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The impact of meteorological conditions and source emissions before
and after the COVID-19 on the pollutant levels in Nanjing and
surrounding areas
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Science and Technology, Nanjing, 210044, China; 2. Lihe Technology (Hunan) Co., Ltd., Changsha, 410000, China)

Abstract To study the impact of COVID-19 several control measures were implemented in early
2020 to investigate the changes in air quality over Nanjing and its surrounding areas. The air quality
data from 2018 to 2021 observed in Nanjing and the surrounding provincial capital cities were
selected to analyze the differences in pollutant distribution caused by different sources. The results

showed that the annual average concentrations of the five main pollutants except O; decreased, while
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the O3 concentrations increased. During the lockdown period of the COVID-19, the daily distribution
of pollutants remained unchanged compared to the non-shutdown period. The main air pollutants like
PM, 5, PM,,, SO,, CO, and O; exhibited unimodal distribution, while NO, shown unimodal and
biomodal. During the epidemic prevention and control period in 2020, compared with the same
period last year (in 2019), the concentrations of PM, 5, PM;,, NO,, and CO decreased in February
with 47.2%, 44.7%, 31.0%, and 23.9%, respectively. The SO, concentration decreased drastically in
March, with 47.2%. However, the O3 concentration did not decrease but increased, with the largest
increase in February of 22.6%. From the seasonal changes, O; exhibits the characteristics of highest
levels in summer, followed by the spring and autumn seasons, and the lowest in winter. The other
five pollutants showed maximum in winter, followed by spring and autumn, and the lowest in
summer. In terms of meteorology, high temperatures, low wind speeds, and even calm winds are not
conducive to the diffusion of pollutants. While precipitation removes pollutants from the air through
wet removal, which is beneficial for reducing pollutant concentration. From the spatial distribution of
pollutants, the changes in pollutant concentrations in the four capital cities of the Yangtze River Delta
(YRD) region are found the same, with the trend of decrease in the beginning then increase and then
decrease. in the concentration levels. Whereas, the concentrations of SO,, O3, CO, and PM,, in
Nanjing shown significantly higher than those in the other three capital cities of the YRD, and the air
pollution is relatively heavy.

Keywords particulate matter, air pollutants, meteorology, emission sources, spatiotemporal

distribution.
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1 ZE A7 (Data and methods)

A6 Fpas U559 PM, 5. PM, . SO,. O5. CO Fl NO, ¥ A Y5 T v [ 28 /<0 7 28 W I 43 A
-5 (https://www.aqistudy.cn/historydata/) , ‘X5 5 2R £ K B B M (https:/www.aqistudy.cn/) . S AEEL
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Fig.1 Annual variation of six pollutant concentrations
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Table 1 Statistics of Average and Peak AQI in Different Epidemic Stages in 2019 and 2020
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Fig.4 Comparison of AQI values in Nanjing during different time periods with the same period of the previous year
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Fig.5 Comparison of daily changes in pollutant concentrations in Nanjing from February to April 2021
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UL SO, 1 H AR A A MUY 7E 10:00—11:00 55— K AYIE(E, 78 20:00 2 J5 H LA E. SO, FE R IE
BRI A HE, AP A T S BT A s ) B, R AU T 7 TAERT R SO, 2l SO, H F-#yik
JEAET ()35 BN BB R 2 —. Nl TR A W (i A, M Wk R T AR, &
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J2 SRR 33 W 4 B[] B 19 NO, ¥ B2 B Jb vy T LA e [R] B2, 09:00 2 J5 i FHZ2 #a 7, IRl ) B 4 K P
RATRRE N, NO, /B8 O BRI 2 55k 2-E FIASWIEFE, 7€ 15:00 i5 5. CO 1) H A2 fk oy Bl il
WA Y FRAE 08:00—10:00, A H BLAE 16:00—17:00. CO A I 32 B2 AL AT RBHI A S8 4R BE BT 77 1
), CO H ARk F 2 A7 30 F)Z R R R, FLURRAH AL T iR, AR 5 ey /0. 0, 1y H 42
Ak ok B Y (B Y B AE 15:00—17:00, 43 {H 1 BLAE 07:00—08:00. 5 HiAth 5 Fh {5 Je ¥ A 6] 19 2,
2020 4F O3 (9 H P27 BEACHT 3 AR AH LU AN S, U B8 155 10 1) N 2 0% 30 R 920 % O e B 1) 28 Ak 5t
BT, O3 Ve B 1Y B AL 32 B Z2 R ARG BER (U540, 1 I A R SH 8 S R A oo 9 RS (45 O5 AR i i,
WRE T 0. BRI Z Ah, NO, B BE 235200 Oy BV EE, T3 IR A NO, e BEXT O3 A THAEAE FHAR /N,
WA TE Gk 2 W AR B O3, O3 TS 51 B I 6, &A= O5 TR, IR UZ 45 ke, iz
o 2 2N S 1) L T R O, BT LA SR 18] O e JBE AR X A 1K 22,
243 KI5 YL BEXT LL A B

6 JH A BUTTEE NG B FE 301 1E] 5 2019 4 [ AQI{E A PM, 5. PMyo 55 6 R I ¥ iy 714
W SEARALXT EE. R 6 AT 2020 4 AQI{E#% 2019 4F[RIIHAH L, 2 A #1 3 H AQI A #H{EH T N, 7
ITERET 37.8%. 27.2%, X FRREARA AR BT M8 T, e RAE R/ MEZKFBAEREAR, 4 5 AQI A
PIEH 2019 A0 L BT 9.2%.
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4 J R R B /N, A 23.2% Fil 8.3%. £ AH SCPE TR W] A1, T vk B AR AR DG 1 B 3K (0.863) . BFSE K
P76 1 H 25 H—2 F 10 HEEAE ™ #3010 PM, 5 ¥R R RE T 41.2%, X £ BB il R ZETE T A4 T 45
7R EBEAR T PM, s Ve FES H b mT DL, SRR R A 920 3 G 0 ) HE IO T 4 R A KA AR
Jiti. 55 2019 4FAH L, 2020 4E1) SO,. NO,. CO A - ¥ B (B A I . NO, ¥ B 2 H T B i 1 i
K, K 31.0%, 3 FF1 4 F T IR EE S 510 32.2%. 3.1%. SO, #eJF 3 H T KR e K, h 47.5%, 2 F
4 H BT B BE 4350 A 32.3% F 26.0%. CO e FE 2 H T FFIE BE B K, 4 23.9%, 3 H T IR IE A 21.5%,
4 JOFYRBEEA B LT, B 16.2%. BEIE SN, o A T BR300 2 S HER ) AUR: ) Fi SO,
NO,. CO 84 W F I, fiE 3 A3 AR E T, 5 e ik B g i L, TREIEEE R/, H 2 CO
UL 2019 4F [F] A Mk B2 A IR 52 X MG AE O W AR Ak Fa B0 R A SR ol , ¥ 2 i A K i a4,
32019 AL, O e 2 A ETHIEEE fe K, My 22.6%, 3 A ETHIERE Ky 5.8%, 4 A ETHIREE K 16.2%. £
B O e i A5 A2 8 5 0T ) 452 Tk HE A4 R M AR /N I A o v [ 4B X O BITE B EL 22 M IE K MEAA WL
TRUBCIR A i AR SRR A SRR AR 2 T 3 0 1) 0 S b i N At 23 300 G R R v MR IR Z0, DT 34 it
T E AR L X RS ARE T, X AH S O THFE RN, SO Oy Wk LA™ JLAEK VOCs HEjik
N, T BUE KA ALY A EE AR 0 F AR T R, R R O v B A IR 200, 3k 2 e 19 0 (]
O At IRt T B A P RE DR IA.
2.4.4 g uUTTRENE IS 5 AR T TS e ik X LG A A

ARSCEICT B BN L AR 3 N 5 R R R T X L, 3 3 AT Sy v [ AR A 27 KR
YL Ry 3T, 38 R B AT AT LT S0 I S R T T AR = X KRS YK B
TAILVE W, et B U A IR AQL H ¥MEAE 2. 3 A BT Wi~ H ORI Bl Wi T %, &5
ARG A IR, 4.5 A5 g ling, 217 6 A0y, B TERBKREMZ, AQUENAH I
R, T LA =y b DX 97 42 309 1) 955 4 A VR HE T A sk 20 3ot 3% X R A BR B A I k9 it . e bt
T TE B A 3 A B B A O 1 AQIAIE 2K T A 3 kT, AE R 2 A B ) B, 4 kT Y
PM, 5 Fll PM o H - 349 B B AR AR (bt 34— 30, W 7E e G B 5T (12— 1 H) ik B i {H, 1R8N B
TR G (2—4 J) F B B A 3R B2 RATR, 18 3025 B 4 45 U A 1 IR 13 3 52 . 5 A A I i A
L, BT RN VT B SO, Y FE S i, 1 B F 3 18] 4 ) 64 e 5t Tl A AR T B S i T A A ST, Bl
SERJE, MR 5 H SO, P uk Bt 3 T H e 3 T BT A, X U A & TR 7 JE e e Tl K
PRIZ AR, V5 Y W HE O PR AE 2. 4 3T 19 NO, AR fb B B hE— 3, NO, A ik BE{E 7E 12 A
AT 1 Ay BUE FeAe K, 2 A BE (AT B 8 00 R R, 3. 4 A OTF G I, (B2 5. 6 ISR E T
G EE:N
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Fig.7 Comparison of pollutant concentrations between Nanjing and other cities
O3 1Y H B BEARTFARAT 5202 1 B 42 W TS WA B RRAE, A 2019 4F 12 A JT 4R, 4 AIRTTHY O3 A Hik
JEEZ LTV, 78 5 A0k Bl i KAK, 6 H A B T B, 703 Hob g Ui A9 Oy W2 SO I v T HiAh
3T CO A BB BE AR B 421 (12— 1 A BOKR, JHR B 125 W H AR, (BAE 4 Ik
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4, B AT R CO MR B (AR B — LR T HA 3 M3k

HRA (FRBE 25 ST b bR ) (GB3095—2012) H 4475 Yo ) AR HIEAE N S8 k% 4 i 23S
15 Y G LT VAL, 76 7 A N 4 AT Y PM, s A YI(E W B AR 81 B S AT 3 K T PM, 5 4F P2 ok i
FRAE (35 pgrm™), H27E 2 H O R IF U6 5, PMys A SE R E /N TFRRIE. PM,o 5 PM, s Ml ELT5
Yokt WA 12 Ay st . A S FIAT N 8 0 7 247 1 FRAEL (70 pgem ), FLA IR 00 T ¥/ F -2k i
BRAE. 4 4301 SO, vk FE 7 1 b7 2 Wi A0 1% B 45 1 46 I 57N SO, AF- - 3499k FE BRAA (60 pg'm™), ik
T2 ST REARE ) SO, 1Y — 2R ME(20 pgrm ™), X VLB SO, 7EK = 3 1T v 5 Y Wy 7 85 AH G
BN 4AIRT 12 H A9 NO, A ¥k B IS T NO, -k B BR A (40 pg-m™), H4y 6 > HABAR M
i, TGP TR AR TS LAY T A T, 4T R O5 YR B R M I O3 4F - 4 vk BR (.
(160 pg'm™). CO Fl O 15 —HE, VU T A CO e JE R CO 4R 1k i FRAE (4 mgrm™).

SR, RE T W8] BE 2 A HE R A KRk D, 4 AT A A SRR A BTG, BR O LM
5 BT Y B YA AR R AR E (R B, (BT O S, e A% B 45 300 180 vk B I R R B, 2 i 7 e 39 il
Oy IR A — B AE L TF ARRIENRIJG, B 5128 05 Y 20K = A XM 8 i, ot 3 S dnk i
FEAN[AS Je I 00 45 I, R M A B A LA R T ma s TR A R T A T = A LR
X, Fr 45 5 52 A0 5 15 Ye AL S A 2, i EL R IX 8 Tolk & 3k, Tolv A = ki £, 805
Ye w1 IR AT T T VT = A N AR U I b [X 32 Ul XU ), 47 1A LL PR Bt 3o T B2 4, ¥ e
FHXT AR RE I TR ZE D TR TS 52 R, R R R RAEAR T 5 Y i 6, (575 Ye ik i 01 8 j
6%, 0 A 5 1 VR A HE R AT R0 K = A M X s TS e A S i, O NIk 1 AR G2 A 7 g et AT
5%,

3 %518 (Conclusions)

(1) 5 2019 4F A 45 & 2 15 B A LL, 2020 4F 6 Fhi5 Y ) 10 47 S B0k B 445 BT R B . PM, 5. PM,,.
SO,. NO,. O3, CO 435I F I 22.3%. 35%. 30%. 14.4%. 2.3%. 4%. ¥iBI A 251 shoxt 195 YL My ik 1 A AR
K TTHR, ET AR T NG 50, 15 e BN IR K BE 98D, g 5 T 3R b2 [

(2)PM, 5. PM, fil SO, 277 - 243 B #F A f 2 B & Z 40 i T LAk F 175 CO Z T Mk i 4%
K, BKIKZ, EZBAL; NOy WLZA Bk B e i, RER T/ 2, EREAUNEEE; 05 T
S8 R D) 2 PR A v, RO, A BRI AR L.

(3) SEEIEHT 0 AQLE AT H, 2020 4EAE B 45 FF WA T Ji , AQI Y (B RN e KAEHBA BEAR. 15 By %2
AT, 2020 4F AQI YA 86, 15 2019 4F-HH b T [ 6%; H 1 b7 72 30 (6] [R] S0 At AQI S4ME FRE T 5%, %
KL TG4 RAECT T 11 d.

(4)2020 4F- PM, 5. PM;(. SO,. NO,. CO H 75 {b e B A FoAth 3 4FAH Lb ok 5 4F S AR M. O MREE I T
AR E. 2018—2021 4F 2—4 J 5 Je i 5 B IF R A BRI 254k, PM, 5. PM g, SO,. CO. O iy HLlE
A1, NO, Ay XU B Y

(5) Bk O3 LA A 5 s Yo e B AE 2020 4F- 581 B 2 01 6] 5 2019 4F [A) A0 Eb 52 T a3,
PM, 5. PM,o. NO,, CO ¥ i 2 A {5 R B e K, 40 3R 47.2%. 44.7%. 31.0%. 23.9%. SO, # & 3 A
T R0 BE e K, O 47.2%. 5 2019 AEAHEL, O3 WR TR B M AR R I, 2 A B AR BE fe K,
22.6%.

(6) 5K = XA A ST A b, ma st Tl 28 05 e AE K = M XA XA TR, 6 Rl e ik 2 L
HoAth 3 A3 TR BE (B IR 5. SO, CO il Oy 16K = AL IX 75 Y4 2. FERE B DRl a , 4 kT 6 Fhis e
Y B AR L R AR B R, #R 2 BT TR, B L TR BT R AR fh ka3
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