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National Physical Laboratory (NPL) NPLE
1900 - Current

UK'’s National Metrology Institute

Operated and owned by Department for Business Energy
and Industrial Strategy (BEIS)

National Standards and Measurement Science
Radioactivity measurement since 1913
800 Employees

200 Students
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Evaluation of nuclear data




L N ]
Nuclear Metrology Group o2 .. NPLE

Expertise in Separation Chemistry ~ National Physical Laboratory

Mission:
To enable users of radioactivity to measure radioactivity at an accuracy that is fit-for-purpose and traceable to international standards.

Reference
materials
Training Proficiency
and tests
consultancy
Primary
standards
Nuclear Good
decay practice
data guides
Method

development
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“Triskem is the leading European manufacturer and provider of highly specific
resins for use in radiochemistry and metals separation.”

NPL has an ongoing collaboration with Triskem to characterise their resins focusing
on radionuclides which have no stable isotopes such as Tc (and Ra).

O

Radiopharmacy and Geochemistry and
Nuclear Medicine Metals Separation

elsje.van.es@npl.co.uk
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Resin Characterisation
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TRISHKEM NPL i

Stages of Resin Characterisation | %
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Determine distribution coefficients (K,) for various elements of interest

“H

Publication

|dentify potential separation conditions for analyte I
1. Load L
oad

> Wash [ ]

3. Elution
Perform elution study Wash
Validate with real samples
> Elution

elsje.van.es@npl.co.uk
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Separation of *°Tc

Analysis Requirements
Current Methods
DeVGIOpmentS elsje.van.es@npl.co.uk
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High yield (6.06 %) fission product

Nuclear Decommissioning

Environmental Monitoring

Radiopharmacy and nuclear medicine (°*™Tc)

Mediso AnyScan SCP (SPECT-CT-PET) system in the NPL nuclear
medicine imaging laboratory



Technetium-99 measurement

-

Kabai et al.
2013

Temba et al.
2016

Guerin et al.
2017

Su et al. 2017

Sahli et al.
2017

Milk

Filters

Water

Cement

Sediment

TEVA

TEVA

TRU

TEVA

TEVA

LSC

LSC

ICP-MS

ICP-MS

0.2 Bg/L

3.15 Bg/L

5 Bq/L

8.5 Bg/kg

0.03 Bqg/kg
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99 B
43TC 3 100%
211.5(11)10° a
B (%)
&
0.00145 IS (keV)
1 89.52
99 99855 \ l 20.36 ns
0 9 Stable
99
44 Ru
Q" = 293.8 keV

http://www.Inhb.fr/nuclear-data/module-lara/




Technetium separation with TEVA
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Acid dependency of k' for various ions at 23°C
TEVA Resin

Trialkyl-methylammonium nitrate/chloride

Separation of TetraValent Actinides

YTy

e.g. Th(IV) and Pu (IV). )
Load sample in 4 M HNO; and elute out Th with 6 M HCI -

Can be applied for Tc analysis as dilute (0.01-1 M) !
HCl and HNO; both retain Tc(VII) iy

Tc may be eluted in 8 M HNO,

'0.'. -t bt tteet v~ — .-.....: PP §
102 10 10¢ 10' 1072 10 10
[HNO4) M [HCI M

Well established for LSC and ICP-MS

Horwitz et al., Horwitz P., Dietz M., Chiarizia R.,
Diamond H., Analytica Chimica Acta, 310, pp. 63-78
(1995); HP195.

=
T




New Resins e NPLE
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TKZOO /\/\/\/\F’?/\/\/\/\

Based on TriOctylPhosphine Oxide (TOPO)

TK201

Based on a tertiary amine

Also contains a small amount of a long-chained alcohol
(radical scavenger) to increase its radiolysis stability.

The TK201 Resin acts as a weaker ion pair binding agent
than to the TEVA Resin

Potential for softer elution conditions



Tc on TK200 and TK201 %  NPLE
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TK200 TK201
107 107
106 1086
Load in dilute acid (0.01 — 1 M)
10° 105
Wash (0.01 -1 M)
104 104
< —8—HNO3 J —e—HNO3
Elute in concentrated acid (> 4 M) 108 —nd ” el
What about interferences? 102 102
- 10t 10!
98Mo — Tailing
98MolH — Polyatomic o0 100
102 101 100 10* 102 101 100 10*

99 _ I
Ru - Isobaric [Acid] M [Acid] M



N

o 7
Interference Removal .o _ NPLE

Expertise in Separation Chemistry ~ National Physical Laboratory

—--Mo = Tc —Ru

TK200 TK200 TK201 TK201
107 107 105 105
106 108
104 10%
10° 105
3 103
104 104 10
X 3 v Y
103 103 0 0
y
102 102 )
104 10!
A
101 101 3
10° 100 10 10
10 10 10° 108 102 10 10 101 102 10 100 101 102 10 100

[HNO,] M [HCI] M [HNO,] M [HCI] M



Proposed Method

TK201

' Load in 10 mL 0.01 M HNO,

Wash with 5 mL 0.01 M HNO,

Elution? 1 M/ 2 M HNO, or NH,OH

' Wash with 20 mL 0.7 M HNO,

—-—Mo = Tc =—Ru

W @
\| e NPLE
O RIsS~<EM
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TK201

104

103

10

10°%

10
102 101 100 10t

[HNO,] M



Elution Study (TKZO]_) Load: 10 mL0.01 M HNO, /{I_';?EHEM NPL :

Wash: 5 mL 0.01 M HNO4

Wash: 20 mL 0.7 M HNO
1 M HNO3 Elﬁfion: ZOleMHNOQ,3

Expertise in Separation Chemistry ~ National Physical Laboratory

B Tc BRe HBRu EMo ESr ECs
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El Ution SIUdy (TKZO]_) Load: 10 mL 0.01 M HNO, /{r.;?sHEM NPL

Wash: 5 mL 0.01 M HNO,

Wash: 20 mL 0.7 M HNO
2 M HNO3 Elﬁfion: ZOmLZMHNOg3
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B Tc BRe HBRu EMo ESr ECs

100%
90%
80%
70%

60%

50%

40%

30%
20%
1 N
0% | i I _ L “
L1 2 wi w2 w3 E4 E5 E6 E7 E8 E9  E10  El1

w4 W5 El E2 E3 E12 Total

l Selectivity is so high that it is important to use analyte instead of chemical analogues




Elution Study (TK201) & Smorime.:

0.5 M NH,OH
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Wash: 5mL 0.01 M HNO,
Elution: 20 mL 0.5 M NH,OH
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TK200 Transition Metals
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TK200 Lanthanides and Actinides (+ Bi and PDb)

Bi/Pb
U/Np/

Ky
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iy —&—Pb

_? —e—Bi
A —8—Th

—A—U
—0—Np
#—Pu
Am

100
1072

101
[HCI] M

100

107,

106

Ce
—A—Pb
—e—Bi
——Th
—A—U
—0—Np

M —=—Pu

Am

[HNO;] M

10t

B

National Physical Laboratory

o.\ /.\
\| -9
W T RISHEM

Expertise in Separation Chemistry



TK201 Lanthanides and Actinides (+ Bi and Pb) INPLE

National Physical Laboratory

10° 105

10 10
U/ = Ce
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v TRISHKEM
Expertise in Separation Chemistry
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Separation of 3°Cs

Analysis Requirements
Current Methods
DeVGIOpmentS elsje.van.es@npl.co.uk

~— https:/Aww.npl.co.uk/nuclear-metrology
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Analysis Requirements

High yield (6.58 %) fission product

N
%

T RISHKE M

Expertlse in Separation Chemistry

Nuclear Decommissioning

Environmental Monitoring (Routine and Radiological
Incident

Long-term Waste Monitoring e.g. Geological Disposal

Nuclear Forensics ($3°Cs/!37Cs ratios)

N P L

National Physical Laboratory

(6.) BY) (By)9.1h A .

|35Te > 135| _> Xe ——)135CS. . .(stagea) E
19.2s 6.61h l y 2.3x10% | "

(B.y) (B.v) By) 137 ®) | 13784 |

137TQ ey 137 e o ————1¥Cs .(sla?lea) !

24.5s 3.82m -
& v v
Fre-cursol 135Cs / 137Cs Isobaric
IS0lopes ' interference
v
Mass
spectrometry




Caesium-135 Measurement

Soil and
Taylor et al., 2008 )
Y Sediment
Liezers et al., 2009 Filters
Delmore et al., Reactor
2011 Effluents

Zeng et al., 2014 SRl
al Samples

Russell et al., 2014 Standard

AMP-PAN

Online cation
exchange (CG3)

AMP-PAN/ AG1-X8

AMP/ AGMP-1M/
AG50W-X8

AMP/ AG50W-X8/ Sr
resin

DRC-ICPQMS 0.2 ng/L

ICP-QMS 0.9 pg/L
TIMS .
ICP-MS/MS .

ICP-SFMS  0.05 ng/L

‘\/.\ Ry
—e . NPLE
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B-
135(_‘,::_; 100%

55 s

23(3)10°a

B (%) \

(keV)

100
\0

0 Stable

135
Ba
Q =268.9 keV

http://www.Inhb.fr/nuclear-data/module-lara/




TK300 Group 1 and 2 ,\/4;,EHEM NPLE
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TK300 Transition Metals NPLE

National Physical Laboratory

10° 105
104 104
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TK300 Lanthanides and Actinides (+ Bi and Pbh) NPLE

National Physical Laboratory

10° 105
104 104
—0—La
Ce ® La
Ce
—A—Eu . Eu
103 —o—Yb 103 —8—Yb
——Lu B Lu
& ——Pb J —&—Pb
—e—Bi —o—Bi
) —&—Th ) —a—Th
10 —A—U 10 —A—U
—o—Np —&—Np
=—Pu —=—Pu
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Elution Study (TK300)

100%

80%

60%

40%

20%
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L1

21%
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L2

X
N
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27%
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| 1%
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Load:
Wash:
Wash:
Elution:

F1%

B Na ERb

| 1%

h1

w3

10 mL
15 mL

5mL

20 mL

%
3%

w4

0.01 M HNO,
0.1 M HNO,
1 M HNO,

8 M HNO,

.\.,O\
= ... NPL
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BCs mCa BSr MRa

97%
99%
98%
99%
99%
100%
96%

94%

o
|

El 2 E3 E4 Total
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Separation of ?°°Ra

Analysis Requirements
Current Methods
DeVGIOpmentS elsje.van.es@npl.co.uk
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Analysis Requirements (?°°Ra)

Naturally Occurring (?%8U decay series)

Highly mobile in the environment

Routine Environmental Monitoring (Natural Waters)

Waste Characterisation (NORM industries)

Expertlse in Separation Chemistry ~ National Physical Laboratory



Radium-226 Measurement

BaSO, co-precipitation

Purolite resin

BaSO, precipitation
MnO, acrylic fibres
Burned 600°C
Ln Resin
DOWEX- 50WX8
lon Exchange,
BaSO, micro
co-precipitation
AG® 50W-X8
BaSO, micro
co-precipitation
MnO, resin/

Sr resin

AG® 50W-X8, Sr-resin

AG® 50W-X8, Sr resin

AG® 50-X12
AG® 1-X8, Sr resin
AG® 50W-X8, Sr resin
MnO, precipitation, Sr resin
AG® 50W-X8

AG® 50W-X8 and Sr resin/ Sr and
Ln resin

MDA
mBqg L1
Gamma spectrometry
Gamma spectrometry 20
Gamma spectrometry <0.74
Gamma spectrometry -
Alpha spectrometry -
Alpha spectrometry 0.08
Alpha spectrometry 13
ICP-MS -
ICP-MS 0.73
ICP-MS
(Gamma 18,500 £ 15%
spectrometry)

ICP-QQQ-MS <4 x10°
MC-ICP-MS <4 x10°
MC-ICP-MS 4 x10°

0.01 (?**Ra)
MC-ICP-MS 3 (2°Ra)
ICP- SFMS 4 x 10
ICP-SFMS
(Gamma 7

spectrometry)

_
Analysis

1d
1d

3d

20 h

3d

2d

1d
(5 min
measurement)

<1ld

1d

2d
2d
1d

8h

Diab and Abdellah,
2013
El-Shrakawy et al.,
2013

Maxwell et al., 2016

Porras et al., 2017
Bergamini et al.,
2016

Hu et al., 2017

Szabo et al., 2012

Amr et al., 2012

Lagacé et al., 2017

Zhang et al., 2015

Megard, 2017
Bourquin et al., 2011
2011
Sharabi et al., 2010
2015

Hsieh et al.,

Copiacet al.,

Lariviere et al., 2005

.\J.
{I_I;?EI—(EM NPL =

Expertise in Separation Chemistry
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a
226
100 %
° ; =zRa
1,600 (7) 10° a
/ a (%)
(keV) §>\’ 0,0002
63547 O i o Y%
S 0,0008
S *
600,66 Q" ¢ 3
é? 0,0066
448,37 Q" 2 /
<§J 5,95
186,211  y ¢ 0 1
l 94,038
31 8232d O v | Schéma deodésinlégraliandeRa-ZZt')-Bran(heAIpha]
222
RN

o = 4870,62 keV

http://mwww.Inhb.fr/nuclear-data/module-lara/
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1 I Radioanal Nucl Chem @ CrossMark
DOI1 10.1007/510967-017-5203-4

Contains crown ether (18-crown-6) and

The behaviour of **Ra in high-volume environmental water
H D E H P samples on TK100 resin

Increased selectivity for Sr in dilute acids Pttt .

Method already developed for
measurement of Ra using TK100

Contents lists available at

Applied Radiation and Isotopes

journal homepage:

TK101

Crown ether ionic liquid based extraction resin  discherse water samples by 1C2-000-1s

E.M. van Es", B.C. Russell", P. Ivanov’, D. Read™"

Deve|oped for the se para’[ion of Pb .
Easier to elute Pb than Pb/Sr resin

Development of a method for rapid analysis of Ra-226 in groundwater and \!)Cmssmk

elsie.van.es@npl.co.uk https://www.triskem-international.com/catalog/products/resins-and-accessories/tk100-tk101-resins/bl,product,415.0
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TK101 Group 1 and 2

106

10°

104

10°
1072

101
[HCI] M

100

—0—Na
—8—Rb
—&—Cs
—0—Ca
—A—Sr
Ba
——Ra

10t

106

10°

104

©
X 109

102

107

100
1072

101 100
[HNO;] M

—0—Na
—8B—Rb
—&—Cs
—0—Ca
—A—Sr
Ba

A\A‘[\/‘ —® Ra

10!

NPL

National Physical Laboratory

Expertise in Separation Chemistry



TK101 Lanthanides and Actinides (+ Bi and Pb) NPLE

National Physical Laboratory

106 106
105
—0—La
® La
Ce 104
—+—Ce
T -
® Yb
—&—Lu - B-Lu
—a-pPb X 108 —A—Pb
—e—Bi \ —®—Bi
—&Th —&—Th
—A—U AU
—&—Np 102 —o—Np
=—Pu —=—Pu
Am Am
10%
100& 1y B n—N v anl
10 102 10 100 10t O o
'
[HCI] M [HNO;] M | e

Expertise in Separation Chemistry



Elution Study (TK101)

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

X
15)
<

X
(=)
)

27%

X
—
(o'}

X
<
-

L1 L2 w2

X
<
-

Load: 10 mL
Wash: 15 mL
Wash: 5mL

Elution: 10mL

20%

w3

0.01 M HNO,
0.1 M HNO,
1 M HNO,

8 M HNO,

B Na BmCa BSr HMRa

N
L)
o

58%

X
-
-

El

E

~ 6%
1%
m
= 1 5%

o.\ /.

/{I'.I;\?EI—(EM NPL s
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98%
99%
99%

X
o0
)

E3 E Total



NPLE
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0.01 M HNO,
0.1 M HNO,
1 M HNO,

8 M HNO,

10 mL
15 mL

Load
Wash:

Elution Study (TK101)

5mL

Wash:

10 mL

Elution:

BBi BRa BTh mU mAm MBPu

100%

%T |

%T |
%T |

%8S I
% B

%C I
%T |

%ee I
%¢ 1

%T |
%t |

%E N
%c 1

%C I
%€ N

%€ W
%9 Il

%97 I——

%Ly I——

%0V I

%Sy I——

%T |

%L | ——

%9€ I——
%y I
%y I
%€V I——

%ET I

%0T
%11
%ST I
%1

%€ W

80%
60%
40%
20%

0%

Total

E4

E3

E2

El

w4

w3

w2

W1

L2

L1
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Developed Schemes v _ NPLE
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Load: 10 mL 0.01 M HNOg4 Load: 10 mL 0.01 M HNO, Load: 10 mL 0.01 M HNO,
| | |
! ! |

— o
© = =
N 99) -
el e \
— = —
v v
Wash 1: 10 mL 0.7 M HNO, Wash 1: 5 mL 0.1 M HNO, L _
I Further Investigation Required
Wash 2: 5mL 0.01 M HNO,

Elute: 10 mL 0.5 M NH,OH Elute: 5-10 mL 8 M HNO,



Future Work
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Investigate alternate schemes for Ra

Validate other methods with real samples

Evaluate how resins cope with higher matrix samples

Investigate other applications for TK200 and TK201




ol

C‘i:

=g UNIVERSITYOF 7 .@
¥ BIRMINGHAM s ... NPL

SR Expertise in Separation Chemistry ~ National Physical Laboratory

Any Questions?
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il L
i

m https://www.linkedin.com/in/emvanes/

@ https://www.researchgate.net/profile/Elsjie Van Es

@ https://www.npl.co.uk/nuclear-metrology
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