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A

Soil parent materials
(igneous &
sedimentary
rocks and coal)

Biclogical, chemical
or physical
weathering

Abrasion

release PTEs to atmosphere
Atmospheric pollution
with Pb-based gasoline

Eventually
deposit on

Application of
pesticide/herbicide/
fungicides

Irrigation of PTE-rich
ground water

Leaching of PTEs
Release of PTEs to to groundwater
groundwater

SOiI pO"ution sources (Palansooriya et al. 2020)

** Natural sources

v Volcanic activities (1)
v’ Fires (1)

¢ Anthropogenic sources

v Industrial actvites (2)
v Agriculture (3)

v" Domestic waste (4)

v" Mining extraction (5)
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+¢+ State of soil pollution in Europe Soil pol|u1-|on ¢ What are the main soil pollutants ?
[] Area with high Evidence of contamination (Industry/contamination type)
probability
(location of areas of & Coa| mines ® Waste disposal
heavy industry) A Shale mining ® Waste (also radicactive)
A Metal mines ® Radioactive contamination
Data availabili Phosphate mines Heawy metals
i f::::a Lo A Oil & gas extraction .
B no data B Mezal smelters cyanldES
B Chemical industry
B Mixed indusiry 1 ob

Phenols Mineral oil
1 % 24 %

Heavy metals
35 %

CHC = chlorinated hydrocarbons
PAH = polycyclic aromatic hydrocarbons
BTEX = aromatic hydrocarbons

Van Liedekerke et al. 2014

Van Ginneken et al. 2007
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What is soil pollution?

A soil, is considered contaminated when :
-Its chemical state deviates from the normal composition (Kabata-Pendias 2011)
-When it has lost its function (JRC Technical Reports, 2016)

- And lastly when abnormal levels of contaminants become detrimental to human health (Rodriguez-Eugenio et al. 2018).
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Detrimental effects caused by metal(loid)s depend mainly on their bioavailability?

Bioavailability is defined as the fraction of pollutant that, within a given time span, is available or will be made available for its
uptake by plants and other organisms (Peijnenburg and Jager 2003)

Bioavailability depends on the physical, chemical and biological properties of the soil (Rodriguez-Eugenio et al. 2018).
In conclusion
- asoil can present very high levels of pollution but this pollution can be poorly available

(Because bound to the residual fraction of the soil) =) low risk for the environment
- asoil having a low total metal(loid)s concentration with a high bioavailability will represent a high risk for the environment
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What are the pathways of pollutant transfer to the environment?

Soil particles polluted by metal(loid)s Route of exposure

;

Wind erosion

& Land erosion %

Polluted soil (post mining area)

leaching to groundwater

Sources: concentration of metals and metalloids

——— \ectors: direct transfer of substances (aerosols, soils, plants)
Vectors: indirect transfer of substances (plants, meat, etc.)

. Target groups: biosphere
wt s
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| Biological remediation I

Phytovolatilization

(8) Phyloremediaiiqn\"‘"f

Phytoextraction

Surface ground

(5) Chemical immobilization

(6) Solidification/stabilization ,
M- (9) Microbial remediation
, [frumobilization | M) Metal ¢ Metal
M* M S immobilization »| mobilization
M2 Mobilization | M | M7 R
(4) Thermal treatment M: Heavy metal | . . 7 N (lO}I:\?crohlati_ast?lsted
Soil soluti (7) Soil washing - — phytoremediation
(2) Vitrification o Soil particles

v Environmentaly friendly
v Accepted by the citizens
v Lower cost

_ v Long period

Gong et al. 2018

v Soil improper for vegetation
v Expensive
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What are the rhizospheric mechanisms of metal immobilization
In the phytostabilization process?

Absorption
within the

Reduced : c
surface E
erosion Adsorption g

the roog

Exucglates (enzymes,
alcohols, phenols,

EC carbohydrates, acids
EC
. N
Precipitation or

immobilization in soil

Contaminant
C: contaminant

E: exudates
Adapted from Van Slycken (2011)
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It is an environmentally-friendly technology to economically remediate mining soil containing
important concentration of metal(loid)s using plants (Phytostabilization)

The main point consist to stabilize the pollutants in the soil and to allow the growth of plants
Sometimes the soil is heavily polluted and poor from an agronomic point of view
Need to use one or more amendments to improve the characteristics of the soil
Aided or assisted phytostabilization (Biochar)

Considering that we produce a valuable biomass

PHYTOMANAGEMENT
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High complexation _ “-Broups
Cd, Pb, Cu, As, Cr etc.) e

High metal reduction
&immobilization **-~..'§'

Organic pollutants: —>%ter
(sorption, partitioning etc)

Climate change - _

.~ ‘-’

mitigation

(low GHG emission; P

high C sequestration) .-~ High
5

o surface
4 area

&
“f _ “hh

B
‘h._“-
N High carbon F
! ik sequestration 'igh -~
‘“‘xh (H):_% - L:BOO-' High nutrient /',.-"
S pH exchange 7
.. -R-OH >

>
-~
y

-~
~ Slow nutrient release
- (nutrient retention)

Microbial abundance
gl % (efficient nutrient transfer

0"' Better O, level
& moisture level

Better soil heath
N & agricultural yield

High High

High water kW
porosity surface holdmg capacity ™

charge b
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Addition of amendments to the soil I Stabilize pollutants : on the amendment and on the soil particles

Biochar Gy
|
Before | After” .
| % AR

Limit the transfer of pollutants by wind and water erosion [ R
il

AN im wf G
: / Protected area ~ =,

§ Limit soil erosion

No plantl %

polluted soil » N % X
+ \ \

amendments

e

o Ot

PHYTOREMEDIATION
*

SUSTAINABLE SITE MANAGEMENT

y

PHYTOREMEDIATION

** When added to a soil it :
-Increase soil water holding capacity

Risk Mitigation
contaminant linkages™3 7,

-Provide nutrients | P"YTO"AIAGEMENT
-Will decrease pollutant concentration in soil pore water Y “”"‘:lr,s“
-Will make pollutant not phytoavailable i AN k2
-Will increase soil microorganisms diversity and quantity el et o

‘Water flow management
“Water resouree improvemant

Aritz Burges et al. 2018  -seilerosion prevention

sRaduation of anil aurfacs area
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* French mining sites monitored by the French Prevention and Mine Safety Department : 1800

I T T T T 1
a 1688 208 Joa 488 500 kn

M0 oLz

Exp dtation s prind pales
Metaux prec eux

Metaux de base

Fer + (Mn, TI)
Sb-W-Bi-Bi-5n-Mo-As
Bauxite

Parole-Gaz
Charbon-Lignite
Phosphates evaporite
Uranium + (Th)

REM Industrie

+ = & @ h 4 O 1 ¢ B =

Autres
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Post-industrial area (metal smelter)

Abbaretz mine (Sn) 5 Mortagne du Nord
i OHLEANS
W ibarews -
La petite Faye mine (Au) ' &
< i Ls Petive Faye

Ponugibaud

Post-industrail area (chemical factory)
Issoudun

Pontgibaud mine (Pb-Ag)

il
https://www.univ-orleans.fr/lIblgc/phytoremediation ﬁ

www.univ-orleans.fr UNIVERSITE D'ORLEANS
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3 ' Herbr'vurr:;s arthropod @@ output

? transiormation
& transport

) input
LI}
Plant; root and mycerrhiza Citeal
ntra-Compartment
ﬂ barrier

Sol: boavalabl metal |

Compartment / trophic level

1 sl metsl source |

Fig. 1. Conceptual compartmentaissd mode system for transfer of mesals in a finear pathway from basal abictic (se) sources to kigher bitic rophic levels in che scil-lanc-arthropod
system Red circles represent metals and numbers | (o 4 represent  trophic compariment.
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Location and characteristics of the study site Pontgibaud

AL \ - ; j —+— Stock de Barbecot
e T {"" = Bassin de Pranal T /4 < AT 1
d& &/ = /1L pranal 4
. it 0&, 0 € .

e Montellet '/

Q.mw @%%m‘h )

...... 3 Wﬂf i i
les Peyrouses. | -
lsraN
: %,,p»
Old silver lead mine -

v 3 Stock de Roure-les Rosiers
Echelle 1 - 68220

3 a ~
7 = g »a\ 07 - Bl 7
- les Madras || 2 v/
K—— —— 1000 m ) J(-‘" A ﬂlﬂvé 2 '"_{. Champille /\ %4
Tracros ¥ - Als & ! = PR

e Dating from the 19th century
Final abandonment of the site in 1947

O mmmmm 2000 M

/7

¢ Main pollution Pb (11 453 mg.kg) and As (539 mg.kg?)

* Surface: 15 ha (volume of residues 87200 m3)
e Rainfall 1000 mm

e Temperatures ranging from 40°C in summer to -20°C in winter.
e Rather sandy texture.
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To found the best conditions to rehabilitate the soil and to allow -
plant growth adding biochar (Stabilization of metal(loid)s in soil) Hard  Light  Pine

wood wood wood

- Plant biomass production

- Availability of metal(loid)s in soil pore water »+ Evaluation of the tissue effect inside one feedstock
- Plant metal(loid)s content

Bark

Hea
Sapwood i N Living phloem

Heartwood A, | Pedem

Cork cambium

Rhizon samplers
Soil pore water

Rhizon

: ‘5 - Cork

Sapwood = S

— Cambium == '

po bl csie en bos pour - Bark .
Phytotoxicity test \ ¢ Evaluation of the particle size and dose effects

using Phaseolus vulgaris
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Preliminary laboratory testings

+* Evaluation of the feedstock effect

1000+
800
600
400-

1
!
!
!
!
!
!
200- :

Dry weight (mg)

o

2004

400

P0% 2%

5%

PHW1

2% 5%
PHW?2

Hard
wood

Light

wood

Pine
wood

1509 de blles

Extraction de

Rhizen

200goudn0g
de mélange ce
sol

dargile

malntenis Faspiraton
ot & muguet \

l'eau Porale

seringue 10 mL

cale en bols pour

1500+

12004

900+

600+

300+

Dry weight (mg)

300-

b

I

2% 5%
PLW1

2% 5%
PLW?2

2% 5%
PPW1

2% 5%
PPW2

Salix viminalis dry weight (g) after 45 days of growth on Pontgibaud amended with biochars made

from hardwood (HW), lightwood (LW) and pinewood (PW).

|:| Leaves

. Stems
|:| Roots

=» Selection of the Hardwood feedstock

0%/
Treatment SPW [Pb] decrease
PHW1 -2% 98 %

PHW1 — 5% 98 % @
PHW2 - 2% 88 %
JPHW2 5% A -
PLW1 - 2% 94 %
PLW1 - 5% 98 %
PLW2 - 2% 97 %
PLW2 — 5% 99 %
PPWI-2%  81%
PPW1-5% 89 %
PPW2 - 2% 60 %
PPW2 —5% 77 %
Lebrun et al. 2018 (JSS, Chemosphere)



@ V4 Biochar Platform
@ =
-

Preliminary laboratory testings
+» Evaluation of the tissue effect inside one feedstock

0.5 : : : \ Heartwood
| i b | | . staywoudg
0.41 l l I !
' I ] I I — Cambium
0.3- I T | 7 *——— Bark
® ' ! '
= ! I I
_an 0.2 I a I a a
g : : : Treatment SPW [Pb] decrease
z | l | PG+Ba 0.2-0.4 89 %
o : : : PG+Ba 0.5-1 90 % @
a l l I ! PG+Ba 1-2.5 68 %
o4 , @ B T , < X - 4 ]  memememememmemememmm—m——— -
: g : : PG+Sa 0.2-0.4 51 %
b
0-2- I 0204051 125 | 0204051 125 | 0204051 125 PG+5a 0.5-1 44 %
PG I PG + Ba I PG +Sa I PG + He PG+Sa 1-2.5 41 %
Phaseolus vulgaris dry weight (g) after 15 days of growth on Pontgibaud I-DG_-l-H_e 0_ 2_04_ - _3§% ________
amended with biochars made from bark (Ba), sapwood (Sa) and heartwood (He).
PG+He 0.5-1 34 %
PG+He 1-2.5 28 %

|:| Aerial part

Il Rots =>» Biochars made from Bark showed better effects Lebrun etal. 2020 (STOTEN)
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Preliminary laboratory testings

¢ Evaluation of the particle size and dose effects

1000
800
600+
)
% 400-
% 500. Treatment SPW [Pb] decrease (TO)  SPW [Pb] decrease (T45)
=
ey PHW1 -2% 98 % 98 %
Q 01 . | , , <0.2 mm
! : ! ! PHW1 -5% 98 % 98 %
200- , , : At e
400 . <0.2mm , 0.2-04mm; 0.5-1mm ;1-2.5 mm PHW2 - 2% 88 % 0.2-0.4 mm 97%
P0% 2% 5% 2% 5% 2% 5% 2% 5% PHW2 - 5% 97 % 97 %
PHW1 PHW2 PHWS3 PHW4 = == e e e e e e e e e e e e e e e e e e e -
PHW3 - 2% 29 % 86 %
Salix viminalis dry weight (g) after 45 days of growth on Pontgibaud . . 0.5-1mm .
amended with biochars made from hardwood (HW) and harboring P_HX\B__EA’_ — = ES_A)_ — o o EG_A _____
different particle sizes (HW1 =< 0.2 mm, HW2 = 0.2-0.4 mm, HW3 = 0.5- PHW4 - 2% 35% 1o 38%
_1. -2.5mm
1 mm, HW4 =1-2.5 mm) PHWA — 5% 32 % 95 9%
[ Leaves ] ] ] ] o Lebrun et al. 2018 (JSS)
M stems =>» Biochars with smaller particle sizes are more efficient

[ Roots =>» Biochars with coarser particle sizes make longer time to be efficient
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The aim:
to allow plant growth on a sterile and polluted soil

In order to limit the transfer of pollutants
(metals and metalloids) to the environment?
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Polluted soil tests, Pontgibaud mine
area divided in 4 plots

Biochar 2%
to stabilize the lead

Compost 5%
to improve the agronomic quality of the soil

¥

Iron sulfate 0,15%
to stabilize arsenic
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ng of pH, EC, [Pb] and [As] values of the plot at initial state
before amendments

compost Biochar
+compost
biochar Biochar
+compost
(LT TTTTTTITTTITTITT] ENEENEENENNENENENENEEEN
IR

Mappi

+ iron sulfate

B i i I S e T R R L R B R
EEY e R |

pH4-5,8 EC 28 - 74 pS.cm-?
 High metal content
e |low pH
 Verylow OM

e Strong drainage
* No vegetation

22
[Pb] 6000 - 17000 mg/kg [As] 250 - 1550 mg/kg @
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Biochar
# Compost +iron sulfate

- - - - mm—




-w
@ V4 Biochar Platform

@ =
-

S.Al: S.alba S.Vi: S.viminalis S.Tr: S.triandra S.Pu: S.purpurea
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Biochar

Bioch S 2 SRR 5= o Biochar
ost +iron sulfate EESEEEE S R e B Rl TS Y S S Compost
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After 18 months

biochar + compost + iron sulfate
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Biomass production after 2 years

0,60 - . 0,60 -
Salix alba Salix viminalis
— 0,50 - — 0,50
[eT) oo
= =
$ 0,40 - a © 0,40 - a
< <
Q O a
‘Y 0,30 - ‘Y 0,30 -
& ab 4
@ 0,20 - ab @ 0,20 - ab
£ £
2 0,10 - i b 2 0,10 - b .
i M i ]
0,00 T T T 1 0,00 T T T 1
PB PC PBC PBC Fe PB PC PBC PBC Fe
0,60 - 0,60 - *k *
Salix purpurea Salix triandra a
= 0,50 - — 050 4
=3 P 7
@ 0,40 - 2 040 -
-S e
@ 030 - § 0,30 -
“ w0
2 020 - 2 T 2 0,20 7
g : :
2o B N
[an]
0,00 - ; ; ; . 0,00 o8 ' o ' '
PR bC PBC PBC Fe PBC PBC Fe
PB : biochar 2% PBC : compost 5% + biochar 2%

PC : compost 5% PBCS : compost 5% + biochar 2% + iron sulfate 0,15%
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S.Al: S.alba
S.Vi: S.viminalis
S.Tr: S.triandra

S.Pu: S.purpurea

Maximum Pb content (50 mg.kg-1)
for a classified installation 2910-B

.

250 -
[ ] [ ]
el Pb concentration in harvested wood
200 -
175 - | 1 I
| I I
150 - I | I
| I I
125 - b I I :
I 1 I I
- . @ @
| I q |
75 - I I :
| I I
50 ~ Ei- < I i o I e
f f | ef f
: H K1 B F1IRF
0 - 1 , ' , ' : M | . - l
< S = g < s = g e S = > 3 s = E
o o %) pre ) ) 0 % ) ) %) P % ) v &
£ 2 & o g £ g o § § 8 § § § § §
o o o o
\ Y ) ) )
Biochar Compost Biochar Bioihar
plot plot + +
Compost Compost
plot + iron sulfate

plot
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As concentration in harvested wood

18 - S.Al: S.alba
16 - ab S.Vi: S.viminalis
a .
14 - a | a | | S.Tr: S.triandra
a
I ' I
12 | a S.Pu: S.purpurea
| ab I ap
o I | | ab
5 | ! b |
oo
€ [
[ [
5 8 - .
}‘9'6 I | | Maximum As content (5 mg.kg-1)
= . | I I for a classified installation 2910-B
g I ' I «
S 4, | ! |
C [ | C I C C 1 Cc
, | : |
[
[ [
<LQ <LQ I <LQ KLQ <LQ I <LQ
0 T T T T T T T T
< S = g < > = E < > = & < > = &
A
& ¢ & 2 & <& 2 g 8 & /2|8 g & g 8
o o o o Q@
\ ] | ] | ]| o
| | | |
Biochar Compost Biochar Biochar
+ +
Compost Compost

+ iron sulfate

¢ Salix purpurea possede [As] la plus élevée
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Conclusion

Before implementing a assisted phytostabilization strategy on a polluted site it is necessary to carry out :

-Laboratory tests to define the best biochar according to the metal present in the soil.
-Check that the pollutant is immobilized

-Efficient plant growth

-No translocation of the metal into the aerial part of the plants.
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Are the metals transferred from the soil to the insects

that feed on Vicia faba L. plants that have grown on a biochar-
enriched or unenriched mine soil?

To feed, the aphid inserts
its rostrum into the plant
and suck up the sap
containing metal(loid)s

3‘ Herbivorous arthropod @? output
i S

? transformation
& transport

- input T b i !
‘ Plant: shoot e ¢
| - Em . o
Y : Critical 3] Trophic dilution Benign Pathway b) Troptic concentra Critical Pathway
‘Plant: root and mycorrhiza _ y L ¢
|ntra{ompanment
barrier /Predatory, Predatory arthropod
/ arthropod

1 o

.metal

Compartment / trophic level

. J-'r-; Herbivomu‘ \.‘... N .‘- ) ‘..‘.’f
i/ Herbiverous arthropod
Soil: bioavailable metal tisped A\
1 soil: metal source Plant X Plant /

Fig. 1. Conceptual compartmentalised model system for transfer of metals in a linear pathway from basal abiatic (soil) sources to higher biotic rophic levels in the soil-plant-arthropod
system. Red circles represent metals and numbers 1 to4 represent a trophic compartment.

-~
v

r N
v

Metal concentration Metal concentration
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Pb (mg/kg DW) Cu (mg/kg Zn (mg/kg DW) Bn
DW) pH 8.37£0.02°
Touissit soil 8664 +/- 552 1882 +/- 137 4755 +/- 68 EC (uS-cm™) 257.2+2.18

_ +10 female aphids
+ 5% biochar HW

On each plant, 10 adult aphids laid young females for 3 days by
means of parthenogenesis, then the adults are removed and the
young females proceed to develop by feeding on the plants
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cu Copper concentration in the different organs of faba beans and in aphids

|
|
e o b B |Cu(me/kgDW)
900 - I ..
14 - = Control I Touissit sol 1882 +/- 137
B Touissit —_ 800 - :
—_ w2 B Touissit + 5% biochar ICD 700 - I
T 1 - X 600 - :
—
oy 08 - SPW g 500 - I
= ~ 400 - I
L 0,6 A |
b 300 - :
0.4 7 200 - I
N |
0,2 - a 100 - |
0 - 0 -
Cu (mg/L) Roots Stem Leaves

Extraction de 'eau Porale

Rhizon
senngue 10 mL
MWogoudddy
de meiange de ‘calle @0 bois pour
wsl mairtenir [aspraton
150 ce siles Pt mequet
Jagie 7
4
el
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Zn Zinc concentration in the different organs of faba beans and in aphids
Touissit sol 4755 +/- 68
SPW » Control :
ontro
. N -
1,6 - b B Touissit 2000 - 400 - I b
14 1 " Touissit + 5% biochar %% !
. ~ 1600 :
. | 1400 |
_— (@)]
T_I 1 X" 1200 :
S 08 - 871000 :
= ~— 800 I
L 0,6 |
600 :
0.4 7 400 I
0,2 - 200 :
. 0
Zn (/L) Roots Leaves

Extraction de 'eau Porale

Brizon
senngue 10 mL
prat ey ‘s e bois pour
: ’:\99 ‘mainterir [aspiration
150 o8 Sils PAATROS
T
coupele &
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Pb Lead concentration in the different organs of faba beans and in aphids
T arisow
Touissit soil 8664 +/- 552
L8 7 m Control 2500 3307 b .
1.4 7 m Touissit
2000
1.2 1 W Touissit + 5% biochar -
— |
L 17 Q 1500
o 08 SPW o
e E 1000
-—. 05 ~
0.4 7 b b> 500
0,2 - a
0 \_i 0
Pb (me/L) Roots Stem Leaves Aphids

Extraction de 'eau Porale

R

on
senngue 10 mL
MWogoudddy
de meiange de ‘calle @0 bois pour
wsl mairtenir [aspraton
150 ce siles Pt mequet
Jagie 7
el

4
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Biochar induced :

*A decrease of the concentration of Cu and Zn in the soil pore water, no difference for Pb.
*A decrease of the concentration of Cu, Zn and Pb in roots

*No decrease of Cu, Zn and Pb in leaves

*Only a decrease of Cu in Stem

*there was no difference in Cu, Zn and Pb concentrations between aphids growing on plants
placed on soil amended or not with biochar

*In all cases the concentration is lower in the plants and in the aphids compared to the soil,
it is now necessary to move to the higher trophic level which corresponds to the ladybirds .
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