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Environmentalni procesy
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Slozky prostfedi — zakladni charakteristiky
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(05) Slozky prostfedi — zakladni charakteristika

Slozky prostfedi, zakladni charakteristiky:.

Ekosystémy — definice, vztahy.
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Osud chemickych latek v prostfedi
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Koncepce systému

%, Systém je jakakoliv Cast
Vesmiru (,,VSehomiru*),
kterou pozorovatel vymezi
(velky, maly, jednoduchy,
sloZity — od atomu po cely
Vesmir): jezero, vzorek
horniny, ocean, sopka, horsky
hibet, kontinent, cela planeta;
list je soucasti stromu, strom je

soucasti lesa.

Y, Zaciname od malych
podsystému, pochopeni jejich
funkce je vSak moZné jen

v kontextu celého systému.

§ (E)ﬁ Research Centre for Toxic Compounds in the Environment 4
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Zemsky systém

Zemsky systém se sklada z mensich podsystémii, které spolu
intenzivné ,,komunikuyi

L atmosféra

% hydrosféra

& biosféra

& litosféra

Ty mohou byt rozdéleny na

dalSi podsystémy — hydrosféra
= oceany, ledovce, vodni toky,

podzemni voda.

() Research Centre for Toxic Compounds in the Environment

Ry http:/ /recetox.muni.cz




Slozky prostfedi

(]

Figure 1.1.1 Environmental areas

Research Centre for Toxic Compounds in the Environment
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Systémy

Y% Izolovany

Y Uzavieny

i

!, % Otevieny

— SN2
A. Isolated system B. Closed system

% Otevieny
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»»,Box‘ modely

Systémy se obvykle zobrazuji jako ,,box‘ modely (snad ,krabickové*). Vyhodou je
jednoduchost a pohodli. Ukazuji:

% rychlost toki hmoty a
energie z a do systému

% celkové mnoZstvi hmoty a
energie v systému

Rezervoary, doba zdrZeni, vstupy, vystupy, stacionarni stav. Velikost rezervoaru je dana celkovou
bilanci (vstupy — vystupy)

r=kXm
Cim provazangj§i jsou podsystémy a &m jich je vic, tim vy$i stabilita (mnoho cest, jak reagovat

na vnéjsi vychylovani).
Mnoho cykla a cest se vzajemné prekryva.

R
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Zivot v uzavieném systému

Y%  mnozstvi hmoty je stalé a konecné
(omezené zdroje, omezené moznosti
zbavit se nepohodlnych latek)

% zmény v jedné Casti systému se
projevi v ostatnich Castech
(podsystémy jsou oteviené) — stavy

jemné vybalancovanych a
provazanych stacionarnich stavi
(fetézové prizpusobeni: vulkanicka
erupce v Indonésii miiZe uvolnit
tolik popela do atmosféry, Ze muize
dojit ke zméné klimatu a zaplavam
v JiZni Americe a suchum

v Kalifornii a tim ovlivnit cenu obili

& Biosphere
A \

v zapadni Africe).

( .)6 Research Centre for Toxic Compounds in the Environment 9
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Dynamické interakce mezi systémy

Cyklovani a recyklovani
Neustaly tok hmoty mezi rezervoary. Jak to, Ze...

% Je sloZeni atmosféry konstantni ??

% Se nezvysuje ani nesniZuje salinita oceanu ??

% Je sloZeni hornin 2 miliardy a 2 miliony starych stejné ??
Pfirozeny tok hmoty na Zemi — cykly.

Hmota pfechazi mezi rezervoary, rizné Casti tokl se vzajemné
vyrovnavaji (jsou obsaZeny zpétné vazby):

MnozZstvi hmoty, které ,,pfitece* je rovho mnoZstvi hmoty, které
,yodtecCe*‘.

()‘ Research Centre for Toxic Compounds in the Environment 10

" ‘ http:/ /recetox.muni.cz




Energeticky cyklus

Zahrnuje externi a interni zdroje energie — pohani globalni systém a vSechny
jeho podcykly. Celkovy ,,rozpocet* (pfijmy a vydaje) energie je vyrovnany.
Pokud by nebyl, Zemé by se bud’ pfehfivala nebo chladla aZ do dosazZeni

rovnovahy.
3 = TS
:ohg,t:;g\{:tmgm Short wavelength E 4| Long wavelength E Tidal ener
iati 4 radiati :
(17.3  10'6 watts) l____.__’ad"’"“‘ radiation (2.7 x 102 watts)

Direct reflection
(5.2 x 10'® watts)

Direct conversion to heat (8.1 x 10'° watts)

Tides, tidal currents, etc (2 7 * 10'2 watts)

Winds, ocean currents, waves. etc. (0.035 x 17(7)"*”’ watts) q‘
Conduction (21 x 10'° watts)
Evaporation and precipitation i
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Energetické vstupy

Celkovy pfijem: 174 000 teraW (174 000x10'2 J/s) (¢lovék uziva 10
teraW za rok)

Slunecni zafeni: 99,986 % z celkového mnozstvi — pohani vitt,
dést’, oceanské proudy, vlny; fotosyntézu.

Geotermalni energie: 23 teraW (0,013 % z celkového pfijmu) —
vulkanicka €innost, horninovy cyklus

Energie pfilivu: 3 teraW (0,002 % z celkového pfijmu) — rotace
Zemé a gravitacni pfitazlivost Mésice; pohyb vodni hmoty viici
horninam pusobi jako ,,brzda* zemské rotace

o SVI.

ent Reg
o‘\“\ C‘t;,(\ . . .
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Energetické vystupy

Odraz kolem 40 % slunecniho zafeni je nezménéno odraZeno zpét
(albedo)

Degradace a znovuvyzafeni 60 % sluneCniho zafeni absorbovano,
pfechazi nevratné z jednoho rezervoaru do druhého az skonci
jako teplo, které je opét vyzafeno v dlouhovlnné
(infracervené) oblasti.

()‘ Research Centre for Toxic Compounds in the Environment 13
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Energeticky cyklus

Outgoing radiation

-

1d o«
L /]
. Incoming =
- solar . 9% 60%
S iackation: = 34 degraded heat
yo;&# ) _Q reflected by
YW clouds, dust, and
100% earth's surface
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Hydrologicky cyklus

. Glacier

Transition Zone

Tributary

Flood plain
Oxbow lake

Salt marsh

Flood Plain Zone
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Rivers and lakes
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Globalni antropogenni cyklus

X e

Animal

Agro-
chemicals

Refuse Sewage | Exhaust air

Soil

Figure 1.6.1 The global anthropogenous cycle
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Geochemicky cyklus

aerosols gases dust gases p{:;g:: dust
‘
_s a
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Biochemicky cyklus

plutonic rock ocean floor i i

Figure 1.6.3 The biogeochemical cycle
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DulezZité fyzikalni vlastnosti souCasné planety

Table 1.1 Some important physical properties of the present-day Earth?.

Mass / kg 598 x 1024

i / oy e e
Dens|ty/ kg i T R e
Sy Omsun/ e e A R

Surface temperature / K 290

Atmosphere Oceans Land
Mass / kg 5.27 X 1018 1.37 x 1021
Surface area / m? 361 x 1014 148 x 1014
Approximate 1.3 (at Earth's surface, 0 °C) 1030 2700 (surface rocks)
density / kgm—3
Major components N, 0,5, H,0, Ar H,0, d|ssolved species Si, 0, Al, Fe, Ca
Na+ Cl-, S05~, Mg2+ (as silicates, oxides,

carbonates etc.)

@ Additional data regarding the nature of the Earth are provided in Appendices A.1-A.3.

JERS/ qent Resg
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1. In water

O | l

evaporation deposition

photoreaction

vortexing and

convection biological

chemical and

transformation and
Jor decomposition

» effects
(incl. bio-

R

__biological

accumulation)

sedimentation

* adsorption uptake and

and excretion by
groundwater h desorption organisms
‘ inorganic organic

_

Figure 1.7.1 Cycles of environmental chemicals

2. In soil
photoreaction evaporation y
river soil passage
and separation
passage "__*
of time
chemical and biological
transformation and/or *
- decomposition
groundwater

biological effects
(incl. bioaccumulation)

T

adsorption #
and
desorption ‘

Cyklus latek v prostiedi
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Incoming solar radiation

Ovzdu

<

120 km, [0] = [0,

0:*, NO+

Infrared, visitile, and

TN ae Rl BTN T N High energy ultraviolet:
ultraviolet: 2. > 330 nm,  penelration 10~50km
penetration

A< 100 am,
penetration to~~200km
to Earth's surface
(NERS/, R  Res, % . . .
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Hydrologicky cyklus

precipitation
to ocean

rain clouds
g

~ 2N

i rgah s

transpiration
from plants

pro — to land

Evaporation

evaporation
from

) land
evaporation

Transpiration SR s Ration |

Precipitation
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Hydrologicky cyklus

ration

http:/ /recetox.muni.cz
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Hydrologicky cyklus

g
/I/ Y2l rit
Rechargin /
// / // precipitation/ //
/

117/ w riry rerf

Piezometric surface
iconfined ac
Groundwater discharged

to sea_
- Saturated zone
(groundwater)

.:(in unconfined - . T
aquifer) ' Artesian

- well | Confined aquife!

| Flowing
artesian
_well

Confining layer
(impermeable)
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Otevi"en}? ocean Atmosféricka hmota a

srazky
I Moisky
sprey
Atmosféricka smésna
vrstva (e.g., 200-1000 m) Koncetrace
plynna faze
oL . Sucha a mokra depozice
Vyména plyni
v
/
Rozpusténa faze
Smésna vrstva na )
, C re-cycling
povrchu oceanu (e.g., - )
otravni
50-100 m) N Plankton .. v
M — fetézce
Hluboky ocean
Toky do hlubin spojené s C K. C. Jones

Research Centre for Toxic Compounds in the Environment
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Geosféry a horninovy cyklus

% Geosféry
%, Zvétravani a pudy

Y, Ztrata pudy

6,.0 . . .
f o & % Research Centre for Toxic Compounds in the Environment
S it http:/ /recetox.muni.cz

27



Geostéry a horninovy cyklus

sadimentary rock
malts, then

sedimentary L recrystallizes

rock
under heat and %,

E pressure, sedimentary
E rock deforms and  §
; recrystallizes
; metamorphic rock
3 undergoas weathering,
4 sedimentation, lithification
i Ignasus rock
§ mﬂmrl,
rgoes
metamorphic t-dim‘tntiﬂon. The Rock CYCIE
rock lithification Weatherlng
3 Transportatlon
Irrle'llr._rm ﬁ rock malts, s
crys iu:l::'l‘-'i Deposmon W ez
under heat and pressure, r—/? Upllft and EXPOSUI’E Igneous rocks
! 1 H
e (extruswe]
\,
Lithification
/ / /
______ . /'_E“ .
.
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e“] ERS/,

Geosféry a horninovy cyklus

Seafloor Midocean
trench ridge

Lithosphere

Seafloor
trench

R X L . Y 43 Y
Convergent Divergent Convergent Divergent Convergent
(continent-continent) (continental) (ocean-continent) (oceanic) (ocean-ocean)
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Zvétravani

Chemicka a fyzikalni degradace hornin na relativhé jemné Castice
(pudy a sedimenty) a rozpusténé latky, klicovy prvek
exogenniho geochemického cyklu

salinita oceant
vyZiva pro biotu

rudy

transformace povrchu

spotfeba H*

& & & & &€

spotieba CO,

(@)6 Research Centre for Toxic Compounds in the Environment 30
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Zvetravani

CaAlSi,0, + H,CO, — CaCO, + ALSi,O,(OH),

2 NaAlSi, O, + 11 H,0 — 2 Na* + 2 OH- + ALSi,0,(OH), + H,SiO,

3 NaAlSi,O, + H,CO, + 7 H,0 = 3 Na* + 3 H,SiO, + Al(OH), + HCO,"
3 NaAlSi,0, + Mg?* + 4 H,0 - 2 Na, ;AL ;Mg ;8i,0,((OH), + 2 Na* + H,SiO,
Mg,SiO, + 4 H,0 — 2 Mg?* + 4 OH- + H,SiO,
Mg,SiO, + 4 H,CO, - 2 Mg?* + 4 HCO,™ + H,SiO,
Mg,SiO, + 4 H * — 2 Mg?* + H,SiO,

mnohotvarnost reakci proti vysokoteplotnim procestiim

]
NERS OO‘MN ROS“% . . .
; lM’“’ﬂn ()‘g Research Centre for Toxic Compounds in the Environment
> 7] 2 3
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Puda

smés produkta zvétravani, organickych latek a zbytkt ptivodnich hornin a
vody

typicka puda 5 % organickych latek, 95 % anorganickych
posloupnost vrstev (ptidni profil); sloZeni je zavislé na klimatu (T, srazky
atd.), vegetaci, Casu, podlozni horniné

vegetation

; ‘ ".A" hﬂﬁzaﬂ
+| (topsoil)

r.‘?-a°
i "B" horizon
ee- m [subsoil}

1 (weathered
i parent rocks)

5 8 S A e U
LT T L TTT T T T bedrock
SR 10 ok A < Y TR
BT ] 5 1 R A ol
qent R"Sc;
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Pudni povrchova vrstva

Soil, with vertical and
horizontal variations

filled with air (white)
and water (black)

e

g

ey

Fig. 17.2 Soil, the surface layer of much of the terrestrial environment. A three-phase mixture,
it consists of finely divided organic and inorganic particles and pore spaces filled with water

and / or air. The soil is highly heterogeneous in both the vertical and horizontal dimensions.
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Lito-ekosféra

Kazda z6na obsahuje:

7
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%wf R R R
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B WD
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Interakce
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Geochemie pudy

%  Acidobazické a vyménné reakce
v pudach

&, MakroZiviny
&,  MikroZiviny

% Pesticidy a chemické odpady v
pudach

L, Ztrata pudy - dezertifikace

3 s, (6) Research Centre for Toxic Compounds in the Environment 35
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Ztraty pudy

& eroze

% dezertifikace

\‘IERSIT & e . . .
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Kumulace chemickych latek v pidach a jejich osud

‘Occlusion’

N —

Pfimé
aplikace

Vymeéna
vzduch - povrch

Clay Particles Micropores ,4 :

\ and/or Oxide [

, Coatings Mesopores —,1—

\ WATER OR GAS 1

| INMACROPORES /[
!

Encapsulated AN
Amorphous SOM

COMBUSTION RESIDUE

Combustion o
-
Residue, e.g., Soot ~

Dense SOM
Amorphous SOM
\ A4

Aged or Weathered NAPL \

Biodegradace

yzikalni miseni —

‘2fedéni’ s hloubkou

K. C. Jones

r 4

FIGURE 1. Conceptual model of geosorbent domains. The circled letters refer to lions of the sorption isms described in
Table 1. The geosorbent domains include different forms of sorbent organic matter (SOM), ion residue i carbon such as
soot, and anthropogenic carbon including nonaqueous-phase liquids (NAPLs).
~ 7 O =
\. 7. o %,
Qé 7, o S
g i
> 2]
% g
e, N
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Ekosystém

Terestricky (suchozemsky)
- louky, lesy, pole

Akvaticky (vodni)
- mofsky

- sladkovodni

- feky, rybniky, podzemni vody, mocaly

Ny ERS/, oo“\e es,o . . .
B S S\ Research Centre for Toxic Compounds in the Environment
%, o
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Ekosystém

Nezivé slozky ekosystému

- Podlozi

- Ptda

- Voda

- Sedimenty
Ovzdusi

- Klima, krajina
Organismy

- Viry

- Bakterie

- Houby
Rostliny
Zivo&ichové
+ Clovek

iq‘SVW. v

ent Re,
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SloZky prostfedi

Research Centre for Toxic Compounds in the Environment
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Ekosystém

Uceleny soubor organismu a jejich prostiedi — prostfedi je
zpravidla primarni a urCujici.

Fyzikalni parametry — slunecni zafeni (zdroj E), T a jeji kolisani,
vlastnosti okolniho prostfedi (A, W, S).

Chemické parametry — sloZeni prostfedi.

Biocenoza — spolecCenstvo druhu

" ‘ http:/ /recetox.muni.cz

organismu
Ekosystém
Ekotop — izemni jednotka se
stejnymi pudnimi, klimatickymi,
tvarovymi znaky
f\qms@% ()‘ Research Centre for Toxic Compounds in the Environment 41




Ekosystém

Biom |/ |Soubor ekosystémii podobnych typu

Ekosystém — spoleCenstva rostlin, ZivoCichii a protistl — tvofena
populacemi pfisluSnika jednotlivych druht

Ekologicka nika — urcita funkce, kterou ma ten ¢i onen druh
v daném ekosystému

Urovné biologické organizace: molekula — ¢ast bunky — bunka —
tkan — organ — organismus — populace — spoleCenstva organismu
— ekosystém - biom

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

" ‘ http:/ /recetox.muni.cz
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Zakladni rysy metabolismu jednotlivych Zivych
organismu

Zivé organismy

Rostliny Protisti Zivo&ichové
NizZsi protisti Vyssi protisti
(eukaryota) (prokaryota)
Bakterie | | Sinice | | Rasy | | Houby | | Prvoci
(m)i Research Centre for Toxic Compounds in the Environment
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Z.akladni rysy metabolismu jednotlivych Zivych
organismu

TABLE 7.1. General organism classification

Type of cell ~ Other general characteristics Type of organism Kingdomj

Akaryotic No cellular organization virus

Prokaryotic | Unicellular, filamentous, colonial or bacteria and archaea Monera
mycelial

Little or no differentiation

Anaerobic, aerobic, facultatively-anaerobic,
microaerophilic or aerotolerant

Asexual reproduction

Cell walls (with some exceptions)

Unicellular protists Protoctist
More than a single chromosome per cell

Heterotrophic or photoautotrophic nutrition

Asexual or sexual reproduction

Multicellular, filamentous (mycelial) fungi Fungi
composed of hyphae, or unicellular
(yeasts)

Eukaryotic Propagation by spores

Chitinous walls

Absorptive nutrition

Multicellular higher plants Plantae
Extensive differentiation
Photoautotrophic nutrition

Multicellular animals Animalia
Extensive differentiation

Sexual reproduction

Heterotrophic nutrition (ingestive or

absorptive)
WERS/, e Resey, . ds in the Environment
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Zakladni typy metabolismu

Organismy
Foto- Fotoorga- | Chemo- | Chemoot-
litotrofni | notrofni | litotrofni | ganotrofni
Zdroj E Svétlo Svétlo Oxidace Oxidace

Zdroj H", e | H,O (H,S) | Organické | H,O (H,S) | Organické
latky latky

Zdroj C CO, CO, CO, Organické
latky

Research Centre for Toxic Compounds in the Environment
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Z.akladni metabolismus

Prvni skupina: typicky autotrofni organismy (pouze svétlo a
anorganické Ziviny)
Zakladni proces latkové vymény: fotosyntéza (asimilace CO,)
6CO,+6H,0+282.10°] - CH,,O, +60,

Slunecni
r v 14 02
zafeni

7 clend Sacharidy a jiné »
. » | Zivocichové
rostliny
\\IERSI o0 nt Res %, . . .
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Z.akladni metabolismus

Druha skupina — fotoorganotrofni — pouze bakterie jedné Celedi

Tteti skupina — chemolitotrofni — opét jen nékteré bakterie:

% nitrifikaéni — oxidace NH; &> NO,” —> NOj;
%, sirné — oxidace S a jejich sloudenin
¢, Zelezité — oxidace Fe?* na Fe’*

Ctvrta skupina — organismy heterotrofni — vSichni ZivoCichové a vétsina
protisti

Vétsina organismu potfebuje vzdusny kyslik.

Mezi bakteriemi existuji i dal§i metabolické typy (konecnym akceptor e —
oxidace jiné latky:

%  SO,* -redukce na H,S

% NOj; - denitrifikace na N,, N,O

S

CO, — redukce na CH,

. S/EE~\- Research Centre for Toxic Compounds in the Environment 47
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Z.akladni metabolismus

Spolec¢ny znak metabolismu heterotrofti — latkovym i energetickym zdrojem
jsou organické latky z vnéjsiho prostfedi

/\

Konzumenti — konzumuji
Zivou biomasu (byloZravci,
masoZzravci)

Reducenti (destruenti, rozkladaci) —
konzumuji biomasu mrtvou — heterotrofové
z fiSe protisti — bakterie a houby

Zvlastni metabolické typy:

Bakterie a sinice vazici N: pomoci enzymu nitrogenazy dokaZzi rozbit
neobycejné pevnou vazbu molekularniho dusiku a vazat jej do
organickych nebo anorganickych molekul

Bakterie schopné rozloZit pevné, stabilni organické latky: CH,, nasycené
uhlovodiky, benzen..

Organismy Zijici v extrémnich podminkach: horké prameny, Sahara, nasyceny
roztok NaCl, nizké pH..
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Ekosystém = producenti + k()}zumenti + distruenti

i \

Zdroj E — slunecni zafeni Zivi se tély producenti: Ziji z t&él a odpad jinych

organismu (zbytky,
1-5 % dopadajiciho slunec¢niho - primarni (byloZravci) odumfelé organismy)
zafeni vyuZivaji k asimilaci - sekundarni

- terciarni Vysledek cinnosti

Polovina asimilované energie destruentii — nic se
se ztraci pfi dychani a polovina neakumuluje, vSe je znovu
(0,5 = 3 % dopadajici E) je i vyuZito a znovu zapojeno do
vyuZzito ke tvorb¢é biomasy kolobé¢hu latek
Zbytek slunec¢ni E s i i
- odraz (10-25 %) o e
- absorpce rostlinami — T
pfeména na tepelnou E — ke

‘;":s"c':‘s' d{ (plant-caters,

predators,
parasites)

spotieba jako vyparné teplo
vody — pfebytek (80 %) vyzafen
ve formé tepelného zafeni \a

kelp

-y
e

Figure 5.1.3 Food chain and energy flow

Figure 5.1.5 Food chain network
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Pyramida (a) mnoZstvi a trofickych urovni v ekosystému (b)
energie a individualni velikosti potravniho fetézce

A .
Tertiary
consumers
consumers
Fish
Secondary Secondary
consumers consumers
Zooplankton Size

Primary consumers Primary consumers

Phytoplankton

Primary Producers Primary producers

-~ Abundance 2

(a)

<—— cal/m3day ——»

(b)

size of a food chain.

Figure 2.4 Pyramid of (a) numbers and trophic levels for an ecosystem and (b) the concept of the energy pyramid and individual
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Pritok energie/potravni fetézec v ekosystému

FIRST TROPHIC SECOND TROPHIC THIRD TROPHIC ETC.
LEVEL LEVEL LEVEL
resplrohon

respiration
THE SUN ﬂ respvroh
X T li
~ < incident —> %* A ’&\7 \ g e B
light ( A e = o
i S i ; £0 __lL____J -

energy —— \'
e | \ SECONDARY oot
e ! PRIMARY CONSUMERS
l}
0y | CONSUMERS 1/\1\
PRIMARY . [
PRODUCERS to N\ to to
saprophytes saprophytes o saprophytes ~3c~
and 3\ and , and é“"“‘“
, detritus \oN Y detritus  SSVUHEL  detritus \\‘
feeders \o/ feeders 7' feeders o B "
]
WG mineral: . ofileteco o /
nutrients

FIGURE 2-15 A simple energy flow diagram, or food chain, for an ecosystem. Energy input to the system comes from sunlight, of
which only a fairly small fraction is captured as chemical energy in the biomass of the primary producers. Organisms at the second
trophic level (herbivores, or primary consumers) typically utilize only a portion of this chemical energy; a large portion goes directly to
saprophytic microorganisms'and detritus feeding animals as dead organic matter (detritus). The amount of chemical energy available to
the third trophic level (carnivores, or secondary consumers) is still lower, due to energy loss via the respiration of the herbivores and
due to the large fraction of herbivore biomass that goes directly to saprophytes and detritus feeders.
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