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Uranium mining in France:
@ From 1948 to 2001
® 50 millions tons of tailings with activities > 10> Bg/kg
B Waste stored in 17 sites registered as ICPE
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ZOHE? @ ZATU program: A multidisciplinary approach towards a better understanding of RN behavior in
. Ateliers the environment
i T TR Y— Application to the old mining site of Rophin (Puy-de-Déme, France)
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This study
Identifying colloidal particles involved in Uranium migration across Rophin wetland




Study Site

o

Ny

o
-
I &

A
SN

" Dam
© IGN (1954) P © GoogleSatellite (2016)

Rophin Site (Puy-de-Déme, France)

High concentration of radioactive materials (=30 000 tons of mining waste)
* Practically untouched since the 1950s
* Storage in environmental conditions
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A very valuable site to study long term behavior of RN in environmental conditions 7




Study Site
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Size (m)
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| | | | | |
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Dissolved I Colloidal Particulate )
| | | | | |
109 10° 106 10° 1012 101>

Molecular Weight (Da)

Colloidal : “Refers to a state of subdivision, implying that the molecules
or polymolecular particles dispersed in a medium have, at least in one
direction, a dimension roughly between 1 nm and 1 um”

(IUPAC, 2019)
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Size (m)
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Molecular Weight (Da)
UVD : Ultra-Violet Detector

Colloidal : “Refers to a state of subdivision, implying that the molecules MALS : Multi Angle Light Scaterring
. . . . . Rl : Refractive Index
or polymolecular particles dispersed in a medium have, at least in one OCD : Organic Carbon Detector

OND : Organic Nitrogen Detector

direction, a dimension roughly between 1 nm and 1 um”
ICP-MS : Inductively Coupled Plasma — Mass Spectrometer

(IUPAC, 2019)
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I Size Calibration: Injection of monodisperse particles of known size I
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Organic Colloids ﬂ(IT

c h a ra cte ri Zat i o n Karlsruhe Institute of Technology

33.5 1.7 09 1.7 335 63 330
kDa kDa kDa kDa kDa nm nm

@ Corg
(mgg/L)

Stream Water

Confluence

9-25cm

NaOH n°1

-4

T T T T T T T T 1 T T T T T T T T T T T T T T 1
1500 1750 2000 2250 2500 2750 3000 3250 3500 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000
Time LC (s) Time AF4 (s)

r
1250

» Size of detected organic colloids range from 1 to 6 kDa

» Humic-like Substances are the most abundant fraction (>50% of TOC) for all samples 13




Organic Colloids ﬂ(IT

Humic-like Substances = Biomass residues Characterization Karlruhie Istitute of Technnloay

Building Blocks = Breakdown products of HS
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» Size of detected organic colloids range from 1 to 6 kDa

» Humic-like Substances are the most abundant fraction (>50% of TOC) for all samples 14




Results ; :
0CD UVD Inorganic Colloids
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Results
OCD UvVD

Humic-like Substances = Biomass residues

Inorganic Colloids
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> Size of detected inorganic colloids range from 20 to 60 nm

»  Bigger inorganic colloids are found in Pore Waters 17




Humic-like Substances = Biomass residues

Inorganic Colloids

Results
OCD UVD ICP-MS

Pb Speciation
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» Pb mainly eluting with inorganic colloids ‘
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» Consistent with peak attribution from OCD and UVD




Results
OCD UVD ICP-MS

Humic-like Substances = Biomass residues

Inorganic Colloids Building Blocks = Breakdown products of HS
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Results I
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» Dissolved fraction (<1kDa/1nm) is not visible in AF4
» ICP-MS detection is semi-quantitative for both LC and AF4 20




Results "
OCD UVD ICP-MS U Speciation ﬂ(IT
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» Dissolved fraction (<1kDa/1nm) is not visible in AF4 ‘
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» ICP-MS detection is semi-quantitative for both LC and AF4




Results

ICP-MS U Speciation
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Humic-like Substances = Biomass residues Humic-like Substances

Carbonate complex = Free U standard in carrier phase
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Conclusions

Size (m)
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@ LC-OCD-UVD and AF4-UVD systems
allowed characterization of organic and
inorganic colloids

® Coupling with ICP-MS evidenced
differences in U speciation across aqueous

environments of Rophin wetland

® Significant proximity between natural
samples and SOM Extraction was observed
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Size (m)
1010 10° 108 107 10° 10°
| | | | | |
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Molecular Weight (Da)

Completing colloids characterization
@ SAXS analysis (Inorganic)
@ ESI-MS analysis (Organic)

Completing Uranium speciation
@ Manual filtrations + ICP-MS analysis
@ Modelling calculation (PhreeQC/Vminteq)

Starting U/Ra — NOM reactivity experiments

@ Purification of Extracted NOM
@ Experimental complexation constant
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Backups Slides : Colloidal Range — Typical molecules in natural systems

Size (m)
10-10 107 108 10”7 10 107 104
I I I I I I I
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I Dissolved I Colloidal I Particulate >
I Amino Acid I I Protein I I Virus Bacteria Eukaryote I
I Free lons I I Fe Oxides I
I Fulvic Acid I I Mn Oxides I
I Humic Acid I
I I I I I I I
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Backups Slides : Global parameters across Rophin wetland

I - Global parameters

Sample

NPOC,,,
(mgc/L)

Utot
(hgu/L)

0-9cm 9.9+0.5 166 + 2
9-25cm | 21.1+£0.7| 1400 + 100
25-31cm |12.0+0.9 92+7
31-47cm |16.2+0.7 54 + 1

@ [NPOCtm:] Upstream < [NPOCtm:] Confluence, Exort, Downstream
— Part of the NOM comes from the mine/the wetland.

@ [U,lin siream waters:
? [Usotixort ™ [Uotlupstream — Storage site = primary source
of U in the stream, as observed in [2].
“* [Uidconfiuence < [Urotlpownstream — Stream recharged in U
through the wetland, as observed in [2].

® U, Jin
%+ Very high in the layer at 9-25¢cm — Pollution resulting
from past U mining activities, as discussed in [1].
¢+ Not correlated with [NPOC, ] — Supports U-carbonate
species presence (see [1]).

B INPOC, ] in soil surface extracts:

*

% Decreasing with successive extractions but C/N ratio is
constant — same NOM.

% Correlated with [U, ] — Supports U-BB species presence

(see I1).

Depth (cm)
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Backups Slides : Detailed Organic Colloids Characterization (LC-OCD)

IT - Organic Colloids characterization
® NOM found in all samples. Fraction

Inorg. colloids or |~ Humic | Buildings Low M, identification acc.to [3].
Biopolymers Substances Blocks Acid  [==Downstream

: Confluence
e (15) (£5) (LMA) | Exor @ Size of detected organic colloids range from

Upstream
0.9 to 6.4 kDa (acc. to Na-PSS calibration).

® Organic colloids size/apparent M
distribution is:

¢ Similar for the 4 stream waters

¢ Similar for the 3 soil surface extracts

—2531cm +» Different for the 4 (amount

and fraction abundances variations)

{ . . . .
. @ Higher M, fraction is less abundant in stream
- | . }N — waters than in soil surface extracts — natural
' ' ' filtration process.

— Extr. 1

@ HS most abundant fraction for all samples
(~50% of [NPOC,,])

150 -

@ High SUVA,,. for all the samples — presence
of aromatic compounds.

Exclision limit T

a L T 4 T ) T L T \J T E' u 2 i
1500 (34kDa) 1750 2000 2250 2500 2750 3000 Elution time (s)



Backups Slides : Detailed Uranium Distribution (LC-ICP)

III - Uranium Distribution
Inorg. colloids or Humic Buildings £ | Low M, —— .
Biopolymers éﬁﬂagges—. Blocks § £ Acid Ir:gms‘mm B e gl .
aemp)  MOMS)  (BB) £ £ wmA) | Contuence % *\ ® Elution of a U-carbonate
. 338 —t |
| 3 L complex at 2270s.
0.001 < I I
|
B Sample Main U-bearing specie*
Pore Waters| ~ Stream Waters HS
< BB
7 * : >80% of detected U, based on deconvolutions
0000 it
Soil Surface Extr.|
B U also co-elutes with an
inorganic colloidal fraction
= S - T in all the samples, but in
& ' smaller proportion (<10%).

oL
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IV - Inorganic colloidal fraction (ICF) composition and other elements co-elution
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LC-OCD-OND-UVD / ICP-MS System Karlsruhe Institute of Technology

&~ ™
{ Inorg-C\

\removall
~ - Organic carbon quantification
Mobhile ':Lglg OCD
Phase (352,”“;}
prr C T ow
-——— ], c element Org-Cto CO, ¥
¢ Pre-cleaning of mobile nor.gamce.e'mel.w S conversion /
\, phase by UV-oxydation semi-quantification . : -
~ — — " —y O ] :- -
= = - - ICP-MS -— |
_9 — gy, &) 4 - -
= & £ LC (SEC) : polyacrylate o — ©
[®) 8 \ ) 5 o O
L % o _polymer _ - e g e
S Column S T £
O V] o 5T
S L ! S O
O 5 Z E
dass
yp | M =
HPLC- ]
pump | Organic nitrogen quantification
I o
uvD ! OND VAAAAAAN
7
- =~/ Autosampler 225nm P A ~ N 220nm
(Sample Injection/\ fOrg-Nto _Nos'l
S e - |, conversion Wastev 35

~



Backups Slides : LC-OCD-OND-UVD characteristics signal peaks g g (IT
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Karlsruhe Institute of Technology
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Main Objective :

Better understanding of colloids role in U/Ra migration for the ZATU sites

Implementing innovative methodologies for the characterization of ﬂl(“-
and their associations with U (1*year) == R

@ Action |.1: Colloids characterization

@ Action |.2 : U distribution amongst colloidal range
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Main Objective :

Better understanding of colloids role in U/Ra migration for the ZATU sites

Implementing innovative methodologies for the characterization of 'ﬂl(“-
and their associations with U (1*year) == R

Describing the reactivity of U and Ra with respect to colloids through )
laboratory experiments on (2" year) gubatech

1] Bioavailability of U and transfer to microorganisms (3" year) @2



Backups Slides :

40



