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Pedosféra

Puda:

rozhrani atmosféry, hydrosféry a litosféry,

tfifazovy polydisperzni systém,

substrat s genetickymi horizonty,

zOna intenzivni interakce mezi biosférou a geosférou,
urCuje fadu biologickych i nebiologickych kolobé&ht a toku
latek a energie,

reguluje biotické procesy,

ovlivituje chemickou, vlhkostni a teplotni bilanci atmosféry,
reguluje hydrologické toky v krajiné a chemické sloZeni vod,
nenahraditelny pfirodni zdroj,

zaklad potravniho fetézce Clovéka,

zajist’'uje ochranu litosféry pred destrukCnimi procesy,
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Pedosféra

tlumi nepfiznivé vlivy vyuZiti i obhospodafovani pid a vlivu
prumyslu, dopravy a sidelnich aglomeraci:

filtracni funkce — znecist’ujici latky jsou ptidou mechanicky
zadrZovany — hlavné Castice pod 2 pm — ty mohou byt ddlezZité
pfi zasakovani vodyj,

pufrovaci funkce — rozpustné latky jsou imobilizovany
adsorpci na ptidu nebo tvorbou nerozpustnych srazenin;
vysokou pufrovaci schopnost maji pudy s vysokym obsahem
organické hmoty, jilovych Castic a oxidua Fe, Al

transformacni funkce — ur€ena prfedevsim aktivitou
mikrobialni sloZky — mineralizace; oxidace, redukce,
biomethylace, fotodestrukce na povrchu,

receptor Skodlivin — sorpCni, retencni a transportni procesy —
imobilizace, sniZeni biodostupnosti, degradace
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Puda

Chemické sloZeni pudy zavisi na:

klimatu, ktery urCuje charakter puadotvornych procesu
pudni horniné, ze které puda vznikla

procesech probihajicich v pudé

¢innosti Clovéka

pomér anorganické : organické latky =10 : 1

50 % O, 25 % Si, Al (jil), Fe, Ca (vapenec, sadrovec), Na, K,
Mg, H, Ti, podstatné méné C, Cl, P, S, Mn

zdroj biogennich prvki — nedostatek v piidé — endemicky
vyskyt onemocnéni

% organicky (nezivy) podil — puadni organicka hmota, humus
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Puda

Pudni pH:

% ovliviiuje rozpustnost a dostupnost latek v ptidé (vyuZitelnost
Zivymi organismy)

% pH pudy:
- zasadité - < 7,5
- neutralni — 6,4 — 7,4
- slabé kyselé — 4,6 — 5,2
- silné kyselé — 4,1 — 4,5
- velmi silné kyselé - < 4

% zvySena kyselost — sniZeni rozpustnosti sloucenin Ca, Mg, K|
Na — miuiZe byt aZ pod nezbytné Zivotni minimum rostlin,
ovlivnéni vyuZitelnosti fosforeCnanu, zhorSeni Zivotnich
podminek pro pudni mikroorganismy.
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Puda

Z.rnitost:

% ovliviluje pohyb vody v ptdé (pis€ita — jilovita) — prichodnost
Y% velmi zrnita — vétsi aktivni povrch, lepsi sorpCni vlastnosti

Vzdusnost (aerace):

% dualezita pro priibéh samocisticich pochoda — obsah a sloZeni
vzduchu v ptiidnich porech
% obsah kysliku — klesa s hloubkou za zvysovani obsahu CO,,
1 m pod zemi — obsah O, — 18,8 — 20,3 obj. %,
6 m pod zemi — obsah O, — 14,2 — 14,9 obj. %,
1 m pod zemi — obsah CO, - 0,9 — 1,1 obj. %,
1 m pod zemi — obsah CO, — 4,2 — 8,9 obj. %.
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Puda

Teplota:

&(

zdroj — slunecni zafeni, horké zemské jadro, biochemické
procesy

meéni se s hloubkou

denni kolisani T — 0,5 - 1 m

roCni kolisani T — do 10 m

~10°C-10-30 m

< 30 m - pokles o 1 °C na 32,7 m — geotermicky stupen

& & & & & &

jeden ze zakladnich faktora ovliviiujicich biochemické
procesy
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Samocistici schopnost pudy

huminifikace
mineralizace
filtrace
sorpce
oxidace

redukce

& E & & & F 6

mikrobialni aerobni a anaerobni procesy
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Mechanismy vazeb chemickych latek v pudach

Fyzikalni:

% sorpce (voda, Ziviny, kovy, karbamaty..)
% iontova vymeéna
% zména produktil rozpustnosti

Chemické:

%  kovalentni nebo chelatové (Cu?*, Fe?*..)
% jontové (Ca?t, Mg?t, Zn?*.))

Y% organické latky

% srazeci reakce

Biochemické:

%  zabudovani nizkomolekularnich organickych molekul do malo
reaktivnich makromolekul

%  mikrobialni rozklad — metabolismus, kometabolismus

% biomethylace
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Mechanismy vazeb chemickych latek v pudach

Sorpce — rychla - doCasna inaktivace — desorpce, biodegradace —
pomala - trvala.

Prvky — mobilita je dana vzajemnymi vztahy mezi sorpcnimi
procesy na jilovych mineralech, humusu, hydratovanych
oxidech (Fe, Mn, Al) a hydrotermickymi podminkami dané
lokality v€etné aktivni ptidni mikroflory na strané druhé.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz

10



Zakladni pudni slozky

Pudni Castice:
P Mineralni a
organické

Prostory poru:
vyskyt vzduchu
a vody
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Pudni voda

Water
with dissolved
contaminants

Schematic of mechanical
dispersion.

Solid particle

\

Porous

General direction
Soil aggregates in subsurface domain. of flow

Water
vapour

(lost to atmosphere
through evaporation
and transpiration)

Infiltration

Capillary water
(Held in the soil
and available for
evaporation and
transpiration)

Gravity water

(Lost from the soil

to the subsoil and
groundwater)

Figure 18.2  Water in soil. Water infiltrates soil and then
moves through it as capillary water and gravity water. See
text for explanation. After Figure 13.9 in Marsh, WM. and
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Ptdni zény

Ground surface
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FIGURE 5.4 Soil zones in the subsurface region.
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Pudni voda

Y Pudni vlhkost: zakladni pojmy

v

Field Capacity: voda, ktera zustava v pudé po ptisobeni

gravitaCnich sil.

Procento trvale vyschlé pidy: mnoZstvi vody po amount

of water after the permanent wilting point is reached.

Dostupna voda: mnozstvi vody v pud¢é mezi between

the field capacity a procentem trvale vyschlé ptdy.
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Pudni voda

Vztah mezi texturou pidy a dostupnosti vody

4
Inches of

Water Per 3
ft. of Soil

Sand Sandy Silt Clay

Clay

Research Centre for Tolf%lr}%oun&%qghn\%&%m

http:/ /recetox.muni.cz

15



Puda za raznych arovni ptudni vlhkosti

Pfi nasyceni Pti dostupné vodé:

Porovy prostor je zaplnén vodou

Prostor pord  Voda na povrchu

pudnich Castic
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Puda za raznych arovni ptudni vlhkosti

Pfi trvalém vysychani Kompaktni
V pudnich porech neni Prostor pudnich poru se
pfitomna Zadna voda hrouti
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Ptdni vrstvy

Kompaktni z6na

Nepropustna vrstva

H,O H,O

Nekompaktni

~ Kompaktni
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Ptdni vrstvy

Pisek nad jilem

Nepropustna vrstva
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Ptdni vrstvy

Jil nad piskem

Perched vodni tabule

!!!! !

gty
§EETS
W

;

:

:
.-4 -

'?
-4‘
——— b‘a
".-' :l?
-4‘
——— b‘a
'?

~yjs\‘ﬂdl. v

NERS/
S 2

Research Centre for Toxic Compounds in the Environment 20

%Elvms -©

s % 3 http://recetox.muni.cz




Ptdni vrstvy

Pudni sendvice
Mokré a suché vrstvy
H,0 H,O
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Ptdni vrstvy

Ptdni salaty
Patchy Soil Moisture
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Obsah kysliku a oxidu uhlic¢itého v ptidnim
vzduchu
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Figure 4.2.6 Oxygen and carbon dioxide content in the air in soil
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Jilové mineraly jako polyfukcni vyménny systém
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Figure 4.2.11 Clay minerals as polyfunctional exchangers
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Vazba chemickych latek na ptdni bio-organo-

mineralni komplex

//// Clay minero///////
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FIGURE9. Schematic diagram of a clay—humate complex in soil. From Stevenson and Arda-
kani (1972).
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Zvétravani a vymeéna plynua v pidach

precipi-  €vapora- dissolved O; parti CO; parti
ik o tation tion e @ NS p”mﬂ partial
carbon, DOC
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Figure 4.2.18 Weathering and gas exchange
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Schema procesu dileZitych pro transport a osud

Biological
Phase:
e plant uptake

e microbiological
degradation

Gas Phase:
e Diffusion

volatilization
dissolution

Water Phase Solid Phase:

e Dispersion e diffusion in

e convection aggreagates
ad/desorption\ e chemical

precipitation reactions
dissolution
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Biodostupnost

Bioavailability refers to the extent to which humans and
ecological risk receptors are exposed to contaminants in soil
or sediments.

Bioavailability has recently piqued the interest of the hazardous
waste industry as an important consideration for deciding
how much waste to clean up.

The rationale is is that if contaminants in soil and sediment are
not bioavailable, then more contaminant mass can be left in
place without creating additional risk.

L. J. Ehlers and R. G. Luthy, ES&T, 2003
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Biodostupnost polutanta v ptidach

Environmental Environmental Toxicological
availability - bioavailability bioavailability
Sorbed | | Soluble ALsnr;Ltinn
Sequestered chemical
Distribution [_ .
Metabolism Site ﬂfLTﬂHIE
Excretion Action
Organic matter, - “&\\
pH, clay content \\\\

2 i .'
Total chemical |: Bioaccumulation

Soil, intestinal tract | Membrane Internal

Fig. 2. Schematic model of bioavailability {with permission from Lanno, 2003).
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Biodostupnost polutanti v pidach

Bioavailability processes can be defined as the individual
physical, chemical and biological interactions that determine
the exposure of organisms to chemicals associated with soils
and sediments.

C/Co

Contaminant loss by a combination of leaching,
volatilisation, biodegradation, photolysis etc.

Bioavailable
(labile)

Recalcitrant but extractable as intact

parent compound 1r sol\_fgnt_ e s =5
e [rreversibly

i) ST bound(non-exnncla%)

-—
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Biodostupnost

In both soil and sediment, processes that determine exposure to contamination
include release of a solid-bound contaminant (A) and subsequent
transport (B), transport of bound contaminants (C), uptake across a

physiological membrane (D), and incorporation into a living system
(E).(A, B, C, D — bioavailability processes

/Bio?ogical membranes
Bound C
contaminant \

Association A

Dissociation

Released /D'

contaminant

é\\IERSI7~
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4
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SoucCasny vyvoj procesu porozumeni transportu a
0s i idach

%  Faktory ovlivilujici transport chemickych latek

Y% Interakce mezi pudni organickou hmotou a xenobiotiky:
Koc koncept?

% Ko-transport v ptidach

% Chemicka a biologicka heterogenita v ptidach

Research Centre for Toxic Compounds in the Environment
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Preferential flow and leaching of xenobiotics

Due to preferential flow, pesticide properties (K, and degradation
constant) are less relevant for pesticide leaching
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Figure 4. (a) Total leaching with macropore flow as a function of total leaching simulated without macropore flow. Circles represent the 60 simulated compounds.
The horizontal-vertical dashed lines indicate an ‘allowable’ concentration in the leachate of 0-1 g litre ' (calculated as accumulated amount leached divided by
the accumulated drain-flow), where A represents a dose of 2kgha ' and B a dose of 2gha ', (b) As (a) but showing a power regression line (full line) for a
selected range of pesticides.
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Effect of nature of organic matter: K__ concept ?

K . values are different for different soil clusters

Koz (L kg™ Carbaryl
aoér-- g7 v

7001

B00 T

00T

4001 | +

3001 |

2001 !
1m--

1]

Cluster

Ke (L kg) Phosalone
14000 7

12000 7

10000 1

8000 1

6000 1 | |

4000 1

2000 1

Cluster
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Effect of nature of organic matter: K__ concept ?
800 - Carbaryl .
) o K, .is related to a property of the
001 y=t0a7at e ° organic matter: aromaticity
~ 5001 F=094,n=25
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0 ' ' ' ' ! From: Amad, Kookana, Alston, Skjemstad, 2001.
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Aromaticity (fraction) Environmental Science and Technology, 35: 878 -884.
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Effect of co-transport with mobilized particles:

Solid phase:
organic + inorganic Liquid phase
Five ‘species*
14 ‘ Xenobiotic ‘X’

. "@@» DOM"™: ‘HydrophobicGiiip
(4

-  DOMM: ‘Hydrophilic* &

‘5} t,k, Y

ey
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