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O cem to bude

e Kolobéh latek

e Atmosféra
o struktura, slozeni, dynamika
o sklenikovy efekt
o ozonova vrstva
e /Znecisteni ovzdusi
o typy znecisteni
o znecistujici latky
o kysela atmosféricka depozice, smog






Zdroj: Myers, N.,
Spoolman, S.E.
Environmental issues &
solutions. 2014.

FIGURE 1.21 ‘This is the carbon
cycle, shown by the blue arrows;
the red arrows show the human
impacts on this cycle. See an
animation based on this figure at
www.cengagebrain.com.
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Zdroj: Myers, N.,
Spoolman, S.E.
Environmental issues &
solutions. 2014.

FIGURE 11.2 This diagram il]ustrgltes the nitrogen cycle (blue
arrows) and human impacts on this cycle (red arrows), See gn
animation based on this figure at www.cengagebrain.com.
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FIGURE 12.4 The sulfur cycle is shown here by the © 2014 Cengage Learind
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Zdroj: Myers, N.,
Spoolman, S.E.
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Struktura
atmosfeéry

Zdroj: Moldan, B.

Podmanéna planeta.

2015

K1 VySkova struktura atmosféry
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Cirkulace
atmosfeéry

Zdroj: Moldan, B.
Podmanéna
planeta. 2015

K3 Cirkulace zemského

ovzdusi
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Saharsky
pisek nad
Atlantskym
oceanem

Zdroj: NASA

Stazeno z:
http://www.ktbs.com/story/2
3283817/arklatex-in-depth-
saharan-dust-effects-on-our
-hurricane-season



http://www.ktbs.com/story/23283817/arklatex-in-depth-saharan-dust-effects-on-our-hurricane-season
http://www.ktbs.com/story/23283817/arklatex-in-depth-saharan-dust-effects-on-our-hurricane-season
http://www.ktbs.com/story/23283817/arklatex-in-depth-saharan-dust-effects-on-our-hurricane-season
http://www.ktbs.com/story/23283817/arklatex-in-depth-saharan-dust-effects-on-our-hurricane-season

Zdroje latek a jejich zanik
e /Zdroje: sous, oceany + reakce v ovzdusi

e Plynné latky
o vodni para: vypar + transpirace rostlin

o biologické: fotosyntéza a dychani (+ rozklad): 02 a CO2

(vyrovnane)
m + metan, amoniak

o antropogenni: CO,, CO, metan, ...

e Tuhé latky
o morsky aerosol - latky rozpusténe v morské vode
o ze souSe: puda + zvétravajici horniny
o antropogenni: kultivace poli + spalovaci procesy

2



Sklenikovy efekt

e ang. Greenhouse effect; nazev je mylny

o sklenik: zamezeni uniku tepla proudénim

e Sklenikové plyny absorbuji teplo ze slunce a teplo
vyzarovane zemskym povrchem a vyzaruji ho vsemi smery
(tedy i k povrchu)

e KiliCovy pro zivot

o udrzovani prijatelné teploty, bez ného -18 °C

e Sklenikove plyny: vodni para (36-70% skl. ef.), CO, (9-26%),
metan (4-9%), ozon (3-7%)



Sklenikovy
efekt Sluneéni zafeni

dodava energii
klimatickému systému.

Zdroj: Hollan, J.,
Gaillyova, Y. Ochrana

Kklimatu. 2019 (?ast slluvnecnlho zareni
je odrazena zemskym

povrchem a atmosférou.

Polovina slune¢niho zareni je
pohlcovana zemskym povrchem,
ktery se takto ohfiva. Zemsky povrch .
vyzaruje dlouhovinné
infraervené zareni




G22 Sklenikovi efekt zemské atmosféry

OdraZené slunedni

Dopadajid slunelni zéfeni (albedo), 31 %
zéfeni 107 W/m?
342 W/m?
77 W/m?
30W/m?

Pohleceni
atmosférou
Pohlceni 67 W/m?

povrchem

168 W/m?

Sklenikovy
efekt

Zdroj: Moldan, B.
Podmanéna planeta.
2015

Vyzéaiené IR zafeni, 69 %

Zachycena
atmosférou pomrlem
67 W/m? 168 W/m?

SKLENIKOVE PLYNY

Stoupajic
horky, vihky
vzduch

102 W/m?

Atmosférické plyny se silnou absorpci diouhovinného infraferveného zéi'enl jsou oznacovany za skieniko-
vé plyny. Do této skupiny fadime:

vodni paru
oxid uhli¢ity
metan

oxidy dusiku
ozon

freony

Existence sklenikovych plyn( v atmosféfe je nezbytna. Bez sklenikovych plynd by primérna teplota na
Zemi byla -18 °C. Sklenikové plyny pfes den chrani zemsky povrch pi‘ed nadmérmym ohi'evem a v noci za-
braiuji nadmémému Gniku tepla ze zemského povrchu (ochlazeni). Pfes den tyto plyny propoustéji pouze
kratkovinné infradervené zafeni (IR). Zbytek IR zaieni se odrazi do vesmiru nebo je pohliti atmosféra. Pfi
prichodu zafeni pfes €istou atmosféru bez vodnich par dopadne na zemsky povrch B0 % IR zafeni. PFi
prichodu pies vodni pary (mraky) klesne mnoZstvi proélych IR paprski na 45-10 %.

Pro&la ¢ast IR zaFeni ohiiva zemsky povrch, ktery akumuluje teplo. V noci potom toto naakumulované
teplo (IR zéfeni o vinové délce 4-50 mikronu) zemsky povrch vyzaiuje zpét. Cast tohoto tepla (IR zéfeni)
prochazi pfes tzv. atmosférické okno (atmosférické okno - sklenikové plyny propousti zpét do vesmiru
IR zéfeni pouze o vinové délce B-13 mikronu) do vesmiru. Zbyld ¢ast zéfeni se odraZi zpét na zemsky
povrch. Skienikové plyny tedy drZi teplo jako pod pefinou. Problém ovéem nastéava, pokud koncentrace
sklenikovych plyni vzroste. Se vzristajici koncentraci vzristd i Géinnost téchto plynd. V noci unikne do
vesmiru mensi mnoZstvi tepla a tim padem se globalni teplota pomalu zvySuje.

Rozmisténi sklenikovych plyni v atmosféi'e je nerovnomémeé. Navic sklenikové plyny maji rizny radi-
acni potencial. To znamena, Ze jednotlivé sklenikové plyny maji odlisnou schopnost pohlicovat a vyfazovat
dlouhovinné zafeni. Potencial globalniho ohifevu je pomér radiaéni Géinnosti daného plynu a CO, (GWP).

® Zdroj: Jelinek (2010)



Sklenikovy
efekt

Zdroj: Hollan, J.,
Gaillyova, Y. Ochrana
klimatu. 2019

Globélni toky energie / W-m™ (pro |éta 2000-2005)
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Earth’s atmospheric ozone

Atmospheric ozone can exist in the:

1. troposphere, close to the surface where it is produced as a local air pollutant
and has negative impacts for human respiratory health;

2. stratosphere, in the upper atmosphere where it is essential in reflecting ultraviolet
(UV-B) radiation, and protecting humans from dangerous levels of exposure.

35 km 1‘
Essential ozone
30 km for UV protection
('good ozone')
Stratospheric
ozone
25km (reflects UV-B)
Ozone Layer
O 20km
o)
3
=1
E -
< I
15 km
10km Tropospheric
ozone
(air pollutant)
5 km Local ozone
air pollution
i ('bad ozone')
>,

Ozone concentration ——>

Source: Based on Figure Q1-2 in Montreal Protocol Scientific Assessment Panel (2014).
Licensed under CC-BY by the author Hannah Ritchie.



Ozonova vrstva

e Ozon (O,) - toxicka latka
o ve stratosfere uziteCny
o V troposfére - znecisténi - fotochemicky smog
e Filtruje nebezpecne UV-B zareni
e Fungovani
o UV-C stepi O, na atomy O — spojenis O, — O,
o O, pohlcuje UV-B a rozklada se zpatky na O, a O



Chemickeé
reakce
V 0ZOhoVve
vrstve

Zdroj: Wikimedia

Stazeno z:
https://en.wikipedia.org/w
iki/File:Ozone Cycle.ipg



https://en.wikipedia.org/wiki/File:Ozone_Cycle.jpg
https://en.wikipedia.org/wiki/File:Ozone_Cycle.jpg

NarusSeni ozonoveé vrstvy

1974 Molina a Rowland - hypotéza, ze nektere lidmi
vyrobene latky mohou pronikat do stratosfery a narusovat
0zZOoNnovou vrstvu

Chlorované a fluorované uhlovodiky (Freony)
o CFCs - chlorofluorocarbons

o inertni, setrvavaji az stovky let — difuze do stratosféry

o ve stratosfére - kratkovinné sluneéni zareni — uvolnéni atomu
chloru a bromu, které urychluji rozklad ozonu



Reakce
ozonu

Zdroj: Moldan, B.

Podmanéna planeta.

2015

K43 Reakce ozonu

UV zéfeni

UV zéfeni razloZi molekuly kysiiku (0,) M
na dva samostatné atomy kysiiu (0).

‘o

®

UV zéfeni

. o D i ( o
[l / Wz = \
) im \o { p,.‘
Aromy chiéru, uvoinéné e
z molekul CFC, reaguji s ozonem, ‘0
takie vznika CI0 2 0, _\

F = fluér, C = uhlik, Cl = chlér, M = katalyticky plsobici latka

~OV<i @‘"

Voing atom kysliku
se sloudi § dalii malekulou O,
o a vzrikne ozon (0,).

P
‘ pu—
@ ©

Ozon se razklada také pfirozendé,

> pOsobenim UV zéfeni, aviak kdyZ nejsou

5 0 pfitomny slouleniny antropagenniho pdvodu,
y J& tento proces v rovnovaze s vzrikem

navych molekul azenu.

ClO existuje jen krétee - reaguje se samostatnym
atamem kysliku, takze vznikne daldi molekula O,
24 soudasného uvolnéni atomu chidru, ktery je
pfipraven rozloZit daldi molekulu ozonu.

® Zdroj: Andersen (2002)



Ozonova dira

ZtenCena vsSude, nejvic na polech (zejm. jiznim) a v
oblastech mirného pasma

o Australie, Novy Zéland, Jizni Amerika, Jizni Afrika

o 1 % sniZzeni ozonu=2 % zvyseni pfikonu UV-B; CR o0 10 % vice
Sezonni zhorSeni: nejvic nad Antarktidou na konci zimy a
béhem jara: az o 50-80 % tencCi

zvirata: poSkozeni DNA, snizeni imunity, rakovina kuze a oCi

rostliny: skodlive, napf. mensSi produktivita morského
fytoplanktonu



Ozonova dira - reSeni
e 1985: Konference ve Vidni

o — Videnska umluva o ochrané ozonové vrstvy
e 1987: Montrealsky protokol

o omezeni pouzivani nékterych latek

o 8-krat zprisnen, naposled v r. 2007

o podepsala naprosta vétSina statu

e Duvody uspéchu
o zfizeni Mnohostranného fondu pro plnéni Montrealského prot.

o prumysl byl na zménu pfipraven, neohrozovalo ho to


https://ourworldindata.org/grapher/countries-to-montreal-protocol-and-vienna-convention

Change in the consumption of ozone-depleting substances

Global consumption of ozone-depleting substances, measured relative to 1986 (where consumption in 1986 is equal

to 100).
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OurWorldInData.org/ozone-layer « CC BY

Ozone layer — concentration of ozone in the stratosphere

Stratospheric ozone concentration in the Southern Hemisphere — based on satellite measurements south of 40°.
This is measured in Dobson Units (DU)".

200 DU
150 DU
Mean daily concentration
100 bU Minimum daily concentration
50 DU
0DU- T T T J
1979 1990 2000 2010 2022
Source: NASA Ozone Watch (2023) OurWorldInData.org/ozone-layer « CC BY

1. Dobson unit (DU): Dobson Units (DU) are used to measure the concentration of ozone in the atmosphere. One Dobson Unit is the number of
molecules of ozone that would be required to create a layer of pure ozone 0.01 millimeters thick at a temperature of 0 degrees Celsius and a pressure of
1 atmosphere.



Ozonova dira - soucasny stav

DostateCna opatreni

o pokles produkce latek, vyrazovani dalsich latek

Predpoklad: prirozené, obnoveni, ale az za desitky let
o 2030-2050 prijatelne, 2100 plna obnova

Probihaji negativni jevy - napr. polarni oblasti
Muzeme odhalit dalSi priciny zhorSovani
Problem: zméena klimatu

o ochlazovani stratosféry — rychlejSi destrukce ozonu


https://ourworldindata.org/grapher/consumption-of-ozone-depleting-substances?time=2022

Stratospheric ozone concentration projections, 1960 to 2100

Stratospheric ozone concentrations with projections to 2100 based on chemistry-climate models. These are
measured as global and regional averages relative to levels in 1960 (1960 = 0).

40

Arctic

20

o Global
Antarctic

-100
-120

-140| I 1 1 I 1 | I
1960 1980 2000 2020 2040 2060 2080 2100

Source: Hegglin et al. (2014) OurWorldInData.org/ozone-layer « CC BY
Note: Figures represent the mean across a number of model runs; model projections have notable uncertainty around such average trends.



Measured and expected atmospheric concentrations of CFC-11

Measured concentrations of trichlorofluoromethane (CFC-11) gas in the Northern and Southern hemispheres,
measured relative to the expected/projected concentrations based on emissions reported by countries to the
Montreal Protocol. This is measured in mole fractions (ppt) of CFC-11. In recent years (since 2012), concentrations
have not declined at the projected rate, suggesting unreported sources of CFC-11 emissions.

260 ppt
250 ppt

240 ppt

230 ppt
220 ppt

“~ WMO (2014) projected
210 ppt

200 ppt I 1 I 1 I ]
1995 2000 2005 2010 2015 2020

Source: Montzka et al. 2018 CCBY






World's Air Pollution

kd World's Air Pollution: Real-time Air Quality In ex [O)
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https://waqi.info/

Znecisténi ovzdusi - amrti

e WHO - 2,4 mil. umrti rocné (Myers and Spoolman, 2014)
o vétdina v Asii (Cina - 650 tis.)
o 1,5 mil. v ddsledku vnitrniho znecisténi

e 3,7 mil. predCasnych umrti (Hite and Seitz, 2016)
o 88 % v zemich s nizkymi nebo strednimi prijmy

e Moldan (2015) - celkove podil na 6 mil. pfedCasnych umrti

o vice nez ostatni nepriznivé faktory prostredi dohromady



Zdroj: Moldan, g predéasna amrti

B. Podmanena
planeta. 2015 Pifedcasna Gmrti v disledku vybranych environmentalnich rizik 2010-2050

Atmosféncky aerosol
()emn é Lastice)

Piizemni 026n

Zavadné zésoby vody
a sanitace’

ZnedtiSténl wnitiniho ovzdusl

Malane

00 05 10 15 20 25 30 35 40

Zemi'dl (miliony liai)
m 2010 I 2030 | 2050

' pouze détska omrtnost

Predpoklada se, ze kvalita ovzdusi ve méstech se bude i nadale po celém svété spise zhorSovat. Do roku
2050 se ziejmé znecisténi venkovniho ovzdusi zafadi na predni pficky pficin amrti souvisejicich se Zivot-
nim prostredim. ® Zdroj OECD (2012)



How many people die from air pollution each year? St

Estimates of the global death toll from air pollution published in major recent studies

‘All sources’ includes both anthropogenic and natural sources:
e The largest source of natural air pollution is airborne dust in the world’s deserts. Other natural sources are fires, sea spray, pollen, and volcanoes.
e Anthropogenic sources include electricity production; the burning of solid fuels for cooking and heating in poor households; agriculture; industry; and road transport.

0 1 Million 2 Million 3 Million 4 Million 5 Million 6 Million 7 Million 8 Million 9 Million

7 million

Deaths from all sources of air pollution

World Health Organization

latest data as of 2021 — refering to the year 2016

4.2 million
3.8 million

Deaths from outdoor air pollution
Deaths from indoor air pollution

6.7 million

Institute for Health
Metrics and Evaluation

Global Burden of Disease study
latest data as of 2021 — refering to the year 2019

Deaths from all sources of air pollution

Deaths from outdoor air pollution 4.5 million

Deaths from indoor air pollution

2.3 million

Deaths from all sources of air pollution 8.8 million

Lelieveld et al. (2019)

Study published in the Proceedings of
the National Academy of Sciences
refering to the year 2015

I—e“eveld et al- (201 5) Deaths due to outdoor air pollution 3.3 million
Study published in Nature
Vohra et al. (2021) 8-7 million
Study published in Environmental Research

5.5 million

Deaths due to air pollution from all anthropogenic sources

Deaths due to air pollution from burning fossil fuels 3.6 million

Terrorism: HIV/AIDS: Road accidents Obesity
25,000 deaths 680,000 deaths | 1.3 Million deaths 2.8 Million deaths
War: Homicides:
50,000 deaths 470,000 deaths

Data on annual death tolls from other causes is the latest data from the World Health Organization, UCDP, and Global Terrorism Database as of November 2021.
OurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the author Max Roser



Share of deaths attributed to air pollution, 2008

Share of deaths, from any cause, which are attributed to air pollution — from outdoor and indoor sources — as a risk
factor.

No data 0% 5% 10% 15% 20% 25% 30%

[ o |

Source: IHME, Global Burden of Disease (2019) OurWorldInData.org/air-pollution « CC BY



Death rates from air pollution, World, 1990 to 2019

Death rates are given as the number of attributed deaths from pollution per 100,000 population. These rates are
age-standardized, meaning they assume a constant age structure of the population: this allows for comparison
between countries and over time.
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40
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Source: IHME, Global Burden of Disease CE BY



Vneéjsi znecisteni
e /Zlepseni kvality ovzdusi ve vyspelych statech
o vysoka koncentrace oxidu dusiku
o letni smog (troposféricky ozon)
o jemny aerosol s karcinogennimi latkami
e Horsi situace v méne vyspelych statech
O jemné prachove Castice

o kysela atmosféricka depozice



Outdoor air pollution death rate, 2019

The number of deaths attributed to outdoor ozone and particulate matter pollution per 100,000.

Nodata O 5 10 25 50 100 250

Source: IHME, Global Burden of Disease (2019) OurWorldInData.org/outdoor-air-pollution « CC BY



DALYs attributable to ambient air pollution (age-standardized, per 100 000 population), 2016
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Deaths from outdoor air pollution by region, 1990 to 2019
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Source: IHME, Global Burden of Disease OurWorldInData.org/air-pollution/ « CC BY
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Vnitrni znecisténi ovzdusi
e Zavazny problém z hlediska dopadu na zdravi

o pece a ohnisté (zemé globalniho jihu) - 50 % lidi ve sveté

o tabakovy dym

o latky uvolnujici se z materialu (VOCs, aerosoly)

o chemické prostredky

o biologickeé znecisteni - mikroorganismy, alergeny

o karcinogenni radon - z podloznich hornin, radioaktivnim
rozpadem

o dopravni prostredky



Death rate from indoor air pollution, 2019

Estimated annual number of deaths attributed to indoor air pollution’per 100,000 people.
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Source: IHME, Global Burden of Disease (2019) OurWorldInData.org/indoor-air-pollution/ « CC BY
Note: To allow comparisons between countries and over time this metric is age-standardized.

1. Indoor air pollution: Indoor air pollution is generated by the use of inefficient and polluting fuels — such as coal, firewood, crop waste, or dung — in and

around the home. These fuels contain a range of health-damaging pollutants, including small particles that penetrate deep into the lungs and enter the
bloodstream.



Household air pollution deaths by region, 1990 to 2019
Annual number of premature deaths attributed to household air pollution from the use of solid fuels for cooking and
heating. Solid fuels includes the use of crop wastes, dung, charcoal and coal for indoor cooking.

4 million B =

3 million

European
Region
Region of the
=" Americas
Eastern
Mediterranean
Region
Western Pacific
Region

2 million

—— African Region
1 million

South-East Asia
Region

1990 1995 2000 2005 2010 2015 2019

Source: Institute for Health Metrics and Evaluation (IHME) OurWorldInData.org/indoor-air-pollution/ « CC BY
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Znecistujici latky
e Negativni dopady na biologické systémy a lidské zdravi
O kardiovaskularni a respiracni soustavy
e Ohrozuji globalni zivotodarné systemy

o sklenikové plyny

o latky poskozujici ozonovou vrstvu

e Primarni a sekundarni



Primarni

e \/ypousténe primo do ovzdusi

e Z pfirodnich procesu i lidskych
zdroju

O

spalovani fosilnich paliv, biomasy,
odpadu, zemédeélstvi (Cpavek)

SO,, NO_, NH,

VOCs - tékavé organicke latky -
benzen, toluen

tézkeé kovy - rtut, kadmium, arsen

POPs - Perzistentni organické latky

PAHS - Polycyklické aromatické
uhlovodiky - dioxiny, furan

Sekundarni

Vytvari se primo v ovzdusi
diky chemickym a
fotochemickym reakcim z
primarnich latek

Vznik zavisi na klimatu a
slozeni atmosféry

o troposféricky ozon

o sekundarni aerosoly

Uginky daleko od mista vzniku



Zdroje znecisténi
e Stacionarni
e Mobilni
e Prirodni
o pozary, vulkanicke erupce, rostliny

e Lidské

o uhelné energetické a primyslové zavody

o vypalovani lesu

O motory spalujici fosilni paliva



Zakladni skodliviny ovzdusi

e Prasny aerosol (pevné prachové Castice)
e Oxid sificity (SO,)

e Oxid dusicity (NO,)

e Oxid uhelnaty (CO)

e Troposfericky ozon (O,)

e Olovo



K14 Zatéz v disledku znecisténi ovzdusi jemnymi casticemi

Typ zneéisténi ovzdusi Pred¢asna amrti Umrtnost (DALYs)
1,15 mil. = 2,0 % umrti na svété
610 000 muzi a 540 000 Zen

Méstské venkovni 8 % umrti na rakovinu plic 8,7 mil. DALYs

5 % kardiopulmonalni Gmrti
3 % amrti z dlvodu infekce dychacich cest

1,97 mil. = 3,3 % amrti na svété

890 000 muzl a 1 080 000 Zen

21 % umrti z dlvodu infekce dolnich cest dychadch

Vnitini 35 9% amrti na chronickou obstrukéni plicni nemoc | 41 mil, DALYs

3 % umrti na rakovinu plic

900 000 tis. amrti v ddsledku z&palu plic
u déti mladsich 5 let

Celkové znecisténi ovzdusi | 3,12 mil. = 5,3% umrti na svété 49,7 mil. DALYs

Pozndmka: DALYs = pocet ztracenych let zdravého Zivota: soucet potendalnich zdravych let Zivota ztra-
cenych v disledku nemod.

Castice, zejména jemnéjsi PM, ., je nejvyznamnéjsi latka zneciStujid ovzdusi a zaroven zplsobujici Skody
na zdravi. Prvotnim zdrojem ¢astic je energetika, doprava a primysl, ale také spalovani pevnych odpadi
a zbytkl zemédélskych plodin. Ve vnitfnim ovzdusi, které je celkové nejvic zneciSténo, jsou nejdileZitéj-
$im zdrojem nedokonala topenisté, zvlasté v chudych zemich. Dopady na zdravi jsou spojeny prevaine
s respiraénimi a kardiovaskuldmimi chorobami. ® Zdroy: UNEP (2012)

Zdroj: Moldan, B.
Podmanéna
planeta. 2015



Exposure to air pollution with fine particulate matter, 2017

Population-weighted average level of exposure to concentrations of suspended particles measuring less than 2.5
microns in diameter (PM2.5). Exposure is measured in micrograms of PM2.5 per cubic metre (ug/m?3).

No data 0 pg 1M0pg 20pg 30 pg 50pg  75pug 100pg 150 pg 210 pg
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Source: Brauer et al. (2017) via World Bank OurWorldInData.org/air-pollution/ « CC BY



Share of the population exposed to air pollution levels above WHO

guidelines, 2017

The share of the population exposed to outdoor concentrations of particulate matter (PM2.5) that exceed the WHO guideline
value of 10 micrograms per cubic meter per year. 10ug/m? represents the lower range of WHO recommendations for air
pollution exposure over which adverse health effects are observed.

No data 0% 20% 40% 60% 80% 100%
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Source: Brauer et al. (2017) via World Bank OurWorldInData.org/outdoor-air-pollution « CC BY



Death rate from ambient particulate air pollution, 2019

Death rates attributed to ambient particulate matter air pollution, measured as the number of deaths per 100,000
individuals. Death rates are age-standardized and therefore correct for changes in age structure across time and
between countries.
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Source: IHME, Global Burden of Disease OurWorldInData.org/air-pollution/ « CC BY



Disease burden from particulate pollution, 2019

Disease burden is measured in disability-adjusted life years (DALYs). DALYs are age-standardized and therefore
adjust for changes in age structures of population through time and across countries.
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Source: IHME, Global Burden of Disease OurWorldInData.org/air-pollution « CC BY



Zdroj: World Air Quality
Report, 2022 2022 global map color coded by annual average PM2.5 concentration



2022 co u ntry/reg i on ra n ki ng — €W World Africa Americas Asia Australia China FEurope India Middle East United Kingdom

ii’]ogsslzt!’zzinlgigrézg, 2022 average PM2.5 concentration (ug/m?) for countries, regions, and territories Only 13 countries and territories had ‘healthy,
air quality in 2022

Chad 897 45 Tirkiye 89 Spain

1

2 Iraq 80.1 46  SriLanka 90 Maldives @ By Rachel Ramirez, CNN

3 Pakistan 709 47 Senegal 91 Belgium Published 5:53 AM EDT, Tue March 14, 2023
4 Bahrain 66.6 48 Syria 92 Austria

5 Bangladesh 65.8 49 Mexico 93 Honduras “ L

6  Burkina Faso 63.0 50 Greece 94 Latvia

7  Kuwait 55.8 51 Azerbaijan 95 Switzerland

8 India 533 52 ltaly 96 Ukraine

9 Egypt 465 53 lIsrael 97 Japan

10 Tajikistan 46.0 54 Guatemala 98 Panama

11 United Arab Emirates45.9 55 Bulgaria 99 United States

12 Sudan 446 56 South Korea 100 Nicaragua

13 Rwanda 440 57 Thailand 101 United Kingdom

14 Qatar 425 58 Algeria 102 Angola

15 Saudi Arabia 415 59 Malaysia 103 Denmark

16  Nepal 40.1 60 Romania 104 Cambodia

17 Uganda 396 61 Georgia 105 Liechtenstein

18 Nigeria 36.9 62 Poland 106 Portugal

19 Bosnia Herzegovina 33.6 63 Colombia 107 Costa Rica

20 Uzbekistan 335 64 Montenegro 108 Argentina

21 Iran 325 65 Cyprus 109 lIreland

22  Armenia 314 661 opmoaan: Hopubkc 110 Luxembourg

23 Ethiopia 313 67 Macao SAR 111 Canada

24 Kyrgyzstan 31.1 68 Slovenia 112 Bolivia

25 China 306 69 Philippines 113 Suriname

26 Indonesia 304 70 Kosovo 114 Norway

27 Ghana 30.2 71  Slovakia 115 Sweden

28 Mongolia 295 72 Hong Kong SAR 116 Belize

29 Laos 276 73 Albania 117 Andorra

30 Vietnam 272 74  El Salvador 118 Trinidad and Tobago

31 North Macedonia 256 75 Czech Republic 119 Finland 5.0

32 Gabon 76 Taiwan 120 Estonia 49

33 Serbia 77 Singapore 121 New Zealand 48

34 Zambia 78 Lithuania 122 Puerto Rico 3

35 Myanmar 79 Guyana 123 Australia 42

36 Madagascar 80 Hungary 124 Grenada 38

37 Croatia 81 Brazil 125 New Caledonia 35

38 Peru 82 Malta 126 Iceland 34

39 South Africa 83 Kenya 127 Bopaire, Sint Eusatius 33 He H
40 Kazakhstan 84 France 128 aIgde;')rarx;fjda 30 Zd rOJ - Wo rld AI r
41  Moldova 85 Uruguay 129 U.S. Virgin Islands 29

42 Ivory Coast 86 Russia 130 French Polynesia 25 H
43 Chile 87 Netherlands 131 Guam 13 Quallty Report’
44  Turkmenistan 88 Germany

2022



K10 Regionalni trendy emisisloucenin SO,

miliond tun SO, za rok
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= reprezentativnl koncentralni linie (Representative concentration pathway)
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Global sulphur dioxide (SO2) emissions by world region

Annual sulphur dioxide (SO:) emissions in million tonnes
140 m tonnes
120 m tonnes

100 m tonnes
South America

North America
80 m tonnes
Europe
60 m tonnes
40 m tonnes
Asia
20 m tonnes
Africa
0 m tonnes
1850 1880 1900 1920 1940 1960 1980 2010
Source: Clio Infra; Klimont. et al (2013) OurWorldInData.org/air-pollution/ « CC BY

Note: Data from 1850-2000 based on Clio Infra datasets. Data extended to 2010 using data from Klimont et al. (2013) publication: "The last
decade of global anthropogenic sulfur dioxide: 2000-2011 emissions", which applies the same methodology for emissions estimation.



K11 Regionalni trendy emisi sloucenin dusiku 1850-2050

Miliond tun NO, (wjadfené jako NO_) za rok
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V Africe, Asii a Latinské Americe nepatfi kontrola emisi dusiku mez priority. Nicméné prognézy ukazuj

Zdroj: Moldan,
B. Podmanéna

planeta. 2015  adopravy.

nanist emisi sloucenin dusiku. V nékterych oblastech, zejména v Africe, je hlavnim problémem nedostatek
monitorovacich kapacit. Pro feseni problému bude zapotfebi vétsi politicky diraz pfedevsim na kontrolu
latek obsahujicich tyto slouceniny. Nejcastéj se vyskytuji emise ze zemédélstvi, energetiky, primyslu

® Zdrof UNEP (2012)



Map 2.1 Average NO, pollution level (tropospheric vertical column) from Sentinel-5P/TROPOMI for the

period 15 March to 15 April 2019 (left panel) and for the same period in 2020 (right panel)

SSPTROPOMI TVCD 15/3-154 2010 |

Average NO_poliution level {tropospheric vertical column) for 15 March - 15 April 2019 (left panel) and for the same period in 2020
{right panel)
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Zdroj: European Environment Agency, 2020

Map 2.3 Relative changes (%) in NO, concentrations attributed to lockdown restrictions during

April 2020
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Ozone (O3) concentration, 2015

Our World
in Data
Population-weighted average ozone (Os) concentrations in parts per billion (ppb). Local concentrations of ozone are recorded and
estimated at a 11x11km resolution. These values are subsequently weighted by population-density for calculation of nation-level

average concentrations.

20
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Source: State of Global Air 2017. HEI, 2017
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OurWorldInData.org/air-pollution « CC BY



Zdroj:
Moldan, B.
Podmanéna
planeta.
2015

maxmaini rozsah

problému
globaini
kontinentaini
regionaini
mistnd SO, NO, NO N, PM,,
hodiny dny tydny mésice roky stalet

doba setrvanl v atmosf&'e

CH,=metan, N,O = oxid dusny, SF_ = fluorid sirovy, HFCs, PFCs, HCFCs, CFCs = halogenované (chlorova-
né a fluorované) uhlovodiky, SO,* = siranovy aniont, NO, = dusifnanovy anion, NH,* = amonny kation,
NO = oxid dusnaty

Tékavé organické latky (VOCs) nejsou v obrazku proto, Ze jde o velmi niznorodou skupinu s rozdiiny-
mi dobami setrvani. Doba setrvani POPs zéavisi na rozdéleni mez plynnou faz a tuhé ¢astice a na dobé
zdrzeni tuhych ¢éstic. ® Zdroj: UNEP (2007)



Okyselovani (Acidifikace)

okyselovani pudniho nebo vodniho prostredi

ubytek zasad (vapnik, draslik, hofCik) - nahrazeni

Kyselymi prvky

prirozeneé priciny

o biogeochemické (vulkany) a hydrologické cykly; sukcese,
podzolizace

antropogenni priciny

o spalovani fosilnich paliv, zemédélstvi, prumysl

okyselovani oceanu (absorpce CO,)



Kysela atmostéricka depozice
e Kysele Castice a kapky
e Oxid siriCity, oxidy dusiku

o transportované na velké vzdalenosti

o pretvarené na sekundarni Skodliviny

m Kkyselina sirova, kyselina dusicna, sirany, dusicnany
e Mokra a sucha depozice

o C(Citlivost zavisi od ekosystému a jeho odolnosti

o sloZeni pud, zasadité prvky, vegetace



Dopady

e Poskozeni vegetace
o kyselost pudy, dostupnost Zivin, tézké kovy, vliv na pudni
organismy
e Poskozeni lesu (vyS$Si nadmorska vyska)
o odbouravani zivin, uvolhovani tézkych kovu
e Dopady na vodni systemy - kysela jezera
e PosSkozeni kovovych a stavebnich materialu
e Dopady na lidské zdravi

o Priamo + nepriamo
o Podrazdeni a nemoci dychaciho traktu



Reduk¢ni smog (londynsky, zimni)

Smoke + fog
Seda barva, inverze

50. roky - uhli na topeni a vareni + v energetice a
prumyslu

Smés oxidu sificitého, PM a kapek kyseliny sirové
Méné Casto v rozvinutych krajinach - technologie
Problém ve vychodni Evropg, Cing, Indii

o uhli ve fabrikach a domacnostech



Velky smog 1952 (Londyn)

5. - 9. prosince

Ochlazeni (uhli), tlakova vyse, bezvetri

Miha + smog; Autobusy misto tramvaji

4000 umrti (mozna az 12 000), 100 tis. onemocnéni
Environmentalni legislativa (1956 Clean Air Act)

O 10x snizeni koncentrace oxidu sifi¢itého; o 80 % slune¢niho svitu
1930 Belgie (6000 nemocnych; 60 mrtvych)

1948 Pensylvanie (6000 nemocnych; 20 mrtvych)



Londyn 1952 stazenoz

http://www.telegraph.co.uk/news/earth/countryside/9727128/The-Great-Smog-of-Lond
Zdroi: The Telearaph on-the-air-was-thick-with-apathy.html



http://www.telegraph.co.uk/news/earth/countryside/9727128/The-Great-Smog-of-London-the-air-was-thick-with-apathy.html
http://www.telegraph.co.uk/news/earth/countryside/9727128/The-Great-Smog-of-London-the-air-was-thick-with-apathy.html

Oxidacni smog (letni, fotochemicky)

e Losangelesky, kalifornsky
e Hnedy smog - oxid dusicity (NO,) z oxidu dusnateho

e Smes sekundarnich skodlivin vytvorenych pri sluneCnim
zareni

e Ozon, organické slouceniny

e Urbanni problém - doprava

o mesta se slunecnim, teplym a suchym podnebim

e Drazdeni ocCi, respiracni potize



Los
Angeles

Zdroj:
Mashable

Stazeno z:

http://mashable. :
com/2014/04/30 &=

/most-polluted-c
ities-us/#4vNk4

B21wugh



http://mashable.com/2014/04/30/most-polluted-cities-us/#4vNk4B21wuqh
http://mashable.com/2014/04/30/most-polluted-cities-us/#4vNk4B21wuqh
http://mashable.com/2014/04/30/most-polluted-cities-us/#4vNk4B21wuqh
http://mashable.com/2014/04/30/most-polluted-cities-us/#4vNk4B21wuqh
http://mashable.com/2014/04/30/most-polluted-cities-us/#4vNk4B21wuqh
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Vyvoj
e Emise oxidu siry - snizeni
o celosvetove vrchol 1970
o pozitivni vyvoj v Evropé a Sev. Americe
o odsifovaci jednotky, paliva s nizkym obsahem siry
o negativni vyvoj v Asii - pfes hranice statu
e Oxidy dusiku - jen CastecCné zlepSeni

o problém dopravy



Regionalni a globalni znecisténi
e Regionalni

o stovky az tisice km

o kyselé desté (slouCeniny siry a dusiku)

o letni (fotochemicky) smog - napf. nad celou Evropou

e Globalni

o latky typické pro ovzduSi primyslovych zemi v Gronském ledovci
o aerosol - také v globalnim meritku

o asamoziejme CO,



Mestské prostredi

e Mestsky tepelny ostrov
o dopady v zime av léte
e /Znecisteni ovzdusi
o doprava, topeni, pramysl, spalovani odpadu, stavebni materialy,
Cistirny odpadnich vod
o dalsi latky: tezké kovy, radionuklidy
e 4 lidi v urbannich oblastech v 91 zemich - znedisténi
vysSi nez 2,5x limity WHO



Y , Vev.,vVv s v/
ReSeni znecisténi ovzdusi
e Snizeni emisi skodlivin

o kontrola spalovacich procesu (stacionarni a mobilni zdroje)
e Preventivni a nasledna opatreni

o Preventivni: uCinnéjsi + mené nakladna

o Nasledna: rychly efekt

o CR: odsifovaci zafizeni na elektrarnach

e CLRTAP: Umluva o dalkovém znecéistovani ovzdusi
presahujicim hranice statu (protokoly)
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