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Recent Advances— SRS Environmental Bioassay Lab

o Actinides in NRIP 2009 air filters and soil (3-4 hrs)

 Adapted rapid methods to ICP-MS
— ICP-MS compatible resin strip solutions
— hybrid approach

 Implement rapid bioassay method for routine work
— Plus 24 hour screening using NRIP urine method

« Added Sr-89/90 to actinides in soil method

— Future potential applications
m vegetation/foodstuffs
m fecal samples
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Background

 Need for faster methods for Homeland Security
— NRIP 2008 actinides and Sr-90 in water/urine samples in 3-4 hours
— Actinides in NRIP soil samples reported in 4-5 hours

 Benefits

— More efficient routine analytical methods with cost savings
m Soil
m Water, urine

e Literature
— Usually don’t find rapid methods for actinides-maybe 24 hours
— Often complex with 40-80% actinide yields
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Recent Literature: Actinides and Sr in Soll

« Wang, J., Chen, I, and Chiu, J.: Sequential isotopic determination of
plutonium, thorium, americium, strontium and uranium in environmental and
bioassay samples, Applied Radiation and Isotopes, 61, 299 (2004)

— Leached NRIP soll, air filters, etc

— Multiple sequential precipitations

— Anion resin, TRU resin, Chelex 100 resin

— Evaporation, wet-ashing and electrodeposition

— Yields: plutonium (60-76%), americium (40-59%), uranium (57-76%), strontium
(63-77%)

—  Sr: oxalate precipitation was performed at pH 4.2 on the anion resin rinse
solution followed by a Sr Resin separation.
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Wang, et al Flow Chart

Water, Soil, Filter, Unne. Feves Samples

S, Ca®, P, T M am, YU
FIME, o+ Hy
Mpwstsim
D|_1|l11ﬂ.1
B0 2L,
erwex 1 X
|
¥ ¥ [ ¥
Fusin Silutsond A Solulson 1) Hedutivn L)
1 HC HeL sty Ty + (WL RC
- I + pH ’42 ph=1.3 =30
Suction  Suction T
Fluate Hesin fa K-
NHLE - HCT Onalate ;Iuir Jhrs
L | T | I 1 HNG e
e ] ' 1M AIND t 3
Kesin Fluste - - :
Electroplate THimass EiChroM Sr-spec. Eil"hrol TRL Rexii Sodulim
sardd 10, . .
e HCI0, 20 HND, 3o (W H 00 [ Mesard
Ihvmess A% M, Stir Wnwn.
Alpha specirometer T Eluais Hessin F— Buctum
ey H e Dascand LE) Eluate i Hesin L] L]
1 : [T HC Revlts Salution
Ehaale Dizcard & 48 HCT :
iipha speciioiteter [Mzcard Irysa
Fhuale MO,
Py ] HL W3
“erenk l Drymess Dirymeesx
L. oy CoUndIng HNO,
HC, Elect
w-“rii'ff L vplale
Eleciroplste J,
- Aldpha spectrometear I
Allpha specirometer ey,
bllﬂlm
S>avannan Kiver

Nuclear Solutions, LLC

A Fluor Dandel Partnership



Why not Sr-89/90 with actinides in soil?

e Sr-89/90 with actinides in many of our SRS methods
— Water, urine
— Air filters
— Vegetation, fruit
— Animal tissue
 Can we add Sr-89/90 to the rapid actinide soil method?

— LaF; precipitation-soil matrix removal
— How can we get Sr to follow the actinides?

es Savannah River



Rapid Soil Methods used at SRS

e Actinides in Soil-improvements
— 1-2 gram routine/emergency method
— 5-10 gram routine method

m Use lanthanum fluoride instead of cerium fluoride
» Lak <Cek on DGA

m Remove La more quickly on DGA (1-2 gram samples)
» instead of TEVA-SCN

m Still need TEVA-SCN for 5-10 gram samples
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The Magic of DGA
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Source: http://www.eichrom.com/products/info/dga_resin.cfm




NRIP -2009 Soil Turnaround Times

Nuclide
238 Pu*
240 Pu*

241 Am

238 |

234 |

*Includes TEVA reprocessing
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Turnaround Time (Hrs.)
5.4
5.4
4.4
4.1
4.1



Can we add Sr-89/90 to this rapid soil method?

 Approach
— Rapid sodium hydroxide fusion

— LaF; soil matrix removal

— But......also add Ca and PO,
m to enhance Sr recovery across the iron hydroxide precipitation after rapid NaOH fusion
— Add Ca to enhance Sr recovery during LaF, precipitation

— Increase nitrate ions in load solution/beaker rinse

m increase Am/Cm retention on DGA
m selects against Ca
m increases U retention on TRU
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Increase Total Nitrate — DGA Resin

~6M nitrate (load solution)
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Horwitz, P., McAlister, D. Bond, A., and Barrans Jr, A. B.: Novel extraction chromatographic resins based on tetraalkyldiglycolamides:
characterization and potential applications, Solvent Extr. lon Exch. 23, (3), 319, (2005)
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Increase Total Nitrate Some...but not too much

Acid dependency of k" for various ions at 23-25°C.
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SRS Solil Sample Preparation

5 g soil sample.
Add Tracers
HNOs — HF
Digestion
Heat on Hot Plate

1-2 g soil sample. Add Tracers
(Pu242/Pu236, Am243. U232, Sr Carrier)
Heat on Hot Plate

3 ml 1.25M Ca

/5 ml 3M (NH4),HPO,

Fuse in Zr Crucible 5-10 min. {15g NaOH - 600C).
Hydroxide precipitation (4mg La Carrier, Ca, POy, TiCls;,

Ba).
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(img La, Ca, HCL/HF, TiCls)

v

1 ml 1.25M Ca

Lanthanum Fluoride Matrix removal /

Reduce TiCI3 from

Redissolve in SmL 3M HNOs-0.25M Boric Acid
6mL 7M HNO;, 7mL 2M AI(NO;);

10 ml to 3ml

v

Valence Adj.: 0.5mL 1.5M Sulfamic Acid
1.25mL 1.5M Ascorbic Acid.

Increase nitrate

1mL 3.5M NaNQO-, 1.5mL con. HNO;

I

Column Load
Solution




Soll Column Separation (1 -2 g)
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Soll Column Separation (5 g)

TEVA + TRU + DGA
Load Sr Collect Load/Rinse Sr
Solution " Add: 5mL 3M HNO; beaker rinse. Soln's and Evaporate Resin

10mL 3M HNO:zcolumn rinse
Split Cartridaes

Y

Y

TEVA DGA
Rinse w/ 10mL 3M HNOs .
20mL 9M HCI, (Remove Th) Rinse w/ 8mL 0.1M HNOs

F 3
k

&mL 3M HNQC3 {Remove U)
, .
Elute Pu w/ 20mL 0.1M HCI-0.05M Stack TRU + DGA What's different?
HF — 0.01M TiCh Add 15mL 4M HCI 4
{Move all Am/Cm to DGA)
/

|
v / v
Add 0.5mL 30 wt% DGA / TRU

L Elute Am/Cm with Rinse w/ 15mL 4M HCI -
H202 to oxidize any U. 10mL 0.25M HCI 0.2M HF-0.002M TiCls

& 5mL 8M HNO-
l Elute U w/15mL 0.1M
NH4sH2C:04
TEVA Rare
Earth Removal *
NH.SCN Add 0.5mL
20% TiCls
Add 50ug Ce to 1TmL 49% HF Filter &

count by alpha spectroscopy
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Resin Separation
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Redissolve with 10mL 8M
HNO3; + 8mL 3M HNOs

v

Load to 3mL Sr
Resin Column

Rinses:

- 5mL 8M HNO3; Beaker Rinse

- 10mL 8M HNO; Column Rinse
- 5mL 3M HNO;

- 0.05M Oxalic Acid

- 10mL 8M HNO;

v

Elute Sr with 15mL
0.05M HNQO;3

}
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MAPEP 18 Soil- Rapid Fusion
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Precipitation after Fusion

Fe(OH), ppt
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Lanthanum/Calcium Fluoride Matrix Removal

Load Solution
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.....................



Soil work is fun!
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Gravity Flow
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Column Separation

TEVA

Savannah Rlver

TEVA+TRU+DGA

DGA




Column Separation

TRU+DGA
(Move Am/Cm to DGA)

DGA
(Remove La)
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Sr Separation

3ml Sr Resin

Load + Rinses

Sr mount with Sr carrier
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Routine Flow Rates

Load solution ~ 1 drop per second




Routine Flow Rates

Rinse ~ 2 drops per second

éé Savannah River
Muclear Solutions, LLC

A Fluear Daniel Partnership,



MAPEP 18 Soil Results

_ Refractory

MAPEP 18 Pu-242 Pu-238 Pu-239
% Rec Ba/kg Bqg/kg
1 102.1 5.6 88.5
2 107.3 79.8 76.1
3 117.5 5.7 81.3
4 106.9 2.3 103.2
5 90.7 829 99.9
6 83.7 821 95.5
4 108.7 799 4.7
8 100.3 743 95.7
avg 102.2 7.8 91.9
RSD 10.48 4.96 10.05
Reference 72.80 90.1
% diff 6.93 1.97
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MAPEP 18 Soil Results

MAPEP 18 | Am-243 | Am-241 Cm-244

% Rec Bqg/kg Ba/kg

1 97.3 114 .1 32.9

2 91.2 125.4 30.0
3 93.7 133.1 33.6
4 96.0 117.9 33.5
5 96.3 124.5 37.4
6 86.7 124 .1 32.4
4 102.9 118.4 36.0
8 105.8 119.1 31.1
avg 96.2 122.1 334
RSD 6.33 4.85 7.20
Reference| 127.20 32.0

% diff -4.02 425
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MAPEP 18 Soil Results

MAPEP 18 U-232 U-234 U-238
% Rec Ba/kg Bag/kg
1 814 138.4 146.2
2 81.3 139.9 152.0
3 858 136.8 146.2
4 80.8 139.1 148.4
S 859 137.3 152.8
6 /6.6 141.7 149.5
{ 899 139.5 146.8
38 90.0 132.5 138.0
avg 84.0 138.1 147.5
RSD 564 2.00 3.11
Reference 142 148
% diff 2.12 -0.34
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MAPEP 18 Sr-90 Results

MAPEP 18 Sr carrier Sr-90
% Rec Bqg/kg

1 61.0 484 .0
2 61.0 479.0
4 56.6 536.0
5 590.7 480.0
6 60.4 438.0
7 591 447 .0
avg 60 477.3
RSD 2.8 7.23
Reference 493.0

% diff -3.18
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MAPEP 20 Sr-90 Results

MAPEP 20 Sr carrier Sr-90
% Rec Ba/kg

1 70.8 281.9
2 65.7 267 .1
3 65.7 270.7
4 70.1 306.7
5 63.8 269.1
6 60.1 265.6
avg 66.0 276.9
RSD 6.0 5.68
Reference 257.0

% diff 7.72
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Counts

Environmental & Bioassay Laboratories

Filename: S_06039$037 PU Detector: 37 Chemical Yield: 102.07%
Acquisition Start: 12-OCT-2009 15:26:33 Count Time: 0 16:00:02
Region type: STANDARD Tracer ID: pu242-444 Tracer FWHM: 25.086
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Environmental & Bioassay Laboratories

Filename: S_06040$046_AM Detector: 46 Chemical Yield: 95.982%
Acquisition Start: 12-OCT-2009 15:25:29 Count Time: 0 16:00:02
Region type: MANUAL Tracer ID: am243-444 Tracer FWHM: 42.964
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Environmental & Bioassay Laboratories

Chemical Yield: 80.819%
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Filename: S 06041$092 TU Detector: 92
Acquisition Start: 12-OCT-2009 15:43:10 Count Time: 0 16:00:01
Region type: STANDARD Tracer ID: u232-888 Tracer FWHM: 32.530
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Summary

Rapid soil method
— Actinides in soil in ~4 hours (emergency)

New rapid method with actinides and Sr-89/90 together

Cost savings
—  Estimate-$60,000 year in labor cost savings for soil samples
— Eliminates separate Sr-89/90 sample preparation

Adaptable to ICP-MS
— Hybrid approach

»  Maxwell lll, S.L. and Jones, V.D. , Rapid determination of actinides in urine by
inductively coupled plasma mass spectrometry and alpha spectrometry: A hybrid
approach: Volume 80, Issue 1, 15 November 2009, Pages 143-150

Adaptable to other difficult matrices
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http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235288%232009%23999199998%231515109%23FLA%23&_cdi=5288&_pubType=J&view=c&_auth=y&_acct=C000060254&_version=1&_urlVersion=0&_userid=6838242&md5=cb45ccbb60780be3c40b0d0f14ae6439
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