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Abstract The COVID-19 epidemic have been broken out in early 2020, and China took a series of
control measures to significantly reduce the emission of air pollutants during the epidemic. In order
to understand their pollution characteristics in Handan city under the emission reduction during the
epidemic period, statistical variable analysis method and characteristic radar map were used to
analyzed the air pollution situation before the outbreak (December-2019 and January-2020), during
the prevention and control period (February to April-2020), after the prevention and control period
(May and June-2020) and compared with the same period of 2019. The impact of anthropogenic
emission reduction on air quality was discussed through backward trajectory clustering analysis of air
mass migration trajectory. Our results showed that after the outbreak control began in February-2020,
the air quality was significantly improved compared with the same period in February-2019. The
AQI value was decreased by approximately 50% in February, and the gap between March and April
gradually narrowed.During the prevention and control period in February, the average concentrations
of PM, 5, PM;,, SO,, NO, and CO were decreased significantly as 51%, 55%, 62%, 41%, and 33%,
respectively. During in these period, mean concentration of O; for 8 h was significantly positively
correlated with air temperature (0.747). O; concentration was increased during the epidemic period
and reached the peak at the end of April (238 pg-m™). On the whole, air pollution by particulate
matter is more obvious. The characteristic radar map of Handan city in February, March and April is
relatively comprehensive. During February, the pollutants discharged from coal burning and biomass
combustion are on the high side, while the NO, and SO, concentration from factories is on the high
side in April. In the early stage of epidemic prevention and control, the emission of all pollutants
were decreased significantly, which was similar to the air mass movement trajectory and source
characteristics in February-2019, indicating that man-made emission reduction had a significant
impact on the improvement of air quality.

Keywords COVID-19 epidemic, Handan City, abatement effect, atmosphere quality.
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Table 1 Comparison of AQI averages at different epidemic stages in 2019 and 2020
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Average  Peak Severe and above Average  Peak Severe and above Average  Peak Severe and above

2019 149.60 313 14d 120.45 388 12d 124.69 206 1d

2020 156.76 384 19d 84.61 223 2d 105.21 201 1d
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Table 2 Comparison between the estimated emission concentration of pollutants and the actual value in

Handan City in February 2020
PM, s/(ug-m™) PM,¢/(ug-m™) SO,/(ng'm™) CO/(mg'm™) NO,/(ng'm™)
fEEHRRCR 148.56 186.15 9.53 1.70 36.92
SEBRHERGHR 67.79 98.31 8.00 1.12 23.72
PHEAN v B 80.77 87.84 1.53 0.58 13.19
P A e SE R R A 119.15% 89.35% 19.12% 51.79% 55.61%
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Fig.8 Cluster analysis of backward movement trajectory of air mass in February 2019 and February 2020

3 458 (Conclusion)

(1) B B 42 0T B B R R v 2= Ui 5 AR R b2 SRR AR 22 AN R, BP0 ) 4 2= Ui
AR A I, A5 26T B (BR Oy A1) MR BE S5 BORIR BE ARG, M0 O3 ¥R A 4, I AR BEN
JE PR T .
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AR RAE R R R SRR HT AT LU Hh 2019 4F 2 A5 2020 4 2 7 19T 3l 50 AR PR AE AR B,
UL BE AR ST [ 75 Qe e JEE e A1 5 A DA il A — 8 K.

S &3k (References)

L1 Rfi, KB, e sC i, 2. mUHESE R R 30 3 X Bk A& TS R RO AL IR R T D). BRBERL S, 2021, 42(4): 1591-1599.
TANG Q, ZHENG B, XUE W B, et al. Contributors to air pollutant emission changes in autumn and winter in Beijing-Tianjin-Hebei
and surrounding areas [J]. Environmental Science, 2021, 42(4): 1591-1599(in Chinese).

(2] B, himsh, 224 %, 4. COVID-19% 1 9] ] 5 H 3K s e B (L B m R 47 (). SRR, 2021, 42(3) 2 1205-
1214.

ZHAO X, SHEN N C, LI L J, et al. Atmospheric pollutants in the Beijing-Tianjin-Hebei region during COVID-19 epidemics [J].
Environmental Science, 2021, 42(3): 1205-1214(in Chinese).

(37 I, AL HEHE 117 2013-20174F I ASMURL ) fb 24 SRR A9 WF 52 [D). B 771 ) H 2%, 2019,

ZHU S S. Research on the characteristics of the chemical composition of atmospheric particulate matter in Handan city, Hebei Province
from 2013 to 2017[D]. Nanning: Guangxi University, 2019(in Chinese).

[4]1 ZRWAk, S8 8L, FEAKIR, 5. ST AT Yo PR HEOHE SR v S S A3 (1], BREERE#HIF5Y, 2020, 33(1): 1-8.

LI Y L, GUO X R, CHENG S Y, et al. Establishment and verification of air pollution source emission inventory in Handan city [J].
Research of Environmental Sciences, 2020, 33(1): 1-8(in Chinese).

(5] CHHE, AR, FKUR, 45, LR TR Tl oy 28 U 75 Y ad B AR AR SR R AT L], P [ PREE 27, 2020, 40(1): 31-40.

GUAN P B, ZHOU Y, CHENG S Y, et al. Characteristics of heavy pollution process and source appointment in typical heavy industry
cities [J]. China Environmental Science, 2020, 40( 1): 31-40(in Chinese).

[ 61 R, Fszsz, BEIAR, 55 HEHRR B MR 575 Yo R AR M &5 AU TR I 098 1], A28 5 R A BT 231k, 2020, 36(8)
998-1005.

SONG X H, DU L L, LI J D, et al. Study on characteristics of environmental pollution and methods of air quality prediction during
heating period in Handan city [J]. Journal of Ecology and Rural Environment, 2020, 36(8): 998-1005(in Chinese).

[ 7] WANGSL, GAO J, ZHANG Y C, et al. Impact of emission control on regional air quality: An observational study of air pollutants
before, during and after the Beijing Olympic Games [J]. Journal of Environmental Sciences, 2014, 26(1): 175-180.

[ 87 XIar®, B, SR, 45, 20144 APEC2: WU I 8 i 3 i %o I 95 Qe Wy ik BE B2 (0], i #8362, 2017, 11(5)
220-224.

LIU Q C, HUANG J, GUO B, et al. Investigation of emission control measures' impacts on air pollutants in Beijing during the 2014
Asia-Pacific Economic Cooperation [J]. Capital Journal of Public Health, 2017, 11(5): 220-224(in Chinese) .

[9] WANGPF,CHENK Y, ZHU S Q, et al. Severe air pollution events not avoided by reduced anthropogenic activities during COVID-19
outbreak [J]. Resources, Conservation, and Recycling, 2020, 158: 104814.

[10] LI X R, WANG L L, JI D S, et al. Characterization of the size-segregated water-soluble inorganic ions in the Jing-Jin-Ji urban
agglomeration: Spatial/temporal variability, size distribution and sources [J]. Atmospheric Environment, 2013, 77: 250-259.

(1] BRELL, X0, ol 55, b BRI oK Wk B 1 BORLAR AR AE [0 o E BRI} 272, 2010, 30(12) 2 1585-1589.
GENG Y H, LIU W, SHAN J, et al. Characterization of major water-soluble ions in size-fractionated particulate matters in
Shanghai [J]. China Environmental Science, 2010, 30(12): 1585-1589(in Chinese).

[12] W, £5°, AT, 55 JLat T 202048 35 19 W1 A 25 AP s e R R 400 (0], PRBE 5 TRk g, 2021, 46(2) 1 107-114.

YAO Y, WANG Y, YU H, et al. Analysis on the influencing factors of air quality during the Spring Festival in Beijing in 2020 [J].
Environment and Sustainable Development, 2021, 46(2): 107-114(in Chinese) .

(13] B %, WAnUe, R 4R, 45 R 7 8 I Y BET T B HAE RA0T5 G R e i v g i 0. PR 2405, 2018, 31(8) 2 1329-
1336.

DUAN J C, HU J N, TAN J H, et al. Design of characteristic radar chart and its application in air pollution analysis [J]. Research of
Environmental Sciences, 2018, 31(8): 1329-1336(in Chinese) .

[14] WANG Y Q. Meteolnfo: GIS software for meteorological data visualization and analysis [J]. Meteorological Applications, 2014,
21(2): 360-368.

(151 JHUb, X037, XU, 2013—20154F 1 ¥ 17 58 75 Qe S OF A IR IX STk o0 [0 SR A 241t 2017, 37(5) 1 1835-1842.
ZHOU S, LIU N, LIU C S. Identification for potential sources for haze events in Shanghai from 2013 to 2015 [J]. Acta Scientiae
Circumstantiae, 2017, 37(5) : 1835-1842(in Chinese).


https://doi.org/10.3969/j.issn.1000-6923.2020.01.004
https://doi.org/10.3969/j.issn.1000-6923.2020.01.004
https://doi.org/10.1016/S1001-0742(13)60395-2
https://doi.org/10.1016/j.resconrec.2020.104814
https://doi.org/10.1016/j.atmosenv.2013.03.042
https://doi.org/10.1002/met.1345
https://doi.org/10.3969/j.issn.1000-6923.2020.01.004
https://doi.org/10.3969/j.issn.1000-6923.2020.01.004
https://doi.org/10.1016/S1001-0742(13)60395-2
https://doi.org/10.1016/j.resconrec.2020.104814
https://doi.org/10.1016/j.atmosenv.2013.03.042
https://doi.org/10.1002/met.1345

3754 7N 54 1t

3

40 %

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

AU, SR, PR, S5 A SRS Y Wy i 5 T S e R XS (], RER AL 4R, 2018, 38(9) : 3438-3448.

QIAN W M, ZHANG Y P, CHEN J, et al. Air pollutant transport channels and its potential sources in Shijiazhuang [J]. Acta Scientiae
Circumstantiae, 2018, 38(9) : 3438-3448(in Chinese).

HUANG X, DING A J, GAO J, et al. Enhanced secondary pollution offset reduction of primary emissions during COVID-19 lockdown
in China [J]. National Science Review, 2021, 8(2): nwaal37.

TR 2, A, B v b X B SRR A o b THT SRR R (D], AR 453, 2010, 33(4): 451-459.

LOU S J, ZHU B, LIAO H. Impacts of O; precursor on surface O5 concentration over China [J]. Transactions of Atmospheric Sciences,
2010, 33(4): 451-459(in Chinese).

FEATT, BRE R, sR. ABURLY) S R B RN ) A T s ML B (7). SR ERA, 2018(1): 19-20.

DU Z Y, YIN H M, ZHANG T. The methods and necessity of coordinated control of fine particulate matter and ozone [J]. World
Environment, 2018(1): 19-20(in Chinese).

SRBRL, B 4, IER, 45 TP R B KA Z2PM, 575 9 A R K K AEHHRE (1], T 5%, 2021,39(1): 102-111.
ZHANG X K, HU C J, HE Y, et al. Meteorological influencing factors and regional transmission characteristic of PM, 5 in the winter in
Rongchang district, Chongging [J]. Journal of Arid Meteorology, 2021, 39(1): 102-111(in Chinese).

MAJE, KA, B A T A SR R B A R ARTS P W HE UK A (1], 22 53RET TR, 2019, 26(4) : 44-49.

SU B N, ZHANG N, HUANG H. Air pollutant emission assessment based on air quality data and meteorological data [J]. Safety and
Environmental Engineering, 2019, 26(4) : 44-49(in Chinese).

A, BRER R, G . R P LA G SRR AT D], A FREE, 2020(5): 16-18.

LITN, QIU J X, FANG C S. A brief analysis of the hazards of ozone in the environment and relevant prevention and treatment [J].
World Environment, 2020(5): 16-18(in Chinese).

Wi, EEAR, BIDERT, 2. AR T X B AT YRR R SR R TR R R TS 0], BREE Rk 545 1, 2020, 45(10): 135-
139.

CAO Y, LIY C,ZHAO X L, et al. Characteristics of ozone pollution and its relationship with meteorological factors in urban Chengdu
during summer [J]. Environmental Science and Management, 2020, 45(10): 135-139(in Chinese).

EIRAR, KM, i I 2250 WG R S8 3T 05, SO FINO, /Y Wl 4347 [T]. SR EERLEBF T, 2009, 22(6): 650-655.

WANG D D, ZHU B, WANG J. Observational analysis of Os;, SO, and NO, with DOAS system [J]. Research of Environmental
Sciences, 2009, 22(6): 650-655(in Chinese) .

XIANG P, ZHOU X M, DUAN J C, et al. Chemical characteristics of water-soluble organic compounds (WSOC) in PM, s in Beijing,
China: 2011-2012 [J]. Atmospheric Research, 2017, 183: 104-112.

XIE Y'Y, ZHAO B, ZHANG L, et al. Spatiotemporal variations of PM, 5 and PM,, concentrations between 31 Chinese cities and their
relationships with SO,, NO,, CO and O3 [J]. Particuology, 2015, 20: 141-149.

s, 23, Fe AP, AF . BN T4 TR TS AR AR KRR IR IX 04T D). FRBERM20FJE, 2018, 31(3): 487-495.

HE T, PENG Y, QIAO L P, et al. Characteristics of air pollution and potential source in winter of Changzhou city [J]. Research of
Environmental Sciences, 2018, 31(3): 487-495(in Chinese) .

MENG Z H, WANG C Y, WANG X R, et al. Simultaneous removal of SO, and NO, from coal-fired flue gas using steel slag slurry [J].
Energy & Fuels, 2018, 32(2): 2028-2036.

TAN J H, DUAN J C, MA Y L, et al. Source of atmospheric heavy metals in winter in Foshan, China [J]. Science of the Total
Environment, 2014, 493: 262-270.

B R, S kom, WA, S R I UL W R B B B (7). BRE S B 5 BA, 2013, 35(3): 100-104,110.

DUAN J C, CHAI F H, TAN J H, et al. Control technologies and policies of iron and steel industry [J]. Environmental Pollution &
Control, 2013, 35(3): 100-104,110(in Chinese) .

PR, R, WA, A5 R AN 4 R APM, B HERURAAE L] BREER 2 0F5E, 2016, 29(4) 1 503-508.

LIY F, LI Z H, HU J N, et al. Emission profile of exhaust PM, 5 from light-duty gasoline vehicles [J]. Research of Environmental
Sciences, 2016, 29(4): 503-508(in Chinese) .

IRE BT, EA6, . Bl miBk K TP, s LR 15 P AE RIS AT L], #1854k, 2016, 35(10) : 2197-2203.
LUAN M X, JT Y Q, WANG W, et al. Characteristic and sources of the polluted elements in PM, sduring autumn of Anshan [J].
Environmental Chemistry, 2016, 35(10): 2197-2203(in Chinese).

FEWT M, 485, KT, 55 M B 0 DX R A0 0T URL ) O RL AR 43 A1 R AE FR IR (1], SREERF 2 BIF 5T, 2013, 26(2) : 115-
121.

CHENG M T, JIN X, WEN T X, et al. Size distribution characteristics and sources of carbonaceous aerosols in typical Tianjin city,
China [J]. Research of Environmental Sciences, 2013, 26(2): 115-121(in Chinese).


https://doi.org/10.1093/nsr/nwaa137
https://doi.org/10.3969/j.issn.1674-7097.2010.04.009
https://doi.org/10.3969/j.issn.1674-7097.2010.04.009
https://doi.org/10.3969/j.issn.1673-1212.2020.10.028
https://doi.org/10.3969/j.issn.1673-1212.2020.10.028
https://doi.org/10.1016/j.atmosres.2016.08.020
https://doi.org/10.1016/j.partic.2015.01.003
https://doi.org/10.1016/j.scitotenv.2014.05.147
https://doi.org/10.1016/j.scitotenv.2014.05.147
https://doi.org/10.3969/j.issn.1001-3865.2013.03.022
https://doi.org/10.3969/j.issn.1001-3865.2013.03.022
https://doi.org/10.3969/j.issn.1001-3865.2013.03.022
https://doi.org/10.7524/j.issn.0254-6108.2016.10.2016022902
https://doi.org/10.7524/j.issn.0254-6108.2016.10.2016022902
https://doi.org/10.1093/nsr/nwaa137
https://doi.org/10.3969/j.issn.1674-7097.2010.04.009
https://doi.org/10.3969/j.issn.1674-7097.2010.04.009
https://doi.org/10.3969/j.issn.1673-1212.2020.10.028
https://doi.org/10.3969/j.issn.1673-1212.2020.10.028
https://doi.org/10.1016/j.atmosres.2016.08.020
https://doi.org/10.1016/j.partic.2015.01.003
https://doi.org/10.1016/j.scitotenv.2014.05.147
https://doi.org/10.1016/j.scitotenv.2014.05.147
https://doi.org/10.3969/j.issn.1001-3865.2013.03.022
https://doi.org/10.3969/j.issn.1001-3865.2013.03.022
https://doi.org/10.3969/j.issn.1001-3865.2013.03.022
https://doi.org/10.7524/j.issn.0254-6108.2016.10.2016022902
https://doi.org/10.7524/j.issn.0254-6108.2016.10.2016022902

	1 实验部分（Experimental section）
	1.1 数据来源
	1.2 疫情防控阶段划分
	1.3 分析方法
	1.3.1 统计学变量分析
	1.3.2 特征雷达图
	1.3.3 减排效应估算
	1.3.4 后向轨迹聚类分析


	2 结果与讨论（Results and discussion）
	2.1 邯郸市疫情前后大气污染特征对比
	2.1.1 空气质量对比分析
	2.1.2 各污染物浓度对比分析

	2.2 邯郸市疫情前后与其他城市污染物浓度对比分析
	2.3 邯郸市疫情期间各污染物浓度特征分析
	2.3.1 颗粒物、SO2、CO日平均浓度变化特征
	2.3.2 O3与NO2的浓度变化特征
	2.3.3 污染物来源特征分析

	2.4 疫情期间减排效应及污染物后向轨迹分析
	2.4.1 疫情期间减排情况分析
	2.4.2 后向轨迹分析


	3 结论（Conclusion）

