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USTUR: Human Tissue Analysis

®Tissue Digestion
® Actinide Separation

® Alpha Spectrometric Measurement
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ICP-MS: Alternative to a-spectrometry

® Inductively coupled plasma mass spectrometry (ICP-MS) is
now a well established technique for 234235238 gnd 239:240py
determination in environmental samples

® With recent ICP-MS instrument developments, 21Am and
241py determination in soil samples has been reported

® |CP-MS not previously applied for actinide determination in
human tissue samples (low concentrations)

® USTUR routinely used a-spectrometry as “technique of
choice” for 233Pu and 23%+240py and 2**Am in human tissues
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Human Tissue Samples for ICP-MS Trial

# of a-spectrometry
Case #
samp|es 234,235,238 238, 239+240py 241Am
0269 4 X o o
0425 8 o o o
0720 2 X o o
1028 6 o X X

Case # 0269, 0425, 0720 — Pu cases; #1028 — U case (HEU)
Case # 0425 (Pu) - analyzed for U (natural)

Total: 20 samples (9 bones and 11 soft tissues)
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NAU: ICP-MS instrument

*VVG Axiom MC used in single collector mode
*|CP-MS Type: Sector Field
eUltrasonic nebulizer

eInstalled December 2001
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239:240py; |CP-MS vs o-spectrometry

239+240Pu 11—
® |CP-MS: 23°Pu, 24°Py and 0
240 239 : 3
Pu/ Pu ratlo = 1:1 correspondence line I/ :
® 239+240py was estimated for ERT s _
13 samples (Pu cases) ]
o 1 |
° Ga" bladder (0425'004 ) and g Weighted Regression ﬂnalﬁis?
all 6 samples from Uranium PR
'alue TTor
Case 1028: < ICP-MS LOD 01 ["mz | 0.0007| 0.0009
m2 L.034 | 0.0020
| no9rz NA
0.01 | 1 1
Wilcoxon matched-pairs test: S 0 100 1000
a-spectrometry: “¥*¥py (Bq)
® p =0.0840
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ICP-MS: 240Pu/239Py atom ratio

0.2 T T T T T T
Global Fallout; 0,17 - 0,18
015 b USTUR average: 0.065+ 0.007 | = |
2
2 Case 0269 Case 0425 Case 0720
£ 0.063+/-0.001 0.068+/-0.008 0.061+/-0.003
E 0.1
“;ﬁ_ . »
= -
4 o o b] 1 e @ . % r -
0.05
Weapon-grade: 0.02 - 0.07
u 1 1 1 1 1 1
0 2 4 [ 8 10 12 14
Sample #
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ICP-MS: Determination of 241Pu

241Pu T T T T T

o m Case# 0260

C T1/2 =14.1 Y, B' emitter | ® Case# 0720

® not detectable by
o-spectrometry

100 - .

241py was detected in:
® liver (269.003)
® femur, PE (269.031)
* humerus, PE (269.052) o g ;
® lung (720.001) L , . . .

ICP-MS: *"'Pu in whale argan (Bq)

. 1 2 3 4 5 ] 7
® liver (720.004) Sampe
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241Am: ICP-MS vs a.-spectrometry
241Am o
*T,,=434.4Yy, a-emitter
® never been measured by _
ICP-MS in human tissues g | ensmdmele
241Am was detected in: 2 Ll ]
e liver (269.003) ]
& Weighted Regression Analvsis 4
o humerus’ PE (269-052 ) y=ml+m2* Ml
\.'alue| Emar
® lung (720.001) mi | 00| 0115
m2 0.919| 0.020
® liver (720.004) . i e
1 10 100
Wilcoxon matched-pairs test: wspectrometry: *Am (5q)
®*p=0.9263
mwlrﬁ{guam
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Case #0425:
® Pu case
® Not exposed to U, ...,
® natural U, (low level)

ICP-MS: Uranium (Bq)

Wilcoxon matched-pairs test:
® p =0.0078 (34U)
® p =0.0078 (**5U)
* p = 0.0078 (338U)
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Uranium (nat.): ICP-MS vs a-spectrometry

01 T T
. 234
235
o 1-238
0.01
o .
1:1 lence lii P -
4
0.001 1 B
e
By ea w
0.0001 | -
—& ™
[ ]
| ]
10° | i =3
10® 0.0001 0.001 0.01 0.1

a-spectrometry: Uranium (Bg)

® Not exposed to U,
® natural U (low level)

A0 ackivity ratio

234U/238U =1.0
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234y /238U ICP-MS vs oi-spectrometry
Case #0425: ® spec
10 B ICP-Ms

® Pu case

| b

® Activity ratio: L
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Uranium (anth.): ICP-MS vs a-spectrometry

100 T T T T T

Case #1028: s v
0 5 yass
® U case

1:1 correspondence line

° exposed to U g | == O . -
® enriched U, high level E 01
Wilcoxon matched-pairs test: é 001

* p = 0.9998 (3U)
* p = 0.6875 (35U)
* p =0.3125 (28U) Y T YT VR R,

a-spectrometry: Uranium (Bq)

0.001
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ICP-MS: Anthropogenic 236U
id [ 1028.001 (liver) |
Uranium (nat.) atom ratio: : it
® 235y /238 = 0.00725 1:' @
a1 I
23411 /235[ ] = 2 , {3
® 234y /235 = 0.00763 P e | .
e 236 /238 = 0,000 e (: )
10‘ ._. i . I.
Could never measure at USTUR 7 R e
Mass (amy) ‘
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Conclusions

v'This study confirmed the suitability of ICP-MS for
determination of 239+240py, 240py/239py 241AMm, and natural
234,235,238 isotopes in bones and soft tissues of exposed
individuals

vICP-MS ability to measure the 2°Pu/23%Pu isotopic ratio,
241py and anthropogenic 236U provides important new data -
beyond a-spectrometry

v'Alpha spectrometry remains “technique of choice” for
238py and low 2**Am determination

v'For the first time 2*Am was detected by ICP-MS in human
tissue samples
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Disclaimer: “This presentation was prepared as an account of work sponsored
by an agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.”
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