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Background

« |faradiological dispersive device (RDD), Improvised Nuclear Device (IND)
or nuclear accident (Fukushima Daiichi) occurs...

e there will be a urgent need for rapid analyses of environmental, food and bioassay
matrices

» Developed rapid methods for actinides in food (up to 1009)
e Submitted as US FDA Food Emergency Response Network (FERN) method

e Maxwell, S, Culligan, B. and Kelsey-Wall, A., G., Rapid determination of actinides in
emergency food samples, J. Radioanal. Nucl. Chem, (2012), 292:339-347

Large aliquots may be needed to assess low level activities/isotope ratios

Could we analyze much larger aliguots of rice for Pu
Isotopes?




Rice Sample Furnace Heating




Rapid Rice Sample Fusion




Anion Resin such as Dowex 1- HNO,

TR ol Hiel T Hin T He
1 i = |
wo 10s! || no n'n‘s.JLf ADS, SL. ADS ] N si.abs, [T JI NO Ans no aps.|]] N6 abs! || si. dos] || no aps] || no aps!
-1 T - =
T':T-—'-L-L—,..- Ll e UL L , ARNINRNINRA L L L L LU L L S aaaa
cs HE Ta w Re | ||| os r | ||iet Almg [T [ee [ T][8i Po
e ] “l ]F‘ o E:"_‘_" [ (m: I ™ m‘ I [t R o
t +— — —————H -~ PARTL) g —H[ st aosH =TT —
NO ADS! || NO a0s) SL_ADS. . NO ADS! | ~(aDS. L-44| st aps ||| A
WENT AN N R AN AR RS . 8| AN
[Fr Ra
Slight uranium tailing
La | | Sm | eo | LHGd | l{lvo | {lioy | [lwo | [ller | [lltm vo | e [T
= L8| B RERINE S SERIRERI RN SRS NEN S
B | | no as. aos, || no aps! || no aps| uo_A;‘)s‘._  no ans. |} no ansili wo aps A’DSHI NO ADS |
4N L LIACL L OCT L O AINRRIRNARI RN .J.]A L1
Ac cm Bk | []lct

L
---E—“’s- —o
+H
Al | 1 e
.- H
2 .
!
!
|

Lol i NN A

Flg. 1. Removal of Elements from Nitric Acid Solution with Strong-Base Anion Exchange Resin.




Anion Resin such as Dowex 1- HCI
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Pu and Np retained
Th and Am/Cm not retained

l:liigi ﬁi Anion exchange distribution coefficients in HCl solutions. (Dowex 1-X10)
ef. 1)




Why TEVA Resin for Pu/Np?

Figures 2 & 3 High k’ at 3M HNO3

Acid dependency of k' for various ions at 23

T ———r—rrrrny

*2 ml resin cartridge

otE T *Minimal U tailing
_ | *Lower HNO,
: ] *Good alpha resolution
10 | *Stack cartridges

| *Vacuum flow rates
o 7 *Acid volumes small
| L om _ oom [ *Less time and waste
0062 hor 108 10" 108 107 108 10° Aliguat 336 extractant

[HNO3] M [HCI] M

Horwirz, et al. (HP195)




Rapid Pu Column Separation

2mL TEVA cartridge

Rongalite reductant can be used
instead of TiCl, for electrodeposition

Less HF (0.01M) and TiCl, _ - _
(00001M) if ICP-MS assay Multlple 1 kg purlfled Sample solutions
may be combined as CeF;or evaporated

to analyze 5 kg samples




TEVA Separation — Flow rates

Load solution : ~1 drop/second




TEVA Separation — Flow rates

Rinse solution : ~2-3 drops/second




TEVA Separation — Flow rates

Pu Elution : 1 drop/second




Spiked #8Puin Rice Results - 1 kg samples

Sample 2%Pu Yield *Pu Reference Value “*Pu Reference Value Measured Value Difference
(mBg kg”)

D

O —~J O O BB LW PO e

% RSD

)

88.9
9L
92.8
810
838
85.1
87.1
83.7

86.8
4T

(pCi kg™

0.287
0.287
0.287
0.287
0.287
0.287
0.287
0.287

(mBg kg™

10.6
10.6
10.6
10.6
10.6
10.6
10.6
10.6

118
10.1
10.0
10.3
10.2
111
99
10.8

)

11.0
4.3
5.2
3.1
4.0
5.0
1.0
2.0

0.7

MDA

(mBg) Reference

3.7E-4
3.7E-4
3.7E-4
3.7E-4
3.7E-4
3.7E-4
3.7E-4
3.7E-4

MAPEP 12
MAPEP 12
MAPEP 12
MAPEP 12
MAPEP 12
MAPEP 12
MAPEP 12
MAPEP 12




Spiked #°Puin Rice Results - 1 kg samples

Sample “?Pu Yield “°Pu Reference Value “*Pu Reference Value Measured Value Difference MDA

D

88.9
915
922.8
81.0
838
85.1
87.1
83.7

O N o O BB LW PO -

Ag 8.8
%RSD 47

(nCi kg™

0.338
0.338
0.338
0.338
0.338
0.338
0.338
0.338

(mBq kg™

125
12.5
125
12.5
125
125
12.5
125

(mBq kg (9  (mBgg?) Reference

10.7 144 37E4 MAPEP 12
126 0.8 3.7E-4 MAPEP 12
124 08  37E4 MAPEP12
122 24 3T7E4 MAPEP 12
12.8 2.4 3.7E-4 MAPEP 12
12.0 40  37E4 MAPEP 12
117 64 37E4 MAPEP12
10.0 201  37E4 MAPEP 12
5.6

Pu-239 is refractory in MAPEP 12
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Spiked #°Puin Rice Results - 5 kg samples

Sample “*Pu Yield *Pu Reference Value **Pu Reference Value Measured Value Difference MDA

D (pCi kg™ mBy g mBagy) () By’ Reference
1 126 0.1130 000418 0.0039% 53 T40EH  MAPEP 12
2 106 00904 000334 000353 56  TH0E05 MAPEP 12
3 76.9 00904 000334 000366 06  TA0E05 MAPEP 12
N T3 k

%RSD 44

#1 -5 x 1.0 kg samples combined
#2— 4 x 1.25 kg samples combined
#3— 4 x 1.25 kg samples combined

Pu-239 is refractory in MAPEP 12




Plutonium Alpha Spectra - Spiked Rice
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2381 Interference on Pu by ICP-MS

Kim, C.S., Kim, C.K., and Lee, K.J., (2004), J. Anal. At. Spectrom., 19, 743
e concluded that uranium separation is needed
e the 23U level in the purified solutions should be less than 100 pg mL*

e to minimize spectral interference in the quantitative analysis of 23°Pu
and 3’Np




Enhanced U-238 Removal for Pu-239 by ICP-MS

* Typical single column TEVA separation 1000x removal of U
* ICP-MS
Option 1

for more U removal - redissolve CeF, in warm 3M HNO,-0.25M boric
acid and separate again on TEVA Resin with much less Ti in eluent

Option 2

Health Physics: August 2011 - Volume 101 - Issue 2 - pp 180-186, Rapid Determination of 237Np and
Plutonium Isotopes in Urine By Inductively-Coupled Plasma Mass Spectrometry and Alpha
Spectrometry, Maxwell, S L.; Culligan, B K.; Jones, V D.; Nichols, S T.; Noyes, GW.; Bernard, M.*
[>10E6 U decontamination of Pu)




Another Enhanced Uranium Removal Option (ICP-MS)

Option 2 to achieve
U removal > 10E7

Reduce Pu#*to Pus3*
and move Pu3* to DGA
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Rapid Actinide Method for Food

Rapid Determination of Actinides in Emergency Food Samples
S. L. Maxwell, B. K. Culligan, A. Kelsey-Wall and P. J. Shaw,
Journal of Radioanalytical and Nuclear Chemistry, (2012) 292:339-347

submitted as a US FDA FERN Standard Operating Procedure for the rapid
radiochemical analysis of alpha emitting isotopes of americium, curium,
plutonium, and uranium.
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Rapid Method Actinides in Food
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Pu and Np Alpha Spectra Spiked Food Sample

See paper for data on 10g and 100 g food samples:

Rapid Determination of Actinides in Emergency Food Samples
S. L. Maxwell, B. K. Culligan, A. Kelsey-Wall and P. J. Shaw,
Journal of Radioanalytical and Nuclear Chemistry, (2012) 292:339-347
21




MDA

U. S. Food and Drug Administration (FDA) provided guidance for
accidental contamination of foods to state and local agencies so that
protective actions may be taken

e FDA derived intervention level (DIL) for 28Pu + 23°Pu + 241Am is 2 Bg/kg (2 mBg/g or
0.054 pCi/g)

SRNL method provides a typical MDA of ~0.2 mBqg/g for a 10 g food sample
and 2 hour count time for each of the actinide isotopes cited in the DIL.

Method is fast and flexible

e longer count times can be used to lower MDA levels as needed.

e Forexample, for a 16 hour count time and a 10 g sample, an MDA of 0.04 mBqg/g can be
achieved.

Typically, the U. S. FDA recommends MDA levels be 1/3 of the DIL

e These MDAs are readily achievable using this rapid method
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Stacked cartridges

TEVA+ DGA Resin cartridges (Pu and Am)




Summary

* New method for Pu in rice developed at SRNL Environmental
Bioassay lab for up to 5 kg rice

* MDA for Pu in 5000g rice and 30 hour count =~7 E-5 mBqg/g
 After the initial furnace and wet-ashing....

Rapid sodium hydroxide fusion
Rapid TEVA cartridge separation
Options to use alpha spectrometry or ICP-MS

Enhanced uranium removal options

Redissolve CeF, and reprocess with TEVA Resin
Move Pu to DGA Resin and rinse more

e Good chemical yields

* Rugged for refractory particles
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