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Rostlinna selekce

Uprava a hnojeni pady

Zvyseni biodostupnosti pomoci syntetickych chelatoru
Hustota rostlin pfi vysevu

Stridani plodin

Podpora plodin (hubeni skiidct a zavlazovani)

Vyzkum
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Genetické upravy ke zvyseni tolerance/akumulace/degradace:

>

YV V V V V V

Metallothioneiny, fytochelatiny a chelatory kova
Transportéry kovu

Enzymatické transformace

Alternativni metabolické cesty

Zmény v mechanismu oxidativniho stresu
Zmény v korenovém systému

Zmény v produkci biomasy
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Rostliny pro
remediaci

Hellanthus annuus




kontaminace vody/pudy

/\

analyza sbeér rostlin
identifikace polutantu Inicializace TK

degradacni studie v TK

\

identifikace produktu, objasnéni mechanismu
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vybeér rostlin optimalizace rostlin

polni aplikace




1. Prizkum kontaminované lokality
2. Dokumentace rostlin
3. Sbér rostlin a semen pro herbar a in vitro studie
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Saponaria officinalis

—> Semena

sterilizace

Iniciace kalusu
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nediferencovana
bunécna kultura




IDENTIFIKACE ZODPOVEDNYCH PROTEINU
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Asymmetricky somaticky hybrid 60/31 (B) a jeho rodi€e Brassica juncea
(A) a Thlaspi caerulescens (C) rostouci v padé 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




Transgenni a ,,wild-type“ tabak byly kultivovany s 300 pymol/L Cd?* 10 dni Linie C6
méla zvySenou resistenci vicéi Cd?*,

(A) List C6 pred kultivaci. (B) List ,,wild type* pred kultivaci

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

WT, ,,wild type“ rostliny

C6, transgenni linie
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Li et al., Journal of Integrative
Plant Biology (2006) 48:928-937
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KAM S ROSTLINAMI 7
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MUKVIVE NEMYSTERC) . WA SOUCASIE GLOBALN] OTEPLOVANI NENESE MAWLT
LADNOD WDPOVEDNVOST .. .
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Koncentrace CO,v atmosféie
v obdobi 1744 - 1992

m Stanice Siple
(ledovec)

+ Mauna Loa

Koncentrace CO,
{PPM - parts per million - ohjemové)

1700 1750 1800 1850 1900 1950
Rok



http://upload.wikimedia.org/wikipedia/commons/a/af/Carbon-dioxide-3D-vdW.svg
http://upload.wikimedia.org/wikipedia/cs/6/61/Co2_v_atmosfere.gif

Biomasa je témér jakakoli hmota organického pavodu, at’ uz rostlinného ¢i
zivocisného.
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« Sucha biomasa, coz je napriklad drevni a suchy rostlinny odpad, se
vétsinou zpracovava suchymi procesy, jako jsou spalovan CcCi
zplynovani.

« Mokra biomasa, tedy napriklad tekuté a pevné vykaly hospodarskych
zvirat €i silaz, se zpracovava mokrymi procesy v bioplynovych
stanicich. Mezi dalsi moznosti jejiho zpracovani pak patfi lisovani
oleju a jejich uprava napriklad pri vyrobé bionafty.
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Lignocelulézové | Dreviny (vrby, topoly, olse, akaty)

Obiloviny (celé rostliny)
Travni porosty (sloni trava, chrastice, trvalé travni porosty)
Ostatni rostliny (konopi seté, c¢irok, kridlatka, Stovik krmny, sléz
topolovka)

Olejnaté Repka olejna, sluneénice, len, dyné na semeno

Skrobno- Brambory, cukrova repa, obili (zrno), topinambur, cukrova trtina,

cukernate kukurice
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Biomasa pro energii

Dfevovina
Papir .z o —
Viakno Rezivo —— ————— Malenaly\ | F - S
Preklizky I i
Balvina Odpady z vyroby: “
- Cerny vyluh
- piliny >»—3» Konzumenti
‘|'“;ra TFidény komunalni odpad
‘ / Drevo 2z demolic
Odpad z adrzby zelene
Pl re A »Potrau R
viny o
Odpady z vyroby: o
‘ - bagasa (A
A -hnyj ... o 2
: | sluzby | Elektfina
Slama |
Zelend Stépka v

Suro- Palivové drivi
viny Rychlerostouci drevinyl

- BiO€@NErgie + biopaliva

Bionafta

Energetické rostliny
L»

Biopaliva { Bioplyn
Brikety ...




PLANOVANI A APLIKACE
FYTOREMEDIACE
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Puda/klima podporujici rostlinny rust

Ne

l Ano

Rostliny kompatibilni s kontaminanty

N[E

l Ano

Vyuziti pady kompatibilni s péstovanim rostlin

Ne

Ano

\4

Hloubka < 3 metry

Ne

Ano

\ 4

Dostupny ¢as > 2 roky

Ne

Ano

\4

Zvazit moznost pouziti fytoremediace

Alternativni technologie,
bud’ samostatné a nebo
v kombinaci s
fytoremediacemi
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Potreba likvidace rostlinné biomasy

Dostupny prostor pro €isténi vody:
je hydraulicka rychlost odstranovani dostatecna ?

Poskozeni plodin zviraty

Toxicita kontaminantu v rostlinné biomase:
toxicita pro potravni retézec zvirat a ¢clovéka

Potireba hubeni skiudcu




* Predbézny pruzkum lokality
« Koordinace s zainteresovanych casti
> Plan, technika, vedeni
« Laboratorni zpracovani
> Zhodnoceni rustu rostlin a produkce
> Vlastnosti pudy a/nebo vody
« Potreba hydrogeologického modelovani a zavlazovani

« Realizace
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> Vysadba, kultivace, vzorkovani, sklizen
 Monitorovani a analyza
 Nakladani s biomasou

> Suseni, kompostovani, transport, spalovani,

skladka, spalovna.




Parametry

Analyza

Rostlinny rast
Rostlinné tkané

Meéreni toku rostlinnych stav
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Transpirovany plyn
Povrchova voda a puda

Pramér, vysSka, vaha, mnozstvi
kofenu

Degradacni produkty, sekvestrovane
kontaminanty

Srovnani toku stavy s
meterologickymi daty

Volatilizace kontaminantu

Studny, lysimetry, pudni vzorky pro
stanoveni biodegradacni aktivity,
zbytkoveé kontaminanty




Y

Uziti chelatort pro zvysSeni rozpustnosti kovu

Y

Kombinace s jinymi in situ technologiemi
(napr. mikrobialni bioremediace, elektrokinetika)
Vybeér vylepsenych rostlinnych variet

Geneticka uprava vylepsenych variet
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Ovéreni efektu rhizosféry

Stanoveni potrebnych sanacnich limitu

vV V V VY V

Identifikace kritickych parametru, druht, klimatu, pud.




PRIKLADY VYUZITI




THE PHYTOMINING
OPERATION ——1—

Crop grown ¢n soil containing meta
concentration too low for
conventional exploitatipn

Complexing
agents may be
added 1o
enhance metal

\uptake of crop /
Nickel / Thallium / Gold

! Possible production @
of elecincity
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Small volume of plant ash -

(bio-ore) containing high Smelt bic-ore

| concentration of target metal to yield metal

/
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TEZBA ZLATA
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L} -4 4

« Vv vodé zjisténa kontaminace rozpusténymi latkami typu benzen a

MTBE

« topoly byly pouzity jako hydraulické pumpy pro odsavani podzemni
vody a zamezeni prusaku do okolniho terénu
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- fytoremediacni mokrad vytvoreny r. 1998 pro remediaci
rozpustnych latek
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V letech 1954- 2001
- separace uranovych izotopti plynnou duftizi
- vyroba obohaceného uranu pro US Navy

Hlavni kontaminanty tékavé org. latky, radioizotopy, PCB a PAH
- bariéra stromt a kerti
- brani migraci latek do okoli byvalé tovarny
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Mokrad jako cCistirna vod

(rostlina Conna indica )




Line 1 Impoundment
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Mokrady

- vysoka schopnost remediace zbytkové kontaminace
explosivy v ptidé a povrchové vodé
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ﬂ Line 800 Lagoon

Line 800 10_April 1998

~ Production

&“"*
x Jrr ’(ﬁ
: l'rrr’urfrrr

Contammated .
Soil ‘
Excavation .vq,;;

Line 800 Lagoon
24 June 1997

Vr. 1997
- odstranéno cca 8000 m3 kontaminované pldy (obsah 2000kg
vybusnin)

Kontaminované (zemi je preménovana v mokradni zonu
- v r. 1998 osazeno vhodnymi rostlinami s vysokou kapacitou
fytoremediace
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6 hektar oSetrenych priblizné 3,000 m3/d pro znovu vyuziti
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Location

Application

Plants

Contaminants

Performance

Contacts

Chernobyl, Ukraine

Rhizofiltration demonstration
pond near nuclear disaster

Sunflowers
Helianthus
annuus

¥ s, WSr

90% Reduction in 2 weeks.
Roots concentrated 8,000
fold

|. Raskin, Rutger
.

Ashtabula, OH

Rhizofiltration demonstration
DOE energy wastes

Sunflowers
Helianthus
annuus

95% removal in 24 hours
from 350 ppb to < 5 ppb

B. Ensley,
Phytotech

Trenton, NJ

Phytoextraction demonstration
200 ft x 300 ft plot brownfield
location

Indian mustard
Brassica juncea

FPb

Pb cleaned-up to below
action level in one season
SITE program

B. Ensley,
Phytotech

Rocky Flats, CO

Rhizofiltration from landfill
leachate

Sunflowers and
mustard

U and nitrate

Just beginning SITE
program

Rock, 1997

Dearing, KS

Phytostabilization demonstration
one acre test plot abandoned
smelter, barren land

Poplars
Populus spp.

Pb, Zn, Cd

Concs. = 20,000 ppm

for Pb and Zn

50% survival after 3 years.
Site was successfully
revegetated.

G. Pierzynski,
Kansas St.

Whitewood Cr., SD

Phytostabilization demonstration
one acre test plot mine wastes

Poplars
Populus spp.

As, Cd

95% of trees died
Inclement weather, deer
browse, toxicity caused
die-off.

J. Shnoor, U. of
lowa

Pennsylvania

Phytoextraction pilot
mine wastes

Thiaspi
caerulescens

Zn, Cd

Uptake i1s rapid but difficult
to decontaminate soil

R. Chaney, USDA
Beltsville, MD
Brown 1995

San Francisco, CA

Phytovolatilization
refinery wastes and agricultural
soils

Brassica sp.

Selenium is partly taken-up
and volatilized, but difficult
to decontaminate soil

G. Banuelos,
USDA Salinity
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,
EFAJERT,
Edison, NJ

Carswell AFB
Ft. Worth, TX

Phytotransformation
groundwater capture an 4 acre
plot

Hybrid poplars
Fopulus spp.

TCE

Only in second year SITE
Project

G. Harvey, Ohio
Wright-Patterson
AFB

Milan, TN

Phytotransformation
engineered wetland at army
ammunition plant

Elodeia
Bullrush
Canary Grass

TNT, RDX

> 00% removal

D. Bader, U.S.
Army Aberdeen
Proving Ground,
MD

Middletown, |A

Phytotransformation
created wetland and
surrounding soil

Pondweed
Coontail
Arrowroot
Hybrid poplars

TNT, RDX

Just beginning

J. Schnoor, U. of
lowa

K. Howe, Army
COE Omaha

Ogden, UT

Phytotransformation
(groundwater and soil)
petrochemical wastes 4 acre site

Hybrid Poplar

BTEX, TPH

Only in second year
SITE Program

A Ferro,
Phytokinetics

Portland, OR

Phytotransformation on wastes
of wood preservative

Hybrid Poplar

PCP, PAH

Only in second year
SITE Program

A. Ferro,
Phytokinetics

Martell, 1A
Clarence, |A
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)




