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GAURadioanalytical Laboratories

A major provider ofadioanalyticakxpertise to the

nuclear sector
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Characterisation objectives &
waste acceptance criteria

In-situ measurement

Sampling

Onsite screening

Off-site measurement

Validation, QC and QA

Spatial distribution ofadionuclides
Assessment of ETMdionuclides
Extension to dominant DTk&dionuclides
Targeting of sampling

Screening of dominant DTMdionuclides
(3H,C,,20Sr,PU)

Full characterisation of DTkdionuclides
Determination of scaling factors
Analysis of unconventional waste forms




Wastecharacterisation challenges
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_ Measurement Requirement
Diverse sample types / of longlived for rapid turn
Heterogeneity low abundance round times

radionuclides



Origin of artificiakadionuclides

Activation of graphite Activation of

14C ancPeCl (from traceCl steel Activation of CQ

impurities) 55Fe,%°Ni, 63Ni, 14C BH in water
60C0,%3Zr, %“Nb cooled reactors)
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Fission products in I — | . -
fuel from23%U fission N Arcuistor
e.g °Se,0Sr,%3Zr,
957r1,99T¢,107P(d, 1269, _— : Activation of
129 1350 137Cs, Actinides in fuel from concrete
147pm 151 neutron capture by U i
Pm,™>Sm e_g_236U’237Np,238pu’ ?Il-lof5thI56L|Jd41Ca
239py,240Py, 24Py, :
241Am




Radionuclide groups

903,795 e 9371, 99Tc, 109RU
107pd 121“Bn 126Sn 129
135CS 147Pm 151Sm

QSZr/QSNb’ 106RU,137CS,

Fission products 144Ce

22Na, 3%Ar,>Mn, 69C0,%°Zn,

93MO, 93mN| b’ 94N b’ 108mAg ’ 3H ’ 14c ’36C| ’4lca,55|:e’
110mAg ’ lszb,lSSBa,134CS, 59Ni’ 63Ni’ 937r

152 ,154EU ,155EU ’166rTH0 .

Activation products

228Th 230Th, 232Th 234Th,
231Pa’233pa’232u’ 233U’ 234U’
235U, 236U’ 238U’ 237Np’
238Pu ’ 239PU,240PU ,242PU ’
242Am ’ 243Am ’ 242Cm’
243Cm 244Cm

Actinides 241Am 241py



Importance of mass spec in waste
characterisation
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Dual conical Extraction and First quad Q1: High frequency . .
3'd generation collision/

High _ Omega lens focuses ions hyperbolic quadrupole mass filter _ _
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On-mass
interference
Analyte
Off-mass
interference

All non-target
masses

Q1 set to analyte
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all non-target
masses
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Radionuclidesf interest

Origin Nuclide Half life (years)| SpA [Bg/g] Bg/ml of 1 ppbsoln

Activation 59N 76000 3.0E+09 3.0E+00

products 63N 99 2.1E+12 2.1E+03
9Se 600000 2.8E+08 2.8E01

Fission products 90Sr 28.64 5.1E+12 5.1E+03
93Zr 1530000 9.3E+07 9.3E02

Act. Prod. 94Nb 20000 7.0E+09 7.0E+00
99T¢ 211300 6.3E+08 6.3E01
107Pd 6500000 1.9E+07 1.9E02

1265n 100000 1.0E+09 1.0E+00
Fission products 129 15690000 6.5E+06 6.5E03
135Cs 2400000 4.1E+07 4.1E02

147Pm 2.622 3.4E+13 3.4E+04

151Sm 90 9.7E+11 9.7E+02

NORM 226Ra 1600 3.7E+10 3.7E+01
235 703800000 8.0E+04 8.0E05
235 33146000 1.7E+06 1.7E03
23'Np 2140000 2.6E+07 2.6E02
Actinides 238 4468000000 1.2E+04 1.2E05

239Py 24113 2.3E+09 2.3E+00

240Py 6563 8.4E+09 8.4E+00

241py 14.4 3.8E+12 3.8E+03

241Am 432.7 1.3E+11 1.3E+02




Factors affecting limit of detection

Specific activity Related to the nuclide half life. Short lived
radionuclides have fewer atoms pBgto measure.

Sensitivity Related to the instrument masssponse curve and
lonisation energy of thanalyte

Background Species arising from instrument.
Abundance sensitivity Ratio of radionuclide to stable analogue.
Isobaric interference Radionuclide mass and othgpecies present.

Polyatomic interferences Radionuclide mass and othspecies present.

Potentialimprovements associated with use of {QRQ o




Specific activity .

g I.'lf.r: X M,
A The specific activity is the relationship between the activity

(Bg) and mass (g) of a radionuclide and is dependent on the
half life.

Short half life Long half life
N 7
./ C: o0 ./

Atoms decay quickly Atoms decay slowly
Large number of emissions Small number of emissions
for a given number of for a given number of

atoms atoms 12



Minimum activity (Bq)
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Radionuclides of interest

Mass spec superior to radiometric methods
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lonization Energy [eV]

lonisation energies

First Electron Ionization Energy
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Sensitivity

Significant reduction in
Ra signal with He due to
larger ionic radius of Ra

compared il Signal reduction with
actinides :
He is less pronounced
for heavy nuclides
Sensitivity
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GAUc unpublished work
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Backgrounds at key masses

Significant peaks at m/z = 63, 79 and 129
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GAUC unpublished work
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Abundance sensitivity

A The signal arising from a nuclide with mass = m atim

A Particularly problematic for activation products (e.g. NI)
and fission products associated with commonly occurring
elements (e.gSy).

A Limits measurement dfCa due to abundance sensitivity of
4OAr at m/z = 41.

A Theoretically, abundance sensitivities of”jfer MS are
achievable. For M®IS mode, abundance sensitivities of
<1019 are reported.



Expected®Ni / °3Ni concentration in
Irradiated Ni

Concentration g/gNi

Irradiation time (yrs)
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GAUc unpublished work




Abundance sensitivity
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corrected for matrix supressiol
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Apparent abundance sensitivity = 2 x%10
No improvement on introducing He
Signal is probably related to Co contamination in the Ni stand&@N&d*

GAUc unpublished work




Contributions to m/z = 59

Background 1000 22.0%
Spilloverfrom 58N

2, 60N 3400 74.8%
S9N 148 3.3%
TOTAL 4548

Note RSD o0f°Ni cps for 10ppm Ni i 3.6%- comparable with the
expected®Ni signal

Calculated assuming a 10ppm Ni solution
Ni irradiated for 20 years at 1 x306/cm?/s
Assumes 74000 cps/ppb

59Ni:Ni ratio of 2 x 10

GAUC unpublished work




Isobaric interferences

Isobaric interference

Nuclide (abundance)
5Nij 59Co (100%) e —
63N 63Cu (69.1%)
9Se 79Br (50.6%)
0Sy 90Zr (51.5%)°9Y (daughter)
937y 93Nb (100%) e
94Nb 94Zr (17.4%)
99Tc 99RuU (12.8%)
107p( 107Ag (51%)
1265n 126Te (18.7%):26Xe (0.09%)
129 129X e (26.4%)
13Cs 135Ba (6.6%)
147Pm 147Sm (15.1%)
151Sm 151y (47.8%)
226Ra None
233 None
2368 None
23/Np None
238U 238Pu
239y None
240Py None
241Pu 241Am
241Am 241Pu

For fission
products there
may also be an
iIsobaric
interference from
other nuclides in
the isobar




Chemical separation

Cs/Ba separation using ammonium
molybdophosphatd AMP) andcation
exchange/extraction chromatography
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Novel separation materials

1. 3M HNO,

2.0.05M HNO,

3.5x10* M HNO,
(column regeneration)

4x0.5cm 0.02M BOBCalixCé

Cst

\—> 3. Waste

—> 2.Cs—> ICP-MS

— > 1.Ba

Cs/Ba separation by extraction
chromatography usingalixarene

Extraction chromatography
usingcalixarenes

High selectivity, and potential
backextraction and reuse of
material

Russell B.CWarwick P.E& Croudace I.W. (2014Jalixarenebased
extraction chromatographic separation 5fCs and3’Cs in environmental
and waste samples prior to sector field HIB analysisiAnal.Chem 86,
11890¢ 11896



Online separation of isobaric
Interferences

A Correction of contribution from isobaric interference using a
different isotope of the element.

A Reaction of thenalytewith a reactive gas to shift the mass of
the analyte

A Reaction of the isobaric interference with a reactive gas to
shift the mass of the interference.

A Charge transfer from the interference to the reactive gas to
suppress the signal of the interference.

X+0Q- X+Q



Correction using other isotopes
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/
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11. 2%

Bel_B__:

Not possible for
SNi °Co) or

937 3Nb)

Signals from a fipt St Zrand °°Sr solution (background subtracted)
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Isobaric separation using MS/MS
mode and reactive gas

Quadrupole 1 Octopole Quadrupole 2
m/z=90 Reaction System m/z =90
| | | |
900G+ 907p+ 07+ +160 90Qy+
S > — . Sr\ > Detector

QOZI-I6O+

A
A \ v v
v \ \ \
| L} \ | | v 3 |
L LY 4 L
\ \ \ \
1 1 1 1
1 1 1 1
v N4 v A4

88Srt m/z £ 90 0, 88Gr+  907rl6()*




Isobaric separation using MS/MS
mode and reactive gas

Quadrupole 1
m/z=93
| |

Reaction System

Octopole

P71 +(NHs),

93717/93Nbt/23Mo+

m/z # 93

e
-~ |

Quadrupole 2
m/z =195
| |

—>
7371(NH;)6

T

NH;+H,

Instrument layout for measurement of®3Zr in the presence of

SZNH),
A" \\\

\
\ A
| \ o
\ \

1 1
A4 v

93Nb* BMo+

Detector

isobaric ®3Nb and °3Mo (Petrov, 2017
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36Ar, 363 CH, 3 #( O#(#3( Bandura (05)

#1 #( ©o. 1OAAAOQET 1
41Ca 41K N,O #A . I OoO#Al . Bandura (05)
+ . /0. TOAAAOQEI 1
59Co No known cell reaction
63Cy No known cell reaction
79Se 9Br 0, "O | O" O/ Bandura (2005)
3A / o TOAAAOQEI 1
90y 907y 0, 0 [/ °9: 0/ [/ Russell (17), Amr (16)
30/ o, IOAAAOQEI 1T
937y BNb NH+H, : 9 . ( ( ©°: O ( ), - Petrov (17)
A . ( (O.TOAAAOGET T
9471 94\ NH;+H, 0 #&0: 0& 0& Bandura (2005)

-1 #&Oo-T#&
A #& 0. A&h A# &

99RY No known cell reaction
107p( 107Ag CH, I C #( ©. 1OAAAQEIT I Bandura (2005)
OA #( C0A% DA%
1265 126T@ CH; 4 A A #(04A ;ﬁt ‘(h4 é\(ﬁé - Bandura (2005)
31 #(°.1OAAAQEIT I
129 129¢ @ o, 8A | o8A/ Shikamor{12)
y [ o . 10AAAQEI 1
135Cg 13584 N,O " A o g " A/ . Zheng (2014, 2015), Ohnc
1370 13734 #O . /0.  TOAAAQEI I (2013)
147Sm, No known cell reaction
151Sm 151 o, %O / o, IOAAAQEI 1 GarciaMiranda (2017)
3i 1 930/
239p 238 J1H o, 06 1 c0b/ 1/ Tanimizu(2013), This study
5( [/ o5/ ( |/ o8
241py No known cell reaction



SrandZr
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Sr Zr
1 T T T T 1 1 T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10
Conc>g/L Conc>g/L

[Cps corrected for relative abundance of each nuclide]

GAUc unpublished work .




Charge transfer

Quadrupole 1 Octopole Quadrupole 2
m/z=129 Reaction System | m/z =129 |

| |

1291+ 129Xe+ 129Xe+ -+ 160 1291+

Detector

Y

A4

—>

S
- o~

129X e + 16()*
- -

| ]
' 1 ! '
1 1 1 1
) ! ! )
v v T A4 %

271 m/z#£127 O, 129%e 1271+

‘l |




Polyatomic interferences

A Polyatomic species with masses identical to
the analyteof interest.

A Precursors are introduced from the sample
matrix, the plasma gas or the surrounding
atmosphere.

A Typically hydrides, oxides, nitridesamgides



