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An Association between Air Pollution

fine particles (PM, - ) associated with mortality
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' Quality Guidelines (AQG) in 2005

In 1958, air pollution for
the first time appeared in

WHO report
Technical Report Series, No. 157

1987, 1st AQG
(Europe)

Set long term and short term

Health effects of SO,, AQG for SO, and PM

photochemical pollution

Pre-AQGs European AQG period

World Health Organization (WHO) released Global Air

2005, Renewed AQG
(Global)

Includes PM, O5, NO,, SO,

IT-1, IT-2, IT-3

Table 1. Air quality guideline and interim targets for particulate matter:

Criteria, Guides first 2000, 24 AQG

annual mean

H Annual mean PM PM, 5 Basis for the selected level
appeared in WHO 1972, (Europe) - wendy | e
N r 506 re port WHO interim 70 35 These levels are estimated to be
Technical R ’ s 271 and 506 (Barker et al target-1 (IT-1) associated with about 15% higher
1961: Katz, 1955; Lawther, Martin & Wikins, 1362 Indoor air separately listed long-term mortality than at AQG
’ WI:IO 19,63 - 196éb' 1968; 1970) ’ ’ WHO interim 50 25 In addition to other health benefits,
' ’ ’ ’ ’ target-2 (IT-2) these levels lower risk of premature
mortality by approximately 6% [2-
11%] compared to WHO-IT1
Lo n g te rm g oa I S fo r S WHO interim 30 15 In addition to other health benefits,
target-3 (IT-3) these levels reduce mortality risk by
com pou n ds ’ TS P! CO! another approximately 6% [2-11%)]
A compared to WHO-IT2 levels.
p h Otoc h emi cal WHO Air quality 20 10 These are the lowest levels at which
p OI I utants guidelines (AQG) total, cardiopulmonary and lung

cancer mortality have been shown to
increase with more than 95%
confidence in response to PM, 5 in
the ACS study (Pope et al., 2002).
The use of PM, 5 guideline is
preferred.
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Capacity
Building

Air Quality ggﬂ;’:g‘

® Monitoring | @ Emission

® Forecasting Inventory

® Source
appor-
tionment

® Reporting
® Alerting

® Emergency
response

Structural Adjustment

® Control of total coal
consumption

® Promotion of clean
energy

® Elimination of outdated
production capacity

® Reduction of excess

production capacity

® Elimination of
yellow-label vehicles

® Promotion of New
Energy Vehicles

® VOCs control

@ Non-road mobile
machinery control

Emission Reduction Through | Emission Eduction In
Industrial Process

Emission
Reduction
Measures

Emission Reduc-
tion In End Use

Cleaner

: @ Upgrading
production

emission
Upgrading of standards

fuel quality ® Desulfurization,

Denitration and
Dedusting

Management
of fugitive dust

Ban on
agricultural
waste burning

@ Retrofitting
for ultra-low
emission

Supporting
Measures

Economic
Measures

Legislative
Measures

® Pollution
discharge fees

® Environmental
Protection Law

® Air Pollution [| ® Subsidy

Prevention
and Control
Law

® Special funds

National Action Plan on Air Pollution Prevention and Control 2013-2017

Administrative
Measures

® Performance
management

® Environmental
protection
inspections

® Special funds

Air Quality Policy Framework in PR China

Source: Clean Air Asia, 2018
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RIHCH Air Pollution Complex o 40 89, CE:10)%:1 (0 k:11 T B )

population growth
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@tion complex

Beijing: 2000-
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Air pollutants: where do they come from, how are they formed, accumulated, and what are their impacts?

Chemical Transformation: Multi Scales/Phases

Transport: .
Multi-Physical Oxidants in;e PN Multi-Impacts:
Processes (Os, OH) s N5 Higher fine PM, O, Health

[ E—— /,

1o
\‘ " = Ecosystem

SO,, NOx& Climate
HC. NOx PM10. PM2.5

Multi-Sources:
Nature
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:{/;ﬁb_ Major Research Projects on Air Pollution

sl Funded by PR China’s Government in the last 10 years

National Natural Science Foundation Committee

» Joint Major Program: “The formation processes, health impacts, and

response mechanism of air pollution complex in PR China”, 400 million
RMB, 2015-2020/2022

Ministry of Science and Technology

» Key Research Development Plan: “Air Pollution Formation Mechanisms
and Control Technology”, 2.5 billion RMB, 2015-2020

Founding of the Prime Minister of PR China

» Formation Mechanisms and Controlling Policy of Heavy Air Pollution in
Beijing, Tianjin, Hebe1”, ~800 million RMB, 2017.9-2019.9
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T8 K& EHE

Fundamental Researches on the Formation and Response

Mechanism of the Air Pollution Complex in PR China
Objectives:

1. to elucidate the chemical and physical processes critical to the formation of air
pollution complexes, to reveal the formation mechanisms of air pollution
complexes, and to construct an air pollution complex theoretical framework;

2. to develop new theories and methodologies for the surveillance, source
appointment and decision-making analysis of air pollution complexes, and to
propose innovative ideas for controlling air pollution complexes in PR China.

Time: 2016-2023; Founding: 240 million RMB

76 projects, 30 universities/institutes, >700 researches




Major Achievements 1: developed the most comprehensive emission

inventory in PR China, with high resolution (3km)
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:ﬁ; Major Achievements 2: comprehensively elucidated chemical processes, fro
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arcH *  radical reactions to new particle formation and heterogeneous reactions
T8 SR BF
B0 o RN Do Fund new mechanism to explain fast sulfate formation
= ® (NH,),S0,+3.03%Mn (=105 . o o
R [ ronda Qs £ during winter haze period
% e e ..o'o'“ fsr 2 Mn2* catalytic oxidation of SO, on surface 92%
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Wang et al., Nature Communications, 2021
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arch ° scale physical processes: aerosol-cloud-radiation, boundary, weather, climate
T8 Sk B

| Without BC With BC

Stage I: YRD->NCP Other
- — Convection and advection of absorption aerosols,
secondary PM and precursors from YRD to NCP
NCP
YRD
Atmos T up Lapse rate ""5"
surface T down ~ down, A Stage Il: NCP
inversion up T . i Aggravation ]
. - T Y 5
- e -~ PBL Top AN BC, Secondary PM... Amplified local
2.8 : " Fracursors for secondary M accumulationand
Resiitivelicedbacks RGeSl sy T Y w
_______________________ production by
aerosol-PBL

Absorbing = -—*’;A!mosstabte;_-\x/ram‘;_ :

Aerosol Up — #== s PBL down

P —— :
Stage lll: YRDENCP @
Fast advection of aged regional

Other NCP_Other - YRD_EH1 =NCP_YRD plumes by cold fronts.
YRD_EH2 - NCP =YRD

\ N g

Natural & Temperature  Natural & Temperature
Anthropogenic emissions Profile  Anthropogenic emissions Profile

Li et al., Natl Sci Rev. 2017 Ding et al., GRL, 2016

YRD_EH1  Other ~NCP  YRD_EH2 =YRD
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ARCH ° air pollution complex
T8 & #F
p(t) = f{E(, P),P(t,p, C),C(L E p, P)}
E: emission  P: physical C: chemical
ﬁ Formation Mechanisms of Air Pollution Complex \
Air Pollutants & Boundary Air Pollutants & Weather Air Pollutants & Climate
Layer Interactions — Interactions — Interactions

Air Pollution
Complex Forecast

Oxidizing Capacity New Particle Formation Heterogeneous Reactions
I I
& Radical Chemistry & Particle Growth at Particle Surface

Emission Deposition

Zhu et al., AAS, 2023
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ny ‘,%, Major Achievements 3: identified households solid fuel is a major air
< \% ° ° o
*arch -~ pollution source — policy for coal use control in rural area
T8 K& EHE
B C
s = % 1. In winter, household
i i s 6 . . e
2 | o 10" emission from Beijing
o o o contributes up to 20%
56 | e | o 36 . e
o N - PM, ; in Beijing,
. 2« b iy 27} ~3 % 2. While those from Beijing,
TO°E, NZE 14 116°E TM8°E 120°F E 110°E  112°E  114°E  116°E  118°E  120°E E 1OE TEE TwE e HQGET;;E 3 Tianjin, and Hebei (BTH)
: i Unit: pg m” . .
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i 24% '
. o : 17% 40% PM, s 1n Benjing.
i S7% % 4% . .
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BBC [ JOM [dSulfate [INitrate M Ammonium [ OTHERS

Liu et al., PNAS, 2016
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ARCH - pollution, but worsening acid rain! Regional based integrated policy

| =M= Northern China Pad
-l - Southern China 4

,
2.5 -| —m@—Sichuan Basin v/,"
1 ”

. /D /' NH,; emission reductions of 0 (m), 10% (A), 20% (%),
X BN P 30% (00), 40% (), and 50% ()
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Benefit due to NH, abatement (billion US$)

12K o
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g ) 2.0 2.5 3.0
NH, abatement cost (billion US$)

Liu et al., PNAS, 2019
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> 1 TB of data/knowledge for download
will be available by the end of 2023

Satellite
remote Source 4.03 MB
sensing profile
/N
Field Laboratory 127 kB
253 GB observation — data
Currently \
available -

Assessment of source
apportionment technology 4 reports

data

Emission
5 GB inventory \ /
Assessment of new
Assimilation measurement technology 11 reports

data

800 GB
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» Multi-resolution emission inventory for PR China and applications in policy
Qiang Zhang, Department of Earth System Science, Tsinghua University

» Atmospheric chemical processes: monitoring, modeling and data assimilation
Zifa Wang, Professor/Director, Key Laboratory of Atmospheric Boundary Layer
Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences

» Interactions of air pollution with meteorology, weather and climate in Asia
Aijun Ding/ Wei Nie, Professor, School of Atmospheric Sciences, Nanjing
University




;m Asian countries have the most mortality
el associated with air pollution

T8 K& EHE

AIR POLLUTION - THE SILENT KILLER

ﬁfa‘.l?,:‘é‘y"i'ééiéng“’!ﬁ':m{&m?ZZ’Jni‘r’aes Science-Based Policy Making and
7 can reauce:
"DEATHS. | Action for Clean Air: Asia Experience

DEATHS , ,
are due to exposure \ °
il e A L) Sharing and Exchange!

REGIONAL ESTIMATES ACCORDING
TO WHO REGIONAL GROUPINGS: Over 2 million

in South-East Asia Region

Over 2 million

in Western Pacific Region

Nearly 1 million

in Africa Region

About 500 000

deaths in Eastern Mediterranean Region

About 500 000

deaths in European Region

More than 300 000
in the Region of the Americas

\Y, World Health

CLEAN AIR FOR HEALTH #AirPollution g;:@ Organization
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