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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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Pedosféra

Negativni vlivy se projevuji:

% degradaci aZ destrukci ptidniho pokryvu

% ovlivhénim vodniho reZimu krajiny

%  kontaminaci aZ intoxikaci ptd

Produkt dlouhodobého biofyzikalniho pfetvafeni hornin.
Pfeména matecné horniny na pudu —1 cm — 100 aZ 400 let.
Pifeména = f (klimatickych podminek, druhu a mnoZstvi ptidnich

mikroorganismi, vegetaCniho krytu, relié¢fu, a podloZzi,
¢innosti Clovéka)
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Samocistici schopnost pudy

huminifikace
mineralizace
filtrace
sorpce
oxidace

redukce

& & & & & F 6

mikrobialni aerobni a anaerobni procesy
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Chovani polutanti v pidach
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Figure 4.4.2 Behaviour of pollutants in the soil
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Mechanismy vazeb polutantti v pudach

Fyzikalni:

%, sorpce (kovy, karbamaty..)

% iontova vymeéna

Y zména produktt rozpustnosti

Chemické:

%,  kovalentni nebo chelatové (Cu?*, Fe?*..)

% iontové (Ca’*, Mg?t, Zn?*..)

% organické latky

%, srazeci reakce

Biochemické:

%  zabudovani nizkomolekularnich organickych molekul do
malo reaktivnich makromolekul

mikrobialni rozklad — metabolismus, kometabolismus

biomethylace

7 A\¢ Research Centre for Toxic Compounds in the Environment 6
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Mechanismy vazeb polutantti 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.
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Dynamika procesu v pudach

pH of groundwater

Immissions: :

industry, N—
community, )
transportation

carbonate buffer region

silicate buffer region

Waste:
municipal,
industrial

exchanger
buffer region

Agro-
chemicals:
fertilisers,
herbicides,

Water:
surface,
ground,
drinking water

total acids in soil

1. soil as storage, buffer and 2. pH change in soil solution on
transformer for pollutants addition of acid

Figure 4.2.17 Dynamic processes in the soil
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Znecisténi pud

Zdroje:
Atmosféricka depozice:

S

& & & & &

&

Spalovani fosilnich paliv (S, N)

Automobilova doprava (Pb, Pt, PAHSs)

Metalurgie (kovy)

Chemicky pramysl (Hg, organické polutanty)
Spalovny odpadu (PCDDs/Fs)

Radioizotopy z havarii reaktor( a testovani jadernych
zbrani

Lesni a prérijni poZary, antropogenni pozary (popilek,
PAHs)

nt Re
D@\e ’Fe,c . . .
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Znecisténi pud

Agrochemikalie:

Herbicidy (2,4-D; 2,4,5-T)
Insekticidy (DDT, HCB)
Fungicidy (Cu, Zn, Hg..)
Akaricidy

Hnojiva (Cd, U z fosforeCnanu)

& EEEE

Likvidace odpadu:

Zemédélské (kovy, pesticidy)

Kaly z COV (kovy, PAHs, PCBs, PCDDs/Fs)
Komunalni

Dulni (kovy)

Popilky
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Znecisténi pud

Primyslové zdroje

% plynarny
Y% chemicky primysl

Nehody:

koroze kovovych konstrukci
osSetfovani dfeva

uniky podzemnich skladovacich tanku
sportovni aktivity

valecné akce

& FE & & &
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Znecisténi pud

Vlivy pudni kontaminace:

Y% pfima konzumace kontaminované pudy

&

inhalace prachu a tékavych latek z kontaminovanych ptd

&

pfijem rostlinami a nasledna kontaminace potravnich
fetézcu
fytotoxicita

likvidace kontaminovanych budov a zafizeni

pozZary a vybuchy

& & & &

kontaminace vody
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Pudni pH a pfijem

potassium in potassium adsorbed to
minerals (water surface of

soluble) clay

minerals

interlayer
potash of
clay minerals

100% 5% 50%
t
delivery
very slight availability directly available to most important linle_av-ihble after
(only by mineral plants potassium storage form,  exhausting exchangeable
weathering) high availability potassium

Figure 4.3.1 Potassium dynamics in the soil (after Heintz and Reinhardt, 1993)
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Figure 4.3.2 Balancing out heavy metals in the upper soil layer
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Figure 4.3.3 Soil pH and uptake of metals
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Chovani tézkych kova v
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Figure 4.3.10 Behaviour of heavy metals in the soil
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Akumulace téZkych kovu
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Figure 4.3.9 Accumulation of heavy metals
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Transport a pusobeni posypovych soli

salt relocation in
plant

salt transport from roads
onto verges

uptake via leaves
and branch parts

accumulation of salt

ions in leaf edges and
shoot tips
e ——
salt transport from
roots with water flow

| drizzle

Spray
et
drifting of
| salt crystals

7

surface runoff’

reduced nutrient
availability due to

salt uptake :
by roots increased pH
“
deficiency of nutrient

change of osmotic

ratios in soil solution ions due to Na" exchange

and root cells

e impaired soil air level
inhibited mycorrhiza hinders root
formation Effects of salt on plants respiration

above ground

Figure 4.3.4 Transport and activity of melting salts (after Pietsch and Kamieth, 1991)
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Ptdni zony a chovani

b | O

Soil particles

Vadose zone

(unsaturated)
Concgg;
Ksoil.air = —_—
Concai,

Free product layer
(Liquid LNAPL)

/ ConcnapL

KinaPL air = s
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Conc yapt
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FIGURE 6.3 Soil zones and partitioning behavior of a free product pollutant. All the Ks in the
equations are partition coefficients. They quantitatively describe how the pollutant distributes
itself among water, soil, air, and free product.
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Znecisténi pud - LNAPL

————__Ground surface
é__,Leaking tanks
Low permeability layers

Unsaturated zone

Vapor contaminant plume

N

Liquid free product

TS W, N
ssed by

weight of free product Dissolved contaminant plume

Bedrock

FIGURE 6.4 Light nonaqueous phase liquids (LNAPL) fuel leaking from underground
storage tanks migrates downward under gravity. Enough fuel free product has leaked from
the left tank to reach the saturated zone and spread out above the water table, moving in the
direction of groundwater flow. The smaller spill from the right tank is insufficient to reach the
water table and has become immobilized within the unsaturated zone by sorption and capillary
forces. The more soluble components of the free product are present in the dissolved plume,
which extends below the free product plume into the saturated zone and moves downgradient
with groundwater flow. There also is a vapor plume in the unsaturated zone consisting of the
most volatile components. The vapor plume migrates away from the liquid free product in the
vadose zone in all directions independent of gravity. It may enter underground cavities such as
sewers and basements, and may escape through the ground surface into the atmosphere.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Zne&isténi pad - LNAPL

) Gasoline free product (b) Gasoline water-soluble fraction
(c) Diesel fuel free product (d) Diesel fuel water-soluble fraction
(e) JP-5 Jet fuel free product (f) JP-5 Jet fuel water-soluble fraction

FIGURE 6.5 Gas chromatograph/flame ionization detector (GC/FID) chromatograms of
gasoline, diesel, and JP-5 fuels and their respective water-soluble fractions. Time of elution,
which corresponds roughly to the number of carbons in the eluted compound, increases from
left to right. Thus, peaks corresponding to heavier compounds appear farther to the right in
each figure. The composition of free product and dissolved fractions are very different in each
type of product because the more soluble compounds become distributed preferentially into
the water-soluble fraction. The water-soluble fractions are composed mainly of 1-, 2-, and
3-ring aromatic hydrocarbons.
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Zne&isténi pad - LNAPL

Soil surface Tl

Monitoring +  Unsaturated zone containing
well sresidual LNAPL, mostly immobile
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FIGURE 6.6 Thickness of LNAPL accumulated in a well compared to thickness in adjacent

subsurface.
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Zne&isténi pad - LNAPL

Soil surface

E Ulisaturated zone containing
wresidual LNAPL, mostly immobile

Monitoring
well

pr;dlt,;tplle-a free’ein LNAPL free product thickness in subsurface
subsurfyace Mobile free product layer
: 4 Free product
\\}:.’.’:‘Z{f::’..":.’f ffTi— capillary fringe
T ETIEAT watertaie

= LI‘;APL'free— """" [ £~ capillary fringe
product layer -

E LNAPL free product thickness in well
inwell - e

H
Water table level + Groundwater in saturated zone

FIGURE 6.6 Thickness of LNAPL ac d in a well p to thickness in adjacent
subsurface.

Figure 6.6 illustrates some of the factors that affect free product accumulation in
a well. In the soil subsurface away from a well, liquids are influenced by capillary
attractions that draw them into small pore spaces and interstices. Where no LNAPL
free product is present, three forces determine the aquifer water table elevation:

—
*

Gravity pulls water downward.

2. Water pressure in the aquifer acts upward against gravity.

3. Capillary forces at the interface between the saturated and unsaturated
zones also act upward against gravity.

4. The water table rises to the level where the downward force of gravity is

balanced by the two upward forces of water pressure and capillary attractions.
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Zne&isténi pad - LNAPL
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Zne&isténi pad - LNAPL

An estimate of LNAPL thickness in the adjacent subsurface, ignoring soil properties
and capillarity, can be made from (Figure 6.6):

; . twen(water density — LNAPL density) 63)
subsurface ™ LNAPL density 3

where
foubsurface 15 the thickness of LNAPL in the subsurface adjacent to the well (cm)

fwen is the thickness of LNAPL in the well (cm)

Water density is 1.0 g/em®
LNAPL density is 0.7-0.8 g/cm3 for gasoline and diesel fuels

Coarse-grained soil —»

LNAPL capillary zone\
LNAPL in subsurface soil ;

LNAPL in well

«——— Saturated zong ———

FIGURE 6.8 Effect of soil texture on LNAPL thickness in a well.
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FIGURE 6.9 Spreading of LNAPL into a “smear zone™ because of water table fluctuations.
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Zne&isténi pad - LNAPL

Initial water table Raised water table Lower water table
Ground surface Ground surface Ground surface
Monitoring Frge product layer in well Residual
P hydrocarbons
welr~~_ ‘_ e .
5 1 I inunsaturated
Free product layer o T :
in subsurface Free product ¥
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. - ::‘ 1¢,";0. :\
T Free product  'mmobile
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in saturated layer in well in subsurface
zone

IGURE 6.10 Effect of fluctuating water table on LNAPL accumulation in a well.
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Znecisténi pud - LNAPL
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FIGURE 6.11 Soil retention factors for LNAPL fuels in different soils above the water table.
Calculations assume a soil bulk density of 1.85 g/cm® and LNAPL densities of 0.7, 0.8, and
0.9 g/cm3 for gasolines, diesel fuel, and fuel oils, respectively. (From Mercer, J. and Cohen,
R.A., 1990, J. Contamin. Hydrol., 6, 107-163.)
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Zne&isténi pad - LNAPL

Fresh gasoline
| 2 ’ Weathered gasoline

(b)

‘ | ‘ Fresh diesel fuel Weathered diesel fuel

(d)
Gasoline lDiesel 1ue|| Motor oil

Lubricating oil

Retention time —> Retention time —>

(e) (f)

FIGURE 6.12 Gas chromatograms (GC) showing the differences in chromatographic signa-
tures between different types of fresh and weathered petroleum hydrocarbon free product.
Figure (f) at lower right is a GC of free product containing a mixture of gasoline, diesel fuel,
and motor oil. Humps, where the chromatogram rises above the baseline, are due to hundreds
of different hydrocarbon compounds that are not chromatographically resolved.
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Zne&isténi pad - LNAPL

Christensen and Larsen (1993) found a linear relation between lheAuAge of diesel oils
and the C17 /pristane peak-height ratio. From their data, it appears possible to determine
the age of a diesel spill to within about 2 years, if it meets the following criteria:

* If it is between 5 and 20 years old.
 If it was created by a single sudden spill event.
* It has not been “weathered” significantly except by biodegradation.

Famesane

11 i
Norpristane Norpristane
Pristane /Pristane
18 17
i Phytane J \
| |1|G ':1 Phytane

| | | .'I:.- ¥ -‘:'!.:_,_ t | :
| fg.'_‘l‘*ilém 4 Y {4 :E:“‘”\.\,\'
AN b R b

Retention timg — Retention time —»

(@ (b)

FIGURE 6.13 (a) A gas chromatogram of typical fresh No. 2 diesel oil. The numbered peaks
are linear n-alkanes, where the number represents the carbon number (e.g., C17) of the alkane.
The n-alkanes are the most abundant compounds in fresh diesel fuels and dominate the
composition. The peaks of several isoprenoids are labeled. The peak-height ratio of
C17/pristane is about 2:1. (b) A gas chromatogram of biodegraded No. 2 diesel oil. Isopre-
noids are more abundant than n-alkanes. The peak-height ratio of C17/pristane is about 0.8,
indicating an age of about 13 years according to Equation 6.7,
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Znecdisténi pud — LNAPL/DNAPL

Ground surface

—

Leaking LNAPL tank Leaking DNAPL tank

Low permeability layers

Unsaturated zone

DNAPL free product

Water table
Avd

Groundwater flow —3p

DNAPL pooled in
bedrock depression

Saturated zone

Flow into bedrock
fractures

FIGURE 7.1 Comparison of dense nonaqueous phase liquids (DNAPLs) and light nonaqu-
eous phase liquids (LNAPLs) movement in the subsurface after a spill. When mobile NAPL
encounters stratigraphic units of low permeability, such as a clay lens or bedrock, it spreads
out until it can enter a preferential pathway of greater permeability that allows it to continue
downward. DNAPL entering fractured rock systems may follow a complex pattern of prefer-
ential pathways.
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Distribuce chlorovanych uhlovodiki v padnim

1. 2D distribution

P — — —

Figure 4.4.3 Distribution of chlorinated hydrocarbons in soil atmosphere
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Limitni obsahy polutanta v pudach

Limitni obsahy polutantd Prvky Maximalng pfipustné hodnoty
v pfl dach lehké pady ostatni ptudy
Limitni obsahy polutantt : zz ;z
v padach [mg.kg] o 04 1,0
nalezicich do Co 10,0 25,0
zemédélského pﬁdniho Cr 40,0 40,0
fondu Cu 30,0 50,0
Vyluh 2 M HNO, Hg - -
Mo 5,0 5,0
Ni 15,0 25,0
Pb 50,0 70,0
v 20,0 50,0
Zn 50,0 100,0
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Limitni obsahy polutanta v pudach

Celkovy obsah (rozklad lu€avku kralovského)

Prvky Maximalné pfipustné hodnoty
Lehké pudy Ostatni pudy
As 30,0 30,0
Be 7,0 7,0
Cd 0,4 1,0
Co 25,0 50,0
Cr 100,0 200,0
Cu 60,0 100,0
Hg 0,6 0,8
Mo 5,0 5,0
Ni 60,0 80,0
Pb 100,0 140,0
A" 150,0 220,0
Zn 130,0 220,0
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Ukazatel zneciSténi zeminy Hodnot? pfilp;ustlnéh? ztlleéiéténi . . e
mg.kg ~ susiny L t b h
1. Anorganické litky lml nl O S a y

B 40 o o r

Br 20

F 500

CN celkové 5

CN 1

S (sulfaticka) 2

II. Organické Litky

a) Aromatické uhlovodiky a jejich derivity

Benzen 0,05
Etylbenzen 0,05
Fenol 0,05
Xyleny 0,05
Aromaty celkem 0,30

b) Polycyklické aromatické uhlovodiky

Antracen 0,01
Benzo(a)antracen 1,00
Benzo(a)pyren 0,10
Fenatren 0,10
Fluoranten 0,10
Chrysen 0,01
Naftalen 0,10
Polycyklické aromatické uhlovodiky celk. 1,00
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Figure 4.3.11 Mobilisation of heavy metals with various extraction agents
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Bazalni monitoring pud

Lokalizace pozorovacich ploch bazalniho monitoringu zemédélskych pad
Location of hasal soil monitoring plots

Legenda; Legend
zakladni subsystém
basal subsystem

orna pada; arable soil

subsystém kontaminovanych ploch
subsystem of contaminated plots

) » orna phda; arable soil
TTP=.9r355|a"d n TTP; grassland
sady; orchards ™ chmelnice; hop-gardens

vinice; vineyards
chmelnice; hop-gardens

O monitoring atm. depozice
monitoring of atmospheric deposition
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Bazalni monitoring pud - POPs

Monitoring of POP's in soils - monitornig plots
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Vzorkovaci schéma na monitorovacim misté
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Evropskym socialnim fondem a statnim rozpoctem
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