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(06) Biogeochemické cykly

Biogeochemické cykly — zakladni pojmy.

BGC cyklus uhliku, dusiku, siry, fosforu, mikrobiogennich prvki
a toxickych kovl.
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Cyklické procesy v biogeochemii

N

Escape of Thermal escape Comets, asteroids, Solar wind
translationally hot meteor ablation

species formed in

exothermic reactions

Gas-to-particle conversion
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Volcanic activity
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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

Ziakladni faktor udrZeni ekologické rovnovahy:
% Chemické procesy (abiotické)
%  Biochemické procesy (pusobeni mikroorganismii)

Antropogenni procesy:
%  Chemicko-technologické
%  Chemizace hospodartstvi

Pfirodni chemické procesy (bez zasahu clovéka):

% Geochemické — rozpousténi, hydratace, hydrolyza, redox,
vznik uhlic¢itant

% Jaderné reakce

%  Pfechod z chemického na biologicky vyvoj

Makro- a mikrobiogenni prvky
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Biogeochemické cykly

Biogeochemické cykly popisuji pohyb chemickych prvku 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

Nejdilezitéjsi cykly (kritické pro udrzeni Zivota): uhlik, dusik,

sira, fosfor, kyslik

Research Centre for Toxic Compounds in the Environment 6
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Biogeochemické cykly

Biogeochemické cykly =
2 hydrologického + geologického + ekologického cyklu

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

Antropogenni narusovani

plutonic rock H[ ocean floor HI microorganisms

Figure 1.6.3 The biogeochemical cycle
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Hydrologicky cyklus

transpiration

/ from plants
O%',L, e

precipitation Evaporation r g - ‘ Precipitation

to ocean :
evaporation
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land
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Hydrologicky cyklus

1.3x10"° kg
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Evaporation ' ' Precipi;alion
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photosynthesis photosynthesis

Pore and groundwater

4.2x10" kg shallow plus
soil moisture

5.3x10" kg deep

1.2x10"% kg y™'
1.37x10%' kg

3.5%x10" kg y™
Lakes and rivers Ice
1.27x10" kg 2.9x10" kg
N\
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

Woaullering
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Biogeochemické cykly

Oxygen
Cycle
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Vliv antropogennich aktivit na BGC cykly

€0,,COHC T HNO,,
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Biogeochemicky cyklus uhliku

ol Carbon (mostly CO,)
Diffusion in atmosphere
bicarbonates in oceans, etc.
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Biogeochemicky cyklus uhliku

Atmosphere
) 597 + 165
I T A A T
120
Land Land
02 1196 | 26 = /- Prrn 6.4

| GppP
Weathering Respir_ation*
|

Change

706 70 222 20

Vegetation,
Soil & Detritus

| Yrosirues ]
\  [3700-244 PSS

o0

— 50 _i_» Marine Biota
<= 39 — 3

Intermediate
& Deep Ocean

37,100 + 100

Qurface sediment |
150

The carbon cycle. Representative global values for the 1990s are indicated for reservoirs and fluxes.
Annual fluxes are given in 1012 kg Carbon yr': 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.

Reservoir sizes in GtC :
Fluxes and Rates in GtC yr-1 !




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 uvolfiuje — 20
000 let

*  Geochemicky — vznik uhliCitanu a jejich ukladani v mofich a
oceanech — 200 000 000 let

Antropogenni ovlivhéni — zvysSovani koncentrace CO, spalovanim
fosilnich paliv

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus uhliku

Uhlik se nachazi se ve vSech velkych systémech a rezervoarech.

Y Biosféra: zakladni stavebni Castice Zivych organismi

%  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
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Biogeochemicky cyklus uhliku

I
Antropogenni vlivy: C | ge—
Y Do atmosféry se dostava rocné 6 miliard t CO, spalovanim
fosilnich paliv
% Dale kolem 2 miliard t ro¢né odlesfiovanim
%  Dva dusledky — misto pfirozené spotfeby 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.

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus uhliku

Global Carbon Reservolrs and liurmover limes

105 gC Tiurnover time

Sediments, rocks 77x10 >>100 y
Deep ocean (DIC) 38000 2000y
Soils 1500 <10-1CF y
Surface ocean 1000 decades
Atmosphere 750 3-0 Y
Deep ocean (DOC) 700 o000y
Terrestrial biomass 290-680 o0y
Surface sediments 150 0.1-1000 y
Marine biomass 2 0.1-1y
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Biogeochemicky cyklus uhliku

Global CARBON Reservaoirs, Eluxes, and [urnover limes
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Cyklus methanu

Global METHANE Reservoirs, Eluxes, and Tiurnover 1imes
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Biogeochemicky cyklus dusiku

Aminokyseliny jsou daleZitymi
slouceninami vSech Zivych
organismu (—INH, skupiny;

L R bilkoviny).

Protein synthesis

5 _ & Dusik ve tfech formach:

% plynny jako prvek N,

¥ Death, i <.
. decomposition G v redukované podobé jako
amoniak NH,
Ammonification TS L v oxidované podobé jako
E t' a b4 /4 —_
XCTETOn® dusi¢nanovy NO;™ ion
Bacteria S (NO Bacteria
Nitrogen 3 § Ammonia
N, - NH3 . ,
Denitrification B Nitrification Pouze jako redukovany se

zucastfiuje biochemickych
reakci. N, nemiiZe byt
pfimo vyuZivan organismy.
Nejvétsim rezervoarem
dusiku je atmosféra: 78 %o

Nitrogen Fixation
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Biogeochemicky cyklus dusiku

Atmospheric nitrogen |~
N, ’

Animal protein
Protein synthesis SRR S 705 4

-

& Death, % 7
SRFISEE A |g Nitrogen-

Bacteria l

Excretions bacteria

? Bacteria Nitrate (NO;) and Ammonia
k ammonium (NHj) NH;

in soil

Denitrification Nitrification

Nitrogen Fixation

Clovék:

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) uvoliiovan bakteriemi ze zemédélskych odpada

Y% uvolnovani z piudy zavlaZovanim, vypalovanim pralesu

%  hnojeni a komunalni odpad (-> fasy)

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus dusiku

/—,-,-/

Gaseous Ve
| 'Precupntatuon j Atmospheric . (¢ 7 (
= S ~~ Nitrogen (s s
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(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 yr1 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

Atmosphere
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Biogeochemicky cyklus dusiku

Glopal NitTrogen Reservolrs and llurnover (imes

10=gN Turnover time

Atmosphere (v, 4x10° 107 y
Sediments ox 108 107 y

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

Sail 9.5x1 ¢ 2000 y

Terrestrial biomass 3.9x10¢ 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 siry

“ - — 71

gy e Vétsina siry vazana mineralné (pyrit,
P om0 sadrovec):
sty Do | o %  H,S a SO, uvoltiovan z aktivnich
ﬁ;—(‘g i ‘ vulkanu
j e %  rozkladem organické hmoty
N %  SO,* do atmosféry tfi§ténim slané
R oo vody

ot oz L % DMS (dimethylsulfoxid) uvolfiovan
do atmosféry planktonem

Animals

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

Sulfate Salts

(80.%) aerobic conditions r 4 ° L4 °
% spalovani fosilnich paliv (2/3)
S © %  zpracovani ropy, mineralnich zdrojt
Hydrogen Sulfide 5(23?‘”::(;0221‘2'
(H;S)
f‘q I%_m Research Centre for Toxic Compounds in the Environment 28
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Biogeochemicky cyklus siry

STRATOSPHERE

Transport/
Phase Change ATy
4 Dry/Wet
Gas Phase Depositions
Oxidation

Reduced
Sulfur

Species 0CS

Reduced
Sulfur
Species

©<a | Soils Industry g;/’ Animals
D® Volcanoes Plants Lakes/  Man

Oceans Rivers

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,
(CH;),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 Sultur Reservolrs and liurnoever limes

1012 g S Turnover time

Lithosphere 2x101° 1Py
Ocean ax1 08 10° y
Sediments ax1 0P 105 y
Soils ax10° 10° y
Lakes 300

Marine biota 10)

Atmosphere 4.8

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus fosforu

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

Phosphate fertilizers Phosphate in plants

%  fosfor se jen pomalu

4 s uvolfiuje z hornin
3 i Fl o .

’ Phosphate in rocks, ! Inorganic phosphate # e (ap atit.. )

fossils, guano ¥ dissolved in soil, rivers, etc. | N nevs tupuje do atmos fél‘y
% je vétsinou limitujicim
faktorem rustu rostlin

Clovék:

% hnojiva a praci
prostiedky

%  zemédélské a komunalni
odpady

Research Centre for Toxic Compounds in the Environment
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Biogeochemicky cyklus fosforu

ASSIMILATION
BY ORGANISMS

Y

soluable II'II_'Il-FHﬂIE phnsphaiu

PHOSPHOROUS

CYCLE

xenobiotic
organophosphates

o

F 3

predominantly nucleic

acids, ADP, ATP

Eliulnuical phusphnrus]

as HP04? ", H2P04", and
— pulyphusphaiﬂs
) !
T 1 f DISSOLUTION
[ fertilizer runoff,
BIODEGRADATION wastewater,
| detergent waste

PRECIPITATION

¢

H) (PO 4)5 0r

such as ':35([

L'"'" phosphates

-
insoluble ino Samu Bhnsphata

hmln%nal organic, and inorganic
osphates in sediments
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Biogeochemicky cyklus fosforu

Global Phoesphorus Beservolrs and lurnever: [Imes

102 gP Turnover time

Sediments 4x10° 2x1 (P y
Land 2x10° 2000 y
Deep Ocean 8.7x10 1500 y
Terrestrial biota 10/0[0) ~o0 y
Surface ocean 2700 2.6y
Atmosphere 0.028 days

nt Re
o CS@]

& 6: . . .
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Biogeochemicky cyklus fosforu

Global PHOSPHORUS Reservoirs, Eluxes, and Tiurnover limes
Paolsin Tg B, Eluxes inTg Py, Ta=10'%q,

* = |iving pocls, (furnovertimes)

Alrnosphere

0.028 (00064, 5517

) Rivers z0cean System
LandBiotd Reactive 1.7-2.7 y! gx10¢ (50 000 )
*3000(47.2 V) Total 20 y! : :

E

b
urface Ocean (0.3 km)
*Ocean biota 140 (48 d)

[
700 (2.6 )
421

Land 7
)

(~60 crn) 2x10% (2000 v)

Mineable P Deep Ocean (3.0 km)
8.7 %104 (1500 ¥v)

10,000
~ ili7a ) ~1
T e Sediments
4x102 (2x10% ) Sedimentation
(burial) 1.9y J,

WS 1994

'h Barner & Rao, 1994
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Biogeochemicky cyklus fosforu

atmosphere

atmospheric aerosol

biosphere
A |precipitation

& |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 < g Cag(POy4)sF

o

- organic detritus, inorganic sediments
sedimentatign

fresh water average 25 ugL™
organic P, H,PO;, HPOZ;

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

e

s g, .

2

Oxidative Sediments
weathering

4FeO + 02 =5 2F6203 CaCO3 COg
Limestone | CaO Phytoplankton
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Biogeochemicky cyklus kysliku

Photolysis
Atmosphere (0.5%)

Weathering Photosynthesis Respiration & Decay

v :\ : . L) 1

~-— . ‘
i |

Weatherlng S Tat
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

Stabilita atmosféry:
Obsah O, v atmosféfe v porovnani s obsahem CO, je stabilné;si.
Biologicky zpétné vazebny mechanismus (kontrola tlaku O,

v atmosféfe):

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

% nartst koncentrace oxidu uhli¢itého — narast 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

Research Centre for Toxic Compounds in the Environment 38
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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 219 000 y
Biota 11 S0y
Surface ocean 6 22 d

Research Centre for Toxic Compounds in the Environment
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Hydrologicky cyklus

Global Water Beservolrs and iurnoever: limes

102 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
Soil moisture 67 0.005 280 d
Atm osphere (water vapor) 14 0.0009 9d
Rivers 1.32  0.00009 12-20 d

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Hydrologicky cyklus

Global WATER Reservoirs, Eluxes, and Tiurnover iimes
Paols i1 0Fkm®, Bluxes inkm v,
Atrnosphiere (Lurnovertines)

111,000 41 * 13 (0.0009% ) (9d)
Polarlce, Glaciers
29000 (2.08%) (16,000 4) == 40,000y
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 yr 425}000 yrt ? Odcean 385,000y }

e N
——

1.37%1 08 (97.61 %) (37000 %)

Soilmoisture
67 (I x% ) (280 d)

Groundwater (active)
4000 (0.29%)

or, 1993; Muray, 1992

WSR 1994

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Horninovy cyklus

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

ktirou.

Ta je v disledku tepelného proudéni (?) rozlomena na
velky pocet zubatych Casti oznacovanych jako
litosférické desky, které se pohybuji na plastické,
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
(subdukc¢ni zéna) nebo se stfetavaji (kolizni zona). Mista explosivniho vulkanismu
a silnych zemétfeseni.

transformni — desky se pohybuji podél sebe, olamuji se a obrusuji. Silna
zemétfeseni bez vulkanismu.
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Horninovy cyklus
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Vztahy mezi cykly C, S, P, N a O

light
h-v

< J

living cell /

Cio6Ni6P Sum y 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

sun
smog ozone layer
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