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Phytoremediation

Use of vegetation for the in situ treatment of 
contaminated sites

 A fast emerging environmental clean up strategy 
 Immense promise for remediation of contaminated 

sites (soil, ground water, waste water) 
 Effective against

- inorganic (toxic metals and nutrients) 
- organic pollutants (BTEX)

- chlorinated solvents, ammunition wastes



Phytoextraction 
Process



Background

 1980 Statute recognized over 40,000 
Superfund sites endangering human health

 Mining and smelting,   municipal wastes, 
sewage sludge, landfill leachates, fertilizers, 
pesticides, nuclear accidents

 >10,000 sites remain active today (Superfund 
Accomplishment Figures-FY 2003)

 40% of these sites have problems of heavy 
metal (Pb, Cd, Cr, As, Zn etc.) contamination



Conventional remediation 
strategies against metal 

contaminations

 Excavation and reburial of contaminated soils 
to another site

 Soil flushing/washing
 Solidification/stabilization
 Vitrification
 Electro-kinetics



Cost Analysis
- Conventional engineering technology v/s Phytoremediation 

(TIBTECH, 13, 1995)

Contaminants Conventional 
Technology

Phytoremediation

Water soluble/ volatile 
compounds

$10-100 per m3 soil $ 0.02-1.00  per m3 

soil ($200-10,000 per 
hectare) of croppingCompounds requiring land-

filling or low temp. thermal 
treatments

$ 60-300 per m3 

soil

Materials requiring special 
land-filling or high temp. 
thermal treatment

$ 200-700 per m3 

soil

Incineration $ 100 per m3 soil

Radionucleides $ 1000-3000 per 
m3 soil



Benefits

 Economically feasible
 Socially desirable

 Environment friendly
 Improves soil health

 Effective



Terrestrial Hyperaccumulators (Brooks, 1998)

Plant Metal % metal in shoot (DW)

Thlaspi caerulescens Zn, Cd >2% Zn, >0.1% Cd, 

Thlaspi spp. Zn >2%

Cardaminopsis hallerii Zn >1%

Brassica spp. Se

Astragalus spp. Se 0.1-1%

Atriplex spp. Se

Thlaspi rotundifolium Pb <1% (~0.8%)

Aelloanthus subacaulis Cu 1.3%

Haemaniastrum spp. Co Up to 1 %

Brake fern As >1.5%



Sesbania drummondii

• A high biomass plant 
• Common name: Rattlebox
• Native to Southeastern U.S.



Sesbania drummondii & Lead

Demonstrated as lead
hyperaccumulator
• Tolerates up to 1,000 ppm in 

hydroponic solution 
• Accumulated >4% (DW) Pb 

in shoots in hydroponic 
conditions

• Roots showed 6% (DW) 
accumulation

• EDTA and low pH increased 
accumulation further

(EST 36, 4676-4680, 2002).
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Sesbania in soil supplemented with Pb
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Sesbania in soil supplemented with Pb

Shoot Pb
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Species Soil Amendments Soil Pb 
(mg/kg)

Shoot Pb 
(%)

Biomass 
(t/ha/yr)

Est. total 
Pb extr. 

(kg/ha/yr)

Source

Zea mays 5.8 mmol/kg HEDTA 2500 1.06 5-6 53-64 Huang et al. 
1997

Pisum 
sativum

1.34 g/kg EDTA 2450 0.897 3-4 27-36 Huang et al. 
1997

Sesbania 
drummondii

10 mmol/kg EDTA

100 mg/kg EDTA + 
10 mg/kg IAA

7500

500

0.42

0.6

10-15

10-15

43-63

60-90

Ruley et al.

Unpublished

Brassica 
juncea

10 mmol/kg EDTA 600 1.6 1-1.5 16-24 Blaylock et 
al. 1997

Triticum 
aestivum

5 mmol/kg EDTA+5 
mmol/kg acetic acid

2000 0.92 2.5 23 Begonia et 
al. 2002

Estimated total Pb removed from soil by several plants
(Ruley 2004)



EM of  Sesbania root cells
(Sahi et al., ES & T 36, 4676-4680, 2002)

Pb Transport

• Transport of Pb 
via different cell
types (SEM) 

• Pb nanoparticles
in intercellular
spaces, cell
membranes and
cell walls



Biotransformation of Metals 
(Using XAS Technology)

Types of XAS
 XANES (X-ray absorption near edge structure) 

– determines the oxidation state and atomic 
geometry of a bound metal.

 EXAFS (Extended X-ray absorption fine 
structure) – traces the ligand involved in metal 
binding by measuring the distance from X-ray-
absorbing atom to next nearest atom.
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XANES Spectra of Sesbania
(ET & C  23, 2068, 2004)

A) LIII XANES of Pb-laden plant samples, lead(II) nitrate, and lead(II) acetate. 
LIII XANES of lead model compounds lead(II) sulfide, lead(II) sulfate, and 
lead(IV) oxide. B)

A B



XANES and EXAFS data of 
Pb-treated Sesbania
(Environ. Toxicol. Chem. 23, 2068-2073, 2004)

Samples Pb(NO3)2

%
PbSO4

%
Pb metal

%
PbS
%

Pb 
acetate 

%

Leaves 7.6 25.8 0 14.2 52.4

Roots 10.1 0 8.8 20.2 60.9



Identification of 
lead responsive genes



Experimental Design

Growth Parameters
-Size
-Biomass

Metal accumulation
RNA Isolation

mRNA

Suppression Subtraction Hybridization (SSH)

PCR-select differential screening

Sequencing analysis

Sesbania Seed germination (Sahi et al. 2002)

Plant Growth (for 12 days)
- 500mgl-1 Pb(NO3)2 (Sahi et al. 2002)

- Control (half strength Hoagland’s media)

Northern blot analysis



Suppression subtraction 
hybridization (SSH)

 Based on the technique called suppression 
PCR 

 Compare two populations of mRNA
 Obtain clones of genes that are expressed in 

one population but not in the other



Sequencing results for Pb samples

 63 clones corresponds to unigenes
 49 (78 %) identified as segments of cDNAs 

contained in GenBank database
 14 (22 %) were unknown (no similarity)
 Clone # 7 exhibited homology to 

type 2 metallothionein sequences







Northern blot analysis (Pb)
(Srivastava et al. Planta 2007)

Water-stress induced gene 
(Clone # 29, 36, 37, 38)

Cold stress-induced gene (Clone # 4, 13, 
14)

ACC synthase/oxidase gene (Clone # 31)

Abiotic stress-induced gene 
(Clone # 28)

Metallothionein gene (Clone # 7)

EtBr stained RNA 
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Conclusion

 Phytoremediation is a slow process
 Sesbania is effective for sites with shallow 

contaminated soils.
 Lead accumulated in form of nanoparticles.
 Sesbania transforms toxic compounds
 A type II metallothionein gene identified - may 

be involved in heavy metal detoxification
 Interdisciplinary approach
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Thank you



Prerequisites for Phytoremediation

Hyperaccumulators
 Accumulate 100 times more metals than the non-

accumulators
- Conc. Criterion (% Shoot DW)

Cd (>0.01), Co, Cu, Cr and Pb (>0.1),
Ni and Zn (>1), Hg (0.001)

 Should have good biomass
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EXAFS Spectra of Sesbania



Phytoremediation approaches

1. Phytoextraction: to remove contaminants directly from 
soil/water

2. Phytostabilization: use of vegetation and soil 
amendments to reduce contaminant availability and 
movement. 

3. Rhizofiltration: plant root system is directed to extract 
pollutants from water bodies

4. Phytomining: for extraction and concentration of valuable 
metals



Antioxidant Reactions & metal Stress 
in Sesbania 

 Generally metal exposure triggers an increase in 
activity of antioxidant enzymes.
 Superoxide dismutase (SOD) – catalyze dismutation of superoxide 

radicals to hydrogen peroxide & oxygen
 Catalase (CAT) – catalyzes decomposition of hydrogen peroxide to 

water and oxygen
 Ascorbate deroxidase (APX) – detoxifies hydrogen peroxide to 

water using ascorbate as substrate
 Glutathione reductase (GR) – reduces oxidized glutathione 

(GSSG) to reduced glutathione (GHS)
- maintains high GHS/GSSH to sustain role of GHS as anti-
oxidant
- also incorporating into phytochelatins
- GSH also function as free radical scavenger
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Antioxidant Reactions and Pb Stress in 
Sesbania drummondii

(Plant Physiol. Biochem. 42, 899-906, 2004)

 Generally Pb exposure triggers an increase in 
activity of antioxidant enzymes.

 Significant Increased activity of these enzymes 
not observed in S. drummondii up to 1,000 mg/L 
Pb(NO3)2.

 Either Sesbania drummondii does not experience 
stress at these levels of Pb treatment, or 
antioxidant enzyme activities are not an indicator 
of stress in this plant.
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