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Methodology

Interactions between Natural Organic Matter (NOM) and minerals modify mobility and

bioavailability of trace elements. A better description of these ternary metal/NOM/mineral » Contact time: 3 days * Eu(lll) complexation (asymmetry ratio ‘F5/'Fy)
surface systems iIs needed to improve the understanding of radionuclides transfer from a » Ultracentrifugation: 2h, 60000 rpm « Symmetry of Eu(lll) environment (’F,)
repository site to the geosphere. This study is focused on Europium(lll) speciation in _ . - - - L - o
presence of aluminum oxide a-Al,O5; and Purified Aldrich Humic Acid (PAHA) as a surrogate * PAHA concentration: DOC, UV Quenching giiﬁﬁ’nfm'sﬂ,‘nffﬁnﬁjrﬂ coordination SpEISGI’e (Luminescence lifetime)
of NOM. In case of lanthanides, one way to obtain both macroscopic and spectroscopic  [Eu(lll)] = 10° mol/L A : 3-iEﬁ’Z,ﬁHff3';:4'1) o
Information on metal sorption onto mineral surfaces is through Time-Resolved Laser-induced : _ 25
. . . . . * [a-AlLO;]=14g/L ©
Luminescence Spectroscopy (TRLS), which allows to have a direct insight on speciation of _ £ 2]
jons in solution at relevant environmental metal concentration. Macroscopic and * [PAHA] =28 mg/L V_ 24
spectroscopic experiments have been carried out to see the influence of solution parameters - 1=0.01 or 0.1M NaClO, D N
(pH, Ionic strength, humic concentration) on the evolution of the different binary Eu(lll)/a- Fluorescence \ §0.5
Al,O; and Eu(lll)/PAHA and ternary Eu(lll)/PAHA/a-Al,O; systems. F 2, . N | .
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Influence of pH and ionic strength on Eu(lll) speciation in the ternary system(*:2)
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% O 50 - . : . L * Sorption-edge observed at pH 7 (expected) Eu(lll)/PAHA © 0 &
S = : : l . . - - - ® O
= <z§ ! : - Low dependence to ionic strength At high pH, shift of maxima and change of peaks L3 e
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@ W . « Eu(lll) behavior shows high Figures legend: Inlfluerllce of IOntC st:_ength %” humic = 2 _H e
S e - dependence to PAHA retention onto the molectlies conrormation, and on -
== - humic-bound Eu(lll) environment
3E T % mineral 1A =,
10 1 . . .
4] % : « At high pH, increase due to direct g Bl
0 . . ; . . . . sorption of Eu(lll) onto the mineral binary PAHA/a-Al, O, system 0 , , , , ,
1.8 500
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ISR C} » Sorption decreases with increasing pH . 1, presence: Eu(lll) always bound to PAHA g% e ’ + +
'% Q12 ;W ig - Sorption decreases with ionic strength * Higher 1, In the ternary system: more constrained > 0 ?
E3 1o Lo ¢ ¢ SRR (electrostatic repulsion) environment, but of the same symmetry than in g0 %
Q . ©
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§ £ o8- ¥ | g §§§ 9 ¢ Presence of Eu(lll) increases the humic binary Eu(lll) syst§ (comparable spectra) Q 200 ¢ 5 B % + %%
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£e , ; 9 t i - uoes *Increase of 1, with humic concentration, due to
§< @ 500 ﬂ = s epi74 - progressive complexation of Eu(lll)
o : - : & R e e ettt tl pH=7. _ _
Eu(lll) retention increases at low HA concentration é 5 30 $ S ange of T, values in Eu(lll)/PAHA system e In _the ternary system, hlgh(_er_Tz: more constrained
« After saturation of the surface, competition with non- 3 £ 20 | ¢pH=3.39 £ 100 ey environment of Eu(lll) when it is bound to adsorbed
sorbed HA fractions o Apri=6.2202 11 E - » ; PAHA moieties
% é ApH=7.4+0.2 - ' -
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* No influence of Eu(lll) presence at medium and high < o A é = « At same PAHA concentration, no difference of
pH & 20 T 318 M O & asymmetry ratios between binary and ternary systems
* At low pH and high HA concentration, presence of HA ~§- s % l & o * Presence of mineral surface has almost no influence
Increases HA retention £ o > pH=3.9 o) on Eu(lll) environment symmetry below pH 8
_ g ] B 0 ® mpH=6.2+0.2 likel ¢ : bridaed humi ¢
* No saturation of surface seen at low pH g " 6. 0A 41 B A pH=7.4£02 o rermary sveten Sy eusten  Unlikely presence of europium-bridged humic-surface
@ %8 H=4.240.2 complexes
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Modeling Europium(lll) speciation In ternary systems
1-pK modeling: Proton-binding parameters from spectro- 3 100% complexation
=AIOHY2 + Eu3* S =AIOHEuU*>2  |ogK = 13.5 photometric titrations of supernatant from  \ [~ ¥ D M
. . retention experiments(:6) ¢
Repartition of Eu(lll) charge in the Stern layer: _ & ,
P Ay =1 93( ) charg Y (NICA-Donnan model®) e Use of spectroscopic data (peak
Azo —1.07 Dissolved N ratio) at pH 4 as a titration curve of
. PAHA ~ . Eu(lll)-PAHA complexation
1 .
o
é 0% complexation
80 Eu(li) Adapted parameters for Eu
_— g gE d | o datapi=6.2 binding 102 S .
£ S 60 - R _ (4) : — e e I |
£d 7 /2 : ' . | (NICA-Donnan model™) < A e Adjustement of generic Eu(ll1)/HA
83 "] . | (I;/I[? ?\Z%Sé:f)g c rZSlf I5S) <801 ’/ binding parameters of the NICA-
S g 40 - | - mode S F : _ |
o E ” U 1 AIOHS oo AJOHELS?2* Sorbed PAHA 5 | i Donnan model to fit our system:
'-lg E', 30 &1 O data0.1M ¢>J<J ,',
5 0 T L - ,
@ 2 2 - ! data 0.01M - £ / P,
é = T model 0.1M 8 40 1 _::l:' |OgK N
|.|=.| 101 J] [i%] *[E%] model 0.01M | ] ] ] ] G'A|203 o g 55/' ¢ data
0 & . . - Potentiometric titrations: Description of surface reactivity (CD-MUSIC model ®) /' 3 {ip® |- NICA-Donnan modeling with generic parameters Sl-Eu 1.05  0.50
3 5 7 9 11 0 2 4 6 8 10 32 i o .
oH [a-ALO,] (g/L) ‘; ----- NICA-Donnan modeling with adjusted parameters SZ-EU 343(7) 036(7)
0
0 10 20 30 40
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100%
« Good prediction of the model « Good prediction at high concentration
« Variations due to initial concentration variation between batches 80% - « Use of average parameters for humic protonation
* Need more data at lower ionic strength S
« Modified PAHA parameters from adsorption experiments at 0.1 M at pH 7®) £ 60% - <olution » Need improvement at low ratio (high fractionation rate)
" 8 HASO| » Parameters from adsorption experiments at pH 7© (explains the poor
v . .
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E g 20 - O data0.1M g 3.0€-08 - $ o datapH=3.9
é £ data 0.01M . . . E @ datapH=6.2+0.2
2 10 - model 0.1M * Humic complexation in the whole range 5 20808 1 4 datap=7.4202
. . — model pH = 3.
model 0.01M - Surface complexation at high pH £ 10608 model pH = 6.2 £ 0.2
0 o 0.0E400 $ | | modlel pH=7.4+0.2
3 5 7 9 11 0 20 40 60 80
pH R(mg/g)
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