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Uhlik v atmosfére

Oxid uhelnaty (CO)

Prudce jedovaty, zadusSeni, afinita k hemoglobinu
T2 = 120 dnu

Produkt nedokonalého spalovani

Cigaretovy kouf - 2 %

Oxid uhligity (CO,)

Bez toxickych ucinkt, dusivy, sklenikovy plyn
Ty, = 2 - 4 roky

Pfirozeny atmosféricky propad:
% fotosyntéza
% absorpce v oceanech
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Vyskyt CO v atmosféfe

Apil 30, 2000

October 30, 2000

Carbon Monoxide Concentration (parts per billion)
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Uhlik v atmosfére

Organické slouceniny uhliku

Uhlovodiky a jejich derivaty (RH, HCs)

Nizsi n-alkany C, - C;; (g), vyssi (1, s), isoalkany, cyklo-alkany,
arény, PAHSs

Celosvétové emise - 1,86 * 10° t.r! (5 % antropogenni emise),
z toho 86 % CH, (90 % bakterialni produkce), 9 % terpeny
(rostlinna produkce)

CH, - severni p6l - 1,08 mg.m>
jizni pol - 0,85 mg.m™

Reakce s 0z6nem
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Oxid uhliCity

Environmental Effects of Increased Atmospheric Carbon Dioxide
ARTHUR B. ROBINSON i, SALLIE L. BALIUNAS {, WILLIE SOON 1, AND
ZACHARY W. ROBINSON i}

FOregon Institute of Science and Medicine, 2251 Dick George Rd., Cave Junction, Oregon 97523 [info@oism.org]
1George C. Marshall Institute, 1730 K St., NW, Ste 905, Washington, DC 20006 [info@marshall.org]
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Oxid uhlicity — produkce a producenti
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Sklenikovy efekt

'Sun

shorter wavelength ..
8 infrared transmitted ~ "*-. ” i
by atmosphere g 2
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Globalni oteplovani
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Oxid uhliity

1971 — Ehrlich a Holdern — globalni otepleni, zapomenuto

1992 — celosvétova vladni konference, skoncila pouze
doporucenimi, ktera nebyla naplnéna

1995 — IPCC (Intergovernmental Panel on Climate Change, UN)
— globalni otepleni

1997 — Kyoto (Kyoto Protocol), dohoda o sniZeni CO, a dalSich
péti sklenikovych plynt na uroven 5,2 % pod uroveil 1990,
USA 7 %. Do roku 1999 mély zemé podepsat dohody.
Dosud maly pokrok.
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Vyznam oxidu uhlicitého
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Figure 2.1.6 Role of carbon dioxide
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Globalni oteplovani ovliviiovani radiacni bilance
Sklenikové plyny

CoO,, CH, N,0, CFC, O,, vodni para
Od roku 1800 u CO, zvyseni o cca 60 %, u ostatnich o zhruba 10 %
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Zmény atmosféry jako pfirozeny proces

Data pro ziskani informaci o sloZeni atmosféry

Geologie
Paleontologie
Sedimentologie
Stratigrafie
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zaznamu vime,
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Historicky vyvoj obsahu CO, v atmosféfe

Atmospheric Change in Earth History
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Stfedni kfida

Podnebi mnohem teplejsi, hladina oceant o 100-200 m vyse; W —
fosilie teplych vod, E — evapority, C — loZiska uhli
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w  Temperature change °C > Temperature change °C

Temperature change °C
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Ledové doby

Minulych nékolik milionu let —
pocetné cykly ochlazeni a
tepleni superponovany na
celkové chladnuti

Glaciace — pokles teploty o nékolik
stupiiti na dlouhou dobu -
rozsifeni ledovcti — doby ledové

Teplejsi obdobi — doby meziledové —
interglacialy

Pleistocén (1,6 mil. let)— vice nez 20
cykla s opakovanim 20 000 az
40 000 let s extrémnimi minimy
kazdych 100 000 let

Ledové doby se odehravaly uz pied
2,3 miliardami let.

Dnes zabiraji ledovce kolem 10 %
povrchu (z toho 84 %

v Antarktidé).
V minulosti aZ 29 % povrchu.
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Variace atmosférickych koncentraci CO, a CH, a
teploty
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Kratkodobé fluktuace

Medieval warm period

Temperature change °C

Rhonsky ledovec (Svycarské Alpy)
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Oxid uhlicity - produkce

Parts per million (ppm)
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Fig. 2.7 The global emission of CO, from deforestation and the burning of fossil fuels. Modified
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Pramen obr.

CO, Anstieg in der Tropo-
spgiire. Ein Kardinalproblem
der Menschheit. nliLs AG,
Marl, SRN.
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Svétova produkce energie a CO,

Energy Consumption in the Developing
World by Region, 1995-2020
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Zasoby fosilnich paliv

Fuel - Price Increase Over Past 20 Years
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Oxid uhlicity — rekonstrukce historického vyvoje
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FIGURE 5. ATMOSPHERIC CARBON DIOXIDE CONCENTRATIONS AS TRAPPED IN
ICE CORES FROM SIPPLE STATION, ANTARCTICA. After Siegenthaler
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Oxid uhliCity

Deviation from 1951-1970 Mean °C
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Klouzavy 11-lety priimér teplot severni

hemisféry vyjadfeny jako odchylka od
pruméru teplot v letech 1951-1970 (silné;si
linie). Slunecni magneticky cyklus je
vyznacen slabsi linii.

Povrchové teploty Sargasového mofe, koncici v

roce 1975, jak byly urCeny z izotopického
sloZeni zbytkti mofskych organismt na
dné mofe. Horizontalni linie je priimérna
globalni teplota pro toto obdobi dlouhé 3
000 let. Mala doba ledova a stftedovékeé
klimatické optimum se vyskytovaly
naprosto prirozené¢ a predstavovaly
odchylku klimatu po dlouhou dobu.
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Lokalni vlivy — tepelné ostrovy

> Direction of Circulation of
air movement - particulates in air
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Lokalni vlivy

Vapence, Guanxi, Cina
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-
Pro¢ klesa oxid uhli€ity v atmosfere

Na planetarni pozadové stanici pfi observatofi Mauna Loa
doslo v roce 1993 k naprosto bezprecedentnimu poklesu oxidu
uhli&itého.Vysledky méfeni natolik prekvapily védce,Ze v Eervnu
bylo do C ol o r e d a svolano symposium,které
konstatovalo,ze b&hem roku zmizela z atmosféry miliarda tun
uhliku.Badatelé maji z celého jevu nepfijemny pocit a dohodli
se na jednom z moznych feSeni at o je vyEkat ,protoze matka
pfiroda si bez ohledu na védecky pokrok déla co chce a jesté se
bavi na nas ucet.

Oxid uhligity
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TABLE 2.12 Organic Compounds Emitted by Vegetation” O o k r 1 r k o r
rganicke latky emitovane
Isoprene _3= a-Pinene 7@ Ve ge t a C i
Camphene @4 B-Pinene 7$
2-Carene
Q Sabinene ?
AJ-Carene
a-Terpinene ?
d-Limonene
y-Terpinene §
Myrcene
| ;
Terpinolene
{
7
Ocimene |
|
B-Phellandrene
a-Phellandrene
p-Cymene < . .
Compounds in the Environment 28
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VOCs strom — ilustrace metabolického potencialu
vegetace emitovat VOCs
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Figure I.1 Schematic illustration of hydrocarbon oxidation.
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Oxidace methanu v atmosféfe

£5
Chemistry in i
—— ) ——
atmosphere
OH, HO,, CH;0:

HCHO, CH;O00H, HCOOH

| .i f
i

Photosynthesis

Atmospheric chemistry exemplified by the oxidation of methane from a ruminant animal. Despite the cow’s protestations to the contrary, it has released significant quantities of
methane to the atmosphere. The methane was generated by enteric fermentation of grass in the cow’s stomachs. Once in the atmosphere, the methane is oxidized in a sequence of
steps in which free radicals figure as important intermediates, and the end products are CO, and H,O. The H20 becomes rain, and it and the CO2 are converted by photosynthesis

in the grass to carbohydrate. The cow eats the grass, the carbohydrate ferments, and so the cycle begins again.

NERS/, . . .
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03 + hV e OH
HO,
+ CH, OXIDATION
CH in
¢4 TROPOSPHERE
CHy
HO, CH40, NO Oy
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CH4O0H —> CHy0 E
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Y 2
03 NO 03_
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CO,
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Figure. V.1. Simplified mechanism for oxidation of methane in the troposphere.
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Schéma oxidace uhlovodiku

l OH-
HOCH2CH202-
NO—!—NOz

HOCH,CH, 0+
(0.72) ! (0.28)

1
HOCH,CHO + HOp-

HCHO + *CH, OH
B
HCHO + HO,~
NET: C,oH4 + OHe —— NO, —=NO + .44 HCHO +0.28 HOCH,CHO + HO, *

C3Hg
(0.65) | o8t | o
f }
CHaCH(0,*) CH,OH CH3CH(OH)CH,0,+
No [2028) L ¢y cHONO,)CH, OH no F2222. e cHioHICH ,0NO,
(0.96) —— NO, (0.96) ——=NO,
CH3CH(O*)CH, OH CH3CH(OH)CH,0*
CH3CHO + *CH, OH CH3CHOH + HCHO
02 l 02
HCHO + HO,* CHyCHO + HO,*

NET: C3Hg +OH+ — 0.96 NO, — NO + 0.96 (CH;CHO + HCHO + HO»*)
+0.04(0.65 CH3CH(ONO ;) CH,0H + 0.35 CH3CH(OH)CH, ONO, )

CH3CH == CHCH,
OHe
CH3CH(OH)CH (0,+)CH
No HOO8)__ oy cH(OHICH(ONO ,)CH,
(0.92) ———=NO,

CH3CH(OH)CH(0+)CH4

CH,CHO + CH,CHOH
02

CH3CHO + HO,*

NET : CH3CH=—=CHCH5 + OH- 0.92NO, —NO +0.92 (2CH5CHO + HO, )

+0.08 CH,CH(OH)CH (ONO,) CHy

— C,; alkany, alkeny

Figure 4.14. OH-reaction mechanisms for ethene, propene, and trans-2-butene. After
each mechanism the net reaction is given. The presence of NO,~NO on the right hand
side of the arrow in the net reaction indicates that the OH-reaction is accompanied by
the conversion of one molecule of NO to NO,. If a fractional amount of NO, is
indicated, the difference between that fraction and 1.0 is the quantity of nitrate formed.



M §echéma oxidace uhlovodiku —

OH-

(0.85) (0.15)
' % -b
CH3CH,CH(0,+) CH, CH3CH,CH,CH,O, - n-putan
N .
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4
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HO, * HO,* + CH5CHO M NO2

CH,(O-)CH,CH,CH,OH
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CH2(OH)CH,CH, CHOH
O2
CHy (OH)CH,CH,CHO

+

HO, -
Figure 4.13. Atmospheric photooxidation mechanism for n-butane. The only signifi-
cant reaction of n-butane is with the hydroxyl radical. It is estimated that 85 percent of
that reaction involves H-atom abstraction from an internal carbon atom and 15
percent from a terminal carbon atom. In the terminal H-atom abstraction path, the
CH,;CH,CH,CH,O radical is estimated to react with O, 25 percent of the time and
isomerize 75 percent of the time. The second isomerization is estimated to be a factor
of five faster than the first isomerization of the CH,CH,CH,CH,O radical, so that
competition with O, reaction is not considered at this step. The predominant fate of
a-hydroxy radicals is reaction with O, . For example, ‘CH,OH + O, — HCHO + HO,",
and CH,;CHOH + O, - CH,CHO + HO,". In the n-butane mechanism, the a-hy-
droxy radical, CH,(OH)CH,CH,CHOH, reacts rapidly with O, to form 4-hydroxy-
butanal, CH, (OH)CH,CH,CHO.
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Figure 4.16. Possible mechanism for the toluene-~OH addition pathway (Leone and Seinfeld, 1984).

GLYC = glyoxylic acid ' MBD = 2-pentene-1,4-dial CH,C(0)COOH CH,C(0)CH=CHCHO
MGLY = methyl glyoxal PVAC = pyruvic acid CHOCH=CHCHO CH,C(O)CHO
CBD = cis-2-butene-1,4-dial CHOCOOH
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The structure of the peroxy radical formed is not known. Addition of O,
may occur at the 1-, 3-, or 5-position,
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Figure 4.15. Toluene-OH abstraction pathway reaction mechanism.
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Mozné dopady sklenikového efektu
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Klimatické zmény — hlavni slozky klimatického

systému
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Mozné dopady klimatickych zmén

Potential climate changes impact
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Sourca: United Stabes errdronmental protection agency (EPA).
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Global average radiative forcing (RF)

RF Terms RF values (W/m°) | Spatial scale | LOSU
: T . T
1 |
! ! 1.66 [1.49101.83] | Global High
1 |
Long-lived | i
greenhouse gases : : 0.48 [0.43 to 0.53]
| LiHalocarboris 0.16 [0.14 t0 0.18] Global High
! |
1 |
| i -0.05 [-0.15 10 0.05] | Conti I
o Stratospheric ! ==l ; GHiNoHta
- Ozone P i 0.35[0.25100.65] | toglobal | Med
Q |
c) |
O | Stratospheric water i
8— vapour from CH, i 0.07 [0.02 to 0.12] Global Low
£ | i
c | ! -0.2 [-0.4 t0 0.0
< Surface albedo Black carbon i [ ] cé';?:é;?al _'\ﬁza
o sren 0.1[0.0 to 0.2]
| 1
| i Continental | Med
Direct effect | | 08 [<0.810-0.1] to global | -Low
Total i i
Aerosol |Cloud albedo | | Continental
effect ! i i il tne toglobal | Low
s i i
Linear contrails | | i 0.01 [0.003 t0 0.03] | Continental | Low
_ : |
g : :
= Solar irradiance : : 0.12 [0.06 to 0.30] Global Low
z |
Total net . 1.6 [0.6 t0 2.4]
anthropogenic !
g i i | . {
-2 -1 0 1 2

Radiative Forcing (W m—2)

Global average radiative forcing (RF) in 2005 (best estimates and 5-95 per cent uncertainty ranges) with respect to 1750 for CO,, CH,, N,O
and other important agents and mechanisms, together with the typical geographical extent (spatial scale) of the forcing and the assessed
level of scientific understanding (LOSU). Aerosols from explosive volcanic eruptions contribute an additional episodic cooling term for a
few years following an eruption. The range for linear contrails does not include other possible effects of aviation on cloudiness.
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