
Phytoremediation of contaminated 

soils: facts and challenges  

 

Dr Jean-Paul Schwitzguébel 

 

Laboratory for Environmental Biotechnology 

EPFL, 1015 Lausanne, Switzerland 

 

jean-paul.schwitzguebel@epfl.ch 

jean-paul.schwitzguebel@hotmail.com 

 

ETH, Zurich, December 2016 



Wenzel (2009) Plant Soil 321:385-408 

Complex interactions in contaminated soils 
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Barbafieri et al. (2013) Chapter 2 in D.K Gupta (ed.) Plant-Based Remediation Processes 
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1) Trace elements 





Van der Ent et al. 





1.1) 



Lysimeter experiment of phytostabilisation (coal fly ash+peat) 

of  Cu (250 mg kg-1 DW) and Pb (2560 mg kg-1 DW) 

contaminated sandy soil after one year (Kumpiene et al. 2007) 

Untreated, planted Untreated, unplanted 

Treated, planted: 

520 g biomass DW m-2 

Treated, unplanted: 

280 g biomass DW m-2 

 



OM =  5 kg DW peat / 100 kg DW soil 

CFA = 5 kg coal fly ash / 100 kg DW soil 

Agrostis capillaris; Anthoxanthum odoratum; Bromus hordeaceus; 

Deschampsia flexuosa; Festuca rubra; Festuca ovina 



Gil-Loaiza et al (2016) Science of the Total Environment 565:451-461 





Gil-Loaiza et al (2016) Science of the Total Environment 565:451-461 

20% compost in top 15 cm of soil = 456 t ha-1 

 

Seeding rates of 6 native desert plants 
Grasses: 90 kg ha-1 Buchloe dactyloides; 56 kg ha-1 Festuca arizonica 

Shrubs:   56 kg ha-1 Atriplex lentiformis;    11 kg ha-1 Cercocarpus montanus 

Trees:     0.15 kg ha-1 Prosopis juliflora;      1 kg ha-1 Acacia greggi 



Gil-Loaiza et al (2016) Science of the Total Environment 565:451-461 



Addition of fly ash for phytostabilisation of soils highly  

contaminated with Pb, Cd and Zn (Northern France) 

Lopareva-Pohu et al. (2011) Sci Tot Environ 409:647-654; Environ Pollut 159: 1721-1729 

3 plots of about 3000 m2 each: 

R: not amended (control) 

F1, F2: amended with fly ash (23 kg/m2) 

 

In 2000, planted with 1800 trees mix: 

Alnus glutinosa (black alder) 

Acer pseudoplatanus (sycamore maple) 

Robinia pseudoacacia (black locust) 

Salix alba (white willow) 

Quercus robur (pedunculate oak) 

+ Herbaceous mixture cover 

 

 





Greenland FP7 EU Project 

Challenges for phytostabilisation 



Heavy metal concentrations  (mg kg-1) in shoots and roots of different species 

in the Dornach field experiment and outputs (g ha-1)  (Keller et al. 2003) 

 Concentrations in the first 20 cm of soil (mg kg-1): 2.5 Cd, 550 Cu, 650 Zn 

Plant Cd 

shoot 

Cu 

shoot 

Zn 

shoot 

Cd 

root 

Cu 

root 

Zn 

root 

Yield 

t h-1 

Cd 

out 

Cu 

out 

Zn 

out 

Thlaspi 

(Noccaea) 

184 53 5265 168 71 693 0.9 179 50 5052 

Indian 

mustard 
1.0 20 124 0.3 32 45 7.3 6.95 146 894 

Tobacco 3.5 38 146 0.6 26 36 12.6 41.7 474 1834 

Maize 0.6 10 129 0.7 38 41 15.6 9 163 1998 

Willow 3.4 14 294 nd nd nd 13.2 44 187 3851 

1.2) Phytoextraction 





Short-rotation coppice willows 

The use of plants producing an important  

biomass with added value 



Rascio and Navari-Izzo (2011) Plant Sci 180:169 

Transport systems involved in the uptake, root-to-shoot  

translocation and sequestration of hyperaccumulator plants 



Arsenic uptake and  

metabolism in plants 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zhu and Rosen (2009) 

Current Opinion Biotechnol 

20: 220-224 



Biosynthesis and multifunctional role of  

glutathione (GSH) and phytochelatins 

Rausch and Wachter (2005) Trends Plant Sci 10:503-509 



Yamaguchi et al (2016) Plant Cell Physiol 57:2353-2366 

Effect of Cd on the uptake, distribution and accumulation  

of sulfate in wild type and a mutant of Arabidopsis thaliana 



Yamaguchi et al (2016) Plant Cell Physiol 57:2353-2366 

Effect of Cd on cysteine, glutathione and phytochelatins  

in wild type and a mutant of Arabidopsis thaliana 



Hyperaccumulation  

(plants growing in their natural habitats) 

100 mg/kg dried foliage:  Cd, Se, Tl 

300 mg/kg dried foliage : Co, Cu, Cr 

 

1’000 mg/kg dried foliage : Ni, Pb, As 

3’000 mg/kg dried foliage : Zn 

 

10’000 mg/kg dried foliage : Mn 
 

      

    Adapted from Van der Ent et al (2013) Plant Soil 362: 319-334 



Challenge: Improving metal phytoextraction 

 Hyperaccumulators: high tissue metal concentration, but low biomass 

 

 High yielding plants:  high biomass, but moderate metal concentration 

1st strategy 

PLANT LEVEL 

Improvement of plant metal accumulation 

by genetic engineering or by non-GMO 

approaches: breeding, cultivars selection,  

plant density, co-cropping or inter-cropping, 

crop rotation, optimal harvesting time, 

addition of plant growth promoting bacteria 

2nd strategy 

SOIL LEVEL 

Agronomic approaches to 

increase metal bioavailability 

(fertilization, acidification, 

addition of chelating agents, 

amendments, bioaugmentation) 



Mosa et al (2016) Frontiers in Plant Science 7: Art 303 

Potential biotechnological strategies 

for enhancing phytoextraction of metals 



Mosa et al (2016) Frontiers in Plant Science 7: Art 303 

Integration of «omics» tools for developing  

plants for phytoremediation 



Experimental site at Rafz 

Haplic Luvisol; pH 6.8; 54% sand; 28% silt; 18% clay 

Metal concentrations (mg kg-1):0.9 Cd; 58 Cu; 492 Pb; 813 Zn 

 

Screening of efficient metal 

accumulating sunflowers prior to    

in vitro-breeding / mutagenesis 

 

A Swiss non-GMO approach to improve 

accumulation and extraction of heavy metals   

by high yielding crops 
 

Nehnevajova et al. (2005, 2007, 2009) 

International Journal of Phytoremediation 



 Field-based sunflower screening assessing  

two fertilizers / mobilizers  on Zn-accumulation 

Ammonium sulphate fertilization instead of ammonium nitrate  

Selecting the best sunflower variety improves Zn-accumulation  

 



Biomass of 15 sunflower varieties 
Ammonium sulphate versus ammonium nitrate fertilisation 

 

 

 



Metal extraction = Biomass x Metal accumulation 

 

Ammonium sulphate versus ammonium nitrate fertilisation 
  

 



Chemical mutagenesis and field-based screening of 

sunflower mutant generations on a metal-contaminated site 



2) Organic pollutants 



2.1) 



















- Exudation of organic acids (citrate, malate) helps desorbing and uptake 

- Major latex-like proteins and zinc finger family proteins are involved in translocation 



2.2) Phytodegradation 

 



 

Main detoxification pathways of  

xenobiotics in plant cells 

Coleman et al. (1997) Trends Plant Sci 2:144-151 



Kvesitadze et al. (2006) 

Microsomal monooxygenase system 

Kvesitadze et al (2006) 

The role of Cytochrome P450 mono-oxygenase 

in hydroxylation of xenobiotic compounds 



Oxygen diffusion into plate well from 

atmosphere 
 
Diffusion into medium     
Consumption by cytochromes 
 

Oxygen quenches fluorescence from the    

sensor at the well bottom 
 

Oxygen decrease         fluorescence increase 

Measure of oxygen consumption by fluorimetry 

Oxygen-sensitive 

fluorophore incorporated in 

a permeable silicone 

rubber matrix at the bottom 

of each well 

microsomes 

sensor 

Detector 

Emission 620 nm Excitation 480 nm 

microsomes 

sensor 

Detector 

Emission 620 nm 

microsomes 

sensor 

Detector 

Emission 620 nm Excitation 480 nm 



Measure of oxygen consumption by fluorimetry          
Olry et al. (2007)  Plant Journal 51:331-340 

Fluorescence 
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micrsomes + NADPH + AQ-2,6-SS

Enzymatic 

activity 

Page and Schwitzguébel (2009) Plant Cell Rep 28:1725-1735; Environ Sci Pollut Res 16:805-816 



Enzyme kinetics are of utmost importance 

 



Stitt and Gibon (2014) Trends Plant Sci 19:256-265 



Stitt and Gibon (2014) Trends Plant Sci 19: 256-265 



Nitroaromatic compounds reduction 



Jacoby et al (2012) 



Ouvrard et al (2013) Biodegradation 24:539-548 

2.3) Phytostimulation (rhizodegradation) 
 
 



 

Plant-bacteria partnerships for the remediation 

of hydrocarbons contaminated soil 

Khan et al. (2013) Chemosphere 90:1317-1332 



Petroleum hydrocarbons: a success story 

Schwitzguébel et al (2011) Environ Sci Pollut Res 18:842-856 



Schwitzguébel et al (2011) Environ Sci Pollut Res 18:842-856 





Truu et al. (2015) 

Open Biotechnol J 

9 (Suppl 1-M9) 85-92 



Witters et al. (2012) Biomass Bioen 39:454-469 

3) Last, but not least challenge:Toward  

phytomanagement and biorefineries 



Jiang et al (2016) 

Biomass Bioenergy 

83:328-339 



Phytomining: The use of specific  

hyperaccumulators for metal recovery 



Vigil et al. (2015) Sci Tot Environ 505:844-850 



FitzPatrick et al (2010) Biores. Technol. 101:8915 



Thank you for your attention ! 

Plants are able to remediate  

contaminated soils: 

It is a fact, even if 

many challenges  

remain to be addressed 


