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General context

Fate of trace contaminants:

- Metals and et metalloids: Cu, Pb, As...
- Radionuclides: Pu, Tc...

- Emerging organic contaminants...

Threat for ecosystems and
soil and water ressource




Speciation of contaminants
For the same contaminant, various chemical species exist
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Speciation of contaminants

Total contaminant concentration in meaningless...

Contaminants speciation controls:
= Their migration
= Their bioavailability/toxicity
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Clays
Metal-oxides
(Fe, Al, Mn...)

Silica

Etc...




Speciation of contaminants

Total contaminant concentration in meaningless...

Contaminants speciation controls:
= Their migration
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Approach

Field observations

Contaminants-
colloids binding

Macroscopic scale

Spectroscopy
Atomic/molecular scale




Modeling processes at colloids-solution
Interfaces
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Modeling processes at colloids-solution
Interfaces

— O O-H *
+ H* +
— O-H O-H

Basic pH Neutral pH Acidic pH
= Negative = Neutral = Positive

surface surface surface

Surface charge (0)2 when pH N
Y = f(o)

Not measurable-ME-Measurable




Modeling processes at colloids-solution
Interfaces

Hard particles Soft particles
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Example:
Small organic molecules + hard particle
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Multivariate curve
resolution (MCR) analysis:
Evidence of a surface
NA-NFA dimer
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Example:
Small organic molecules + hard particle

Cobinding of Pharmaceutical Compounds at Mineral Surfaces:
Mechanistic Modeling of Binding and Cobinding of Nalidixic Acid
and Niflumic Acid at Goethite Surfaces
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ANR: C-FACTOR

Contaminants FAte is ConTrolled by
colloidal ORganic matter speciation

(01/10/2018 - 30/09/2022)
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Observation
Natural colloids are not pure phases

I—} Organo-mineral assemblages

Contaminant p— Organic matter

1 I

cu2+ / fulvic acid / Fe,O, Mineral surface Th3* / humic acid / clay

—

\ -
,«\Ode/ - X
P 7 Hematite

We cannot predict
the interactions
between contaminants
and organo-mineral
colloids!

Christl & Kretzschmar (2001)

Lippold et al. (2009)



Modeling processes at heterogeneous
surfaces

Surface charge development :

P e S e R T S A

Conformation (geometry) of organic mater at mineral surface



Modeling processes at heterogeneous
surfaces
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Organic matter
= supramolecular

Mineral surface assemblages Mineral surface

Numerical model :
- Interaction between various molecules
- Fractionation of organic matter

Discrete molecules or distribution???



Organo-mineral colloids at
larger scale

PhD Thesis:
H. Guenet, A. Beauvols

ANR INCA (to be submitted)
D. Vantelon (SOLEIL)
M. Davranche (Géosciences Rennes)



Organo-mineral colloids at larger scale

Inm ) 100nm / 1um

Inter-intermediate aggregates distance
do~15nm
| (SAXS, TEM)

RHA~1 40nm

Intermediate aggregates (SAXS) (SANS)

R,A~6nm (SAXS)
Secondary aggregates

. Rg~700nm
s (SAXS, TEM, DLS)

Isolated primary bead (SAXS)
intermediate aggregates Rpg~0.8nm (EXAFS)

(TEM, DLS, EXAFS)

Dynamic fractal organisation:

Reactive surface area?
Inter-aggregate distance = f(pH, salinity, Fe/OM, etc)



Summary

» Contaminants speciation affects their biogeochemical cycles

(transport, bioavailability/toxicity)
» Important role of natural surfaces: particles or colloids

L Physico-chemical phenomena at "solid"-water interface
« Active research field:
= Geosciences, environmental chemisty...
» Electrochemistry, Catalysis, nanomaterials...
« Advanced numerical models required

Mathematics inside:

- Geometry

- Chemometric analysis (stats)

- Spectroscopy (signal processing)
- Quantum chemistry

Programing issue...



Thank you for your attention!



