.

I1l. Ubytek stratosférického o0zénu

Earth System Control variable Threshold avoided

Flanetary State of knowledge®
process or influenced by Boundary (zone of
slow variable Lncertainty)
Stratospheric Stratospheric O

Severe and irreversible <5% reduction

1. Ample scientific
ozZone concentration, DU WW-B radiation effects on from pre-industrial evidence,
depletion hurman health and level of 290 DL 2. Threshold well

ecosystems., (5% -10%:) established,

3. Boundary position
implicitly agreed and
respected.

Boundary: Average conc. of stratospheric O; no lower than 276 Dobson units
Current level: 283 Dobson units

Diagnosis: Safe, and improving
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O, — ochrana biosféry pred nebezpecnym UVB zarenim
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Historie objevu spojenych s ubytkem O,

1 9 7 4 Stratospheric Chlorine: a Possible Sink for Ozone

R. 5. StoLArSKI anp R, 1. CICERONE
Space Physics Research Laboratory, The University of Michigan, Ann Arber, Michigon 4810F
Received January 18, 1974

This study proposes that the oxides of chlorine, ClO,, may constitute an important
sink for stratospheric ozone. A photochemical scheme is devised which includes two
catalytic cycles through which ClO. destroys odd oxygen. The individual CIX constituents
(HCL, C1 Cl10O, and QCIO) perform mmlngnus]}f to the respective constitnents (HINO,,
NO, N0 and NO:) in the MO, catplytic cycles, bul the pzone destruction efficiency is

bdobs o £ £ 06 i TR byt s PO sloc e 90 o sb | PSS-S T -1y

FEW N

fReprinted from Naturd, Vol 249 No. 5460 pp. §10—812, Fume 28, 1974)

Stratospheric sink for chlorofluoromethanes:

chlorine atom-catalysed destruction of ozone
Mario J. Molina & F. S. Rowland

Department of Chemistry, University of Catilornia, Irvine, California 92654

Chioroffusromethanes are being added o the emvivonmeni
fn steadily  fcrcasing amounts. These compounds are
cltemically {ner and may remain i the atmasphere for 40—
{50 years, amd concentrations can be expected to reach
1) ta 30 times presend levels. Photodissociation of the
chlorafluoromethianes in the stratosphere produces significant
mmounts of chiorine aloms, and leads o the destruction of
atmospherie ozone.

lorrvgniarey ulinbarie hoydrnaarlnme by Trespepy cheledear] 404 phys

effective rates of vertical diffusion of malecules al these altitudes
are alse subject to substantial uncertainties. Vertical mixing is
frequently modelled through the use of “eddy’ diffusion coefi-
Cler 1016738 whizh are presumably relatively insensitive to the
molecular weight of the diTusing species, Caleulated using a
time independent ane-dimensional vertical difusion mode] with
cddy diffusion coefficients of magnitude X ~ {3 x 107
g C_IEI”IS" at altitudes 2040 km {refs 10, 15-18), the atmos-
pheric lifetimes of CFCl, and CF,Cly falk into the range af
40150 yr. The time requited for approach toward a steacdy state
is thus measured in decacles, and the cencentrations of chloro-
Ouoromethanes in the stmosphere can be expected to reach

- 1 atom Cl rozlozi zhruba 100 000 molekul O,
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Historie objevu spojenych s ubytkem O,

1978 — CFC jako hnaci plyn ve sprejich zakazan (v USA)
- spotreba v dalsich aplikacich vsak stale prudce roste

1.400
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Historie objevu spojenych s ubytkem O,

1978 — CFC jako hnaci plyn ve sprejich zakazan (v USA)
- spotreba v dalsich aplikacich vsak stale prudce roste

1984 -V Halley Bay v Antarktidé naméren 40% ubytek O,
- tak dramatickému ubytku nevérili a hledali zpusob oveéreni
- dramaticky pokles ovéeren i v dalsi stanici 1000 mil daleko

— nezvratny dukaz, ze nad sebou
likvidujeme ozonovy Stit??7?

450
| Fl ) .
- - 3

300 44—
250 {—
200 44— |

(Dobson units)

150
100 +—

total ozone concentration

50 +

350 F—Fed e e Lo -

$EST tptaidrie. =% .1 7
- 2. ¢ e 4 =
4 yversefeelattteni | readings
| o z
% | % a- in other

T MontRs

1] - - : -
; 1950 1960 1970 1980

FIGURE 5-4 Ozone Measurements at Halley, Antarctica

2000 2010

Large losses of total ozone in Antarctica
reveal seasonal C10./NO, interaction

J. C. Farman, B. G. Gardiner & J. D). Shanklin

British Antarctic Survey, Natural Environment Research Council,
High Cross, Madingley Road, Cambridge CB3 0ET, UK

Recent attempts™? to consolidate assessments of the effect of
human activities on stratospheric ozone (0O,) using one-
dimensional models for 30° N have suggested that perturbations
of total O will remain small for at least the next decade. Results
from such models are often accepted by default as global esti-
mates’, The inadequacy of this approach is here made evident by
observations that the spring values of total O, in Antarctica have
now fallen considerably. The circulation in the lower stratosphere
is apparently unchanged, and possible chemical causes must be
considered. We suggest that the very low temperatures which
prevail from midwinter until several weeks after the spring equinox
make the Antarctic stratosphere uniquely sensitive to growth of
inorganic chlorine, C1X, primarily by the effect of this growth on
the NO,/NO ratio. This, with the height distribution of UV
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Historie objevu spojenych s ubytkem O,

1985 - Nimbus 7 — satelit NASA meérici O, od roku 1978 ale
zadnou diru neeviduje

C turrrp v}rkm
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Historie objevu spojenych s ubytkem O,

1985 - Nimbus 7 — satelit NASA meérici O, od roku 1978 ale

zadnou diru neeviduije...

- po revizi nastaveni pristroje zjisteno, ze velmi nizke hodnoty
pristroj nezapocitaval — po zpetnéem zapocitani rostouciho
mnozstvi podlimitnich hodnot dira potvrzena

1.2

1987 — potvrzeni chlor-ozonoveé rasey
hypotézy — prulet letadlem L& !s
ozonovou dirou merici

- 3.0

0.8 1

koncentraci O, a CIO H -
- silna korelace mezi koncentraci E A
obou méfenych latek : i 10
0.27 chiorine monoxide & ¥
iy ¥

; 645 665 685 705
Centrum pro vyzkum

toxickych latek latitude
v prostredi
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Ubtek stratosferického Og_nad Arktidou

Stratospheric ozone

Mixing ratio (ppmv) at 470K
MACC analyses by IFS-MOZART

27 Mar

www.gmes-atmosphere.eu
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http://www.youtube.com/watch?feature=player_embedded&v=AU0eNa4GrgU

Poskozovani ozonoveé vrstvy zeme

- freony, halony a dalSi urcité halogenovane latky

- freony - netoxicke, inertni, nizkovrouci kapaliny, vyborne
Izolanty

Cl F
F —(!)—CI F —(].)—CI

4 4
11 12

Cl —i—i— Cl F —E—F
i &
114 13

1. Factories and homes all thenzoe < pofe

spew out CFC's.
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Privmérné mno¥stvi ozonu, CR, 1962-2002

z 7 e 335 | — Primér —— AVE+STD|
Ozonova dira o i et s S D
-s- 3301 — Priimér (62—90)
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1964 1968 1972 1976 1980 1984 1988 1992 1996 2000

nad polarnimi oblastmi

Oct 1-15 1979 Oct 1-15 1984 Oct 1-15 1989
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CHEMICAL OZONE DESTRUCTION PROCESS
IN THE STRATOSPHERE
50 J
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http://www.theozonehole.com/images/o3split.gif

Dusledky ubytku strat. O,
1% | konc. O; = 2% 1 intenzity UVB = 4% 1 rizika rakov. kuze

Increased
uv-B

EH"Iec’rs on the Environment
: =y

urban pollution

and material
damage

..
~and skin cancer L) B

—
Efffects on e
HUI"I‘III.'.lI‘I Beings rl immnune system

acule eye defects
and cataract

- veétsSina melanomu vznika na
oslunéné casti kuze
- nejCastéjsi vyskyt u Australanu
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B
Dopad zvysSene UVB radiace na plodiny

Possible changes o
: . I nsitiv
in plant characteristics Consequences Selected sensitive crops
B Reduced photosynthesis Rice
B Reduced water-use efficiency Enhanced plant fragility
B Enhanced drought stress sensitivity O
® Reduced leaf area Growth limitation Sorghum
B Reduced leaf conductance
® Modified flowering Yield reduction SoyReRls
(either inhibited or stimulated)
B Reduced dry matter production Beans

NB: Summary conclusions from artificial exposure studies.
Source: modified from Krupa and Kickert (1989) by Runeckles and Krupa (1994) in: Fakhri Bazzaz, Wim Sombroek, Global Climate Change and Agricultural Production, FAO, Rome,1996.
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D) Number of extra skin cancer cases related to UV radiation

Per million inhabitants per year
0 30 60 90 120 220

VULNERABILITIES

Skin colour map (indigenous people)

Predicted from multiple environmental factors

From lightest ... ... to darkest skin
BN EEER | nodata

Source: Chaplin G.® , Geographic Distribution of Environmental Factors Influencing Human Skin
Coloration, American Journal of Physical Anthropology 125:292-302, 2004, map updated in 2007.
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Source: Dutch Mational institule for Public Health and the Env (RIVM). L 1_ul), 2007
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B
Reseni a dusledky

1985 — Videnska smlouva na ochranu O, vrstvy

1987 — Montrealsky protokol + daldi dodatky = wemerrsscarscss
1995 — Nobel Prize Rowland, Molina, Crutzen s
for their work in atmospheric chemistry, : t';?l““’sh
particularly concerning the formation and

decomposition of ozone.

No protocol

nhagen 1992

Beijing 1999

Zero emissions

0 T T T T T T T T T T 1
1880 2000 2020 2040 2060 2080 2100

* Chioring and bromine are the molecules responsible for ozone depletion.
“Effective chlorine” is a way lo measure the destructive potential of all ODS
gases emitied in the stratosphere.

Cases per million people per year
500

No protocol Montreal
o 1987
Excess
L - - a0 skin cancer fondor

Professor F. Sherwood Rowland (left) shared 0ases
the 1996 Nobel Prize for Chemistry with 20
Professor Mario J. Molina (center) of the
Massachusetts Institute of Technology, 10
United States and Professor Paul J. T
Crutzen (right) of the Max Planck Institute, Yo aon | 200 | 20w 20m0 | 2000 | 200
Germany, 'Tor their work in the atmospheric
chemistry, particularly concerning the R L e R,

formation of the ozrone.”
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.

ReSeni a dusledky

1985 — Videnska smlouva na ochranu O, vrstvy

THE EFFECTS OF THE MONTREAL PROTOCOL AMENDMENTS

1987 —_ MontreaISky prOtOkOI + daléi dodatky AND THEIR PHASE-OUT SCHEDULES

Predicted abundance
Thousand parts per trillion

15

Naklady opusténi CFC | st

7 chlorine®

- 1988-2000 - pokles produkce na desetinu
- celkové naklady zhruba 40 miliard $ ‘

No protocol

- ke ztratam zaméstnani nedoslo g

- 1/3 snizZeni prostou Gsporou U e

- nahrazovani CFC snadnéjsi, Casto i za e
snizeni nakladd (nahrady levné;si) e

- nové HFC v autech navysily cenu o “ e
50-150 $ (prfedpovézeno 1000-1500 $ migm

- CH3Br pro sterilizaci pid nahrazen napr. =
stfidanim plodin
- CHj3Br pro fumigaci skladu nahrazen CO, =~ = = = = = =

Authe W, Fahay, Panel Review Meating for the 2006 czone assassment.

Y
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Spolecna, ale diferencovana zodpoveédnost

COMMON BUT DIFFERENTIATED RESPONSIBILITIE

Thousand Ozone Depleting Potential Tonnes (ODP Tonnes)*
1 000

Non-Article 5 countries
(45 states)
800 -
<2l CFC
production
400
200 - Article 5 countries
ik o || Article 5 countries (developing)
0 B Non-Article 5 countries (industrialized)
T T T T T T T T T
1986 1990 1995 2000 2005 | Countries that did not ratify the Montreal Protocol
(not on the map: San Marino, Vatican, Andorra)
* Tonnes multiplied by the ozone depleting potential of the considered gas. Source: United Nations Environment Programme Ozone Secretariat
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Ponauceni z uspésného reseni globalniho problému

spoluprace zucastnénych aktéru:

» vedeckeé objevy a monitoring — upozornéni na problém

« UNEP — mezinarodni koordinator politickych opatreni

« environmentalni aktivisté vyvijejici tlak na reseni problému
e uvedomeli konzumenti nakupuijici dle env. informovanosti
e technicti experti vyvijejici technologie Setrné k ZP

 flexibilni a zodpovédny prumysl




Aktualni problém — N,O

NITROUS OXIDE: A MAJOR CULPRIT AFTER 2010

Emissions

Thousand ODP Tonnes We have galculated the ozone-depleting potentﬂlal of N20 to be roughly 50 percent larger
when chlorine levels return to the year-1960 level

1200 — To understand why, Ravishankara says, it helps to know how CFCs and N,O damage ozone. Solar ultraviolet

radiation breaks CFC molecules apart, creating chlorine and chlorine oxides. "These are what destroy ozone,"
he says, not the parent CFCs. Similarly, N,O doesn't directly damage ozone. Chemical reactions in the

C FCS stratosphere must first strip away one of that molecule's nitrogen atoms — forming nitric oxide, or NO. This
1000 — stripped down molecule, he explains, is what actually wreaks havoc with ozone. “Nitrogen oxides and chlorine
oxides kind of oppose each other in destroying stratospheric ozone,” the scientist explains. “In other words,

N,O offsets the ability of chlorine oxides to destroy ozone. And vice versa.”

800
Source: Janet Raloff, Nitrous oxide fingered as monster ozone slayer, ScienceNews, August 27th, 2009.
== Carbon tetrachloride and Methyl chloroform
400

200 N20

-
- o N ../_‘A\‘
--._

0
I I
1970 1980 2000

* Tonnes multiplied by the ozone depleting potential of the considered gas.

2020 2040 2060 2080 2100

Source: A. R. Ravishankara, John S. Daniel, Robert W. Portmann, Nitrous oxide (N20): The Dominant Ozone-Depleting Substance Emitted in the 21st Century, Science, August 2009.
Centrum pro vyzkum
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Aktualni problém — N;O

Nitrous oxide anthropogenic emissions

Million tonnes

N>0 emissions in the

agricultural sector are projected \
to increase due to:

0 -~

Vanure 4 Growth in meat Agriculture

consumption represents

2~ (more manure almost 80 % of

produced) all anthropogenic

3 - N,O emitted
Fertilizers 4 Biofuel crops area extension

(more fertilizers used)

Atmos. Chem. Phys. Discuss., 7, 11191-11205, 2007 —-&m
www.atmos-chem-phys-discuss.net/7/11191/2007/ 6\ Chemistry
© Author(s) 2007. This work is licensed G and Physics
under a Creative Commons License. _ ;—J Discussions

N,O release from agro-biofuel production
negates global warming reduction by
replacing fossil fuels

P. J. Crutzen'??, A, R. Mosier*, K. A. Smith®, and W. Winiwarter>®

"Max Planck Institute for Chemistry, Department of Atmospheric Chemistry, Mainz, Germany
2Scripps Institution of Oceanography, University of California, La Jolla, USA

3International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria

“Mount Pleasant, SC, USA

5School of Geosciences, University of Edinburgh, Edinburgh, UK

% Austrian Research Centers — ARC, Vienna, Austria

Received: 28 June 2007 — Accepted: 19 July 2007 — Published: 1 August 2007
Correspondence to: P. J. Crutzen (crutzen@mpch-mainz.mpg.de)

Industry and transport

Biomass burning

7 -

Source: Eric A. Davidson, The contribution of manure and fertilizer nitrogen to
atmospheric nitrous oxide since 1860, Nature Geoscience, August 2009.
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B
V. Okyselovani oceanu

Earth Systemn Control variable Threshold avoided Planetary State of knowledge®*
ProOcEss or influenced by Boundary (zone of
slow variable uncertainty)
CIcean Carbonate 1on Conversion of coral reefs Sustain =80% of 1, Geophysical processes
aoidification concentration, to algal-dominated the pre-industrial  well known,
average global systems. Regional aragonite 2, Threshold likely.
surface ocean elimination of some saturation state of 3. Boundary position
saturation state  aragonite- and mean surface uncertain due to unclear
with respect to high-magnesiurm calcte-  ocean, including ecosystem response,
aragonite (2;..5) forming marine biota natural diel and
Slow variable affecting seasonal
marine carbon sink, variability

(=80% -=70%)

Boundary: Global average aragonite "saturation ratio" no lower than 2.75:1 ‘
Pre-industrial level: 3.44:1 | om/
Current level: 2.90:1

Diagnosis: Safe for now, but some oceans will cross
threshold by mid-century

©)
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B

—e— Atmospheric CO, (ppmv)

Ok SEIOVénll 78| — z:vwv::: ::o,(uatm)
oceanu
- &im je zptisobené?

1970

OCEAN ACIDIFICATION. .

HOW WILL CHANGES IN OCEAN CO; absorbed from the atmosphere
CHEMISTRY AFFECT MARINE LIFE?

: ) " . o ,
. a Ay B L L 3
By~ G w LA

- = .-*7 »

CONR L OFRCO: SOINGEO:;

o » ¢

carbon water carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification
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Zmeéna pH oceanu 1700-2000

A sea—surface pH [—]

-0.12 —0.1 —0.08 —0.06 —0.04 —0.02 0
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Zména pH oceanu 3D rozvrstveni

Many creatures make their shells or skeletons from a form of calcium carbonate called aragonite. This is possible because, apart from
the deepest waters, most seawater is supersaturated with carbonate ions (green areas). As €0, levels rise, the saturation horizon will
move upwards and even some surface water will become undersaturated (red). Tropical corals thrive in water three or four times past
the saturation point (dark greeny

1994

@ Mot modelled

Depth {matres)

SOURCE: DRS 2004

Centrum pro vyzkum
toxickych latek
v prostredi

©)



Předvádějící
Poznámky prezentace
http://www.newscientist.com/data/images/archive/2563/25631201.jpg


.

Em News Sport  Weather  Capital Future Shop

uPFirodni laborator NEWS MAGAZINE ]_L _.

Gl UK  Africa Asia Europe Latin America Mid-East US & Canada Business Health ScilEnviron

Magazine In Pictures | Alsointhe News | Editors' Blog | Have Your Say | World News TV | World Service E

B|B|C] : Spart | Weather Y8 | 26 March 2014 Last updated at 23:03 GMT Efa

NEWS WY ONE-MINUTE WORLD NEWS How climate change will acidify the oceans
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