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(06) Biogeochemické cykly

Biogeochemické cykly — zakladni pojmy.

BGC cyklus uhliku, dusiku, siry, fosforu, mikrobiogennich prvka
a toxickych kov.
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Cyklické procesy v biogeochemii

NNl

Escape of Thermal escape Comets, asteroids, Solar wind

translationally hot meteor ablation
species formed in
exothermic reactions

Gas-to-particle conversion

Exchange with gas phase

Volcanic activity

Rain, rainout,
sedimentation

BIOSPHERE

—e Sublimation
<— (Condensation

it

Outgassing and

—e Evaporation
<— (Condensation
diffusion

Sedimentation

Subduction ICE CAP

Representation of the cyclic processes of biogeochemistry that exchange constituents between air, land, and sea.
At the top of the picture, solar particles and extraplanetary objects bring matter into the atmosphere,
while a certain amount escapes. Most material, however, is recycled. Even solids deposited on land and on
the ocean beds can eventually be subducted to become molten, and components returned to the
atmosphere through volcanic activity.



Osud chemickych latek v prostfedi
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Chemické a biochemické procesy v pfirodé
Biogeochemické cykly

Zakladni faktor udrZeni ekologické rovnovahy:
% Chemické procesy (abiotické)
Y% Biochemické procesy (pusobeni mikroorganismi)

Antropogenni procesy:
%  Chemicko-technologické
%  Chemizace hospodarstvi

Pfirodni chemické procesy (bez zasahu clovéka):

%  Geochemické — rozpousténi, hydratace, hydrolyza, redox,
vznik uhliCitant

% Jaderné reakce

%  Pfechod z chemického na biologicky vyvoj

Makro- a mikrobiogenni prvky

e
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Biogeochemické cykly

Biogeochemické cykly popisuji pohyb chemickych prvki a
slouCenin mezi propojenymi biologickymi a geologickymi
systémy:

% Biologické procesy jako dychani, fotosyntéza a tleni ptisobi
v tésném spojeni s nebiologickymi procesy jako jsou
zvétravani, vznik pudy, sedimentace.

%  Zivé organismy mohou slouZit jako duleZité rezervoary pro
urCité prvky

% Je velmi tézké vytvofit krabickovy model (i velmi
zjednoduseny), ktery bude spravné popisovat
biogeochemické chovani prvku v celém zemském systému

Nejdulezitéjsi cykly (kritické pro udrZeni Zivota): uhlik, dusik,

sira, fosfor, kyslik
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Biogeochemické cykly

Biogeochemické cykly =
2 hydrologického + geologického + ekologického cyklu

Normalni, nenarusené cykly — témér uzavieny charakter,
ucinnost: 90 — 98 %o

Antropogenni narusovani

plutonic rock Hl ocean floor Hl microorganisms

Figure 1.6.3 The biogeochemical cycle

& A e"'p . . .
()6 Research Centre for Toxic Compounds in the Environment 7

Dnogls g http:/ /recetox.muni.cz




Hydrologicky cyklus
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Hydrologicky cyklus

1.3x10"° kg
Biosphere ... ... )
R - e » Transpiration
Precipitation [ ' &
3.86x107kgy" +  evaporation
’ ' 16
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[} L
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. L
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0 L
Evaporation ' ' Precipi;ation
17 -1 1 il
4.23x10" kg y : ----- Uptake and _ _ =y T gy : 1.1x10" kg y
photosynthesis photosynthesis

Pore and groundwater

4.2x10" kg shallow plus
soil moisture

5.3x10" kg deep

1.2x10" kgy™'
1.37x10%' kg

3.5x10" kg y'

Lakes and rivers Ice
1.27x10" kg 2.9x10" kg

Oceans Water associated with continents

Fig. 1.4 The water cycle. Boxed values in kg are total amounts in the given compartment. Values

in kg y~1 are fluxes or movement from one compartment to another. (Values taken from a number of
sources and reported in Berner, EK. and R.A. Berner, The global water cycle, Prentice Hall, Inc.,

New Jersey; 1987)
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Geochemicky cyklus
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Biochemicky cyklus
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Biogeochemické cykly

A Atmosphere

A A Biological uptake
and
Dust and dust
inorganic gases
From the
biosphere

Mineralization To the

biosphere

Biological uptake

Mineral formation

Woaultoring
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Biogeochemické cykly

Oxygen
Cycle
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Vliv antropogennich aktivit na BGC cykly
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FIGURE 1.2. Contributions of human activity to the environmental load, modifying the biogeochemical cycles.
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Biogeochemicky cyklus uhliku
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Biogeochemicky cyklus uhliku

Atmosphere
7 597 + 165
I T A A T
120
02 1196 | 26 '@d 15 s

sink Use

| | arp Cran e

. L ge

Weath R t

ering esp,,? lon¢ l—\ 706 70 222 20

Vegetation, Fossil Fuels
Soil & Detritus -/ 3700-244 FSNNN
2300 + 101-140 -l : 5

\m

(==

— 50 _i_» Marine Biota
4—39 — 3

Intermediate
& Deep Ocean

37,100 + 100
Reservoir sizes in GtC RS rfoce sediment

Fluxes and Rates in GtC yr1 ‘
The carbon cycle. Representative global values for the 1990s are indicated for reservoirs and fluxes.

Annual fluxes are given in 1012 kg Carbon yr1: preindustrial ‘natural’ fluxes are in black and

‘anthropogenic’ fluxes in red. From Climate Change 2007 — The Physical Science Basis, Contribution of Working
Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University
Press, 2007.




Biogeochemicky cyklus uhliku

TTi Casti:

* Biochemicky — vymeéna latek v Zivych organismech — 20 let

* Biogeochemicky — Cast biomasy z biochemického cyklu
pfechazi do sedimentq, ze kterych se postupné uvoliiuje — 20
000 let

*  Geochemicky — vznik uhli€itanu a jejich ukladani v mofich a
oceanech — 200 000 000 let

Antropogenni ovlivhéni — zvysovani koncentrace CO, spalovanim
fosilnich paliv

O(\ e e . . .
() Research Centre for Toxic Compounds in the Environment

17

OnegSS Ol http:/ /recetox.muni.cz




Biogeochemicky cyklus uhliku

Uhlik se nachazi se ve vSech velkych systémech a rezervoarech.

Y Biosféra: zakladni stavebni Castice Zivych organismu

%  Litosféra: vapencové horniny, fosilni paliva (uhli, ropa,
podzemni plyn), klatraty (komplexy CH, a vody
v sedimentech)

Y  Hydrosféra: (rozpustény CO, a karbonatové latky)

Y Atmosféra: (CO,, CH, ...): 0,036 %

Nejvétsim rezervoarem uhliku jsou oceanské a pevninské
sedimenty.

()‘ Research Centre for Toxic Compounds in the Environment 18
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Biogeochemicky cyklus uhliku

Antrop Ogenni Vlivy: ”\ | il S

% Do atmosféry se dostava ro¢né 6 miliard t CO, spalovanim
fosilnich paliv

%  Dale kolem 2 miliard t ro¢né odlesniovanim

Y% Dva dusledky — misto pfirozené spotieby CO, z atmosféry
dochazi ke vstupu CO, do atmosféry

Toto mnozZstvi se zda malé ve srovnani s ostatnimi toky.
Dlouhodoba pfirozena celkova nevyrovnanost toku je
pravdépodobné mensi nezZ 1 mld t C ro¢né — zasah Clovéka
timto vstupem je obrovsky.

oo“\c S . . .
() Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus uhliku

Glopbal Carbon Reservolrs and liurmover limes

105 gC Tiurnover time

Sediments, rocks X108 >>10F y
Deep ocean (DIC) 38000 2000y
Solls 1500 <10-10F y
Surface ocean 1000 decades
Atmosphere 750 3-0 Y
Deep ocean (DOC) 700 o000 y
Terrestrial biomass 5950-680 o0y
Surface sediments 150 0.1-1000 y
Marine biomass 2 0.1-1y

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus uhliku

Global CARBON Reservoirs, Eluxes, and [urnover limes

Fools 1nGEE, Blwes inGLew GE=10'%q]
*=NINg pock; (turnovertimes)
Alrnosphiere
750 (354 raring
Ann. incrernent = 3.2y NPP'= 501y
(~ +1.5 ppmv CO, 1) New. production = 104!

Terrestrial

NPP = 5041 ¥
[Deforestation 1.4 \.-"
Combustion (80's) 5.4 yrt 1

Plantst Rlvers Coastal Ocean Opendcean
550-6a0 (50 ¥) i 20% of NPP Qcean CO, Exchange  80% of NPP

90 y-14 " g2yty

0ilS (~

e < Surface DoC 40 (7

veat :6|11 1|m|_| v T POCS, Ll-fmq”** (011 3
mineral 1220 E
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iz et ot “”' Surface "'edir‘rwma (~1rm)
150 {0.1-1000 % g
60 % COF'iStdI
20% deep sea

Sediments Sedimentation
aran <4&/ 1993 { en 15%108 (==1 my) long-temn burial)
mignto, 1 !3'93; : mnethane clathrates 114 ] ns 0 '_';.-"‘ 1
., 1934 Respiration = NPP limestone 60x108

WSR 1997
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Cyklus methanu

Global METHANE Reservoirs, Eluxes, and Tiurnover limes

Enteric fermentation 80y Pools inTg CH,, Flukes inTg CH, it Tg = 1015 g]
Biomass burning 55 (Hrncvertimes)
Ijzgr‘itﬁssfgﬂ}?:' Atrnosphere
Coal production 35y ASUO R, S
¥ (864

Gas ‘ ] AR
;ﬁ;l’;rrffsuftf;r;jo / Phetochernical oxidation 450y |

boreal 35y

ropical 80 4
Rice Production 100 y!

Ocears and Lakes 10y 1

¥ —

Soil consumption 40 y! \’
Hydrates

1 |:|T
57y

Z production (500 ¥ - Zconsumption (460 ") = 40! annual atmospheric increade

Fossil sources 202
Modern biogenic sources 70-9028

Oremiand, 1988

WSR 1994
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Biogeochemicky cyklus dusiku

Aminokyseliny jsou daleZitymi

R

R IR

slouc¢eninami vsech Zivych
organismu (—-NH, skupiny;
bilkoviny).

Animal protein
Protein synthesis s

R

> Dusik ve tfech formach:

lynny jak kN
_ S plynny jako prvek N,

] decomposition G v redukované podobé jako
amoniak NH,
Ammonification TR S v oxidované podob¢ jako
Excreti a .y , .
XCTETOn® dusi¢nanovy NO;™ ion
Bacteria SN Bacteria
Nitrogen 3 Ammnia
N2 0 3 < 14
Denitrification Nitrification Pouze jako redukovany se
Nitrogen Fixation zucastfiuje biochemickych
reakci. N, nemuzZe byt
pfimo vyuZivan organismy.
Nejvétsim rezervoarem
dusiku je atmosféra: 78 %
é\‘]ERsl z o‘(\em Res@‘*fp . . .
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Biogeochemicky cyklus dusiku

Atmospheric nitrogen
N,

Animal protein
Protein synthesis AR RSS2

£ ~

Death,
decomposition

Bacteria l

Nitrogen-
fixing
Excretions bacteria

gULmpA Bacteria 6 -
Nitrogen | gg'rifn(lNg’;)Na’:f: Ammonia
N, B o 4 NH3
Denitrification

ipo8 Nitrification

Nitrogen Fixation

Clovek:

Y spalovani paliv (vznik NO za vysokych teplot z N, a O,), ten se dale
oxiduje na NO, a s vodou tvofi HNO, (kysely dést’)

N,O (sklenikovy plyn) uvolfiovan bakteriemi ze zemédélskych odpadi
uvoliiovani z pudy zavlaZovanim, vypalovanim pralest

hnojeni a komunalni odpad (-> fasy)
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Biogeochemicky cyklus dusiku

Atmosphere
3.5 x 10%'g
A
/_{,.
57
/o/7
N 5
zs! Biosphere —ixalion &
2988 2 x 10'7g > o
o= Denitrification
= = X A
2 5 5
QA '§
.5 = Rivers
o =
=< c
o
\
— Ocean
1018g as NO4 Bun_ed in
3 x 10'8g as N, sediment
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Biogeochemicky cyklus dusiku

NITROGEN CYCLE
il Ty
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= e =
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Biogeochemicky cyklus dusiku

/—‘ A / N

. Gaseous e
\ Precupltatlon j Atmospheric - (¢ >
—f i ~~~ Nitrogen /' (
',"'.'-' nghtnmg Store eSS
o . Fixation
Fossil Fuel e g By
Emissions TR U Bacterial
Gaseous ' Fixation
Losses
ﬁ% oy N2& Nzo qﬂ
= Runoff

Fertlllzers

Orgami Matter \L‘EM‘Q_,EWOPNC&UOHJ
Denitrification (R-NHQ)\ \

Mineralization \\
Plant Na : "
Consumption Ammonium pa—
+ .
(NH4 ) Leaching 5
Nntrmcation
Nitrates Nitrites _ /

(NO3 ) *Nitrification (NO3 ).

The nitrogen cycle. Some atmospheric nitrogen is converted to soluble compounds through the effects of
lightning, but most transferred from the atmosphere is biochemically fixed within the soil by specialized micro-
organisms, some of which are hosted symbiotically on the root nodules of leguminous plants. Biological activity
fixes globallyB1.401011 kg yrl N. Nitrogen stored in organic matter is returned to the atmosphere in a series of
bacterial oxidation steps that form first ammonium salts, then nitrites and nitrates, and finally the gases N, and

: N,O. Source: M. Pidwirny, The Nitrogen Cycle in Fundamentals of Physical Geography, 2nd edn, 2006. [eBook at
* http:/ /www.physicalgeography.net/fundamentals/9s.html]




Biogeochemicky cyklus dusiku

Glopal Nitrogen Reservolrs and llurnover Iimes

102 gN Turnover time

Atmosphere (v, 4107 107 y
Sediments ox 108 107 y

Ocean (dissolved N,) 2.2x10° 1000 y
Ocean (inorganic) 6x10p

Sail 9.5x1 ¢ 2000y

Terrestrial biomass 3.95x10¢ o0y

Atmosphere (n,0) 1.4x10 100y

Marine biomass 4.7x10° 0.1-1y

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus dusiku

Global NITROGEN Beservairs, Eluxes, and [iuriover [Imes

Elesiion * Poolsin Tg N, Eluxes in Tg My, Tg = 10" g;
—as e [rnoYeriimes)

Naturaltemestrial 190 it Atrnosphere {atiorarines,

Natur‘al‘ gceanic 40yt Ny 3.9-4.0¢10% (107
Legurninous crops 40y Fized N: 1.3-1 4,1n~» (=5 Wk
Chermical fertilizer 20 41 NL07 1.4%10% (1024

: Eenitrification *
Cornbustion 20 y1

Natural terrestrial 147 y!

Natural ocean 304!
rial Buorm 55 Industrial combustion 20 i1

(50%) Biver runoff Biomass burning 12 y!
36y

5000 V3 hMarine [_:‘»:iorp_aa-s O :e- N
Plants: 3x102 N, 2.2%107
Animals: 1.7x10%8 N l,_ll 2.0x10%
Inorganic: 6x109
Organic: 2x10°

El'-‘f e nr:' &5 Sedimentation
UFNS ¢

feabnls (burial) 14 -
X108 (107 y) Yy

Weathering 5 v

WSR 1994
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Biogeochemicky cyklus siry

Hydrogen Sulfide [\
(H;S) ’

Oxyqen (0,)

atmosphere

Su|1ur Dioxide

‘ﬁ ik
Wate (H 0)
Dlmelhyl Sumde

Ammonium Sulfate|
[(NH )2S0,]

*jzu

Plants

Sulfate Salts
(SO,?)

Sulfuric Acid
(H SO,)
Ammonla (NH )
Oceans

Industries ||

Fog and Precipitation |}
(rain, snow)

aerobic conditions
in soil and water

Decaying
Organisms

Hydrogen Sulfide
(H,S)

anaerobic
conditions in
soil and water

Vétsina siry vazana mineralné (pyrit,
sadrovec):

Y H,S a SO, uvolfiovan z aktivnich
vulkant

&

rozkladem organické hmoty

SO > do atmosféry tii§ténim slané
vody

%, DMS (dimethylsulfoxid) uvolfiovan
do atmosféry planktonem

&

Clovék: kolem 1/3 z celkového mnoZstvi
siry do atmosféry (99 % SO,)

%  spalovani fosilnich paliv (2/3)

Y% zpracovani ropy, mineralnich zdroji
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Biogeochemicky cyklus siry

Assimilation
.ﬂ'jf ﬂrﬂﬂﬂf&‘.‘ﬂ.‘i‘

I

|

Microbial metabolism

|

Atmospheric sulfur,
S0, H,S, H,80,, CS,, (CHy),S

Interchange of almaspheric sulfur species
with ather environmenial spheres

1
§ oxidation ms;;fﬁ{:n
 Elemental sulfur, § Sepiay
H,S oxidation oxidation

Decomposition

Biodegradation
f

Xenobiotic sulfur such as that in
S

-P- groups in insecticides
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Biogeochemicky cyklus siry

STRATOSPHERE

Transport/ $ 2\ TS
Phase Change\ ? Oxidation" ,

y

Gas Phase
Oxidation SO

Dry/Wet
Depositions

Sulfate
Reduced
S‘:lfate Sulfur
A Reduced Species

Sulfur OC.?:..- Supi
Species 3

_fhm

©<aq | Soils Industry é.‘i’/fﬂ/ Animals
D® Volcanoes Plants Lakes/  Man

Oceans Rivers

LIRRAeR]

Emissions

The sulfur cycle. Sulfur exists in nature in oxidation states from 2 to +6. Natural emissions are both geologic (e.g. from
volcanoes) and biologic. These emissions are mainly, but not entirely, of the more reduced compounds (e.g. H,S,
(CH5;),S), but SO,, CS, and COS are also emitted. Man adds very markedly to the releases, especially of SO,. In the
atmosphere, the reduced compounds are oxidized to SO,, and ultimately to SO, in both homogeneous and

heterogeneous processes. The SO, can become hydrolysed and incorporated in cloud or rain droplets as sulfuric acid.
Return of the dissolved acid to the surface completes the cycle.



Biogeochemicky cyklus siry

Global Sulfur Reservoirs and liurnoever limes

Lithosphere
Ocean
Sediments
Soils

Lakes
Marine biota
Atmosphere
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Biogeochemicky cyklus siry

Global SULEUR Reservoirs, Eluxes, and liurnover limes

(Natural) Pools in Tg S, Fluves in Tg Sy, Tg=10%g;
: Alrmosphere (Lrncertimes)

Continertal 1.6 (Bd)  12¥" == \tarine 3.2 (10 d)
Terrestrial dust 2014 e s COS (5-10y)
Biogenic 2514
Volcanoes 10 y14
Deposition 431 4

Seasalt particles 140 44
Biogenic 15-30y1 4

Lakes & Rivers Deposition 159 y! }

Soils & Land Biota 00 ()
3x10%(B6x10%) River nunoff 104 !

OpenOcean

e

Qcean

1.3% 102 (6.8%10% ) *arine biota 30 (1 v)

Lithosphere
2.4x10% (1.8x10° ) Ocean Sediments

3 % 108 (4108 y)

Sedimentation (burial)
135y 4

st al, 1992;
AcDuff, 1992
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Biogeochemicky cyklus siry

Global SULEUR Reservoirs, Eluxes, and Tiurnover iimes
(mld-SO'S) Paclsin Tg &, Eluxes inTg Sy, Tg = 1054
Atrnosphere (turnovertimes)
Cortinental 1.6 (8d) 81y —- Marine 3.2 (10d)
St O

Terrestrial dust 20 y-1 ~— 20y COSAS=10y) 1
Biogenic 2.5 yr Seasalt particles 140y

g % X s ;
Anthropogenic ernission 93 y-4 B'Ogef"F 15-30 v
Deposition 65 w} _ Deposition 231 y**

: & Lakes & Rivers

Soils & Land Biota 300 (3v)
3 X 105{8.6X10%y) River runoff 213 iy

OpenOcean

e
Ocean

Lithosphere

2.4 %10 (1.8x10%y)

Consumnption from lithosphere 150 4!

Weathering 72 y!
Sedimentation (burial)
135y}

setal, 1992;
McDuff, 1992 WSR 1994
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Biogeochemicky cyklus fosforu

Phosphate fertilizers

: ‘/I .

3 Phosphate in rocks, ‘ Inorganic phosphate

Dulezita slozka RNA, DNA a
prenasecu energie (ADP,
ATP):

Phosphate in plants

Y% fosfor se jen pomalu
uvoliiuyje z hornin

(apatit.. )

fossils, guano dissolved in soil, rivers, etc. [ % nevs tupu ] e d 0 atmos fé ry
% je vétsinou limitujicim
faktorem rustu rostlin
i Clovék:
A PN,
i) ') ’7/’ '/w ;- X r
' Y%  hnojiva a praci
prostfedky
N zemédélské a komunalni
odpady

Research Centre for Toxic Compounds in the Environment

36
http://recetox.muni.cz



Biogeochemicky cyklus fosforu

PHOSPHOROUS
CYCLE

soluable II'II_'Il-FHﬂIE phnsphaiu

as HP04% ", H2P04, and
 —— pulyphusphaiﬂs
o N I
F 7 ¥ DISSOLUTION
[ fertilizer runoff,
BIODEGRADATION wastewater,
| detergent waste
BY ORGANISMS ‘
xenohiotic
[ arganophosphates PRECIPITATION
v r Jr" l
hiological phosphorus
E]reduminanil nucleic 'S':fl‘:[”‘;?H';"(lgﬂr'ﬂpﬂlluﬂ?m
acids, ADP, ATP Llr"" phosphates
hmln%nal organic, and inorganic
osphates in sediments
f\jwsz%zﬂ (é)é Research Centre for Toxic Compounds in the Environment
,%p éﬁ < 3
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Biogeochemicky cyklus fosforu

Global Phoesphorus Beservolrs and liurnever: lImes

102 gP Turnover time

Sediments 4x10° 2x1 0P y
Land 2x10° 2000 y
Deep Ocean 8.7x10 1500 y
Terrestrial biota 3000 ~o0 y
Surface ocean 2700 2.6y
Atmosphere 0.028 days

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus fosforu

Global PHOSPHORUS Reservoirs, Eluxes, and Tiurnover imes

Bools in Tg B, Eluxes in Tg Py, Tg=10'"g,
* = |Wing poals, (Lurnover nes)
Alrnosphere
0028 (00064, 53 17

o Rivers FOcean System
LandBiold Reactive 1.7-2.7 y! 9104 (50
*3000{47.2 ) Total 20 y! :

E

.

Land

(~60 crm) 2x10° (2000 v) Surface Ocean (0.3 Km)

2700 (2.6 V) *Ocean biota 140 (48 d)
42y

Mineable P Deep Ocean (3.0 km)
10,000 8.7 %104 (1500 )
ertilizer 12 41 T
Fatllldle 2 Sediments
4x102 (2x10% y) Sedimentation
(burial) 1.9y *

References:
ke, 1992; Barner & Rao, 1994
WSR 1994
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Biogeochemicky cyklus fosforu

atmosphere

atmospheric aerosol

biosphere
A precipitation A precipitation,
plants, average content 0.1% guano
sea salt y dust Y
spray uptake decomposition
decomposition uptake

sea water average 70 pgL™’

: . crustal average abundance 1.2 mgg™
erosipn, leaghin
organic P, HPO3- - S CauPOLF
e organic detritus, inorganic sediments

fresh water average 25 ug L™

sedimentatign
organic P, H,PO;, HPO3;

hydrosphere lithosphere

Fig. 14.11 The phosphorus cycle.
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Biogeochemicky cyklus kysliku

High-energy
ultraviolet radiation
Photodissociation

Formation and
_____ breakdown of ozone

LT op——

s g .

2

Oxidative Sediments
weathering

4FeO + 02 = 2F6203

CaCOgy CO,
Limestone | CaO Phytoplankton

e\\IERSI7~

~?;qs‘fildl. v

474NA

4
%Elvms -©

s

ent Re,
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&
S
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]
o
<
=
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2
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Biogeochemicky cyklus kysliku

Stabilita atmosféry:
Obsah O, v atmosféfe v porovnani s obsahem CO, je stabiln¢jsi.
Biologicky zpétné vazebny mechanismus (kontrola tlaku O,

v atmosfére):

% narust koncentrace kysliku — narast parcialniho tlaku kysliku
— inhibice fotosyntézy

% narust koncentrace oxidu uhli¢itého — naruast parcialniho
tlaku CO, — vyssi rychlost fotosyntézy, zvétsuje se rostlinna
sloZka biosféry, vétsi fytomasa vice respiruje — roste
koncentrace O,, klesa produkce O,, roste koncentrace CO,,
zvysuje se rychlost fotosyntézy

et Rese
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Biogeochemicky cyklus kysliku

Photolysis
Atmosphere (0.5%)

Weathering Photosynthesis Respiration & Decay

" N
LN LA H ywm
NN :‘ i ,olu
: 7 "
SN yﬂﬁ A
¥

. |
Weathering BUriat

Lithosphere (99.5%)

The oxygen cycle. The cycle consists of the movement of oxygen within and between its main
reservoirs: the atmosphere, the biosphere, the lithosphere and the hydrosphere. Most of
Earth’s oxygen is in the lithosphere, but the greatest fluxes are to and from the biosphere. The
main driver of the oxygen cycle is photosynthesis.



Biogeochemicky cyklus kysliku

Global Oxygen Beservolrs and llurnover [Tmes

10 moles Turnover time

(Sedimentary rocks) (10°)

Atmosphere 27,000 aX1C y
Long-lived biota 180 1000 y
Ocean 219 200 y
Biota 11 S0y
Surface ocean 6 22 d
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Biogeochemicky cyklus kysliku

Global OXYGEN RBeservoirs, Eluxes, and (luriever limes

Foolsin 10 moles G, Flukes in 10" moles Gy,
Grganic pools as Q) equivakent, (Lurnovertime)
Alrnosphere
lerrestrial S7,0000(3 7 1y
Gross PP 9241
Autotroph respiration 4.6 }f‘} \
NFEF (OC)4.6y‘* gcean

Short-lived bicta (OC) 11 (50 y) ¢
Long-lived biota Exchange
litter, soil, peat (OC)180 (1000 y)y

140y1 1 14014

B

Surface Ocean 6 (22 d) Gross PP 4.3 w1
Biota 04 (OC) Respiration 3.9 y!

Eé:gort 20011'
§ - : y - Sy ~0.4 s
Fires, heterotrophic respiration 4.6 y-1 ¢ (i) 5
Weathering and volcanism ~0.01 y!

leen Ocearn 214G (510 W)
Fossil fuel combustion 0.58y1 | By GeAit 2 Tl

Sedimentany rocks (OC) 108
: Fossil fuel reserves 760
Reference: l Sedimentation (OC)
Keeling, Majjr, Bender & Tans, 1993 5 ' :
g, Majgr, . ~0.01 y! * s
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Hydrologicky cyklus

Global Water Reservolrs and iurnmoever: limes

10° km# %% Turnover time

Oceans 1,370,000 97.61 37,000 y
Polar lce, Glaciers 29,000 2.08 16,000 y

Groundwater (actively exchanged) 4000 0.29 300 Y
Freshwater lakes 125 0.009 10-100 y
Saline Lakes 104 0.008 10-10,000y
Soll moisture 67 0.005 280 d
Atm osphere (water yapor) 14 0.0009 9d
Rivers 1.32 0.00009 12-20 d

Research Centre for Toxic Compounds in the Environment
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Hydrologicky cyklus

Global WATER Reservoirs, Eluxes, and Tiurnever iimes
Paols in 1 0Fkm®, Bluxes inkm v,
Alfnosphere (turncvertimes)

111,000 471 * 13 (0.0009% 1 (9.d)
Polarlce, Glaciers
29,000 (2.08% ) (16,000 %) =— 40000 !
Ereshwaterlakes
125(0.009%) (1-100y) 71,0003
Saline lakes
104 (0.008% ) (10-1000 %)

Rivers
1.2(0.00009%) (12-20 d)
40,000 31 425,000 y! 1 Qcean 385,000y }

(37000 )

1.37%108 (97.61 %) ( )

Sollmoisture
o

67 (I 7 ) (280 d)
Groundwater (active)
4000 (0.29%)

:_, 1983; Muray, 1992

WSR 1994
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Horninovy cyklus

Pohanény geotermalni energii (?): teplo je vedeno
kondukci a konvekci (konvektivni bunky).
Povrch planety je tvofen tenounkou kfehkou vrstvou —

kuarou.

Ta je v dasledku tepelného proudéni (?) rozlomena na
velky pocet zubatych Casti oznacovanych jako
litosférické desky, které se pohybuji na plasticke,
snadno deformovatelné vrstvé — astenosféfe.

Dnes mame 6 velkych desek a velky pocet mensich — pohybuji se kolem 1 az 10 cm za

rok.

Okraje desek:

S
S

divegentni — riftova, rozestupujici se centra — Casta ale slaba zemétfeseni
konvergentni — desky se pohybuji k sobé&; jedna se zasouva pod druhou
(subduk¢ni zéna) nebo se stfetavaji (kolizni zoéna). Mista explosivniho vulkanismu
a silnych zemétfeseni.

transformni — desky se pohybuji podél sebe, olamuji se a obrusuji. Silna
zemétfeseni bez vulkanismu.

(E) Research Centre for Toxic Compounds in the Environment 48
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Horninovy cyklus

———— Oceanic Ridge
| = Seafloor Trenc!

Seafloor Midocean Seafloor
trench ridge trench

Lithosphere

. 2\ 7,

8 ~ J\. —v ¥ ) u v J — ~—
Convergent Divergent Convergent Divergent Convergent

(continent-continent) (continental) (ocean-continent) (oceanic) (ocean-ocean)
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Horninovy cyklus

Crustal circuit
Solar energy

“d\spor\ Rock of
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Internal heat

V kufe
5 % sedimentarnich
95 % vyvielych

Na povrchu
75 % sedimentarnich, 25 %

vyvielych

Odhadovana délka celého
horninového cyklu
650 miliont let —
oceansky cyklus
kratS$i (nejstarsi
horniny oceanské
kuary kolem 180
miliont let, pramérné
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Vztahy mezi cykly C, S, b, N a O

light

h-v

living cell | g
£ PLAR -
Co6N16P Som 3 onx \ ®

)

“

Figure 1.7.2 Interrelationships among the C, S, P. N and O cycles
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Vztahy mezi cykly uhliku a kysliku

industrial world f

sun

smog ozone layer

4

ozone formation

ozone \
decomposition
energy ‘ .

photosynthesis

combustion ,‘ l

respiration

decomposition
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