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| Scope ofi the presentation

+ Environmental context
+ Conceptual model

® Work done (1999 — 2004)

@ Remediation project
<+ Financial stakes ?
+ Why Phytostabilisation and how ?

@ Conclusion
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| Geolegy.

North South

L imestone

Gres and shists

Clay and limestone
LA COMBE DU SAUT with sand

2km



Production during| XXt Centuiry,

@ 15 million tonnes of ore
@ 110 tonnes of gold

Period

Arsenic trioxyde (tons/year)

From 1924 to 1927
From 1928 to 1938
From 1939 to 1954
From 1955 to 1960
From 1961 to 1992

150 to 900
3000 to 6000
1000 to 10 000
6000 to 7000
10 000 (in 1990)

TOTAL

200 000
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Miission offt ADEME

£Y)e = 20 sl of 2llfes

@ June 1999 Monitoring

Waste management
Demolition
Studies

@ March 2004 . Remediation project
=" Monitoring plan
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N Difpolimine demoenstration project

Diffuse Pollution

fom Mnng Actvites g www.ademe.fr/difpolmine
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+ Budapest University
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Source characterisation

NATO/CCMS 2005




Salsigne — La Combe du Saut

Arsenic soll concentration

As en ppm (Niton)

@=0000- 100000
@10000- 30000
 3000- 10000
@ 1000- 3000
® 300- 1000
o 0- 300
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d Sources
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(Coencepiualimodel

,'shingésno'
Fruit and vegetable ingestion
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Concepiualimodel

_ al contact
Dust ingestion

Orbiel river
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| Yearly average As conc

NATO/CCMS 2005

nerver @rhrel

entration

ARSENIC CONCENTRATIONS [N ORBIELRIVER - YEARLY AVERACE 1953 - Jojih

B Orbiel downstream SEPS

—




o Lo o Lo
o™ N N —

10

(j/6w) uonenNUaU0I Ja1eM

RUIRA off Water




Salsigne — La Combe du Saut

| Pollution peak in thie rver

600

I Dissolved As Lassac
M Particulate As Lassac

500

B Dissolved As Vic
| Particulate As Vic
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Time in hours after a rainfall event (3 october 2001)
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RISk assessment

Breathing route

Risk

Resident

Farmer

Fisherman

Resident

Farmer

Fisherman

Adult

1,7.10-3

2,4.10-3

2,1.10-3

2,5.10-3

3,6.10-3

3,3.10-3

Children

3,3.10-3

3,4.10-3

3,6.10-3

1,9.10-3

1,9.10-3

1,9.10-3

Noncarcinogenic effects

Breathing route : toxic total

Breathing route : nervous system

Hazard index

Resident

Farmer

Fisherman

Resident

Farmer

Fisherman

Adult

1,74

2,25

2,14

5,28

6,74

6,42

Children

2,17

2,17

2,17

6,95

6,55

6,95

P
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Jiotall cost : Work done between
1999 anadl 2004
(MRS EIRENDS)

Cost
Monitoring and water treatment : 3.5
Waste management : 3.0
Demolition : 3.5
Watertight area : 1.0
Studies and prime constructor : 1.5

Total Cost : 12.5

E NATO/CCMS 2005
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EValiiation of totall Cost / guanitivy.
el pelitted sellwith cenventionial
lEchimegues (IVillCRIGIFEUIRES)

Type of treatment euro/m3 500 000 m3
Excavation 3 1,5
Confinement Min 15 7,5
Confinement Max 30 15
Stabilisation 300 150
Landfilling (stabilisation) 500 250

E NATO/CCMS 2005
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Remediation: preject

Excavation + | Residual
confinement pollution

A A

Classic Phytostabilisation

Revegetation Water management

i d A
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Comparison; hetween confinement
and phyiestanilisanen

Confinement Phytostabilisation
Efficiency Limiting factors Efficiency Limiting factors
Contact with the soil +4++ Soil use restriction . Soil use restriction
Dust emission ++ Long-term monitoring e Long-term monitoring

Water concentration ++ - [+
Cost / m?/ 20 cm depth - [+ (6 euros) +++ (2 euros)

E NATO/CCMS 2005
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transfer
GIS — based model
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1. Excavation
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Confinement area
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| 2. Phytoestabilisation

Sisrliagots (1 %)

E NATO/CCMS 2005



Salsigne — La Combe du Saut

Remediation: preogramine

O Excavation and phytostabilisation
B Confinement and revegetation
[ ] Clean soil and revegetation

[ ] Excavation and revegetation

Orbiel

35
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ADEME'

Remediatien programime

miliren o etres

Operation Cost
Excavation and transportation of waste and soil into the confinement area P25
Stabilisation of waste 1
Protection with a geomembrane (110 000 m?) 4
Water management systems 1,5
Phytostabilisation 0,5
Prime constructor !
Monitoring and water treatment il
Other 1
TOTAL 12,5
2005 2006
TR2|TR3|TR4|TR1|TR2| TR3 | TR4
Excavation

Call for tender (Phase 2)

Capping

/ Phytostabilisation
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| Phytostabilisation (Difpoelmine)

mixture

Field plots 100 m?

| =y Large scale
- | phytostabilisation -
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B Laboratory experiments

NATO/CCMS 2005

Cau@tte
Cyanuration
Cyanuration2
Fonde

Monitoring

g/kg DM
<0.25
584 + 112
360 + 44
1.6+£0.1
0.29 £ 0.07
7.1+0.3
45204
17.6 £+ 0.4
3.6 +0.6
8.3+0.2
04+0.1
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Laberatiery experiments

Water Soluble As (mg kg DW -1) 176+0.4 3.6+0.6

Biomass aerial parts bean plants 0.76 +0.16 1.13+0.35
(g/plant) (control value=1.18 +0.24)

Root weight bean plants (g/plant) 0.3+0.1 0.93 £0.43
(control value=1.03 +0.20)

GPOD capacity in leaves (mU g FW-1) 1084 +334 803 £244
(control value=708 £39)

GPOD capacity in roots (mU g FW 1) 8195 +1714 4644 +841
(control value=4050 +728)

ﬁ NATO/CCMS 2005
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Lecation of the: field plots
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yiestabilisatien field plets
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Eellew: Up o the waterflow
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EElIEW. Up Ot AS, concentration in Water

m[As total] Labo  (mg kg-1 dry weight)
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Eield plots 4 1n April 2005
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Conclusion

very costly

@ Cost effective technlque like phytostabilisation have
to be evaluated

La Combe du Saut :

@ Laboratory experiments : positive results

® Field plots : operational water follow up system
@ Future work : large scale phytostabilisation

E Thank you for your attention

NATO/CCMS 2005
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POLLUES PAR DES METALUX ?

Wh mll become of large metal—pﬂﬂuted sites
: . e

-

$ Ennferénl:e D

. Quelle est la situation mtemaﬂnnale ?
What is the international situation 200

Le yolg de {'érosion ?
What is the rolé of erosion ?

A phytoréhabilitation est-elle une solution ?
* Is phytorémediation a solution ?

Quelle gestion pour le long terme ¢ &
What is the long term pas&'managemenr v 4

Quéls sont les risques: résiduels ?
What are the residual r%&

Comité
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Appel a commumcatwns en septembre 2005
Call for papers in september 2005
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