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Phytotechnologies

Phytotechnologies are clean-up techniques which use grasses or higher plants for treating environ-
mental contaminants such as heavy metals, trace elements, organic or radioactive compounds in

soils, groundwater, municipal, industrial and agricultural wastewater (Baker et al., 1991; Raskin

et al., 1997; Wenzel et al., 1999).

Some of these technologies have become attractive alternatives to conventional cleanup technolo-

gies due to relatively low costs and the inherently aesthetic nature of planted sites.

Phytotechnologies mechanisms include the overall biological, chemical, and physical processes

that enable the uptake, sequestration, degradation, and metabolisation of contaminants, either

by plants or by organisms that constitute the plant’s l‘hiZOSphel“e.

NEXT —



https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf

(REMIDA"

Remediation, Energy Production & Soil Management

w

o /

PHYTOTECHNOLOGIES
How does il work
Operating mechanisms

Rhizodeqgradation

Phytodegradation
Phytoextraction

Phytovolatilization

Evapotranspiration
Phytostabilization

: eat
] | initat

FOCUS ON

Phytotechnologies

The specific phytoremediation technique used to address a contaminant is dependent not only on
the type of constituent and the media that is affected, but also on the remediation goals. Typical

goals include containment, stabilization, sequestration and degradation; when the objective is the
break-down of the contaminant, we talk about phytoremediaﬁﬂﬂ. To achieve these goals, the

proper phytotechnology must be designed using detailed knowledge of the site layout, soil charac-
teristics, hydrology, climate conditions, analytical needs, operations and maintenance require-

ments, economics, public perception, and regulatory environment (ITRC, 2001).

< PREVIOUS REFERENCES. \1 ;
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PHYTOTECHNOLOGIES Process description: breakdown of contaminants in the soil through the bioactivity of rhizosphere organisms
How does it work (bacteria, yeast and fungi). Microbial comunities are enhanced by rools activity.
Operating mechanisms Contaminants: Organic compounds (TPIL, PAILs, pesticides, chlorinated solvents, P(Bs)

Rhizodeqgradation
Phytodegradation Plant type: herbaceous species, shrubs, trees, wetland species
Phytoextraction
Phytovolatilization Substrate: soil, sediments, sludges, water
Evapotranspiration RS T . . .
Phytostabilizaion Process goals: degradation of the contaminant into other compounds.
S ]. . l::i_»
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Ilustration by Ladina Donatsch
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PHYTOTECHNOLOGIES Process description: uptake of contaminants and subsequent transiormation by plants
Contaminants: some organic compound (chlorinated solvents, BTEX chemicals, pesticides, phenols)
Operating mechanisms
Rhizodegradation Plant type: herbaceous species, trees, wetland species
Phytodegradation . . .
) Substrale: soil, sediments, sludges, water
Phytoextraction
Phytovelatilization Process ooals: mineralization of the contaminant J—
Evapotranspiration ' r— ‘
Phytostabilization AL \"\ i f 4 ..
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Some application { \**\:jl:/ Bon Sl
Advantages and limitations ) \%( * Aa\p_dﬁi;\_fﬁ,:* | /7/”")
"' /) / Ay ‘.‘- / N X
FOCUS ON e ' v

Mlustration by Ladna Donatsch



https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf

‘REMIDA ) B2 o

Remediation, Energy Production & Soil Management LY » Links
W YR :,;;,.ff? _—
= PHYTOEXTRACTION Authors
\J ) Contacts
PHYTOTECHNOLOGIES Process description: : some species of plant can extract and accumulate contaminanis into the roots
How does it worl and translocate to aboveground shoots or leaves
Operaling mechanisms (ontaminants: heavy metals and radionuclides
Rhizodegradation Plant type: herbaceous species, grasses, trees, wetland species.
Phytodegradation W . )
Phytoextraction Substrale: soil, sediments, sludges, water
Phytovolatilization Process goals: mobilization of the contaminant from soil to the plant and contaminant concentration
Evapotranspiration . .
o into vegelal lissues.
Phytostabilization e
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Process description: : the contaminant s uptaken by
. . Lhe plant, eventually modified, and released by the
Operating mechanisms _ _
Rhizodeqradation leaves into the atmosphere through the transpira-
Phytodegradation tion pathway.
Phytoextraction .
Phytovolatilization Contaminants: selenium, silver, arsenic, chlorinated g
=
Evapotranspiration s
Phytostabilization solvents , MTBE. g
Some application Plant type: herbaceous species, trees, shrubs, wel- :‘;
Advantages and limitations land species £
FOCUS ON Substrale: soil, sediments, sludges, water =
Process goals: extraction from the subsirate and
release into the almosphere.
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PHYTOTECHNOLOGIES Process description: the rain interception by the leaves, the
How does it work waler uplake and the waler transpiration by the plant pro-
Operaling mechanisms vide hydraulic control on the contaminated area .
Rhizodeqgradation
Phytodegradation (ontaminants: water soluble conlaminants =
Phytoextraction *§
Phytovolatilization Plant type: herbaceous species, shrubs, trees (especially 8
Evapotranspiration phreatophytes), wetland species 3
Phytostabilization i
Some application Substrale: groundwaler, surface waler and wet soil. E
z

Advantages and limilations Process goals: hydraulic containment and erosion control.
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PHYTOTECHNOLOGIES Process description: : absorption and accumulation into the roots, precipitation or immobilization within the
How does il work root zone.
Operating mechanisms Conlaminanls: heavy metals
Rhizodeqgradation
Phytodegradation Plant type: herbaceous species, grass, trees, wetland species
Phytoextraction . .
Phytovolatilization Substrate: soil, sediments, sludges.
Evapotranspiration . - . . . . .. . .
o Process goals: contaminant mobility reduction and prevention of its migration into the soil, groundwaler or air.
Phytostabilization

Lo \.1) Complexation whith root exudates
Advantages and limilations () Root membrane binding

() Vacuole storage
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Hlustration by Ladina Donatsch
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How does 1t work (ost compelilive — Phytolechnologies are estimated to be cheaper than other remedial approaches (ITRC, 2001).
Operaling mechanisms Applicability — Phylotechnologies are advantageously applicable to moderately (mulli-) contaminalted sites of large ex-

Rhizodegradation tension.

Phytodegradation Favourable public perception — Increased aesthetics, reduced noise and bad smell.

Phytoextraction _ o o .

Phytovolatilization Greenhouse efiect reduction — Carbon dioxide sequestration into biomass .

Evapotranspiration Removable energy production — Energy can be recovered from the controlled combustion of the harvested biomass.

Phytostabilization
Some application PHYTOTECHNOLOGIES LIMITATIONS

ltoot depth — Some efficient phytoextractors root little deep .
FOCUS ON Applicability= Generally, the use of phytoremediation is limited to : sites with low to medium contaminant concentra-

tions, top soil contaminant localization, bioavailability of contaminants

Trealment duration — Phytotechnologies can be relatively slow in comparison to current remediation technologies.

2N Seasonal dependence — For deciduous plants the eificiency is strongly reduced during the winter dormancy .

Polential contamination ol food chain - Possibility of contaminant entrance into the food chain through animal consump-
( tion of plant biomass.
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The photographs in the data sheets are published with the reference to the source, we thank all the authors.
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(lick on the links below 1o view the corresponding data sheets; the name of each species 1s followed by the name of the

contaminants on which it has effect.

Acer-pseudoplatanus-Zn-Cd-Pb

Agrostis-castellana-As-Pb-Mn-Zn-Cu

Zn-Cu
Eucalyptus-globulus-Cd-Zn-Cu-Pbh-

-Hvdrocarbons

Agrostis-stolonifera-heavy-metals-

As-Organics

Festuca-arundinacea-Heavv-Metals-

arsenic-hvdrocarbons

Organics
Festuca-rubra-Cd-Cu-Pb-Zn-

Agrostis-tenuis-Cu-Zn-Ph-Arsenic

Alnus-glutinesa-Zn-Cd-Pb-Cu

Amaranthus-tricolor-Radionuclides-

Hydrocarbons-Cadmium
Arundo-donax-Cd-Ni-As-Pb-Zn-

Nutrients

Brassica-napus-Heavy-Metals-

Organics

Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-

Organics

Fraxinus-excelsior-Cd-Pb-Zn-Cu-

Organics
Helianthus-annuus-Pb-Cd-Cr-Ni-

Radionuclides

Holcus-lanatus-As-Pb-Zn-Cd

Linum-usitatissimums-Cu-Cd-Pb

Medicago-lupulina-Cu-Pb-Ni-Zn

Organics-Radionuclides

Cynodon-dactylon-Organics-Cr-Pb-

Medicago-sativa-Cd-Cr-Cu-Ni-Zn-

Organics

Phalaris-arundinacea-heavyv-metals-

organics-nutrients

Phragmites-australis-heavy-metals-

organics-nutrients

POPULUS spp.

Pteris vittata-As

Robinia-pseudoacacia-heavy-metals-

organics
SALIX spp.

Tamarix spp.

&
Zea-mays-heavv-metals- PC -

contaminants \: ’ P
-

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/acer-pseudoplatanus-zn-cd-pb.pdf
https://www.iret.cnr.it/agrostis-castellana-as-pb-mn-zn-cu-hydrocarbons
https://www.iret.cnr.it/agrostis-castellana-as-pb-mn-zn-cu-hydrocarbons
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
ttp://www.ibaf.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-tenuis-cu-zn-pb-arsenic.pdf
https://www.iret.cnr.it/phytoremediation/alnus-glutinosa-zn-cd-pb-cu.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/holcus-lanatus-as-pb-zn-cd.pdf
https://www.iret.cnr.it/phytoremediation/linum_usitatissimums_cu_cd_pb.pdf
https://www.iret.cnr.it/phytoremediation/medicago_lupulina_cu_pb_ni_zn.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/pteris-vittata-as.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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Authors

PHYTOTECHNOLOGIES (lick on the links below to view the corresponding data sheets for each POPLAR hybrid.
How does it worl P ALBA P. DELTOIDES X P. YUNNANENSIS P._TRICHOCARPAxP . KOREANA
0 . ha Clone 6K3 P TRICHOCARPAxP. BALSAMIFERA
peraling mechanisms PGENEROSA (Clone 11-5)
Rhizod dabi Clone 14P11 (Balsam spire)
izodegradation PGENEROSAxPNIGRA
Phytodegradation (clone Monviso) P TRICHOCARPAxP. DELTOIDES
, P x CANADENSIS
Phytoextraction (Px i -~ ) (clone Beaupré)
Phytovolatilization e nd .
o P._NIGRA
Evapotranspiration Clone Argyle Clone Dol
Phytostabilization Clone 444 B

Clone 58-861

Some H]C]U]]‘:'HI].[]] Clone DN5
\dvanl | limitati Clone I 214

Clone Wolterson

Clone Luisa Avanzo

P NIGRAxP MAXIMOWICZII

Clone Gaver

FOCUS ON o (clone NM6)
The rhizoremediation BDELTOIDES P_TRICHOCARPA

Clone Lux

Clone Nisqually

Clone FI'ritzi Pauley

y P.DELTOIDES X P. MAXIMOWICZII
(Clone Eridano)

Clone Trichobel

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPAxP.%20KOREANA%20-%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPAxP.BALSAMIFERA%20-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPAxP.BALSAMIFERA%20-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/populus-alba-heavy-metals-organics-macronutrients.pdf
https://www.iret.cnr.it/phytoremediation/P.%20ALBA%20clone%206K3%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20ALBA%20clone%2014P11%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Argyle%20-%20Cd,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20A4A%20-%20Cd,%20Zn.pdf
https://www.ibaf.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20DN5%20-%20Ni,%20Zn.pdf
http://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20DN5%20-%20Ni,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20I-214%20-%20Cr,%20Cu,%20Zn,%20Cd,%20Exachlorocyclohexane.pdf
http://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Luisa%20Avanzo%20-%20Cd,Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Luisa%20Avanzo%20-%20Cd,Zn.pdf
http://www.ibaf.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Gaver%20-%20Al,%20Cd,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Gaver%20-%20Al,%20Cd,%20Zn.pdf
http://www.ibaf.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Gaver%20-%20Al,%20Cd,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDES.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDES%20clone%20Lux%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDESxP.%20MAXIMOWICZII%20-%20Cr,%20Cu,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDESxP.%20MAXIMOWICZII%20-%20Cr,%20Cu,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDESxP.YUNNANENSIS%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDESxP.YUNNANENSIS%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20GENEROSA%20clone%2011-5%20-%20Cd.pdf
http://www.ibaf.cnr.it/phyto/schede/P.%20x%20GENEROSA%20clone%2011-5%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20GENEROSA%20clone%2011-5%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20GENEROSA%20x%20P.%20NIGRA%20clone%20Monviso%20-%20%20Exachlorocyclohexane.pdf
https://www.iret.cnr.it/phytoremediation/P.%20GENEROSA%20x%20P.%20NIGRA%20clone%20Monviso%20-%20%20Exachlorocyclohexane.pdf
https://www.iret.cnr.it/phytoremediation/populus-nigra-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRA%20clone%20Poli%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRA%20clone%2058-861%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRA%20clone%20Wolterson-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRAxP.%20MAXIMOWICZII%20-%20Ni,%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRAxP.%20MAXIMOWICZII%20-%20Ni,%20Zn,%20As,%20Cd,%20Pb.pdf
http://www.ibaf.cnr.it/phytoremediation/P.TRICHOCARPA%20(clones%20Fritzi%20Pauley%20and%20trichobel)%20-%20Al,%20Zn,%20Cd.pdf
http://www.ibaf.cnr.it/phyto/schede/P.TRICHOCARPA%20(clones%20Fritzi%20Pauley%20and%20trichobel)%20-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPA.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPA%20clone%20Nisqually%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPA%20clones%20Fritzi%20Pauley%20and%20trichobel%20-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPA%20clones%20Fritzi%20Pauley%20and%20trichobel%20-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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Authors
J J, Contacts
PHYTOTECHNOLOGIES (lick on the links below to view the corresponding data sheets for each WILLOW hybrid.
How does it work S. ALBA S. CINEREA
: : Clone SS 5
Operating mechanisms Lione .55 » S DASYCLADOS
Rhizodeqgradation Clone SP 3
Phytodegradation Clone 6-03 S. TRIANDRA X S. VIMINALIS (clone 083)
Phytoextraction Clone 2-03
ilizati S. VIMINALIS
Phytovolatilization Clone OUIRANI
Evapotranspiration
Phytostabilization Clone CRETONE
o
Ml - S. ALBA X S. MATSUDANA
2 (clone Tangoio)
FOCUS ON S. BABILONICA
S. BURJATICA

The photographs in the data sheets are published with the reference to the source, we thank all the authors.



https://www.iret.cnr.it/phytoremediation/S.%20CINEREA%20-%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.DASYCLADOS%20-Zn,%20As,%20Cd,%20Pb.pdf
http://www.ibaf.cnr.it/phyto/schede/S.DASYCLADOS%20-Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20DASYCLADOS%20-Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20TRIANDRA%20X%20S.VIMINALIS-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20VIMINALIS%20-%20Mineral%20oil,%20PHAs,%20Cr,%20Co,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/salix-alba-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/S.%20ALBA%20clone%20SS5%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.%20ALBA%20clone%20SP3%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.%20ALBA%20clone%206-03%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.%20ALBA%20clone%202-03%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.%20ALBA%20clone%20Quirani%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.%20ALBA%20clone%20Cretone%20-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.ALBA%20x%20S.MATSUDANA-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.ALBA%20x%20S.MATSUDANA-%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/S.%20BABYLONICA%20-%20ethanol,%20benzene.pdf
https://www.iret.cnr.it/phytoremediation/S.%20BURJATICA%20-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20CAPREA%20-%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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Operating mechanisms Alluminium
Rhizodeqgradation )
Phytodegradation Arsenic
Phytoextraction ¢ adminin
Phytovolatilization
Evapotranspiration Cobalt
Phytostabilization
Some application
Advantages and limitations Copper
Manganese
FOCUS ON
Nickel
Lead

Zinc



https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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HEAVY METALS
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Home
Links
Authors
Contacts

Click on the links below to view the corresponding data sheets; the name of each species is followed

by the name of the contaminants on which it has effect.

Agrostis-stolonifera-heavy-metals- Arsenic-

hydrocarbons

Brassica-napus-Heavy-Metals-Organics

Festuca-arundinacea-Heavy-Metals-Organics

Phalaris-arundinacea-heavy-metals-organics-

nutrients

Phragmites-australis-heavy-metals-organics-

nutrients

Robinia-pseudoacacia-heavy-metals-organics

g .
S5 o* _ P nigra Clone Wolterson
> ]r =
s

P x canadensis. clone Gaver

P, tricocarpa. clone Fritzi Pauley and clone Trichobel

P, tricocarpa xP._balsamifera( Balsam spire)

P, tricocarpa xP. deltoides ( clone Beaupreé)

Tamarix spp.

Zea-mays-heavy-metals-organic-contaminants

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRA%20clone%20Wolterson-%20Al,%20Zn,%20Cd.pdf
http://www.ibaf.cnr.it/phytoremediation/P.%20NIGRA%20clone%20Wolterson-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRA%20clone%20Wolterson-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Gaver%20-%20Al,%20Cd,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Gaver%20-%20Al,%20Cd,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20Gaver%20-%20Al,%20Cd,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPA%20clones%20Fritzi%20Pauley%20and%20trichobel%20-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPAxP.BALSAMIFERA%20-%20Al,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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Click on the links below to view the corresponding data sheets; the name of each species is follo-
wed by the name of the contaminants on which it has effect.

Agrostis-castellana-As-Pb-Mn-Zn-Cu- Pteris vittata-As

Hydrocarbons P nigra xP._maximowiczii (clone NM6)

Agrostis-stolonifera-heavy-metals- Arsenic-

P, trichocarpa xP._koreana
hydrocarbons

S. alba

Agrostis-tenuis-Cu-Zn-Pb-Arsenic

Salix caprea - Zn. As, Cd. Pb

Arundo-donax-Cd-Ni-As-Pb-Zn-Nutrients

Salix dasyclados — Zn. As. Cd. Pb

Eucalyptus-globulus-Cd-Zn-Cu-Pb-As-Organics

Tamarix spp.

Holcus-lanatus-As-Pb-7Zn-Cd

Robinia-pseudoacacia-heavy-metals-organics
Phragmites-australis-heavy-metals-organics-

Zea-mays-heavy-metals-organic-contaminants

nutrients

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


file:///C:/Users/utente/Documents/File di Outlook
file:///C:/Users/utente/Documents/File di Outlook
file:///C:/Users/utente/Documents/File di Outlook
http://www.ibaf.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-tenuis-cu-zn-pb-arsenic.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/holcus-lanatus-as-pb-zn-cd.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/pteris-vittata-as.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRAxP.%20MAXIMOWICZII%20-%20Ni,%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPAxP.%20KOREANA%20-%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/salix-alba-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/S.%20CAPREA%20-%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20DASYCLADOS%20-Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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PHYTOTECHNOLOGIES HEAVY METALS
How does it work CADMIUM

Authors

Operating mechanisms : : . : ™ .

Rhizodearadati Click on the links below to view the corresponding data sheets; the name of each species is follo-
Izodegradavion wed by the name of the contaminants on which it has effect.

Phytodegradation
Phytoextraction Acer-pseudoplatanus-Zn-Cd-Pb Fraxinus-excelsior-Cd-Pb-Zn-Cu-Organics
Phytovolati/ization Agrostis-stolonifera-heavy-metals- Arsenic-hydrocarbons Helianthus-annuus-Pb-Cd-Cr-Ni-Radionuclides
Evapotranspiration Alnus-glutinosa-Zn-Cd-Pb-Cu Holcus-lanatus-As-Pb-Zn-Cd
Phytostabilization

Amaranthus-tricolor-Radionuclides-Hvdrocarbons- Linum-usitatissimums-Cu-Cd-Pb

Some E]|!|[|'Iﬁa|.|!!|| Cadmium . . A f .
» Medicago-sativa-Cd-Cr-Cu-Ni-Zn-Organics

mmitati Arundo-donax-Cd-Ni-As-Pb-Zn-Nutrients . : ‘ . .
Phalaris-arundinacea-heavy-metals-organics-nutrients

Brassica-napus-Heavy-Metals-Organics

FOCUS ON Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-Organics-

Radionuclides

Phragmites-australis-heavy-metals-organics-nutrients

POPULUS spp.

Robinia-pseudoacacia-heavy-metals-organics

FEucalyptus-globulus-Cd-Zn-Cu-Pb-As-Organics

SALIX spp.

Festuca-arundinacea-Heavv-Metals-Organics

Tamarix spp.
Festuca-rubra-Cd-Cu-Pb-Zn-Organics

Zea-mays-heavy-metals-organic-contaminants

The photographs in the data sheets are published with the reference to the source, we thank all the authors.



https://www.iret.cnr.it/phytoremediation/acer-pseudoplatanus-zn-cd-pb.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/alnus-glutinosa-zn-cd-pb-cu.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/holcus-lanatus-as-pb-zn-cd.pdf
https://www.iret.cnr.it/phytoremediation/linum_usitatissimums_cu_cd_pb.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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Click on the links below to view the corresponding data sheets; the name of each species is followed
by the name of the contaminants on which it has effect.

COBALT MANGANESE

Agrostis-stolonifera-heavy-metals- Arsenic-hvdrocarbons Agrostis-stolonifera-heavy-metals- Arsenic-hvdrocarbons
Brassica-napus-Heavy-Metals-Organics Agrostis-castellana-As-Pb-Mn-Zn-Cu-Hydrocarbons
Festuca-arundinacea-Heavy-Metals-Organics Brassica-napus-Heavy-Metals-Organics
Phalaris-arundinacea-heavvy-metals-organics-nutrients Festuca-arundinacea-Heavy-Metals-Organics
Phragmaites-australis-heavy-metals-organics-nutrients Phalaris-arundinacea-heavv-metals-organics-nutrients

Salix viminalis Mineral oil, PHAs. Cr, Co. Ni. Cu. Zn. Cd. Pb Phragmites-australis-heavy-metals-organics-nutrients

Robinia-pseudoacacia-heavy-metals-organics Robinia-pseudoacacia-heavy-metals-organics
Tamarix spp. Tamarix spp.

Zea-mays-heavv-metals-organic-contaminants

Zea-mays-heavy-metals-organic-contaminants

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/S.%20VIMINALIS%20-%20Mineral%20oil,%20PHAs,%20Cr,%20Co,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/agrostis-castellana-as-pb-mn-zn-cu-hydrocarbons
https://www.iret.cnr.it/brassica-napus-heavy-metals-organics
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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How does it work

Click on the links below to view the corresponding data sheets; the name of each species is followed

Operating mechanisms by the name of the contaminants on which it has effect.
Rhizodegradation CHROMIUM
Phytoc{egmda#ion Agrostis-stolonifera-heavy-metals- Arsenic-hydrocarbons P x canadensis, clone I 214
iZZ:ZiZ;:;j::;OH Brassica-napus-Heavy-Metals-Organics P, deltoides X P_maximowiczii ( Clone Eridano)
Evapotranspiration Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-Organics- Robinia-pseudoacacia-heavy-metals-organics
Phytostabilization Radionuclides S Jba

Sﬂm&{lpjjﬂﬂﬂﬂll Comodon=dactlon-Organice=Lr-Ph-Zn-Lu S. triandra x S. viminalis(clone Q83 )

| [ limitati Festuca-arundinacea-Heavy-Metals-Organics

Helianthus-annuus-Pb-Cd-Cr-Ni-Radionuclides

S. viminalis

FOCUS ON Medicago-sativa-Cd-Cr-Cu-Ni-Zn-Organics 5. burjatica

Tamarix spp.

Phalaris-arundinacea-heavy-metals-organics-

nutrients Zea-mays-heavy-metals-organic-contaminants

Phragmites-australis-heavy-metals-organics-nutrients

P alba

P nigra

The photographs in the data sheets are published with the reference to the source, we thank all the authors.



https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/populus-alba-heavy-metals-organics-macronutrients.pdf
https://www.iret.cnr.it/phytoremediation/populus-nigra-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20I-214%20-%20Cr,%20Cu,%20Zn,%20Cd,%20Exachlorocyclohexane.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDESxP.%20MAXIMOWICZII%20-%20Cr,%20Cu,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/salix-alba-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/S.%20TRIANDRA%20X%20S.VIMINALIS-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20VIMINALIS%20-%20Mineral%20oil,%20PHAs,%20Cr,%20Co,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20BURJATICA%20-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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Authors

PHYTOTECHNOLOGIES HEAVY METALS
How does it work Click on the links below to view the corresponding data sheets; the name of each species is followed
(]peratjng mechanisms by the name of the contaminants on which it has effect.
Rhizodeqgradation (OPPER
Phytodegradation Agrostis-castellana-As-Pb-Mn-Zn-Cu-Hydrocarbons P alba
Phytoextraction Agrostis-stolonifera-heavy-metals- Arsenic-hydrocarbons P nigra
Phytovolatilization Agrostis-tenuis-Cu-Zn-Pb-Arsenic P, x canadensis. clone I 214
Evapotranspiration Alnus-glutinosa-Zn-Cd-Pb-Cu P, deltoides X P_maximowiczii ( Clone Eridano)
Phytostabilization Brassica-napus-Heavy-Metals-Organics P tricocarpa xP. deltoides (clone Beaupre)
Sﬂ[ﬂﬂ.}lpjjﬂﬂﬂﬂll Cynodon-dactylon-Organics-Cr-Pb-Zn-Cu Robintia-pseudoacacia-heavy-metals-organics
T Eucalyptus-globulus-Cd-Zn-Cu-Pb-As-Organics S. alba
AdiaﬂlagﬁSJHﬂJlmJlﬂllﬂﬂS Festuca-arundinacea-Heavy-Metals-Organics ‘ S. viminalis - Mineral oil, PHAs. Cr, Co, Ni. Cu. Zn. Cd. Pb
Festuca-rubra-Cd-Cu-Pb-Zn-Organics & S burjatica = Cr. Ni. Cu. Zn. Pb
FOCUS ON Fraxinus-excelsior-Cd-Pb-Zn-Cu-Organics " et :‘- "S‘.vtria'n'dlla 2. viminalis(clone 083 )
Linum-usitatissimums-Cu-Cd-Ph i } ’ -R_thoearpa xP koreana
Medicago-lupulina-Cu-Pb-Ni-Zn o '* ‘.f,\; « -",3:"-;‘-"'::1.* - ,-". S
T S e e S amiaria 5pp.
Medicago-sativa-Cd-Cr-Cu-Ni-Zn-Organics ¥ NIRRT R XLt

C

oy ;_1;.';"~;\';-;Zéa-h1a s-heavy-metals-organic-contaminants
Phalaris-arundinacea-heavv-metals-organics-nutrient§*- -

Phragmites-australis-heavv-metals-organics-nutrients

The photographs in the data sheets are published with the reference to the source, we thank all the authors.



https://www.iret.cnr.it/agrostis-castellana-as-pb-mn-zn-cu-hydrocarbons
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-tenuis-cu-zn-pb-arsenic.pdf
https://www.iret.cnr.it/phytoremediation/alnus-glutinosa-zn-cd-pb-cu.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/linum_usitatissimums_cu_cd_pb.pdf
https://www.iret.cnr.it/phytoremediation/medicago_lupulina_cu_pb_ni_zn.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/populus-alba-heavy-metals-organics-macronutrients.pdf
https://www.iret.cnr.it/phytoremediation/populus-nigra-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20I-214%20-%20Cr,%20Cu,%20Zn,%20Cd,%20Exachlorocyclohexane.pdf
https://www.iret.cnr.it/phytoremediation/P.%20DELTOIDESxP.%20MAXIMOWICZII%20-%20Cr,%20Cu,%20Zn.pdf
http://www.ibaf.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
http://www.ibaf.cnr.it/phyto/schede/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
http://www.ibaf.cnr.it/phyto/schede/P.%20TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
http://www.ibaf.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
http://www.ibaf.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/salix-alba-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/S.%20VIMINALIS%20-%20Mineral%20oil,%20PHAs,%20Cr,%20Co,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20BURJATICA%20-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20TRIANDRA%20X%20S.VIMINALIS-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/P.%20TRICHOCARPAxP.%20KOREANA%20-%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf

(REMIDA | [P flom2

Remediation, Energy Production & Soil Management . g Li n kS

Tl Tue SEARCH BY CONTAMINANT

L t) Contacts
PHYTOTECHNOLOGIES HEAVY METALS

How does it work

Authors

Click on the links below to view the corresponding data sheets; the name of each species is followed

Operating mechanisms by the name of the contaminants on which it has effect.
Rhizodeqgradation
Phytodegradation NICKEL
Phytoextraction
Phytovolatilization Agrostis-stolonifera-heavy-metals- Arsenic-hydrocarbons P tricocarpa x P. deltoides- Al, Ni, Cu. Zn, Cd
Evapotranspiration Arundo-donax-Cd-Ni-As-Pb-Zn-Nutrients Robinia-pseudoacacia-heavy-metals-organics
Phytostabilization Brassica-napus-Heavy-Metals-Organics QLT

S licati Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-Organics- Radionuclides

S. triandra x S. viminalis(clone 083 )

Festuca-arundinacea-Heavy-Metals-Organics

Advantages and limilations pWeimigalis
Helianthus-annuus-Pb-Cd-Cr-Ni-Radionuclides

S. burjati
Medicago-lupulina-Cu-Pb-Ni-Zn T e 0.1 o
! .
FOCUS ON amarix spp

Phalaris-arundinacea-heavy-metals-organics-nutrients

Zea-mays-heavv-metals-organic-contaminants

Phragmites-australis-heavy-metals-organics-nutrients

P alba

P nigra

P x canadensis. clone DIN5

P nigra x P maximowiczii- Ni, Zn. As, Cd. Pb

The photographs in the data sheets are published with the reference to the source, we thank all the authors.



https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/medicago_lupulina_cu_pb_ni_zn.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/populus-alba-heavy-metals-organics-macronutrients.pdf
https://www.iret.cnr.it/phytoremediation/populus-nigra-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20DN5%20-%20Ni,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20DN5%20-%20Ni,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20DN5%20-%20Ni,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20x%20CANADENSIS%20clone%20DN5%20-%20Ni,%20Zn.pdf
https://www.iret.cnr.it/phytoremediation/P.%20NIGRAxP.%20MAXIMOWICZII%20-%20Ni,%20Zn,%20As,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/P.TRICHOCARPAxP.DELTOIDES-%20Al,%20Ni,%20Cu,%20Zn,%20Cd.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/salix-alba-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/S.%20TRIANDRA%20X%20S.VIMINALIS-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20VIMINALIS%20-%20Mineral%20oil,%20PHAs,%20Cr,%20Co,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/S.%20BURJATICA%20-%20Cr,%20Ni,%20Cu,%20Zn,%20Cd,%20Pb.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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HEAVY METALS

Click on the links below to view the corresponding data sheets; the name of each species is followed
by the name of the contaminants on which it has effect.

LEAD

Acer-pseudoplatanus-Zn-Cd-Pb Helianthus-annuus-Pb-Cd-Cr-Ni-Radionuclides
Agrostis-castellana-As-Pb-Mn-7Zn-Cu-Hvdrocarbons Holcus-lanatus-As-Pb-7Zn-Cd
Agrostis-stolonifera-heavy-metals- Arsenic-hydrocarbons Linum-usitatissimums-Cu-Cd-Pb
Agrostis-tenuis-Cu-Zn-Pb-Arsenic Medicago-lupulina-Cu-Pb-Ni-Zn
Alnus-glutinosa-Zn-Cd-Pb-Cu Phalaris-arundinacea-heavy-metals-organics-nutrients
Arundo-donax-Cd-Ni-As-Pb-Zn-Nutrients Phragmaites-australis-heavy-metals-organics-nutrients
Brassica-napus-Heavy-Metals-Organics POPULUS spp.
Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-Organics- Radionuclides Robinia-pseudoacacia-heavy-metals-organics
Cvynodon-dactylon-Organics-Cr-Pb-Zn-Cu SALIX spp.
FEucalyptus-globulus-Cd-Zn-Cu-Pb-As-Organics Tamarix spp.

Festuca-arundinacea-Heavy-Metals-Organics Zea-mays-heavv-metals-organic-contaminants

HEANS METALS

Festuca-rubra-Cd-Cu-Pb-Zn-Organics

Fraxinus-excelsior-Cd-Pb-Zn-Cu-Organics

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/acer-pseudoplatanus-zn-cd-pb.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-castellana-as-pb-mn-zn-cu-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-tenuis-cu-zn-pb-arsenic.pdf
https://www.iret.cnr.it/phytoremediation/alnus-glutinosa-zn-cd-pb-cu.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/holcus-lanatus-as-pb-zn-cd.pdf
https://www.iret.cnr.it/phytoremediation/linum_usitatissimums_cu_cd_pb.pdf
https://www.iret.cnr.it/phytoremediation/medicago_lupulina_cu_pb_ni_zn.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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How does it work Click on the links below to view the corresponding data sheets; the name of each species is followed

by the name of the contaminants on which it has effect.

Authors

Operating mechanisms
Rhizodeqgradation ZINC
Phytodegradation Acer-pseudoplatanus-Zn-Cd-Pb Holcus-lanatus-As-Ph-Zn-Cd
Phytoextraction Agrostis-castellana-As-Pb-Mn-7Zn-Cu-Hydrocarbons Medicago-lupulina-Cu-Pb-Ni-Zn
Phytovolatilization Agrostis-stolonifera-heavy-metals- Arsenic-hvdrocarbons Medicago-sativa-Cd-Cr-Cu-Ni-Zn-Organics
Evapotranspiration Agrostis-tenuis-Cu-Zn-Ph-Arsenic Phalaris-arundinacea-heavy-metals-organics-nutrients
Phytostabilization _ _ _ . .
Alnus-glutinosa-Zn-Cd-Pb-Cu Phragmites-australis-heavy-metals-organics-nutrients
Sﬂ[ﬂﬂ.pp_hﬂﬂﬂﬂll Arundo-donax-Cd-Ni-As-Pb-Zn-Nutrients POPULUS spp.

AdiaﬂlagﬁSJHﬂJlmllﬂllﬂﬂS Brassica-napus-Heavy-Metals-Organics Robinia-pseudoacacia-heavy-metals-organics

Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-Organics- Radionuclides SALIX spp.

FOCUS ON Cvynodon-dactylon-Organics-Cr-Pb-Zn-Cu Tamarix spp.
Eucalyptus-globulus-Cd-Zn-Cu-Pb-As-Organics Zea-mays-heavy-metals-organic-contaminants

Festuca-arundinacea-Heavy-Metals-Organics

MZQSDJ]BL& "gff:),f’_(',\\’?: Festuca-rubra-Cd-Cu-Pb-Zn-Organics
" HEAN S METAL
P '\, = |,‘,

P/ Fraxinus-excelsior-Cd-Pb-Zn-Cu-Organics

Pb

The photographs in the data sheets are published with the reference to the source, we thank all the authors.



https://www.iret.cnr.it/phytoremediation/acer-pseudoplatanus-zn-cd-pb.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-castellana-as-pb-mn-zn-cu-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-tenuis-cu-zn-pb-arsenic.pdf
https://www.iret.cnr.it/phytoremediation/alnus-glutinosa-zn-cd-pb-cu.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/holcus-lanatus-as-pb-zn-cd.pdf
https://www.iret.cnr.it/phytoremediation/medicago_lupulina_cu_pb_ni_zn.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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ORGANIC POLLUTANTS

Click on the links below to view the corresponding data sheets; the name of each species is followed
by the name of the contaminants on which it has effect.

Agrostis-castellana-As-Pb-Mn-Zn-Cu-Hvdrocarbons Medicago-sativa-Cd-Cr-Cu-Ni-Zn-Organics
Agrostis-stolonifera-heavy-metals- Arsenic-hydrocarbons Phalaris-arundinacea-heavy-metals-organics-nutrients
Amaranthus-tricolor-Radionuclides-Hydrocarbons- Phragmites-australis-heavy-metals-organics-nutrients

Cadmium POPULUS spp.

Brassica-napus-Heavy-Metals-Organics

Robinia-pseudoacacia-heavy-metals-organics

Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-Organics- Radionuclides

SALIX spp.
Cynodon-dactylon-Organics-Cr-Pb-Zn-Cu

Tamarix spp.
FEucalyptus-globulus-Cd-Zn-Cu-Pb-As-Organics

Zea-mays-heavv-metals-organic-contaminants

Festuca-arundinacea-Heavy-Metals-Organics

Festuca-rubra-Cd-Cu-Pb-Zn-Organics

Fraxinus-excelsior-Cd-Pb-Zn-Cu-Organics

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/agrostis-castellana-as-pb-mn-zn-cu-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/agrostis-stolonifera-heavy-metals-arsenic-hydrocarbons.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/brassica-napus-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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The photographs in the data sheets are published with the reference to the source, we thank all the authors.
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NUTRIENTS (nitrogen and phosphorus)

Click on the links below to view the corresponding data sheets; the name of each species is followed by

the name of the contaminants on which it has effect.

Arundo-donax-Cd-Ni-As-Pb-Zn-Nutrients

Phalaris-arundinacea-heavy-metals-organics-nutrients

Phragmates-australis-heavy-metals-organics-nutrients

POPULUS spp.

SALIX spp.

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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Rhizoremediation

Rhizoremediation is a type of phytoremediation in which contaminants are treated in the root area

through the symbiotic association of plants with microorganisms and other biota. Complementary metabolic acti-

vities of roots and bacteria result in the degradation of contaminants to non toxic or less toxic compounds. Mi-

croorganisms able to degrade pollutants (bacteria, algae and fungi) proliferate in the rhizosphere niche where

they find key nutrients supporting their growth. For this reason, the breakdown of contaminants in the soil

through microbial activity is also known as plant assisted bioremediation.
Although rhizoremediation is a natural process (natural attenuation), it can also be optimized by adding
substances to stimulate growth and biodegradation (enhanced natural attenuation) and by deliberately

manipulating the I'hiZOSpheI‘e with the introduction of specific acclimated microbes (bioaugmentation)

(Kuiper et al, 2004).
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Rhizoremediation

Bioavailability is one of the main factors affecting the biodegradation rate of a contaminant in soil.
This bioavailability can be increased by using surfactants, amphipathic molecules with both a
hydrophobic and a hydrophilic part. By accumulating on the interfaces, they are can form micelles
where substances that are generally insoluble in water, such as hydrocarbons, may be solubilized in
water, and in turn, are made more available for microorganisms metabolism. However, chemical
surfactants are themselves a source of pollution. By contrast, many microorganisms (Pseudomonas

aeruginosa, Bacillus subtilis, Pichia pastoris, etc.) can produce structurally diversified surface-active
agents, known as biosurfactants. Biosurfactants are much less harmful for the natural ecosy-

stems due to their low toxicity and biodegradable nature. Their use is considered a valuable means

to promote bioremediation (Kuiper et al, 2004; ARPA Lombardia, 2003).
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Rhizosphere

Most of the phytoremediation processes take place in the rhizosphere, the area around a

plant root that is inhabited by a unique population of microorganisms influenced by the

chemicals released from plant roots, as described for the first time by Lorenz Hiltner in 1904.
As might be expected because of the inherent complexity and diversity of plant root sy-
stems, the rhizosphere is not a region of definable size or shape, but instead, consists of a
gradient in chemical, biological and physical properties which change both radially and lon-
gitudinally along the root. Rhizodeposits make the rhizosphere a desirable niche for micro-

bial communities to proliferate.

One teaspoon of bare or tilled soil contains more microorganisms than there are people on
Earth, however, the rhizosphere can have 1000-2000 times that number (1010-1012 cells per
gram rhizosphere soil) making it a pretty crowded place (McNear Jr 2013). The plant root-

soil interface is therefore a dynami(t I'egiﬂn in which numerous biogeochemical processes ta-

ke place driven by the physical activity, and the diversity of chemicals released by the plant

root.
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Rhizosphere

The microbial consorfium of the rhizosphere includes bacleria, algae and fungl, among other mi-

croorganisms. Rhizosphere bacteria are the most abundant type of microorganism and perform
several functions such as the promotion of plant growth, the protection against plant pathogens,

the production of chelators for delivering key plants nutrients and the degradation of contami-

nants. An important plant-fungi association is mycorrhiza. Mycorrhizal fungi associated with

plant roots affect the acquisition of nutrients by the root and is a large sink of carbon that can
be made available to microrganism. The mycorrhizal infection is usually a mutual relation, with
the fungi receiving sugars from the host plant in exchange for improving the plant’s mineral nu-
trient uptake efficiency thanks to an increase of the absorption area, as well as providing protec-

tion against pathogens (Barea et al, 2005, Morgan et al, 2005; Bais et al, 2006).
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Sy
~“’0\?~ s r IRET, Institute of Agro-environmental and Forest biology (CNR)

Phytoremediation websites

Interstate Technology and Regulatory Cooperation Work Group (ITRC): from this site you can download the phytore-

mediation decision tree document.

“Contaminated Site clean-up information”, by EPA, provide a general description on approaches to clean up contaminated

sites. You can also download a citizen's guide to phytoremediation

Botanical database

Data sheets edited by Centro Sperimentale per il Vivaismo: synthetic description of ornamental garden plants, it inclu-
ding information about uses and cultivation.

Taxonomic Information System — created by a partnership of U.S., Canadian, and Mexican agencies (ITIS-North America)

and taxonomic specialists.

United States Department of Agriculture

www.backvardgardener.com provides gardening information on thousands of plants

Involved organizations

CNR, Earth and Environment Department



http://www.itrcweb.org/Guidance/ListDocuments?TopicID=20&SubTopicID=30
http://www.itrcweb.org/Guidance/ListDocuments?TopicID=20&SubTopicID=30
http://www.clu-in.org/remediation/
http://www.clu-in.org/s.focus/c/pub/i/67/
http://www.clu-in.org/remediation/
http://www.clu-in.org/remediation/
http://www.clu-in.org/remediation/
http://www.clu-in.org/s.focus/c/pub/i/67/
http://www.clu-in.org/remediation/
http://www.clu-in.org/s.focus/c/pub/i/67/
http://www.cespevi.it/garden.htm
http://www.cespevi.it/garden.htm
http://www.itis.gov/
http://www.itis.gov/
http://plants.usda.gov/java/
http://www.backyardgardener.com/
https://www.cnr.it/en
https://www.iret.cnr.it/en/
http://www.ibaf.cnr.it/
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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AUTHORS

Data sheet compilation

Ilaria De Angelis e Barbara Di Fabio

Graduate students in Natural Sciences, they collaborated with IRET Insti-
tute as trainees

ilariadeangelis89@gmail.com, b.difabio@live.it

Data sheet revision and website editing

Laura Passatore

Post doctoral researcher at IRET Institute (CNR)
0690672534 - laura.passatore@iret.cnr.it

’ ‘;..:;.\" "¢
Angelo Massacci v*‘}‘z‘/*’\@ :
M o,
Ex- Director of IRET (CNR ov
x- Dir T ( ) ‘IOQL\Q
4
P

Michele Mattioni
Technical collaborator at IRET Institute (CNR), Porano (TR)
0763374921 - michele.mattioni@cnr.it



mailto:michele.mattioni@ibaf.cnr.it
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf

(REMIDA"

Remediation, Energy Production & Soil Management

w

o /

PHYTOTECHNOLOGIES
How does il work
Operating mechanisms

Rhizodeqgradation

Phytodegradation
Phytoextraction

Phytovolatilization

Evapotranspiration
Phytostabilization

: eat
] | initat

FOCUS ON

=

CrlE =\
A I e |
Sl Vi
MR S
~—— <

T e —
& /
-
VN
¥

Home

Links

CONTACTS

Authors

Contacts

IRET - CNR

Unita di ricerca di Monterotondo
Area di Ricerca Via Salaria km. 29,3
16 Monterotondo Scalo (RM)

Administration Office - Cesarino Nicoletti
06 90672538
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Bonifica
Recupero
Energia

In 2008, the Department of Forest Environment and Re-

sources (Disafri, Tuscia University) and the Institute of Agro
-environmental Biology and Forestry (IBAF CNR, currently
IRET), together with the coordination of Arpa Umbria

(Umbria Regional Agency for the Environment), cooperated

BONIFICA RECUPERO ENERGIA

in order to create the Hemida project (Remediation energy

click here to find out production & soil management), with the aim to provide to

our project the public service with an innovative and sustainable tool for

the management of C()nlaminaled Siles.

The Remida project is based on the implementation of phytortechnologies, according to the Short Rota-

tion (:Oppi(ﬁ@ (SRC) practice ( i.e. the cultivation of fast-growing species as energy crop).

) UNIVERSITA
rren (€ | @i
DCE DIBAF

Cnr



http://www.arpa.umbria.it/
http://www.arpa.umbria.it/pagine/progetto-remida-000
http://www.unitus.it/en/dipartimento/dibaf
https://www.iret.cnr.it/phytoremediation/remida.wmw
https://www.iret.cnr.it/en/
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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™ te and methane generation. In this technique, trees are established on a layer of

! soil cap placed over the refuse. Soil cover acts as a ‘storage’ and trees act as ‘bio-

pump and filters’.

Ripariaﬂ buifer S’[I‘ipS -vegetated areas next to water resources that protect

water resources from nonpoint source pollution and provide bank stabilization
and aquatic and wildlife habitat. These are used in stream-water-quality resto-

ration for filtering sediment, nutrients, and pesticides entering from upland

‘ ; agricultural fields.

HYdI'allliC COHtTOl - the use of vegetation to influence the movement of ground

water and soil water, through the uptake and consumption of large volumes of

water. Hydraulic control may influence and potentially contain movement of a

. ground-water plume, reduce or prevent infiltration and leaching, and induce

upward flow of water from the water table through the unsatured zone.
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How does it work

Operating mechanisms Acer-pseudoplatanus-Zn-Cd-Pb Eucalyptus-globulus-Cd-Zn-Cu-Pb-As-  Phragmites-australis-heavy-metals-
Rhizodeqgradation Agrostis-castellana-As-Pb-Mn-7Zn-Cu- Organics organics-nutrients
Phytodegradation Hydrocarbons Festuca-arundinacea-Heavy-Metals- POPULUS spp.
Phytoextraction Agrostis-stolonifera-heavy-metals- Organics Pteris vittata-As
Phytovolatilization arsenic-hydrocarbons Festuca-rubra-Gd-Cu-Ph-Zn-Organics Robinia-pseudoacacia-heavy-metals-
Evapotranspiration Agrostis-tenuis-Cu-Zn-Pb-Arsenic Fraxinus-excelsior-Cd-Ph-Zn-Cu- organics
Phytostabilization Alnus-glutinosa-Zn-Cd-Pb-Cu Organics SALIX spp.

Sﬂm_(ﬁl.pp_ljﬂﬂﬂﬂﬂ Amaranthus-tricolor-Radionuclides- Helianthus-annuus-Ph-Cd-Cr-Ni- Tamarix spp.

. Radionuclides
Hvdrocarbons-Cadmium _—

AdﬂaﬂlagﬁSjﬂﬂ_hﬂ]]mm Zea-mays-heavy-metals-organic-
Holcus-lanatus-As-Pb-Zn-Cd :

Arundo-donax-Cd-Ni-As-Pb-Zn- contaminants

Nutrients Linum-usitatissimums-Cu-Cd-Pb
FOCUS ON Brassica-napus-Heavy-Metals-Organics Medicago-lupulina-Cu-Pb-Ni-Zn
Cannabis-sativa-Cd-Cr-Ni-Pb-Zn- Medicago-sativa-Cd-Cr-Cu-Ni-Zn- :
Organics-Radionuclides Organics -
. . &g‘l " ‘
Cynodon-daciylon-Organics-Cr-Pb-Zn-  Phalaris-arundinacea-heavy-metals-
Cu organics-nutrients

The photographs in the data sheets are published with the reference to the source, we thank all the authors.
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https://www.iret.cnr.it/phytoremediation/agrostis-tenuis-cu-zn-pb-arsenic.pdf
https://www.iret.cnr.it/phytoremediation/alnus-glutinosa-zn-cd-pb-cu.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
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https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/cynodon-dactylon-organics-cr-pb-zn-cu.pdf
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https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festuca-arundinacea-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/festucarubra-cd-cu-pb-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/fraxinus_excelsior_cd_pb_zn_cu_organics.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/holcus-lanatus-as-pb-zn-cd.pdf
https://www.iret.cnr.it/phytoremediation/linum_usitatissimums_cu_cd_pb.pdf
https://www.iret.cnr.it/phytoremediation/medicago_lupulina_cu_pb_ni_zn.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
https://www.iret.cnr.it/phytoremediation/medicago-sativa-cd-cr-cu-ni-zn-organics.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/pteris-vittata-as.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf
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SPECIES WHICH ACTS ON Links

ovronsstes WATER e

(lick on the links below 1o view the corresponding data sheets; the name of each species 1s followed by the name of the
contaminants on which it has effect.
Some of the species listed below, although they are not water plants, they can be grown hydroponically.

Amaranthus-tricolor-Radionuclides-Hvdrocarbons-Cadmium

Arundo-donax-Cd-Ni-As-Pb-Zn-Nutrients

Cannabis-sativa-Cd-Cr-Ni-Pb-Zn-Organics- Radionuclides

Eucalyptus-globulus-Cd-Zn-Cu-Pb-As-Organics
Helianthus-annuus-Pb-Cd-Cr-Ni-Radionuclides

Phalaris-arundinacea-heavy-metals-organics-nutrients

Phragmites-australis-heavy-metals-organics-nutrients

POPULUS spp.

Pteris vittata-As

. . . . h 4 ) :
Robinia-pseudoacacia-heavy-metals-organics S R
A .7-\:—-'""&;_‘ _--.':'_ 4

SALIX spp. = ;

Tamarix spp.

Zea-mays-heavy-metals-organic-contaminants

The photographs in the data sheets are published with the reference to the source, we thank all the authors.


https://www.iret.cnr.it/phytoremediation/amaranthus-tricolor-radionuclides-hydrocarbons-cadmium.pdf
https://www.iret.cnr.it/phytoremediation/arundo-donax-cd-ni-as-pb-zn-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/cannabis-sativa-cd-cr-ni-pb-zn-organics-radionuclides.pdf
https://www.iret.cnr.it/phytoremediation/eucalyptus-globulus-cd-zn-cu-pb-as-organics.pdf
https://www.iret.cnr.it/phytoremediation/helianthus_annuus_pb_cd_cr_ni_radionuclides.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
http://www.ibaf.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phalaris-arundinacea-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/phragmites-australis-heavy-metals-organics-nutrients.pdf
https://www.iret.cnr.it/phytoremediation/pteris-vittata-as.pdf
https://www.iret.cnr.it/phytoremediation/robinia-pseudoacacia-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/tamarix-spp-heavy-metals-organics.pdf
https://www.iret.cnr.it/phytoremediation/zea-mays-heavy-metals-organic-contaminants.pdf
https://www.iret.cnr.it/phytoremediation/phytoportfolio.pdf

