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Outline
‐ Updates to Eichrom “classic” methods

‐ Application Notes for new methods

‐ Highlights of important steps



Eichrom Methods
‐ No major changes to the chemistry

‐ Format/Organization

‐ Separated CeF3/Electrodeposition into Separate Methods 

‐ Improve Reference Material

‐ Add One Page Flowcharts

‐ Column and Cartridge Based Methods



Method Analyte Matrix Column Cartridge
ACS07 U soil x x
ACU02 Am-Cm/Pu/U urine x x
ACW01 U/Th water x x
ACW02 U water x x
ACW03 Am-Cm/Pu/U water x x
ACW04 Am water x x
ACW08 Th/Np water x x
ACW10 Th water x x
ACW11 Total Alpha water
ACW13 Th/Pu/U water x x
ACW-16 Am-Cm/Pu/U/Np/Th water x x
ACW-17 Am-Cm/Pu/U/Np/Th/Sr water x x
FEW01 Fe water x x
NIW01 Ni water x x
OTS01 Pb soil x x
OTW01 Pb/Po water x x
OTW02 Tritium water x x
RAW01 Ra water x x
RAW03 Ra water x x
RAW04 Ra water x x
SPA01
SPA02
SPA03 x x
SRW01 Sr water x x
TCS01 Tc soil x x
TSU01 Tc urine
TCW01 Tc water x x
TCW02 Tc water
TP01

VBS01

N/A

N/A
N/A

Disk

Disk

CeF3 ppt
Electrodeposition

Am-Rare Earth Separation

Vacuum Box System Guide
Set-up of U-232 Self-Cleaning Tracer







ASTM International, Standards for Radiochemistry, http://www.astm.org/

National Analytical Management Program (NAMP), Webinar Series on Actinide 
chemistry, http://www.wipp.energy.gov/namp/en_content‐30‐trainingedu.html

National Academy of Sciences, Monograph Series on Radiochemistry, 
http://www.lanl.gov/library/find/ebooks/radiochem.php
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Application Notes
‐ Significant changes to the chemistry

‐ Application to new matrix or sample size

‐ New analyte or combination of analytes

‐Make vast library of applications of Eichrom 
Products more accessible.

‐ Two pages highlight:
‐ Summary of method
‐ Reagent/Equipment lists
‐ Flowsheet(s)
‐ Testing data
‐ Reference to literature citation





Number Title Analytes Matrix
AN-1401 Rapid Determination of 226Ra in Emergency Urine and Water 226Ra Emergency Urine/Water
AN-1402 Rapid Determination of Sr in Emergency Milk Samples Sr Emergency Milk
AN-1403 Rapid Determination of Sr in 50g Soil Samples Sr Soil (50g)
AN-1404 Rapid Determination of Sr in 1-2 Liter Seawater Samples Sr Seawater (1-2L)
AN-1405 Rapid Determination of Sr in Vegetation Samples Sr Vegetation
AN-1406 Rapid Determination of Actinides in Vegetation Samples U, Pu, Am, Cm Vegetation
AN-1407 Rapid Determination of Sr in Animal Tissue Samples Sr Animal Tissue
AN-1408 Rapid Determination of Actinides in Animal Tissue Samples U, Pu, Am, Cm Animal Tissue
AN-1409 Rapid Determination of Sr in Building Materials Sr Building Materials
AN-1410 Rapid Determination of Sr in Emergency Urine Samples Sr Emergency Urine
AN-1411 Rapid Determination of Sr in Emergency Water Samples Sr Emergency Water
AN-1412 Rapid Determination of Actinides in Emergency Urine Samples U, Pu, Am, Cm Emergency Urine
AN-1413 Rapid Determination of Actinides in Emergency Water Samples U, Pu, Am, Cm Emergency Water
AN-1414 Rapid Determination of 90Sr in Up to 40 Liter Seawater Samples 90Sr Seawater (40L)
AN-1415 Rapid Determination of 210Po in Water Samples 210Po Water
AN-1416 Rapid Determination of Actinides and 210Po in Water 210Po, U, Pu, Am, Cm Water
AN-1417 Rapid Determination of 226/228Ra in Water Samples 226/228Ra Water
AN-1418 Rapid Determination of 226Ra in Water Samples 226Ra Water
AN-1419 Rapid Determination of 226Ra in Concrete and Brick 226Ra Concrete/Brick
AN-1420 Rapid Determination of 226Ra in Glass Fiber Air Filters 226Ra Glass Fiber Air Filters
AN-1421 Rapid Determination of 226Ra in 1g Soil Samples 226Ra Soil
AN-1422 Rapid Determination of 226Ra in 5g Vegetation Samples 226Ra Vegetation
AN-1423 Rapid Determination of Pu, Np, and U in 1-8L Seawater Samples Np, Pu, U Seawater (1-8L)
AN-1424 Rapid Determiantion of Pu, Am and Cm in 80L Seawater Samples Pu, Am, Cm Seawater (80L)
AN-1425 Rapid Determination of Actinides in 10g Emergency Food Samples U, Pu, Np, Am, Cm Emergency Food (10g)
AN-1426 Rapid Determination of Actinides in 100g Emergency Food Samples U, Pu, Np, Am, Cm Emergency Food (100g)

Coming Soon
AN-1427 Rapid Method for Plutonium in Rice Pu Rice
AN-1428 Rapid Method for Actinides in fecal samples Am, Pu, U Fecal Samples
AN-1429 Rapid Method for Actinides in Asphalt samples Am, Pu, U Asphalt
AN-1430 Rapid Method for Actinides in Emergency Soil Samples Am, Cm, Pu, U Emergency Soil
AN-1431 Rapid Method for Determination of Pu, Am, Cm in large soil samples Pu, Am, Cm 100-200g Soil
AN-1432 Rapid Method for Actinides in Emergency Concrete and Brick Samples Am, Cm, Pu, Np, U Concrete and Brick
AN-1433 Rapid Method for actinides in emergency air filter samples Pu, Am, U Air Filters
AN-1434 Rapid Method for strontium in emergency air filter samples Sr Air Filters
AN-1435 Rapid Method for Np and Pu in large soil samples Np, Pu 20-50g Soil
AN-1436 Rapid Method for Np and Pu in large soil samples by ICP-MS Np, Pu 20-75g Soil
AN-1437 Rapid Method for Actinides in Urine by ICP-MS and alpha spectrometry Am, Cu, Pu, Np, U urine
AN-1438 Rapid Method for Np and Pu in water by ICP-MS and alpha specrometry Np, Pu water



Sample Preparation
1) Acidify with HNO3 (pH 1-2).

2) Add Tracers.

3) Heat. Mix.

4) Remove from heat.

5) Add Ca/(NH4)2HPO3.

6) Mix. Add NH4OH to pH 8-9

7) Additional heating.

8) Cool. Settle. Centrifuge.

9) Wash ppt. w/ dilute NH4OH.



Al(NO3)3-HNO3

1) HNO3 protonates PO4
3-, dissolving calcium phosphate ppt.

2) Al(NO3)3 – HNO3 provide NO3
- to promote extraction of 

nitrato-complexes of actindes/Sr.
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Al(NO3)3-HNO3

1) HNO3 protonates PO4
3-, dissolving calcium phosphate ppt.

2) Al(NO3)3 – HNO3 provide NO3
- to promote extraction of 

nitrato-complexes of actindes/Sr.

3) Al3+ complexes phosphate, minimizing impact on Th4+.



HNO2 + H3NSO3 → H2SO4 + N2 + H2O
HNO3 + H3NSO3 → H2SO4 + N2O + H2O

Valence Adjustment
1) Cool to room temperature. Warm solutions can increase 
unwanted reactions.

2) Add ferric iron and sulfamic acid. Mix.

3) Add ascorbic acid to reduce Fe(II), Pu(III), Np(IV). 
Uranium remains U(VI). Am/Cm(III). Sr(II).

4) Add NaNO2 to oxidize Pu(III) to Pu(IV).
I.L. Jenkins, “Factors governing the choice of 237Np/238Pu Separation Process, 
Actinides Reviews, 1, 187‐211 (1969)



Column/Cartridge Separations
1) Precondition w/ 2-3 bed volumes of 3M HNO3.

2) Load/Rinse at 2mL/min.

3) OK for cartridges to run dry.

4) New/clean reservoirs and vacuum box tips.

5) Strip analytes at 1mL/min.



Alpha Spectrometry Source Preparation

Microprecipitation Electrodeposition
Adequate resolution Superior resolution

Rapid/Many Samples Slower

Direct Prep. from 
Column Strip Solution

Requires evaporation 
to remove HNO3/HCl.

Most Routine 
Analytical Sources

Calibration Sources 
Nuclides with difficult to 
resolve peaks

Need Geometry Match to Calibration Source

M. Schultz, NAMP Actinide Chemistry Webinar Series, “Source Preparation for alpha spectrometry,” 
https://www.icln.org/default/assets//File/Source%20Prep%20Alpha%20Spec%20Final_1‐21‐13%20slide%20deck.pdf

ASTM Method C1284‐10 “Standard Practice for Electrodeposition of the Actinides for Alpha Spectrometry”

C. W. Sill, “Precipitation of actinides as fluorides or hydroxides for high‐resolution alpha spectrometery,” Nuclear and 
Chemical Waste Management, 7, 201‐215 (1987). 



CeF3 ppt. on 
Resolve® Filter
Mixed alpha
75 ug Ce

Electrodeposition
Mixed alpha
Copper Disk

233U230Th
239Pu

241Am

76%

76%

58%
87%

M. Schultz, NAMP Actinide Chemistry Webinar Series, “Source Preparation for alpha spectrometry,” 
https://www.icln.org/default/assets//File/Source%20Prep%20Alpha%20Spec%20Final_1‐21‐13%20slide%20deck.pdf
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CeF3 Microprecipitation of U-238
20mL 1M HCl, 1mL conc. HF, 0.5mL 10% TiCl3
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CeF3 Microprecipitation of U-238
20mL 1M HCl, 1mL conc. HF, 0.5mL 10% TiCl3

10g Ce



Electrodeposition (90%)

CeF3 ppt, 50ug Ce (19%)

CeF3 ppt, 100ug Ce (38%)

CeF3 ppt, 150ug Ce (54%)

200ug 238U238U 234U

235U 232U



Electrodeposition (90%)

CeF3 ppt, 50ug Ce (24%)

CeF3 ppt, 100ug Ce (59%)

CeF3 ppt, 150ug Ce (84%)

100ug 238U238U 234U

235U 232U



Electrodeposition (90%)

CeF3 ppt, 50ug Ce (51%)

CeF3 ppt, 100ug Ce (90%)

CeF3 ppt, 150ug Ce (100%)

50ug 238U238U 234U

235U 232U
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CeF3 Microprecipitation of Th-232
20mL 1M HCl, 1mL conc. HF, 0.5mL 10% TiCl3
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CeF3 Microprecipitation of Th-232
30mL 4M HCl, 3mL conc. HF



Electrodeposition (90%)

CeF3 ppt, 50ug Ce (68%)

CeF3 ppt, 100ug Ce (72%)

CeF3 ppt, 150ug Ce (90%) 200ug 232Th
232Th 228Th229Th

230Th

224Ra
212Bi



Electrodeposition (90%)

CeF3 ppt, 50ug Ce (61%)

CeF3 ppt, 100ug Ce (78%)

CeF3 ppt, 150ug Ce (92%) 100ug 232Th232Th
228Th

229Th
230Th

224Ra
212Bi



Electrodeposition (90%)

CeF3 ppt, 50ug Ce (82%)

CeF3 ppt, 100ug Ce (92%)

CeF3 ppt, 150ug Ce (93%) 50ug 232Th
232Th 228Th229Th

230Th

224Ra
212Bi


