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Potential of Aleppo pines
as a vegetative barrier to reduce transfer of particles
in and around storage sites of bauxite and its residues,
in the Bouches-du-Rhone (France)
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A world context

Storage of bauxite residues: an increasing issue

residue production rate (Mtpa)

Global production rate and cumulative inventory of bauxite residue
(Power etal., 2011)
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A world context

Dry stacking impacts

Bauxite residue: fine fraction waste remaining after Al extraction from bauxite using the Bayer Process

Dust: the majority (~80%) of particles in red mud may be less than 100 um

LOI
10%
Na,O
Ca0 \>
5%
9%

Grain size distribution : SEM image of the PM(10-1) fraction of 9%
resuspended red mud dust. Most particles are fluffy aggregates Composition of bauxite residue:
with diameters smaller than ~5 um (Gelencsér et al,, 2011) metallurgical view
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A world context

Dry stacking impacts

Red muds : fine fraction waste remaining after Al extraction from bauxite using the Bayer Process

Emission of fine and extra-fine
particles (PM10 and PM2.5),
which sometimes include inhalable
hazardous compounds

+ sedimentable particles
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A world context

Vegetative barriers: a nature-based solution to lower particle transfer

canopy

Wind transport Leaf senescence
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Materials & methods

Our hypothesis: Aleppo pine trees occurring nearby bauxite residue deposit may play a role
to reduce wind and soil erosion and prevent particles dispersion in the surrounding

Four sites chosen:

2 bauxite and their residues deposits (Mangegarri and Stadium)
1 reference site (Roy d’Espagne) in the National park of Calanques
1 brownfield site (Escalette) in the Natio_paj

Stadium (Vitrolles) October 2015

ark of Calanques

f 3 '% ~ Roy d’Espagne (Marseilie): ;
b/ : March-2015
Observation sites in south
Marseille metroplitan area

Measures and samples
Aleppo pine individuals

@ Monitoring area location
Interfaces between
coniferous forests and artificial surfaces

I Urban fabric
Industrial, commercial and transport units
B Mine, dump and construction sites
Artifical, non-agricultural vegetated areas
I Coniferous forest
PINEDE project by Jacques RABIER (UMR 7263 TMSE) - Labex DRITHM,

May 2016
Sources : CLC 2012 (MEDOEXGDO/SOeS)
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Materials & methods

with 10 m of distance between each one

4

Force/.

Q Chlorophyll
Q Flavonols

=

Q Blue Green Fluorescence
(BGF) excited by UV

K]/ e AWRVA\Y, AR S
(R VAN e “’Q‘

%
\ %‘)

\Y 7""
SN

Q Anthocyanins #%

Patented technology

« Portable and remote

+ Multi-wavelengths and real-time
« Non-destructive, quick and simple

«» No sample preparation -
- Any ambient light conditions

Non-destructive measurements of plant compounds with a portative fluorimeter

X-ray fluorescence & Coupled Plasma -
Atomic Emission Spectrometry analyses



Results and discussion

Soil Element mg/kg
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(Mean = SD, n=10, Dunn test, p<0.01) (Mean + SD, n=10, Dunn test, p<0.01)

Soils in Mangegarri with higher Al content (bauxite storage)

Fe significantly higher in Mangegarri and Vitrolles soils than Escalette

and Roy d’Espagne (bauxite and its residues) As only detected in Escalette and Roy d’Espagne (< LD for other
significantly higher in Vitrolles than Escalette and Roy d’Espagne soils)

Cr significantly higher in Mangegarri and Vitrolles soils than Escalette , Sb and Zn significantly higher in Escalette than other soils




Results and discussion

Needle litter Element mg/kg
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(Mean # SD, n=10, Dunn test, p<0.01) (Mean % SD, n=10, Dunn test, p<0.01)
Al, Fe, and Cr significantly higher in Mangegarri and Vitrolles As in litter significantly higher in Vitrolles and Escalette than in
litters than Escalette and Roy d’Espagne litters Mangegarri and Roy d’Espagne
signficantly higher in Vitrolles than Escalette and Roy in litter significantly higher in Escalette than Mangegarri and Roy

d’Espagne litters d’Espagne




Results and discussion

Bark Element mg/kg
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(Mean + SD, n=10, Dunn test, p<0.05) (Mean + SD, n=10, Dunn test, p<0.05)
Al, Fe, Ti and Cr significantly higher in Mangegarri and Vitrolles As in bark significantly higher in Vitrolles than Escalette
barks than Escalette and Roy d’Espagne barks in bark significantly higher in Escalette than Mangegarri and

Roy d’Espagne




Correlation between elements in bark

Al As Cr Cu Fe Mn__Pt_) Sb Ti Zn

* ¥

Al
As
Cr
Cu
Fe
Mn
Pb |
Sb
Ti
Zn ko

No significant correlation detected between Pb and Sb or As
with other elements except Pb/Zn in barks
High positive correlations between 71, Fe, Al, Cr

Linked to the type of particles

Results and discussion

**% <0.001
*%<0.05

Correlation between elements in needle litter

Al As Cr Cu Fe Mn Pb Sb Ti Zn

High positive correlations between Pb, As, Sb, Zn
High positive correlations between Ti, Fe, Al, Cr, Mn

Linked to the industrial context



Results and discussion

What did we expect?

Bark and litter are able to trap particles

Bark and litter contents are linked to their soil environment |/

&
For Al, no significant correlation between Al contents in soil and litter ;._'
But Rygii park= 0.52 (p<0.0001) ;
Eigenvalue 20 40 60 8073
13,0629;::1T 8
For Fe; r soil, litter= 0.67 and rsoiI, bark= 0.84 (p S0-0001) ;ggggD:l
e
For Ti, I soil, litter= 0.72 and i park=0.77 (p <0.0001) ééééé?
05795) | | | ||
For Cr, r il litter= 0.45 and regi park= 0.62 (p <0.005) 81333?} '| 1,0 - M
e e ] 1,0 05 0,0 0,5 1,0
e Component 1 (43,5 %)
Principal component analysis
Different modes of aeolian transport For As, 1 soil litter= 0.49 and o, barc= - 0.51 (p <0.05)
depending on elements and size of particles? For Pb, I s 1ier= 0.88 and ryg; panc= 0.75 (p <0.0001)

For Sb, I soil, litter™ 0.78 and Fsoil, bark™ 0.87 (p SOOOO].)

For Zn, r g, litter= 0.95 and ri, park= 0.66 (p <0.0001)



Results and discussion

Green needles Non-destructive analysis of plant primary and secondary compounds
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Take-home message

Return to our conceptual model Green needles, bark, litter:
- trap particles
- retain 11, Fe, Al, Cr
Hypothesis in Mangegarri and Vitrolles
Modes of wind transport may differ
between particles:
- no significant correlation between
Al contents in soil and litter
- low positive correlations for other
elements between soils and litters

Fe, Al, Cr

Bauxite or its residues disposal

, Fe, Al, Cr

Zn, Cu

| Leaf

senescence
Fe, Al, Cr

ind transport %
Fe, Al, Cr litter

1.2m
lxter | Two ways of trapping in litters:
Fe, Al Fe, Al, Cr .
T soil - needle senescence after particle
exposure

- aeolian deposits on litter

A complex model

Potential role of Aleppo pine as vegetative barrier confirmed
but flammable species in an industrial context under Mediterranean climate raises questions
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