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Fytoremediace byly definovany jako vyuziti zelenych rostlin a s nimi asociovanych
mikroorganismu, pudnich doplikd a agronomickych technik pro odstranéni ci
transformaci kontaminantd z zivotniho prostredi.
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Petr Soudek - Fytoremediace II.

Fytodegradace organickych latek
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Vylisovana rostlina

Autoradiogram




Rhizodegradace organickych latek

Humification

i)

/
Biodegradation

| By-Products

Inte Root/Plant

Petr Soudek - Fytoremediace II.

(Sugars, Alcohols, Y
Phenols, Carbohydrates, ° , Mieroorganisms In Rhizosphere

and Acids) b, (Bacteria, Fungi, and Yeasts)

Contaminant Plume
("C" Represents Contaminant Compound)
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mixture of explosives

20 30
time [days]




Fytostabilizace anorganickych (nebo organickych) latek

Absorption
into Root

Reduced
Surface

Erosion Adsorption

onto Root

Petr Soudek - Fytoremediace II.

C (Enzymes, Alcohols,
Phenols, Garbohydrates,
and Acids)

E-C

N\
Precipitation or

Immobilization in Solil

Contaminant Plume
("C" Represents Contaminant Compound)
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Testovani mozného transportu
radionuklidi do péstovanych
technickych plodin

Rostlinné druhy [Bg %?°Ra/g]
Linum usitatissimum ,,Atalante* .0
Linum usitatissimum ,,Jitka“ 0.00
Helianthus annuus 0.00
Zea mays (ON0[0)
Cannabis sativa “Beniko* 0.00
Cannabis sativa ,,Juso-11“ 0.00

Cannabis sativa ,,Silesia“

.00
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Fytoakumulace anorganickych latek

Petr Soudek - Fytoremediace II.

Translocation Into
Shoots

Impacted Plant Uptake
%0” Soil Being Contaminant

Remediated
MESECTOE COR




mnoZstvi uranu v suiiné [mg/g|

0.00

Lupinus luteolus

Lupinus albus

Lupinus polyphylus
Cannabis sativa "Benico"
Cannabis sativa "Juso-11"

Cannabis sativa ""Silesia"

Arabidopsis thaliana "Columbia"

Brassica oleracea” Opera"

Sinapis alba "Veronika"

Hordeum vulgare

Helianthus annuus
Zea mays

L. lycopersicum "Albertovské"

Petr Soudek - Fytoremediace II.

L. lycopersicum "Stupicke"
Pisum sativum "Gloriosa"
Armoracia rusticana

Daucus carota

Petroselinum crispum

Letuca sativavar.capitaia "Julek"

Cucumis sativis "Mélnicka"
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sunflower

seeds

stalk
B l[eaves
M roots
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Alnus glutinosa - leaves
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Rhizofiltrace anorganickych latek

Plant Support Matrix

Contaminated
Groundwater

Pump

Contaminant

Contaminant
Stabilized On or
In Root Tissue
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Typha latifolia
Phragmites australis
Carex buxbaumii
Juncus inflexus

Iris pseudacorus

)
&)
©
o
)
=
o
o
o
+—
>
LL
1
=
)
=
>
o
o))
4:
)
o

S I/

Fas iR

S

sl
3




1| 90RIpPaWa101A - ¥apnos 119d




7o)

2’

(=)
[

activity of 2Ra [Bq/L]

o Te} o Tg}

N - ol o

o o o o
| | | |

0,00

radium

® uranium

—

600

I I I I
o (=] o o o
(=} o o (=) o
Tp) < ™M N -
[7/61] uonesyuasuod winiuelin

24 30 36 42 48
time [days]

18

12

‘|| 82eIpawWwalolfH - Yopnos 118d




Total 765 mg of U in drenage water

biomass concentration amountof U

S [kg] [mg/kg] [mg]

g Phragm_ites upper parts 0.36 1.1 0.396

é australis roots + rhizome 1.33 4.1 5.453

é Typha upper parts 0.24 0.6 0.144

o latifolia roots + rhizome 0.54 9.0 4.860

g total 2.47
N




Petr Soudek - Fytoremediace II.

Fytovolatilizace organickych (nebo anorganickych) latek

. Volatilized Contaminant
Transpired (Photochemically Oxidized)

Explanation
Contaminant

Contaminant Taken Up into Plant
Tissue and Volitilized into
the Atmosphere

Water Uptake

C
Water,

Table ©

Remediated

Impacted Remediated  Rhizosphere
Groundwater Groundwater Soil

Impacted Soil
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Petr Soudek - Fytoremediace II.
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¢as [dny]

0 3) 10 15 19 34
roztok skrobu 10.23 | 8.35 | 11.92 9.81 9.55 13.24
kyselina sirova 10.23 | 10.28 | 11.61 8.35 12.00 15.46
roztok skrobu (kontrola) 10.23 | 11.56 | 1058 | 12.79 | 12.95 | 16.27
kyselina sirova (kontrola) | 10.23 | 11.75 | 10.63 9.29 7.84 15.52

Casova zavislost aktivity (Bg/mL) roztoku $krobu a
kyseliny sirové v promyvacim aparatu.
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Fytoremediace je pasivni
remediacni technika na bazi
prirozené schopnosti
vegetace vyuzivat ziviny,
které jsou transportovany
vzlinanim 4 pady a
povrchové vody rostlinnym
korenovym systémem.

Passive transport

Higher solute
concentration

Lower solute
concentration

Osmosis

Higher water
concentration

st R
Solute «

Lower water
concentration
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Capillary fringe

Contaminated plume

Clay {aquitard)

Expanded View of Residual NAPL
Trapped in Pores Between Soil &

Sediment Particles
GROUND

SURFACE
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f - < Dispersion & Dilution —

AQUIFER




Porovnani mnozstvi
odpadu (404.7 m?)

Bagrovani Fytoextrakce

Biomasa Popel
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Contaminated
Soil

30 000 tun 1 200 tun 120 tun
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Len (Ceska Republika)
'EU bonus na zpracovémf_ |

EUR hal

364

,Dotace na pestovanl

“Semena 4 117 i
.Stonky na vlakno | . 749
Obdélavani pudy a skllzen | 625
Semena pro vysev ooy
Fiskiie L e 723

. _‘;{,.;European Ieaders agreed in
| 243 | March 2007 to have 20% of
———! ‘their overall energy needs
| covered by
| 'such as biomass, hydro,
‘ °,'W|nd and solar by 2020 |

‘renewables

',

;i; BIOMASS




Kompatibilni technologie

Vymyvani pudy/mechanicka separace
Vybagrovani - ex situ zpracovani

Elektrokinetika
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Stabilizace
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Financ¢ni vyhodnost fytoremediace (rhizosférové bioremediace) pudy s
vyuzitim husté korenicich travin v porovnani jinymi technikami (E. Drake,
Exxon, Anandale, NJ)

Typ oSetreni Rozpéti ceny $/tunu
Fytoremediace 10-35

In situ bioremediace 50-150
Pudni venting 20-220
Nepfimé termickée 120-300
Promyvani pudy 80-200
Solidifikace/stabilizace 240-340
Extrakce rozpoustedly 360-440

Spalovani 200-1500
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Ekotoxikologické testy

/
o

Folso rr{j_,a_c andid a

.

"! -". 2 ._"‘ .'_ '.' . ;_‘ - /

i VTS

v ';_‘;';f'. AR SN
3Re . ATy J Sl B SN
nchytkaeus crypticus )




(0]
O
@©
o
(]
=
(]
S
o
4+
>
LL
1
=
[}
©
-]
O
n
LS.
4+
[
ol

Lupinnus albus - akumulace nuklidd 41°Pb a 19°Cd
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Spalovani
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Kompostovani
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« Je mozno vycistit kontaminovanou plochu na pozadovany limit ?
« Zajakou dobu ?

* Nevznikaji néjaké toxické meziprodukty nebo produkty ?

« Jeto finan¢éné vyhodnéjsi nez alternativni metody ?

 Je metoda prijatelna pro verejnost ?
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Increasing Mercury Concentrations

Figure 1. Accumulation of mercury in the food chain.

(Reprinted from Clean the Rain, Clean the Lakes: National Wildlife Federation, 2000)
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KONTAMINANT JE V BIOLOGICKY
NEDOSTUPNE FORME
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Rostliny pro
remediaci

us annuus




