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. Difficult-to-measure radionuclides

“a radionuclide whose radioactivity is difficult to measure directly from the outside of the waste
packages by non-destructive assay means” ISO standard 24390:2023

Linear Histogram

Taken from Gamma Spectacular. (s. f.). Co60
Gamma Spectrum.

ETM radionuclides

* Gamma-ray and X-ray emitters
 High LOD

* Precise calibration needed

* Possible to use for screening
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-2, Difficult-to-measure radionuclides
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Selection of DTM radionuclides
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Selection of DTM radionuclides
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%, Determination of DTM radionuclides

Sample treatment >

Homogenization
Complete sample dissolution

Sample representativeness
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% Determination of DTM radionuclides

N Chemical separation >

Pre-concentration

Interference removal

Time needed for the
separation procedure
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" -% Main challenges

Spectral interferences
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"% Main challenges

Spectral interferences
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"% Main challenges
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measurement



"% Main challenges

Reference material

17 53 | 34 4 40 =1
Cl Se Ca
36 12.9 79 41
Chlorine el Selenium Calcium
Standard solution |AEA materials -
containing '2°| but No certitied Few AMS isotopic
x not certified reference materials standards

No matrix RMs x x

(soils, concretes, or
leachates) certified Few matrix RMs
for 36Cl

Very limited No certified
reference solutions reference materials



. Main challenges

Turnaround time (TAT) and
cost of the procedure

Sample >> Chemical >
. . Measurement
decomposition separation

Expensive Chemical volume Expensive
instruments instruments
Amount of
Chemical needed resin/cartridges Sample source

reparation
Flow rates/steps Prep

involved



o. ol o 17 53
7% 3°Cl and #°I determination Qs
sample catalyst PYROLYSER- -
008 g™ (6 tubes) Interferences removal
¢ \ Elution Cl
Air/MoisCti @IJ%EE@L \\_ co. l 1 and I
h / I } ] \ Cu’O
uafo:mpe T Trapping
Quartz furnace tube solution

RADDEC -
_N_lmsnmno NAL Glass bubbler

Based on Warwick et al. 2010
Concrete

n chemical
recovery

Graphite

Wallac Quantulus
1220™




Suitable trapping solution
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. % 3°Cland '*°l determination "a1Fy
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% 3%Cland '*| determination ﬁ .
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7=, 36Cland '?°| determination A
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3¢Cl and 1#°| determination N
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% 35Cl and '#°| determination
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72, 36Cl and 129l determination
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% 35Cland *°l determination TT'
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36Cl and 1%°l determination
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72, 3%Cl and %9 determination
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*» 3°Cl and 1%°] determination

3Cl memory effect on pyrolyser

adsorption or interaction of chlorine on the different

. , Ageing effect
surfaces comprising the pyrolysis system

Moist air Bubblers .Oxidant
(if needed)
Quartz wool/beads Quartz tubes Sample boat

Can be removed Major contributor
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7%, 35Cland '%°l determination ﬁ L

lodine
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% 35Cland '?°| determination

LOD
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Concrete from BR3
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"=, 41Cain concrete samples

Physical barrier that protects against Chemical composll(tmn bioshield concrete .

P

neutron and gamma-ray emissions
from the nuclear reactor Al

Contains higher amount of shielding
materials: boron, barite

Ca |
Calcium predominant component
(8 —35%)
Silica
Barium Si Others:

B, Na, Ti, Mn

Evans, J.C et al. 1984. Long-lived activation
products in reactor materials. Nureg/Cr-3474
1-185.



% 41Cain concrete samples

[ ] [ ] [ ]
‘a' Complex procedures for matrix dissolution
\J P P

Lithium borate fusion
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Ca
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Calcium



=, 41Cain concrete samples

[ ] [ ] [ ]
Complex procedures for matrix dissolution
“ plex p

7T\ . . .
Long radiochemical separation procedures
: paration procadures

Precipitation (matrix elements,
metals) + Solid phase
extraction
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Ca
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%, 41Cain concrete samples
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Ca
41
Calcium
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% 41Cain concrete samples

Fusion
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Heating 1 1min30s
Heating 2 25° 100% 8 min
Heating 3 30" 5% 1 min 30 s
Pouring 130° 100% -
4 Cooling 1 120° 90% 1 min
5 Cooling 2 90° 30% S min

20 min
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7%, 41Cain concrete samples

40Ca

Evaporate to dryness u Catonm

Amount of PEG >

S e
= Q\ =
S o b 2

£ad 4 1 ’
50 mg 1100 mg ' 200 mg
PEG PEG ' PEG

Amount of concrete

———

M 02¢g 05¢g 09g (’

| sieved sieved sieved
) concrete concrete concrete

100 pL sample |

polyethylene glycol
for ICP-AES (PEG) .
PRECIPITATION overnight Based on Russell et al., 2021



"%, 41Cain concrete samples

Chemical separation Evaporate to dryness

For Sr separation from Baand Y

x No Sr retention
- Amount of PEG

) a0 a0 ’ S
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Chemical separation

For Sr separation from Baand Y

x No Sr retention

after SR and LN3 Resin
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%, 41Cain concrete samples

Evaporate to dryness

Amount of PEG
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| 100 mg 200 mg
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"%, 41Cain concrete samples

Chemical separation
g T - 1000°C

Oxalic acid
T pH 5 (NH,OH)
T pH 8 (NH,OH) PRECIPITATION

100 yL sample

for ICP-AES (PEG) ,
PRECIPITATION overnight M HNO,

polyethylene glycol Dissolve

precipitate in 1

40
Ca
41
Calcium



"%, 41Cain concrete samples

Chemical separation

Loading in SR Resin
SOLID PHASE
EXTRACTION

Load onto

c
E 'E
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m

o
5 <

~30 min

Y
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removal ~10 min
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Possible 41Ca quantification
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Chemical separation

Loading in SR Resin
SOLID PHASE
EXTRACTION

| SR Resin
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"%, 41Cain concrete samples
4OCa

a1

Chemical separation

~—  Loading in SR Resin
e SOLID PHASE
EXTRACTION 607

Spiked sample with “1ca
and 9(’Sr(goY)

ax
SR Resin
7

~30min - Possible Ca 1/
Sr quantification 0
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% 41Cain concrete samples

Chemical separation

Loading in SR Resin 15 sample for LSC /@ *
SOLID PHASE AN
EXTRACTION

~80% 41Ca
chemical recovery

Evaporate to - «—} 60 min
Y2 volume —

sample for [\ ~64% calcium

~1h 30 min ICP-AES chemical recovery

40
Ca
41
Calcium
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Verification of the procedure

Fusion 1g concrete
(Katanax K3)

80 mL

=, 41Cain concrete samples

100 pL sub-sample Can
for ICP-ES/ICP-MS

HNO,

Add 1 mL PEG (100g L'1) | Silicate removal

I

Vacuum filtration

RO water up to 200 mL
T pH up to 8 (NH,OH)

‘ Fe(OH), precipitation
Precipitate Supernatant
‘ + 50 mL oxalic acid
TpHupto5 (NH,OH)
55Fe + 63Nj

Oxalate precipitation

Supernatant

Precipitate

Can

100 pL sub-sample
for ICP-AES/ICP-MS

Dissolve in 1M HNO,

SR resin separation
SR resin

9OS]~

Evaporate to Y4 the
volume of sample 7 mL sub-sample
for LSC

41Ca

40
Ca
41
Calcium
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"=, 41Cain concrete samples
40C41a
Verification of the procedure
polyethylene glycol ™ pH 8 (NH,OH) Oxalic acid
(PEG) — Fe(OH), — T pH5(NH,OH)
PRECIPITATION PRECIPITATION PRECIPITATION

1 M HNO, ' ,

Non-spiked .

= z = L £
g > * t eLSC ;
§ 60 ICP-OES Evaporate to 72 |
= volume
© ]
£ 4 LOD e Clearance level
D
S 20{ 0.555Bq g 100 Bq g e
a
0 °
° 1 . v activity

Concrete sample



7 -2, On the determination of 7°Se

f? Low specific activity and trace concentration

o
Preconcentration steps Selective separations u

fp Lack of reference materials / standards solutions

Use of 7°Se as a tracer for validation CIEMAT/NIST for calibration

fp Complex chemistry (speciation)
multiple oxidation states: -Il, 0, +1V, +VI

REDOX during sample preparation

34 z
Se
79

Selenium
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7 -2, On the determination of 7°Se

SE Resin prototype

New SE Resin

TRISKEM

(CHa) H.O

SE Resin

Se retention

Prefilter Resin
\)

extractant
bleeding

34 ]
Se
79

Selenium

Acid media (H")

Influence Se oxidation
state
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"2, On the determination of 7°Se
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7 -2, On the determination of 7°Se

SE Resin elution profile

100

‘580

jSE Resin
Chemical recovery (%)
= N W bSd OO (o]
O O O O O o o o

N < v
%(Qo\x (251 (o(o ,b(o

350 mg Se selective
Resin Load 1 M HCI

34 ]
Se
79
. As A Sb ' Sev In Selenium
B ca [ Ge O Te reported by Dirks
etal. 2016
A1OO
X 90
> 80 .-
g 70 o S o o
3 60 uitable Se retention
O 50 :
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SE Resin procedure

“standard” procedure
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SE Resin procedure

Different chemical forms / speciation

1 mg
m stable Se

H*

— NH Se
2 =N~ 6 Bq 75Se

H"F

o




7 -2, On the determination of 7°Se

SE Resin procedure
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Influence of [HCL] for Se reduction .
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trations (mol/1) after 2 h in dependence on temperature
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trations (mol/l) after 30 min in dependence on temperature
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Interferences removal
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Chemical recovery (%)
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Final chemical separation procedure
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