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sclk cen

Belgian Nuclear Research Centre

At Europe’s
heart

Our Belgian Nuclear Research
Centre is based in Mol and
Brussels. Our pioneering
research is internationally
renowned

At the
forefront
of progress

In 1952, we started to explore
the possibilities of nuclear
science and applications that
could significantly change the
world



Mirroring societal needs

® | Climate change

® Circular economy
® Fight against cancer
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Site Remediation activities at SCK CEN

Site
characterisation

Impact human and Remediation Site management
non-human biota strategies (site health)

\ ¢ ¥ ’
4 AH

Radioecology

New scenarios ask for
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and models

Stakeholder
involvement
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journal homepage: www.elsevier.com/locate/scitotenv

In-depth understanding of local soil chemistry reveals that addition of Ca ()
may counteract the mobilisation of “*°Ra and other pollutants before
wetland creation on the Grote Nete river banks

Check for
updistes

Nathalie R.E.N. Impens **, Karl A. Jensen P, Lindis Skipperud®, Axel Van Gompel ?, Nathalie Vanhoudt?

* SCK CEN, Nuclear Research Centre, Unit for Biosphere Impact Studies, Boeretang 200, 2400 Mol Belgium
b Centre for Environmental Radioac tivity ( CERAD), Faculty of Environmental Sciences and Natural Resource Management, Norwegian University of Life Sciences, P.O. Box 5003,
N-1432 As, Norway

https://doi.org/10.1016/j.scitotenv.2022.153703
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Ra-226 at the Grote Nete riverbank

“Sigma plan” aims to create inundation zones | Legend

Lier_Grote_Nete_1

along the Grote Nete to prevent Antwerp from =

flooding in case of extreme weather conditions .

o 251-375

376 - 500
501-722

The riverbanks of the Grote Nete are at some
hotspots historically contaminated by the
phosphate industry (TE-NORM), the nuclear
industry (artificial radionuclides), and others
(heavy metals and (poly)aromatic hydrocarbons)

Ra-226 is one of the most important
radionuclides present due to its radiotoxicity, half-
life and concentrations.

Assess transport or immobilisation of Ra-226
if the Sigma plan is implemented.
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Quick Ra analysis down to drinking water limits
by QQQ ICPMS

, Setting
N,O as reaction gas for “?°Ra

MS/MS I‘G ”
Monitored mass pairs (Q1 — Q2): iR NI i REERLE| E O8] M_-lJ
I > -5 e =aoy

10 s for Ra; 0.25 s for Tm

5

1600 W

75mm

075 L min-

2°C

0.32-0.38 L min

045 mLmin-

30V

v

70V

50-54V

* Ra is in group two, and
will react efficiently with
N,O. The interferences
will not.

allions (m = 226) N,0
Q2 =242 amu
L
226Rg* — 226R30" e mmmmm O >
[
20719+ E— [
Plasma 208ppl8+ Q1 =226 Detector
lon lens .
Reaction cell 207pp19F+
208pp18()+
1 Norwegian University of Life Sciences
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Ra analysis down to drinking water limits by
QQQ ICPMS

U
Interferences on 426Ra FM_.,"_BJ

N

BEC (pg L' 226Ra)
MNo gas He N,O
88 Test solution Suspected interferences MS MSMS MS MS/MS f'MﬂMSN

138 +
« Sr Ba BOmg LT or EC g <LOD <LOD <LOD <LOD <LOD

100 mg L' Ba
1 86W4[} +
E Ar

. ZDSPb180+

19 -+ 208 18  +

- 2'pp"F", *°pPp"°0

1O0mgL'W TEENH0Ar 520 4 4 =LOD = LoD

10 mg L' Pb 205 RS0 89 62 | 22 = LoD

10 mg L' Pb 207Pp1eF+, 208Pp10* 130 81 99 49 = LoD
wi 0.1 % HF

IR 3l Above-mentioned, 18 7 6 <LOD <LOD
61elements [N RELN TIPS S
885r140Ce*, 209Bj1801H*,

g24n\jg13+n¥ et and more

Some polyatomic interferences

are not formed in the plasma!
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Ra-226 and y-heatmap in potential inundation zone

Heat map of y radiation; Sampling positions
*Bartstraat 27 Nijlen §'@8

Ra-226 in soil
N’ (Bg/kg)

1 368
665
1130
2500
3630
960

142
73

= Ra-226 exemption limits in Belgian legislation = 500 Bqg/kg
2349 Half-life 1600 years, a-y radiation

O 00 N O ul | b W N

—
o

Heatmap reference: Paridaens, J., Olyslaegers, G., and Gueibe, C. (2016)
Results of the Belgian Aerial Gamma Survay (AGS) Campaign

- Organized During the Spring of 2016. SCK<CEN-ER-0343
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Experimental setup: batch and kinetic experiments

1. Filtration Whatmann °42

- - 2. Centrifugation 5422 x g
Adjust wat ht
ljust water weig T30 minutes)

» Ll

22 or 67 days

Stir once per day

Soil dried at 40°C Add H,0 to FC150%
or FC1000%

Sample No | gram H,0
/ 1009050" 1 kDa filtration, Microsep™ Advance 1 kDa filters
@150% FC 7500 x g (30 minutes)

1 38
34
34
42

e Sample 10 | gram H,0/100g Residue >1kDa Filtrate <1kDa
soil

46
28 FC150% 82

0o N o un A WD

https.//doi.org/10.1016/j.scitotenv.2022.153703

31 FC 1000% 547
159029


https://doi.org/10.1016/j.scitotenv.2022.153703

Soil sample analysis

Sample o SO ea [0k [Cali*[SOdlie  [CaliglSOudia  [Ralig [Raliq

N’ E%kg ;L;OIID\GA-/* M M M?2 Dimensionless  pg/L pg/L
Post

Soil Soil solution FC150 22d pre-filtration filtration

<1lkDa

1 368 14 1.2E-02 1.3E-03 1.5E-05 9.2 10.3 10.7

2 665 14 8.9E-03  6.5E-04 5.8E-06 13.6 14.3 14.3

3 1130 19 7.8E-03  6.8E-04 5.3E-06 11.5 20.2 20.8

4 2500 14 1.5E-02 1.9E-03 2.8E-05 8.2 10.4 10.5

5 3630 13 1.7E-02  3.0E-03 5.2E-05 5.7 9.4 9.2

6 960 14 1.3E-02 4.7E-03 5.9E-05 2.7 8.5 9.9

7 142 10 9.0E-03 1.4E-03 1.3E-05 6.4 6.4 7.1

8 73 8 3.0E-03 1.8E-03 5.3E-06 1.7 NA* NA*

SCl{ cen | sckcenszos9029
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Role of saturation of CaSO,.2H,0

High correlation if CaSO, present ~ Constant ratio if CaSO, present
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Role of Cation Exchange Capacity of Clay Minerals
(omitting samples with CaSO,.2H 0 saturation)

Highest correlation if Ra< 400 Bg/g CEC Clay minerals govern Kd if Ra<400 Bqg/g

— Clay minerals may have carried fractrion of Ra to the river bank

1400

3.0E+0¢
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Role of Humic/ fulvic acids
(omitting samples with CaSO,.2H 0 saturation)

2 nonfiltered 2 filtered < 1kDa 2 residue >1kDa |—1

L
&

1,5

Absorbance (a.u.)
B
[

o
o

0,5

= 0
600 700 300 400 500 600 700
Wavelength (nm)

400 nm: inter-intra donor acceptor between HA/FA
600 nm: donor-acceptor of metal-HA/FA
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Humic / fulvic acids strongly correlate with Kd Ra

sclkkcen
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Orange: 400 nm: inter-intra donor acceptor between HA/FA

Black: 600 nm: donor-acceptor of metal-HA/FA
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Ca, Ra and SO, release

absolute amount Ca leached mol/kg dry soil (105°C)

2,50E-02

2,00E-02

1,50E-02

1,00E-02

5,00E-03

0,00E+00

Isotherms Ca, Ra release

Ca 150
total
<+—

Ral50
total

Ra1000
total

Ca 1000
total

Ca 1000
total

- 5E-14

» 4,5E-14

- 4F-14

- 1E-14

- 5E-15

0

0 20 40 60 80

contact time (days)

d mol/kg dry soil (105°C)

absolute amount of Ra-226 leac

FC experiments 150% FC, 22d + 67d
FC experiments 1000% FC, 22d + 67d

Which mechanisms induce
different behaviour of Ra vs
Ca?

Isotherms SO, release

1,00E-02

5,00E-03

0,00E+00

S04 1000 total

S04 1000 total

S04 150
total

20 40

60 80

contact time (days)

At FC=1000, Ca and Ra behave differently, leaching of
Ca and SO, in same range,
but Ca<SO,

At FC=150, Ca and Ra behave similarly but much more
Careleasethan SO,
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FC150:
Ca and Ra: similar behaviour, no
equilibrium

Isotherms Ca, Ra release
2,50E-02 5E-14
Ca 150 Rals0

total total
4,5E-14

FC1000:
Radium: no equilibrium at 22d
Raji, T
400nm absorbancet
Also 270, 300nm 1 (not shown for clarity)
1 kDa fraction weight!

2,00E-02 4E-14
Ra1000

total

Isotherms UV-VIS (1/4 di
400 and 600 nm

3,5E-14

Ca 150

o
—_— LN
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N =
— =
= o
- v
3 >
wn ©
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£ 2
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0 o
< S 0,6
o 1,50E-02 total 3814 o ’
_g fa150 % — Ra?* chelates with HA/FA 270-400nm
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5 Ra1000 ' o 0,5 . oper. s
@ total © Calcium: apparent equilibrium at 22d
"< 1,00E-02 210 £
> o S04 1kDa 600 nm conc constant but total
S rsas O § mass! (= condensation of structures ?)
@] ! . .
£ o € B —migration of of largest molecules to
© | e g solid phase?
Y 5,00E-03 14 £ %03 P -
3 $ b R1000 (400nm)
g = g — Ca?* induces aggregation
© 5E-15 § _rEU 0,2

= % Supported by Durce 2016: “Ca?* is a

0,00E+00 e s e s “hard” ion compared to Ra and tends to
, 01 R150 (400nm) promote aggregation”
contact time (days)
N e 0onm) 000 tggg:m Hydrophilic groups directed to Ca,
--Ca 150 total -@-Ca 1000 total 0 RE56-t660AM) —®150 (600nm)

hydrophobic at outer phase — induce

0 10 20 30 40 50 60 70 80 .. .
precipttation
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sclk cen | scrcenssosooz -#-R1000 (400nm) -e-R150 (400nm) -m-R1000 (600nm) -8-R150 (600nm) —
: Restricte



Summary behaviour of Radium in river bank

.
-4

4 (Ca,Ra)S0O, solid solution _%
I."f Ksp of 2. gh
/ Caso, raso0 o SO~ S
a
f; Ra- Clay minerals and RaSO, Kass/ais ) 3
/" oxides i i B S
/ Adsorption/Desorption Clay minerals E:: §_
/ Chelation =
RaSD|id2+ . . . = g
\ Ra- Humic & fulvic acids Flocculation/Dispersion “
\ Aromatic compounds \Kj Organic matter (d) %
- - - E = m
Combined interactions \' Combined interactions g g
(a), (b), (c) g 8
£
23
(a) (b) (d) S S
© © ®
O
. 0--Ho. |
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Lo~ 0-HO”
sckcen
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Calcium as a potential key in
Radium immobilisation / site remediation

1. CaSO,: if liquid phase is saturated with CaSO, R = IRa Lo
« Predict [Raj,] from [Cay,] if [Ca][SO4]> Ksp B e 1Balsouion
* |f we can increase the Ca content at the solid solution, less Ra will be released

2. Clay minerals: only weak interactions / low selectivity for Ra; but Ca may
induce “cementation” between clay minerals and humic/fulvic acids

3. Humic /fulvic acids:
1. Stronger correlation with variation of Kd g, than clay minerals,
2. Ra-chelation with 400 nm species >1kDa
3. Dilution results in aggregation/flocculation of 600 nm species by Ca
4. Addition of extra Ca might result in immobilisation of the Ra-chelates

sckcen | scrcmvsioseozs https://doi.org/10.1016/j.scitotenv.2022.153703 "
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Summary Kd ;. and other pollutants in river bank

Kdg, before and after wetland construction

- h ]

Inundation + Ca before wetland creat

No CaS0,.2H,0 saturation

_rcemente

>|(Kdq, ~ CEC (ay minerals <Kd;, ~ CEC (jay minerals 7
Ra a
HA&FA |,

b BN
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Thank you

Nathalie Impens
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Copyright © SCK CEN

PLEASE NOTE!
This presentation contains data, information and formats for dedicated use only and may not be communicated, copied,
reproduced, distributed or cited without the explicit written permission of SCK CEN.
If this explicitwritten permission has been obtained, please reference the author, followed by ‘by courtesy of SCK CEN".

Any infringementto this ruleis illegal and entitles to claim damages from the infringer, without prejudice to any other rightin
case of granting a patent or registration in the field of intellectual property.
SCKCEN
Belgian Nuclear Research Centre

Foundation of Public Utility

Registered Office: Avenue Herrmann-Debrouxlaan 40 — BE-1160 BRUSSELS
Operational Office: Boeretang 200 — BE-2400 MOL
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