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Rapid Determination of Pu Isotopes in Environmental Samples by
Automated On-line Flow Iniection ID-ICP-M3S5
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Abstract

Autormated On-line Flow mjection isotope dilution ICP-MS was applied to the determination
of Pu isotopes and Pu isotopic ratie in envirenmental samples, Large amowunt of 1T7-238 in
environmental samples showed sewvere interference effect on the quantitative analwsis  of
Fu-239 and Pu-240, The interference effect is large in order of pneumatic nebulizer, MSIN-100,
® USH, USH+Mini-GASS™ MCH -6000%® among the sample mtroduction devices, For the
emoval of U and preconcentration of Pu, Sr-spec-spec and TEVA -spec-spec resin was used



and they are sequenfially combined in PrepLab®, an integrated liguid handing svstem, in order
to accelerate sample throughput, estakblish the on-line analwtical systern, increase analytical
repeatabiity, The wolume of final elution was 24 ml and chemical wield was 70 - 8422, With
thizs method, the determination of Pu isotopes and Pu isotopds ratic in reference goil and
sediment of 1g hawve performed within dhrs and the results were in good agreement with
cerfified walues within 10 % deviation,
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Taklel Operating condifions of the ICP-mass spectrometer

ICE conditions

BF power(kVW) 1350
Coolant gas 14
flow(L/min )
Type of Nebulizer Poeu. prew-ion UsM Cont%eT jren-gom
nekulizer solvator
Auxiliary zas
flow(L fmin) 22 25 2.3 2.1 25
Carrier gas
Howl(L /rmin) 080 0,75 085 0.a0 115
Soln, Uptake
rate (L fmin) 095 0085 135 135 ooy
Interface conditions
Load coil to aperturelmm) 7
Aperture diameter(mm) 1
Date acquisition
Element T-238 Fu-239 Fu-Z40 Fu-24zZ
IEss rangeiamu) e37 B - 2366 2385 - 2306 E30.4 -FaDh Pdld - PAEE
Drwrell time(ms) 20 200 200 100
Width Foints 100 100 100 100
FPeak widths 2 2 2 A
Scans 1 1 1 1
Besolution Fower 400
Total analysis time (sec) 4 40 41 20
aMm Sample
HNO @MHNO )
| . Vi
P1
P2
| [}
P |
@ ® v
M 0.8MHNO
HCI

Fig.l Schematic diagram of the on-line flow injection sample pretreattment system, F1 oand

P2, peristaltic pumps: V1 and V2, open-close walve! SV and SV2, 6-way valve,



Takle? Autcanated on-line flow injection operating conditions.

Column tyvpe Sr-spec(C-1) TEV A-spec(C-2)
Columm size 30 = 4 6mm 050 mL) 28 = 3mmil 17 mL)
Column material FEEK EBorosilicate
Loading solution 41 HI s 0,811 HM O3
Washing solution 41 HI s 0,811 HM O3
Elution solution 088 HNOg 1M HC1
Autcmated on-line conditions
Fump in Valve Flowr Sol'n Funning
Step , " .
operaton positon ratelmlimin.)  wolume(ml) (sec)
Washing(C-2) Z Z open 23 3 240
Preconditioning (C-2) Z Z close z3 3 240
Washing(C-1) +
Preconditioning(C-1] 1 L clese 23 8 20
Sample loading(Z-1) 1 1 open 0.8 11 BEO
Washing(C-1) 1 1 close Z3 12 420
Elution(C-11-Loading . > elese 0 10 70
(C-2)
Washing(C-2) Z Z close z3 10 300
Elution(C-2) Z Z open 0.4 3 160
Elutioni{C-2) Z Z open 0.8 3 180
Total running timel{min) 4f mmin.
50 .
45 L Nebulizer type :USN
Dwell time=200ms
40 UH Width points = 100
35 | Peak width = 2.0
Resolution = 400
30 h
25 h
20 |}
15 §
)}
10 §
5 L
O Il 1 1 1 1 1 1 1 1 1 1 1 1 1

238.5 238.6 238.7 238.7 238.8 238.9 239.0 239.1 239.2 239.2 239.3 239.4 239.5 239.6

Mass(amu

FigZ UH peak at 239 amu formed by 1420 ng/mL U-238 standard solution,



50 4
Nebulizer = USN-6000
45 - 240, Dwell time=400ms
20 J Width points = 100
Peak width = 2.0
= 35 Resolution = 400
30 {
25 4
20 4
0 15 4
L]
10 -
° Hetalatablt e it L bt o allad bnet gl 1ad
O 4

239.4 239.5 239.6 239.7 239.8 239.9 239.9 240.0 240.1 240.2 240.3 240.4 240.5 240.6

Mass(amu)

Fig3 & peak at 240 amu formed by 1420 ngfml. U-7358 standard sloution,,

@ USN-5000

100+ MCN-100
Phenumatic Nebulizer
USN+MINI-GASS
80 4 MCN-6000
60 1
40 -
§ 20 +

[0} T T T T T T T
0 200 400 600 800 1000 1200 1400

U-238 conc.(ppt)
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Fizd Interference effect of U-238 at 239 amm depends on various nekulizers,



Takle3 Chemical wield for

Fu isotopes

resins(classical columm method),

in separation of Pu using Sr-spec and TEVA

Sr-spec TEV A -spe:

Loading, Elution Loading, Eluticn

ield(3z ) Y ield(32) Field(32) Yield (%)
Waghing cotnposition Washing cornposition
41 HMNO 16 08 M HNOs Bl4 1M HM O3 k1.7 05 I HCI 54.8
41 HMNO 213 1 I HNOs T 1M HM O3 4119 075 M HCI 4.9
411 HMNO; 384 1.2 IV HMNOs RA5 1 HMN O3 2R 10 I HCI 79.E
411 HMNO; 186 08 M HCI 789 1 HMNOs a8 4 15 I HCI 57.9°
411 HMNO; 189 1 &I HCI 910 1 HMNOs 337 20 I HCI T2
401 HMNO s 134 12 IiHCI 913 - - - -
« WEEE o o0 o £Ho] 4US,
0 HC1
. .

Timelsec)

Figh Elution curve of U-238 depend on the concentration of elution{HCI),
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—p |
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Figh Eluticn curve of UT-238 and Pu-242 in full seperation time in on-line flow

injecticn svstem,

Takled Results of the determination of Pu-239, Pu-240 in certified reference mmaterials

obtained b automated on-line flow njection ID-HE-ICP-IVE,

Pu-Z39+Puzdl

, J-238  Pu-240/Pu-239
Sample Name Yield(%) conc (ppt)  isotopic ratio Fresent Reference Fresent
work{Bofks) wvaluesiBog/ke) work/Reference
[AEA-3TR-1 473 fitd 0.99 0.3 030 049
[AEA-3TR-2  EB3 1 1.01 0.z 030 0.94
[AEA-376-3  h&EA 32 0.87 033 030 1.10
NIST -1 474 [l 0.40 0413 05l 0.96
NIST -2 b 6 3 0.42 052 05l 1.02
NIST -3 BB 2 45 0.40 054 05l 1.07
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