEEARAF DG 2 B, o 0.99, Hk 2 5 KT, 0 0. 68,
FW NO, %L NH,NO, KNO, fIE 777 .

H 22 H 14:00 &, PM, 5 {EJF 4 FRE, B 13:00
(9 101 pg/m’ F& % 15,00 ) 56 wg/m’, i NOR %]
B 13:00 19 0. 60 Pk |- F+ 2 15:00 7 0. 82, 455
_ 86 —

4 KLY 53 53 T R AE

Fig. 4 Composition distribution characteristics of

particulate matter

3cTe AHL 1500 5 FOUL I 45 H 0T 0, B NOR
38 KR TE R AL < i) 52 3] 2 4k AT i ik 1Y
¥ ;16,00 &, NOR ## [& K, PM, .,/PM,, &=
0.4 LI'F, WAy se ¥ i & A o B, il T
oo F AR TR B3R HABK 0 XU 55 1R (5 15 4 Hoas
b, M 5E W i BEAE 20000 A5G AR R B B
T B Be Vb 2 FEAR Bk FT A S P, 22 H
22:00 &, Vb FRFN K, fAL PM,, M oe ) it &
Wz, 2 23 H 16:00 — H 4 F M)y
Be sz il PM, 5 B9 8424 RS (9.2 pg/m’)
H N 37.5%,
2.4 Bk kR BT

HT KT, Ca®™ NH; . NO;.SO02 . Cl”,0C.EC,
Si.V.Cr .Mn Fe Ni Cu.Zn.As.Se . Pb.Ti % 20 ff

Nroi=IA
7

v IN B2
W



B30 A6

S A A b M T Bk 2 — it T R ) 75 e 5 R R A B IR 23

2024 4 12 H

20 43 W I 4k L R PMF 7R FF ¢ 2020 4F 10 H
21 H—23 H PM, KFEMHr. 457 FEW, 10 A
21 H—23 H 4% W 4 M J0RL 9 ok U5 v — R TE ML ER
(R PR SR Fe 4 8 ) R BE VR | R B R 3 L A W I A
PEUR B AR UR AR HE A IR N T2 AR R A BT AR
b4 50k 51.5% (11. 0% . 10. 3% 10. 2% . 7. 8% .
6.8% M 2.4% , PM, ; # 45 B Be — W TC WL (i iz
b T AR ) SRR o e 3k 71 1%, ok o A W) Tk
PR (10. 6% ) KRB (6. 6% ) 55, b8 5 i By
Bt bR e, ATk 300 9%, Hok O TR R
R (21.9%) .

3 H5iE

2020 4% 10 A 21 H—23 H Y 1 17 3 7 50k
Y15 Gt R E], PM, 5 6 1) T BT BG2K Bl 35 75 GL B
By i 72 1 A 22 S AL 9 20 A R AL, P 0 A
95 B H AR G AT AR R R A%
Ja MR X8 7 G ik B B2 A T WA PM, 5 1) 2R
AL S A Bl A — E 0 fE

PM, 5 75 G 301 18] A R £ e J38 DRUs 3 1, 55 AL
W K B B R OE A DG OC &, AR X R T T
L B R AR S RO HE T ONO, 2R
FH RN e AJIURLZS , 2 18] 59 3F B AH S R J2 PM, 95
YL IA) AR R+ 2R 0 T 2R AR . BEAE T Qe B B
A ORI A o3 s T 2 L AT AR Y S G )
WA et R . PM, 5 TR AT 45 2R B, 75 G 4
] R TCHL#h (RS TR #h B Eh) o L B, PM,
PR BER Ik 70% DL L A= W R B TR R AR o L
LA o, IO T A A s B S i XL B 4 S R Bl
TR IRBEDR A= 1 TR b U S5 4 e A 4

[ 5% 3Tk ]

(1] B, RET 4028, 5% LU R AR R KR PM, 5 41
BCRNS YRR AERT ST [T ] . BREE e I 45 B 5 17 R ,2022,34(6) -
26-30.

(2] BRWri, 20, ik R, % Mt &% PM, 5 oK TER 715
PARSAEATFE [T ] PR 00 45 1 5 R ,2022,34(2) < 12-15.

[3] HONG Y W,XU X B, LIAO D, et al. Source apportionment
of PM, 5 and sulfate formation during the COVID-19 lockdown
in a coastal city of southeast China[ J]. Environmental Pollution,
2021,286:1-9.

[4] WANGWG, LIU M Y, WANG T T, et al. Sulfate

formation is dominated by manganese-catalyzed oxidation of

SO, on aerosol surfaces during haze events[ J]. Nature Communi-

cations ,2021,12(1) :1-10.

[5]

[6]

[8]

[9]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

WANG D F,HUO J T,DUAN Y S, et al. Vertical distribution and
transport of air pollutants during a regional haze event in eastern
China: A tethered mega-balloon observation study [ J]. Atmos-
pheric Environment,2021,246.118039.
FEAd AR A7 75 0 AT R L G 4T85 TR R IR A R A Al
WKL)y AT [T ] 78 A% 5. ,2023,38( 1) 1 18-25.
TR, £ FF. TE AL I TE T PR R ST e RO
R g B T LT ] B85 W4 B S R, 2019, 31 (2)
44-46.
L B, AR A, SR, S BT IR AL KR KA BRI 5 R
A YR S W DR AT S kR [T ] B R4, 2023,44 (12) ¢
6595-6609.
NENES A,PANDIS S N, PILINIS C. ISORROPIA: A new ther-
modynamic equilibrium model for multiphase multicomponent in-
organic aerosols[ J . Aquatic Geochemistry, 1998,4 (1) ;123 -
152.
AR 17 VL = A U PG S b X AR TR B R R AE fb R A BB R
PLHRIBFFEL D] . B 5 B 50 K2,2017.
DING A J,WANG T,FU C B. Transport characteristics and ori-
gins of carbon monoxide and ozone in Hong Kong, South
China[ J]. Journal of Geophysical Research: Atmospheres, 2013,
118(16) :9475-9488.
W £ NI BETE R, AR T IR Tl b X 2= — Ul B R4S
Qeid B rHr (1] PR5E I I 48 31 5 BOR ,2023,35(5) :26-31.
BRI, R 2R, 0 A . B T SR A A0 SR 4 4 75 e R A
BT (2012—2013 4 ) [J]. ¥ 55 B} 2= % 4, 2016, 36 (3) :
1021-1031.
MALM W C,SISLER J F,HUFFMAN D, et al. Spatial and sea-
sonal trends in particle concentration and optical extinction in the
United States [ J ]. Journal of Geophysical Research:; Atmos-
pheres, 1994 ,99(D1) . 1347-1370.
ZHANG R, JING J, TAO J, et al. Chemical characterization
and source apportionment of PM, 5 in Beijing: seasonal perspec-
tive [ J]. Atmospheric Chemistry and Physics, 2014, 14 ( 14) .
7053-7074.
WU C,ZHANG S,WANG G H,et al. Efficient heterogeneous for-
mation of ammonium nitrate on the saline mineral particle sur-
face in the atmosphere of East Asia during dust storm
periods[ J ]. Environmental Science and Technology, 2020, 54
(24) :15622-15630.
FIHE BT, 0 AT, AR R A 2 WA S A 3 g B v
R TEHL AU B IR R ok B A AT [ ] BB RE 4, 2024, 45
(5):2581-2595.
SUN Y L,ZHUANG G S,TANG A H,et al. Chemical characteris-
tics of PM, 5 and PM |, in haze-fog episodes in Beijing[ J]. Envi-
ronmental Science and Technology,2006,40(10) :3148-3155.
LOU S,HOLLAND F,ROHRER F, et al. Atmospheric OH reac-
tivities in the Pearl River Delta-China in summer 2006 : measure-
ment and model results[ J]. Atmospheric Chemistry and Physics,
2010,10(22) :11243-11260.

AFEE A R

87 —



