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The influence of PM, 5 and component concentration on wind direction in Beijing from 2019 to 2021. CHEN Chen, LI Yun-ting,
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Abstract: Using the meteorological data, PM, 5 and component concentration data of Beijing from 2019 to 2021, combined with the
NO, concentration, the temporal and spatial changes of PM,s and component concentration, meteorological parameters, NO,
concentration and nitrogen oxidation rate (NOR) were analyzed and compared. The results showed that: (1) PM, 5 concentration in
urban areas of Beijing decreased by 14% in the three years from 2019 to 2021, but NO; rebounded by 12%; (2) Each wind was
upward, and the order of PM, 5 concentration in urban areas of Beijing was: northeast wind> east wind> southwest wind> southeast
wind> south wind> west wind> north wind > northwest wind, in addition, the highest concentration of secondary inorganic salt
components appeared in the easterly wind direction, and the highest concentration of organic matter (OM) appeared in the southwest
wind; (3) In terms of interannual changes in various wind directions, from 2019 to 2021, the concentration of PM, 5, components and
NO, in Beijing showed the characteristics of high concentration "eastward shift" in space, and NO; rebounded the highest upward in
the northeast wind, reaching 65.7%; (4) The north, northeast and southeast winds were upward, and the relative humidity increases
synchronously, and NOR increased synchronously in the northeast and east winds, with an increase of 70%, so it was believed that
the rebound of NO; in the northeast wind in Beijing was related to the eastward shift of precursor concentration and the increase of
relative humidity in the northeast wind.
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Table 1 Concentration of PM, 5 components in Beijing from

2019 to 2021(pg/m’)
E] 2019 2020 2021
oM 10.9+7.5 9.546.1 9.145.3
EC 1.9+1.7 1.1£0.9 1.1:0.9
SO 6.5+5.2 5.9+4.9 4.6+5.8
NO; 9.8+11.3 9.5+11.7 11+14.4
NH,* 5.0+5.4 44447 5.1+4.8
H5EnE 4.6£4.2 42+4.4 43+4.8
PM, 43.4436.2 39.2434.5 37.3£31.8
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Fig.1 Concentration of secondary inorganic salt components
of PM, 5 in different cities in China since 2010

£2 AEHH OC FAEC RIREKFER L
Table 2 Concentration levels and proportions of OM (OC) and EC in different cities

REER KA OC(pg/m’) EC(ug/m’) OC/EC BHEIHR
JER (AT FT) 2019 £E 10.88+7.47 1.92+1.71 4.04 AR5
LB (AT FT) 2020 4F 9.45+6.11 1.10+0.92 6.13 AR
JE B (AT FT) 2021 4F 9.15+5.30 1.11+0.94 5.94 AR
Jea 2012~2013 4 18.87+13.24 2.66+1.54 7.09 [47]
Jbst 2012~2013 4 23.5+18.5 424247 5.6 [46]
Jbst 2014 5 10.9123.95(0C) 1.67+0.64 6.5 [18]
L 2017~2018 4f 21 43 3.5 [25]
2+26 ML 2019 4K 21.8+11.6 3.04 5.1 2]
2+26 ML 2018 4K 30.9+20.7 4.75 4.6 2]
2426 MLTTEH 2017 4FKME 25.9+18.5 5712 3.2 2]
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Table 3 Concentration of PM,; 5 components in Beijing from
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M OM  EC NH," NO; SO, HiETE PM,s

JeRe 55 0.6 1.5 3.3 26 29 172
AR 111 1.6 60 138 64 4.1 47.9
AR 102 15 62 125 87 3.8 46.5
KR 10.0 1.3 49 104 66 5.3 42.0
MR 105 1.5 52 105 72 5.1 42.9
PR 112 17 48 9.8 5.9 4.7 43.4
R 6.7 0.8 1.9 3.4 3.3 3.8 21.7
PEIbX 45 0.5 1.0 23 22 4.4 15.9

2019~2021 AFEAN[R] R (1 493 o L 25 3 8w
BRIP4, KK RIER. B L SNA
i PMys S0 RE 1 LU A8 S5, 7 B 23 0l R 59% 55%
53%, 2L H1,NH, "« NOs 75 4= KU )RR B 7 b i,
1M SO 75 B MR T3 3 7 b st i, OM. 9K EL
St e U] T g I PR AR A R S e e B AE P
B BRI 30%, PG A6 KGR 7 R (1 2R 7056 b 5T
TP T 1 52 1 AN 7 2.

Kl 5 LLER T 3aPMys 4150 BEAE £ K] B i)
A NIRRT B BT, 5 U0 IR AR FR
FE R AN IR ) AL 20 B it BT 5 2019 4EAH
£6,2020 FAEARF R AR ARAERUR A B E T4
I3 WP TH i B 0 53k 32% 27%- 23%:5 2020
TEAAEE,2021 AELEERG, ARAEX R PEXL PE
JE X EAEAEAN B 5y BT AR Ry & NOs T
PRI IE 42%,(H SO, MR NH, AR A K, 4
JEX B BRI NOs « NH, A5 BT
g5 L AN ) BB T =4 PMy s SO 2R FE IR 23 A



12 #A MR =& 2019~2021 FE4b T PM, s A 204352 A ) 5% It 5 6265

BRBT FILARIEA. RN KRR EEETE B H ORGSR IR

20196 (@) 20204 (b)
l:l e % 100 T o ” - = 55 100 == - = =
- ) 11% o 10% 13% 14% 10% 10% 14% 13%
- SOy, 5% 9% 7% 10% % 8% 6% 13%
- NO. 20 10% 17% 10% 29% 8%
3
[ Inm,
Bl
EmoM =
C e =
40
20
JERC ARAER AR KR R B R ERR JERC RAER RR KRR MR R R PR
20214 (c) 2019-20214F (d
100 % | [ 6% | [5% | [ 6% % 1 [ o% | [ 6% 9% |s%
18%
z
=
A
o
0
e A R REK R FERK K FEARA e A B REM MK AR R IR
4 2019~2021 FEA M A) 4490 E
Fig.4 Proportion of components in different wind directions from 2019 to 2021
Jem LR _
om g 1 . EC R 2 — 2019 100 oM| EQ NH, NO: SO, ET AT S
12020 -
I 2021 L
R EY PR HIRA bt
piv 0
> =
i, R, eI I B =50 -
R MR
o N ﬁfEIA ! ! ! L L ! ! 1
™ o, " o -100 - - -
e 7 iR BEGR N e TR KRR AR RBRA MR R R TEIER
40
~ —ua—PM
i R R £ 20 n ¥
£ T 5
< 1 FRALR 7‘J’L /J\ﬁﬂ ﬁl’k Eitﬂ
LEE AR TR KA i,—g 20 |- /ﬁit m
AR R %\Dl(n
so2 142m TS "8““ EN' -40 -
oy

LT 10 e, TR RiLA,

&
]
T

Bt i - e Ko Jbntilis M B =S4 7 2021 FEAHLE 2019 FFAR L
. o o - Fig.6 The change rate of the main components of each wind
i i upward trend in Beijing in 2021 compared with 2019
5 2019~2021 HEANR L34 L 14 53 WU 43 A . VLS
Fig.5 Distribution of wind direction of concentrations of NOs Jhy LT e B A7 LA AIE A 75
different components from 2019 to 2021 N N V2 S Re S B O ) ) D

65.7% 22.9%. 13.4%. 4.32%; ¥ FTHE B 1
ELAEGARNGE T 2019 4E, AL 5THTIIX 2021 4F PMa s AARIERAM G L NH,, THRIE 4 42.3%; #5870

LA A AEAN R AU (9 AL DL, Wi P 6 s FAER LR PEX R B BT T R B2



6266 RN 7 A I 43 %

33.9%. 9.5%. 8.0%;if SO XA ZRAL K&
TET R 5.8%. AR PMy.s W FEAAEZR AL
Wy b TR IRE TR S 13.6%. 45 TR, Ik
TR PMa s S 2016 55 AU L9 5 40 A (1) 28 A
SR At 2 R AbR Jb R R I, R AL
B R S NOs R E AR AL X 1 s
T (A5 H SO,
2.3 ARG HFEEE N IR IR X PM, st e
RS (SNAYHR FE IR A7) 43 A REAE

ST X 2019~2021 4F PM, s 2143 HH AR AR
TRERAR . AR AR AT W5 R (I R K :PMas IR EE/N T
75ug/m )R RR R (PMy s W% F T 75ng/m’) 3k
JRU] S A REAE, ] 7.

LR

EEE bR

[ii2 0

P R A

A

=& = fff B K-
== LRRER
=@ = fff R KT iR

K7 B3 2019~2021 SFEA VG RFEE T PM, s 440k &
) A 43 A
Fig.7 Wind direction distribution of PM, 5 component

e R THER AR
e FE IR R AR
—— R R AR AR

concentrations under different pollution levels in
Beijing from 2019 to 2021

TG RN, LR AB K- 08 R R 23 7, 2 7l 45 X
I _F R R e 1 D B 2% KU, % 410 A A XU L
FEop AL R 1A L i R B, 75 QR I, 7Y
ABPA PG PR b5 2 73R P T i 8 e K32 A
RTERTE NN IR | o Nt W M w47 N 7 3 S U
AR AR, 375 335 RIS A PR AR AR PR 44 T = (10 XU A 2R
>R B R B A=A B XGIZ 4 AN KU R B R AR A
ARAE AT b R A JSE T i i 3 i K T T PR AR

it R PR 955 ¥ DR I AR P8 I 44 17— ) R i) 359 g 2 RG>
P XS ZR 1 X, HLAEIX 3 AN U] A AR R I 1) 0 2K T
PR FEE T vt O 5 ¢ v % T 60 B vl R I A
JEC G TR JEE (1) 5 ) ¥ Yo P B I I, B 3T T PMs
55 SNA WRFE I T iy = EEUE H T 0w 248 X I ()94 JEE
FOTE R, AN T8 A 35 ¥ R I I 5 G4 R A A AL |
(10375 LW B 11046 T 340 55 b s 3k DX 1 2 00 o ™
GRNA ]
2.4 AR IM415) NOs iR B e f Jst R R 2R
R4 AR TT 1) | NO;y W e 3 it BRI, A A
FOHT T NO, T 3a 43 KU IR FE A an &l 8
JLNO, 714 RUn) e BE35) T B B A% 8] 40 A b
NO; £, 2“7 FH1E.2019 4, NO, 71 - bR
SRR LU AE IR B v 7%,2021 S A% AR e s 5k
19%,2021 4FEE 2019 SF3E 0T 12 /N4 sk n]
DL AEE T R AE 5 1 b NO, W IE T sl fig 2 A<k
JF NOs ¥ 5 i vy 11 FE 22 R PR 2 —.

520204

20214

NO, i 1¢ (ug/md)

8 2019~2021 “FEJLATTIT NO, WS K43 A 17) 43 A
Fig.8 Distribution of NO, concentration in Beijing from 2019
to0 2021

WF9E 2 W11 SLNO, Wk 8 5 PR B A I B
R AE A DS, A0 RT SO, AL 5t AR bR BRI
AT 20 AR N X AR NO, I ARt
T AR A SN A A

IEAR NO, FALRCRABFE W PMy s o NOs (13K &
IV A S R EAL R (NOR) KR AE NO, L3
K, ()



128 MR =& 2019~2021 FE4b T PM, s A 2043 52 A ) 5% IRt 5 6267

NOR = n(NO;)/n(NO; +NO,) (1)
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H 2019 i 5. HAERR 24 b R IUEGET Ea .

F4 EES5K=MAHX NOR X/h
Table 4 NOR in Beijing and the Yangtze River Delta region

Hh IR B IEIN b P 22 30k
MA,2013,% 0.29 0.15 0.21
P5H,2013,4 0.30 0.06 0.16
I1%i42,2013,% 0.24 0.12 0.18 [48]
BiH,2013,% 0.11 0.06 0.09
TU,2013,% 0.23 0.03 0.11
B5T,2019,% 0.31 0.29 0.30 9]
HH,2019,% 0.27 0.23 0.25
W 9H,2019,4 0.43 0.13 0.20 [50]
W 9H,2019,5 0.63 0.08 0.28 [51]
2019,4b5¢ 0.49 0.008 0.13 AW
2020,k 3¢ 0.53 0.008 0.16 AW
2021,4b 3¢ 1 0.12 0.19 AHFFT
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Fig.9 Changes of NOR in various wind directions in Beijing
from 2019 to 2021
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