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Evoluce kysliku, ozonu a Zivota na Zemi
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Millions of years before present

Evolution of oxygen, ozone, and life on Earth. In the absence of life, surface oxygen concentrations are unlikely to have exceeded B5 10-9 of the present value. The build-up ofoxygen to its present
level is largely a result of photosynthesis. Eatly organisms would have found high oxygen concentrations toxic, but eukaryotic (nucleated) cells require at least several per cent of the present level for their

respiration. Soft-bodied metazoans could have survived at similar oxygen levels, but the reduced surface oxygen uptake area available once the species had developed shells must mean that the
concentration was approaching one-tenth of its current value about 570 Myr ago. Considerations such as these are used in drawing up the oxygen growth curve. Ozone concentrations can be derived
from a photochemical model. Life could not have become established on land until there was enough ozone to afford protection from solar ultraviolet radiation. From R.P. Wayne, Chemistry of
Atmospheres, 3rd edn, Oxford University Press, 2000 with permission from Oxford University Press.
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Ozonova vrstva

EF‘/TDMS Total Ozone for Oct /7, 2000

Dobzan Units

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Ozon

Oxygen
Atom (O)

Ozone and Oxygen

Oxygen
Molecule (O2)

Ozone
Molecule (O3)

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Stratosféricky ozon
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A]tmosféra — vznik
a zanik ozonu

oxygen decomposition

formation ozone

€

1. Cleavage of O, into 2 atoms of O 1. Cleavage of O; by light

Ozone production by O, photolysis
T T T T

VWP
~\WW-P
~WW-P
W\
light light
UV light + 0, — 0 +0 |

light + Oy —» 0 +0, | e

2. Addition of O an O,

(a third impact partner M is required in this case) 2. Impact reaction of O and O
2 3

OZONE PRODUCTION IN THE STRATOSPHERE

\\\/% o\\l/é,
T

"High-energy" uliraviolet mdlaﬂcn ...and causes it fo split into
mgrhlku cnm;xygon molecule. two free oxygen (’pr:!l‘

0+0,+M —» O;+M 0;+0 — 0,+0, \\ /\ // & &

S
net UV light + 30, —» 20, net light + 20, —» 30, %\ w
The free oxygen aloms coﬁde
with molecules of oxygen. . .. to form ozone molecules,
\ent 6

Figure 2.2.4 Ozone: formation and decomposition




Reakce a obsah ozonu v atmosfére:

50 km vznik a ubytek O,
pri dopadu UV dochazi ke stépeni
molekul O, na atomarni O°

0, + v —» 20° A <242 mm
£
O vznik Oy
b7 O, +0° - 0O AHP = -100 kJ
e
® ubytek O,
7 O, + hv. » 0, + O i<242mm
O; +0° - 20, AH = -390 kJ

ubytek O; znedistujicimi latkami
2CIO = ChL + O,

Reakce a obsah ozonu
v atmosfére

22 km obdobné reakce:
probihaji
i s ostatnimi ZL

koncentrace v ozonové vrstvé
0,2-0,3 ppm
(430—-640 pg/m?)

I~ 12 km

®
0 ' celkové mnozstvi O,
7 — tvofi pfiblizZné 3 mm vrstvu kolem Zemé
8_ (3 000 mil. t)
o) — ve'vySce 15-25 km je obsazeno asi
= 75 % ozonu
pfizemni koncentrace
0,02-0,05 ppm
(43—107 pg/m?)
e nejvyssi pfipustna koncentrace

7

Q IHy = 160 pg/m?
%e\ X roéni prirtstek: 0,5-1 %

pred 109 lety 10x men§i koncentrace

bunds in the Environment
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Obsah ozonu v atmosfére

MnoZstvi ozonu v atmosféfe vyjadfujeme také pomoci
Dobsonovych jednotek (Dobson Unit, DU) — 100 DU
odpovida vrstvé ozonu o tloust’ce 1 mm

Dobson Units

* Bring all ozone above a certain
location down to the ground, at

0°cC and 1 atmosphere pressure.

* The thickness of this layer is about
3mm 3 millimeters (~ 0.1 inch), the
thickness of two stacked pennies.
This corresponds to 300 Dobson
Units (approximately the global
average).

*«100 Dobson Units is 1 millimeter
thick (approximately the thickness
of ozone in the Antarctic ozone

& &
S

@ The Dobson Unitis a convenient unit of
measurement for total column ozone.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Narusovani ozonové vrstvy

Ozone Depletion Process

n}
Ul Radiation
CFC
1
1 - CFCs releazed 4 - Cl destroys ozone
2 - CFCz rize into ozaone layer b - Depleted ozone -» more LY
3 - UV releases Clfrom CFC= G- More UV -> more gkin cancer
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Freony - Chlorofluorouhlovodiky — CFC

nlorofluorocarbon

Ozone * September 6, 2000 « Total Ozone Mapping Spectrometer (TOMS)

Likvidace ozonov¢ vrstvy —
Sherwood a Molina 1974

1974 vyprodukovano 800 000 t
1986 vice nez 1 000 000 t

1987 — dohoda o ukonceni vyroby
do roku 1994, rozvojové
zemé do roku 2010
(Montrealsky protokol)

1991 — maximalni koncentrace
methylchloroformu, dale
klesani

Dobson Units

Research Centre for Toxic Compounds in the Environment 10
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Stratospheric Ozone Freony a

Produced by ultraviolet A g1 €
photolysisof O,
(A< 242 nm)

_.....—-0+0 -—>:0 +Q —>Cl10 +0
/ 10 +CIO0 —>Cl +0,

Destroyed by
Catalytic Reactions
of NO_,HO_, Q10 , BrO,

HO
x

‘ Br()
‘ HO ‘
Catalytic agents are ‘ ‘ Haloos

produced from long-lived CFCs
source gases, released cg. CFCI Methyl
in the troposphere and ‘ Bromide

=1, {1

Concentrations of source gases are observed to be increasing

Figure 1. Simplified schematic of flows within the nitrogen biogeochemical
cycle. Boxes indicate forms of nitrogen while arrows indicate processes
converting nitrogen from one form to another.
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ox.muni.cz




CF,Cl, (CFM -12) + UV Cl + CI + residue

Figure 2.2.11 Splitting of chlorofluoromethanes

Atmosféra —
rozklad freonu

Environment 12




Atmosféricka
chemie ozonu

CH:Cl + HO —p ......CIO,"

[
CH;CCly+ HO*—» ...3CIO," | |

raining out,
washing out

\
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s
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\
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|
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M, hv );0‘ l Oy h
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Figure 2.2.3 Catalytic cycles of atmospheric ozone chemistry
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Rozklad stratosférické ozonové vrstvy

OH + O; —= HO, + 0O,
Cl+ 03 — ClO + 0O,
HO, + CIO —>HOCI + 0,
HOCl + hv —— OH + (I

Net Reaction: 203 —— 30,

Cl+ O3 — CIO + O,
Cl+ 03 —=ClO + O,
ClO + CIO + M — (ClO), + M
(ClIO); + v —— (1 + Cl100

CloO+ M —>Cl+ O, + M

Net Reaction: 20; —> 30,

Cl+ O3 —ClO + O,
Br + O —BrO + O,
BrO + C1O0 —Br + Cl + O,

Net Reaction: 20; —— 30,

CIO"+ NO,” — CIO NO,
CIO NO, + H20 — HOCI + HNO,

CIO NO, + HCI —Cl, + HNO,

HOCI + hy —= HO + CI’
Cl, + hv—=CI'+ CI"

CI'+ H,0 —HCI + HO"

¥

CF,Cl, + hv — CI'+ CCIF

Cl'+ O,—=CIO" + O,

ClO+ O—CI'+ O,
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Atmostéra — ozon a katalytické cykly NO_

)
1
-
-

NOy radicals cycle |

= NO NO,

;
B
i |

A=670nm

A
0

RS AN T R,

NO; radical

source gas cycle 2

- %0

Figure 2.2.5 Ozone and the catalytic NO, cycles
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Cyklus destrukce ozonu 1

Ozone Destruction Cycle 1

Oxygen molecule (O2) Chlorine atom (ClI) Ozone ( 03
V v
CIO +01_ g:tlaolwg _( Gl 03 Ozone
eactlon cycle eact|on destruction
Oxygen atom (O) Chlorine monoxide (CIO) Oxygen molecule (O2)

=== CIO+0=Cl+0;
Cl+ O3— CIO + O»

Net: O + O3 — 20,
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Cykly destrukce ozonu 2 a 3

Ozone Destruction Cycles
Cycle 2 Cycle 3

CIlO + CIO — (CIO)2 ClO + BrO — Cl + Br + O2

( ClO + BrO = BrCl + O»
(CIO)» + sunlight = CIOO + CI ' \BrCl + sunlight = Cl + Br
ClIOO = Cl + O» Cl+ O3 = CIO + O

2(Cl + O3 = CIO + O9) Br + O3 = BrO + O»

Net: 203 — 30» Net: 203 — 309

)

Research Centre for Toxic Compounds in the Environment
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Atmosféra — fotochemie halogenu

CCly
CCIlF
CClLF;
CHCIF;
CH:Cl
CH1CCly
CH:Br
CBrCIF;

(+h;' CBrk3
CHCl;

CIONO,

g Ny
+hy

Figure 2.2.8 Scheme of halogen photochemistry in the atmosphere

~yjs\‘ﬂdl. v

NERS/
S 2
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Atmosféricka degradace freont a halonu

STRATOSPHERE

Temporary reservoir

N o

OH,O(’D),th RO /Jy\ RO,

Ozone
HCF v (o)
\ C (days to years) Cl \}_z/ ClO Loss
0,0,
(vears) | Long-lived species
Transport to
................. Troposphere | ¥ N
Transport to
TROPOSPHERE Stratosphere
(days to years) LONG-LIVED
oH SPECIES |
HCFC —— RO" V1 pears)
0,,N0) X3 WATER SOLUBLE
(seconds to SPECIES
minutes) T '
Dry Deposition /" Rainout
(days to weeks) ey / (days to weeks)
WMWWWMMW
SURFACE

FIGURE 5.23 Atmospheric degradation of HFCs, HCFCs, and other CFC substitutes. Timescales
for different processes are given in italics.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Generalizovany mechanismus atmosférické degradace pro CX,CYZ
(X =H, Clnebo F; Y = Cl; Z = H, Cl nebo F)

CXsCYZH
0'(D) hv
‘OH, O(*D)
\J
CX3CZH CX3CYZ CX3CZH +Y
(Y=Cl) (Y=Cl)
0,
y NO,
/ hv
CX3CYZONO NO 4
\ v NO
cxscvzo > > CX;CYZONO
hv
CX3' + CYZO 02 -CI (Z=C|)
Y
CX5CYO
+ H02
(Z=H)
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Atmosférické polocasy Zivota a potencialy narusovani
ozonové vrstvy a globalniho oteplovani vybranych latek

TABLE 1 . .
Atmospheric lifetimes, ozone depletion,
and global warming potentials
Halocarbon
Ozone global
Lifetime® depletion warming
Compound years potential® potential®
HFC-32 (CH.F,) 6.7 0 0.094¢
HFC-125 (CF;CF,H) 26 0 0.58
HFC-134a (CF,CFH,) 14 0 0.27
HFC-143a (CF;CH,) 40 0 0.74
HCFC-22 (CHF,CI) 14 0.047 0.36
HCFC-123 (CF;CCI,H) 1.5 0.0186 0.019
HCFC-124 (CF,CFCIH) 6.0 0.018 0.096
HCFC-141b (CFCI,CHj,) 7 0.085 0.092
HCFC-142b (CF,CICHy,) 17.8 0.053 0.36
CFC-11 (CFCly) 60 1.0° 1.0°
CFC-12 (CF,Cl,) 105 0.95 3.1
CO, 0.000786'
# Average of values given by Derwent et al. (4), p. 124.
b Average of values given in Table 4 of Fisher et al. (65).
¢ Average of values given in Table 5 of Fisher et al. (77).
9 Estimated from lifetime to be midway between HCFCs 124 and 141b.
¢ By definition.
’Th(egg)lobal warming potential of CFC-11 is approximately 1300 times greater than that of CO,

Research Centre for Toxic Compounds in the Environment
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Freony a stratosféricky ozon

Cleaning

1974 CFC Use
(970 Million Kg)

Refrigerants

18%

Agents 6%
Blowing
Agents 5%
Other 2%
Propellants
69%

Figure 5a. Changing use patterns for CFCs (from Fisher

1991 CFC Use
(680 Million Kg)

Propellants

Refrigerants
o 18%

lowing

Cleaning Agents 28%

Agents 20%

Figure Sc. Changing use patterns for CFCs (from Fisher

Other 1%

1986 CFC Use
(1130 Million Kq)

Propellants
287%

Other 2%
Cleaning

Blowing
Agents 26%

Figure 5b. Changing use patterns for CFCs (from Fisher

and Midgley, 1994). and Midgley, 1994). and Midgley, 1994).
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Total chlorine amount (parts per trillion)

Total bromine amount (parts per trillion)

Primary Sources of Chlorine and Bromine

3400

W
o
o
o

N
o
o
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20

15

10

Human-made sources

Human-made sources

Natural sources

for the Stratosphere in 1999

Chlorine source gases

Other gases

e Methyl chloroform J(ejzkielef%))
T8 (e.9., HCFC-22 = CHCIF,)
CFC-113 (CCI>FCCIF)

7% Carbon LGl ][o]g[e [} (CCly)

CFC-11 (CCIgF)

¥ CFC-12 [(e{eil{=))

Methyl chloride [(¢{zE{®))]

Bromine source gases

Other halons

Halon-1301 (CBrFj3)

¥ Halon-1211 (el=Uel[5)

g Methyl"dbromide (el yk1=l)

| 27-42% Very-short lived gases

(e.g., bromoform = CHBr3)

15%

Primarni zdroje chloru a bromu
ve stratosféfe pro rok 1999
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Ubytek stratosférického ozonu béhem obdobi

X1/1978 — X1 /1987

Ubytek ozonu
Vv atmosfére

-2,4% A 65°
-2,7% "‘. M 53°
-3,7% ‘)"' 3g°
-3,5% “- 29°
A‘ \m&
-1,1% -
& S
-2,1% \
—2.60/0 '
—2,7%\ . KRS f29°
-4.9% . UJ____—/ 39°
Ubyvani stratosférického ozo- ' L
nu béhem roku od listopadu -10,6% ‘ 53°

1978 do konce iistopadu 1987. g 65°
Ubytek  zahrnuje  prFirozené

zt *y ozonu a ztraty pusobe-

nie: lidskou Cinnosti. Nejvétsi

ztrata 10,6 % mezi 53° a 65°

jizni 8irky odpovidd daji

ztrdty ozonu bé&hem roku v

ozonové dife v Antarktidé.

Pramen: L action pour 1 ozo-

ne, UNEP, 1990

Research Centre for Toxic Compounds in the Environment
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Stratosféricky ozon 30. zafi 1992
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Pohyb ozonové diry 1995 — 2009 — jiZni hemisféra
( .

o

A4 r r

\ 4

I
400 500 550 DU

1998

SH October total ozone
GOME & SCIAMACHY
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Pohyb ozonové diry 1995 — 2009 — severni hemisféra

r

\ 4

1998

NH March total ozone

GOME & SCIAMACHY

100 200 300 400 500 550 DU
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Ozon v polarnich oblastech 1970 — 2009 — jiZni po6l

\"4 | 4 VI‘
nu)
Average Total Ozone in Polar Regions

500 B L e L
R e A Arctic Region in March |
450 | < 7
D L = i
g B N
o) E B
g - & - N
] 350 ° \ Antarctic Region in October .
D C o B
c L \ l
O L o |
o 300 |- ¢ —
e L Chemical destruction 7
5 L and natural variation -
(o - of ozone -
250 - —
- = 1970 — 1982 Average -
= (63° — 90° Average) -
200_|I||||I||||I||||I||||I||||I||||I||||I||_

1970 1975 1980 1985 1990 1995 2000 2005

Year
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Pohyb ozonové diry nad jiZnim polem v fijnu

Altitude (km)

30

Antarctic Ozone
South Pole (90°S)

25

Distribution of ozone above the South Pole
in October.

The blue trace is the average over a tenyear
data series obtained before there was
significant halogen-driven ozone loss.

Thirty years later (green trace) ozone has
been enormously depleted at the
altitudes around 17 km where ozone
was formerly most abundant: this
depletion is the ‘ozone hole’.

On one particular day in 2001, the ozone
had completely vanished, and there is
no sign of an ozone layer.

Source: Scientific Assessment of Ozone
Depletion: 2006, World
Meteorological Organization, Global
Ozone Research and Monitoring
Project, Report No. 50, WMO, 2007.

20
15
10
October averages
5| — 1962 - 1971
— 1992 - 2001
— 2 October 2001
O 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0 5 10 15

Ozone abundance (mPa)
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Teorie ozonové diry

P

<7

s

- j Ozone Hole Theory @

HCI and CIONO, Cl, is photolyzed
react on PSC’s into Cl atoms by
to form Cl.. weak sunlight.

HCI + CIONO2 Cl2 + sunlight
= Cl2 + HNO3 -2.Cl

Cl, comes off of Cl atoms destroy
PSC, while HNO; O, via catalytic
remains on PSC. reactions.

"j A
/ > Necessary conditions ~¢'r4: O3

w cold temps Ko

« yortex solation
w sufficient Ci

iqSVW v

JERS;
S 7
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Teorie ozonové diry

AAOE 870921

What causes the ozone hole? o
oNO

Theories

—TT S Tt

@ Dynamical theory (Tung et al., 86) -
vertical lifting of low ozone from lowest
stratosphere and troposphere. Invalid -
N,O from ER-2 during AAOE show low
values associated with O, loss.

=i
T

(10" molecules/cm?®)

70 75 80
@ Solar theory (Callis and Natarajan, 86) - Latitude (°S)
production of reactive nitrogen (NOXx).

Invalid - ER-2 NO, measurements, ozone

hole should have disappeared in late 80's. 20

22

@ Heterogeneous Chemistry (Solomon et al., 18

86; McElroy et al.,, 86a; Toon et al., 86;
Crutzen and Arnold, 86; McElroy et al.,
86b) - Heterogeneous chemical processes
free Cl from reservoir species via

reactions on surfaces of PSC's. 10 150
Nitrous Oxide (ppbv)

16|

Altitude (km)

14|

Research Centre for Toxic Compounds in the Environment
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Teorie ozonové diry

Ozone Hole Size (Sept. 7-Oct. 13 avg.)
30] \ ‘ \ : :

Ozone Hole Observations

25— N. America area

N
=

15§ Antarcticaarea /| /

« Begins to develop in August, fully developed by early
October, broken up in early December.

-l
o
1 ‘ el b

Size (Million km?)

(%]
TTTTTT
|

« First began to appear in the early 1980’s.
075*8:) 82 8.4 83 8‘8 QO 92 §4 96

- Compared to 1970’s, 60% reduction of ozone over —
Antarctica in early October. — 56

» 100% loss of ozone in the 12-20 km region over Antarctica,
some ozone remains both above 20 and below 12 km.

Column Ozone (DU)

« Ozone hole covers approximately 22 million km? (slightly
less than the surface area of the N. American continent).

» Ozone hole associated with cold Antarctic stratospheric
temperatures.

Courtesy of D. Hofmann (NOAA CMDL)

Research Centre for Toxic Compounds in the Environment
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Teorie ozonové diry

Polar Stratospheric Clouds

Type | PSC:

Formation Temp:

Particle diameter:

Altitudes:
Settling rates:

Type lIPSC:
Formation Temp:

Particle diameter:

Altitudes:
Settling rates:

Nitric acid trihydrate (HNO;- 3*H,0)
Ternary solution (H,0, H,S0,4, HNO;)
195 K

1pm

10- 24 km

1km/30 days

W ater Ice
188 K

> 10 pm
10-24 km

> 1.5 km/day

Type Il PSC cloud

Heterogeneous reactions take place on PSCs,
releasing chlorine from HCland CIONO, into
reactive forms (ClO) that can rapidly destroy

ozZone.

PSC over Norway, January 1989, taken from the NASA DC. 8

Polar Stratospheric Cloud Surface
Reaction

1. HCl and CIONO
collecton PSC

2.HCl and CIONO2 react on
PSC to form Ciz and HNO3

Q+2—>Q+‘

3.Clz comes off PSC, while
HNO3 remains on PSC to
settle out of stratosphere.

3. Clp is photolyzed by visible
wavelengths, and begins
catalytic reaction.

Qc'z ‘ HN°3 e HCI g c|o~oz ‘ lce orHN03 - 3H20

Research Centre for Toxic Compounds in the Environment
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Teorie ozonové diry

As temperatures in the lower stratosphere cools below -

In the area over Antarctica, there are stratospheric
cloud ice particles that are not present at warmer
latitudes.

Reactions occur on the surface of the ice particles that accelerate the ozone

destruction caused by stratospheric chlorine.

Polar regions get a much larger variation in sunlight than anywhere else, and during

the 3 months of winter spend most of time in the dark without solar radiation.
Temperatures hover around or below -80'C for much of the winter and the
extremely low Antarctic temperatures cause cloud formation in the relatively
"dry''stratosphere. These Polar Stratospheric Clouds (PSC's) are composed of
ice crystals that provide the surface for a multitude of reactions, many of which
speed the degradation of ozone molecules.

This phenomenon has caused documented decreases in ozone concentrations over

Antarctica.

80'C, Polar Stratospheric Clouds (PSC's) start to form.
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Teorie ozonové diry

Polar Ozone Destruction
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Teorie ozonové diry

Surface Gas phase
‘ Inactive CI Reactions Active CI Reactions Inactive CI
8 ClO + 2. Cl2
& | HCI + 2. Clo02
T £
[ o= o 3
3 2T
o CIONO2 % 5
O
' e Time
N : -
Fall Early - Winter - Late Spring
Ch
one rc

%
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D : ; Surface Reaction
= Threshold Time
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Rozklad ozonu
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Teorie ozonové diry

2001 Southern Hemisphere Ozone Hole Area
NOAA SBUV2
Current Year Compared Against Past 18 Years
0 Mitlion Sg K Updated through Oct 25, 2001
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Arkticky cyklus rtuti

* Hg comes into Arctic ecosystem
through a complex series of
reaction that are strongest at
the coastal zone

* Reactions involving sunlight, and
halogens (bromine; seasalt)
convert Hg0 to reactive form
of Hg and remove Hg0 from
the atmosphere (AMDE)
transferring it to the surface
(snow pack) as RGM

ontent ~ 10-

* Part of RGM may reach the food
web; part is re-emitted as Hg0

* Production of RGM starts as UV-radiation increases following polar sunrise

* Total Hg in the snowpack surface increases over this period
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Stratosférické plynné halogeny

Stratospheric Halogen Gases

aeactive halogen g4,
S

Hydrogen bromide (HBr)

Very short-lived Methyl Chemical
bromine gases  chloroform Bromine nitrate (BrONO5) largest
Ultraviolet (UV) Hydrogen chloride (HCI) ;
Methyl 2 : ydrog
Carbon Cmo,ié'e Halon-1301 sunlight & Chlorine nitrate (CIONO») fesErvolls
tetrachloride other chemical : :

CEC-113 HCFCs reactions Chlor_me monox_lde (CIO)

e most Bromine monoxide (BrO)

Halon-1211 Conversion reactive | Bromine atoms (Br)

Methyl bromide Chlorine atoms (ClI)

Research Centre for Toxic Compounds in the Environment
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M¢éfeni ozonu v atmosféfe

Measuring Ozone in the Atmosphere

Laser,/////y

" beams

. [}

i

Satellites
Large
alrcraft

Balloon

sondes [[q [[g
Ground-based ?—J

systems == ﬁ ==

Research Centre for Toxic Compounds in the Environment
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Méfeni chlorovych plynt v atmosféfe

Measurements of Chlorine Gases from Space
November 1994 (35°-49°N)
= ] =
Chlorine Chlorine Other gases
nitrate (CIONOy) monoxide (CIO)
40 125
. Hydrogen
» chloride (HCI) £ 420 —~
2 30| o b ki
= I
= | §77158
§ 20 £
£ . i
< Chlorine source gases
10k (CFCs, HCECS, carbon
tetrachloride, etc.) Avellablo g s
| chlorine a
]
0 | | 1 | © 0
0 1000 2000 3000 4000
Chlorine abundance (parts per trillion)

Research Centre for Toxic Compounds in the Environment
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Satelitni pozorovani ve spodni stratosfére

Satellite Observations in the Lower Stratosphere|
30 August 1996

Elevated chlorine
monoxide (CIO)

Research Centre for Toxic Compounds in the Environment
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Principal Steps in the Depletion

of Stratospheric Ozone Z ékladni k]_‘()ky rOZkladu

Emissions

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

r o r

W

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

4

Transport
Halogen source gases are transported to the
stratosphere by air motions.

b 4

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

b 4

Chemical reaction
Reactive halogen gases cause chemical
depletion of stratospheric total ozone over the
globe except at tropical latitudes.

D 4

‘ Polar stratospheric clouds increase ozone

depletion by reactive halogen gases,
causing severe ozone loss in polar regions
in winter and spring.

6 Removal
Air containing reactive halogen gases returns h Centre for Toxic Compounds in the Environment 44
to the troposphere and these gases are removed
from the air by moisture in clouds and rain.

http:/ /recetox.muni.cz




Budouci vulkanické erupce mohou zpusobovat

Mt Pinatubo Volcano Hazards
JUN 18, 1991

.......... 400

..... prevailing wind
eruption column
820 eruption cloud
tephra (ash) fall debrisavalanche
acid rain bombs (landslide)

pyroclastic
deme flow

dome collapse
fumarcles

pyfocigstic flow.,

lava flow

lahar (debris flow)

magma reservoir

i
£

Figure 12. Eruption of Kilauea Crater in Hawaii. This type of
eruption produces a lot of lava but does not inject material
into the stratosphere.

Figure 13. Eruption of Mount Pinatubo in the Phillipines in
1991. This type of explosive eruption injects large
amounts of material into the stratosphere to altitudes of
greater than 30 km.

Research Centre for Toxic Compounds in the Environment
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Ozonova vrstva a pusobeni UV zafeni

Sun EF‘/TOMS Total Ozone for Oct 7, 20040

Note path length
difference

lnunmomhgmnmmoon thowm

mr:o'aom Iaw. gnoo they IV“ a gw

distance, there ugredeu

Dobson Units

N ERS/
S 2
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Ochrana pfed dopadajicim sluneCnim zafenim

2001 /04702 22:08

Earth shown
for size comparison

Research Centre for Toxic Compounds in the Environment 47
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Ochrana pfed dopadajicim sluneCnim zafenim

Cycle 23 Sunspot Number Prediction (January 2002)
L e e L L B B

Solar Wind Termination Shock
Interstellar

Heliopause
Wind

Bow Shock

1996 1998 2000 2002 2004

Research Centre for Toxic Compounds in the Environment
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Mozné dopady UV radiace

NUMBERS OF THREATENED ANIMAL SPECIES

1100 1100

1000 1000

200 M Marine 200
W intand water
. Tarrestrial

a00 &00

700

400

500

400
300
200
100
a 1 0

Mammals  Birds Reptiles Amphibians  Fishes Spiders Crustaceans Insects  Molluscs

Research Centre for Toxic Compounds in the Environment
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Mozné dopady UV radiace

Bathymetric and topographic nis

.

(M) -5000 ~4000 ~3000 2000 -1500 -1000 -500 -250 -100 75 50 25 10

Glaciers larger than mmw::umhm
imespective of elevation same
m-humﬂnm. hadho

(BSEH)
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Ozonova vrstva a pusobeni UV zafeni

Ozonova vrstva a ptsobeni UV zareni:
Ozonova vrstva zachycuje UV ¢ast slune¢niho zareni:

- zejména ¢ast s nejkratSimi vinovymi délkami
(UV C - 180-280 nm)

- ¢astecné stfedni ¢ast UV zareni (UV B - 280-320 nm)

- iplné propousti dlouhovinnou &ist UV zareni
(UV A -320-400 nm)

100 %

360 nm - 760 nnlj.

Uy IR
ultrafialové svételné ziareni infralervené

UVC kritké  « OV zachycuje
180 -280 nm e letdlni ndsledky (nebezpeené pro Zivot)

Prokizani
UVB stredni  » OV zachycuje na 50 % Karcinogenita
280 - 320 nm e ve vé&t$i divee nebezpedné pro Zivot
 zpusobuje spaleni kiize (nasledna
prizmentace)
UVA dlouhé¢ * OV propoudti Podle nékterych
320 - 400 nm e neskodi Zivé hmoté (vitamin D) Iékaru muze

» bez podrizdéni kuze (primd pigmentace) | byt karcinogenni
® vyuzito v soldriich

! dermis

Research Centre for Toxic Compounds in the Environment
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Mozné vlivy UV-B radiace na rostlinné procesy a na

fytoplankton

s of enhanced solar o
slankton. Erffects of enhanced solar UV-B irradiation on phytoplankton
I Orientation Motility Pigmentation Photosynthesis] I Metabolism

Vertical distribution

Growth and
in the water column cell division

TR

Reduced biomass
production?

Global Reduced carbon

Competition
consequences dioxide sink?

between species?

Y M \4
Temperature
increase?

Food web in y : ;
the ocean? Species diversity?

Research Centre for Toxic Compounds in the Environment
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Mozné vlivy UV-B radiace na rostlinné procesy a

na fytoplankton

The influence of UV-B radiation on plant processes.

Uv-B

Molecular Targets

Gene Activity Photosynthesis Metabolism

Whole Plant Growth

Research Centre for Toxic Compounds in the Environment
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Mozné dusledky zvysené UV-B radiace v

\4 \4 | 4 r \4 14 | 4
Agriculture Forests, grasslands, deserts, etc.
whole-plant responses whole-plant responses
growth| | form | |secondary growth timing
chemistry (flowering, etc)
competitive food form secondary
balance quality chemistry
pollination
: effectiveness =
yield T herbivory,
diseases
reproduction
Figure 4. Possible important competitive balance decomposition

consequences of increased
solar UV-B in highly managed g hitiant
systems such as agricultural 9 i
: composition cyciing

and forest plantation systems o

: : (biodiversity) |
and in nonagricultural, less
intensively-managed
ecosystems.

biogeochemical
cycles

Research Centre for Toxic Compounds in the Environment
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m¢ Air Quality Index (AQI): Ozone

Levels
Index of Health Cautionary Statements
Values Concern

Unusually sensitive people should consider limiting
51-100% Wiseksme " peop . &
prolonged outdoor exertion.

Active children and adults, and people with respiratory
151-200 Unhealthy disease, such as asthma, should avoid prolonged

outdoor exertion; everyone else, especially children,
should limit prolonged outdoor exertion.

Active children and adults, and people with respiratory
201 - 300 Very Unhealthy disease, such as asthma, should avoid all outdoor

exertion; everyone else, especially children, should limit
outdoor exertion.

301 - 500 Hazardous Everyone should avoid all outdoor exertion.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Pfedpokladané dopady opatfeni mezinarodnich

protokolii

7 1 T I ] I 1 T T T 1
Under original

6 Montreal protocol —
=
o 5 Under 1990
o B _ ‘revisions 7]
£ Antarctic Ozone
g Hole appears
Q
- 4 -
(]
B
S
= Under 1992
O 3 e —

revisions

i
St
(5}
=
S 2 eSS WY AP N S TR
2 A Kl
g /_ Free growth of CFCs
= Antarctic hole
< Montreal Protocol (freezes

may disappear production of 85

1 — emissions)

London Amendments
0 1 1 1 | | 1 1 | | 1 | (CFC phaseout begins in
1960 2000 2040 2080 e

Copenhagen (Complete

Year
phaseout by 96)

FIGURE 4.27 Measured (1960 to 1990) and projected (1990-2080) atmospheric chlorine loadings
with and without international protocols (Reprinted with permission from Chemical and Engineering
News, May 24, 1993, 71 (21) p.8). Copyright 1993 American Chemical Society.
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Predicted abundance (parts per trillion)

Effect of the Montreal Protocol
20000 I | | | | | I

| Effective stratospheric
chlorine
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Effective stratospheric
chlorine (parts per trillion)

Atmospheric abundance (parts per trillion)
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5 Plans for the 2010 WMO /UNEP )
\yté" M‘é/ V v
\Ql‘\s;z; }Ay . “\\' 'bl/

Assessment of ozone Depletion 7 |

Ozone Research Managers Meeting, Geneva, Switzerland

Global Ozone Research and Monitoring Project—Report No. 50

SCIENTIFIC ASSESSMENT OF
OzoNE DEPLETION: 2006

¢ )"g £
{7 A
N ’ ? N/ A
iA o \LQ!/,V
o UNEP
ational Oceanic and Atmosphenc Administration
ational Acronautics and Space Administration
ied Nations Environment Programme
orld Meteorological Organization
European Commission

May 19, 2008

2010 WMO /UNEP Assessment

Co-chairs:
Ayité-L6 Ajavon (Togo)
John Pyle (UK)

Paul Newman (USA)
A. R. Ravishankara (USA)

Scientific Assessment of
Ozone Depletion:2010

Colour?

Research Centre for Toxic Compounds in the Environment
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441’/

{ g 2 ) Findings of the -
“—SCJﬁnnﬁg_AssgssmgnLBanﬁl@AP\ “"
2006 WMO/UNEP Assessment

Co-chairs: SCIENTIFIC ASSESSMENT OF

Aylté-Lﬁ AiaVOI’I (Togo) 0zONE DEPLETION: 2006

Daniel L. Albritton (USA)*
Robert T. Watson (USA)*

t‘<

Warld Meteorolog |n nizatio
Global Ozone Rescarch an dM ng Projec KpuN

SRS  Scientific Steering Commiittee:
OzoNE DEepLETION: 2006 ) ] =
Marie-Lise Chanin (France)
Susana Diaz (Argentina)
John Pyle (United Kingdom)
A.R. Ravishankara (USA)
Theodore G. Shepherd (Canada)

Executive Summary

Research Centre for Toxic Compounds in the Environment
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° ° ° ° LN
Scientific Findings (&)

ODS
production

stratosphere

Ozone-depleting
chlorine and
bromine in the

Global ozone
change

77

Ultraviolet
radiation change

@

Z

@fff!}f}'l:

Now

2100

ODS production

ODS in the atmosphere

Ozone levels —
measured and

predicted

UV levels — based on
observations and predictions

“There is even stronger evidence since the 2002 Assessment that

the Montreal Protocol is working”

http:/ /recetox.muni.cz
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¥ \
. . AN
The Montreal Protocol is working 'S0/
AN
=
Ozone-depleting substances are decreasing in the lower
atmosphere (where they are emitted) as well as in the
stratosphere where the ozone layer is
The Montreal Protocol is working as intended
3200
3100 g Total chlorine evolution in the midlatitude stratosphere
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Ozone observations (&

There are early signs that the ozone layer is starting its expected
recovery

5_

_5- ?
v®
_10_

Ozone Change (DU)

-

1964 1970 1976 1982 1988 1994 2000 2006 2010

Research Centre for Toxic Compounds in the Environment
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o \
Polar ozone changes G
ANA%
<
Polar ozone loss remains large and highly variable
30 o 3 ° °
E j| The Antarctic ozone hole will
= 2 ; persist till around 2060-2075
9 3 E
3 1| Atrctic ozone levels are expected
0
: —— to return to pre-1980 values
@ ' Minimum |
2001 : around 2050
57 :
2150 1.
3 12 . L.
S of 11 The annual variations are
expected in the next decades
40 Mass Deficit "Cf
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Ozone depleting substances (&)

There are many contributors to the decrease in ODS:

Methyl chloroform and methyl bromide
contributed most to the decline thus
far; methyl chloroform will soon be
insignificant in the atmosphere

Halons peaked in the lower atmosphere
around 1998 and are now decreasing

Very short-lived halogenated (chlorine and
bromine) substances are of greater
importance than previously estimated

Research Centre fot
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Return of ozone to pre-1980 levels \fﬁ\
A\

ODS are decreasing & the ozone layer is starting its recovery
Climate change and ODSs will affect the future of ozone layer

Decreases in ODS emissions already achieved by MP is the
dominant factor in return to pre-1980 values

Recovery Stages of Global Ozone

» % o deﬁfeting ga;:tsurtg c1'f9cE}i(z)ﬁl|-le«ar-eIs‘""“----.., =
g g, g
R It il -
g § ——
9—? 0 Pre-1980 ozone amounts '/;‘—‘,K—_
5§ ;)
E o 1 1 n
?_ %’ 1 1 /
ug’) g Range aft_model T

projections .
5 7 AT {| Global ozone layer (60°S-60°N) is
S _ % -
§ | smersowea NN | expected to return to pre

ozone increases
1980 values around 2050

1960 1980 Time

End of 21st century

__ But failure to continue compliance with the MP could delay or

<
~

even prevent the recovery of the ozone layer 67
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Evaluation of options

Vt

Benefits to the ozone layer of many options to further reduce
ODS have been evaluated

Percent reductions in integrated Equivalent Effective Stratospheric Chlorine

(EESC)

Compound or Compound All Emissions All Emissions All Emissions

Group Eliminated from Eliminated from Eliminated after
Production after Existing Banks at 2006

2006 End of 2006

Chlorofluorocarbons 0.3 11 11

(CFCs)

Halons 0.5 14 14

Carbon tetrachloride 3 - 3

(CCly)

Methyl chloroform 0.2 - 0.2

(CH3CCl3)

Hydrochlorofluorocarbons 12 4 16

(HCFCs)

Methyl bromide (CH;Br) 5 - 5

(anthropogenic)

Adapted from Table 1, Executive Summary of “Scientific Assessment of Ozone Depletion: 2006.”

Research Centre for Toxic Compounds in the Environment
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Montrealsky protokol o latkach,
které poskozuji ozonovou vrstvu:
vliv védy na mezinarodni environmentalni politiku a
pravo

Research Centre for Toxic Compounds in the Environment
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Védecké poznatky a mezinarodni reakce

1974

Nobel prize winners Molina and
Rowland discover that CFCs can
break down stratospheric ozone.

1973

Scientists detect CFCs in atmosphere.

1975
Scientists discover
that bromine, used
in fire-retarding
halons and agricul-
tural fumigants, is
a potentozone-
deplkting

e
1 985

British Antarctic Survey
team discovers Antarctic
czone hole (7.3 million
square miles), marking

the first evidence of stratos-

phericozone dapletion.

Scientific msearch reveals
stratosphericozone layer

depletion has adversa envi-

ronmental and human

1991
International scientists
agree that CFCs ane
deplketing the stratos-
phericozone layerin
the northernand south-
ern hemisp heras.

Japan Meteorological Agency reparts
the hole in the sttospheric czone
layerover the Artarctic i at its
largest ever—more thantwice the
size of Antarctica.

substance.
health effects.

1996

2010

Developed courtry Alldzveloping
parties tothe Montreal oy rtries that
Protocol educe usaof g parties to
HCFCs by 36 percert.  the Mantreal
Protocol
scheduled to
phase-out
CFCs, halons
and carbon
tetrachionide.

Q7L
1975 Developed country parties
eliminate productionand
im portof CFCs,
carbon tetrachlonida,
methy| chloofom, and
hydrobromofluorocarbons.

1994
Developed country parties
eliminate production and import.

bromide productianat production and

of halors.
NGO 1995-1998 average level. importat 2015
[EEX levels in 2016,

SC Johrson annou nozs
corporate phasaout

of CFCs &5 aamsol
product. propellants.

All daveloping
countries thatam
parties to the
Mortreal Frotocol
schedukd o
phasa-aut methyl
bromida and methyl
chiomfam in 2014
freaze HCFC

Twenty-four
countries sign
the Montmeal
Protocol on
76 Substances That

= Depkte the

United Nations Emvimnment Ozone Layer.
Program me (UN EF) calls foran
international conference to dis- 1¢
cuss an inernational response
1o the czone issue.

All developadeou ntries
that are parties tothe
Montreal Protoool
scheduled to phasa-out
HCFCsf daveloping country
parties schedluled for HCFC
phaszout in 2040

Alldavelping courtries that
am parties tothe Montreal
Protocol freeze methyl

All daveloped coun-
tries that are parties
1o the Montreal
Pmtocol freeze
production and
consumption of CFCs .
at 1936 levels. 1992
Copenhagen amendment
adds HBFCs, methyl bro-
mide and HCFC controls 1o
the Montmeal Protocol

DuPont™ announces that it
will halt its production of
CFCs by the end of 1994.

1978

U 3. bars nonessential uses of
CFCs a5 a propellant in some
amsols f2g., hairsprays,
decdorants, antiparspirnts).
Canada, Norway,and Sweden fol-
I witha similar ban.

1981

UNEPacts ona propos-
altodevelop aglobal
convention to potact

the czone yer.

JERS/,
< X
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Montrealsky protokol o latkach, které poskozuji

0ZoNnovou vrstvu

Principy:

G

& & & &

@

omezeni vyroby, spotieby, dovozu ODS - téméf 100 latek pouZivanych v
chladici technice (CFC, HCFC), klimatizaci, jako rozpoustédla, v oblasti
pozarni ochrany (halony), jako pesticid a pro oSetfovani zboZi pfed
dalkovou pfepravou (methylbromid)

zvlastni ustanoveni pro rozvojové staty (¢l. 5) — odklad povinnosti oproti
harmonogramu pro hosp. vyspélé staty (Cl. 2)

financni podpora pro staty Cl. 5

pravidelny roCni reporting vyroby, dovozu, vyvozu ODS

kontrola dodrZovani — Implementacni vybor

obchodni ustanoveni — omezeni obchodu se staty, které nebyly smluvni
stranou

moznost Cinit informovana rozhodnuti na zakladé nejnovéjSich poznatki
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Globalni roCni spotfeba latek poskozujicich
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Dopady MP a jeho zmén — predejiti miliontm
v adi rakoviny kivze a Sedého zalkal

Zdroj: sekretariat MP
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Kli¢ k uspéchu

Védecké poznatky jsou podkladem k rozhodnutim jak implementovat a ménit
Protokol

Smluvni strany hodnoti na zakladé dostupnych védeckych, ekologickych,
technickych a hospodafskych informaci i€innost regulacnich opatfeni -
pfijimaji rozhodnuti zaméfena na implementaci MP ¢i jeho rozvoj
(zmény, upravy)

Podle ¢l. 6 MP byly vytvofeny 3 védecké panely:

Technicky a ekonomicky hodnotici panel (TEAP) - pfipravuje kaZdoroc¢ni
zpravy, sleduje vyvoj v oblasti nahradnich technologii, posuzuje Zadosti
smluvnich stran o vyjimky pro:

- mimorfadna pouZiti regulovanych latek v oblasti zdravotnictvi pfi lécbé
chronickych plicnich onemocnéni (CFC pro MDI pro 1éc¢bu astmatu),
obrany statu, poZarni ochrany, v oblasti védy a laboratorniho pouZiti,

- kritické pouZziti methylbromidu

Zvazuje pfitom dostupnost socialné a ekonomicky dostupnych nahrad.
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Kli¢ k uspéchu

Védecky hodnotici panel - pravidelné posuzuje stav ozonové vrstvy,
identifikuje vyzvy, reaguje na potfeby smluvnich stran - posledni zprava —
2006, dalsi - 2010

Hodnotici panel environmentalnich dopadi — posuzuje vlivy ztenCovani
ozonoveé vrstvy na ZP

Spolecné znaky zprav:
- jasné dany ,,zakaznik* — vlady, primysl, vefejnost, védecka komunita

- identifikuji mezery v informacich, které jsou potfebné jako podklad pro
rozhodovani, ale neslouZi jako plan dal§iho vyzkumu — je na smluvnich
stranach, aby pfijaly rozhodnuti

- identifikuje moZnosti, jak mitze MP dale pfispét k ochrané ozonové vrstvy a
také feseni otazek klimatu

- jsou formulovany tak, aby byly vyuZitelné pro tvorbu politickych
doporuceni/rozhodnuti

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Kli¢ k uspéchu

MP umoznuje Casté zmény a upravy
MP pivodné upravoval kontrolu 8 chemickych latek, dnes je
jich témér 100.
Cile byly zpfisnény pfijetim 4 zmén:
- Londynské (1990)
- Kodariské (1992)
- Montrealské (1997)
- Pekingské (1999)
a 6 uprav (1990, 1992, 1995, 1997, 1999, 2007 - HCFC).

Upravy jsou pfijimany jako reakce na nové védecké poznatky,
nevyZaduji ratifikaCni proces, jsou pfijimany rozhodnutim
MOP a vstupuji v platnost 6 mésicu poté, co jejich pfijeti
oznami smluvnim stranam depozitaf.
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Kli¢ k uspéchu

MP je flexibilni, stanovi cile pro hospodafsky vyspélé a rozvojové staty a dava
jim volnost pfi vybéru opatfeni, jak cilid dosahnout. Podporuje
networking, spolupraci jih-jih.

MP acinné kontroluje plnéni zavazki - Implementacni vybor — inny od r.
1992, 10 smluvnich stran, zkouma plnéni, pfipravuje doporuceni pro
staty, u kterych bylo zjisténo neplnéni, doporuceni pfedklada MOP.

MP nabizi finanCni pomoc rozvojovym statiim a statim s transformujici se
ekonomikou — MLF a GEF

MLF — ustaven na zakladé Londynské zmény s cilem podpofit ratifikaci MP
rozvojovymi staty; doplfiovan co 3 roky; pfispévky 43 rozvinutych statu;
zavazky stati poskytnou pfispévky za 1991-2009 dosahuji 2,55 mld. USD
(do cervence 2009 podpofil 6000 projekta v 147 statech, podpofril narodni
ozonové¢ jednotky ve 143 statech)

MP dosahl univerzalni ratifikace!

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




DodtZeni zavazka danych MP

Vyzvy
Staty Cl. 2 — hospodafisky vyspélé Staty ¢€l. 5 — rozvojové

vyroba a spotfeba CFC, vyjma vyjimek, vyroba a spotfeba CFC ukoncena k
ukoncena k 1.1.1996 1.1.2010
vyroba a spotfeba halont ukoncena k 1.1. vyroba a spotfeba halona ukoncena k
1994 (Kodanska zména) 1.1.2010
methylbromid mutze byt od 1.1.2005 pouzit uplné vylouceni methylbromidu k
pouze na zakladé vyjimky pro kriticka 1.1.2015 (Montrealska zména)
pouziti (Montrealska zména) licenc¢ni systém pro kontrolu vjvozu a
licencni systém pro kontrolu vyvozu a dovozu od 1.1.2005 (Montrealska
dovozu od 1.1.2000 (Montrealska zména) zmena)
do roku 2004 snizeni vyroby a spotfeby o zmrazen{ vyroby HCFC k 1.1.2016
35%, do roku 2010 snizeni vyroby a (Pekingska zména), do roku 2015
spotfeby o 75 %, do roku 2015 0 90 % a do snizeni vyroby a spotfeby o 10 %, do
roku 2020 ukonceni vyroby a spotfebu roku 2020 o 35 %, do roku 2025 o 67,5
uplné s vyjimkou 2,5 % pro servisni ucely % a do roku 2030 ukonceni vyroby a
do roku 2030 (4prava z r. 2007) spotfeby upln¢ s vyjimkou 2,5 % pro

servisn{ ucely do roku 2040
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Vyzvy

Spoluprace MP a UNFCCC - fluorované sklenikové plyny (F-
plyny) - mohly by byt vyuZivany jako nahrada za HCFC

MOP 21 -2009 - TEAP bylo uloZeno zvefejnit pfehled
nejnovéjsich alternativ a nahrad k HCFC latkam, jejich
dopadu na Zivotni prostfedi a klima a informovat smluvni
strany o alternativnich technologiich s pouZitim latek
s nizkym potencialem globalniho oteplovani

Smluvni strany byly vyzvany k zamezeni pouZiti latek
s vysokym potencialem globalniho oteplovani jako
alternativ k HCFC
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Stratosféricky/troposféricky ozon
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Vznik ozonu v pfizemnich vrstvach atmosféry

V mensim mnozstvi:
%  Fotolyza kysliku

% Klesani ze stratosféry (vyssi mérna hmotnost) — 10 — 15 %
celkového mnoZstvi

Dominantné:
Y%  Fotolyza NO,:
NO, +hv - NO+O
O +0, > 0O,
NO +0;—> NO,+ 0,

NO, + 0,5 NO + O,
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Vznik ozonu v pfizemnich vrstvach atmosféry

% Fotolyza tékavych uhlovodika (VOCs) — C, alkany, aldehydy,
ketony, rizné estery, chlorované uhlovodiky (vyfukové plyny
spalovacich motori, emise z riaznych chemickych vyrob,
Cistici prostfedky, rozpoustédla).

A"
znik ozonu jako vedlejsiho produktu pfi fotoaktivaci aldehydii:
RCHO + hv - RCHO*
RCHO* + O,— RCO;H
RCO;H + O, > RCOOH + O;,

RCHO + 2 0, - RCOOH + O,
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Vznik ozonu v pfizemnich vrstvach atmosféry

Vysledna koncentrace ozonu v pfizemni vrstvé zavisi na:
% koncentraci jednotlivych znecist’ujicich latek v ovzdusi
% navzajemném pomeéru jejich koncentraci
% fyzikalné-chemickych podminkach:
- intenzita sluneCniho zafeni
- teplota vzduchu
- obsah vody
- obsah oxiradikald -OH a HO,
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Vznik ozonu v pfizemnich vrstvach atmosféry

Dominantni a zakladni krok pro vznik pfizemniho ozonu je
uvedena fotolyza NO,:

NO, + 0,5 NO + O,

Zpcétna reakce — oxidace NO muzZe probihat i pomoci dalSich
latek — O,, oxiradikaly, organické radikaly, fada VOC:s.

Letni smogové situace — znacny vzestup koncentrace O; a pokles
koncentrace NO,®

Ubytek koncentrace NO, muiZe byt zptisoben fadou reakci:
- reakce s oxiradikaly na HNO;:
NO, + OHs -> HNO;
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Vznik ozonu v pfizemnich vrstvach atmosféry

za prebytku O; a v pfitomnosti vodni pary vznika z NO,
HNO;:

2NO, + O, > N,O, + O,
N,O. + H,0 —» 2 HNO,

NO, reaguje s fotodisociovanymi uhlovodiky za vzniku
peroxyacylnitrata (PANs):

RCHO + hv - RCOe* + He - fotodisociace aldehydu
RCOe* + O, &> RC(=0)0OO0e -tvorba peroxyacylovych radikali

RC(=0)O0° + NO, > RC(=0O)OONO, - tvorba
peroxyacylnitrata

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

85



VENsIS

N ERS
* I . ! SNERS
evropsky X ey i :

socialni . MINISTERSTVO $KOLSTVI, OP Vzdalavani 7 S
fondvCR EVROPSKA UNIE MLADEZE A TELOVYCHOVY pro konkurenceschopnost ANA D

INVESTICE DO ROZVOIJE VZDELAVANI

Inovace tohoto pfedmétu je spolufinancovana
Evropskym socialnim fondem a statnim rozpoctem
Ceské republiky
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