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Determination of Am and Pu in large soil 

samples 

• Detection limits requested in environmental monitoring 

make analysis of large soil samples necessary 

• Depending on country 30g to >100g 

• Existing methods:  

• TRU sensitive to Fe(III) interference, Fe needs to be removed or 

reduced quantitatively 

• e.g. Ca-Oxalate precipitation for matrix/Fe removal 

• DGA shows very high Am uptake and robustness against 

Fe interference  

• New methods based on DGA developed 



Acid dependency of k’ for Am, Pu, U and Th 

in HNO3 and HCl on DN 
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 High uptake of Am at high HCl / HNO3 

 Am easily eluted with dilute HCl / very dilute HNO3 

 Am / U separation at 0.1M HNO3 



Acid dependency of k’ for Am, Pu, U and Th 

in HNO3 and HCl on DN 
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 High uptake of Pu and Th in high HNO3 / HCl 

 Pu and Th elution more difficult, for separation preferably 

TEVA or AIX upfront 



Interferences 
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Particular case Am(III) in presence of Fe(III) in HCl on DN 
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Method for analysis of Am, Pu (and Np) in large soil 

samples (Horwitz, SRS) 

• Applied to 100 – 200 g samples leached with HNO3 and HCl 

• Rapid separation method using cartridges and vacuum box 
 

Preconcentration and Am separation on DGA 

Also applicable to other complex matrices 

Method updated by Tait et al. in 2010 

• Takes longer but obtains higher yields 



Flowchart for the Preconcentration of Am and Pu  

from 100 g of Soil 

Soil (100 g)

Muffle 500
o
C

Leach

6 M HCl

Leachate

~ 500 mL

3 to 4 M HCl

2 mL

DGA

Am/Pu

20 mL

Tracer

Filter

Strip

0.25 M HCl

0.03 M Oxalic Acid

Matrix

to Waste

Rapid method  

Horwitz et al. 



Flowchart for the Separation of Pu and Am from Preconcentrate 

Am, Pu

20 mL

HCl + oxalic acid

HNO3

Am, Pu

25 mL

3 M HNO3

2 mL

TEVA

Pu Strip

Pu to Alpha

Spectrometry
2 mL

DGA

Matrix to

Waste

Am Strip

Adjust

with

(NH4)SCN
2 mL

TEVA

Ln to

Waste

Am Strip

Am to Alpha

SpectrometryEvaporate

Rapid method  

Horwitz et al. 



Modified Horwitz method Tait et al. (2010) 

• 100g soil ash (can also be applied to ash samples of 

hay, maize, sediments and sludge) 

• Ashing of sample at 700°C for 18h 

• Micro-wave supported acid extraction (10 bar) 

• Filtration through 3 glassfiber filters and one membrane 

filter to remove fine particles 

• Preconcentration / matrix removal via DGA 

• 2 TEVA columns before 2nd DGA column  

– removal of Th from Am spectra 

• Tested method against in-house reference method 

– Very good agreement of results 

• Obtained chemical yields:  

– Pu: 87% ± 11%; Am: 72% ± 14% 

 

 



 

RN 

PTB 

ref value 

(Bq/kg dm) 

Mean of lab 

means  

(Bq/kg dm) 

238Pu 19.6 (s=1.3) 20 (s=1.4) 

239/240Pu 1.1 (s=0.1) 1.2 (s=0.3) 

241Am 154 (s=5) 133 (s=12) 

Total analysis in 2-3 days 



 

  Sherrod Maxwell (SRS laboratories) 
–  CeF3 or LnF3 co-precipitation  

• Precipitation under oxidative conditions removes U 

–  Stacked TEVA/TRU/DGA cartridges 

–  complete dissolution (Pu/Am/Np) 
•  (Na2O2 / NaOH fusion) up to 10 g soil 

•  Rapid method (results in 24h possible) 

•  High recoveries (> 80%) 

–  leached soil samples up to 200 g (Pu/Am) 
•  leaching HNO3/HCl  

•  Recoveries 80 – 90% 

•  Detection limit: 1 mBq/kg (16h counting) 
 

 

Other matrix elimination steps 



Sr in large soil samples 
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 ISO 18589-5:2009: Measurement of radioactivity in the environment. Soil. Measurement of 

strontium 90  

 

 

 



  



  
For smaller samples (25 g) 

also use of  HF 

Maxwell et al.  2012 



  

Maxwell et al.  2012 



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 



Спасибо за внимание! 
 

Вопросы? 
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