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Je hrozn é nenasytna.

Dneska mi sezrala gulas
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VYLEPSENI FYTOREMEDIACE

Rostlinna selekce

Uprava a hnojeni p.0dy

= ZvysSeni biedostapnosti pomoci syntetickych-chelator

Hea

@-, Hustota rostlin p -Frvysevu
| St¥idani plodin
Podpora plodin (hubeni Sk Gdcu'a zavlazovani)

Vyzkum
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TRANSGENNI ROSTLINY

Metallothionelny s iytochelatiny a chelatory Kov

Transportéry kav U

Enzyniatickeztransformace

Alternativhi métabolické cesty

Zmenyazme chamsmEno xidativai hofstresu
Zmeny v ko Fenovem systému

Zmeny v produkci biomasy
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CHYBI ROSTLINY VHODNE PRO REMEDIACI

Rostliy p
remediacl
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Helianthus annuus
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identifikace produkt U, objasn éni mechanism u

vyb ér rostlin optimalizace rostlin

polni aplikace
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BOTANICKY PRUZKUM

1. Priazkum kontaminované lokality
2. Dokumentace rostlin

3. Sbhér rostlin a semen pro herba Fa invitro studie
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IN VITRO KULTIVACE
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) IDENTIFIKACE ZODPOVEDNYCH PROTEINU
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SOMATICKA HYBRIDIZACE BUN EK
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Asymmetricky somaticky hybrid 60/31 ( B) a jeho rodi €e Brassica juncea
(A) a Thlaspi caerulescens (C) rostouci v p adé obsahujici 800 mg/kg olova,
328 mg/kg niklu, a 7,600 mg/kg zinku.

Gleba et al., Proc. Natl. Acad.
Sci. USA (1999) 96: 5973-5977
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PRIJEM KADMIA TABAKEM

Transgenni a ,wild-type“ tabak byly kultivovany s 300 pmol/L Cd 2* 10 dni Linie C6
méla zvySenou resistenci v t¢i Cd?*,

(A) List C6 p fed kultivaci.  (B) List ,wild type“ p  Fed kultivaci

(C) List C6 po kultivaci. (D) List ,wild type* pokultrvaci
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Koncentrace Cd v tabaku po
3 tydnech kultivace s 100
pmol/L CdCl ,,

WT, ,wild type“ rostliny

C6, transgenni linie

Li et al., Journal of Integrative
Plant Biology (2006) 48:928-937
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HUKVIVE NENYSTERCI . WA SOUCASIVE GLOBALNI OTEPLOVANI NENESE MAMLT
LADNOD woDfoVEDNGST .. .
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co,

Koncentrace CO,v atmosféfe
v obdobi 1744 - 1992
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m Stanice Siple
{ledovec)

+ Mauna Loa

Koncentrace CO,
{PPM - parts per million - ohjemove)
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CO JE TO BIOMASA ?

Biomasa je tém
Zivo €iSneho.

)
os3ev ' UZASNED 0BIEV -

BLBOST sE SIR\”RyeHLosT( SVETLR ! &
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BIOMASA

Sucha biom nap Fiklad dFeyvai.a suchy. rostliinny odpad, se
VetSinou _zpracovava  “suchymiapfocesSyy, 4ako yjsou  spalovan Ci
zply hovani,

Mokra biomasa, tedy nap Fiklad tekute a pevne vykaly hospoda rskych
zvirat ¢i silaz, se zpracovava mokrymi procesy Vv bioplynovych
stanicich. Mezi dalSi moznosti jejiho zpracovani pak pat  Fi lisovani
olej U a jejich tprava nap Fiklad p Fi vyrob & bionatfty.
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ENERGETICKE PLODINY

Lignocelulézové

Olejnaté

Skrobno-
cukernaté

D reviny (rbytopolrolse, akaty)
Obiloviny (celé rostliny)
TravnjpoE@Sty (sloni trava, chrastice, trvalé trav “-nl"porosty)

Ostatnf rostliny (konopi setg; . ¢irokgzk Fidlatka, $ tovik krmny, Slez
topolovka)

Repka olejnésslunédérice sieh, Byne fia’'semeno

Brambory, cukrova reépaxobili (zrno), topinambur, cukrovat fina,
kuku Fice



BIOMASA

Biomasa pro energii

Dievovina
Fapir iop
Vidkno gesivo——1————> Materialy «
Preklhizky I
Balvina CQdpady z vyroby
- Earmy wyluh
diliny =— Konzumenti

Tridény komundini odpad
Ureve z demaolic
Udpad z udrzby zeleneg

|, Potra-

Odpady z vyroby
- bagasa
hnuj ...

S —
5] -
LA

-

|

|

|

|
Zelena stdpka v - : : -
Palivove dfivi * Bicenergie + biopaliva

Rychlerosiouci dieviny ‘L
{E‘I!'.'-I"-J'-Qn

e

Energeticke Tepio
sluZzby | Elektiina

>
]
o
o
e
]
S
o
S
O
g\
LL
4
[}
e
>
o
n
S
+—
[
o

Energetické rostliny E
S loplyn

drikety ..

Biopaliva




o

Petr Soudek - Fytoremediace VII.

(V]




>
]
(&)
o
©
]
S
o
S
O
=
wy
=
(3]
©
>
o
n
S
o)
[
o

ROZVAHA POUZITI FYTOREMEDIACE

Puda/klima podporujici rostlinny r ust

Vyu2|t| p udy kompat|b|In| Sp estovanlm rostlln
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Hloubka < 3 metry
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Dostupny €as > 2 roky
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Alternativni technologie,
bud’ samostatn é a nebo
v kombinaci s
fytoremediacemi

Zvazit moznost pouziti fytoremediace




“ DODATECNE ROZVAHY
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Potreba likvidacCe rostiné-biocmasy:

Postupny prostor pro . ¢isténi.vody:
je-hydraulicka gychlost.edstigl : hgvankdosiate ena ?

Poskozeni plodin ZVimskaty

Toxicita kontaminantu v rostlinné biomase:
toxicita pro potravni fetézec zvirat a ¢lov éka
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Potreba hubeni Sk adcu




PLANOVAN| FYTOREMEDIA CNiHO PROJEKTU

*a%: e
a.produkce.

Realizace

> Vysadba, kultivace, vzorkovani, sklize n
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Monitorovani a analyza
Nakladani s biomasou
> SuSeni, kompostovani, transport, spalovani,

skladka, spalovna.
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MONITORING

-M-&’LM_M. —

Rostlinny rust
Rostlinne tkane

Mé&reni toku rostlinnych stav

Transpirovany plyn
Povrchova voda a puda
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Parametry Analyza

Pramér, vySka, vaha, mhozstvi
korend

Degradacni produkty, sekvestrovane
Kontfaminanty

Srovnani‘toku stavy s
meterologickymi daty

Volatilizace kontaminantu

Studny, lysimetry, padni vzorky pro
stanoveni biodegradacni aktivity,
zbytkové kontaminanty
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BUDOUCNOST FYTOREMEDIACI

Uzitichelator: b pre:zvysenrrozpustnosti kov="t

Kombinace-s jinymi _in situ_techrgiogiemi

(napf-mikrobialni biorémediace selekirokinetika)
Vyb ér vylepSenych rostlinnych variet

Geneticka uprava vylepSenych variet
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Oveéreni efektu rhizosfery
Stanoveni pot febnych sana €nich limit G

|dentifikace kritickych parametr G, druh G, klimatu, p ud.
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FYTOMINING

THE PHYTOMINING

OPERATION
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o TEZBA ZLATA
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Enkoping, Svédsko
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Sparks Solvent Fuel Site (USA)

- fytoremediacni mokrad vytvoreny r. 1998 pro remediaci

rozpustnych latek
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® DOE's Portsmouth Gaseous Diffusion Plant
(Ohio, USA)
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V letech 1954- 2001
« separace uranovych izotopti plynnou dufiizi
- vyroba obohaceného uranu pro US Navy

Hlavni kontaminanty tékavé org. latky, radioizotopy, PCB a PAH
« bariéra stromi a kerii
- brani migraci latek do okoli byvalé tovarny

e
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Mok radni ¢istirna vod
Anglie
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Mokrad jako cistirna vod
(rostlina Conna indica )




N/

Petr Soudek - Fytoremediace VII.

e/

lowa Army Ammunition  Plant Restoration

Line 1 Impoundment
_10 Aprll 1998

Line 1 Impoundment'
March 1996

Mokrady
- vysoka schopnost remediace zbytkové kontaminace

explosivy v ptidé a povrchové vodé



lowa Army Ammunition Plant Restoration

Line 800 Lagoon

Hngacs 7 |\ 10 Apru 1998
Production P L _
Facility == =2

Contaminated
Soil i -
Excavation ’ 1
' | Wetlands
Area

Line 800 Lagoon
24 June 1997

Vr. 1997
- odstranéno cca 8000 m3 kontaminované puldy (obsah 2000kg
vybusnin)
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Kontaminované Gzemi je preménovana v mokradni zonu
- v r. 1998 osazeno vhodnymi rostlinami s vysokou kapacitou
fytoremediace




Wyoming

BP rafinerie, Casper,

a

Byva

N/

NIA 2eIpawaloifd - Yapnos nad
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Nimr rakosové laguny, Oman,
Shell a Petroleum Development Oman

6 hektar U oset renych p nbhzn €3

¢)

0]0]0) m3/d pro Znovu vyuziti
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DALSI APLI

KACE FYTOREMEDIACI

smelter, barren land

for Pb and Zn

revegetated.

Location Application Plants Contaminants Performance Contacts
v ——
) Rhizofiltration demaonstration Sun_flowers am 90% Reduction in 2 weeks. |. Raskin, Rutgers
Chernobyl, Ukraine . Helianthus T(Cs, WGr Roots concentrated 8,000
pond near nuclear disaster
annuus fold
Ashtabula. OH Rhizofiltration demonstration iur;flo::;ers U 95% removal in 24 hours | B. Ensley,
! DOE energy wastes eliantius from 350 ppb to < 5 ppb Phytotech
annuus
Phytoextraction demonstration Indian mustard Pb cleaned-up to below B. Ensle
Trenton, NJ 200 ft x 300 ft plot brownfield Br. Fb action level in one season Ph totec‘;{
location rassica juncea SITE program Y
Rocky Flats, CO Rhizofiltration from landfill Sunflowers and U and nitrate Just beginning SITE Rock, 1997
leachate mustard program
Phytostabilization demonstration Pb, Zn, Cd 50% survival after 3 years. ] )
) Poplars : G. Pierzynski,
Dearing, KS one acre test plot abandoned Concs. = 20,000 ppm| Site was successfully
FPopulus spp. Kansas St

=

Phytostabilization demonstration

Poplars

95% of trees died.
Inclement weather, deer

J. Shnoor, U. of

e .
et Whitewood Cr., SD one acre test plot mine wastes | Populus spp As, Cd browse, toxicity caused lowa
die-off
o I . . . ] R. Chaney, USDA
= Pennsylvania Phytoextrachon pilot Thiaspi Zn, Cd Uptake is rapld but d_\fflcult Beltsville, MD
- mine wastes caerulescens to decontaminate soil
— Brown 1995
Phytovolatilization Selenium is partly taken-up Ssgingzllﬁit
San Francisco, CA | refinery wastes and agricultural | Brassica sp. Se and volatilized, but difficult Y

soils

to decontaminate soil

Lab, Riverside,
CA

Aberdeen, MD
J-field site

Phytotransformation
groundwater capture on 1 acre
plot

Hybrid poplars
Populus spp

TCE, PCA (1,1,2,2-
tetrachloroethane)

Only in second year
Demonstration Project

H. Compton,
EFA/ERT,
Edison, NJ

Phytotransformation

G. Harvey, Ohio

of wood preservative

Carswell AFB Hybrid poplars Only in second year SITE .

Ft Worth, TX groundwater capture on 4 acre Populus Spp TCE Project Wright-Patterson
plot AFB
Phytotransformation Elodeia Eén?a?&ebr‘e:jfén

Milan, TN engineered wetland at army Bullrush TNT, RDX > 90% removal Y

" Froving Ground,
ammunition plant Canary Grass VD
Phytotransformation Ezgg:\;ieled ‘ljmf;h noor, U. of

Middletown, |A created wetland and TNT, RDX Just beginning

surrounding soil Arrov_\.rroot K. Howe, Army
Hybrid poplars COE Omaha
Phytotransformation Only in second year A. Ferro

Ogden, UT (groundwater and soil) Hybrid Poplar BTEX, TPH ¥ y . !

. . SITE Program Phytokinetics
petrochemical wastes 4 acre site

Portland, OR Phytotransformation on wastes Hybrid Poplar PCP, PAH Only in second year A. Ferro,

SITE Program

Phytokinetics

Martell, 1A
Clarence, 1A
Amana, IA

Phytotransformation
agricultural runoff and
agricultural co-op sites

Hybrid Poplar

atrazine, nitrates

90% reduction in
groundwater of NO,-
atrazine reductions

Licht, Ecolotree
Paterson and
Schnoor (1992)




