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Storage of bauxite residues: an increasing issue  

World map showing the distribution of alumina refineries based on 
establishment date (before or after 1970), closed or unknown 

(Power et al., 2011)

Global production rate and cumulative inventory of bauxite residue 
(Power et al., 2011)

From lagooning and sea disposal to dry stacking

A world context Materials & methods Results and discussion Take-home message
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Dry stacking impacts

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

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

Grain size distribution : SEM image of the PM(10-1) fraction of 
resuspended red mud dust. Most particles are fluffy aggregates 
with diameters smaller than ∼5 μm (Gelencsér et al., 2011) 

pH 9–13 

Composition of bauxite residue: 
metallurgical view

A world context Materials & methods Results and discussion Take-home message
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Unfavorable meteorological conditions (high 
temperature, low humidity, intense solar radiation, 
and wind speed) 

Schematic of the different modes of aeolian transport. 
(Kok et al 2012)

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

+ sedimentable particles

Stadium (Vitrolles, October 2015)
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Dry stacking impacts

Red muds : fine fraction waste remaining after Al extraction from bauxite using the Bayer Process 
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Vegetative barriers: a nature-based solution to lower particle transfer 

Source of elements soil

bark
litter

Absorption

Translocation

Wind transport Leaf senescence

canopy

Reduction of soil erosion

Reduction of wind dispersal

Adsorption, 
inclusion, 

absorption

root system

Ecotechnologies with proven results in urban environments
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Mangegarri (Bouc-Bel-Air) 
June 2015

Stadium (Vitrolles) October 2015

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 National park of Calanques

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 

Escalette (Marseille)
March 2015

A world context Materials & methods Results and discussion Take-home message

Roy d’Espagne  (Marseille)
March 2015
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Top soil

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

10 pine trees on each site with 10 m of distance between each one

BarkLitter

Non-destructive measurements of plant compounds with a portative fluorimeter

A world context Materials & methods Results and discussion Take-home message

All samples dried and grinded, and soils sieved at 2mm beforehand
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(Mean ± SD, n=10, Dunn test,  p≤0.01)
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b b b

a

b
a ab b bbb

a

a

b b b b

b
b ab b

b

b
b b

b

b

b
b

b

b b b

a
a

ab

ab

a

a b b bb a a ab

(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)
Ti significantly higher in Vitrolles than Escalette and Roy d’Espagne
Cr significantly higher in Mangegarri and Vitrolles soils than Escalette

As only detected in Escalette and Roy d’Espagne (< LD for other 
soils)
Pb, Sb and Zn significantly higher in Escalette than other soils
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Needle litter 

(Mean ± SD, n=10, Dunn test,  p≤0.01)
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Al, Fe, and Cr significantly higher in Mangegarri and Vitrolles
litters than Escalette and Roy d’Espagne litters
Ti signficantly higher in Vitrolles than Escalette and Roy 
d’Espagne litters

As in litter significantly higher in Vitrolles and Escalette than in 
Mangegarri and Roy d’Espagne
Pb in litter significantly higher in Escalette than Mangegarri and Roy 
d’Espagne

b ba

a
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Element mg/kg
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Bark

ab

a

b
ab ac

b

abab bcabaa a

a

b

a

(Mean ± SD, n=10, Dunn test,  p≤0.05) (Mean ± SD, n=10, Dunn test,  p≤0.05)
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Al, Fe, Ti and Cr significantly higher in Mangegarri and Vitrolles
barks than Escalette and Roy d’Espagne barks

As in bark significantly higher in Vitrolles than Escalette
Pb in bark significantly higher in Escalette than Mangegarri and 
Roy d’Espagne
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Element mg/kg
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***
**≤0,05

Correlation between elements in bark

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

Linked to the industrial contextLinked to the type of particles
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What did we expect? 

Bark and litter contents are linked to their soil environment  

For Al, no significant correlation between Al contents in soil and litter
But Rsoil, bark= 0.52 (p≤0.0001)

Principal component analysis

For Fe, r soil, litter= 0.67 and rsoil, bark= 0.84 (p ≤0.0001)

For As, r soil, litter= 0.49 and rsoil, bark= - 0.51 (p ≤0.05)

For Sb, r soil, litter= 0.78 and rsoil, bark=  0.87 (p ≤0.0001)

For Ti, r soil, litter= 0.72 and rsoil, bark= 0.77 (p ≤0.0001)

For Zn, r soil, litter= 0.95 and rsoil, bark=  0.66 (p ≤0.0001)

For Cr, r soil, litter= 0.45 and rsoil, bark= 0.62 (p ≤0.005)

For Pb, r soil, litter= 0.88 and rsoil, bark=  0.75 (p ≤0.0001)
Different modes of aeolian transport 

depending on elements and size of particles? 

Bark and litter are able to trap particles 
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Green needles Non-destructive analysis of plant primary and secondary compounds

Our hypothesis: 
exposure to metals and metalloids
¯ chlorophyll content for growth

 secondary compounds for defense

Not confirmed

physiological responses 
or

optical responses? 

Treated data to limit 
interference of TiO2

But potential FeO2 interaction 
that overestimates indices

A world context Materials & methods Results and discussion
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(Mean ± SE, n=10, Dunn test,  p≤0.05)
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(Mean ± SE, n=10, Dunn test,  p≤0.05)

(Mean ± SE, n=10, Dunn test,  p≤0.05) (Mean ± SE, n=10, Dunn test,  p≤0.05)
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A world context Materials & methods Results and discussion

Return to our conceptual model 

Hypothesis in Mangegarri and Vitrolles

Ti, Fe, Al, Cr

Bauxite or its residues disposal

soil

bark
litter

Wind transport 

canopy

Reduction of soil erosion and element dispersal ? 

adsorption?
Ti, Fe, Al, Cr

Ti, Fe, Al, Cr

Ti, Fe, Al, Cr

Alteration of needle compound indices 
= element deposition 

Take-home message

Green needles, bark, litter: 
- trap particles 
- retain Ti, Fe, Al, Cr

Leaf
senescence
Ti, Fe, Al, Cr

litter

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

Two ways of trapping in litters: 
- needle senescence after particle 

exposure 
- aeolian deposits on litter

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

Zn
Cu

Zn, Cu

Zn
Cu

A complex model

1.2m

Ti, Fe, Al, Cr

Ti, Fe, Al, Cr
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