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! ! Site 2 : Industrial activity: Thann, North-East of France, tailings pond from a 
TiO2 extractive industry, with high Fe- and Mn-enriched gypsum red 
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# ! Overall, the specific characteristics of the site decreased 
growth of the 18 species by 39% as compard to the nursery 
standard. However, some genera such as Zelkova, Platanus, 
Ulmus, and Acer well performed. 
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TE concentrations in leaf tissues (mg/kg D Wt) at the Thann s ite  
 

Acer buergerianum = AB; Acer ginnala = AG; Betula papycifera = BPA; Betula verucosa = BV; Catalpa speciosa = 
CSP; Cedrela sinensis = CSI; Maclura pomifera = MP; Ostrya carpinifolia = OC; Platanus orientalis = PLO; 

Pterocarya stenoptera = PTS; Quercus acutissima = QA; Quercus rhysophylla = QRH; Quercus rubra = QRU; 
Rhus copallina = RC; Salix alba = SAL; Salix aquatic grandis = SAQ; Ulmus pamila = UP; Zelkova serrata = ZS.  

Reference concentrations : Cd 0,05 ! g g-1, Zn 50 ! g g-1, Mn 200 ! g g-1, Fe 150 ! g g-1, S 0,3%, Ti 5 ! g g-1. 
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! ! PROLIPHYT project : Large scale inoculation of about 50 woody 
species in 4 field trials   

Sediments landfill (Cl activity) 
Major contaminants : Hg, As 
16 woody species in 1 ha 
Plantation in Dec 2014 

Sediments landfill (Ti activity) 
Major contaminants : Hg, As 
16 woody species in 1 ha 
Plantation in Dec 2014 

Sediment disposal field 
Cd, Zn  soil May 2014 
16 woody species in 1 ha 
± inoculation  

Cd, Zn, Pb Oct 2013 
Waste disposal  
16 woody species in 1 ha 
± inoculation on 1 ha 
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Catalpa speciosa 

Acer saccharinum 

1 ha of plantation of ca. 16 
species on 4 sites!
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! ! Woody biomass is converted into useful forms of energy (solid, liquid, or gaseous 
fuels) as well as useful products (polymers, bio-plastics, char, pellets, and acids) at a 
biorefinery 
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! ! Biomass harvest (VSRC) in 2010 at the Pierrelaye site 
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Min Max Min Max

Cd 0.04 0.12 0.003 0.004

no bag filter with bag filter

55% 
29% 

16% 

5% 
73% 

22% 

Min Max

with bag fffffffiiiilter
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x% : gas 

x% : cyclon + bag filter ashes (inc. 
higher heat exchanger fraction) 

x% : bottom ashes 
 (inc. lower heat exchanger fraction) 
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! ! The combustion process concentrates Cd, Pb and Zn in the 
emission fraction in the absence of the filter (coll. LERMAB, N. 
Brosse; COFELY-SUEZ) 
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! ! TE emission (expressed as ! g/Nm3) from contaminated poplar woody biomass as 
compared to emission limits 
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# ! Emission values measured upstream the fabric filter for Cd, Pb, and for the sum of 9 or 8 TEs 
are lower than the emission limits, although within the same order of magnitude  

# ! When measured downstream the fabric filter unit, TE emissions were significantly reduced, 
well below the emission limits from the EU directives. (Pb was reduced approximately 50-fold 
(IED2), and Cd was reduced by 15-fold (IED1).  
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! ! Utilization options of wood ashes : 
 
# !construction applications: storage fields and 

roads in industrial areas.  

c5.+6$5",(("05",'("7(-2d0%"&)8*'(F;(G+"%/H,/%2(0%"8/''/'(
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c5.+6$5",(("05",'("7(-2d0%"&)8*'(F;(G+"%/H,/%2(0%"8/''/'(

! ! Utilization options of wood ashes : 
 
# !construction applications: storage fields and 

roads in industrial areas. 

# !concrete production as binder material or as 
aggregates. 
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c5.+6$5",(("05",'("7(-2d0%"&)8*'(F;(G+"%/H,/%2(0%"8/''/'(

! ! Utilization options of wood ashes : 
 
# !construction applications: storage fields and 

roads in industrial areas. 

# !concrete production as binder material or as 
aggregates. 

# !metal recovery by existing processes 
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! ! Utilization options of wood ashes : 
 
# !Another option : wood ash as fertilizers ? 
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! ! Trace element concentration (mg kg-1 of dry matter) in ashes  
in comparison with limit values for sewage sludge applications in agriculture 

# ! TE contents of bottom ashes are largely below the limit values and might thus be 
recycled through applications in agriculture  

# ! Cyclone-and filter-fly ashes are polluted to a degree that does not allow their use as 
fertilizing agents in agriculture 
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Overall scheme for the pretreatments of 
phytoremediation-borne biomasses 

! !Objectives : The fractionation of phytoremediation TE-enriched non-woody 
lignocellulosic (tobacco) and woody (birch, willow) biomasses was studied using 
ethanol organosolv, soda and dilute acid pretreatments (coll. LERMAB, N. Brosse) 
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! ! Three different processes (dilute acid, alkali-catalyzed and ethanol organosolv 
pretreatments) were evaluated, all of them being among the most widely used and 
studied technologies for cellulosic bioethanol production.  
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# ! Under acidic conditions, a dilute acid pretreatment (performed at 170¡C in the presence of 
2 % w/w of sulfuric acid) allowed an efficient extraction of the metals from woody biomass 
in the water effluent producing a clean cellulosic pulp. 
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! ! acidic pretreatment 
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# ! After soda pretreatment, the metal extractability in water was low especially at high 
temperature, and  the metals were recovered in the cellulosic pulp. 

# ! In organosolv conditions, the metal contents were found to be in the following 
order : pulp ��  water stream > lignin. 
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! ! soda 
pretreatment 

! ! organosolv  
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# ! Plants derived from phytoextraction are recovered through an 
innovative ecological recycling concept. Taking advantage of the 
remarquable adaptative capacity of thesen plants to 
hyperaccumulate primary or strategic transition metals, we 
address the direct use of bio-based metallic species as reagents 
and catalysts of organic chemical reactions. This original approach 
offers the first recovery of this unique biomass and  initiates a new 
branch of green chemistry: Ecocatalysis.  

! !Objectives : The PHYTOCHEM project aims at exploring new metal enriched 
biomass and biomass enriched with various metals to increase the panel of 
catalysts (coll. CHIMECO, C. Grison) 
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! !The Knoevenagel condensation 
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Nucleophile ZnCl2 
Ecocatalyst from 
Arabidopsis h. 

Ecocatalyst from Salix 

Acetylacetone 
(R1=R2=CN) < 5 % 55 % 69 % 

Methyl cyanoacetate 
(R1=CO2CH3; R2=CN) 31 % 81 % 89 % 

# ! The conversion rate of benzaldehyde after 1 h with catalysts from Arabidopsis halleri and 
Salix prformed much better catalyst than ZnCl2 

J",P/%'+",("7(-+"3$''(+,*"(P$.)$-./(/8"d8$*$.2'*'(F;(G+"%/H,/%2(0%"8/''/'(

! !The Knoevenagel condensation 
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! ! :%"0"%5",'("7(*1/(P$%+")'(-2d0%"&)8*'(

# ! The yields of the different by-products greatly varied depending on the thermochemical 
process, but were not impacted by the origin of the biomass 
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# ! Under torrefaction and mild pyrolysis : most of the TE were recovered in the char fraction 
# ! Under gazeification, TEs were also recovered in the gazeous fraction 
# ! There were no statistical differences between control and TE enriched biomass 
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! ! LORVER project:"production chain  of biomass for industrial 
purposes from former industrial sites 
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! ! LORVER project:"production chain  of biomass for industrial 
purposes from former industrial sites 

# ! Soil construction 
# ! Combination of materials of urban or industrial origin to create 

pedologic profiles to restore soil functions 
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An agricultural soil 
contaminated by Cd, 
Cu, Pb, Zn from waste 

waters 

$ !

$ !

B/7/%/,8/'(F;(G+"%/H,/%2(0%"8/''/'(
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