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Eichrom Method ACUO02-VBS
Am, Pu, and U in urine
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Reference No. Title Downlood

ACS07 Uranium in soil (2 g sample) Download

ACS07 VBS Uranium in Soil (2 g Sample, with VBS) Downlood

ACUOQ2 Americium, Plutonium and Uranium in Urine Downlood

ACW 01 VBS Uranium and Thorium in Water (with VBS) Downlood
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Outline

« Steps
— Tracer Equilibration/Mild Digestion
— Calcium Phosphate Precipitation
— Precipitate Digestion to remove organics
— Load Solution and Red/Ox Adjustments
« Reducing Conditions: Am(lll), Pu(lll)/Np(IV), U(VI), Fe(ll)
— UTEVA/TRU Separation
— Alpha Source Preparation (CeF3)
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Acidification and Tracer Equilibration

%‘f"_____::j- 1) Aliquot up to 1200mL of water into
e B glass beaker. (Filter if necessary)
| 2) Add yield tracers.
‘ 243Am(239Np), 232U*, 236Pu or 242Pu
*Self-cleaning (Eichrom Method TPO1)
h | 3) Add 1mL of 1.25M Ca(NO;),. (50 mg Ca)
e Add 2-3 drops of 1-octanol. (minimize foam)
Urine Sample in 4) Add 25 mL of conc. HNO;.
glass beaker. . . )
HNO, digest. 5)_ Heat samples at medium setting for 30-60
minutes.

m waveichomeo 6) Remove samples from heat.



Calcium Phosphate Precipitation
6) Add 2.5mL of 3.2M (NH,),HPO,. (excess PO,*)

7) While stirring sample, slowly add conc. NH,OH ]
until reaching pH 8-9. Mix 30 minutes at low heat.

8) Cool to room temperature. Calcium

Allow precipitate to settle or centrifuge. PO:F;?_ate

9) Decant supernate and discard as waste.

10) Transfer precipitate to centrifuge tube with DI water.

11) Centrifuge ~10minutes at 2000rpm. Decant supernate.

Centrifuge.

12) Add 10mL DI water to ppt. Mix well. Centrifuge. V?;‘;f\”éﬁ‘é&;{”::g_
Decant supernate. Centrifuge. Decant.



What is in Urine? (Varies based on person, diet, hydration)
O

1) Volume: 600- 2500 ml/24 hrs. Average: 1,200 ml. |\||-|2_(|:,|‘_|\]|_|2
2) Specific gravity: 1.003 - 1.030
3) (pH: 4.7 - 7.5) Average pH: 6.0 o Urea (25-30g)
4) Total solids: 30 - 70 g/liter. HO
THLOH o)

Na* (3-6g) o N
K* (1-3g) Oxalic acid (15-20mg)
Ca?*(0.1-0.3g) W] A \ ,NAN
PO,> (1-2g) K Py Q
SO, (1-4g) N @A H/\ITOH CHs
Mg (40-200mg)  Purine Bases (7-10mg) O Creatinine (0.5-2g)
NH,* (0.3-1g) Hippuric acid (0.1-1g)
oo .

; N\)J\OH

O

6 00 oHO A # T

)K M M H Creatine (0.5-2g)
OH OH Uric aC|d (0.3-1g)

Ketone Bodies (3-15mg)



Need to destroy organic material

Can clog columns or
cartridges.

Interferes with
separations.

Decreases yields.




Digest Precipitate

13) Rinse original beaker with 5 mL conc. HNO,.
Transfer to centrifuge tube containing precipitate.
Dissolve precipitate and transfer to 200 mL glass beaker.

14) Rinse centrifuge tube with 2x 5 mL conc. HNO3.
Transfer rinses to the 200 mL beaker.

15) Add 1 mL 30% H,O, and evaporate samples to dryness.
Watch samples and remove from heat as they dry.
Heating too long can make them difficult to re-dissolve,
especially Pu and Th.

16) While samples are still hot, carefully add 2-3 drops of 30% H,O, to
digest remaining organics.

Add 5 mL of conc. HNO; and 5 mL 30% H,0..
Evaporate to dryness. Repeat until precipitate is white.



Calcium Phosphate Precipitation

Calcium phosphate - carrier for actinides in all oxidation states,
Fe(lll) and Sr.

Requires pH adjustment to 8-9. (Higher pH can carry more matrix)

Easy to dissolve in acid for further processing.

Phosphate will strongly affect separation of Th(IV), Pu(lV) and
Np(IV) on TEVA and UTEVA.

Addition of AI(NO,), reduces impact by complexing phosphate.
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Load Solution and Red/Ox Adjustments

17) Dissolve residue in 16mL 3M HNO;-1M AI(NO,);. (Al complexes PO,*)
Add Ammonium thiocyanate indicator (turns red with Fe(lll))

1.0 mL 1.5M Sulfamic Acid, (scavenges NO,")

0.5 mL of 5 mg/ mL Fe, (will act as reducing agent)

1-2 mL 1M Ascorbic Acid (reduces to Fe(ll) == Pu(lll)/Np(IV))
Swirl to mix. Wait 3-5 minutes. (Np(V) to Np(lV) slower, may need more time)

Solution should be clear: Fe(ll), U(VI), Pu(lll), Np(IV), and Am(lII)



Cartridge Separations

Retains (IV) and (VI) actinides from HNO;.
Sensitive to phosphate.

Retains (Ill), (1V), (V1) actinides from HNO..
Pu/Am/Cm(lll) Sensitive to Fe(lll).
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UTEVA Resin

i endency of k' for various ions at 23-25°C.
oK e Y Effect of Matrix Constituents on Uranium Retention

UTEVA Resin .
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UTEVA Resin

Acid dependency of k' for various ions at 23-25°C.
UTEVA Resin
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18) Precondition UTEVA-TRU with 5mL 3M HNO;.

19) Load sample onto UTEVA-TRU at 1-2 mL/min.
UTEVA retains U(VI). TRU retains Pu(lll) and Am(lll).

20) Rinse sample tube with 5mL 3M HNO,.
Add rinse to UTEVA-TRU. Allow liquid to drain.

21) Rinse UTEVA-TRU with 5mL 3M HNO,.
Allow liquid to drain.

22) Separate UTEVA and TRU cartridges.
23) Rinse UTEVA with 15mL 8M HNO;. (Po removal)

24) Rinse UTEVA 15mL 9M HCI. (convert to HCI).

25) Rinse UTEVA with 20 mL 5M HCI-0.05M oxalic acid.
Removes Th(IV) and any traces of Pu(IV)/Np(IV).

26) Place a clean 50 mL centrifuge tube below each
UTEVA cartridge. Elute U with 15 mL 1M HCI.
(set aside for CeF;).



TRU Resin

10 E

10° 3 27) Rinse TRU with 5 mL 2M HNO; — 0.1M NaNO,.

Converts Pu(lll) to Pu(lV). Cartridge may turn pale blue.

104 |

10° 28) Place clean 50 mL centrifuge tube below each TRU cartridge.

Strip Am(lll) with 15 mL of 4M HCI. (Set aside for CeF;).
102 L

29) Rinse each TRU cartridge with 25 mL 4M HCI-0.1M HF.
(Removes any traces of Th(IV) that may have broken

101
F through UTEVA).

-
-
3

30) Place a clean 50 mL centrifuge tube below each TRU cartridge.
Strip Pu with 10 mL of 0.1M ammonium bioxalate.

Fe (Il (set aside for CeF3).

ca(ll)

1 | el B N R

102 Ll 1l Lol i 1l ol Ll
102 10 100 10' 102 10" 100 10
[HNOg] M



TRU Resin

K'Uon TRU vs H,PO,

k' Amon TRU

104:----| 21(1)0C 1hr 100 150um - 106 50-100um, 1h, 21(1)00
5
10" 43M HNO, "
13M HNO.- 1M AI(NO,
SMIFRNO, TMARO) Phosphate has I|ttle impact......
—10°
= 5103
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] 102_5 ———— e
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10°
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RU Resin

TRU k' Am on TRU vs Fe(lll)

10* o
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Fe(lll) - ] ;
10° ,7'
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Rare earths will elute from

(1) Add 2 mL F¥0% HNO3 + 50 ul 10%
Hz2504 to Am/Cm eluate from TRU or DIGA
Resin separation. Evaporate to dryness.

(2) Ash to dryness with 3 mL 70% HMNOz +
2 mL 30% H202_

{3) Dissclve Am/Cm in 5 mL 4M NHaSCN
-0.1M Formic acid.

(4) Precondition 2 mL TEVA
cartrndge with 5 mL 40 NHaSCMN
-0 1M Formic acid.

(9) Load Am/Cm from step (3)
on TEWVA.

(6) Rinse Am/Cm beaker with 5 mL

AM NHaSCN-0.1M Formic acid.

Add to TEVA.

() Rinse TEVA w/ 10 mL 1.5M
MHaSCMN-0_1M Formic acid.

(8) Strip Am/Cm from TEWVA with 20 mL
1M HCIL.

{9) Prepare alpha spectrometry source
using rare earth fluoride microprecipitation
{AMN-18058).

Activity (arbiirary units)

108

10%

102

102

10!

RU with Am(lll)

Separation of light lanthanides (La-Eu)
from Am using TEWVA Resin Column

Load solution: 2 M NH,SCN - 0.1 M HCOOH

F 1.0 M NH,SCN " 0.25 M HC! 3
= 0.1 M HCOOH ]
- T Am .
La-Eu b
| 1 | 1
5 10 15 20 25 30

Free Column Volume



Americium Spectrum after TRU Resin Separation
presence of rare earths degrades spectrum- self absorption issues

30

Am-241

Counts
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Counts

Am Spectrum after TEVA Resin Separation

Lanthanide elements removed - cleaner spectrum

150

100

-] Am-241
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3500

4000 4500 5000 55% ' " 6000 6500
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Alpha Source Preparation (CeF3)

Rapid method with adequate resolution for most analyses.

- No evaporations
- Additional removal of U(VI)

Add 50-100 ug of Ce

Add TiCl; to U samples, U(IV) will carry on CeF,
Add H,0, to non-U samples, U(VI) will not carry on CeF,

Add HF (or NH,HF) to all samples
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Alpha Source Preparation (CeF3)

Typical Performance of CeF; Microprecipitation onto Eichrom Resolve Filters

Nuclide ug Ce Matrix Yield Resolution (FWHM)
2Th 50 30 mL 4.5M HCl >95% 20-30 keV
BBy 100 20 mL 1M HCl >95% 30-40 keV
“%py 50 20 mL 0.1M HCI-0.05MHF-0.01MTiCl;  >95% 30-40 keV
*Am 50 15 mL 4M HCl >95% 22-28 keV
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1) Dilute samples as necessary and
add Ce Carrier (See Table I).

2) U Samples Add 0.5mL 10% TiCly

3) Th, Np. Pu, Am/Cm samples

requiring additional U decontamination:
Add 50mL 30% HaO2

4) Swirl to mix.

9) Add 1-3.5mL conc. HF (see Table I).
5) Swirl to mix.

) Wait 20-30 minutes before filtration.

I

Sample
from
separation
method in
50miL
centrifuge
tube

Filter
assembly with
25mm, 0. 1pum

Resoe™

polypropylene
filter

8) Ensure tight fit of fiker assembly.
9) Engage vacuum.

10) Wetfiiter with 3-5mL 80% ethanal.
11) Wetfilter with 3-5mL DI water.

12) Add sample.

13) Rinse tube with SmL DI water

and add to filter assembly.

14) Allow all fluid to pass through filter.

15) Rinse filter funnel with 3-5mL DI Water.
16) Rinse filter funnel with 2-3mL ethanaol. u

17) Filter until dry.

18) Remove filter (lifting on edges).

19) Mount filter to stainless steel planchet.
20} Place mounrted filter into petn dish.
21} Dry under heat lamp.

22) Place lid on petri dish. Store until
alpha measurement.




counts

1o sy PPu CeF3 filter
100 - 230Th 241Am

@{ CeF,ppt.on - Faster

801 Resolve® Filter - Simpler

«| Mpxedalpha - Adequate resolution

75ug C
e - Less durable (contamination)
0 - Additional U purification

counts

239Pu
241Am oy .
Electrodeposition 23U Electrodeposition
Mixed alpha 230Th - Slower
2] Copper Disk - More complex
8] - Superior resolution

-  More durable
JU Y
D- . L M i I_}:J. IJ. A

T 1 T 1 T T 1 T 1 T T 1 T 1 T T T 1 T T T T 1 T 1
3003 3203 3403 3603 5803 4003 4203 4405 4803 4503 5003 5203 5403 5603 5303
Energy (ke

1
B0



U-238, U-234, and U-232 in 15 mL 1 M HCI

600

100 pg Ce, 1 mL conc. HF, TiCl,

—— PP-1 '
1—— PP-2/U-238 U-234
500 J/— PP-3 U-232 i
- - - PE-1
1- - - PE-2 l‘
400~ ~ PE-3 ‘g .
@ |
S 300 4 _
(@)
(&)
200 .
100 A “
AN
375 400 425 450 475 500 525 550 5.75

Energy (MeV)



counts

Am-243, Am-241, and Cm-244 in 10 mL 1 M HCI
50nge 1 mLconc HF O5mL30%H O

2500
—— PP-1 Am 243
1—— PP-2
2000 - PP-3 -
--- PE-1] |
--- PE2 | Cm-244
-~ - PE- Am-241
1500 - PE-3 ! m -
1000 - i
500 - -
O — — - T T
5.00 5.25 5.50

Energy (MeV)

6.00



Np-237 and Pu-239 in 20 mL 0.1 M HCI + 0.05 M HF + 0.01 M TiCI3
50 pg Ce, 1 mL conc. HF, 0.5 mL 30% H,0,

1800
— PP-1 Pu-239
1600 - PP-2 ﬁ -
| ——PP3 '
1400 - i
| --- PE-1
12004 |- - - PE-2 A 7
- PE-3 /i -
£ 1000 - g .
5 Np-237 !
3 800 - P ;J", -
T |
600 - i i
400 - i -
A f
200 - k 4

| | '
4.75 5.00 5.25

Enerav (MeV)



Questions????
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