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Post COVID-19, Climate Change, ESG
and Future Challenging Issues

1. Recognition of new health-related changes after the
pandemic

2. Lessons learned from the pandemic
What We Need to Prevent Another New Pandemic ?

4. Can ESG and Climate Change response become a one of
new alternative to pandemic prevention and response?
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The pandemic has worsened health-related situations

such as SDGs
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https://unstats.un.org/sdgs/report/2020/The-Sustainable-Development-Goals-Report-2020.pdf

The pandemic has worsened health-related situations
such as SDGs

- Global statistical crisis caused by difficulties in collecting usable indicators of the SDGs

- It is difficult to monitor the SDGs due to the absence of indicators and statistics that are used as
important data for policy making and implementation.

COVID-19 IMPLICATIONS COVID-19 IMPLICATIONS
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Violence against women and millions of unintended pregnancies among young
girls

https://www.un.org/development/desa/dpad/publication/un-desa-policy-brief-81-impact-of-covid-19-on-sdg-progress-a-statistical-
perspective/
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Impact of COVID-19 on SDGs

1. EVEN BEFORE THE PANDEMIC, THE WORLD WAS OFF TRACK TO FULFILL THE SDGS
2. COVID-19 THREATENS TO REVERSE PROGRESS ON THE GLOBAL GOALS

3. IMPACTS OF COVID-19 DISPROPORTIONALLY AFFECT THE POOR AND THE
VULNERABLE

4. Still need to attend to many other existin% diseases such as malaria, yellow fever and
others / strong concerns in dealing with COVID-19 are disrupting other disease
prevention programs / mental health due to social isolation

5. To recover from the COVID-19 pandemic, we must put people at the centre of the
response to achieve more equitable and resilient outcomes for all.

6. The SDGs and the Paris Agreement are our compass to a transformative recovery
that reduces the risk of future crises and brings the inclusive and sustainable
development.

* Source : Impact of COVID-19 on SDG ro%ress: a statistical perspective, Policy Brief No.81, Department of
Economy and Social Affairs, UN, Aug, 202

FAQ on COVID-19 and Climate Change

* Does climate change affect the transmission of coronavirus?

* Does air pollution increase the risk of getting coronavirus? Does it
make symptoms worse?

* How likely are we to see infectious disease spread as a result of
climate change?

* Climate change and global health policy are largely treated as
separate issues by the public and media. Do we need to adjust our
thinking?

* COVID-19 is killing people now and climate change

Source : SFHIELD] HACHSHR, 7|2 HA Sl 2 2 2etd MH,
https://www.hsph.harvard.edu/c-change/subtopics/coronavirus-and-climate-change/
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For those interested in research papers on air pollution
and virus transmission:

* Exposure to air pollution and COVID-19 mortality in the United States (Harvard University, preprint,
2019). This study found that a small increase in long-term exposure to PM2.5 leads to a large
increase in COVID-19 death rate.

* Measuring the impact of air pollution on respiratory infection risk in China (Environmental
Pollution, 2018). This study found that worse air quality in China may increase transmission of
infections that cause influenza-like illnesses.

* The association between respiratory infection and air pollution in the setting of air quality policy
and economic change (Annals of the American Thoracic Society, 2019). A study of nearly 500,000
New York residents found that higher particulate matter air pollution levels increased the chances of
hospitalization for pneumonia and emergency deparment visits, especially for influenza.

* Airborne transmission may have played a role in the spread of 2015 highly pathogenic avian
influenza outbreaks in the United States (Scientific Reports, 2019). Researchers have found that
several viruses, incIudinF adenovirus and influenza virus, can be carried on air particles. This recent
paper finds that particulate matter likely contributed to the spread of the 2015 avian influenza.

* Relationship between ambient air pollution and daily mortality of SARS in Beijing (Biomedical and

Environmental Sciences, 2005). During the SARS epidemic in 2003, this study found that increases in
particulate matter air pollution increased risks of dying from the disease. SARS is a coronavirus, like

COVID-19.

Source : https://www.hsph.harvard.edu/c-change/subtopics/coronavirus-and-climate-change/
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Whites are mainly to blame for air
pollution, but blacks and Hispanics bear

the burden, says a new Inequity in consumption of goods and services adds to
racial-ethnic disparities in air pollution exposure
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Fine particulate matter (PM, ) air pollution exposure is the largest
environmental health risk factor in the United States. Here, we link
PM, 5 exposure to the human activities responsible for PM, s pollu-
tion. We use these results to explore “pollution inequity”: the differ-
ence b the i | health d caused by a racial-
ethnic group and the damage that group experiences. We show that,
in the United States, PM, s exposure is disproportionately caused by
consumption of goods and services mainly by the non-Hispanic white
majority, but disproportionately inhaled by black and Hispanic mi-
norities. On average, non-Hispanic whites experience a “pollution
advantage”: They experience ~17% less air pollution exposure than
is caused by their consumption. Blacks and Hispanics on average bear
a “pollution burden” of 56% and 63% excess exposure, respectively,
relative to the exposure caused by their consumption. The total dis-
parity is caused as much by how much people consume as by how
much pollution they breathe. Differences in the types of goods and
services consumed by each group are less important. PM, s exposures

Aaclinad  EAO/ Aivicm AN INAE fav Al thonn wncial athals meacas

source types, at a spatial resolution varying between 1 and 48 km
depending on population density. We aggregate impacts into 15
emitter groups. (See Materials and Methods; SI Appendix, Tables S1—
S14 show the largest emitter types in the 14 anthropogenic and
domestic emitter groups.)

We estimate a population-weighted average ambient PM, s
exposure concentration of 7.7 pgm™ for the United States in
2015, causing 131,000 premature deaths (Fig. 1 and SI Appendix,
Fig. S1; see SI Appendix). Of these, 102,000 are caused by US
anthropogenic emissions and 29,000 by other sources, largely
wildfires and natural biogenic emissions (26,000), with minor
contributions from Canadian and Mexican emissions (3,000). The
total number of deaths reported here is higher than a commonly
cited estimate of 93,000 (1), but at the low end of the range of a
recently published estimate of 121,000-213,000 deaths (7), which
uses a concentration—response relationship similar to the one
employed here (6). (SI Appendix, Table S15 reports estimates of
PM, 5 mortalities using several concentration-response functions.)
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The Reality of Social Inequality in Air Pollution
Cause(Generation) and Exposure
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The Reality of Social Inequality in Air Pollution
Cause(Generation) and Exposure

A

~
(&)1

N o
o S
|

o

Pollution inequity (%)

2022-08-29

Black Hispanic White/
Other

foe]

Exposure (ug m-)

IN
IIIIIIIIII

o

<

2

=i

o

[0)

£

[

Ke]

Black =

Hispanic g
— White/Other

T I T T T T I T T T T I

2005 2010 2015

Year

N & ~
131 S 3
|

o

I
2010
Year

Ref : CW Tessum et al, https://www.pnas.org/doi/pdf/10.1073/pnas.1818859116

12




The bottom 50 underdeveloped countries account for 1% of the
greenhouse gas emissions. The US, EU and China generate about 60% of
greenhouse gases

South America
Africa Oceania

North
America
ia

1. In the long run, all of humanity is under the influence of climate change. But
some people are currently more affected than others and cause equity issues
in most cases, the wealth of a prosperous country is created from activities
that contribute to past greenhouse gas emissions.

2. Using the wealth of economic activity accumulated in the past, these
countries can protect themselves from the effects of climate change.

3. But poor countries suffer the most from the effects of that because they
can't adapt to climate change. They also need to focus on solving the problems
caused by climate change, which reduces their development capabilities.

The countries who have contributed the least to the climate crisis are the
ones who are affected the most.

Is this fair?




Social Justice & Climate Justice

Climate justice means looking at the climate crisis from the perspective
of social justice. Solutions must not only control climate change, but
also protect and empower the most vulnerable groups of people.

We have a responsibility to consider the most vulnerable when planning
climate action. It should not be forgotten that people in this group
contribute the least to the causes of climate change occurrence.

Thus, climate action and action means putting people and communities
most vulnerable to the effects of climate change at the center of
development.

If we don't address social justice issues, climate solutions won't work.
For example, if we don't address poverty, unsustainable lifestyles will
continue to damage ecosystems and humanity will not be able to curb
climate change.

%9

ore important and seriousrevealed problems

Why existing IPC models fail to
predict the COVID-19 Pandemic?

IPC : Infection Prevention & Control




Lessons learned

* Extreme uncertainty risk at the global level is rare. However,
these crises at the organizational or community level will happen
someday.

 After the COVID-19 pandemic, the existing decision-making
process has been reviewed, and risk prediction and uncertainty
risk management are emerging as new challenges.

Limitations of predictive statistical models

1. Forecasts are based on statistical regularity calculated using
historical indicators and figures.

2. Statistical predictive models based on historical data, trends, and
patterns are difficult to predict when the model's inherent changes
and exceptional deviances are occur.

3. In extremely exceptional circumstances, when statistical re?ularity
disappears, a situation arises in which the organization's goals are
not achieved: Goodhart's law (Charles Goodhart, 1975)




Big Data, Al ?

 As data aggregation accelerates, computers become more
sophisticated in learning what they need to make data-driven
decisions, and in competition with humans

* Al transcends its ability to recognize the many patterns that
exist in the data and to learn vast amounts of data

« DeepMind, AlphaGo, Autonomous Driving, Automating Stock
and Investment Trading...

Fukushima vs Onagawa nuclear power
plant case

« The Great East Japan Earthquake and Tsunami in March 2011

* The tsunami that pierced the breakwater that protected
Fukushima's First Nuclear Power Plant was a disaster that
could occur once in 1,000 years. Underestimates tsunami risk
and overlooks the risk of damage from reactor-cooled
seawater pumps(=Z M, 2002

* The Onagawa Nuclear Power Plant (Tohoku Electric Power),
120 km from the Fukushi Bay Nuclear Power Plant, was safe
from the tsunami

« What is the difference between risk prediction and safety
standards for the Fukushima and Onagawa nuclear plants?
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Historical Records and Big Data Limits
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S Rise of Uncertainty Science

Extremely rare, unknown risk,
lack of scientific evidences &
uncertainty science

Types of ‘the Uncertainty Crisis and Risk’

1. Due to the imperfections and impossibility of scientific

mathematical prediction models.

2. New forms of 'socioeconomic risks or disasters' that can

emerge as a paradigm shift in socio-economic and cultural

3. Disasters and risks caused by uncertainty outside the existing

scientific paradigm.




"The riddle does not exist. If a
question can be put at all, t‘hen it
can also be answered.

Ludwig Wittgenstein, Cambridge University, England

Various predictive analytics techniques

1) Reverse Stress Test(Boykin Curry), Pre-mortem test(Astro
Teller, Google), Prospective hindsight(Deborah Mitchell,
Penn.Univ)

2) Polaris tactics to distinguish between signal and noise
(Venkataramin B, Foresight, 2019)

3) Statistics-based predictions such as big data and Al learning-
based predictions, relevance, trends, etc.

4) Game scenario techniques
5) An organizational culture that encourages prediction




Is the principle of precaution an alternative?

* Precautionary prevention principle, Silver Bullet ?

 The principle of precautionary caution fundamentally
presupposes scientific uncertainty

« The more proactive propaganda is strengthened, the greater
the economic and social damage and cost losses.

* A trade-off in decision-making that takes into account the
precautionary benefit and the economic and socio-political
losses together is essential.

Creating resilience in uncertain times

COVID-19 impacts on business strategy

https://www.accenture.com/gr-en/services/strategy/coronavirus-
business-impact-strategy




COVID-19: Busting the myths of agile transformation

 Agility in the toughest of times
* Maintaining speed and agility

* To gain true speed and agility, companies must tackle head-on the
myths surrounding intelligent operating models. They must reimagine
the very essence of their business. While we can’t predict what will
happen next, no matter the scenario, agility will be critical. Companies
need to design their organizations with agility embedded across the
enterprise.

2022-08-29 29

Post-Covid-19 Business Strategy ?

Eoug Essential Trends For Every Post-Covid-19 Business Strategy, 4, Mar, 2021,
orbes

https://www.forbes.com/sites/jeroenkraaijenbrink/2021/03/04/four-essential -
trends-for-every-post-covid-19-business-strategy/?sh=4ebfesd2c4ao

2022-08-29 30




1: Further Digitalization
2: Sustainable & Responsible Business
3: Resilient & Agility Organization
4: Good Employership / ESG

Reference : https://www.forbes.com/sites/jeroenkraaijenbrink/2021/03/04/four-
essential-trends-for-every-post-covid-19-business-strategy/?sh=4ebfe5d2c4ao

2022-08-29
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Rising of ESG ?

Sustainable Investing in the United States ESG Categories Incorporated by
1995-2020 Money Managers 2018-2020
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Companies’ ESG ratings are on the rise globally
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Why ESG investing is on the rise ?

» While most asset prices took a beating during the initial phase of COVID-19, ESG
investments did better than most.

e US, ESG focused funds have seen more than a double jump to USD 51.1

n from USD 21.4 billion, and a nearly tenfold increase from USD 5.4 billion in
019L In Asia excluding Jagan, managed sustainable fund assets almost tripled to
USD 36.7 billion in March 2021 from™a year earlier.

* The pandemic has also made corporate governance a very nuanced task, which
requires making important decisions related to business strategies, employee well-
being, risk mitigation and managing stakeholders in an unprecedented environment.

Source : morning star.com — A Broken Record: Flows for U.S. Sustainable Funds Again Reach New
Heights
scmp.com — ESG investing: what you need to know and how smaller ETFs outgun BlackRock, Vanguard

with sustainable screening and bénchmarking
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The triple bottom line & CSR

* The triple bottom line (by John Elkington)

e “Economic development, social development, and environmental

protection are interdependent and mutually reinforcing components of

sustainable development. Sustained economic growth is essential to
the economic and social development of all countries, in particular
developing countries.”

United Nations statement following the ‘Rio+5’ event in 1997

35

It’s not economy,
it’s business governance

Limitations of the concept that
presupposes economic development
and corporate growth




Background of the Rise of ESG/Climate Change

Earth Overshoot Day .‘
1970 - 2021

1 Earth 1.7 Earths

December
November
Odober
September
August
July
June
| M
A
March
February
Janvary

e‘\"« 3"’0"&‘@

f.,, oo FOORF® @GN Siikior

Sowrce: Netional Footprint and Biocapacity Accounts 2021 Edtion
date tootarinmerwork org

]
<

<
ER

https://www.overshootday.org/about-earth-overshoot-day/

37
When would Earth Overshoot Day land if the world’s population lived like...
Dec 20 | lamaico
Dee & | Eevader
Dec 3 | Indonesia
‘\ Feb 10 | Guotar
Mov 25 | Cuba \ Feb 14 | Luxembourg
Nov24 | lrag oo \\ i | |
Mov 14 | Guotemale . N g
Nov IT | Egypt o
T8 )i Calomgere= Mar 13 | Canadg, United Arab Emiralas
United States of America
» Mar 23 | Australia
Mar 26 | Belgium
Mar 28 | Denmaork
== « Mar 31 | Finlond
Oct 12 | El Sa / = 3
Oet 11 | Uzb si:slnn g Agril 2 Rspubl\c of Kerea
— —a Apr 3 | Sweden
—=Apr 6 | Anslrm
= Apr 12 | Czech Republic, Nethedands, Norwoy
/Apnl 18 | Slovenia
—= Agril 19 | New Zeolond, Russic
= April 21 | lrelond
Sep 12 | Viet Nom == _ahpil27 | Snud-Amhlul
Sep 4 | Algeria = - ,‘”‘:‘;"‘fl‘rg?gm‘y Isfeil
Sep 2 | Pery, Thoiland -+ May & | Jopan
Aug 31 | Mexico ™ May 7 | Portugol
Aug 30 | Venezuelo * —
#g 27 | Ukraine ™/ = =l h LSpain
Aug25 | Coslokica * May 15 | Bohamas, Chile, lely
Aug 19 | Namibia * May 17 | Montenegro
" M Ii? | United Kingdom
" f May Z1 | Greece
Aug 12 | Brazil | \ \ May 29 | Croatia
= e J 1 ey 30 | Hungary
Jul 17 | Panama *— / /| L J.ﬁ i} hr-'&uulh)’\#n:o
. une ng
el PETE"I"LIMU Vi / June 11 | Romania
Jun 27 | lran "' Jun 22 | Turkey
Jun 24 | Argentina
Far a full list of countries, visit avershootday org,/ countr hoot-d oo
EARTH “France Overshoot Day updated April 20, 2022 based on nowcasted dota. See uverﬂlocldu,’ org/ france.
@O OVERSHOOT Source: National Footprint and Biccapacity Accounts, 2022 Edition G;lohnW Footprint Eletwborl: 38
Advancing the Scionce of Sustainabiln
DAY data.footprintnetwork.org % * :




DEFINING SUSTAINABLE DEVELOPMENT

* Finding the right balance:

“Sustainable development is development that meets the
needs of the present without compromising the needs of
future generations.”

Source: World Commission on Environment & Development, Our
common future

Conclusion and Discussion
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onclusion & Discussion

= |n order to prepare and response to new emerging diseases, the | PC platform requires to modify its

structural functions of surveillance, monitoring and forecasting tools to be sufficient enough to

forecast the future risk. Therefore, these tools can utilize an Artificial Intelligence (Al) and Big Data

to more precisely predict the uncertainties of next new emerging diseases.

= Nevertheless, due to the inevitable limitations of predictive science, a new IPC platform may not

function properly against next new emerging disease or new variant of virus. In other words, current

platform will need to become a dynamic model that can be useful for developing alternatives during

such uncertainties.
= Due to the intrinsic characteristics of science, such as rigor and conservatism, flexible and dynamic

models are bound to have a fundamentally political and economic context.
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Framework for response strategy against future ‘New Pandemic’

1. Political Leadership * Build political commitment and
leadership at the highest level

2. Sectoral Cooperation * Align priorities and promote
coordinated action at different level of
government

3. Scientific Evidence based * Science advisory mechanisms at the
national level to deal with the
uncertainty risks and crises




There is a rapidly narrowing window of opportunity to enable climate resilient development

(a) Societal choices about adaptation,
mitigation and sustainable development
made in arenas of engagement

Dimensions that enable actions
towards higher
climate resilient development

(b) lllustrative development pathways
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eeds to be addressed after COVID-19 pandemic ....

1. The Rise of Digital Authoritarianism

2. Surveillance Capitalism Response

3. Strengthen international cooperation and
solidarity for strong ESG implementation and
implementation monitoring

4. Building trust and solidarity between society
and experts on scientific basis

"And once the storm is over, you won't
remember how you made it through, how you
managed to survive. You won't even be sure,
whether the storm is really over. But one thing is
certain. When you come out of the storm, you
won't be the same person who walked in. That's
what this storm’s all about.”

Haruki Murakami, Kafka on the Shore
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- Thank you

Choi Jae Wook
Professor
shine@korea.ac.kr




Assessing Exposures and Health
Effects of Particle Radioactivity:
An Emerging Research Field

Petros Koutrakis Ph.D.

Professor of Environmental Sciences
T.H. Chan School of Public Health
Harvard University

World Clean Air Forum
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Radon Chain

SL-o or SL-f3
Short-lived progeny
Minutes to Days

Acute Effects

Bq/m?

Uranium

SL-« >> LL-«
P SL.- (3 >> LL'@

Thorium

Actinium
Radium

Francium

. LL-xor LL-
Long-lived progeny

i Years

f...  Chronic effects

Bismuth mBq/m3

Particle Radioactivity (PR) is just another PM property

Astatine

Polonium

Bismuth

Lead

Thallium

206
Mercury s0MQ

I

[ ] ot .
R . Attachment Inhalation
[ ) . +0 o _
[ N +
: §
Radionuclides Particulate matter -
(PMm) ‘
b

Radon decay products/
Radon progeny

https://en.wikipedia.org/wiki/Decay_chain
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« toxicity (Linear Energy Transfer) >> B or vy

« can not penetrate the epidermis only by inhalation
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Outline

EPA Radiation Network (RadNet) LL-8

* Since 1956 to monitor radiation from nuclear testing
* Total Suspended Particles (ITSP) Collected over several (3-7) days;
* PM [-activity measured after 1-2 weeks LL- activity

* Similar Data are collected in Europe by different countries




Measurements of LL gross a- and LL
gross B-activities of archived PM, ; and
PM,, Teflon filter samples

Man Liu, Choong-Min Kang, J. Mikhail Wolfson, Longxiang Li, Brent
Coull, Joel Schwartz, Petros Koutrakis

EST 2020

Measures of PM LL-a and LL- activities of archived filters

Radioactivity measurement
= Measuring dates: November 2018 to July 2019

= Equipment: low background gas proportional counter
(Model 1.B4200, Canberra Industries, Inc., Meriden, CT)

= Counting time: 600 minutes for o/

= Calibration: every 2 weeks (with a 0.0518 pCi NIST traceable 2'Po

source on 5.7 cm planchet)

= Background level: below 0.1 cpm

= Limit of detection (LOD):

La- or LB- activity La- or LB- activity
L] 3 3
0.219 mBq/m?3 for o and 0.355 mBq/m?> for measared at » at few days after air
= In total, we have 1,007 samples above LLOD for a activity counting sampling

(89%) but only 806 samples above LOD for 3 activities
(71%)




a- and B- activities of archived PM filters

measured at counting few days after air sampling

LL-a and LL-{ activity l LL-a and LL-§ activity a

(Aa(e)) ©)
T
Aa(t) et . .
C=—-"7-—- Long-lived (LL) o/ -activity
Qto
Main assumption = Agp): Q- or B- activity on the filter at counting (mBq)
* Exponential decaying process = A: decay constant for 2Pb (8.51%10 d'!)

= Q: air sample rate (m?>/d)
= t,: air sampling duration (d)
= t: the duration between PM sampling and counting (d)

* The main source of a and B activity in the air is
long-lived radon products

Comparisons between PM, . duplicate samples

o« 0.0 o« o,
PM, . Mass LL-a activities LL-8 activities
4
8 = = 0.94x
35] PMy5(2) = 1.0xPMy5(1) o % =097 xay ' izz - . °
R?=0.99 g - R?=0.97 y - =0.84 .
2] se=o000s P E SE =0.01 e E .l = = 0,0230 o S P
- o - - < 0. 4
% p-value < 0.0001 §° «g 6{ Pprvalue <0.0001 o o 2 p:value o,
g% z ; F
@ s =
£ 3 4 3 2
) s .
- A5 ~ S
S b %
; 10 £ £
© > >
S & E
o o
0 0 0
0 5 10 15 20 25 32 35 0 2 4 6 8 0 1 2 3 4

(a) Daily PM; 5(1) Mass (ug/m3) (n=313) (a) Daily PM; 5(1) a-activity (mBg/m?) (n=338) (b) Daily PM; 5(1) g-activity (mBq/m?) (n=311)




Comparisons between monthly PM,, and PM, ; activities

Monthly PM, 5 a-activity (averaged) (mBg/m?)

LL-a activities

47 azs = 0.99xayo ME
‘vl &
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5% o ®
2 o }
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14 ° w
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0 |5
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(a) Monthly PM; ¢ a-activity (mBq/m?) ‘

The majority of PM,, activity is

LL-B activities

25
B2s = 0.84xB10
R?=0.97
204 SE =0.043
p-value < 0.0001
o
15 -
B
o 0 (=] °
10 -
,08
o o
3
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(b) Monthly PM;o B-activity (mBg/m?3)

associated with that of PM,

13

Development of a PM, . SL-a Monitor

Joy Lawrence et al.

Manuscript in Preparation




Particle Alpha Radioactivity Sampler (PARS)

Vacuum T Geiger
Pump Scintillation Cell Counter
A Chamber

PM, ¢ Inlets

. Filter .

Although it measures all a-activity (SL and LL) most is from SL-«

Ln [Alpha, Bq/m?]

The decay of sample a-activity suggests that the PARS
measures SL-o Polonium from Rn

{
{ {
}
2

ElapsedsQTime (mirfg




Collocation of two PARS prototype devices
(one hour sampling)

250.0
200.0 ‘.:‘:J,.-: .
g e
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a et
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N
e
R 500 Yy =0.9996 x + 7.8055
R?=0.9921
0.0
0.0 50.0 100.0 150.0 200.0 250.0

PARS-1 (Bq/m?)

PARS hourly levels of SL-« activity outdoors and indoors
(basement and main living area upstairs)
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Note that the SL-« levels (including outdoor) are 3-4 orders of
magnitude higher that the LL-« we measure in archived filters




Relationship between hourly SL-« activity in the main living area upstairs
and outdoors during the summer

(July, August, September)
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Is PR an indoor or outdoor pollutant?

* Indoor Rn levels are higher, but radon residence time is on the order of a few
hours<<Rn half life of 3.8 days
* Only a small fraction decays
* High losses on the walls and other surfaces

* Outdoor Rn levels are lower, but residence time is on the order of days>>Rn
half life of 3.8 days
* Most decays
* Less surface area

* Answer? It depends on:

* Indoor Rn levels

* Outdoor Rn levels

* Season (home ventilation rate)
Indoor PM levels (higher ambient levels => higher PR exposures)
Outdoor PM levels (higher ambient levels => higher PR exposures)

Regulations are important for PR exposures
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Possible Particle Radioactivity Exposure Data

* Prospective Measures
* PARS SL-a houtly data

* Retrospective Data

* RadNet Data
* LL-B
* Multi-day samples (moving daily averages)
* About 100-150 sites depending on the year

* Analysis of Archived filters
* LL-a and LL-§
* Mostly daily filters

* National Model
* LL-B
* Monthly Estimates
* 32 x 32 km spatial resolution

A Spatiotemporal Ensemble Model to Predict Gross beta
Particulate Radioactivity Across the Contiguous U.S.

Longxiang Li, Annelise J. Blomberg, Joy Lawrence, Weeberb J. Réquia,
Yaguang Wei, Man Liu, Adjani A. Peralta, Petros Koutrakis

Environment International (2021)




RadNet Monitors
Predictors of Particle Radioactivity
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Particle Radioactivity Measurements Base Learning Methods
Monthly average particle radioactivity level of 129 _| P L Ensemble Lear“ing
: = Forest
° Base Le arners RadNet monitors from 2001 to 2017 (N=15764) —;I | Non;lN;gali\'e ﬁeo‘i‘:aP}i‘i‘cﬂly
and Temporally Weighte
* Model Ensemble —
| Neural Network

e  Performance Metric

Particle Radioactivity Predictors

Radon Generation:

Uranium-238 concentration.

!I Support Vector Regression

We construct a two-stage model:

The first stage contains nine distinct
machine learning methods to capture the
complex (probably non-linear) associations;

The second stage contains a model
ensemble method to aggregate multiple
predictions.

Radon Emanation:

Snow depth, Accumulated precipitation, Barometric pressure,
Gravitational and volumetric soil moisture, Soil temperature, Soil
available water capacity. Soil percent of organic matter, Soil saturated
hydraulic conductivity, Soil vertical permeability, Soil bulk density.
Soil field capacity. Soil porosity, Soil erodibility. Soil layer depth and
the percent of components of different granularity in soil.

Anthropogenic Emission:

Proximity to uranium facilities. Proximity to oil and gas development,
Proximity to coal power plants.

Other beta-emitting radionuclides:

Potassium-40 concentration, Number of sunspots, Proximity to nuclear
power plants, Elevation.

Atmospheric Transport of radon and radon progeny:

Spatially lagged PM, s concentration, Temporal proportion of backward
trajectory over continent, Distance to coastline, Wind velocity, Relative
humidity. Height of planetary boundary layer, Evaporation. Air
temperature.

Spatial Trend:
Spatially lagged PR levels, Longitude and Latitude.

Long-term and Seasonal Trend:
Months after Fukushima accident, Calendar year, Month of year

| Stochastic Gradient Boosting

e e

Generalized Additive Model by
Likelihood-based Boosting

: Model Evaluation

10-Fold Cross Validation

Spatial Cross Validation

,
e |
| Temprl oo Vlitaon |

1| Temporal Cross Validation
1

(L

Generalized Linear Model via
Penalized Maxi Likelihood

Bayesian Additive Regression
Trees

D
I A | R [

Multivariate Adaptive
Regression Splines

Bayesian Generalized Linear
Model

Monthly particle
radioactivity across the
contiguous U.S

(32 % 32 km)

26
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Levels of Polonium-210 in brain and pulmonary tissues in

autopsies conducted in the city of Sao Paulo, Brazil.
Villa dos Santos et al. Nature Letters (2020)

Lungs = 2.3 (+2.2) Bq/kg

Singulate Gyrus

@l  Olfactory Bulb = 7.2 (+6.1) Bq/kg

Sl Olfactory Epithelium = 2.5 (+1.9) Bq/kg

\ Hippocampus
Hypothalamus < P P

Amygdala Mammillary
Body

- Frontal Lob = 0.9 (+0.3) Bq/kg

1 Bq/kg => 3.6 « particles per gram per hour; o energy about5 MeV

Po-210 in the Placenta of Eight Women in Sao Paulo in Bq/g

(Fetus and Mother Sides)

25
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Particle Radioactivity:
A potential driving factor for PM, . toxicity

Petros Koutrakis!, Haroula Baliaka?, Man Liu!, Choong Min Kang!, Spyros N.
Pandis>*, Athanasios Nenes*>, Carol Zilli Vieira!, Longxiang Li!, Rebecca A. Stern!

! Harvard T.H. Chan School of Public Heath, Boston, MA, USA
2 California Institute of Technology, Pasadena, CA, USA
3 University of Patras, Patras, Greece
* Foundation for Research and Technology Hellas, Patras, Greece
5 Fcole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland

Manuscript to be submitted to Nature Communications

Hypothesis:

* Radiation-emitting PM can lead to the formation of Reactive Oxygen Species
(ROS) that induce oxidative damage and cause health effects.

e PR may be an important feature of PM oxidative potential (OP).

Objectives:

* Explore the association among gross LL a- and $-activity, mass, chemical
components, and OP of PM, ;.

Methods:

* We evaluated the associations among PM, . OP (IN=60), as measured by the
dithiothreitol (IDTT) assay, and different properties of PM, ; including «- and {3-
activity, mass, BC, and 25 other chemical components.




Pearson correlation coefficient (r) between each
variable and DTT activity

04l ammm ] activity, p = LL-$ activity

Pearson Correlation Coefficient (r)

o émésszn Mg Br S Pb St K Se Al As BC Na Sn Zr Cr Ti Cu Sb V Mn Fe Si Ca Cl Ni Ba

o = LL-a activity, B = LL-B activity, mass = PM, : mass, BC = Black Carbon

Results

* PR had the strongest association with DTTv
* PM, ; mass was next

* PM, ; chemical components had weaker correlations than radiation and mass.
* We regressed OP on PR (either a- or B-activity) and one other variable (mass or
chemical component);

DTTv = ¢y, + ¢, X1 + ¢, X,
where ¢, isthe intercept, X, isthe a- or B-activity, X, isthe PM, - mass or species

Only the PR component was a significant predictor

(p<0.001)




Outline

Introduction

Measurements

Exposure Assessment

Biomarkers

Health Effects Studies

Conclusions

Future Research

List of earlier studies

Science of the Total Enviranment 733 (2020) 139340

Gestational Diabetes

Contents lists available at ScienceDirect

Environment International 121 (2018) 1210-1216

Contents lists ava

Journal of Exposure Science & Environmental Epidemiology (2021) 31:727-735
https://doi.org/10.1038/541370-020-0204-8

Blood Pressure

RIGINAL RESEARCH

Environment International 139 (2020) 1|

[ | . .
'l Circulation

Oxidative stress and inflammation

of the effects of PR

Ventricular Arrhythmias

Contents lists available at ScienceDirect

) . nction
Environment International _

Lung Fu

Contents lists available at ScienceDirect

P—
Environmental Research

journal homepage: www.elsevier.com/locate/envres

Hemoglobin concentrat

Contents lists available at Sciencel]

Environment International

journal homepage: www.elsevier.com/locate/envint

Association between ambient beta particle radioactivity and lower
hemoglobin concentrations in a cohort of elderly men

L)
)

Carolina L.Z. Vieira®, Eric Garshick™>?, Danilo Alvares®, Joel Schwartz®, Shaodan Huang®,
P. Vokonas"“%, Diane R. Gold®®, Petros Koutrakis®

* Department of Environmental Healdh, Harvard T.H. Chan School of Public Health, Bosion, MA, USA
© Pulmenary, Allergy, Sleep and Critical Care Medicine Section, VA Bosten Healthcare System. Boston, MA, USA
 Channing Division of Network Medicine, Deparmient of Medicine, Brigham and Women's Hospital, Boston, MA, USA
* Harvard Medical School, Boston, MA, USA

“ Department of Statistics, Pantificia Universidad Catolica de Chile, Macul, Santiago, Chile

" VA Normarive Aging Study, VA Boston Healthcare System, Boston, MA, USA

Environment International 131 (2019) 105018

Contents lists available at ScienceDirect

Environment International

www.elsevier.com

journal

Short-term ambient particle radioactivity level and renal function in older ‘ )
men: Insight from the Normative Aging Study !

Xu Gao™", Petros Koutrakisb, Annelise J. Blnmberg", Brent Coull®, Pantel Vokonasd,
Joel Schwartz”, Andrea A. Baccarelli®

* Deparment of Environmental Health Sciences, Mailman School of Public Health, Columbia Universicy, New York, NY, USA petatie |
® Department of Environmental Health, Harvard T.H. Chan School of Public Health, Boston, MA, USA

© Department of Biostatistics, Harvard T.H. Chan School of Public Health, Bosion, MA, USA

© Veterans Affairs Normative Aging Suudy, Veterans Affairs Boston Healtheare System, Department of Medicine, Baston University School of Medicine, Boston, MA, USA

& School of Medicine and Public Health, Boston University, Boston, USA




Synergistic Effects of Particle Radioactivity (LL-)
and PM, . on Cardiovascular Disease Mortality

Shuxin Dong, Petros Koutrakis, Longxiang Li, Brent A. Coull,
Joel Schwartz, Anna Kosheleva, Antonella Zanobetti

Journal of the American Heart Association

under second review

MA Death Registry

* Every death in MA from 2001 to 2015
* 743,873 non-accidental deaths in total

* Data for residential address and underlying cause of death as ICD codes
* Included deaths by cause of: All causes, CVD, MI, and Stroke

* Spatiotemporal models for PM, . LL- activity and mass
* Assigned annual average exposures by ZCTA and by year

* Method I: differences-in-difference (DID) approach

* A causal inference method that by design addresses the potential for both
measured and residual confounding

* Method II: generalized linear mixed model (GLMM)

* Included random intercept for each ZCTA and use a quasi-Poisson
assumption for the outcome to allow for overdispersion




Rate Ratio for an IQR (0.055 mBq/m?) increase in LL-8 activity using both
GLMM and DID and exposures: LL-3+PM, : and LL-§ alone.

1.25
1.20
Exposure sets
@ Dbeta radiation + PM[2.5]

1.15 : .
.% . ® only beta radiation
8 110 : ;
E ' : : Models

: : Differences in differences
1.05 ) | Mixed—effect
1.00 R aREETE
Cardiovascular Myocardial Stroke Non—accidental
disease infarction all causes

Death cause

GLMM and DID results are comparable and PM, ; adjustment had little effect
- LL-f is independently associated with CVD mortality 39

Rate ratios for an IQR (2.82 pg/m?) increase in PM, ; at the 10, 50, and 90®
percentile of the LL-§ activity distribution using both GLMM and DID.

1.2
Gross beta activity quartile
10th percentile
1.1 1 .
o # median
:@ | + 90th percentile
Q
E 104----+45--"""""""""""""""11tt+t+——""-"""-1t+++4+--"""""""14,----
Model
¢ DD
0.9 1 4 GcLvMm

Cardiovascular Myocardial Stroke Non—accidental
disease infarction all-causes

Death cause
The association between PM, . and mortality is stronger at higher levels of LL-3
= LL-8 enhances PM, . effect on CVD mortality
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 Sufficient evidence on the health effects of PR from both
population and cohort studies

* PR may be an important contributor to PM toxicity
* This research is important for NAAQS

* Measurements of SL-a and SL-$ will be important to investigate the
role of PR in PM toxicity

* Much of PR is related to Rn
* Rn problem:
* Both an indoor and outdoor pollutant
* Has many non cancer effects
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Future Research

* Measurements of PR by networks and individual studies
* Ideally real time SL-«

* Exposure assessment studies
* Impact of indoor and outdoor Rn on PR

* Biomarker studies

* Replication of DTT study with more samples and more locations

* More PR health studies using data from RadNet or National model

* Prospective studies should measure SL-a

* Collaborations: We can make data, technology and knowledge available
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People spend time .....

* Indoors 89% y %
*18 hours indoors for every 1 outdoors ﬁ

«2/3 of time in home
* Transit 6%
e Qutdoors 5%

Particles o (%) " ®

Indoor air # outdoor air

*Source: Goldstein, A. H, et al.. (2020). Klepeis et al. (2000),

European Commissions (2004), Leech et al. (1996), Farrow et
al. (1997),

To grow a new field of scientific inquiry focused on
understanding the fundamental chemistry taking place
ALERED P. SLOAN inindoor environments and how that chemistry is

FOUNDATION shaped by building attributes and human occupancy.
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HOMEChem Field Campaign (Austin, TX)
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Study objective

« Establish a framework for modeling gas-phase and
surface reactions in indoor environments

Building
(3-20 m)

Near-human
microenvironment
(1-2 m)

Surface boundary layer
(0.5-20 cm)

Building scale: bleaching chemistry

& AQmonitors & '—m—. —— Closit UTeStHOUSG
* (¢ ﬁ £
b Instruments Laundry
room
Y inlets * Kitchen 7 Bathroom
] Bedroom 2
Surfaces Dining area r AHU .
Bathroom /
). e
i Closet
OAS: Outdoor air supply Closet O.AS
AHU: Air handling unit
L —r e room Bedroom 1

Bedroom

Experimental condition (HOMEChem Test House @ UT Austin)
* Area: 110 m?

* Volume: 250 m3 i
* Air exchange rate: 0.7 h-" SR —
* Cleaning area (kitchen & living room): 40 m2 AR e g
* Cleaning for 15 minutes and measuring for 2 hours - Partclouptake Py
* Time-of-flight chemical ionization mass spectrometer (TOF-CIMS) LD %%
* Air mixing rate by air handling unit (AHU): 8 h-’ e W .\Pm
Xig +hv=> Py
J. M. Mattila et al., Multiphase Chemistry Controls Inorganic Chlorinated and Nitrogenated Compounds in boundary layer _______ _bleach

Indoor Air during Bleach Cleaning. Environ. Sci. Technol. 54, 1730-1739 (2020).




J. M. Mattila et al., Multiphase Chemistry Controls Inorganic Chlori and Nitrogenate
Compounds in Indoor Air during Bleach Cleaning. Environ. Sci. Tei : 1730-1739*22 :

Chemical reactions & transport
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1) HOCI + Cl-(aerosol surface) 2 CI, + H,0O 7) Cl, + room surface = Products

2) CINO, + hv > NO, + Cl 8) CINO, + room surface = Products
3) HOCI + hv > OH + CI 9) NCI; + room surface = Products

4) Cl, + hv = 2Cl 10) CINO, + room surface = Products
5) Cl + VOCs - HCI + CHO 11) NH; + bleach surface = Products
6) OH + VOCs - CHO + H,0O 12) NHCI, - Surface deposition

13) CI,O - Surface deposition

[ A(po)
ot

+ div(pgu) = div(l grad ¢) + S, J




Measurement vs. Model

i) OH ii) HOCI
7 250
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Spatial distributions of species are nonhomogeneous
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microscale room scale building
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Lakey, P. S., Won, Y., Shaw, D., @sterstrom, F. F., Mattila, J.,... Rim, D., & Shiraiwa, M. (2021). Spatial and temporal scales of variability for indoor air constituents. Communications Chemistry, 4(1), 1-7.
McDonald, B. C., De Gouw, J. A., Gilman, J. B., Jathar, S. H., Akherati, A., Cappa, C. D., ... & Trainer, M. (2018). Volatile chemical products emerging as largest petrochemical source of urban organic emissions. Science, 359(6377), 760-764.

Near human microenvironment

ume: airflow around human body

_— b
*Source: Gas Dynamics Lab (Dr. Gary Settle), Penn State Univ.




Near human microenvironment

I_. Velocity (m/s)
XA (700 0.08 0.16 0.24 0.32

H.C
H, H, Hy

Squalene

Hy
cis-Hexadec-6-enoic acid (sapienic acid)

o]
Ho/u\/\/EN\/\/\/\/c Hy

cis-Octadec-6-enoic acid (petroselinic acid)

http://morganbullard.com/jergens-wet-skin-moisturizer-10-tips-to-prevent-dry-skin-this-winter/

1) Skin lipids : fatty acid(25%), glycerol (25%), squalene(10%) [Nicolaides N (1974)]

2) Squalene has six carbon-carbon double bonds meaning that it reacts with ozone very easily.
3) Squalene is responsible for 50% of ozone consumption

4) Primary products of squalene: 6-MHO, Geranyl acetone, Acetone

5) Secondary products of squalene: 4-OPA, 4-MON, 4-MOD [Fruekilde P et al. (1998)]

Wisthaler, A., & Weschler, C. J. (2010). Reactions of ozone with human skin lipids: sources of carbonyls, dicarbonyls, and hydroxycarbonyls in indoor air. Proceedings of the National Academy
of Sciences, 107(15), 6568-6575.




Surface uptake of ozone

KM-SUB-Skin-Clothing model

SVOCs
4-0PA 6-MHO

had

clothing -~ skin oils +other
(~1 mm) substances
0.,
=N > dicarbonys

Won, Y., Lakey, P. S., Morrison, G., Shiraiwa, M., & Rim, D.
(2020). Spatial Distributions of Ozonolysis Products From Human
Surfaces In Ventilated Rooms. Indoor Air.

9ap
=1 mm)

skin oils M/\M’[\
(~1 pm) squalene )

Concentration (ppb) (b) 6MHO Concentration (ppb)

' 4.0

3.2

24

16

08

0

1. 6-MHO + O;— 4-OPA + Acetone kg=4.3 x10-1%cm3 51
2. Geranyl acetone + O; — 1/2 4-OPA + 1/2 4-MON + 1/2 Acetone + 1/2 6-MHO ky=18.6 x 10" cm? s
3. 4-MOD + O, — 4-OPA +1,4 butanedial kg=4.3 x 10-%¢m3 s

4. 4-MON + O, — 2 4-OPA kg=4.3 x101%cm? s

Near-human pollutant dynamics

Human skin and breath emissions

* Primary vs. secondary oxidation products

(@) , , - (b)
30/ —oimo B
u\ = Geranyl acelcne
s 25
&
= 2.0
®
g
£ 1o
05
0.0 3 9 15 21 27 33
- |
Time (h) (ppb)
(c) 6-MHO (primary product) - (d) 4-OPA (secondary product) )
; 1 T
: ; - Won, Y., Lakey, P. S., Morrison, G., Shiraiwa, M., &
0 0.6 1.2 1.8 24 30 0 04 08 1.2 1.6 20 Rim, D. (2020). Spatial Distributions of .Ozonolysis
- B [ | Products From Human Surfaces In Ventilated

Rooms. Indoor Air.
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OH Reactivity & Oxidation Field

a) OH reactivity at elapsed time of 253 min
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OH reactivity (s)
¢) OH reactivity at elapsed time of 360 min
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Personal reactive clouds

SCIENCE HEALTH F U T U R I TY CULTURE ENVIRONMENT

Pig-Pen Effect: How our "personal
pollution clouds" affect indoor air
quality

ooon

N. Zannoni, J. Williams, M. Shiraiwa, D. Rim (2022) “The Human Oxidation Field.” accepted to Science




Transport of airborne viral particles

%clestransport between occupants? }

* Personal distance
* building ventilation condition

CO, concentration | Particle residence A
(ppm) time (s) . 1
1000 60 e BNV
’ " X
800 40

RAPID: Coronavirus: Understanding aerosol transmission and potential control
measures in indoor environments

Transport of airborne viral particles

1 second 5 seconds 60 seconds 120 seconds

P 4

| 9 | \ | W | \

Particle Residence Time (s)

0 10 20 30 40 50 60
5

Exposure risk assessment

T
iF = Minhale _ fO Qb Cbz (t)dt

T
Mey hate fO E(t)dt

IF = Intake fraction
Minnaie= Inhaled aerosol mass by exposed occupant
Mexhale= Exhaled aerOSOI mass from InfeCtOI“ Pei, G., Taylor, M., & Rim, D. (2021). Human exposure to

respiratory aerosols in a ventilated room: Effects of ventilation
condition, emission mode, and social distancing. Sustainable
Cities and Society, 103090.




Personal distance: 1 mvs. 2 m

Volume fraction
(*109)
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ScienceDaily

Your source for the latest research news

Physical distancing ‘not enough’ when

indoors

Virus particles from an infected person can travel to another person’s breathing zone within one

minute, even with a distance of two meters.
Dave Yasvinski - 3 minute read - September 16, 2021

Safety measures are still reguired for safe indeor gathering. GETTY

A new study says six feet of separation doesn't stop the spread of COVID-19

indoors without the use of additional control measures.

The study, conducted by the Penn State Department of Architectural Engineering
and published in the journal Sustainable Cities and Society, examined three
factors: the amount and rate of air moving through an indoor space, the airflow
pattern associated with different methods of ventilation and the aerosol

emission mode of breathing versus talking.
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Ultraviolet germicidal irradiance (UVGI)

Upper-Room UVGI system / 254 nm UV-C lamp
_N()

N(0)
k: UV inactivation rate constant,
0.0025-0.0038 cm?/uw-s for SARS-CoV-2
I: irradiance (30-50 tW/cm?)
t: time (s).

= exp(—k,1,t)

Sick with
CovID-19  *

Flunce distributions (36-watt UV-C lamps )

Effects of UV operating condition & ventilation

UV fluence distribution (20-50 uW - cm™2)

UV radiating volume vs. ventilation rate
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Concluding remarks

* Indoor chemical reactions play important roles in fate of the
short-lived species and subsequent reactions

 Building ventilation and indoor airflow determine transport
of long-lived species and fine particles.

* Human occupants participate in indoor chemical processes
that influence inhalation and dermal exposures.

* A 1-2 m social distance may not be sufficient to reduce the
airborne transmission of diseases in indoor environments.

* Ventilation strategy meaningfully affects the dispersion of
infectious aerosols in the size range of 1-10 um.

Thank you! Feel free to ask questions: drim@psu.edu
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« Background

« Environmental Effects of Westerly Wind

 Effort to get clean air in North- East Asia

« Corona, COVID-19, seems to give important effect to air through various
channels

« Summary and Work from now




1. Background and Westerly Wind

’,—Tmany reports clarified that westerly wind strongly

{ /affected climate , weather and air quality in Japan.
/

J Therefore, it is essential for good air to have good
collaboration with Korea, China, Mongolia, Russia,

and many other countries and areas.

Behavior of Typhoon strongly suggested the
effect of Westerly Wind in East Asia region.
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i This picture is infrared image of cloud (HIMA | s

WARI Satellite) 2021 September
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2. Clean Air

,;,a}ong-term observation of atmospheric particulate

&f matter concentration suggests decreasing trend.

Concentration of PM shows interesting
seasonal trend in Japan.

Most of observatories show decreasing trend
in year to year observation,
and higher concentration in Spring in every year.

KOSA phenomenon has been
very familiar event as sign of
‘'spring is coming’ in Japan
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( 1

_______________________________ 4 PM concentration also suggested the effect
‘ spring!! of Westerly Wind in East Asia region.
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Measurement (Maebashi City) of PM2.5 concentrations (left)
in microgram m-3
and relative content (right) in percentage.
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Decreasing trend is observed in all seasons in 2013~2019, and it
suggests effective efforts of persons, industries and governments
in north-east Asia.
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Atmospheric turbidity also
indicates aerosol concentration
in not only the troposphere but al

so the stratosphere.
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Recently there is no report of large volcanic eruptions and recent
trend possibly suggests relatively clean over Japan. :
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3. Corona

2

| rona largely disturbs Japanese persons activities,
/
I and many industries and offices also change or

shrink their activities.

i COVID-19 effects rapidly
expanded and many schools

1

|

|

|

> I
1 L[]

i were closed and many offices r |

i educed their activities |

. |

l\ in Japan. )

-

4 N
Most of Japanese

were surprised to h
ear that
corona virus starte
d their activities in

Japan.
\_ J




The Governor of Aichi Pref

ecture = p=n .' “'t :n; a |
Said Now, we had 53 AR L H 4 =\
corona new patients in it A ’l':;i Ei!# !i[ % 18

Aichi yesterday ~and - ;i!i %*F‘int = K
‘it is very danger’. B s
yoer: I ERETI
After then many schools - 1 : g. 1" tial U l.i g |
and Universities cut down RS i” ;h !5 ;‘II‘“ E
their activities. ' Elﬁ

L

<;---='  Now, Japan has many corona
*~, clients and number of corona

patients rapidly increases now
(2022, August)

Number of new client of COVID-19 show
wavy change and now we have 7th peak

According to WHO, number of new patients
in Japan is largest in July 18-24;
Japan 969,068

USA 860,097
Germany 565,518
Italy 531,327

[ ————




7 Now, Many industries shrink

/! their own activities, and air

/ pollutants concentration
possibly decreased, some

scientists said.

However, it is not clear just

now, and it takes time to clarify

the effect of industrial
AR NN activities to air quality.

1

I
I
J
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Some doctors say it’ s necessary to
consider the contribution of aerosols
in infection processes of corona.

P
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4. Summary and Work from Now

COVID-19 problems show us
importance of clean air maintenance

and

new problem “relation between aerosols and virus”
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The government actions for Sustainable Clean Air
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) The government actions for Sustainable Clean Air

Formulation of Ambient Air Quality Standards in Cain

Guidance on operational To provide standardized methods for the
numerical prediction of determination of pollutants in the air
ambient air quality

I | | >
In 2020, the standard method fc In 2020, the method for
the determination of SQand determination of As Se.

NO, from stationary source Biand Sbfrom ambient air
emission by portable ultraviole and waste gas by atomic

absorption are implemented fluorescence spectrometry
takes effect

In 2020, Technical guideline
for numerical forecasting of
ambient air quality was
issued firstly

LT e
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Policy for Sustainable Clean Air

China revised the Air Pollution
— Prevention and Control Law

Ministry of Environmental Protection’s Guidelines for Joint
Prevention and Control of Air Pollution in Key Regions

* National Plan on Air Pollution Control in Key Regions

2012 during the 12th Five-Year Plan
! ! * Ambient Air Quality Standards
...................................................................... -

The first National Action Plan on Air Pollution
2013 Prevention and Control

[ . 2018 H Three year action plan to win the blue sky defensear

............................................................ e

2021 | Responding to Climate change: China’s Policies aniictions ‘r{
T TN o « « s cvis s snn e st EHF SR RSB STET S o0 Soonosswbesnaensnsnnniie ®
R ERIFBR XS YRR KR
Institute of Atmospheric Physics,  Chinese Academyof Sciences & !

 The plan was issued and implemented by the State Council in
July 2018.

« It aims to reduce the total emission of major air pollutants and
greenhouse gas, further significantly reduced the concentration
of PM2.5 and improve the air guality in three years.

Pyl

Institute of Atmospheric Physics, Chinese Academy of Sciences
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- The 2018 revision of the Prevention
e \ B4t fnfE  and Control of Atmospheric Pollution
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93 The government actions for Sustainable Clean Air
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The governments of Beijing-Tianjin-Hebei strengther
supervision and cooperation, joint governance and cqntn
regional cooperation in 2019.

W
v

R E R B X SRR A

Institute of Atmospheric Physics, Chinese Academy of Sciences

Vs




{ Ecological environment and health literacy of Chinese citizei
promulgated in 2020

It covers the basic knowledge
and concepts of atmosphere,
water and other aspects, and
guides citizens to correctly
understand the relationship
between human and nature, and

& W XTEB (FEARESIRESERER) NAs

z 5 =  000014672/2020-00885 S % EESREERUSES

U e e | s to establish the concept that
environment and health are
(FET (PFEARESHESRESR) HAS Closely related
hE R E RS IR R R

Institute of Atmospheric Physics, Chinese Academy of Sciences

., HEIC
S [ ‘ b ' L4 . . . .
O\+* .4 '.'@ By digital means, the carbon points obtained
G \-"'.’.'o.-' : .
> % - by users in low-carbon activities such |as
~< £ “Zm = .- green travel and garbage classification can
*® 2T O el ™ .
- R NG O be exchanged for corresponding rewards to
p ke R\ Py . .
O l;--;.\@ encourage the public to live a low-carbpn
o 0 . . =
71 AR life and protect the environment.
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The government actions for Sustainable Clean Air

ENGLISH.GOV.CN

Q THE PLOPLE'S REPUBLIC OF CHINA RS
HOME STATE COUNCIL PREMIER NEWS POLICIES SERVICES ARCHIVE
WHITE PAPER
Responding to Climate Change: HIDEES
China's Policies and Actions

Updated: Oct 27,202117:06 Xinhua

BEIJING — The State Council Information Office of the People's Republic of China

on Oct 27 released a white paper titled "Responding to Climate Change: China's A "
Policies and Actions." o o a
Cultural industries,
Full Text: Responding to Climate Change: China's Policies and Actions programs bnng b eneﬁts to

Responding to Climate Change: China's Policies and Actions

The State Council Information Office of
the People’s Republic of China
October 2021
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Three year achievement for Sustainable Clean Air
In China
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Three year achievement for Sustainable Clean Air in China

» Changes in the first half of 2020

The national average proportion of good days was 85.0% , up 4.9%

4L\ 4 4an.

Down / 5 Down Down
/m3 10.0% pg/m° 14.8% /m3 13.3%
ha ~ail” . | Hg-’
PM, 5 NO, CcO
59 Down Down 141 pown
pg/ms 14.5% ug/m3 16.7% ng/mé  1.4%
~pl N -
PM 10 SOZ 03

National concentration change of six pollutants from January to June in 2@20
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Three year achievement for Sustainable Clean Air in China

Changes in 2020

» The concentration of PM2.5 in 337 prefecture level and above cities was 3
ug/me, decreased 8.3%s 2019. The concentration of PM10 wasi@gm?, down
11.1%as 2019.

» The PM2.5 concentration in the Beijing-Tianjin-Hebei region was pgiin?,
down 10.5% year-on-year. In Beijing, the PM2.5 concentration was@8,
down9.5% as last year.

» The PM2.5 concentration in the Yangtze River Delta was @b, down 14.6%
year-on-year.

» The PM2.5 concentration in the Fenwei Plain wasug@m’, down 12.7% year-
on-year.
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'f: Three year achievement for Sustainable Clean Air in China

* Changes in the first half of 2021

From January to June, the average proportion of good days in 339 prefecture level
above cities was 84.3%dpown0.7% points year-on-year; PM2.5 concentration was 3:
ug/m3, down 2.9% year-on-year; PM10 concentration wasugdme, up 1.7% year-on-
year; Q, concentration was 138g/m?, down 2.1% year-on-year; S{Oconcentration
was 10ug/m?, same as last; NQOconcentration was 24g/n?, up 4.3% year-on-year;
CO concentration was 1.2 mgfmlown 7.7% year-on-yeatr.

\ N
":,;, Down :‘, Down u:'fn' Down
29% 43% 7%
PM, s NO, co
LW 4 fFm _7_ A g
wgm' Down pem | ooe pwgm* Down
17% 21%
PM,, SO, O,
Concentration and year-on-year change of six indisgrom January to June in 2021
R EREBR A S WIEH R

Institute of Atmospheric Physics, Chinese Academy of Sciences
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 Changes in 2021

» The concentration of PM2.5 in 337 prefecture level and above cities was 3
ug/me, decreased 9.1%s 2020. The concentration of PM10 wasye#m?, down
3.6%as 2020.

> The PM2.5 concentration in the Beijing-Tianjin-Hebei region was 4@m°,
down 18.9% year-on-year. In Beijing, the PM2.5 concentration wasi@/an’,
down5.7% as last year.

» The PM2.5 concentration in the Yangtze River Delta wasi@im® , down 16%
year-on-year.

» The PM2.5 concentration in the Fenwei Plain wagig2n?, down 16% year-on-
year.

R E R B X SRR A

Institute of Atmospheric Physics, Chinese Academy of Sciences
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Three year achievement for Sustainable Clean Air in China

* Changes in the first half of 2022

From January to June, the average proportion of good days in 339 prefecture level
above cities was 84.6%increased.3%; PM2.5 concentration was 3@/m?, down
5.9% year-on-year; PM10 concentration waspsfim®, down 8.3%; O, concentration
was 144 pg/m?, up 4.3%; SQ concentration was 9ug/m?, down 10%; NG,
concentration was 2ug/me, down 12.5%; CO concentration was 1.1 mg/nmlown
8.3% year-on-year.

Year-on-year change Down | Down | Down | Down Down Up
59% | 12.5% | 8.3% 8.3% 10% 4.3%
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Institute of Atmospheric Physics, Chinese Academy of Sciences
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The plan of carbon neutrality
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Institute of Atmospheric Physics, Chinese Academy of Sciences
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&Y The plan of carbon neutrality

o Carbon neutrality

By calculating the total amount of carbon dioxide
emissions, and then absorbing these emissions to achieve
purpose of environmental protection.

In 2020, the Chinese Government proposed @faha aim
to have CQ emissions peak before 2030 and achieve carbt
neutrality before 2060 at the United Nations Generz:
Assembly.

eh R 3k IR 52

Institute of Atmospheric Physics, Chinese Academy of Sciences
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&Y  The plan of carbon neutrality

Carbon neutrality policy
® Specify the time point of carbon peak
Beijing government >  decline before 2025
Shanghai government I:> reach the peak before 2025
® Supply-side reform, adjust the energy structure
v Implement differentiated electricity price
v" Optimize the industrial structure
v Develop new energy
® Demand-side reform--green consumption, new energy vehicles

® Advanced technique: The Institute of Yangtze River Delta
carbon neutralization Strategy Development Research

R E R B X SRR A

Institute of Atmospheric Physics, Chinese Academy of Sciences
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The plan of carbon neutrality

® China Carbon Emission Trade Exchange (CCETE)

On July 16, 2021, the national carbon emission trading market wa
opened it promotes green and low-carbon transformation of
economic.

R E R B X SR E R A

Institute of Atmospheric Physics, Chinese Academy of Sciences

The plan of carbon neutrality

Action Plan for Carbon Dioxide Peaking Before 2030

ENGLISH.GOV.CN

n THE STATE COUNCIL App | X 22 Aug 2022
=4 THE PEOPLE'S REPUBLIC OF CHINA o

HOME STATE COUNCIL PREMIER NEWS POLICIES SERVICES ARCHIVE

LATEST RELEASES

Full Text: Action Plan for Carbon VIDEOS
Dioxide Peaking Before 2030

Updated: Oct 27,2021 08:59 Xinhua

BEIJING — The State Council, China's cabinet, has released a document titled
"Action Plan for Carbon Dioxide Peaking Before 2030."

¥,

S g
Please see the attachment for the document. Cultural industries,
Full Text: Action Plan for Carbon Dioxide Peaking Before 2030 pI' oerams brmg benefits to
villagers
S
October, 2021 W
5
P EREBR K S IEM R

Institute of Atmospheric Physics, Chinese Academy of Sciences




&S The plan of carbon neutrality

|AP’s carbon neutrality organizations

Function
» Carbon emissioobservation |
» Carbon emissioevaluation
» Carbon emissioprediction

Institute of Carbon

Carbon Neutralization Co. Neutralization Research

eh R 3k IR 52

Institute of Atmospheric Physics, Chinese Academy of Sciences
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Regional Cooperation Plan
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Recent Advances in

Pollution in India

Sagnik Dey'2:34

CERCA

Prevention and

'Institute Chair Professor, Centre for Atmospheric Sciences, IIT Delhi

2Coordinator, Centre of Excellence for Research on Clean Air (CERCA), IIT Delhi
3Associate Faculty, School of Public Policy, IIT Delhi
4Associate Faculty, Transportation Research and Injury Prevention Centre, IIT Delhi

Contact: sagnik@cas.iitd.ac.in

Webpage: web.iitd.ac.in/~sagnik
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Control of Air

Clean Air Initiatives in India

Technology

Policy

CERCA

* Emission inventory
update

* Source
apportionment at city
and national scale

« Expansion of ground
monitoring

« Alternate monitoring

« National Knowledge
Network for technical
input to SPCBs and
ULBs

» Promoting start-ups
for innovation in
clean air technology

« National Sensor Hub
— environmental
monitoring

« Innovation to reduce
emission at source
(retro-fit technology)

+ National Clean Air
Program

+ Clean energy
transition

« Stringent emission
norms

» Zig-zag technology
for Brick Kilns

« Curbing open
biomass

« Vehicle scrappage
policy

* Push for EVs

« Air quality display
and advisory

« Greater effort to
reach out to citizens

« Capacity building
programs

» New academic
programs/certificate
courses

« Air Quality Action
Forum




Tripartite MoU between | NKN SPCB & ULB
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« Institutes of Repute (IoRs) are roped in to provide technical guidance to the SPCBs and
ULBs in each non-attainment city

Evolving a hybrid air quality monitoring system

2000-19 PM, Climatology

Tz Integrate satellite, reference-grade monitors, low-cost
monitors — link it to sectoral emissions

Latitude(*N)
PM, S(g/m?)

Average PM2.5

85
Longitude(“E)

28.71

1120

Latitude (°N)

110
2851

S 100

® Monitoring station

District boundary
[Jward boundary Longitude (OE]

® Industries ® Landfils @ Powerplants © Waste energy




Moving towards air shed approach

Regional airshed(MAM)

Regional airshed(DJF)

CERCA

* Regional air sheds in India

Buxa

3ihar Shari

Emission inventory and source apportionment studies are
underway

.
Noid:

Continuous tracking of activities under clean air action plan

Ghaziabad
Dharuhera

Katihar

Munger

Delhi

~
. ; ‘( 1w . . .
are identified
 Sectoral contributions for
100 the NCAP baseline year
% 2017 [Dey et al., in press]
& « Large contribution of
= transboundary  transport
emphasizes the
importance of air shed
" approach
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Indigenous evidence of health impacts

AmbientPM_Pollution : Annual Mortality Burden

N Disease Proportions

60 #° km
45% 33% 5% 18%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

Household_Pollution From Solid Fuels : Annual Mortality

Burden

W Ve W Female Air pollution has been medically linked to cardio-vascular
s ° diseases, respiratory diseases, lung cancer, Type-2 diabetes,
2 child growth failure, anemia, neurological disorders, and many
g © more in India
E 20
g

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

Innovation in clean air technology

Low-cost sensors Conversion to EV In-situ and Ex-situ Stubble Management

Using a novel thermo-chemical process, Takachar has developed and
patented the design of small-scale, low-cost, portable equipment to convert
waste biomass into solid fuel, fertilizer, and other specialty chemicals.
Compared to the process of sending waste biomass to centralized conversion
facilities, Takachar's system is more profitable by significantly reducing the
logistics cost of hauling loose, wet, and bulky biomass.
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Assessing efficacy of interventions

120
Purohit et al.,, 2019

PM2.5 (ug/m*)

3
PM,, (ug/m?)

-
w

Rajasthan
Maharashtra
North Ea

Uttarakhand I
Himachal Pradesh

Madhya Pradesh

Jammu and Kashmir

® Natural sources = Outside India Other India Neighboring States  ® This State
Longitude(°E)

« Analysis of cost-effectiveness of various control strategies using GAINS model (tuned
for India) in collaboration with IIASA and World Bank

)} CERcA

Air Quality Action Forum | Capacity Building

AQAF — one stop solution
Academic CPCB and to the Gol

Institutions SPCBs

& CAPHER-India

Collaborative for Air Pollution and Health

Corporates Philanthropies

UN and
International
Agencies




Changes in air quality during the NCAP rra
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INTRODUCTION

Mongolia is land-locked country with harsh climate, hot & dry summer anbacwl dry winter, has three primary sources o
energy—traditional (biomass), conventional (fossil fuels, such as dalif, and alternative energy (mostly renewable).

Air temperature between1940-2020: 2.40/80 yearfi Precipitation between1940-2020: slight decrea‘
30 H\I\\IHHHH\\HHIII\\I\HHHH\\\‘HHHI\\I\‘\J 60 H\lH‘\H'\H‘H'H\‘H[\‘\‘H\\\‘H'\llll‘\\\l\\‘\\\'
9 9g _f Trend = 0.03 ‘Clyear i £ 40 i -
I z

10 5 £ 20 —
10 d
v 00 5 - ¢ 0 5
: g g :
T E g o C
?1‘0 [ i 39y g
820 = £ 40 =
30 \\l\\|H\‘H\‘\‘\“\Ill\\|\\‘\H‘H‘\‘1\\‘\\\'\\|\1\‘" '60_\\\|H‘\H|\H‘HI\H‘H[\\‘H[\\‘\\I\'Illl‘\\\l\\‘\\w_

1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

» Average temperature has risen by°Z4
* Annual precipitation decreased by slightly

INTRODUCTION

Ulaanbaatar, the capital of Mongolia, is the coldest capital and qadlated
city in the world [WHO 2014],

- located in a valley of the Tuul river,
- surrounded by the Khentei Mountain

Its location causes Ulaanbaatar to experience frequent tempenaenstons.

* 1.4 million residents in Ulaanbaatar
-42% in residential areas

- 58% in ger district whereipgraded coal was used tgpace

heating and cooking.




INTRODUCTION

Source of air pollution

THERMAL AND HEAT

POWER PLANTS OILERS

GER AREA VEHICLE EXHAUST

80%

622000 vehicles 4 thermal and heat Waste burning,
196000 household _stoves, 74% of them are power plants fugitive dust etc.
2900 heat only boilers more than 10 years
old
INTRODUCTION

National air quality monitoring network
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42 air quality monitoring stations in Mongolia which are mainly locatatecef provinces to monitor air pollution
level.

16 of 42 are located in Ulaanbaatar, capital of Mongolia.




RECENT TRENDS OF FINE DUST

PM10 particulate matter w0 PM2.5 particulate matter
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RECENT TRENDS OF FINE DUST

Monthly variation of air pollution in Ulaanbaatar
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Strong monthly/seasonal variation, winter high anchmer low, was observed for coarse an
fine particulate matters as well sulfur dioxide do@sage of coal.
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RECENT TRENDS OF FINE DUST

Diurnal variation of air pollution in Ulaanbaatar

Winter season Spring season
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Diurnal variation was significantly depending omasens.
Strong diurnal variation, morning and nighttimetafternoon low, was observed for PM10 and SO2iirter and fall seasons
due to coal burning for space heating.

Clear diurnal variation for PM, afternoon and @wngrhigh, morning low in spring. Evening high isgit be due to burning
activities. Whereas afternoon high is might be dtrstm.

MANAGEMENT POLICY OF FINE DUST IN MONGOLIA

AIR QUALITY MANAGEMENT LEGISLATIONS

‘ National action program Government regulation to ban
Law of Air ‘ Law of Air for reducing air and consumption of raw coal in
quality quality (refined) environmental pollution Ulaanbaatar starting from May 15,
x 2019

1995 2010 2012 2017 2018 2018

Law of the air pollutants Parliament regulation for
payment reducing air and

environmental pollution

* Regulation document of air quality improvement zone /annually refined/




MANAGEMENT POLICY OF FINE DUST IN MONGOLIA

UPGRADED COAL AIROUALITY: .

)

December

GOVERNMENT REGULATION

PM2.5 ~ 47.3%

PM10 ~ 40.3%

BANNING USE OF RAW COAL BEGINNING _
FROM 15 MAY, 2019 IN ULAANBAATAR.

0727,000 tn
Upgraded coal was
used in the winter of

2021-2022.

MANAGEMENT POLICY OF FINE DUST IN MONGOLIA

TAX EXEMPTION ON 15 EQUIPMENT ELECTRICITY NIGHT-TIME TARIFF DISCOUNT

VAT and Customs tax exemption on 15 * 101326 costumer — 6.8 billion tugrik in 2017
equipment including heat pump, electric * 109213 costumer — 9.4 billion tugrik in 2018
heaters and air purifier. * 116966 costumer — 19.5 billion tugrik in 2019
. 10 ‘ Eco-friendly electric heaters, heat pump ‘
|nd|V|d ual —— Product of renewable energy, insulation materials
‘%re éf\ prOdUCtS | Domestic stoves with MNS5216:2016 standard ...
Izoam . 1 5 | Eco-friendly electric heaters, heat pump \
Ent|ty ———— Product of renewable energy, insulation materials
pI‘OdUCtS | Product of recycling, incinerator ... |




MANAGEMENT POLICY OF FINE DUST IN MONGOLIA

HEAT ONLY BOILERS

69 44 53 1 174 66 81539 tn
2019-2021 ) > > > > > raw coal

120000 tn

raw coal
2022

S

v
v
v

MANAGEMENT POLICY OF FINE DUST IN MONGOLIA

“INFRASTRUCTURE CENTER” PROJECT

Emission of air pollutants

Py Annual coal
! consumption
48’400 ton

l Particulate Matter
PM v473 tonlyear

Sulpur dioxide

S02 l160 tonlyear

Source: DAAP




MANAGEMENT POLICY OF FINE DUST IN MONGOLIA

ONE BILLION TREE NATIONWIDE MOVEMENT

TIPBYM MO/

YHA3CHUU X6a46/1reeH

The president of Mongolia, Khurelsukh Ukhnaa, lawetth nationwide movement to plant 1 billion treg2630 as part of
Mongolia’s commitment to the United Nations Susasile Development Goals, as well as a way to figisedtification, deforestation.

THANK YOU FOR ATTENTION.
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