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The versatility of ICP-MS
for the analysis of
radionuclides
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Origin of Radionuclides

Natural Occurring Radionuclides

Primordial Radionuclides : U, Th series
Secondary Radionuclides: Decay products of primordial radionuclides (Ra, Rn, Pb)
Cosmogenic Radionuclides: Cosmic rays (*4C)

Anthropogenic Radionuclides

(Nuclear reactors, Particle accelerators, Radionuclides generators)
Fission and activation products : Nuclear Fuel Cycle

European
Commission




The Nuclear Fuel Cycle

reprocessing plant .
advanced P g p- == U mining
nuclear fuel High Level g&gsg\
cycle Waste
N Depleted Natural Uranium
’ ~ Uranium
Proceséing Enrichment
analysis of nuclear
- Fissile and
traces In the N Eorilo
environment - >
: Spent Fuel
| | repository  Nuclear SNE Fabrication Safety of nuclear fuels
radionuclide Fuel orage
metrology nuclear waste
disposal \w

nuclear reactor
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Overview Applications Fields
- N\ &

Isotope Variation

Uranium/ Thorium Series In Nature Geochronology
(334U/238Y, 230Th/232Th) Dating geological samples
-Geological materials
-Plants, tissue 87Rb, 87Sr, 147Sm, 143Nd

187 187 238 206
-Water, foods Re, 1870s, 238U, 206pp

-Semiconductor

i t Th iluti

industry (U, Th) Isotope dilution
technique

(using long-lived radionuclides)

Determination of Radionuclides

Concentration/ Isotopes Ratios

Tracer experiments

Chemicals reactions, Health Control
ez Eeliitel Exposed persons (body fluids)
Food control

Environmental Monitoring Radioactive Waste
Nuclear fallout (121, 79Se, 236U, Pu)
NPP, weapon test -
Nuclear Weapon tests (236u/238u, 24F0)pu/239pu) Nuclear facilities
Nuclear facilities (NPP) Nuclear weapons, medicine
Nuclear Accidents
Recycling, Final storage P European

Commission
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Radiometric versus Mass Spectrometric Methods

ICP-MS superior to radiometric methods
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Some detection limits for radionuclides,

achieved by MS techniques

> = 0
@ 3 ¥ § 3 &i ¢
¥ E Lo [*] Lar L L)
E = 2 2 2 A g
-[{I-] 3 L i i i i 1
]l e L ICP-SFMS
103 E
10+ 3
] 4] - ICP-5FMS
10 X & = ICP-5FMS
10 ] L - MCACPMAS
.-.: ] ] - ICPO00-MS
g 107 4 - - ICP-OMS
=
S ]
10# — o - ICP-5FMS
104 L
100
Tﬂ"'; ° - CC-ICP-MS
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Inorganic Mass Spectrometry

(trace, ultra-trace, isotope ratio)

ION SOURCE ANALYSER DETECTOR
Thermal ionisation Quadrupole SEM
Plasma ionisation Magnetic Sector Channeltron
Electron impact Electric Sector Faraday cup
lon bombardment Time of flight (TOF) Daly
Laser ionisation Orbitrap
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Some established MS techniques

TIMS SIMS

; SenhutianEarist ® excitation: @ analytical signal
s W et O e,
| B [Polyor Mo | Optical |, For g - o
E\‘ ehromatoe sytem = - @ \‘"-':,-
B o R Pemming Coliisons ,;I-)’ = | O O
| s @@ .(‘_‘)I_-_‘@'-' @\\; - not used:
P ] . P 4 - 0000000009 T0000  miiom
L e BT Se dE 000000:,:00000000
il ®F | 000007 89000000
: it 00000 0590900000
eil . {_ﬁ\:'_ " collision cascade, mixing
® |sotope ratio. Precision 0.001% ® Direct trace and depth profile solids ® Surface mapping; Depth profile (nm)
® Mass discrimination ® Argon gas glow discharge at 0.1-1 Torr ® |sotope Ratio
® Mass fractionation effects ® DL <ng/g ® Characterization Hot particles
Analyzing
Mgnel Switching ICPMS lon Source Region
Beam Line " Megnet Skimmer
Injector Magnet if ” ExB ’ bty Erganalbsme
l Laser Beams o@ @ OQQO 2 @e ® .. Off-Axis Faraday Cigas :— Analyzer
0O O O Au.jsleralur /!]umzaugn_ - __F-
o) QCE?B O 2 etector S;thue
: 2 -- > ——.— luminium ne ::iicﬁd
lon Source t " EE Bsry\iul:‘lins ; o pI:ssn- L]
l 1 +ve terminal 1l A B RF load coils
= 2 /4 T
Uacc Extraction ‘Q\SA\" Sampling cane
Electrode .
®High selective, ultrasensitive. Isotope Ratio ® High selective, ultrasensitive. Isotope Ratio ® Most frequently used
® 41Cq, 90Sr, 9T, 135Cs, 210Pp, 236, 238py, 239py, ® Exotic radionuclides: 3He, 14C, 10Be, 26A|, 129] ® Ultra-trace and Isotope Ratio
240 242 244 32Qj 18214f 210 236( | 244 L European
Pu, =**Pu, =**Pu Si, 12Hf, #°Pb, =5°U, =4Pu ® Easy Quantification pean
Commission

*DL 1015t0 1018 g



Inductively Coupled Plasma - MS

ionisation at
atmospheric
MS pressure !!
Interface
lon Detector /
ICP Torch
I lon Optics |
Mass Separation analyzer R ool Spray
S &.g. quadrupole, double — ﬁf — Chamber
focusing analyzer, ste
Nebulizer
I
Turbo Turbo RF Power
Molecular Molecular Supply
Pump ] Pump Mechanical
Pump

European |
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ICP-MS: a powerful analytical technique

High selectivity and | Detection Limits
sensitivity for [_< 1 ppq [_< 1 ppt
elements 4 I_ < 10/ppq I— 405 ot
| <100 ppy < 10 ppt
!< 300 ppy < 50 ppt

Hetero
elemeit
screening

Ti v Mn | Fe

Zr | Nb = | Ru | Rh

Hf | Ta | W |Re |

I D-“‘S;Lt

. CE-ICP
Element LC-e

Tags LAICP-MS

e GE-ICPMS
Quantification
based on isotopic Versatile and easy
information on-line coupling
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Main advantages and

 Detection of nearly all of the elements (isotopes)

* Very low detection limits (ppb — ppt — ppq)
 Good precision (0.2 — 3% relative standard deviation)

 Broad dynamic concentration range (5-11 orders of
maghnitude)

e Spectral interferences (isobaric ions; polyatomic ions;
« Abundance sensitivity

-2

European
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Keep these drawbacks — pitfalls — difficulties in mind

Intensity [cps

,,,,, l i
T
100

Ll .1”“ | | .Il“’l.. ..nl”\ | i . l
50 150 200 250
Mass [u]

Overview spectrum of a multi-element standard solution
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Intensity [cps]

Spectral interferences (1): i1sobaric interferences

) o)
A S
Q
1.5 9
A P
hro)
c‘o\
107 \O, )
<& qq/x x@O o %
1 o 2 o>
&° 1 6 a° \)
0.5 x%‘ N 09 Q)@x
| I MHM MNM 0'

84 86 88 90 92 94
Mass [u]

Same spectrum of a multiple-element standard solution, zoomed in on Rb - Mo
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Spectral interferences (2): effect on ME calibration...

< _ _ :
& e Calibration curve per nuclide (per amu)
— Sensitivity per nuclide (cps/ppb)
)
\O/
<& ppb in St sol 0.20 1.00
................... Rb-85 | 0.161 | 0.744 | ..
.................... Sr-86 | 0022 | 0102 | ..
....... Rb-87+Sr-87 | 0.078 | 0359 | ..
A Sr-88 0.184 0.851
% .........................................................................................................................................................
&V
X
4
X « Calibration with multi-element standard solutions
— be aware of isobaric interferences! cps/ppb
Lo . Rb-85 [ 2 445 941
2 ...Sr86_ | 2 694 053
@fb ........ Rb-87+Sr-87 | 2531 995
H ‘ .................... sr-88 | 2714893
T “ ‘I| T 1 I
5.0 85.5 86.0 86.5 87.0 7.5 88.0
Mass [u]
European
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Spectral interferences (3): effect on ME calibration...

o Calibration of nuclear samples with natural standards

5500000 - — be aware of possible differences!
2000000 - Sb
2 1500000 1
= e.g. mass 125 = 125Te in standard solution
£ 1000000 18
L but can be 1%°Sb in nuclear sample,
500000 - - _
and the sensitivities for Te and Sb are really different...
0 T T T T T 1
0 1 2 3 4 5 6
Concentration (ng/ml)

European
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Spectral interferences (4): polyatomic interferences

Extent of oxide-formation depends on strength of oxide bond:

«‘(\'q/ D°298 kJ/mol
Th 854
ThO-bond stronger than UO-bond U 761

=>ThO/Th > UO/U expected
(and confirmed: ~34% > ~11%)

>
O'q/b(
A\

T e T T
230 235 240 245 250 255
Mass [u]

oOfﬁJb(
|HHH\|

Same spectrum of a multiple-element standard solution, zoomed in on Th - U
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Spectral interferences (5): effect on ME calibration...

07

T
109
Hass [u]

il

ANV
&l
N oz;'l/‘o
x '&OQ\
)\'\ o
/'\ \
o)
o
\x

Calibration with multi-element standard solutions

— be aware of polyatomic interferences!

cps/ppb
Cd-106 (1.25%) 4 351 177 + ZrO
............. Ag_107(518%) 1886084 +Zro
............. Cd_108(089%) 2847215 +Zro(+|\/|oo)
 Ag109Gemg | 1934181 | +NbO
............. Cd_110(125%) 1273318 +Zro(+|\/|oo)
............. Cd_lll(lzs%) 1192612 (+MOO)
""""""" Cd-112 @a1%) | 1173480 | + ZrO (+ MoO)
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Spectral interferences (6): doubly charged ions

600000 238 J++
500000
90 100 1304140
7% T"r Te
7 4000007 u-233/ /\ A/l Pu-239
k3 o
= ' 65%U
7] 5% 0,
£ 165 35%Pu
£ 300000 1S Ho
IS 115]In
200000
100000 “l
ull ] 1”1 1 ‘ “ll# 1 M th#u “1[L|J _._I, 1 I‘l.‘.l.* - |
80 a0 100 110 120 130 140 150 160 170
Mass [u] European
Commission




Trace analysis: be aware of '‘abundance sensitivity'

120000+ /
Xt1

100000 Th-232 Abundance sensitivity = —

80000+

Spectrum shows interference

60000+

Intensity [cps]

of matrix element Th-232

on trace element Pa-231

40000+

due to peak tailing

20000+

(abundance sensitivity not good enough)

228.0 228.5 229.0

Mass [u]
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Resolution: R = m/Am

Resolution needed: Not possible:
44Ca<=>12C160, 2700 40Ca<=>40Ar 192 500
S2Cr<>12C40Ar 2400 238py<=>238Y 200 800
SAs<=40Ar3>Cl| 7800 24l Am<=>241py 11 000 000
8Se<=>40Ar38Ar 9980

TO000

som | 2Crinurine samples | HOT Plasma R>10000

sogog | Dilution 1:5 10 ppb Se in 19 HCI

il

LI I 400 ¢38
E : ArsSAr
Hh
00 E i .
= 78
20000 { 2 Se
i
= v
10000 {1 @ 52
E Cr
l] T T T L .
A 51396 51,91 5. %27 513 51.%58 5,974 51,589 L] G| i ] i fiw
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Trace analysis: the Issue of '‘BLANKS®

mass BLANK1 BLANK2 BLANKS3
85 509 9935 9370 «representative blank solutions» are very important,
86 1263 4660 8776 .
though often not so straightforward to get...
87 670 3672 7036
88 5522 26189 63583
89 928 443 813
90 9169 23544 22513 « Each step in preparing samples
91 2267 2299 5222 (dissolution, dilution, ...) Is a possible
o2 2504 2421 2077 source of contamination
93 324 209 167
o4 4630 8968 8392  Multiple Blanks are often a pure necessity !
95 2547 1036 852
A 2t 2108y o « Example showing different Blank intensity
97 2117 1106 1009 .
levels for different Blanks...
o8 4616 2923 2420
99 112 404 362
100 3229 2158 1837
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of ICP-MS (interference separation/reduction)

Time of Flight (TOF)
ICP-TOF-MS

Mattauch-Herzog
MH-1CP-MS

High Resolution
HR-1CP-SF-MS

Multi-Collector
MC-ICP-MS

Quadrupole \ Triple-Quadrupole
ICP-Q-MS ICP-QQRQ-MS 39K

39.30 391
Mass [u]

- ICP-DRC-MS : (at expense of sensitivity...)
Collision and Reaction Cell

CRC-ICP-MS
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Summary: two majors problems

* |[sobaric and polyatomic interferences with same nominal
mass as the analyte to determine

 Low abundance sensitivity (tailing)

Some (polyatomic) interferences resolved using double focusing sector
field ICPMS at resolution required (strong reduction sensitivity)

Collision/reaction cell guadrupole ICPMS with appropriate gas can
suppress interfering isobaric ions

mm) Coupling separation techniques to ICPMS

European
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Some Radionuclides of Interest-Examples

Radionuclide Interferences Detection limit (mBqmL ')
Isobaric Polyatomic ions

xgser ?gBI') ?SSEIH) 4UA1'39K) lﬁoﬁicu) MNBSCU; UCGSZH 5

NG 0. 9Y1H. 16074Ge. 12C785e, 14N76Se, “0ALSOT] 400

%Mo l:Ja'I"«Ib, Bzr “Mo'H, *Zr'H, “N”Br, 1*C*' Br, “Ar**Cr 300

Bz BNb, BMo NMolH, 27Zr1H, “NBr, 12C81Br, VA3 Cr 1

PTc PRu %Ru'H, ®*Mo'H, '*0%'Br, 1°0%Kr, “Ar*’Co, *Ar®Cu, “Zn*Cl, “zn"Cl, 0.1

1266, 6y o 126, IS palyy Relldcq WNT2cg 9p 86, 16G110pg 160110 404,86, 0.5

129] 12950 18XelH, 1W]1H,, 15TelH, PArPY, “N!5In, 150183Cd 0.037

135~ 1358, 1B4ga T 1BCgIHE, 134Xe 1, 19N12Igh, 12C123gh, 404 %Mo, 1601198 0.01

“10ph 210pg 29BiTH, 1°Q194pt, 14N196pt, O Ar'7OEr, 2C1*®Hg, 2C1%®Pt, “Ar'°Yb, 'H*Bi 27

26Ry 104,186y 1701 2098 05,1860 18208 py, 03

231p, 407191 36 4,195py 1

“07h ThH, ©Ar?00s, *Ar'pt 1

232>]—h 231 PEIlH, mAI.szS’ fmArlEJEPt 0.00002

24y BEThH,, *Ar' Pt 0.11

235U 234U1H, rmAstPt 0.00004

28 27 NplH, 2C2Ra, ©Ar®Hg, “Ar**Pt, ¥ Ar?Hg 0.000006

237 Np 235U1H2, 4[]Ar1‘.l?'Au 0.0001

239p, 2UTH, “Ar®Hg, Y122 Hg, P12 Hg 0.010

240p,, 29py 1Y, B5ylH,, ©Ar®Hg, *Ar*®Hg, *Ar2"Pb 0.040

211py 2%1Am 240py1H, ©Ar®! Hg, 3C12%Pb, SN?2Ra 20

21 Am 21py 20pylH, “Ar® Hg, **C1**Pb, " N?*°Ra 0.6

curopean
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Pu Isotopes and Am concentrations (fg/g)

In different Environmental Samples

“Sample Type 238py 239pPy 240py 241Am
Soil 0,1 26-1836 4,7-332 0,16
Grain 3x106-2x104 0,1-2,3 0,02-0,5 1,6x10°
Vegetables

Lichen - 1049-2620 140-474 5,5-16
Sea Water - 2x104-2x102 | 4x10-5-3x10-3 6x10-°

* Global Fallout weapons test ratio 24°Pu/23°Pu = 0,18

European
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Classical Methods

Am separation Sample Leaching/ Total

dissolution Sample Leaching/ Total Pu Separatlon
dissolution

¢ Sample solution in ¢
Calcium oxalate Tz W ROk ), IJ:LI
co-precipitation

a) 7.2 M HNO,
¢ Sample solution in Dowex 1 X4 b) 10M HCI
7.2 M HNO3+NaNO, c¢) 0.35 M HCI+0.018 M HF

IJ:I_I

Dowex 1X4
. Pu sample preparation
Am and Ln are not retained: I'I:I'I NdF, co-precipitation
effluent collected, evaporated 249+240 py
and dissolved in 1 M HCI + 4 CeIIqust&itrate Filters s
M NH,SCN IJ:L| €
Alpha Spectrometry
Dowex 1X4 = Energy(Mev)
spectrum of the IAEA 135 sediment
Am 243 Am -241 l l a
| Ln are not
retained |CPMS LSC
Cm -243
o spectrum of the IAEK&% sedim:.r‘:t.*" j I s
- Total o
i g|
Alpha spectrometry A ¥
sample preparation - oy
NdF; co-precipitation = ( g' European
i ot [N L BrdmmTnimper = ® M mm mm———
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Different approaches for the analysis of

radionuclides using separation techniques

Level of automation is SAMPLE
limited:
Sample Type & Activity
PRE-CONCENTRATION Aut
Detector (0
SEPARATION Mateqg
Step
RADIONUCLIDES
| | |
o-emitters B-emitters y-emitters
g I ICP-MS, GPC: G tional counter, LSC: Liquid Scintillati
I/ Pa r tla LSC, GPC, E:ou?finga}StICp:g):hz(%:?:?jui?ﬁ{gg;(:(t)ypléd :oql%_;ma(:rzlng(;:sal:llon
Spectrometry, . FIow scintiliation counting, . FIOW
FUI omated V_Spectrometry’ gammacour)(ting)
Aut GC, FSC....

Commission



Schematic of a generic hyphenated system

Other

European
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Separation Techniques Coupled to ICPMS

High Performance Liquid Chromatography (HPLC)

M
Eluent bottles AN ﬁ
| Icpmrch ' ...............
Degasser = m— — Mebulizerispray _,, _p“_ -
' 1 || chamber G d ‘
1 1 'Pﬂst-ﬂﬂlum“ A m‘
PumP injector
E—1 .1 ﬁ—" -----
Automated
T
sample tray  [oca ﬁyl
and injector st
|
Column ‘ [Argon gas cantraller

compartment I, ﬁ": : | {ICP-MS not shown fo scale)

composition and
flow rate of the eluent

plasma temperature, electron density,
aerosol generation or analyte transport

overall ionisation process inside plasma
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Separation Techniques Coupled to ICPMS

Gas Chromatography

avoidance of thermal

cmga:g ijoctr e _— degradation of the
1 l | analyte species in the
- ges. ) Injector and column

O ST o6 \ _
'@y | : T | condensation at the
v | " [ - interface during transport
ausilary pasmagas.  Load col from the end of the
SEeum  Goown: Hessdudngerlie column to the ICP torch
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Separation Techniques Coupled to ICPMS

Capillary Electrophoresis

less straightforward
captary than HPLC or GC.

low flow rate of CE that limit the
choice of a nebulizer

necessity to apply a high voltage
across the capillary and keeping
the electrode grounded.

European
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Separation Techniques Coupled to ICPMS

Flow Injection/Sequential injection Analysis

Easy and efficient determination of
low pg/g levels of key radionuclides

Automated and versatile sample
uptake and introduction capabilities

Reduction of sample preparation
achieving good detection limits

European
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Separation Techniques Advantages

Rapid separation

Direct connection to ICPMS (no CE)
Automated operation possible

Reduction of chemical reagents and waste

Less cross-contamination




Examples Separations

Radionuclide Interferences Method feature FIA method:
(m/z) Column | Eluents
%Se 3BAri0ArH*, "°Br, Pre-concentration/ Nobias . o
IOKAOA+ 155GA2" Separaﬁon' Sy oH 4 * Nobias Chelate_-P{\‘l a hydrophilic
3Cu™0" ®HNO, 8% methacrylate with immobilised
®Se Speciation Anion Exchange EDTA and IDA fu n.ctlona.l gIrOUpS
Phosphate 0.2 mol I, « CG5A mixed be with cationic and
pH 8 anionic exchangers

126N 126Tg*, 126Xe?, Pre-concentration/ Nobias « CG12A carboxylate/phosphonate

110pq160*, 110Cq160* Separation aAcetatfH(:\ig mg)nl/l_i pH 6 cation exchanger

30970 . i .
135Cg 13584+ Separation b NH,NO, 5 mol I « Srresin:1.0M 4,4'(5')'d|-t'
CG5AHNO, 2 mol I butylcyclohexano 18-crown-6 in 1-
CG12A3HNO, 50 mmol I
octanol

90y 180Wz+,180|_|f2+,

58Ni'60,*,74Ge't0", Pre-concentration/ Sr-resin

52Cr38Ar+ S0\40Ar+, Separation aHNO, 4 mol I

S4F@I6Ar* SOT0Ar* *MQW

Sl
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Resins for Radiochemical Applications

Radionuclides

s6c, 129

195Cs, 197Cs

Am, Y, Ra ( Actinides & Lanthanides)

Th, U, Np, Pu, Am, Cm, rare earth
elements

Sr /b

Te, Th, Np, Pu, Am/Lanthanides

UTEvA®Resin  RoNUSUNR

Fe, Th, Pa, U, Np, Pu, Am, Cm

NOBIAS-chelate PA-1® REE's, transition metals, metalloids

European
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Analytical Challenge: Sm-151

e SM-151 Is a lanthanide element fission product (0.53 %)
* Pure beta emitting (E,, ., =76keV)

e Half-live of 94.7 years

e Specific activity 9.25 x 10-11 Bg g1

e Quantification

* Nuclear fuel burn up
e Nuclear waste characterisation

* Typical method: LSC following separation from other RE
elements and Am-241




Isobaric interferences arise from stable 1°1Eu

HPLC Sm ISOtOpeS (47.81%) and polyatomic species 119Sn 1602, 133Cs

180’ 134Ba 170’ 135Ba 160 and 1°°Nd 1H

— Decommissioning
o NPP (Sm-151)
| o Nuclear waste final

i repository
o (Burn-up credit)

European
Commission




Analytical Challenge: Cs-135 and Cs-137

e Fission products (Cs-135: 6.58 %; Cs-137: 6.22 %)

 Present in the environment: releases from NPP, reprocessing
facilities, nuclear accidents, fallout from atmospheric weapons tests

e Cs-137 (t,,, 30.07 years). Important radionuclide in radiation
protection, environmental & monitoring and waste disposal

« Cs-135(t,,, 2.3x10°% years) low radiation risk; significant contributor
to the long term radiological risk associated with deep geological
disposal

« 135Cs/137Cs ratio varies with reactor, weapon and fuel type
(forensic tool to identify the source of radioactive contamination)

European
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Analytical Challenge: Cs-135 and Cs-137

e Cs-137 decays by beta emission to 13’MBa, accompanied by gamma ray
emission of 661.7 keV(85.1% vyield): y-spectrometry

e Cs-135 decays with a maximum beta particle energy of 269 keV, however
measurement by beta counting is restricted (Cs-137: 5 orders of
magnitude higher)

« Key challenge for mass spectrometric measurement

e removal of isobaric interferences from naturally occurring 13°Ba and
137Ba (isotopic abundances 6.6% and 11.2%, respectively),

e peak tailing from stable 133Cs (isotopic abundance 100%),

e and polyatomic interferences including °>Mo4°Ar, °’Mo#%Ar, 11°Sn1%0 and
121Sb16o_

European
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CE Cs Isotopes

‘ Isotopic Ratio CE-HR-ICP-MS (pg/mL)

- 134C5/137Cs 0,041 + 0,009 Interferences solved
ml137
| mis °Cs/P'Cs 0,385 + 0,057
e | 3
] | : e
Bl available
mwzwm Isotope CE-HR-ICP-MS Spectrométrie y HR-ICP-MS
° ? e * = P (ng/mL) (ng/mL) (ng/mL)
133¢cs 5,93 + 0,24
oo — mi133 135
— 135 Cs 2,72 +0,16
) mis7 p— Good agreement
_ a0y M BCs 3,56 + 0,19 356£0.07 oo (Cs + Ba) )
: = w between techniques and
2 coco] I
€
POV EORRPTION | PN LA WS S ST ey Rapport Code de calcul :
0000y ppthiarornpagepda) Uttt N iy ppor _ _ _ ode de caicu _ _
‘ e CE-HR-ICP-MS RIS HR-ICP-MS calculation codes
: A ; ) 135¢cs/¥Cs 0,77 + 0,06 0,72 0,86 + 0,05

Time (min)
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FIA Cs-Sr-Ba

450000

400000

350000

300000 -

250000 -

Intensity (cps)
g
8
IS]

150000

100000 -

50000

-50000

5186

200 400 600 800 1000
Time (sec)

— Sr86(LR) 1

—— (Cs133(LR) 1
——Ba138(LR) 1

—— Sr86(LR)BD1/10
—— (s5133(LR)BD1/10
—Ba138(LR)BD1/10

1200
Eluent MSA 20mM

CG12A cation exchange column for mono- and divalent cations.

Intensity (cps)

300000

250000

200000

2
g

100000

50000

-50000

m[U A

Comsamenen tra) PR ——

200

400 600 800 1000
Time (sec)

1200

Comsareman it

—— Sr86(LR) HCI/MQW
—— Cs133(LR) HCI/MQW
——— Ba138(LR) HCI/MQW
——5r86(LR) HCI/BD1/10
—— Cs133(LR) HCI/BD1/10
——— Ba138(LR) HCI/BD1/10

Eluent HCI 20mM

Column resin functionalised with a mixture of carboxylic and phosphonic acid groups.
LOD sub pg/g
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Analytical Challenge: Sr-90

« 90Sr is a beta-emitting radionuclide (decay energy 0.546 MeV) with a
half-life of 28.8 years that decays to 2°Y (half-life 2.67 days) and then
on to stable °°Zr.

e critical importance in nuclear waste management,
environmental monitoring and radiation protection,

« 0Sr is a mobile element that can accumulate in soils and plants via
precipitation and ion exchange mechanisms as well as in bones and
teeth if inhaled or ingested, because of its similar chemical properties
to calcium,

 Beta-counting techniques are applicable to highly sensitive detection
of 99Sr, either through direct measurement of °°Sr, or via °°Y (ingrowth
of %9Y until secular equilibrium (2-3 weeks).
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isobaric interference from stable °°Zr (51.45%)
peak tailing from stable 88Sr (82.6%), which is present at high

FIA °0Sr determination

concentrations in environmental samples
Many polyatomic interferences from matrix
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—_—1 2 o
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European
Commission




Srt + 02 — No Reaction

Sr Profiles CRC ICP-MS ez s0 Km 510 ammlece’ s

Y"+0: YO "+ 0 k=4x10"cm? molecule®s™
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(2) Zr-90 elution profile in in direct (A) and pre-
concentration mode (B); concentration interval is 0.5
to 8 ug L.

Sr-86 elution profile in direct (A) and pre-concentration mode
(B); concentration interval is 5 to 80 pg g.
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Quantification

External calibration/standard addition

e Synthesized standards to generated calibration curves
e Easy way but depends on matrix complexity

e Sample matrix considerations (standard addition)

Internal standardisation

e Add a spike to the sample and separate together with the
sample under same chromatographic conditions

Difficult to find a IS spike showing suitable chromatographic properties (no
interferences, no co-elution)
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Quantification

Isotopic dilution analysis:

= measurement of isotope ratios in samples where the isotopic composition has
been altered by the addition of a known amount of an isotopically enriched
element

e Absolute quantitative method (traceable to the primary isotopic standard)
- excellent precision and accuracy
- spectral interferences, mass bias, detector linearity...

on-line IDA (OIDA): a mixture of enriched isotopes is added to the samples
on-line using a T-connector prior to the ICP-MS nebulizer
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‘H

l-iC

SGC]
-Ilcn
SSF'E
GHCD
59Ni
63Ni

Se

Sgsr
gllsl.
99Tc
126Sn

1291

1350
137

l0pp
126R g

28pg

Key Radionuclides of Interest

Atom
mass

3.0161

14.0032
35.6983
40.9623
57.9383
59.9338
58.9343
62.9297

78.9135

88.9075
89.9077
08.9063
125.9076

129.9050
134.9060
136.9071

209.9342
226.0254

228.0311

Half-live

123y
5730y
0.301 My
0.103 My
2.73y
527y
76400y
100.1y

1.13 My

50d
20.1y
0.211 My
233000y

15.7 My
2.3 My
30.2y
223y
1600y

575y

Decay
mode

B-
B-
EC
EC
B-
EC + B+
B-

B_

&

PR

Specific
activity
(Ba/g)
3.57x1014
1.65x10!!
1.22x10°
3.14x10°
8.36x1013
5.88x1013
2.94x10°
2.10x1012

2.08x108

1.09x1013
5.06x1012
6.34x108
4.57x108

6.49x106
4.26x107
3.20x1012

2.83x1012
3.66x1010

1.01x1013

Measurement
Method

LsC
LSC, AMS, GID
LSC, AMS
LSC, AMS
LsC
v—Spectrometry
X-Ray. AMS
LsC, GID

LSC, AMS,
ICP-MS
LsC, GID
LsC, GID
LSC, ICP-MS
y—Spectrometry,
AMS
AMS, ICP-MS,
NAA
ICP-MS, TIMS
v—Spectrometry
LsC

o—Spectrometry,

LSC

LSC or GID (via
JJSAC)

Application
fields

EM,DN,MT
DN.EM, D
DN, WD,TE
DN, WD.MT

DN.MT
EM,DN,WD
DN,WD
DN,MT,WD,
ET
WD, DN

EM

EM,DN,WD

EM.ET.WD
DN,WD

ET, MT, WD
ET. WD
ET, WD, DN
D, EM
EM, ET

EM. ET

*39Th  229.0318 7340y o 7.87x10°
“9Th | 230.0331 75380y o 7.63x10%
#33Th  232.0381 14050My a 4.06x103
“5Th | 234.0436 24.1d B 8.56x10M
¥y 233.0396 0.1492 My o 3.80x10°%
My 234.0410 0.2455My o 2.30x108
¥y 235.0439 703.8 My o 8.00x104
ST 236.0456 23.4 My a 2.40x106
38y 238.0508 4468 My o 1.24x10*
“INp | 237.0482 2.144My o 2.60x107
238py  238.0496 87.7y a 6.34x1011
239py 239.0524 24110y a 2.30x10°
“9Pa  240.0538 6563y a 8.40x10°
“MPu | 241.0568 14.35y Iy 3.82x1012
#3py  242.0587 0.3733 My o 1.46x108
““Pa | 244.0640 80.8My o 6.71x103
#lAm  241.0568 432.2y a 1.27x101!

EM: Environmental monitoring;

DN: Decommissioning Nuclear Facilities

MT: Medical tracer; ET: Environmental tracer;
WD: Nuclear waste repository

o—Spectrometry,
ICP-MS

LsC

o—Spectrometry,
ICP-MS

ICP-MS
o—Spectrometry

o—Spectrometry,
ICP-MS

LSC
o—Spec, ICP-MS
AMS
v, o—Spec, ICP-
MS

* ¥
*

ET
EM
EM

ET, EM
EM
EM

EM. WD
EM

EM, WD

EM, ET
ET. EM
EM, ET.
DN,WD
EM, ET.
DN.WD
EM, ET
EM
EM
EM, ET.
DN.WD
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Radioactive Particle Coming from a Beach In
North West Europe

| BODYoF o~
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Y Spectrometry

4
o
ﬁ:' 137Cs (661.66 KeV)
coF 137 /1
Activity 10° Bqg Cs activity 0.5 Bq

Bremsstrahlung: B decay
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Scanning Electron Microscopy (SEM)

SEM image of the particle in a
backscattered mode.

EDX and WDX spectra collected in (U inclusion)
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SIMS Isotope Mapping/Isotopic Composition

Isotope Wt %0
e 234U 0,0046 = 0,0005
J 223l 0,3117% 0,0022
236U 0,0571 £+ 0,0005
22 99,6266 £ 0,0023

- Deplete Uranium (%3°U is 0,3%)
i B Signature 236U indicating spent fuel reprocessing
T (enrichment of reprocessed U)
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X-Ray Fluorescence in Confocal Geometry

Spatial distribution of elements in the particle ( 3D scanning)

Sediment particle
Ca

Ca is most abundant,
distributed uniformly (matrix
of the particle)

Fe is not homogenous
(surface)

U (inclusions)

The rest elements distributed

PR pom TIRIIE aom celgee uniformly inside the particle
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Physiological Model for the Study of the

Dissolution Characteristics of Environmental Particles

Radioactive Particle

Stomach Compartment

Stomach (solution 1)

-
I“ 'T*— Ultrafrea-MC

’;-:;\.\ %=
éﬁ_z_ - Vial

N

Leaching in 0.1 mm filter

o4

+ fresh stomach solution u n I tS

(1 hour, 37°C) ’78tomach Compartment

Stomach (solution 2)

+ fresh intestine solution U I t raC e N t I i fu g a,t I O n

Intestine Compartment

(2 hour, 37°C) ‘

Intestine (solution 1)

(4 hour, 37°C)
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Leachates Results

Particle

Stomach 1

Stomach 2

Intestine

Activity (mBQq)

516

364

18,5

+ (%)

21

23

Stomach 1
Stomach 2
Intestine

HNO, 1%

Activity (Bq)
23311
1036
72

5,6

+ (%)

0,05

0,05

0,07

0,07
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Determination of U concentration

and Isotopic composition by ICP-MS

+ % + +
Isotope ng (%0) | weight | (20) | mBg | (%0)
2o 1.32E-03 | 5.23 | 0.0051 | 4.88 | 0.303 | 5.23
22 0.106 1.86 | 0.3977 | 0.53 | 0.008 | 1.87
236 1.13E-02 | 4.45 | 0.0529 | 1.27 | 0.026 | 4.45
258 26.138 1.89 | 99.544 | 0.32 | 0.325 | 1.89

Depleted Uranium

Signhature 235U indicating
spent fuel reprocessing
(enrichment of
reprocessed U)
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Potential Radio toxicological impact

(%)

100 1

90 1

80 1

70

60

40 1

30

20 A

10 A

NANANANANANANANAN

@90Sr

EU

O0137Cs

= See—

Stomach 1

Stomach 2 Intestine 1 Residual ( 1% HNO3)

Most of the activity Is in the
stomach compartment

Radio toxicological impact:

0Sr has same behaviour than
Ca in the body

Accumulates In bones and teeth
(20 - 30 % ingested)
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Mass Spec/tacular

http://www.youtube.com/watch?v=EKAF-00g858
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http://www.youtube.com/watch?v=EkAF-OOg858

Any questions?

You can find us at stefaan.van-winckel@ec.europa.eu & laura.aldave-de-las-
heras@ec.europa.eu
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