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Good Ozone, Bad Ozone

¢ Por quée nos
Interesa el
0Zono? PR

Stratosphere
absorbs lots of

O harmful
3 ultra-violet (UV)
light from Sun.

m
Bad:

Ozone ot top

« Define la dinamica e of Troposphere

£ . acts as a
(20 kilometers) /1 d greenhouse gas,

estratosfeérica (", vopping heat.

* Filtra la radiacion UV -
de alta energia

* Es un efectivo gas de
efecto invernadero

* Es precursor del
principal oxidante
atmosférico (OH)

« Es fitotoxico e irritante

O ﬁ Oz O O3 / O O Oa maokes smog.

http://spaceplace.nasa.gov/ozone/en/



L% ¢Dénde esta el ozono?

Ozone in the Atmosphere

' | ' ! « Contains 90% of Atmosphearic
Ozone
20 + Baneficial Rale:
Acts as Primary UV Radiation
Shield
= Currant lssues:

- Long-term Global
Downward Trends

- Springtime Antarctic Ozona
Hole Each Year

, Stratospheric gz}

Ozone Layer "Ozone

-
n

Altitude (miles)

10

« Contains 10% of Atmospheric

Ozone Qzong

- Tropospheric T
INCIreases coomrd O 5 = Harmful Impact; Toxic Effects
from pollution e on Humans and Vegetation

18

iy = Current Issues:

anir — Episodes of High Surtace
' Ozone in Urban and
Ozone Concentratig Rural Areas
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Ozone Amount
(pressure, milli-Pascals)

Altitude (kilometers)

http://www.esrl.noaa.gov/



Ozono en Rapa Nul

Ind. Soundings
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Average (Av)

Estacionalidad en la troposfera (ppbv)
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Gallardo et al, 2016. http://www.tellusb.net/index.php/tellusb/article/view/29484
Maés datos en: http://www.cr2.cl/recursos-y-publicaciones/datos-ozonosonda/
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Ozono sobre Antartica (2017)

South Pole Ozone South Pole Temperature
2017 2017
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http://www.esrl.noaa.gov/gmd/dv/spo_oz/movies/index.html
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Y sobre Antartica (Agente dinamico)

South Pole Ozone South Pole Temperature
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Adtitude (Kilometers)

Total Column Ozone NASA/Goddard Space

o - . Flight Center
200 300 400
Dobson units OzonO tOtaI Scientific Visualization
Studio
Ozone in the Afmosphere
| |
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- G Tiopospheri
INCredses I i
5 fom |Jo||ut|c:nj:f!_Iﬁi (e P
_/ )
\ gﬂ_T_JL_
0 , Ver animacion en: http://svs.gsfc.nasa.gov/vis/a000000/a002900/a002904/
Czone Concenteion —>
; . . . @
Hay mas ozono en el hemisferio luminado DOz
O =0
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Radiacion absorbida en la atmosfera

(a) Blackbody
curves
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Absorcion de radiacion UV f(
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http://lasp.colorado.edu/~bagenal/3720/CLASS5/5Spectroscop




Formacion de ozono estratosferico

Ozone Production

H}a\/

% the sun

e N TR

oxygen
rno)l(zgules ‘
(02)

Ozone is created by extremely

energetic UV radiation A 3

O,+hv —>0+0,4<024um
O, +0 — O

GF 3022 LGK SP 201

http://www.theozonehole.com/ozonecreation.htm



Production:

Oz + hv (A < .242 um) |

O +0,+M der o
Destruction:

O; + hv (A <.320 um)

O+ 0;

Chapm an

Sydney Chapman, "A Theory of Upper-Atmospheric Ozone," Memoirs of the Royal
Meteorological Society 3(26), 103-25 (1930).
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Gases de efecto invernadero: el ozono es un eficaz gas de
efecto invernadero

Ea
=

]__L*:I'lll L 1l L ol N EENT] ]__I_I.I.I.IJ__:I_II_A_:’LLLQ/ 1 1l I NN
b 1 M = T 3 1 h Ir -
2 0.8 ﬁ i ﬁ H,0 = = 08 dq Co, -
: NI = B LRI -
& 0.6 l“a':i- ; | | H — 5 0.6 | —
= |"| | | . - - n
£ 0.4 ,|'|I' | - 1 . = 0.4 -
= il | - = . B
2 0.2 ]II |I | 1» ul 2 0.2 '|| —
i . [ | ry — [t . -
I:‘- |||||| T 1.| ||I'|"il||| t I‘\'| ||||||| t ] ||i'-;r:|_ l:l IIIII| LI IIIIII| LI IIIIII| T T TTTI
| 10 100 10040 1 10 100 1000
Wavelength (pm) Wavelength (um)
(c) (d)
I L ] IIIIII 1 IIIIIIII 1 IIIIIIII 1 L1 1111l
EDWE TR z
= 083 Z 0.053 TR £
5 053 =1 | | CH,
£ (0.6 £ 093 ” =
= = 0.853 ; E
= 047 = T893
= z 0.5 =
2 0.2 B oe -
= B 0.755 ‘ —
['I “II II“I II“I l:}? : III T T IIIIIII T T IIIIIII T mrrrrn
' 10 100 1 10 100 1000
‘avelength (pm) Wavelength (um)
i (e)
9 I IIIIII 1 1 IIIIIII | I | IIIIIII 1 L 11111l
= . n C
= 083 J- =
E ] l"ml A | -
£ 0.63 Tq C
O = ] Eleven pases [
J| ;_
Y 2 023 \H1‘W =
B i | I i, C
= i i TR =

.mn.umh.”mmﬁ.m%m JaCObson’ZOOS

Wavelength (um)



Ozono en la troposfera (~10% del total)

December-January-February March-April-May

Tropespheric column ozone, DU

Cooper, O.R., et al., Global distribution and trends of tropospheric ozone: An observation-based review. Elementa:
Science of the Anthropocene, 2014. 2(1): p. 000029.
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El ozono aumenta en la tropdsfera
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HoxeAo

Summit, Greenland - 72.6 °N, 3.2 km
Barrow, Alaska - 71.3 °N, 0.0 km

Storhofdi, Iceland - 63.3 °N, 0.1 km

Mauna Loa, Hawaii - 19.5 °N, 3.4 km

Samoa - 14.2°°S, 0.1 km

Cape Point, South Africa - 34.4 °S, 0.2 km
Cape Grim, Tasmania - 40.7 °S, 0.1 km
Ushuaia, Argentina - 54.8°S, 0.0 km

Arrival Heights, Antarctica - 77.8 °S, 0.1 km
South Pole - 90.0 °S, 2.8 km




Ozono en Tololo (0.7 ppb/decada)

{(a) Daily ozone data at El Tololo station

|

{b) Deseasonalized monthly ozone data at El Tololo station

,l'l IJJ le y ‘,' ‘“,l”h’ v!v |1

Anet, J. G., Steinbacher, M., Gallardo, L., Velasquez Alvarez, P. A., Emmenegger, L., and Buchmann, B.: Surface ozone in the Southern Hemisphere:
20 years of data from a site with a unique setting in El Tololo, Chile, Atmos. Chem. Phys., 17, 6477-6492, https://doi.org/10.5194/acp-17-6477-2017, 2017.
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Ozono en Santiago (0-500 ppbv)

03 - registro horario
Tipo deGrafico: Serie de Tiempo
Serie Tiempos seleccionada:
x1:Las Condes, 0008, RAT[M], Value ¥2:Las Condes, 0008, VAL[]M],? Value %3:Las Condes, 0008, LIN[M], Value
02/04/1997 00 - 05/08/22017 23

500
450 |
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350 |
300 |

250 1

200 1 ?

N — _ e Co e T . cmdl
ESA'OEMSS? 28/05/998 27/05M999 25/05/2000 24/05/2001 2B3/05/2002 22/05/2008 20/05/2004 19%/05/2005 18&/0X2006 17/02007 15/05/2008 14/05/2009 13/05/2010 12/05/2011 10/05/2012 09/05/2013  OB/05/2014 O7/05/2015 0&/05/2016 04052017

ist

Registros validados (ppb)

I—— E— [0S preliminar
m=18.64 5=23.32 min=1 max=208 n=170057 m=16 G

T
96 min=1 max=

jppl)_u — REQ!STI'DS no validados (ppb)
2 7 n=5497 m=13.85 5=30.11 min=0 max=401.3 n=1162

. Ver Monares et al, 2017
http://sinca.mma.gob.cl/
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¢, Por qué preocupa el ozono en la troposfera?

Solo constituye un 10% del total
de ozono en la atmosfera pero:

*En exceso es danino para la 03
salud de las personas y de la
vegetacion

*Es un gas de efecto invernadero
*Su presencia determina la
capacidad de autolimpieza
(oxidativa) de la atmosfera

https://www.ucar.edu/learn/1_7_1.htm
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Efectos sobre la salud humana

el ,
gL ®
hospital admissions

Doctor visits,
school absences

Respiratory symptoms,
medication use, asthma attacks

Seriousness of effect

Lung function decrements, inflammation and
permeability, susceptibility to infection, cardiac effects

Y«

Number of people affected
GF 3022 LGK SP 2017

https://www.epa.gov/ozone-pollution/health-effects-ozone-pollution



¢ Cuanto ozono es demasiado?

Where | Concentration Averaging .
Period
USA 0.08 ppmm 8 hours
0.12 ppmm 1 hour
EU 120 pg/m3 8 hours
WHO 100 pg/m3 8 hours '
Chile 120 pg/m3 o0 61 ppbv 8 hours

LLas Condes (1997-2016)
120 . T: | ,

1 W‘W « “ 'l M \ ‘ Hﬂ i M J“ TF J i

a ! ] ' ' , ” Bi1 i¢Disminuyendo?!

Promedio mévil de 8 horas

 GF 3022 LGK SP2017
IGAC book, chapter 1



Efectos sobre la vegetacion

Effect of O; on Yield of Crops ~ Hojasana Hoja dafada

110

— 100 - —

a Sorghum
a0 .

= Field Com

2 80 1

>~ Winter Wheat

QD 4

2 w0 gk

E 60 + Range of rekiiad

@ Ambient O, Ly

o 50 Cotton
40

0 20 40 60 80 100
Seasonal Mean Ozone (ppb) (H?Ck et al. 1983, Environ
Sci Tech 17: 5T724A)

http://www.ars.usda.gov/Main/docs.ntm?docid=12462
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4 Ozono y capacidad oxidativa
“ Radical hidroxilo

O;+hv 4% - 0+0, (A<310nm)
i Yo severa! f.?':.' O+ 02 +M - 03 + M

R 1
""'-----..____’____- _— N st_a_p:» )
gm0+ H,0 - 20H 3%
03 I AV 2

nnnnnnnn

« Acescala global, los principales sumideros de
El radical OH es el OH son:

“detergente” de la — CO (~40%)
atmosfera... — HC (~45%) {OC (~30%), CH4 (~15%)}
el agente que le da su — 03, HO2, H2 (~15%)

caracter oxidativo
GF 3022 LGK SP 2017

http://www.atmosphere.mpg.de/enid/24y.html



Contaminacion fotoguimica

Ciclo diario y semanal en Ciudad de México

03 2001-2007 Santiago de Chile

03 - registro diario - promedio mensual
5

xf Lo Candles, 0008, RATIM], Valus

2104/1387 00 -0 Velores Mensuales.

“|Las Condes (0-50 ppbv) promedios mensuales
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¢ Como se forma el ozono?

OCP)+0,+M —>0,+M

En la estratosfera:

O, +hv—>0+0(CP), A< 240nm

En la troposfera, ese O(P) viene Unicamente de:

NO, + hv - NO+O(°P), A <420nm



¢ De que depende la formacidn/destruccion
de ozono en la troposfera?

« En presencia de radiacion solar y
oxidos de nitrogeno (NOx), la

oxidacion de CO, CHay COV da lugar PO,
a la formacion de ozono
» En ausencia de NOx, los mismos e
procesos conllevan a la destruccion de /
0Z0No NO
DO,

0zono

e

A R—, ()3 y’fOfOOXidanteS




Rol de los oxidos de nitrogeno

D O3

P O3
P O?T D O3

CO+OH—->H+CO,
H+0O, >HO,+M
HO, +0, ->0OH+ 20,

Neto:
CO+0,—>CO0O,+0,

GF 3022 LGK SP 2017



P Prevalece la produccion pues hay NOXx

March-April-May

15 20 25 30 35 40 45
Tropespheric column ozone, DU

Prevalece la destruccion pues NO hay NOx |
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Lecturas

INTRODUCTION TO

* Chap 12. Jacob, D.J.,

Introduction ATMOSPHERIC
to Atmospheric Chemistry, CHEMISTRY
266 pp.,

Princeton University Press, 1999.
» Disponible en internet

(http://acmg.seas.harvard.edu/publications/jacobbook/index.html)

DANIEL J. JACOB

También sobre OH:

http://www.igac.noaa.gov/newsletter/igac21/Sep 2000 IGAC 21.pdf

Jacobson, 2002; 2012
http://www.stanford.edu/group/efmh/jacobson/POLbook/POLbook.html
http://www.stanford.edu/group/efmh/jacobson/POLbook2/index.html

Continuara...
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Ver: https://www.youtube.com/watch?v=n_gw5gKJtGM

Papers Examined the Hemispheric Asymmetry of
Carbon Monoxide and Tropospheric Ozone

+ O, Destroyed Much More Efficiently over Land than over Ocean
« cross-tropopause flux nearly equal in both hemispheres
* 3 x more land in NH --> Less O, should be in NH

» BUT More O, is Present in NH

» More CO is Present in NH (from observations)

» More NO is Likely Present in NH (inferred)

» Conclusion: Greater Amount of O, in
NH is Due to Photochemical Generation =

" i significant tropospheric orone production s e e

takes place, it follows that the concentrations of / TR\
oone in the lower troposphere in the NH have {

o _ ~ 4
increased substantially since the inception of the —, / “'_'.'.'
Industrial era.” " 0

\‘. \-.q ’

——— .

= o~ e
RS p— L Dagettiee
LA LI L S b LI S AN A ki ks A

Sotmi #Wey

aCk FIShman ANTHROPOCENE
aint Louis University, USA A —

Jack Fishman homenajeando a Paul Crutzen
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