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(a)

(b)

Increasing temperature —

Increasing temperature —

Alttude ——»

Temperature ——»

(%0[: 100~1,500m)
(B2 2 10~20km)




8 H1383 BRUYIESS| DIMDIXIC] SN FHS st MTH oI

THE LANCET 3

Vi 340 busum 5853, 15 Ducomsbar 20134 Jariary 2013 Pages
me28 -

Air pollution is one of the leading = -
global health risks
Burden of Disease Study 2010

Ranking of risk factors of the Global Burden of Disease Study 2013
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Air pollution causes five times more premature deaths
than traffic accidents
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Table 1. Health burden attributable to ambient PM, 5 exposure in major cities and provinces of the Republic of Korea

Number of deaths atinbutable to PM,

Cities and Provinces Population® PM!E " Chitiiic dbiti i um:i:jud
D b hemic heartdiscase Sy Lung cancer Stroke Total :
pulmonary disease rate (per
100000y

Total 11,924 deaths were attributable to PM, .

exposure in 2015 in the Republic of Korea.

Chungeheongnam 1471674 258 1444(1322-136.6) 416(34.7485) 1253(105.2-1453) 266.6(224.9-308.4) 577.9(529.5-626.2)

Jeollabuk 1.313,542 290 1300(116.1-144.1) 3T4(3084) 130.1 (107 5-152.8) 340.5 (286.6-304.5) 638.2(577.7-698.8) 26.1
Jeollanam 1,323,030 224 181(167.6-194.5) 449(37832) 121.1(102.5-139.7) 286.5 (244.4-328.6) 633.6 (583.1-682.1) 23
Gyeongsangbuk 1960926 216 248.5(230.4-266.6) 68.9(58.1-79.6) 167.2(141.7-192.7) 400.7 (340.4-460.9) 8853 (816.6-954) 144
Gyeongsangnam 2,364,910 250 268.9(249-288.9) 623 (53.3-71.8) 182.2(155.8-208.7T) 449.6(385.5-513.8) 963.4 (390.6-1036.2) 259
Jeju 418,612 136 185(13.2-239) 36(1.2-59) 151 (5.8-24.3) 11213341 (4.4 (46.6-82.1) 10
Republic of Korea 36,091 362 244 33026(32279-33774) 6368 (608.2-665.5) 2338 (2234.9-2441) 5646.3 (5404.9-5887.7)  11923.7(11649.3-12198.1) 29

* Population census data of year 2015 (age over 25) ® Annual mean PM,  concentration at year 2015
[E5: MEH 22ERF]




I. OpEXIe) 2pe apR| 9

Deaths attributable to AAP in 2016,

By disease, age and sex
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Aerosol inlet size cut: PM,, & PM,
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Lidar: aerosol ¥1%| £ X (MPL since 1997)
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Comparison of Aerosol Volume Size Distribution

—— @ March ~ June Asian Dust Period
---@----- March & April Non-Asian Dust Period (Overall)
——&——— March & April Non-Asian Dust Period (Elevated dust layer case)
----- & ----- March & April Non-Asian Dust Period (Dust-free, clear sky case)
0.14 — x May & June Non-Asian Dust Period
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High secondary aerosol contribution to particulate
pollution during haze events in China

-l J, Yanlin Thang™*, Caelo Buwseref, Kin- Fal Hef, hun-T1 Cao’, Yompming Has', Kaspas R, Daellesback’,

lay G, ' Stephen M. Flar’, Francesco Canomace?, Pznu!mﬂ‘ Robert Welf', Smone KHam’hnﬂv.Llnm‘
Mosiea Coigpa't, E.hbmhc.lx;.lu’ Andrea Plasmabanga®, Marght St wml’ Glticks Abbaszads’, ltugen Schnalle-Kiek’,
a1 Haddad b At S H. Pk

foc I8 IEM e LTI

Ralt 2 4 Diicheng Ax’, , Urs &

Bafing 1585 g

Composition (%)
- oy
.
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More than 70% of urban PM, ; are secondary formed aerosols

W Veamrod ot domenty

Sources/factors (%)

- Qr $35 .m'lq

B Sacondary organcoh
I Secordary moraniciich

Percentage of
[4E)@32) BOS(M9 (57) @90 ‘168][350jq—lossl”rammmsm

105 446 «— OM(ugm=)

Cooking
= Biomass burming
Secondary, non-fassil
e Dust related
= Secondary, fossil
m Coal burning
- Traffic

] Mon-ossil

D Fossil

340 1165 4543 1850 122 315

MNon-taossil

Percentage of OM

Low High Low High Low High Low High
Bajing Xi'an Shanghai Guangzhou

Fossil and non-fossil fractional contributions of each source during
low and high PM, ¢ levels observed in different cities.

The numbers above the bars represent the average OM
concentration and those in parentheses the percentage of the
fossil fraction in SOA. Note that the contributions of fossil SOA to
total OA mass are 1.1-2.4 times larger for high pollution events
than for low pollution events, highlighting the importance of fossil
SOA in particulate pollution. The fossil SOA is a dominant fraction
(25-40% of OA mass, or ,45-65% of SOA mass) in Shanghai and
Beijing, consistent with the large emissions of SOA precursors
from high traffic flow and large coal usage. However, non-fossil
SOA is abundant in Xi'an and Guangzhou (30-60% of OA mass,
or ,65-85% of SOA mass) owing to the enhanced biomass
burning activities.

KORUS-AQ Results : O; and PM2.5

Flight Days
WO FRghT Oayy
Korean AQ Standan
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Secondary Productions Organic + Sulfate + Nitrate + Ammoniven + Chicride
Primary Emissions: Orgaric + Black Carbon

Average distributions of particle composition
observed from the air and ground in Seoul

(KORUS-AQ RSSR, 2017)  [EH: ¢Mc] ZER2%)
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Chemical composition of PM1 in Seoul by AMS*
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Fall

0 HAA0f BIZEE NOE 7] E0IM NO,2 HEHE|0] 2/ZHO2 0, nitric acid, organic nitrates £ 44

“high" NO;
NO,
NO
o0
RH + oxidants == RO,
(vOC) ‘|
} “low” NO,
ovac,
ELVOC

mpﬂ(aﬂnﬂ

Particles

0 8-89 stMelz HAA0 BEEE S0, 7] Z0M M3HI20 2 sulfuric acid & organosulfates 2 4441
[ Nitric & sulfuric acids reacts with ammonia and amines to form particles.

(Oxidants include OH, O,, NO;, and halogen atoms)




I. OEX|o) mstd ol 15

17 OCTOBER 2013 | VOL 502 | NATURE
OPEN

LETTER i

Molecular understanding of sulphuric acid-amine
particle nucleation in the atmosphere

mm“ mnnw Andres Kigtes’, Il K Onm’ Oons Kupinen Muimi' Amaud P Pupm

Anirew Downard®, Bxmes Duzne’, Jenutbun Dupbiary’, saumw Fichurd g, n-mm-m‘
Foberts Guds’, Jen Hukeals®, mnnd‘ !, g Jol Jolase’,

M Ko ah ; P, 5 ”mm-lt N Brahin®, o
Asi Ladosnen ™, Kntrianme Iniﬂl.nﬂx{n‘l&n- \'Iklnlﬂn mnm-
wnmﬁ.ﬂmiumh g )

f !, Linda Pendd), ! Flipe D S, Mo !, g

Rl 4, ke H Semield’, ! bk Spi 4, e
Jammin Tréet®, Teaghogecrgas, Peart Viamowar®, mo\nmn" mﬁwm“ Aren Vrale®, il B 3
‘Ernest Weingamer’, Heoe Wez®, Ciristing Wiltamazn', Duniela mr-h ! Tuna¥h Juos’, Kemeth S Cardaw?
Muzkies Kdm ', Jonch i Careas Urs Bulsensperger, Douglas B, Wormeg' 35, Hanna Vehkamila' & Japer Kirkiy™

Here we use the CLOUD (Cosmics Leaving OUtdoor
Droplets) chamber at CERN and find that
dimethylamine above three parts per trillion by
volume can enhance particle formation rates
more than 1,000-fold compared with ammonia,
sufficient to account for the particle formation
rates observed in the atmosphere. Molecular
analysis of the clusters reveals that the faster
nucleation is explained by a base-stabilization
mechanism involving acid-amine pairs, which
strongly decrease evaporation.

CERN : Conseil Européenne pour la Recherche Nucléaire
HA Z{che| eRE2A7A(195440] ZE)

PNAS | February 27,2018 | vol. 115 | no.9

Monoterpenes are the largest source of summertime
organic aerosol in the southeastern United States

Haofel Zhang™", Llndnyll Yee', Ben H. Lu‘ Michael P. Curtis”, David R Worton"*, Gabriel ssacman-VanWertz*",
John H. Offenberg’, Michael E. Kleindienst', Melinda A Beaver, Amara L Holder®,
William A, Lonneman’, Kums.Dodnn)-" Mohammed Jaoul, Havala 0. T. Pye', Weiwei Hu', Douglas A. Day",
Pedro Campuzano-Jost", Jose L. limenez", Hongyu Gua®, Rodney J. Weber", Joost de Gouw”, Abigail R. Koss”,
Eric 5. Edgerton”, William Brune”, Claudia Mohr™*, Felipe D. Lopez-Hilfiker", Anna Lutz”, Nathan M. Kreisberg”,
Steve R Spielman’, Susanne V. Hering®, Kevin R. Wilsan®, Joel A. Thomton’, and Allen H. Goldstein®*'

“Department of Eviormentsl Scence, Polcy, and Munagemert, Unieri of Cafomia, Brkeley, CA 34728 *Department of Chemstry. Leiventy of
mwummwwmmmmnwa Earth and Panetary

oy,
Research and Development, US Ewironmental Hwﬂu\w Mfrwmlul.'tm!l “lacnin Technology. Inc. Rewearch Triangle Park, NC
am; Boubder, 0 BII0Y,

mnumn;olcwmm Bouider, mm WO’M“W(EMMWNW&‘ Technology, Atlanta, GA
‘an-uv-xmmn&m

of Chematry and Molecdas olgy,
Beriueley Natonal Laboratory, Berkeley, CA 720
Wdcun{mtmwmﬁ Califeenia, Berkebey, CA 720

We provide comprehensive molecular characterization of
atmospheric organic aerosol samples from the
southeastern United States by combining state-of-the-art
high-resolution mass spectrometry techniques. We find
that monoterpene secondary organic aerosol accounts
for approximately half of total fine organic aerosol.
More importantly, the monoterpene secondary organic
aerosol mass increases with enhanced nitrogen oxide
processing, indicating anthropogenic influence on
biogenic secondary organic aerosol formation.

PNAS | August1,2017 | vol.114 | no.3! | 8169-8174

Reassessing the atmospheric oxidation mechanism
of toluene

Yuemeng 5", Jun Zhao**", Hajima Terazonc™", Kentaro Misswa"™", Nicholas P. Levitt™", Yodn L', Yun Uin',
Ranfel Peng’, Yuan Wang®, unnun"' Bowen Pan’, Fang Zhang™, Xidan Feng™, Taicheng An"",
Wilmarie Marrero-Ortiz', Jeremiah Secrest’, Annie L Zhang”, Kazuhiko Shibuya®, Mario L Molina, and Renyi ZThang™*

o Poioe Cantrsl, § Uriveni YMMWNSHMOM'(J{M‘BMMI
a2 Flbuse Corred, Shool of arz irge Techrdlogy, Guangd

Aratituie uf Ervi
resermer

T,

Texkralagy, Takyn 1524581, hapars
ullllll-rtnwmiluw ‘Im‘&wdﬁﬂnl\" Mwmuhmhmﬂld
Tehrokgy, Paatera (AN
lhl\(\‘l‘!'wldnrwrallmrhl\‘nmmkmm whﬁluhyedunholthm;fﬂ rm.mm—- e hemal
5 Seerce are f

!Iﬂ”»ﬁ“ i vy vm.(.num- Mmf]ﬂ?!tﬂﬁwﬂ‘.—idﬂ‘mdr
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Contributed by Mario J. Molina, June 8, 2017
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Nucleation piyiie Fine PV

Toluene oxidation and urban photochemical smog

(2% 49] The OH-toluene reactions lead promptly and dominantly
to cresol formation, which regulates the impacts on air quality,
human health, and climate. The phenolic pathway yields HO, and
RO, that facilitate ozone production by converting NO to NO,, as
photodissociation of NO, occurs in the wavelength range of 400 nm
to 650 nm. Also, dihydroxymethylbenzenes generated from this
pathway undergo subsequent reactions with OH to form the
precursors for aerosol nucleation and growth, including small a-
carbonyl compounds, organic acids, and other highly oxygenated
low volatility products.

Conclusion:

Photochemical oxidation of toluene contributes importantly to
ozone and SOA formation in urban environments, with key
implications for air quality and human health. Our combined
experimental and theoretical results show that the prompt
formation of cresols and their subsequent oxidation largely
regulate the atmospheric impacts of toluene oxidation, indicating
that the representation of the toluene oxidation mechanism should
be reassessed in current atmospheric models.

Future studies are necessary to incorporate the kinetic and
mechanistic results from our present work into atmospheric
models, to accurately assess ozone and SOA formation under
polluted environments,
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Severe haze in northern China: A synergy of
anthropogenic emissions and atmospheric processes
Thisharg A8, s Huang™* %, eyl Phang '™, Kows T, Goohul U=, mj oo™,

Wean Thou"", Thengguo S""", Yengming Hun"""", Thaclia Gu’, snd Tusmang 4"
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Contributed by Zhisheng An, March 14, 2019
Conclusion:

to directly address the following scientific questions

meteorological/climatic conditions;

pollution.

To mitigate haze pollution, effective controls in source emissions of
primary PM and secondary PM precursor gases from residential coal
combustion, biomass burning, fugitive dust, agricultural activities,

and vehicular emissions are essential. Considering the facts of
decreasing primary PM levels due to strict regulatory controls by central
and local governments but continuously increasing contributions of SIA
and SOA in China, further reductions in NOx and SO2 and, particularly, b ot
effective reductions in the currently much less-constrained NH3 and

VOCs are of significant importance. Future research is urgently needed 0 0 o

i) the mechanisms leading to secondary PM formation, particularly

chemical/physical transformation of primary and secondary PM and the  powmson mmmmron SN sufore SN Nivste NN Armcriom N Chioride
associated variations in the PM properties during haze evolution;
i) the interactions and feedback cycles between haze and

iii) accurate representations of emissions, chemistry, removal, and
transport relevant to fine PM as well as the synergetic effects of these  (particulate matter smaller than 1.0 ym) chemical compasition (8); evolution
processes in atmospheric models; and iv) quantitative assessment of the of partidle chemical compasition from dlean {left), transition (Middle), to
climatic conditions, ecosystem, and human health effects of haze
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Fig. 3. Aerosol nudeation and growth during a pollution episode (Sep-
tember 25-29, 2013) in Beijing. Temporal evolutions of particle number size
distribution and mean diameter (white dashed curve) (A); PM, 5 mass con-
centration (black solid line), mean diameter (purple dashed line), and PM,

polluted (Right) periods (C). Modified from ref. 9.

CH7|2ket @el | #7154 Ao|2

A
Predictive Capability 5
ATMOSPHERIC CHEMISTRY
— ATMOSPHERIC 1SSUES OF SOCIETAL CHOICES
CHEMISTRY RESEARCH  s0CIETAL RELEVANCE AND IMPACTS
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Industry | ' National §
b Emissions - Weather Bl sy i
Transformations
Oxidants Water Security
Agriculture
& Land Use foadiphetic Eneray & rv
Dynamics r nergy
Industry
Aerosol Particles
& Clouds Environmental
Biogeochemical Justice
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Deposition Susta!nable E’“
@ Development I\L//

Ecozystams Al
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Feedbacks on Emissions

[ The connections among major emission sources to the atmosphere, atmospheric chemistry research, scientific
issues of societal relevance, and subsequent societal choices and impact areas.

[ Research in atmospheric chemistry helps to build a predictive capability for future environmental conditions that
can indicate likely impacts to society of various policy choices. [EX: 0|2 NAS 2N 2016]
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Priority Science Areas and recommended infrastructure

Priority Science Areas

Fundamental Atmospharic

Societal Challenges
Chemistry
Develop a predictive Improve climats Elucidats rola of Understard feadbacks
capability for Quantify emissions modeling and atmospheric chemistry with natural and
distributions, and removal weather in human heaith managed
reactions, [ifstimes forecasting impacts BCOSYSIEMS

Infrastructure Required

Devalap analytical isstrumartation,

. Ene
i bs Co-develop long-term Estzblisha data Explolt pastand oo
measurement platfoms, laboratory, Fe z intercisei
e research sites achiving system cument datasets interdaciphnery
theory and modeling capabilities
Support capacity buliding and Maks KCAR a whrant ard complamantary partnes

Intematicnal collaboration for the atmaspheric chemistry commurity

[EH: 0|2 NAS E1M 2016]

NAS7t K|St L 7|3}st &M HLHH 57|

Priority Science Area 1: Advance the fundamental atmospheric chemistry knowledge that

enables predictive capability for the distribution, reactions, and
lifetimes of gases and particles.

Priority Science Area 2: Quantify emissions and deposition of gases and particles

in a changing Earth system.

Priority Science Area 3: Advance the integration of atmospheric chemistry within weather

and climate models to improve forecasting in a changing Earth system.

Priority Science Area 4: Understand the sources and atmospheric processes controlling

the species most deleterious to human health.

Priority Science Area 5: Understand the feedbacks between atmospheric chemistry and

the biogeochemistry of natural and managed ecosystems.
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Recommended Infrastructures 77|

Development of Tools for Atmospheric Chemistry Research

Instruments used in laboratory experiments and deployed for remote and in situ measurements are key
tools used by atmospheric chemists. New analytical techniques, instruments, and instrument platforms are
needed to support the 5 Priority Science Areas. Similarly, a range of modeling tools is central to the
development of a predictive understanding of atmospheric chemistry. NSF will play an essential role in
fostering the development of the next generation of many of these tools, as could industry and other
government funding agencies.

NSF’s Major Research Instrumentation (MRI) and Small Business Innovation Research/Small Business
Technology Transfer Research (SBIR/STTR) programs have produced valuable breakthrough technologies
that enabled improvements in atmospheric chemistry research.

NSF could also emphasize endeavors that focus on modeling across spatial scales (urban to global) and
temporal scales (weather to climate) to promote collaboration and coordination across agencies and
different NSF divisions.

Recommendation 1: NSF should ensure adequate support for the development of the tools necessary to
accomplish the scientific goals for the atmospheric chemistry community, including the development of
new laboratory and analytical instrumentation, measurement platforms, and modeling capabilities.
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Information Collection, Analysis, and Archiving in the Era of “Big Data”

The collection of measurement data over long periads of time allows the discernment of trends that
are not apparent in one-time field projects. Established research sites with core measurement
capabilities and long-term knowledge about regional photochemistry, meteorology, ecosystem
properties, and biosphere-atmosphere exchange processes are a critical resource for making and
interpreting new measurements.

Recommendation 2: NSF should take the lead in coordinating with other agencies to identify the
scientific need for long-term measurements and ta establish synergies with existing sites that could
provide core support for long-term atmospheric chemistry measurements, including biosphere-
atmosphere exchange of trace gases and aerosol particles.

Recommendation 3: NSF should encourage mining and integration of measurements and model
results that can merge and exploit past datasets to provide insight into atmospheric processes, as
well as guide planning for future studies.

Recommendation 4: NSF should establish a data archiving system for NSF-supported atmospheric
chemistry research and take the lead in coordinating with other federal and possibly state agencies
to create a comprehensive, compatible, and accessible data archive system.

Imperative for Collaborations

Understanding and addressing challenges faced by society will rely on close integration of knowledge from
multiple disciplines, including the physical, biological, and social sciences and engineering.

Given the important cross-disciplinary aspects of the science priorities for atmospheric chemistry, placing
value on a “cross-disciplinary integration” component of proposal evaluation is an option for funding. Both
single agency and cross-agency efforts are an essential component of the Priority Science Areas identified
above.

Recommendation 5: NSF should improve opportunities that encourage interdisciplinary work in
atmospheric chemistry and facilitate integration of expertise across disciplines and across academia,
institutes, government, and industry. This improvement may include support of focused teams and
virtual or physical centers of sizes appropriate to the problem at hand.

Recommendation 6: NSF, in coordination with other agencies, should continue to encourage and
support U.S. scientists involved in atmospheric chemistry research to engage with underserved groups,
in capacity-building activities, and in international collaborations.
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Role of a National Center

Answering today’s science questions requires significant resources and expertise to develop, maintain, and
operate an array of instruments, platforms and laboratcry tools, as well as significant expertise and
computational resources to develop and run complex weather, chemistry, and climate models. A national
center can be an optimal approach for providing these observational and computational capabilities because
(1) dedicated center staff with expertise are most efficient at maintaining these complex capabilities;

(2) the center can help foster the collaborative research needed to identify and solve critical science and
societal problems. A national center can provide these resources and expertise to investigators in the broader
community, while at the same time contributing directly to scientific advancements. The National Center for
Atmospheric Research (NCAR) was established as a federally funded national center dedicated to achieving
excellence in atmospheric science research, of which atmospheric chemistry is an essential part. Atmospheric
chemistry research occurs within many divisions of NCAR, especially the Earth Observing Laboratory and the
Atmospheric Chemistry Observations and Modeling (ACOM) Laboratory.

Recommendation 7: NCAR, in conjunction with NSF, should develop and implement a strategy to make
NCAR a vibrant and complementary partner within the atmospheric chemistry community. This strategy
should ensure that scientific leadership at NCAR has the latitude to set an energizing vision with appropriate
personnel, infrastructure, and allocation of resources; and that the research capabilities and facilities at
NCAR serve a unique and essential role to the NSF atmospheric chemistry community.

SefLf2te| OjM[HX| CfSat Cf7|efeh A ol




I. OMEX|S) W5t x| 21

Reviewing National Ambient Air Quality Standards (NAAQS) 2 Contact Us @Share
You are here: EPA Home » Reviewmng NAAQS » Particulate Matter NAAGS » Table of Historical PM NAAQS

Reviewing NAATS 7 .
el Particulate Matter (PM) Standards - Mﬂ—t

B Table of Historical PM NAAQS

Carbon Monaxide History of the National Ambient Air Quality Standards for Pasticulate Matter
St During the Period 1971-2012
Lead Standards L EU 2005"
Nitrogen Diaide Primary rﬁ Rule W’ ru m“ r’“‘ ' Form ‘
St 1971 1 Primary | TSP ¥ | Eri-hm._lr | 260 b rn. _an 10 be excesded more than once per year [] oé % 2009»:
r"‘:‘::vu:;:.d‘ Annual 75pgim_ Annual geometric mean

. 36 FRBIBE | Secondary | TSP 24-hour 150 pg m  Not to be exceeded more than once per year =
Ozone Standards Apr 30, 1971 | Annual | 60 ug' mi: Wnnual geomeLnc mean b Eq. 201 2 .
Particulate Matter 1987 Primary and| M 24-hour 150 pg/m~ Not to be exceeded more than once per year on

10

Standards e Secondary faverage over 2 3-year peniod a;l,i_ 2015 (201 6. 1. Alg)

Sulfur Dvaxide Primary Al 50pg/m  Annual anthmetic mean, averaged over 3 years
Standands =

1997 [Pamaryand| PM__ | 24-hour | 65pg/m  B8th percentile, averaged over 3 years ,
Secondary ) Annual 15.0 pg/'m A.lmual anthmetic mean, averaged over Iyears |
14

Subfur (hoxide Secondary
Standards

62 FR 38652

Jul 18, 1997 pum " 2a-hour | 150 g m! imllilly promulgated 99th percentile, averaged
Wacated, the form of 1987 standards remained in
[place (not to be exceeded more than once per
| o Yyear on average over a 3—mr period)
Annual 50 pg/m_ Annual arthmetic mean, averaged over 3 years
205 oinaryind| M| 2haur | 3spgre B peicetle Aeped overdvears
Secondary Annual | 15.0pg/m  Annual arithmetic mean, averaged over 3 years |
71 FR61144 ki
Oct 17, 2006 [ [ 24-hour | 150 pgim:Notto be exceeded more than once per yearon
| | Average over a 3-year penod
2012 Frimary | PM Annual | 12.0pgim Annual arithmetic mean, averaged over 3 years i
78 FR 3086 | Secondary | [ Anoual | 15.0pgim fnoval arthmelic mean, averaged over 3 years
Jan 15, 2013 o
I—— | — | [ | [ SRV
Primary and 24-hour 35 pg/m  98th percentile, averaged over 3 years
Secondary
Primary and PHN 24-hour 150 uq-m' [Not to be exceeded more than once per year on
Secondary L Average over a 3-year period

LS O measure are mcrograms per cubic meter ol air ipg/m ).
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UNEP Press Release 09 Mar 2019: “Beijing air improvement provide model for other cities”

* Air pollutants lowered by 25-83% since 2013
UN® * Measures include controls on coal-fired boilers,
=t cleaner domestic fuels, and industrial restructuring
* PM, ; concentrations in Beijing still exceed levels
recommended by WHO

A REVIEW OF 20 YEARS'

Air Pollution Control in Beijing

Beijing

-

§

Pollutants emissions (kt

201372007 20130 2007 2013 2007 2013 2007
SO: NO|= VOCs PM; 5
Source: Teinghua Unmversity; J Cheng et al, ACPD, 2019
Mr. Liu Jian, UN Environment's Chief Scientist, said the
results reflected the Chinese Government’s emphasis on
environmental protection and the input and intensity of

gl
| pollution control in recent years
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y [Kim, ..., Park et al, 2017)
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Seoul Winter
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Volkwagen Scandal (2015. 9)

Diesel vehicle road driving test (NOx) - 2016
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0|=9| Cj7|2}8 H7H| (2005-2015)

Annual Funding (millions of dollars)

Funding for Atmospheric Chemistry Research [ 4] Millions of U.S. dollars spent on
atmospheric chemistry research each year
by NSF through the Atmospheric Chemistry
Program (ATC) and other sources, NOAA
Office of Oceanic and Atmospheric
Research, EPA (a sum of Science to Achieve
Results [STAR] and other programs),
Atmospheric Chemistry programs, and DOE
Climate and Environmental Sciences
Division between fiscal years 2005-2015.
Corresponding dashed lines indicate
funding adjusted for inflation (shown in
2015 dollars).

Aggregate budget and funding information
were provided through personal
communication with representatives from
NSF, EPA, NOAA, DOE, and NASA, and data
were subject to availability.

= NEF 100l for Atmaspheric Chemitry
= NOAA Oceanic ard Atmosphesic Reseaich
= EPA STAR and clher prograns

NASA Atmasgheric Chemiery programa

= DOF Clhmude and i miranmestal Sciences

2005 2006 007 2008 2009 2010 2011 0 2013 014 2015

Fiscal Year

Annual Funding (millions of dollars)

25

20

15

0]2 BTS2 C7IFst Qo i)

Funding from NSF Atmospheric Chemistry Program (ATC)
(28 M%) Annual funding in
millions of U.S. dollars for the NSF
Atmospheric Chemistry Program
(ATC) that has been allocated to
field measurements (red line),
laboratory research (green ling),
numerical modeling studies
(purple line), instrument
development or facilities and
infrastructure (dark blue line), and
“other” projects (brown line)
between fiscal years 2005-2015.

=8=NSF ATC field measurements
== NGF ATC lab studies

e NSF ATE numerical modeling
e NSF ATC irstrumant divelopment
== N5k ATC other actviies

w—NSF ATC total

Note the peak in NSF ATC total
funding in 2009 corresponds to a
one-year increase provided by

W05 2006 2007 2008 2009 2000 201 2012 203 204 2085 Recovery Act stimulus funding.

Fiscal Year
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Gosan Observatory

r On-going Routine Measurement ACE-Asia (2001) —

(CAPMEX 2008)
(s00Z X34¥v3-29v)
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ChejuABC Plume — Asian Monsoon Experiment
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Aerosol Extinction Coefficient (/km)
(1997/09/30, SNU, Seoul)
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Radiation Instruments at Gosan
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Aerosol scattering and absorption Properties
(NOAA Federal Aerosol Network)
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Monthly variation of aerosol volume size distribution

(AERONET Sun/sky radiometer, Gosan, 2001-2006)

dVidin(r)
[pmpum?)

W oo
W ooos
Moo
Moo
| Gl
ooz

Radius (um)

o 1 10 o1 1 ]

| Gosan

=l g X —Imz -
(33,260,126 16E) Bejing Shirahama —
19 |- P20,

10 | (30.78N,116.38E) I\ Joro - cosemasse —— w ]
] —

— F
- AU

& i 2
T
1 I 1 1 1 L

| I | | | 1

o1 1 10

[Kim & Yoon, 2007)




I. OMEXI) D apR| 35

Gas Instruments at Gosan

Gas Lab: IR EECE R B

LOFLO NDIR CO, Analyzer (continuous, since 2007) Medusa GC-MS: Measurement of ~40 species of
halocarbons (CFCs, HCFCs, HFCs, PFCs, SF6, etc.)
Operated since Nov., 2007

Advanced Global Atmospheric Gases Experiment
Sponsored by NASA's Atmospheric Composition Focus Area in Earth Science

 “AGAGE is distinguished by its capability fo
s ] measure over the globe at high frequency
T g

almost all of the important species in the
Montreal Protocol to protect the ozone

. . w :
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Increase in CFC-11 emissions from eastern China

. . HEA B @4E] u
based on atmospheric observations 4% 350 2438
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1 Bangladesh 97.1 26  Chile 51  Puerto Rico
2 Pakistan 74.3 27 South Korea 52 Belgium
3 India 72.5 28 Serbia 53  France
4  Afghanistan 61.8 29 Poland 54  Germany
5  Bahrain 50.8 30 Croatia 155  Japan
6  Mongolia 58.5 31 Turkey 56  Netherlands
7 Kuwait 56.0 32  Macau 57  Switzerland
8  Nepal ! 33  Mexico 58 Russia
9 United Arab Emirates 34  Czech Republic 59  Luxembourg
10  Nigeria 35 Hong Kong 60 Malta
11 Indonesia 36 Cambodia 61  United Kingdom
112  China Mainland 2 | 37 Romania 62 Spain
13 Bosnia & Herzegovina 38 lIsrael 63 Portugal
14  Uganda 39 Taiwan 64 Ireland 9.5
15  Macedonia 40  Slovakia 65 USA 9.1
16  Uzbekistan 41 Cyprus 66 Canada 7.9
17 Vietnam 42  Lithuania 67 New Zealand 1.7
18  SriLanka 43  Hungary 68 Norway 7.6
19  Kosovo 44  Brazil 69 Sweden 7.4
20  Kazakhstan 45  Austria 70 Estonia 7.2
21 Peru 46 Italy 71 Australia 6.8
22  Ethiopia 47  Singapore 72  Finland 6.6
23  Thailand 48  Philippines 73 Iceland 5.0
24 Bulgaria 49  Ukraine
25 Iran 50 Colombia
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2013 : 70.3p9/m?
2017 : 71pg/m?
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2017 : 70.9p5/m*
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PMzs 51 1151 (2013~2017)
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20% ~ 30% Improved
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30 ~ 40 pg/m’
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