3 AV CR, v.v.i. A VURV, v.v.i.

) Laborato F rostlinnych biotechnologii " g@b
I"-.I (. E

XENOBIOCHEMIE ROSTLIN II.
Ph
q







UVOD A DEFINICE







@ FYTOREMEDIACE

Fytoremediace byly definovany jako vyuziti zelenych rostin a s nimi
asociovanych mikroorganism 1, pudnich dopl nka a agronomickych technik pro
odstran éni €i transformaci kontaminant @ z Zivotniho prost Fedi.

Phytoremediation

Phytovolatilization
remoal of contamingnts
fromm the soil and subsequent
rejegse o the atmosphere

T
g,

Phytodegradation

plant metabolism of contarmingnts

Phytoextraction
extraction of contaménant by the plant Cluis,

Phytostimulation BioTeach
microbial metabolism of contaminant Journal
in the rhizosphere (2004) 2, 61-
67




@ TYPY FYTOREMEDIACI

Application

Media

Contaminants

Typical plants

Phytotransformation

Rhizosphere
bioremediation

Phytostabilization
! Phytoextraction

Rhizofiltration

Phytovolatilization

Soil, groundwater,

landfill leachats,
land application
of wastewater

Soil, sediments, land
application, confined
disposal facilities

Soils

Soil, sediments,
brownfields

Groundwater, waste-
water through con-
structed wetlands

Soils and sediments

Herbicides; chlorinated ali-
phatics (e.g., TCE), aromatics
(e.g., BTEX]); ammunition
wastes (TNT, RDX, HMX,
perchlorate]; nutrients
(nitrate, ammonium,
phosphate)

Biodegradable organics
(BTEX, TPH, PAHs, PCBs,
pesticides]

Metals (Pb, Cd, Zn, As, Cu, Cr,
Se, U); hydrophobic organics
that are not hiodegradable

Metals (Pb, Cd, Zn, Ni, Cu)

Metals (Pb, Cd, Cu, Mi, Zn);
radionuclides, hydrophobic
organics

Seleniumn, arsenic, mercury,
volatile organic
compounds (e.g., MTBE]

Phreatophytic trees (Salix
family, including poplar, willow,
cottonwood ), grasses (rye,
fescue, Bermuda grass,
sorghum, switchgrass, Reed
canary grass); legumes (clover,
alfalfa, cowpeas)

Grasses with fibrous roots
(Bermuda, fescue, rye);
phenolics releasers (mulberry,
apple, osage orange);
phreatophytic trees

Phreatophytic trees for hydraulic
control; grasses with fibrous
roots for erosion control

Indian mustard (Brassica juncea);
sunflowers |Helianthus spp.);
Thlaspi carulescens

Aquatic plants: emergents
(bullrush, cattail, coontail, pond
weed, arrowroot); submergents
(algae, stonewaort, parrot
feather, Hydrilla spp.)

Brassica juncea; wetlands
plants; phreatophytic trees for
groundwater capture

Dietz and
Schnoor,
Environ.
Health
Perspect.

Abbreviations: BTEX, benzene, toluene, ethylbenzene, and total xylene. HMX, octahydro-1,3,5 7 -tetranitro-1,3 5, 7-tetrazocine. MTBE,
methyl-tert-buty| ether. PAHs, polyeyclic aromatic hydrocarbons. PCBs, polychlorinated biphenyls. RDX, hexahydro-1,3 5-trinitro-1,3,5-
Y triazine. TCE, trichloroethylene. TNT, 2,4 B-trinitrotoluene. TPH, total petroleum hydrocarbons.

(2001) 109:
163-168




ZDROJE KONTAMINACE




Tézké kovy




ZDROJE KONTAMINACE

Radionuklidy




ZDROJE KONTAMINACE

Explosiva (TNT, NG aj.)




&\ ZDROJE KONTAMINACE

Barviva a jejich prekurzory (antrachinonsulfonové kys eliny, aj.)




ZDROJE KONTAMINACE

Pesticidy
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& ZDROJE KONTAMINACE

.,Nové“ kontaminanty (I ¢€iva, parfémy, detergenty, retardanty ho feni, aj.)
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& TYPY FYTOREMEDIACE

Fytodegradace organickych latek

Transpired
Water

Explanation
€ Organic Contaminant
@i] Organic Taken Up into Plant Tissue
@Gy Intermediate Compound

@@ Organic Incorporated into Biomass

. Remediated
Impacted Soil .
P Impacted  Remediated Rhizosphere

Groundwater Groundwater Soil




& TYPY FYTOREMEDIACE

Rhizodegradace organickych latek

Contaminant Plume
("C" Represents Contaminant Compound)

RHIZOHSECT D3 COR




TYPY FYTOREMEDIACE

Fytostabilizace anorganickych (nebo organickych) lat

Absorption
into Root

Reduced
Surface
Erosion

Exudates
C {Enzyrnas Alcohols,
Phenols,Carbohydrates,
and Acids)

Precipitation or
Immaobilization in Soil

Contaminant Plume
("C" Represents Contaminant Compound)

STABLESECT D2 CDR




& TYPY FYTOREMEDIACE

Fytoakumulace anorganickych latek

Soil Being
Remediated

Contaminant

,('3ontaminant Taken
/ / up Into Plant

Translocation Into
Shoots

Plant Uptake




@ TYPY FYTOREMEDIACE

Fizofiltrace anorganickych latek

Contaminant
Stabilized On or
In Root Tissue
| (C,)
Plant Support Matrix

- *s., AN N, Clarified

Contaminated C / ) Effluent
¥ 1 v '
Groundwater 2\“; (i ‘{\’2% ;. N (

Contaminant Hydropomc System
(C) Contaminant

(€y)

Precipitated




& TYPY FYTOREMEDIACE

Fytovolatilizace organickych (nebo anorganickych) la tek

Volatilized Contaminant

Transpired (Photochemically Oxidized)

Explanation
Contaminant

Contaminant Taken Up into Plant
Tissue and Volitilized into
the Atmosphere

Table ©

. Remediated
Impacted Soil .
P Impacted  Remediated Rhizosphere

Groundwater Groundwater Soil
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PASIVNI

Requires no energy

Passive transport Osmosis

Higher solute
concentration

Higher water
concentration

Lower water
concentration

Lower solute
concentration

Fytoremediace je
pasivni remedia €éni
technika na bazi
pfirozené  schopnosti
vegetace vyuzivat
zZiviny, které jsou
transportovany
vzlinanim z pady a
povrchové vody
rostlinnym ko Fenovym
systemem.




some pollutants are stored in
the roots, leaves, and trunk

» polluted soil

]

water table
I e ' | e

L CIEEIFI grou I'I{!WCI"EF

J
N tree roofts fake in
i water and pollution
} from the ground

/

L

pelluted groundwater «




L. ODSTRANENI JE RYCHLEJS
» ATENUACE

y/

Expanded View of Residual NAPL
Trapped in Pores Between Soil &
Sediment Particles

GROUND Solid Water

SURFACE

Petroleum
Hydrocarbon | Volatilization
Storage

Tank T

Petroleum
After H &
Hydracarbon eaver 1555)
Leak

Fluid)

Dissolved ———
Hydrocarbons

= P
T <— Dispersion & Dilution —
Smear ; - = L ER
Dissolved
AQUIFER LotE Hyésrﬁg;r%on L =
Plume

Water level
monitoring

Capillary fringe

. Stream

Contaminated plume

[ Clay (aquitarg)




Porovnani mnozstvi
odpadu (404.7 m ?)

Bagrovani Fytoextrakce

Biomasa

Contaminated

Soil

30 000 tun 1 200 tun 120 tun




Len (Ceska Republi_ké)

'EU bonus na zpracovani 904 | European leaders agreed in

Dotace na péstovani dloaga March 2007 to have 20% of

| TR e o e e U AT overall energy needs:

'Semena o Lol g cayered by - - renewables

Stonky na vlakno ... 749 | such as biomass, hydro,
2% 1 - wind and solar by 2020.

Obdelavanl pudy a skllzen ', 3 il
B, o

Senena pro vysev e s e ,if BIOMASS

Zisk g N -"!_':E‘f?m ,




KOMPATIBILNI S KLASICKYMI
REMEDIACNIMI TECHNOLOGIE

Kompatibilni technologie

Vymyvani p tdy/mechanicka separace
Vybagrovani - ex situ zpracovani
Elektrokinetika

Stabilizace




FINANCNI VYHODNOST

Finan éni vyhodnost fytoremediace (rhizosférové bioremediace ) pudy
S vyuzitim hust € kofenicich 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
Nepiime termické 120-300

Promyvani pudy 80-200

Solidifikace/stabilizace 240-340
Extrakce rozpoustedly 360-440
Spalovani 200-1500
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NiZKA TOLERANCE ROSTLIN

Ekotoxikologické testy

oy

. - .
Folsomia candida
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NiZKY TRANSPORT KONTAMI
KORENU DO NADZEMNI| CAST

Lupinnus albus - akumulace nuklid G ?%°Pb a 1°°Cd




MALE ROZMERY ROSTLIN VH
REMEDIACI

Thlaspilalpinum
31000 pg Nilg DW

E.{; %
b Thlaspi‘ca




NAKLADANI S KONTAMINOVAN
ROSTLINNYM ODPADEM

(Incinerator)

Kompostovani




NEOBEZNAMENOST UREDNIK
TECHNOLOGII

Je mozno vy ¢istit kontaminovanou plochu na pozadovany limit ?
Za jakou dobu ?

Nevznikaji n éjakeé toxické meziprodukty nebo produkty ?

Je to finan éné vyhodn &jSi nez alternativni metody ?

Je metoda p Fijatelna pro ve fejnost ?




NEBEZPECI KONTAMINACE F
RETEZCE

Birds/and Mam

Increasing Mercury Concentrations

@ Phytoplankton and Bacteria @ \

Figure 1. Accumulation of mercury in the food chain.

(Reprinted from Clean the Rain, Clean the Lakes: National Wildlife Federation, 2000)




KONTAMINANTY POD DOSA

L3




DLOUHODOBY PROCES

aktivita p ady v Mydlovarech = 21.75 Bq 225Ra/g DW
mnozstvi kontaminované p Gdy = 1000 ton
ro€ni produkce Lupinus sp. =10 ton

> 5E+10 plocha obsahuje 21.8 GBgq 2%%°Ra

cilovy limit pro vy ¢€iSténi je 0.2 Bg 225Ra /g DW

2,0E+10 - Lupinus luteolus

Lupinus albus

1,5E+10 -
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=
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1,0E+10 -

5,0E+09 -
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time [years]
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Rostliny pro
remediaci

Helianthus annuus

Produkce biomasy
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VYLEPSENI FYTOREMEDIACE

Rostlinna selekce

Uprava a hnojeni p Gdy

Zvyseni biodostupnosti pomoci syntetickych chelator U
Hustota rostlin p Fi vysevu

Stridani plodin

Podpora plodin (hubeni Sk Gdca a zavlazovani)

Vyzkum




TRANSGENNI ROSTLINY

Genetické upravy ke zvySeni tolerance/akumulace/deg  radace:
» Metallothioneiny, fytochelatiny a chelatory kov
Transportéry kov U
Enzymatické transformace
Alternativni metabolické cesty
Zmeny v mechanismu oxidativniho stresu
Zmeny v ko renovém systemu

Zmeny v produkci biomasy




OBECNY POSTUP

kontaminace vody/p dy

analyza sb ér rostlin

identifikace polutant U inicializace TK

degrada ¢ni studie v TK

identifikace produkt U, objasn éni mechanism U

vyb ér rostlin optimalizace rostlin

polni aplikace




BOTANICKY PR UZKUM

1. Prizkum kontaminované lokality
2. Documentace rostlin
3. Sbhér rostlin a semen pro herba F aﬁw o

'.:A
e

In vitro studie




sSemena

sterilizace

Iniclace kalusu

nediferencovana
bunécna kultura







SOMATICKA HYBRIDIZACE BUN

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




OVEREXPRESE GENU

Fytoextrakce

metallothionein

Phytovolatilization

glutathion synthetasa

Hg(ll) reductase

(y-Glu-Cys) synthetasa

organomercurial lyase

ATP sulfurylasa

cystathionine- y-synthase

serin acetyl transferasa

selenocysteine methyltransferase

fytochelatin synthasa

glutathion reduktasa

cystein synthasa

Fytodegradace

selenocystein methyltransferasa

PETN reduktasa

cystathionin- y-synthasa

nitro-reduktasa

arsenat reduktasa

y-ECS and GS

kation kanal

lidsky cytochrom

vakuolovy transportér

sav €i cytochrom

Zn a Fe transportér

krysi mono-oxygenasa

transportér t ézkych kov 0

transportni protein

ferric reduktasa

Cherian and Oliveira, Environ.

Technol. (2005) 39,9377-9390

Sci.




PRIJEM KADMIUA TABAKEM

Transgenni a ,wild-type" tabak byly kultivovany s 30 0 pmol/L Cd ?* 10 dni Linie
C6 méla zvySenou resistenci v G¢i Cd?*.

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

(C) List C6 po kultivaci. (D) List ,wild type“ po kul tivaci

b

E,
=
h
E
c
=]
8
[=
8
€
8
5o
L8]

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




DEGRADACE TNT POMOCI AF

: ~— . Srovnani tolerance k TNT mezi ,wild-type” (WT)

A M | a transgenni linii (Trl). Deset semen z kazdé

. oo e L Lol L) linie bylo kultivovano v p - Fitomnosti (A) a bez
; SEA P o ,' pFfitomnosti (B) 0.1 mM TNT po 21 dnech.

Deset dni staré semena €ky rostouci asepticky byly
inkubovany v mediu obsahujicim 0.25 mM TNT po 7
dni. Koncentrace TNT v mediu vynesena proti ¢asu
inkubace v p Fitomnosti ,wild-type“ (WT) nebo

transgennich (Trl) rostlin a bez p Fitomnosti rostlin
48 72 96 120 144 168 (NP)

o Kurumata et al., Z. Naturforsch. (2005) 60c, 272-278

Concentration of TNT (mM)




JINE TYPY REMEDIACI




mykoremediace

fytoremediace

it s

zooremediace

Daminac:;

algaremediace

A\

bioremediace

ekoremediace




