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Dietary risks
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Figure 3: How COVID-19 is transmitted through aerosol particles
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Change in effective radiative forcing from 1750 to 2019
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REEHFE: SSHHREHOXELIER (Bates & Nicolet)
+ HOx = OH + HO, {&{L#LI * OH3KEH,0F1CH,HI & R BYH,0RY

H,0 + 0(1D) - 20H

OH + 05 » HO, + 0,

HO, + 0 » OH + 0, TREhER CH, + O(*D) - CH; + OH
ZER: H,0 + hv - H + OH A <240 nm
05 + 0 - 20,
OH + 05 = HO, + 0, o ZHFBIAVE IR M
HO, + 0; — OH + 20, TRERKE
4R OH + HO, — H,0 + 0,
20, — 30,
_____________________________________ HO, OH + NO, + M - HNO; + M
L FEXE, HNO, B EEFTRE
H,0__ O(D) | NO E
s .+ 0FO('D) KEESMREAMNLMHE
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RFEE: IEHNOxEXIER (Paul Crutzen)
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REHFE: SR/ IZECFcstE{L{ER (Molina & Rowland)
« CFCsHMBAERCl, BURERST

CFCly (CFC-11)5t#%:  CFCl; + hv - CFCl, + C1 A~ 185-210 nm

Sources of Chlorofluorocarbons
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MolinaFlRowland: CFCsEHLIEREFERS
« CFCsHAREMCl, EHIRFERS
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(Fth) REEFKR: EHEEFERM

Polar Stratospheric Clouds

Type | PSC:

Formation Temp:

Particle diameter:

Altitudes:
Settling rates:

Type Il PSC:
Formation Temp:

Particle diameter:

Altitudes:
Settling rates:

Nitric acic trihydrate (HNO33*H>0)
Ternary solution (H20, H2SO4, HNO3)
195 K

1pym

1024 km

1km/30 days

Water Ice
188 K

>10 pm
1024 km

> 1.5 km/day

Type Il PSC cloud

Heterogeneous reactions take place on PSCs,
releasing chlorine from HCI and CIONO, into reactive
forms (CIO) that can rapidly destroy ozone.

January 1989, taken from the NASA DC8

£ (FEth) &, ° ,7}IL)=E_L_.I-/UZ/I —3 gy
Eﬂ, ERREE “Zik
SHEZERNITESBR MR F IR FE
X B kEEENM R (PSC, Polar
stratospheric clouds) 3FRME & IEHER N,
4 B SASHICL,:

CIONO,(g) + HCI(s) = Cl,(g) + HNO;(s)

CIONO,(g) + H,0(s) = HOCI(g) + HNO5(s)

HOCI(g) + HCI(s) - Cl,(g) + H,0(s)

kB ZNMRNEIEAHNOERKRE, FEE
R BE S | R E R (Demtrlflcatlon)




(Fth) REEFKR: EHEEFERM

FH9H, PFRXERZ|FEHMX, ATR&ENE, BERELRIK, FE
PSC, TRESCLILEMERC, TUERMFERS:

Cl,(g) + hv - 2Cl

2 (Cl+0, - ClO+0,)

ClO + ClO + M - Cl,0, + M BBMR R, thERENE R
Cl,0, + hv - ClOO + Cl

ClIOO+M - Cl+ 0, + M

458 20, - 30,
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(Fath) RERMKR: Z1HER

Ozone Potential Vorticity Temperature

- @Ry (Fth) Mtumie=RERPEAHERSFH:

v XURIR A RS2 ES TR A PR G E 2 BIRYIR R, 2&ERE
RENZ[TEAEANREAN, ToE8FTHRREIRERRD .

v EfumiERIFRE TREERNZ A, RIE T ERIKEFIPSCsEIFZAK .

+ B10ASTE, KIABHERBINEZRE, SRR, BUmiER, KFREERXHR
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RERRBRFEETIE

Temperature

Seinfeld and Pandis

Inactive surface Active gas-phase Inactive
4 chlorine reactions chlorine reactions chlorine
HCl
- CIONO,
Fall early Winter - late Spring Time
Denitrification & deljydration
— e
Surface procgssing
-y -
-~ e e e - Chilorine cat,aly'zed
ozone destfuction _ .
Inactive chlorine .~
4 Formation, cooling, TCCOVETS
& descent . . .
Maximum intensity Breakup
~ISurface reaction threshold
>
Time

Polar vortex evollttion
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KPREIMEGHESC (FIBr) MCFCsZODSH O k.
mE K195 KBY, PSCRZRR RIAEMIMEILE R MR R M IAFf

SRR AEE (SEREARXER) PRETRmeEENE, BELETEEER
ERESNTZS[HNEER. ERERSMITHELT, kERNEHREAR
S2E2RBIEL, ERESERE.

ALFHRE T EARRENR R gL IA-10H7 4
Q: LRATTAAZEAERENR? SIEZUATINAZ IR EREIRE ?

Ozone 101: What Is the Ozone Hole?
https://www.youtube.com/watch?v=Q15t5NQ1Aik

mRE, REEERELETHA [HEkFEIRE]
https://www.bilibili.com/video/BV1xT411279C/?spm id from=444.41.list.card archive.click&vd source=6ea

f73540ce40ccbecc52ac94fc4e2088
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The 1995 Nobel Prize in Chemistry for their work in
atmospheric chemistry, particularly concerning the formation
and decomposition of ozone.

https://www.nobelprize.org/prizes/chemistry/1995/9060-the-nobel-prize-in-chemistry-1995-1995-2/
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Minimum column ozone (DU)

KREEITEITX

. E 2 v = AE&cﬂ:ﬂ:
Modeled and observed Arctic ozone 1375 ’ WMO 55— ”BEE}; = ([ H
wb@ T T T T T ]+ 19778, WMo “REEMRIVKIFE”
' fi - 198tIA, HAAL
250 “‘ v N
B }MM le 1+ 1987F9A, FEFFIRIES
' 1+ 1990%F, RHEER
1505_ — Observations _ ° 1992":Ey E Z'KHAWE“ 57%
gy |+ 1997, EHFIRIBER
100: —.With.OUt 'l\/\ontreaIProtocoI | | | | ] . :“: 1| S
July Sept Nov Jan Mar May July 1999’ Rz R

2010 2011

2016, EmMFAMEIER
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28



FREREFEEYRIERR?

Difference
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Change in emissions (10719 g m2 s™)

Rigby et al., 2019, Nature Park et al., 2023, Nature
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SOURCES OF TROPOSPHERIC OZONE

Oz-i—llv

. STRATOSPHERE
Stratospheric ozone

Tropopause (8-18 km)

W

TROPOSPHERE

Complex non-linear chemis try
- TN
- \ -~ ~
- ~
- 1 ~
& v A

hv _ hv, H,O |
== Ozone (O,) =—=> Hydroxyl (OH)

Nitrogen oxides (NO,) The Pacman of
' the atmosphere!
qO, I-lvdmcal :

Fires Biosphere Human
activity

physics
Ocean chemis try

biology

Global model estimate of
tropospheric ozone budget

Tropospheric budget of ozone®

Chemical loss of O, (Tg) 4491
Chemical production of Oy (Tg) 4885
Dry deposition of Oy (Tg) 909
STE of O, (Tg)? 515
Dry deposition of O3 (Tg) 882
STE of O3 (Tg)P 488
O3 burden (Tg) 384
Mean TCO (DU) 34.5
O3 lifetime (days) 26.1
Tropospheric burdens and lifetimes of other species
NO, burden (TgN) 0.169
NMVOCs burden (TgC)* 10.1
CO burden (Tg) _ 359
OH number concentration (lﬂé’ cm_3) 1.18
OH-related MCF lifetime (yr)d 5.58
OH-related methane lifetime (},rr]-d 9.63

Yan et al., 2016
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MnERELFEAESEIEL
> REMWFEN: EABRARSERERGET, AARENSEBREZMH L REINOFI 2L EY
(CO\ CH,» NMVOC) j@id—Z&%|SHOXxMROxEBREA XN KR MM ~Z4E
> REEBRAESNOXURVOCH KX AFESEIEZM. FEVOCATIFERAT, MENOXREM, REEMK
A LU ANt 8 UL D>
> REUFEFERR: LENOxEYIHEX, EZINOxEKMESBEREFRE; REMZFFHLEAESLE

Ozone mixing ratio as a function of
NOx and NMVOC emissions
HOX, RO,, etc.

i Sillman et al., 1990
hv I

NOx-limited 500

180
140

140

Hydrocarbon emissions, 101 atams Cem = 51

0, T 10
/ '\ 2L [so A:ES
1_ﬁﬂ\ NOx-saturated — 33
NOx, NOy NMVOC, CO, CH, o M .

EE! 2 4 33

WO, emissions, 10 molecules crn™ s



Photochemistry for Tropospheric Ozone

{ CO + OH (+ O,) - CO, + HO,

/Inltlatlon RH + OH (+ 0,) > RO, + H,0

l voC NO + RO, (+ O,) = Carbonyl + NO, + HO,
Propagation {NO + HO, - OH + NO,
Production< NO, + hy - NO + O(3p) (1<420 nm)

L O(Gp)+0,+M > 0, + M

HO, + HO, = H,0, + O,

\“Termination { HO, + RO, - ROOH + O,
OH+NO, + M - HNO; + M

/{ O, +hy - 0,+0(!D) (1<330nm)

O('D) + H,0 - 20H

Destruction < (OH+0; - 0, +HO,
{H02+O39202+OH

~ NO+0;->0,+NO,
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A ENOXHER: 1950-2014

Anthropogenic NOx Emissions CEDS (T/km2/y) in

P —— —

1950
= | ¥ s T "" ,

(0) 2e-4 0.02 0.05 0.1 0.5 1.0 2.0 5.0 10 200
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AJIENOXHERL: 1950-2019

Annual NOx Emissions (Tg) in China, India, G7 Countries and Russia
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P EERESHANXRENO,EEHKE: 2005-2019

OWl trop. NO, Jon, 2005 QA4ECV OWl trop. NO, Jon, 2019 QA4ECY
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Sources of Non-Methane Volatile Organic Compounds

Swce | Emission(lsc/y

Total anthropogenic sources ~100
Energy use and transfer 43
Biomass burning 45
Organic solvents 15

Total natural sources ~1000

Terrestrial vegetation

Isoprene (C5H8) &/ — 1% 200-600

Monoterpenes (C10H16) EfE 1% 125

Other VOCs 520
Oceanic 6-36

Note: These values are very rough estimates. Uncertainty may exceed 100%.

Brasseur et al., 1998; Weng HJ et al., SD, 2020
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HEEAERRENLEH (Nmvoc) HERT: 1980-2017
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ARIENMVOCHERT: 1950-2014

Anthropogenlc NMVOC Em|SS|ons from CEDS (T/km2/y) in 1950
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CEDS inventory 40
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AJENMVOCHER: 1950-2019

Annual NMVOCs Emissions (Tg) in China, India, G7 Countries and Russia
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DEERESIHNMREHE (HCHO) EEHKRE: 2005-2015

BIRA-IASB (v14) / NASA BIRA-IASB (v14)

h2co.aeronomy.be
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2004/10-2010/12 E{E: 2331 DU
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June-July-August
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Tropospheric column ozone, DU

Cooper et al., 2014, Elementa; OMI/MLS data from Ziemke et al. 23
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Historical records imply a large anthropogenic

contribution to the present-day ozone background at
northern midlatitudes

Ozone trend from European mountain observations, 1870-1990

[Marenco et al.,1994]
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Northern Temperate (Europe): Historical surface ozone measurements

UV measurements
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Latitude
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ITERESHE: ERIUEHSEHEZE Photochemical Smog

Subtropical
High Pressure

of clouds

* Cool sea breeze — causes mversion — limits the mixing

« adiabatic heating that occurs lowers the relative humidity pre

» much insolation to penetrate to the surface — photochemical reactio:

e [A sits on a basin with
St. Gabriel Mountains to
the east of the city

* Subtropical high pressure
migrate

e subsiding air of the
subtropical high
compresses as 1t desclends

th1

cre
alc
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2019%F, 337MHETH, BHESRY > 5pM, R E, EERKERS
PEXSREASEFGRIERP (2020) /&EEBL%J:}H: SEEHATAY

- EESRR0, O WESRMAPM,, m HESREAPM, mm WESRMANO, @ O,HEEKHK
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v TIENOXHER BV ETI1E F
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https://edition.cnn.com/2016/03/16/asia/china-pollution-smog-photos/index.html
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A LA R ERBEFA R : WAl A—RSBRM RS EE:
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NN Sl =t
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Combustion particles, organic
compounds, metals, etc.
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tar ball

)mel:ruﬁp
L e ST

calcite
(Ca, O, [Mg, S])

56




FURLHIRY R T

SHEm%Y REN KR 2 EE b e
| L K7k HI%A
YEH > &S

nucteation condensati condensation > condensation - condensation
{ A oagulation > coagulation > coagulation > coagulation

H;50, evaporation abrasion
NDESCIv! B X 2 ™ = T e e e e e e s e e e, -
NO;
- =0 2 Activation as
v, | Mucleation- accumulation- D Cloud Droplet
reactions mode mode
1| 10 100 1000 10000

| | j | |
Particle Diameter[nm]

o HiE1uml EFEZHVHCRIRER— KB4
s BERIUMIUTHEERE ZXMAASBRBNT)

57



$£ (haze)

. BEBTEASTHABEILK, BE
SERMESE, FESEH, KPER
EIEER0AE N TH—MESHR.

. B—REIAAG, CEMENRERES,
ETA S SMEMEELE, TRRHE
M.

. EREEHAAKEM T ST (R
MBI MEHETE). SENXSEGR,
R W), BEMRE(ENBAMTAR)Z,

o KSR — S RE T RET R

S =Y o s P
+ZE ., EM=,

(ZEFELIFERT=E)

58



SER (FAY) neEEeRRK

Nucleation
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The 4 December 2015 paroxysm plume from Mount Etna’s
Voragine crater, as seen from Cesaro, Messina.
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