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“Deplecao” da camada de 0zonio

Deplecao = reducdo ou perda de elementos (ou substancias)
fundamentais num meio fisico, quimico ou biolégico.



Deplecao da camada de ozonio

«*Dados de medidas da coluna de ozonio durante o
século 20 (desde 1926 em Arosa, Suica: 47°N).

*sDados de satélites desde 1979 em regibes temperadas
(65°N — 65°S).



Espectrometro Dobson - Medidas de O,

O Luz UV em 2 comprimentos de onda entre 305-345 nm.

d Um A ¢ fortemente absorvido pelo O5 (305 nm), o outro A ndo ¢ absorvido (325
nm).

O Arelacéo entre as duas intensidades de luz é uma medida da quantidade de O,
no caminho da luz do sol até o detector.

Inside a Dobson Spectrophotometer
Ter we ']_'{r'-‘ until the two .__'_-l'r ntensities are equ

9 R-dial
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From http://ozone.gi.alaska.edu/dobson.htm
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Deplecdo de 0zonio em regides temperadas (65°N — 65°S)

TOMS Global Ozone (65°N - 65°S)
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Monthly Average Total Ozone Amount from 1979-2001

(http:/ftoms.gsfc.nasa.gov/multi/)



“Deplecao™ da camada de 0zonio
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(Staehelin et al., Atmos. Chem. Phys., 18, 65676584, 2018).



“Deplegao da camada de ozomo

Ozone column [DU)
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Valores medios anuais totais do 0zonio (coluna) medidos em Arosa

(470 N), Sui(;a, de 1926 a 2017/ (Staehelin et al., Atmos. Chem. Phys., 18, 6567—
6584, 2018).



Artigo

Johannes Staehelin, Pierre Viatte, Rene Stlbi, Fiona Tummon, and Thomas Peter,
Stratospheric ozone measurements at Arosa (Switzerland): history and
scientific relevance, Atmos. Chem. Phys., 18, 6567-6584, 2018
https://doi.org/10.5194/acp-18-6567-2018
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https://www.meteoswiss.admin.ch/home/climate/climate-change-in-switzerland/ozone-monitoring.html
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Ciclo do CIO,

ClO, - produzidas a partir dos clorofluorocarbonos (CFC's)

CFC's sdo produzidos artificialmente.

Exemplos de CFC's : Freons (CFCl;, CF,Cl,)

CFCs sdo inertes na troposfera, por outro lado sofrem
fotdlise na estratosfera, liberando atomos de Cl.

CF.Cl, + hv (A<240 nm)> CF.Cl + Cl

Radiagdo UV que ndo atinge a troposfera



Consequéncias das reagdes competitivas

Reacoes Cataliticas

cl + 0, —» ClO + O,

catalisador infermedidrio

ClO+0-> Cl+0,

intermediario catalisador

Baixa energia de ativagado
E, para mecdanismo de Chapman = 17,1 kJ/mol
E, para reagdo ClO, = 2,1 kJ/mol



Ciclo catalitico de destruicéo do ozonio

Oxygen molecule (O») Chlorine atom (Cl) Ozone (0O3)
- SF ’
% ‘"

6 NS
Loy (22 Lo
Chlorine

ClO+0 : Cl+0O3 1_ Ozone
= reaction]\\ c%talync =C reaction )~ \ destruction
ycle
e e\
/6
O 5
Oxygen atom (O) Chlorine monoxide (CIO) Oxygen molecule (Oo2)

ClIO+0O= Cl+ 05
C/+O3—’ CIO + O

Net: O + O3 — 20,




Stratospheric Halogen Gases
cactive halogen Gase,

ﬁa\ﬂgen sOurce Gaseg

Hydrogen bromide (HBr)

CFC-1
Methyl )
CFCa2 Methyl bromide Chemical o
CEC-113 chloride Salar Bromine nltratell[BrDHl'sz laraest
Methyl : H hloride (HCI) } 2T9e%".
. ultraviolet (UV) ydrogen chloride reservoirs
Very short-lived chloroform radiation and Chlorine nitrate (CIONOz)
chlorine and bromine gases ch em ical Chlorine monoxide (CIO)
HCFCs Carbon reactions most | Bromine monoxide (BrO)
tetrachloride conversion reactive | Chlorine atoms (Cl)
Bromine atoms (Br)

Halon-1211
Halon-1301

https://www.esrl.noaa.gov/csl/assessments/ozone/2018/twentyquestions/#section-i



Atomo de cloro (ClI)

ReacoOes de termino para Cl

Cl- + CH, > CH, € AT

Estavel na estratosfera
*Removido por precipitacdo quando é

transportado para troposfera

ClO- + NO, + M>CIONO, > M



Espécies reservatorio para ClO,: HCl e CIONO,

Relativamente ndo reativas mas podem regenerar espécies reativas
(Cl, ou CIO, = CI + CIO) em condic¢0es adequadas.

ATHO T TS
HCl + OH = Cl + H,0 o | Ne
CIONO, + hv>ClO + NO 4 L8 \
v . / B i )
; ? halocarbonos ——————jm (| :( I )l\ VU
CIONO, + hv=>Cl + NO, A *\ ‘s \ * //
N /
~
Tropopausa -~ =
industria deposicao

Fontes e sumidouros de CIO, e Cl, na estratosfera

D.J. Jacob, “Introduction to Atmospheric Chemistry”, Princeton University Press, Princeton, 1999



CFCs sdo inertes na troposfera, por outro lado sofrem fotolise na
estratosfera, liberando atomos de CI.

CF,Cl, + hv (A<240 nm)-> CF,CI + CI

Radiacao UV que ndo atinge a troposfera

1974-Molina & Roland’s work

1987-Montreal Protocol
1997-CFC ban



Paul J. Crutzen (December 3, 1933 — January 28, 2021)

Paul J. Crutzen at the Max Planck Institute for
Chemistry. © C. Costard/MPI for Chemistry

Crutzen recebeu o Prémio Nobel de Quimica em 1995 por identificar como os 6xidos de nitrogénio
contribuem na deplecéo da camada de ozonio da Terra e descobrir 0s processos quimicos que causam

0 buraco na camada de ozobnio.

Crutzen, P.J. The influence of nitrogen oxide on the atmospheric ozone content.
Quarterly Journal of the Royal Meteorological Society, 96, 320-325, 1970.




Stratospheric sink for chlorofluoromethanes:
chlorine atom-catalysed destruction of ozone

Mario ). Molina & F. S. Rowland

Nature 249, 810-812(1974) | Cite this article

10k Accesses | 2717 Citations | 508 Altmetric | Metrics

Abstract

Chlorofluoromethanes are being added to the environment in steadily increasing amounts.
These compounds are chemically inert and may remain in the atmosphere for 40-150 years,
and concentrations can be expected to reach 10 to 30 times present levels.
Photodissociation of the Chlorofluoromethanes in the stratosphere produces significant

amounts of chlorine atoms, and leads to the destruction of atmospheric ozone.

Crutzen, P.J. The influence of nitrogen oxide on the atmospheric ozone content.
Quarterly Journal of the Royal Meteorological Society, 96, 320-325, 1970.

1995 — Nobel de Quimica
Frank Rowland, Mario Molina e Paul Crutzen




Deplecédo da camada de ozo6nio: acdo humana, CFCs
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Principal Steps in the Depletion
of Stratospheric Ozone

1 Emissions

Halogen source gases are emitted at Earth's
surface by human activities and natural processes.

2 Accumulation
Halogen source gases accumulate in the
atmosphere and are globally distributed throughout the
lower atmosphere by winds and other air motions.

3 Transport
Halogen source gases are transported to the

stratosphere by air motions.

https://www.esrl.noaa.gov/csl/assessments/ozone/2018/twentyquestions/#section-i



Conversion
Most halogen source gases are converted in the
stratosphere to reactive halogen gases in chemical
reactions involving ultraviolet radiation from the sun.

Chemical reaction

Reactive halogen gases cause chemical depletion
of stratospheric ozone over the globe.

6

Low-temperature surface reactions on polar
stratospheric clouds (PSCs) significantly increase
reactive halogen gases and thereby cause
severe ozone |loss in polar regions in late winter
and early spring.

Removal
Air containing reactive halogen gases returns
to the troposphere where the gases are removed by
moisture in clouds and rain.

https://www.esrl.noaa.gov/csl/assessments/ozone/2018/twentyquestions/#section-i



Uso de CFCs como gas refrigerante
Propriedades: baixo ponto de ebulicao, baixa

toxicidade e geralmente nao reativos.

DuPont (década de 80) = maior produtora mundial (25%)
— FREON (nome usado para os CFCs)

Cl F H

| L~

N\ ! F/ I
F F F

Dichlorodifivorom ethane Tetrafluoretha ne
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Fotolise de CFCs acima de 20 km
— liberacao de cloro ativo (Cl)

fl Cl
F—=C=Cl +hy =—» F—C* + (I
Cl Cl

Cl C
| .
F—C=—Cl + hv =—5 F—(I? + Cl
F

A <250 nm

A <230 nm



Destruicao de ozonio por cloro

Ciclo catalitico de destruicao de ozonio
Cl + 03 S ot ClO + 02
ClO + O« —p (] + 02

(.)' + O3 =3 20,

somente 1% do cloro ¢ ativo como CIl ou CIO



Conversao de cloro ativo para reservatorios (cloro inativo)

Conversao de Cl e CIO
CH, —» |HCI|+ CH;

. H.Oz e I HCI + 02
Cl +

H2 _> HCI + H
H202 — HCI |+ Hb2
. : M s 00
Cl—O + NOz - ,N\
Cl—0O O =
Monoxido Nitrato de

de cloro cloro

Espécies de
cloro
Inativo:

HCl e

CINO, =
CIONO,



Conversao dos reservatorios para cloro ativo

HCl

’

hy =3 H + (Cl A <220 nm

HCl + < OH —» Cl + H,0
]o- —» (] + OH

CIONO,
O . + /O
: : + hy =—p (] + -O—N\, A\ < 400 nm
Cl—O O=- O=-

Nitrato de cloro Radical nitrato



nome sistematico

Trichlorofluoromethane
Dichlorodifluoromethane
Chlorotrifluoromethane
Chlorodifluoromethane
Dichlorofluoromethane
Chlorofluoromethane

Bromochlorodifluoromethane
1,1,2-Trichloro-1,2,2-
trifluoroethane
1,1,1-Trichloro-2,2,2-

vl vmvem Akl A~ A

1,2-Dichloro-1,1,2,2-
tetrafluoroethane

1-Chloro-1,1,2,2,2-
pentafluoroethane

2-Chloro-1,1,1,2-tetrafluoroethane
1,1-Dichloro-1-fluoroethane
1-Chloro-1,1-difluoroethane

Tetrachloro-1,2-difluoroethane

Alguns CFCs
nomes comuns/codigos

Freon-11, R-11, CFC-11
Freon-12, R-12, CFC-12
Freon-13, R-13, CFC-13
R-22, HCFC-22

R-21, HCFC-21

Freon 31, R-31, HCFC-31

BCF, Halon 1211, H-1211, Freon 12B1
Freon 113, R-113, CFC-113, 1,1,2-

Trichlorotrifluoroethane
Freon 1133, R-113a, CFC-113a

Freon 114, R-114, CFC-114,
Dichlorotetrafluoroethane

Freon 115, R-115, CFC-115,
Chloropentafluoroethane

R-124, HCFC-124

R-141b, HCFC-141b
R-142b, HCFC-142b

Freon 112, R-112, CFC-112

Ponto de
ebulicao (°C)

23.77

—29.8
—81
—40.8
8.9
—9.1

47.7

45.9

3.8

—38

—12
32

—9.2
91.5

Formula

CCIF
CCLF,
CCIF;
CHCIF,

CHCI,F
CH.CIF

CBFC'FQ
CLFC-CCIF,

Cl,C-CF3

CIF,C-CCIF,

CIF,C-CF;

CHFCICF;
CLFC-CH;
CIF,C-CHj;
CCLFCCIF

http://en.wikipedia.org/wiki/Chlorofluorocarbon



ApplicacOes e subtituicbes para CFCs

Applicacéao

CFC previamente usado

Substitutos

Refrigeracdo &
condicionador de ar

CFC-12 (CCL,F,); CFC-
11(CCI5F); CFC-13(CCIF,);
HCFC-22 (CHCIF,); CFC-
113 (Cl,FCCCIF,); CFC-
114 (CCIF,CCIF,); CFC-
115 (CF5CCIF,);

HFC-23 (CHF3); HFC-134a (CF;CFH,);
HFC-507 (a 1:1 mistura azeotropica
de HFC 125 (CF; CHF2) e HFC-143a

(CF3;CH3)); HFC 410 (a 1:1 mistura
azeotropica de HFC-32 (CF,H,) eHFC-125

(CF3CF,H))

agentes de expanséo

CFC-11 (CCI;F); CFC 113
(CLFCCCIF,); HCFC-141b

HFC-245fa (CF;CH,CHF,); HFC-365 mfc

para espumas (CF4CH,CF,CH,)
(CCIl,FCH,)
Solventse, | cFC-11 (CCIyF); CFC-113
desengraxantes, Nenhum

agentes de limpeza

(CCLFCCIF,)

http://en.wikipedia.org/wiki/Chlorofluorocarbon




Producdo mundial anual de CFC 11. Produgdo mundial anual de CFC -12.

CFC—11 Production Rate
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CFCs séo inertes na troposfera, baratos e faceis de produzir, resfriam ao
serem comprimidos sem risco.
Na estratosfera sofrem fotolise, liberando &tomos de CI.

CF,Cl, + hv (A <240nm) — CF,Cl +Cl



Emissdes de gases fonte de halogénios (ODSs + fontes naturais)
(Ponderado pelo Potencial de Deplecéo do Ozonio (ODP))

Developed countries eliminated

International Policy Mentreal Protocol Amendments : 90% of their HCFC production and
MHES:OHES London - 1990 consumption; developing countries
Copenhagen-1992 Global production freeze their HCFC production and
Vienna— 1995 of CFCsand halons  consumption - 2013

Vienna Convention for
the Protection ofthe ~ Montreal - 1997 ends-2010
Ozone Layer-1985 Beijing-1999 HCFC accelerated phaseout
[Montreal-2007 Adjustment)

Kigali Amendment
enters into force - 2019

Y e X N R A e L X
Global consumption of ODSs -
UNEP World Plan of Action reduced by 98% — 1986 to 2008 Kigali Amendment on

the control of production
Montreal Praotocol and consumption of some
Montreal Protocol on universal ratification - 2009 HFCs adopted - 2016
Substances that Deplete the —
A Ozone Layer - 1987

on the Ozone Layer- 1977

1.5k W
‘u Emissions of halogen source gases (ODSs + natural sources)
/ “-‘ {Weighted by Ozone Depletion Potential (ODP))

A » Based on atmospheric observations or industry data

-
| : N & Future projections
1.0 Y
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O

Natural emissions

Megatonnes CFC-11-equivalent per year
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0.0
1960 1970 1980 1990 2000 2010 2020

Protocolo de Montreal - 1987

https://ozone.unep.org/sites/default/files/2023-05/Final_20Qs%202022%20full%20document_26April2023_digital%20version-reduced.pdf



Business Strategy and the Environment, 6, 276-286, 1997

DuPont, the world’s dominant CFC THERF’'S MONEY IN THE AIR:

produces, played a key role in the THE CFC BAN AND DUPONT'S

development of the Montreal Protocol on
Ozone Depleting Substances. We argue that REGULATORY STRATEGY

DuPont’s pursuit of its economic interests,
along with the political impact of the
discovery of an ozone hole and the threat
of domestic regulation, shaped the
international regulatory regime for ozone-
depleting substances. International
regulation offered DuPont and a few other
producers the possibility of new and more
profitable chemical markets at a time when
CFC production was losing its profitability
and promising alternative chemicals had
already been identified.

DuPont’s organization and strategy were
key to the successful leveraging of the
Montreal process. For example, the Freon
Division had close interaction with public
officials and external groups, and benefited

from the input of DuPont’s external affairs DuPont and environmental irfler?ﬂlﬁ‘
department. This positioned DuPont to Methods to encourage potential industry

exploit the situation when regulatory winners into supporting Emrimr_Lmenlal
discussions were stepped up. initiatives deserve further attention.

James Maxwell™™ and Forrest Briscoe™
"Massachusetts Institute of Technology, MA, USA
|51 Research & Training, Boston, MA, USA

of harnessing diversity in industry: some
producers stood to gain more from the
envisioned regulations than others. Such
industry heterogeneity provides frequent
opportunities for coalitions of ‘the green
and the greedy’, such as that between

From a public policy perspective, the
Montreal process offers a valuable example



Quantidade atmosférica de CFC-11 e CFC-12, 1977-2020
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Composicao relativa dos gases fonte de halogénios (Cl) que atingem a estratosfera.

Total 3660 ppt 3240 ppt

Very short-lived

3500 — gases
Methyl chloroform, .

2 —-999%, Substancias
— 3000 o Other gases, +11% .
B Q CEC-] 193 destruidoras de
RS 0 > +185% CEC
% 2500 £: s 0z0nio (ODSS) s&0
c I lls ..
8 % S 0s gases emitidos
5 2000 - 25 or atividades
a 5< CFC-11 P
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= 1500 — P
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o Qo
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Ke}
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500 “
Natural Methyl
s0urces chloride
0
1993 2020
Chlorine

https://ozone.unep.org/sites/default/files/2023-02/Scientific-Assessment-of-Ozone-Depletion-2022.pdf



Composicao relativa dos gases fonte de halogénios (Br) que atingem a
estratosfera.

Total 22.1 ppt 18.9 ppt
= _1E9
20 = l 15%
G
. g 7 Other halons
el g Substancias
e! E Halon-1301 _
Q 15 E destruidoras de
(@]
c = A - ~
1]
3 § Halon1211 0zbnio (ODSs) sdo
3 ) 0s gases emitidos
I -71%
@ 10~ Methyl bromide por atividades
'E human, natural .
S . no humanas que sao
5 o change
= 3 controladas pelo
R E Protocolo de
5 .
= ggsrg short-lived Montreal.
0
1999 2020
Bromine
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Porcentagem da deplecao do ozonio estratosferico a partir de medigbes com varios
Instrumentos em diferentes regides em latitudes medias no Hemisfério Norte.
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The Montreal Protocol on Substances that Deplete the
Ozone Layer - 1987

»Second Meeting of the Parties (London, 27-29 June 1990)

»Fourth Meeting of the Parties (Copenhagen, 23-25 November 1992)

» Seventh Meeting of the Parties (Vienna, 5-7 December 1995)

»Ninth Meeting of the Parties (Montreal, 15-17 September 1997)

»Eleventh Meeting of the Parties (Beijing, 29 November — 3 December 1999)
»Nineteenth Meeting of the Parties (Montreal, 17-21 September 2007)

» Twenty-Eighth Meeting of the Parties (Kigali, 10-15 October 2016)

» Thirtieth Meeting of the Parties (Quito, 5-9 November 2018)

http://ozone.unep.org
https://ozone.unep.org/sites/default/files/Handbooks/MP-Handbook-2020-English.pdf
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Staehelin et al., Atmos. Chem. Phys., 18, 6567-6584, 2018



Effect of the Montreal Protocol

Projections of the future abundances of ozone-depleting substances (ODSs) in the stratosphere,
expressed as equivalent effective stratospheric chlorine (EESC) under the assumption of no protocol
on reducing ODS consumption, the initial Montreal Protocol in 1987 and its subsequent revisions.
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Source: Montreal Protocol Scientific Assessment Panel (2014). Twenty Questions and Answers About the Ozone Layer.
The data visualization is available at OurWorldinData.org. There you will find more on this topic. Licensed under CC-BY-SA by the authors.



The percentage change in ultraviolet (UV) irradiation reaching the Earth’s surface, measured as the annual total in 2008

Changes in UV irradiation reaching Earth’s surface (1979-2008)
INn Data

relative to 1979, as a result of ozone layer depletion.

Lines shown represent the percentage change of UV at different wavelengths, ranging from 305 to 325 nanometres (nm).

The wavelength range from 305-325 nm includes the region where DNA damage from UV irradiation has its maximum health effect.
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The data visualization is available at OurWorldinData.org. There you find research and more visualizations on this topic. Licensed under CC-BY-SA by the authors Hannah Ritchie and Max Roser.

https://ourworldindata.org/ozone-layer



Curvas de absorcao de UV por O,
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lembrar que a capacidade de absorcéo a
partir de A<320nm € muito importante
como filtro de radiagéo UV.

Bandas de Huggins

7 Banda de Hartley /
. .m v;mM|m: //
A

Yol x10' x102 x103 xlO“
08
06
04}

A (nm)

Solar rradhnce

o
R 5

o
N
I

10'7 o (cm® molecule™!, base &)

Finlayson-Pitts and Pitts



Relacao entre ozonio e radiacdo UV
(eritema = manchas vermelhas na pele, queimaduras devido sol)

Ozone - UV correlation
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Evaluation of Selected Ozone-Depleting Substances and Substitute Gases
Relative importance of equal mass emissions for ozone depletion and climate change

Ozone-depleting substances
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Vida util atmosférica, potencial de destruicdo da camada de oz6nio e
potencial de aguecimento global para HFCs e HCFCs selecionados

Compound Lifetime 2 ODP ? GWPp#?
(years)
HFC-23 (CF;H) 250 0 7.3
HFC-32 (CH,F,) 6.0 0 0.16
HEC-125 (CF,CF,H) 36 0 0.77
HFC-134a (CF;CFH,) 14 0 0.25
HEC-143a (CF,CH,) 55 0 1.1
HFC-227ea (CF;CFHCEF,) 4] 0 0.69
HFC-236fa (CF,CH,CF,) 250 0 3.9
HCFC-22 (CHF,Cl) 13.3 0.047 0.36
HCFC-123 (CF;CCl,H) 1.4 0.016 0.019
HCFC-124 (CF;CFCIH) 5.9 0.018 0.099
HCFC-141b (CFCl,CH,;) 9.4 0.085 0.13
HCFC-142b (CF,CICH,) 19.5 0.053 0.42
CFC-11 (CFCly) 50 1.0¢ 1.0¢
CFC-12 (CF,ClL,) 105 0.95 3.1
Co, 0.00076

O. Hutzinger Editor-in-Chief, The Handbook of Environmental Chemistry Volume 2 PartL Reactions and
Processes, Springer, 1999.



World Meteorological Organization
Global Ozone Research and Monitoring Project—Report No. 58

SCIENTIFIC ASSESSMENT OF
OzoNE DepLETION: 2018

Relationship Between ODS and

Other Greenhouse Gases
10zone Depleting Substances mGreenhouse
w(Halogen Gases) Gases
‘aMethyl Chioride Shiolon .-::’icz:; uCo,
Taphidnt aH-1301 aHFC-1342
u(CH,CI) aH-1211 =N,0 HFC-125
sMothyl Bromide BRCECs uCH,
#(CH.B1) /
uCarbon Tetrachloride aSF
u(CCl,) nCFC;s 6
nMothyl Chloroform wCFC-11
e =t /T

49



Breve histéria do OZONIO estratosférico
1881 Hartley identifica o 0zonio como a principal razdo do corte do espectro solar em 300 nm.

1921 Fabry e Buisson obtém primeira medida confiavel da coluna de ozonio

1918 Strutt calcula a “coluna” troposférica em “40 ppb ou menos™.

1926 Dobson e Harrison mediram a distribuicéo latitudinal do oz6nio total.

1930 Teoria de Chapman; Schumacher mediu coeficientes de velocidade.

1931-34 Gotz identificou camada de 0zénio com maximo localizado em ~22 km.

1960 McGrath e Norris descobriram a produgéo de OH: e propuseram o ciclo catalitico de “consumo
natural” do ozo6nio.

1971 Crutzen e Johnston descobriram o ciclo do HOx e NOXx.

1974 Molina e Rowland reconheceram o impacto dos clorofluorcarbonos (CFC) produzidos pelo homem.

1985 Farman et al (Nature 1985) - buraco de 0z6nio na Antartica, observado todos 0s anos em
setembro e outubro desde os anos 80 até 2018 ...???7?

1987 Protocolo de Montreal.

1995 Frank Rowland, Mario Molina e Paul Crutzen — Nobel de Quimica

2011 Ocorréncia do buraco de 0z6nio no Artigo (marco)

O futuro em cenéario de mudancas climaticas globais????



Ozone treaties and SDGs

DD HEA U

o (2R 8 IR DECENTWORKAND 10 Wi ' 13 CLIMATE
. ey ECONOMICGROWTH = ACTION
Hover over an SDG icon for M‘iﬂfﬂ = ‘ —’\4/\' <>

3 o v
more information /*/'

The ozone layer protects people and all life on Earth INDUSTRY, INNOVATION PARTNERSHIPS
The Ozone Secretarlat works with all nations to protect the 9 1 FOR THE GOALS

ozone layer. Successfully protecting the ozone layer helps
to deliver many of the Sustainable Development Goals. 145 15 i
LI SATER

) - T

) peveopment GLtALS

https://ozone.unep.org/



PROTECTING THE OZONE LAYER AND
REDUCING GLOBAL WARMING

Results, Case Studies and Lessons Learned from
UNDP's Montreal Protocol Programme

&

n Multiluteral Fund hnf

http://www.undp.org/content/undp/en/home/librarypage/environment-
energy/ozone_and_climate/protecting-the-ozone-layer-and-reducing-global-warming/



MINISTERIO DO MEIO AMBIENTE - MMA
INSTITUTO BRASILEIRO DO MEIO AMBIENTE E DOS

MM A RECURSOS NATURAIS RENOVAVEIS - IBAMA

PROTOCOLO DE MONTREAL

CONTROLE DAS SUBSTANCIAS QUE
DESTROEM A CAMADA DE OZONIO - SDOs

IBAMA

Brasilia, 03 de maio de 2008.

http://www.protocolodemontreal.org.br/eficiente/repositorio/publicacoes/Simposio/833.pdf



Legislacao

CFCs e HCFCs

v Decreto n®. 99.280/90, que internaliza o Protocolo de Montreal;

v Resolucdo CONAMA n® 267, de 14 de setembro de 2000 estabelece prazos, limites e
restricdes para a importacdo, o comércio e consumo de substancias que destroem a camada
de ozdnio; (esta em revisao)

v Resolucdo CONAMA n®. 340, de 25 de setembro de 2003, proibe embalagens descartaveis
para os CFCs; (esta em revisao)

¥ Instrucdo Normativa IBAMA n® 37, de 29 de junho de 2004, sobre a obnigatoriedade de
registro no CTF para as empresas manipuladoras de SDOs.

¥ Instrucdo Normativa IBAMA n® 96, de 30 de marco de 2006, institui o Certificado de

Regularidade timestral e condiciona a prestacdo de servicos pelo IBAMA mediante a emissao
deste.

http://www.protocolodemontreal.org.br/eficiente/repositorio/publicacoes/Simposio/833.pdf



PROGRAMA You
RSLERO B Qo

ELIMINACAO DOS

O Brasil e a Protecao da Camada de Ozénio:
uma parceria bem-sucedida entre governo,

setor produtivo e sociedade. fem

Quem
Somos

Empresas Regeneragio e Boletins Fale

T Reciclagem Publicactes Noticias Multimidia

Inicio Informativos Conosco

PBH Legislacdo

Inicio * Quem Somos » Protocolo de Montreal » Sobre o Protocolo de Montreal

QUEM SOMOS SOBRE O PROTOCOLO DE MONTREAL

Publicado em: 19 Maio 2017 - Atualizado em: 19 Maio 2017

Nossa equi . . . . . L.
SaHIpE Em 1985, um conjunto de nacdes reuniu-se na Austria manifestando preocupacéo técnica e

politica gquanto acs possivels impactos causados pelo fendmeno da reducdo da camada de
Camada de Ozénio ozonio. Nesta ocasido foi formalizada a Convengéo de Viena para a Protecdo da Camada de
Oz6nio, cujo texto enunciava uma serie de principios relacionados a disposicdo da comunidade
internacional em promover mecanismos de protecido ao ozonio estratosférico, prescrevendo
cbrigagdes genéricas que instavam os governos a adotarem medidas juridico-administrativas

Protocolo de Montreal

http://www.protocolodemontreal.org.br/site/quem-somos/protocolo-de-montreal/sobre-o-
protocolo-de-montreal



A Nio sequro | protocolodemontreal.org.br/site/pbh/sobre-o-programa/publicacoes

PROGRAMA BRASILEIRO
DE ELIMINAGCAO DOS
HCFCs (PBH)

Sobre o Programa

» Contexto
» Eliminagao dos HCFCs no Brasil

_ Critérios de elegibilidade: quem tem
* direito aos recursos financeiros?

» Publicagbes

Projeto para o Setor de Manufatura de

Espumas de Poliuretano e

Projeto para o Setor de Manufatura de
Equipamentos de Refrigeracéo e Ar-
condicionado

Projeto para o Setor de Servicos de
Refrigeragdo e Ar-condicionado

PUBLICACOES

Publicado em: 22 Maio 2017 - Atualizado em: 20 Qutubro 2017

Os documentos a seguir contém as estratégias das Etapas 1 e 2 do Programa Brasileiro de
Eliminacdo dos HCFCs (PBH), fundamentadas pelo diagnostico de consumo de HCFCs no Brasil
na época de suas elaboraces. Ambos tém como objetivo divulgar as atividades previstas para o
controle e reducio dos HCFCs de forma gue o Pais se mantenha em cumprimento com o
Protocolo de Montreal de acordo com metas pactuadas até o ano de 2021

25 Anos do Protocolo de Montreal
Programa Brasileiro de Eliminacdo dos HCFCs - PBH

Medidas Brasileiras para eliminacio de gases que destroem a camada de 0zonio
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& > C @ ozoneaggsfcnasagov 01 de maio de 2022

2022-05-01 (day 121) Daily Grigded, Global Orbits = 54440 - 54467
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30 de setembro de 2023

OMPS-NPP Nadir Mapper Total Column Ozone

2023-09-30 (day 273) Daily Gridded, Global Orbits = 61779 - 61799
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https://ozonead.gsfc.nasa.gov/



