
Rapid methods for the
determination of actinides and
Sr in environmental samples



• Actinides and Sr in aqueous samples
• Actinides and Sr in soil, food, concrete and brick 

samples
• Determination of radiostrontium in large soil and 

sea water samples 

Scope
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Rapid methods

• Emergency situation
– Rapid results, high sample throughput
– Evaluation of situation, decision on measures to be taken
– Usually low sample mass and short counting times

• Routine analysis
– High sample throughput
– Sample volume / mass and counting time depending on 

detection limits to be obtained

 SRNL (Sherrod Maxwell) very active in developing 
new methods)
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Determination of Sr, Pu, Am and U in water  
and urine samples

S.L. Maxwell: Rapid Analysis of Emergency Urine and Water Samples, Journal of 
Radioanalytical and Nuclear Chemistry , 275(3), 2008, 497 - 502 

Eichrom method ACW17 VBS: Am, Np, Pu, Th, Cm, U and Sr in Water (with Vacuum 
Box System), Version 1.0, Eichrom Technologies LLC, October 2006
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• Stacked TEVA, TRU and Sr cartridges

• Separation in < 6h (vacuumbox / cartridges)
– Flow rates: 1 mL.min-1 (load and elution), 3 mL.min-1 (rinse)

• Results can be obtained in < 8h  
– incl. measurement, « emergency level » ≈  several Bq.L-1

• 1 L water (pH 2) or mineralised urine

• Addition of internal standards and Sr-carrier (or Sr-85)

• Ca-Phosphat co-precipitation

• Dissolution in 3M HNO3 /  1M Al(NO3)3

• Redox (Pu(IV)): Fe(II) / NaNO2

• Load through all 3 cartridges

• Rinse with 3M HNO3
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Sherrod et al. 2007

Th(IV), Pu(IV), Np(IV)

U(VI), Am(III)

Sr

UGM Roma, 21/02/2013 - P2/ 6



TEVA Resin

- Extractant: Aliquat 336®

- TEVA: TEtraValent Actinides

- Retention of Pu(IV), Th(IV), Np(IV)

- Sr, Am(III) and U(VI) not retained

- Th elution with 9M HCl

- Np/Pu co-elution with 0.1M HCl / 0.05M HF / 0.03M TiCl3 or rongalite
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TRU Resin

- Extractant:  CMPO / TBP

- TRansUranium elements

- Retention of Am(III) and U(VI)

- Am elution with 4M HCl

- Rinse with 4M HCl / 0.2M HF for Th removal

- U elution with 0.1M ammonium oxalate
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Sr Resin

 Extractant: 1.0M 4,4'(5')-di-t-butylcyclohexano 18-crown-6 in 1-octanol. 
 Retention of Sr (and Pb)
 Rinse with 10 mL 8M HNO3 , 5 mL 3M HNO3 / 0.05M oxalic acid (in case of 

presence of tetravalent actinides) and 5 mL 8M HNO3
 Sr elution with 10 mL 0.05M HNO3 (Pb remains retained)
 Counting via GPC (alternatively LSC)

Dietz et al. 2004
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Separation time 3 – 4h

S. Maxwell at 2007
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Actinides and Sr in soil, food, concrete
and brick samples

SL Maxwell, BK Culligan, A Kelsey-Wall, PJ Shaw:Rapid radiochemical method for 
determination of actinides in emergency concrete and brick samples. Anal Chim

Acta., 701(1):2011;112-118. 

SL Maxwell, BK Culligan, A Kelsey-Wall, PJ Shaw: Rapid determination of actinides in 
emergency food samples, J. Radioanal. Nucl. Chem., 292(1), 2011, 339-347 
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• Methods can be adjusted for larger sample masses

• Addition of internal standards and Sr carrier (or Sr-85)

• Mineralisation in furnace at 700°C

• NaOH fusion

• Two co-precipitations for matrix removal

– Fe(OH)3 / Ca-Phosphate

– LaF3 under reducing conditions (TiCl 3 -> U(IV))

• Dissolution in 3M HNO3 /  1M Al(NO3)3 / 0.25M boric acid

• Redox (Pu(IV)): Fe(II) / NaNO2
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• Vacuumbox system

• Stacked TEVA, TRU and DGA Kartuschen -> actinide retention

• Rinse with 3M HNO3

• Separation of the cartridges (TEVA and TRU/DGA)
– Th, Pu (Np) purification via TEVA

– Am/U purification via TRU/DGA

• Microprecipitation

• Eluates from sample load and first rinse (all cartridges) united and

evaporated to dryness

• Sr purification on 3 mL Sr Resin column or cartridges (2 mL + 1 mL)
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Sample preparation

S. Maxwell et al. 2011

1-2g soil sample or 1g concrete or 10g food
Add tracers (Pu242/Pu236, Am243, U232, Sr 
carrier). Heat on hot plate 100g  food sample

Add tracers
Ash 12h at 550°C

5g soil sample
Add tracers
HNO3-HF Digestion, Heat on hot plate

< 1 day
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Separation scheme (Sr optional)

S. Maxwell et al. 2011

Np(IV), 
Th(IV), 
Pu(IV)

U(VI), 
Am(III) 

U(VI)Am(III) 

< 6 - 8 h
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DGA Resin

 DGA, Normal  (N,N,N’,N’-tetra-n-octyldiglycolamide), TODGA = DN
 High uptake of Actinides from 3M HNO3
 Am / U separation with 0.1M HNO3
 Am retained from 3M HCl
 Fe removal with 1M HNO3 and La removal with 0.05M HNO3
 Am elution with 0.25M HCl

R = C8
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Method performance (MAPEP 18 samples)

Sample Code Am yield
(%)

Pu yield
(%)

U yield
(%)

Sr yield
(%)

MAPEP-18 soil 96.2±6.33 102.2±10.5 84.0±5.64 60.0±2.8

MAPEP-20 na na na 66.0 +/- 6.0

10g baby food 84.6±7.5 93.5±8.1 77.9±13.1 na

10g apple 93.4±9.1 97.5±12.1 88.9±10.9 na

10g squash 88.5±3.5 97.5±5.9 77.9±13.1 na

MAPEP-18 
concrete 85.3±6.5 89.6±7.9 76.9±4.4 na

MAPEP-18 brick 93.7±2.9 94.7±9.0 88.1±5.4 na

 Good agreement (bias 15%  B  -15%)
 High yields for actinides, good yields for Sr

S. Maxwell, 2010/11

 MAPEP: 15 – 30 mBq.g-1 level
 Results in < 1d
 Method can be adapted to ICP-MS 
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Alpha spectra

Alpha spectra, concrete sample
Microprecipitation

S. Maxwell, 2011
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Sr in large soil and sea water samples

Maxwell S L, Culligan B K, Shaw S J: Rapid determination of radiostrontium in large soil 
samples, Journal of Radioanalytical and Nuclear Chemistry (2012) DOI10.1007/s10967-

012-1863-2

Maxwell S L, Culligan B K: Rapid determination of Radiostrontium in large soil samples, 
31/10/12, 58th Annual RRMC, Fort Collins, CO October 29 to November 2, 2012

Maxwell S L, Culligan B K, Utsey R C: Rapid method for the determination of 
Radiostrontium in sea water samples, 31/10/12, 58th Annual RRMC, Fort Collins, CO 

October 29 to November 2, 2012 
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For smaller samples (25 g) 
also use of  HF

Maxwell et al.  2012UGM Roma, 21/02/2013 - P2/ 21



Maxwell et al.  2012
UGM Roma, 21/02/2013 - P2/ 22



Results spiked soils samples
• Leached 50g soil samples:

– 5.92 mBq.g-1 level
• Yield: 94.0% (+/- 2.6%, N=7), Bias: 0.43%, 
• MDC: 0.41 mBq.g-1 for 90 min count

– 11.84 mBq.g-1 level
• Yield: 89.6% (+/- 2.7%, N=7), Bias: -2.51%, 
• MDC: 0,17 mBq.g-1 for 8h count

– 59.2 mBq.g-1 level
• Yield: 89.3% (+/- 5,3%, N=7), bias: -2,36%

• 25g HF digest
– 11.84 mBq.g-1 level

• Yield: 73,0% (+/- 5,1%, N=7), Bias: 6,14%, 
• MDC: 0,17 mBq.g-1 for 8h count

 All results corrected for 1.35 mBq.g-1 Sr-90 found in unspiked soil
 High Pb samples: hold before measurement or pass through

1 mL DGA cartridge for Bi removal
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• Sea water: 7 – 8 mg Sr / L, 400 mg Ca / L
• ICP-MS for yield
• Preferably samples > 1L for low detection limits
• Preconcentration by coprecipitation
• 2 options for separation: 

– Sr-89/90: combined Sr/DGA resins
– Sr-90 only: DGA resin

• Measurement via GPC (LSC or Cerenkov also possible)

Radiostrontium in sea water
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Maxwell et al.  2012
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Y-90 ingrowth option

SRNL prefered option for high 
Sr-89 and low Sr-90

Y-91 no problem

Personal communication 
Sherrod Maxwell, 2013
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• 1L spiked sea water sample (7,66 mg Sr.L-1), 4 mL Sr resin:
– 2h counting time
– Measurement via Sr-90: Yield: 88,8% (+/- 5,9%, N = 11), Bias: 1,2%
– Measurement via Y-90: Yield: 95,0% (+/- 1,6%, N = 11), Bias: 3,1%
– Good correspondance

• 2L sea water sample (7,70 mg Sr.L-1), 6 mL Sr resin:
– 2h counting time
– Yield: 81,9% (+/- 5,0%, N = 4), Bias: 4,2%

• Measurement via GPC
• MDAs:

– 1L sea water (2 x 2 mL cartridges)
– 2L sea water (3 x 2 mL cartridges)

• MDAs: 9.1 mBq.L-1 (2h count),  4,4 mBq.L-1 (8h count), 3.0 mB.L-1 (1000 min count)
– 6L sea water (three 2L aliquots combined after purification)

• MDAs: 1.5 mBq.L-1 (8h count), 1.0 mB.L-1 (1000 min count)

Results Sr-89/90 option
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• Similar methods suggested for environmental water samples
– Groska J, Molnar Z, Bokori E, Vajda N: Simultaneous determination of 89Sr 

and90Sr: comparison of methods and calculation techniques, Journal of 
Radioanalytical and Nuclear Chemistry, March 2012, Volume 291 (3),707-715

– T. O’Brien et al.: The rapid determination of Strontium-89 and Strontium-90 in 
Environmental Samples. Presented at the MARC IX conferences, Kailua-Kona, 
USA, 29/03/12

• Measurement by Cerenkov counting possible
– Sr-89 and Y-90 via Cerenkov
– Very low interference of Sr-90 on Sr-89
– Advantageous in case of high Sr-89/90 activity ratios

Sr-89/90 option
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Maxwell et al.  2012
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