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Outline

• Ra-226 in water
– Can we apply the approach we used for urine?
– PO4-3 vs. CO3-2

– Ba-133 vs. Ra-225 tracer
– DGA Resin instead of Ln Resin?

• Ra-226 in vegetation
– Fusion?

• Ra-228 in water
– Immediate collection of Ac-228 vs. Ingrowth
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Background

• Need for rapid radiochemical methods
– Emergency response

• Radiological event
• Rapid turnaround times 
• High capacity

• Ra-226 
– in hospitals, laboratories
– alpha emitter, 4.78 MeV (94.5%), 4.61 MeV (5.55%) 
– 1600 year half-life (alpha spectrometry and ICP-MS)
– radiotoxic, follows calcium in food chain into bones

• Urine
Maxwell S, Culligan B, Hutchison J, Utsey R and McAlister, D (2014) Rapid 
determination of 226Ra in emergency urine samples. Journal of Radioanalytical
and Nuclear Chemistry, online first, Feb. 2014



Risk from Ra-226

• More dangerous “dirty bomb” than Uranium RDD
– Delivers much higher dose

• Besides RDD…
– Risk of addition at post-treatment water supply

• Ra-226 has been trafficked repeatedly in different countries
– Po-210 has already been used successfully for a criminal act

• Risk Due to Radiological Terror Attacks With Natural Radionuclides
– Steinhäusler Friedrich, Rydell Stan, and Zaitseva Lyudmila
– Citation: AIP Conference Proceedings 1034, 3 (2008); doi: 10.1063/1.2991254
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Rapid Ra-226 Aqueous Sample Preparation

Wet-ash urine ppt

RRMC 2011
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Ra-225 Tracer Decay

Rapid Radiochemical Methods for Selected Radionuclides in Water for Environmental
Restoration Following Homeland Security Events, EPA 402-R-10-001 February 2010

Works well, but  may require 
Th‐229/Ra‐225 milking



Water Samples

• Ba-133 tracer may be very useful
– No waiting for ingrowth
– No need to remove stable Ba (as with soil)
– Allows for Ra-224 assay
– Assurance Ba/Ra are in sync can be managed (no divergence)
– No milking of Th-229/ lower blanks
– Less chance of detector contamination

• But
– 2 counts are needed (gamma count can be very short)
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SRNS Approach

• Use calcium phosphate instead of calcium carbonate
– Slight Ra-226 contamination in sodium carbonate
– Need low blanks
– Lower solubility of calcium phosphate – lower Ca needed

• Less Ca               less cation resin               less volume                less time

• Use stacked elution with Cation resin+ DGA Resin to save time
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Rapid Sample Preparation for Ra-226 in Water

Less Ca, PO4 instead 
of carbonate
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Sulfuric acid can be 
used instead

Rapid Column Separation for Ra-226 in water

Combine final DGA purification 
with cation resin elution!
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Rapid Separation using Cation + DGA Resin : stacked elution

2 pCi in 200 ml aliquot = 10 pCi/L
DI Water
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Rapid Separation using Cation + DGA Resin : stacked elution

4 pCi in 200 ml aliquot = 20 pCi/L
ATP water
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Rapid Column using  Cation + DGA Resin : stacked elution

0.1 pCi in 200 ml aliquot = 0.5 pCi/L
DI Water
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Blank Test using Cation + DGA Resin : Stacked elution 

DI Water



Ra-226 in Vegetation

• Weigh 5g vegetation in 250 ml Zr crucible
• Add Ba-133 tracer
• Ramp from 300C to 600C; remove crucibles
• Wet ash with HNO3/H2O2 briefly on hotplate
• Fuse samples with 10g NaOH at 600C
• Transfer to 225 ml tube…150 ml volume with water
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Ra-226 in Vegetation

• Add 10 ml 12M HCl, mix
• Add 100 mg Ca and 10 ml 2M sodium carbonate and  mix.
• Wait 10 minutes, centrifuge 5 minutes.
• Dissolve ppt in 1M HCl, some HF (as needed) to dissolve Si solids
• Ready for cation resin

• Less redissolution problems than with phosphate .....   
– but need to minimize carbonate to keep blanks low
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Cation Resin + DGA Resin Rapid Purification

• Load 20 ml 1-1.5M HCl with trace HF to 5g cation resin 
• 30 ml 3M HCL rinse (to remove Ca)
• Add DGA Resin
• 20 ml 5M HNO3 elution through DGA
• Convert to HCl, BaSO4 micro-ppt.

• Tested with 5g MAPEP blank vegetation material
• Plan to test with foods….
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Ra-226 Results for Spiked Vegetation
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5 g MAPEP blank vegetation, 8 hour count



What about Ra-228 in water?

• Immediate collection of Ac-228
• Some challenges with complete elution of La/Ac from Cation resin 

and behavior of Ac/La DGA Resin
• Wanted to make more rugged
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Ra-228 Update

• Updated our Ra-228 method
• La carrier for yield
• 1L sample aliquot
• CO3

-2 ppt enhanced with PO4
-3

• Load to 5g cation resin and remove Ca with 3M HCl
• Elute Ra-228 and La with 8M HNO3

• Wait 36 hours for Ac-228 ingrowth
• Load Ra-228 to DGA Resin from 6M HNO3. Modified rinses slightly.
• Elute with 2M HCl and measure La yield via ICP-MS
• Count AcF3 on 25 mm filter by gas flow proportional counting
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Enhancements

• Wait on Ac-228 ingrowth 

– Reduces large volume of cation 
elution (7M HNO3 ) passing directly 
through DGA Resin (stacked)

– Elute Ra/La from cation resin with 30 
ml 8M HNO3, evaporate, wait 36 
hours, redissolve in small load 
solution (6M HNO3)
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Ra-228 Test Results

23



Ra-228 Test Results
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Ra-228 Test Results
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Ra-228 Test Results
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Ra-228 Test Results
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Summary

• Rapid Methods for Ra-226
– Rapid assessment of radiological impact is critical
– Mitigate dose and protect the public and environment
– Maintain public trust
– Lowers costs of routine operations

• Improvements in Ra-226 methods for water and vegetation samples
– <4-5 hours with simultaneous sample preparation
– Ba-133: No waiting for Ra-225 in-growth 
– Allows Ra-224 measurement
– Can be adapted to smaller or larger water aliquots as needed

• Improvements in Ra-228
– Improved ruggedness with Ac-228 ingrowth, then loading to DGA Resin
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