Biogeochemicke cykly

biomass, nuinents, Hzs, Gz, Hadl
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Zdroje polutantu

Sources of Environmental pollutants
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Zemsky system

ystém se sklada z mensich podsystémai, které spolu intenzivné
,komunikuji‘

Atmosphere

s atmosféra
= hydrosféra
m biosféra
m |litosféra

Ty mohou byt rozdéleny na
dalsi podsystémy — hydrosféra
= oceany, ledovce, vodni toky,
podzemni voda.
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,Box" modely

obvykle zobrazuji jako ,,box“ modely (snad , krabickové®). Vyhodou je
t a pohodli. Ukazuji:

= rychlost toki hmoty a
energie z a do systému

m celkové mnozstvi hmoty
a energie v systému

i, vstupy, vystupy, stacionarni stav. Velikost rezervoaru je
tupy - vystupy)

r=kxm

systémy a ¢im jich je vic, tim vyssi stabilita (mnoho cest,
ylovani).
emné prekryva.
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jogeochemicke cykly

jogeochemické cykly popisuji pohyb chemickych
rvkiu a slou¢enin mezi propojenymi biologickymi a
ologickymi systémy

logické procesy jako dychani, fotosyntéza a tleni
bi v tésném spojeni s nebiologickymi procesy
jsou zvétravani, vznik pudy, sedimentace.
rganismy mohou slouzit jako dilezité

oary pro urcité prvky

i t€zké vytvorit krabickovy model (i velmi
usSeny), ktery bude spravné popisovat
emické chovani prvku v celém zemském

Si cykly (Kritické pro udrzeni Zivota): uhlik,
a, fosfor — ktery z dulezitych cykla chybi?
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A Atmosphere
A
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Biogeochemicke cykly

Dust and
inorganic gases
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Carbon Cycle - Ocean/Sedimentation

Diffusion from Air

Limestone
Carbonates Uplifted

Weathering

Photosynthesis

Respiration

= /

CaCO3

CO--exchange between ocean/biosphere and atmosphere in the year 1980 in gC!mEIyr

Biogeochemicke cykly

Global Carbon Cycle 1980-1989 A"z

b A

l Land Bioia mszﬂ

5.4

550

Fossil Fuels

Rivers ﬂ.ﬁ’

Soil and Detrius
1,500

Reservoirs = GTC
Fluxes = GtC yr’!
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Cyklus uhliku

Global Carbon Beservoirs and iurnover Times

Sediments, rocks
Deep ocean (DIC)
Soils

Surface ocean
Atmosphere

Deep ocean (DOC)
Terrestrial biomass
Surface sediments
Marine biomass

10 g C

Turnover time

TP
38000
1500
1000
750
700
950-680
150
2

Josef Zeman

==>10F y
2000 y
<10-10P y
decades
35y
5000 v
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Cyklus uhliku

Global CARBON Reservairs, Eluxes, and Turnever Times

Atrmosphere
FElEE )

Termestal

NPP = 50! ¥
Deforestation 1.4n:! 1‘
Cotrbustion (8057 & -43,#‘1‘1l

Eivers
DOC: 0.2y
POC: 0.2y

Flanis®
EEO-680 (50 v

e

———

At increment = 3 241
(~ +1.5 ppriy CO, w1

Coastal Ccean
0% of NFF

Bools ThiGe G Blures in G Gyt GE= 1015
= (R oo (Thencer Hnes)

bAEFirS
NPP = 50414
Mew production = 104!

Open st

Ocean CO, Exchange  B0% ofNPP

G0 414" g2y g

Soils (~1rm) 1580
peat 360 (=1000 4
rineral 1220
rricrobial® 15-30 (=10 %)
FOC 250-500 (<100 v)

Surface Sedirments (~1r)

remginder 600-800 (10=10%v) 150 (01-10004)
B0 % coastal

20 % deep sea

Refarences:
Heddges, 1992; Esvwaran <084 1993
Siegerthaler & Sanmiento, 1993;

schimel =fe, 19394 Fespimation = NPP

Surface LOC40{7 v
100m POC 5, Living 2 (0.1-1 %)

DOC 700 (5000 v
POC 20-30 (10-100 )
DIC 38000 (~2000 4

sedimentation

Sediments
long-temn burial)

kerogen 152108 (==1 )
rethane clathrates 112102
lirmestone G0x10%

"SR 1997
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Cyklus metanu

(zlobal METHANE Reservoirs, Eluxes, and Tiurnover Times

Enlerk: fermentation 50y Bodls in 79 CH), Flukes in Tg GH, v, Ta= 10t
Biomiass bUrning 55 4 (Efe e Tes)
Izmitﬁ:fun;;' AMNOsphers
o -1
Coal production 35y ?QEDED}-'§1 A ppm, 12 4
i -1 E

ﬁjﬂﬁ;:ﬁnﬁn : Phetochermical oxidation 450y |

bareal 35 4

fropical 80 v

Rize Production 1004

. Oesans and Lakes 10y 1

* g™

Soil consumption 40 4 \’
Hydraftes

<1 IF
52y

Zproduction (500 w13 - Zeonsumption (460 v = 40w annual abmosihenic increa

Fossil sources 2022
FAcackern Biogenic sources 70-9034

Refarences:
Cierong & Oremiand, 1988
Fung =454 199

Resburgh, Whalen & Alerin, 1993 WWSR 1994
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Cyklus kysliku

Global Oxygen Beservoirs and Turnover [imes

105 moles Turnover time

(Sedimentary rocks) (10F )

Atmosphere 37,000 aX10F y
Long-lived biota 180 1000 y
Ocean 219 500 y
Biota 11 S50 y
Surface ocean 6 22 d
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Cyklus kysliku

Global OXYGEN Reservoirs, Fluxes, and Turiover; TImes

Pools in 10 males G, Fluxes in 10" moles O, 4
S nic pools as ), equivakni (luinorst e
Alriosphiers
lefresiral S UOD S kb
Fross PR 42y

Autotroph respirationd 6w
MEF [OC) 4.6 }*111 * Qcean

short-lived biota (OG) 11 (50 14
Long-lived Biota Exchange

litter, soil, peat (OC) 180 (1000
gt AL () 1401 | 14014

.

Surtace Ocean 6 (22 d) Gross PP 4.3 1
Biota 04 [OC) Respiration 3.9

Export prod.
(OC)-T4y

Deep Ocean 219 (~500 v)

Fires, heteratraphic respiration 4.6 41 J,
Weathering and volcanisry ~0.07 4!
Fossil fuel combustion 0,53 ! J,

Sedimentarny focks (OHZ) 1 08

Fossil fuel reserves 760
Reference: Sedimentation (OC)

keeling, Majar, Bender & Tans, 1993 ;
~0.01y * WSR 1994
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Cyklus dusiku

Global Nitrogen Beservoirs and Turnoever Times

1012 g N Turnover time

Atmosphere (i,
Sediments

Ocean (dissolved M
Ccean (inorganic)

Soil

Terrestrial biomass
Atmosphere (n,0)
Marine biomass

4x10°
ox 1P
2.2x10°
6x10°
9.5x1 ¢
3.9x10¢
1.4x10¢
4.7x107
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107y
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Cyklus dusiku

NITROGEN CYCLE

e ATMOSPHERE o

= == =

2| E N, some Nz0 «—3 &g

=1 = traces of MO, NOg, I = E

=| & HNO, , NH 4O, slf EiE

gl s H

E| I Ele

R 5 B B 5y

ANTHROSPHERE Sls BIOSPHERE
HH, , HNO; , HO,, ek biologically-hound nitragen
inorganic nitrates b = such as amino (NH; )
organonitrogen compounds 2|12 nitrogen in proteins
AE

2| s|E

HERE: v 5

32 £ 2 =

8 E = HYDROSPHERE 5 . E

E_ E 3 & GEOSPHERE = E‘“g

=l E dissolved NO5 and NHg* =%

E .*E orunnI:ally—hngunH N in dead = E

> biomass and fossil fuels <
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Cyklus dusiku

Global NITBOGEN Beservoirs, Eluxes, and (iurnover limes

Fixation

Natural terrestrial 190 4!
ratural oceanic 40 1‘;.-"'1
Legurninous crops 40 4!
Chernical fertilizar 20 41
Cambustion 20 1‘;.-"'1

Terrestrizal Biomass

Pocls inTg N, Fluses in Ta M, Tg=102g;
(EHrRe e Lies)
Alnosphiers

M S8 0 IR 107y

Fized M1 514 8105 (=5

RLOG T 4xT02 (1084 Lienitrification 1‘
Matualitemesinal 147 4!

Matural ocean 3047
Ihdustrial cornbustion 20 41

2510450 Elver runof Biormass burning 12 !

1
36'_\,.:"_-_ o

il
5% 104 [~2000 )

Heferences:

Burns & Hardy, 1975, Jaffe, 1992 McEIRy =
&4 1976; Schlesingsr & Hartley, 1992,
Shecliman & Shelter, 1983; Sodseriund &
Syensson, 1976; Galloway @hgd 1995

tarine Blomass Ocean

Flants: 5x102 Mo 2.2x107

Anirmalst T7=108 MO 208108
Inorganic: Bx107
Organic: 2x107

Sedimentation

Sediments brialy 14 w1
40102 (107 ) ( ek 6 4’

Weathering 5 !

WSH 1994
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Cyklus siry

Globall Sulfur Reservoirs and Tiurnover Times

102 g8 Turnover time

Lithosphere 2x 1010 10P y
QJcean ax] 7 105 y

Sediments ax1 07
Solls a3x1 P

Lakes 200
Marine biota 30
Atmosphere 4.8
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Cyklus siry

Interchange of atmaspheric sulfur species

Inorganic 30,2 in both wilh other enviranmental spheres
soluble and insoluble forms —
L LI l'
! 7 sul
Y ale
| S:; mai‘:g — reduction
Assimilation Mental s, | Sulfide
by ﬂrfamsms H,S oxidation ﬂx;ﬂiﬂmn
|
Biological sultur, D P, Sulfides as H,3 and
. . gcomposition Z
including -SH groups g = as metal sulfides, such as Fe$
Microbial metabolism Biodegradation
| l
Microbially produced organic sulfur Xenobiotic sulfur such as that in
in small molecules, largely as S

-5H and R-3-R groups .
group -P- groups in insecticides
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Global SULEUR Resetvoirs, Eluxes, and Tiurnaver imes

(Natural)

Continental 106 (54

Terresirial dust 20 414
Blogenic 2514
Wolcanoes 10 yid
Deposition 4331 |

Solls & Land Blota
3% 107 (B6x105y)

References:
Ancreas, 18590; Bates et al, 1992;
Charlzon, Anderson é: bacDurf, 1952

Paols in Ty & Flusestin To St Tg =10

Alrnosphiers |rneertmnes)

1540 = Lorines2 (10d)

COS (5-10y)

Seasalt particles 140 y“f
Eiogenic 15-30 41 4
Deposifion 159 v14

-~ 24 3

Lakes s Bivers

SO0 (3
River unoff 104 !

Open Gcean
L

—

Dcesn

1.3%10° (6.8x10%%) #darine biota 30 (1)

Oeegn Sediments

3% 108 (dx1 0% y)
Sedimentation {burialy
1351 |

Global SULEUR Reservairs, Eluxes, and Tiurnmover Times

(mid-80's)
AMOSPRSTe
Confinertal 1.6 (Bdl) Byt —

- 0]

Terrestrial dust 20 y14
Biogenic 2.5 yr1f
Anthfopogenic enission 93 v
Deposition 65414

Soils & Land Biota 300 (3)

Lakes & Bivers

S A0TE BT 0EL River minaff 213 41

S

———

Facls i T s, Blisssin g Sart Td =100
rrnerer iines)

Marine 3.2 (10d)
COE(5-10y)
Seasalt particles 140y
Biogenic 15-3014
Deposition 231 vy

OpenQcean

Ocean

135 10% (6.82108)

Lithosphere

2.4 %100 (1.8x10% )
Consumnption from lithosphere 150 31
Weathering 72 4

Oeean Sediments
3w 108 (4% 108 y)

References:
Andreas, 1990; Bakes eb al, 1992,
Charlzon, Anderson & McDuff, 1992

arine biota 30 (1 y)

Sedimentation (burial)
135y

WSR 1994




Cyklus fosforu

Global Phosphiorus Beservoirs and lurnover [imes

10" g P Turhover time

Sediments Ax 108 2x10° y
Land 2x10° 2000 y
Deep Ocean 8.7x10¢ 1500 y
Terrestrial biota 2000 ~00 y
Surface ocean 2700 2.6y
Atmosphere 0.028 days
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Cyklus fosforu

suluahla mnl_Fanm phuspham CYCLE
04, and
S plll',tphusphains
+ 1
‘|‘ ‘|‘ 1 DISSOLUTION
[ ferfilizer runofi,
BIODEGRADATION wastewater,
| | detergent waste
BY ORGANISHS ‘
xenohiotic
v - l
ioloni '
G:ghﬂ}*ﬁ%g“ﬂ&ﬂ&t&% ms:ll_lluhlec inor ﬁrmPBhnsphate
such as Ca or
acids, ADP, ATP on “huspﬁ'v(l il

hmlng"nal organic, and inorganic
osphates in sediments
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Cyklus fosforu

Global PHOSPHORBUS Reservoirs. Fluxes, and Turnever Times

Poclsin T B, Flukes inTg By, Tg=10'"g,
* = living pesls, furncer times)

Almosphers
iize i one s, &5 1)

Bivers O cean System

Land Biota Reactive 1.7-2.7 y! R
+3000 (47 2 1) szt i G 04 (50,000 )

I
Lan Surface Ocean (0.3 km)

s LB R 2700 (2.6 ) *Ocean biota 140 (48 d)

T

tineable P Deep Ocean (3.0 k)
10,000 8.7 2104 (1500 v)

Ferilizer 12 v! Sediments

Ax109 (211 0% v) Sedirnentation
(brial) 1.9y 4,

References:
Jahnke, 18992 Berner & Fao, 1994
WSR 1994
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Cyklus kremiku

World Ocean Silica Budget

Tmol Sivr!
INBUTS

River influx 5.0£ 1.1

Edlian 0505

Seafloor Weathering 04+03

Hydrothermal 02+0.1

Total Inputs 6120
QUTPUTS

Coastal
Abysses
Total Outputs
BIOLOGICAL CYCLE
Production 240 £ 40

o AN
—= 0 P
H+ H K

- — 0o
w — ~

Internal CyclingAnputs 23 - 53

Tréquer &f 21995
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Cyklus kremiku

Global (Ocean) SILICGA Reservoirs, Eluxes, andiurnover Times

Pacl in Teramales, fluxes in Teramales yr!
[ Teratmoke =1 0Emeky (Turnaver tlmesf}

Rivers (150 uhd av) Alrnosphers Ucean g it
80% tropical EE ez SUMACE = 2 |k | 70 pM a3y
o0% termperate (Qross) 5.6 4! o deep 10=180 ph
(net] 5! (Biolagical 400 4
* 05y (InputiLoss 15 00014

Estuarine Biological
Sedimmentation 0.6 41 FProduction

12041 - Cissolution

Export 12047
(rronths)

Sedimentation ' Deep Dissolution
83 % Abyasal 90.0 1

17 % Continental Margins

syt [days)

wWeathering : ?S_Hn }ﬁa it

LRt Abnssal
Peferences: Hydrothemnal Sedirmentation

Tréguer et al. 1935 2970 !
Felson <t al. 1995
Eenthic

it Dissolution
et Deposition (net) 6.1 w1 23y

(ronths-centuries)
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Cyklus vody

Global Water Reservoirs and Tiurnever llimes

107 km? o Turnover time

Dceans 1,370,000 97.61 27,000 y
Polar lce, Glaciers 29 000 2.08 16,000 y
Groundwater {actively exchangsad) 4000 0.29 200 V
Freshwater lakes 125 0.009 10-100 y
Saline Lakes 104 0.008 10-10,000y
Soil moisture 67 0.005 280 d
Atmosphere (water vapor) 14 0.0009 9d
Rivers 1.32 0.00009 12-20 d
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Rain o Juvenile HaD Cyklus VOdy

4

Glaciers
Volcanoes

Transpi

ration

Global WATER Reservoirs, Eluxes, andiliurnover. Times
F e

93; Muray, 1952

WER 1994
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