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Air pollution, COVID-19, and public health

* |nteractions

Air pollution 1 1. Air pollution may contribute to
COVID-19 cases i
exposure COVID-19 spread

2. Air pollution exposure may

contribute to COVID-19 severit
3. Physical distancing has affected air
2 quality levels
3
* Research needed to inform:
_ COVID-19 * The public health response to
Physical . COVID-19
distancing, | S?Ve.r'ty. * Longer-term environmental
masks (hospitalizations, policies
death)  Approaches for improving health
equity

Arrows show effect is hypothesized to improve or worsen outcome
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Why study NO,

TROPOMI NO, at 0.01° x 0.01° resolution
1. Early results that air pollution =Y iy ~ : TROPOMI NO,

contributes to COVID-19 severity ]
2. NO, is a tracer for urban traffic -
environmental policy planning
3. NOx emissions are precursors to
PM, . and ozone
4. NO, associated with asthma

Space-based NO, columns are highly
correlated with ground-level

. Hi\ﬂ TN NN 10" cm
concentrations 0 1 2 3 4+
https://doi.org/10.1002/essoar.10503422.1

Milken Institute School THE GEORGE

. WASHINGTON
of Public Health UNIVERSITY

THE GEORGE WASHINGTON UNIVERSITY WASHINGTON, DC



https://doi.org/10.1002/essoar.10503422.1

North Africa & Middle
East

Sub-Saharan
Africa

Latin
America &
Caribbean

| e A

High-income

50-

40

304

201

10
0

(%)

Pediatric
asthma

Central
Europe &
Asia

wz>|v
Beyos JussyseL VOokK|2
nhsy [ Bingsisiad 1S RadN nlz
sJaibly [ MOISON 0V m
wnopeyy|
eaue|gesen Bueiewss f_._w m & %
oleD epeyeins > |z
Ingey oguio|eD Wwn=|L
elIpuEXe|y uepsiy IZLZ|g
pepybeg efeqelng - W ol=
ey ucobuey
yeppsr nojueysg
BIR)UY BUENEr
ypeAry Bunpueg
nquejs| © noyzueny
leqng c loueH
uelyay © yoyBueg
no m noyzusn
weeesssled QO e|luejy
BI22Y indwn ejeny
uefpigy o3 OWOH
iqoJleN @ 1edieL
sobe 7] noyzng
epuen- < npBusyn
Bingsauueyor 0 uawery
eseysury © 18leH
ousy| g cepbuip
Bqeqy sippy = BulbBuoyn
obujwoq ojues o) | noyzbuens
seseled N | noyzBueH
ollsuer ap oiy - I Bucy BuoH
sjuoziloH ojag % [ Bujluen
ejefejepens I I IXNAA
gjobog [ UBYNAA
Kalison [ uigeH
aw C , Do 2
Ao oaxen _ o

Reuphs [
ss|dey [

T

el [ uliuel
BuC|s2ieg [ jeyBuByS
oa
Jsisayauepy Jemeysad
ojuolol Bucbepiyn
uojsnoH ISBURIBA
alodebuig induey
ofieig ueg nNpUBLIYIEY
se|leq mouxan
elydispelud ejeyoy
sally sousng nder

© |
efoben i |BuUBYD
PLPEI < 18ins
02S|9UBId UBS = Ipuidiemey
subojon = sund
Mmr_ﬂ‘o %u exeyg
e
obeayn pegejesied
obepues peqgelapiy
JAN lequiniy
salabuy soq aloebueg
slied peqepawyy
ofyal y|zg meN
Inoeg 1yaeiey

o o o o o o

3} < ™ N =

S

Achakulwisut et al. Lancet
Planetary Health, 2019

dence
attributable
to NO,

©
o
=
Q
98]
()
=
=
)
=
n
(=
—_
o
()
¥

<=
—
o
)
a
N
)
=)
~
Gy
o

>
=
wn
o
w
2
z
]
z
[©]
|
O
=
I
2
2
11}
O
o
[©]
w
(U]
L
I
| o

INCI
pollution



]
January 1-20, 2020 February 10-25, 2020

OMI and TROPOMI capture NO, changes
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Observations from individual cities

These CitiesNowHave Less Ai wiOPnews

News Traffic Weather

Pollution During Virus 2Logn
Lockdowns Despite telework, stay-at-home orders, not much
Aot 22 2020, 500 AM change to air quality in DC area

s B | @ 9] | Qsearch a2 ¢ @

0y in Brandon Millman | @Brandentiliman
=) April 1, 2020, 6:15 PM

Restrictions on travel and non-essential business over the past weeks to contrel the spre:

of Covid-19 have meant dramatically cleaner air for some of the world’s most polluted
cities. Listen now to WTOP News WTOP.com | Alexa | Google Home | WTOP App | 103.5 FM

Seven global cities including Delhi, Seoul, Los Angeles, and New York, experienced 25% |
65% reduction in fine particulate matter or PM2.5 air pollutants during the lockdown,
according to a report by IQAIr.

Maijor Cities See Decrease in PM2.5 During Covid-19 Lockdown
Percent change for a three-week period in 2020 compared to same peried in 2019

50% -40 -30 -20

London
{ v9% Delhi
. .
New York Madrid [ #Seoul
v25% v11% [
.
Mumbai
Los Angeles - Wuhan
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Bloomberg Ne

A street nearthe Tidal Basin is shown nearly empty due to the impacts ofthe pandemic on March 31, 2020 in Washington,
D.C. (Anadolu Agency via Getty /mages/Anadoiu Agency)
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Our initial results confirmed that urban
NO, changes were inconsistent

14-day rolling averages from Jan 1 — March 11, 2020
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Natural influences on TROPOMI NO,

Seasonal variations of column NO, Meteorological effects on column NO,
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Goldberg et al., submitted
https://doi.org/10.1002/essoar.10503396.1
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Disentangle the effects of meteorology and
emissions: 3 approaches

 Method 0 — reference case
TROPOMI NO, change from Jan-Feb to Mar-Apr 2020

* Method 1 — account for season
Compare TROPOMI NO, in same months in 2019 vs. 2020

Normalize TROPOMI NO, by meteorology, compare results for 2019 v. 2020

* Method 3 — account for season & meteorology
Simulate “normal” times, compare to TROPOMI NO, observations for 2020 only
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Approach 1: Compare 2020 and 2019
TROPOMI NO,

Absolute difference (2020-2019) Ratio (2020:2019)
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Approach 2: Normalize TROPOMI NO,
columns by “typica

Day (14-day rolling average)
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Approach 3: Simulated TROPOMI NO,,

columns under “normal” times
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Green = simulated normal GEM-MACH regional chemical transport model
Blue = COVID-19 lockdowns (Environment & Climate Change Canada)
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NO, drops during COVID-19 lockdowns

Method 0
TROPOMI NO, change 2020 only
(Jan-Feb vs. Mar 15-Apr 30)

Method 1 — account for season
TROPOMI NO, 2019 vs. 2020
(Mar 15 — Apr 30)

Normalize TROPOMI NO, by meteorology, 2019 v. 2020

(Mar 15 — Apr 30)
Method 3 — account for season & meteorology

TROPOMI NO, vs. simulated “normal” times, 2020 only

(Mar 15 — Apr 30)

Figure created by Gaige Kerr
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Concluding thoughts

* Physical distancing led to
substantial NO, drops in urban
areas, aided in some locations by
favorable meteorology

e Unknowns

— Factors driving inconsistencies in NO,

emission drops between locations
— PM, ¢ and ozone changes -- location-

specific, driven by emissions,

meteorology, atmospheric chemistry
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Unexpected air pollution with marked emission reductions
during the COVID-19 outbreak in China

Tianhao Le'*, Yoan Wang'*t, Lang Lin**, Jiani Yang', Yuk L. Yung', Guohui Li**, John I. Seinfeld*

'Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA, USA. “State Key Laboratory of Loess and Quaternary Gealogy, Institute of
Earth Environment, Chiness Acaderny of Scences, Xi'n, Shasarnd, China. ’l{cj lab uIN.:mui bmmtly -md Plryslcs Irvstituate: of Lallllrwlrurlnull Ghinese Acadermy of
Sciences, Xi'an, Shaanyd, China. *Divisions of Chemistry and Chemical d Engineering and d e, California Institute logy, Pasadena, CA,
LISA

*These authors contributed equally to this work.
{Corresponding author. Email: yuan wangBealtech.edu

The absence of motor vehicle traffic and suspended manufacturing during the COVID-19 pandemic in China
produced a unique experiment to assess the efficiency of air pollution mitigation. Up to 90% reduction of
certain emissions during the city-lockdown period can be identified from satellite and ground-based
observations. Unexpectedly, extreme particulate matter levels simultaneously occurred in northern China.

promoted aerosol heterogeneous chemistry, along with stagnant airflow and uninterrupted emissions from
power plants and petrochemical facilities, contributing to severe haze formation. Also, because of non-
linear production chemistry and titration of ozone in winter, reduced nitrogen oxides resulted in ozone
enhancement in urban areas, further increasing the atmospheric oxidizing capacity and facilitating
secondary aerosol formation.
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Two preprints available

1 TROPOMI NO; in the United States: A detailed look at the annual averages, weekly
2 cycles, effects of temperature, and correlation with PM: s
3
4 Daniel L. Goldberg®'?, Susan C. Anenberg!, Arash Mohegh!, Zifeng Lu?, David G. Streets’
5
6
7 !Department of Environmental and Occupational Health, George Washington University.
8 Washington, DC 20052, U.S.
9 *Energy Systems Division, Argonne National Laboratory, Argonne, IL. 60439, U.S.

10

11

12

13

14

15

16

17 °Corresponding author. Phone: (202)994-8102; Email: dgoldberg@gwu.edu
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Disentangling the impact of the COVID-19 lockdowns on urban NO: from natural
variability

Daniel L. Goldberg*:!, Susan C. Anenberg’, Debora Griffin®, Chris A. McLinden?, Zifeng Lu?,
David G. Streets®

!Department of Environmental and Occupational Health, George Washington University,
‘Washington, DC, U.S.

2Air Quality Research Division, Environment and Climate Change Canada (ECCC), Toronto,
Ontario, Canada

*Energy Systems Division, Argonne National Laboratory, Lemont, IL, U.S.
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More resources for satellite NO, observations

Atmospheric Chemistry and Dynamics Laboratory (Code 614)

Global Nitrogen Dioxide Monitoring Home Page

Aura/OMI NO, for Washington D.C., USA (77.03W, 38.88N)
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https://so02.gsfc.nasa.gov/no2/no2 index.html
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