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Objective

Rapid Determination 

of U-235, U-236, and U-238 in 
Urine/Water/Soil/Filters/Vegetation



Overview

 ELAN DRC II with cyclonic chamber

 DOELAP Accredited for Isotopic Uranium 
in urine (only  three laboratories in the 
USA)

 Proficiency testing through MAPEP 
program (soil, water, filter)

 In-Vitro results are reported within 24-
hours



Elan DRC II



Software



Software



Uranium Minimum Detectable 
Concentration (MDC)

Filter 
(µg/F)

Water 
(µg/L)

Soil 
(µg/g)

Urine

(µg/L)

U-235 0.000238 0.00509 0.000999 0.00584

U-238 0.00104 0.0162 0.01498 0.01621

U-236 0.00021 0.00495 0.00101 N/A

Total Uranium – 0.01624 ug/L (MDC), 0.00812 ug/L Detection Level (DL)



Radiological Capability

 Isotopes with long half-lives yield required 
detection limits

 Not feasible for U-232 (T1/2 = 74 years)

 Hydrides not formed for isotopes of interest 

 No mass interferences

 Potential matrix interferences exist

 Presence of dissolved solids

 Possible solution - smaller aliquots and dilutions



Specific Activity vs Minimum Detectable Activity

Isotope
Specific Activity 

(Ci/g) T1/2 (years) Atomic Mass Unit 
(AMU)

Total U
MDA

(pCi/L)

Y-90 5.45E+05 7.31E-03 90 8.86E+09

Sr-85 2.38E+04 1.78E-01 85 3.86E+08

Fe-55 2.42E+03 2.70E+00 55 3.93E+07

Sr-90 1.39E+02 2.86E+01 90 2.27E+06

Ni-63 5.69E+01 1.00E+02 63 9.24E+05

U-233 9.68E-03 1.59E+05 233 1.57E+02

Pu-242 3.95E-03 3.76E+05 242 6.41E+01

U-236 6.50E-05 2.34E+07 236 1.06E+00

U-235 2.17E-06 7.04E+08 235 3.53E-02

U-238 3.38E-07 4.47E+09 238 5.48E-03



Aliquot/Chemistry
Matrix Method Aliquot Dilution

Urine Direct 0.5mL Up to 10mL 
0.1M HNO3

Water Direct 1.0mL Up to 10mL 
0.1M HNO3

Soil Microwave  
Dissolution

0.25 – 1.0g Final dilution 
~1.0L 

0.1M HNO3

Filter Microwave

Dissolution

Entire Filter Final dilution 
~1.0L

0.1M HNO3



Microwave Digestion System



Microwave 14 Vessel Load



Control Vessel/Sample Vessel



Control Vessel/Sample Vessel



Soil Samples ready for Acid Load



Quality Control
 Calibration Standards

 U-Nat (0.5 – 55 ug/L) 
 Laboratory Control Standards

 LCS
 ICV/CCV

 Tracers
 Ho internal system tracer
 U-233 internal sample tracer

 Blanks
 Reagent Blank
 Matrix Blank
 CCB 

 Performance Check Standard (PE 5030)



Tracking Charts
Lab Control Sample (Urine)

U-238 LCS - ICPMS
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Tracking Charts
Lab Control Sample (Urine)

U-235 LCS-ICPMS
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Tracking Charts
Blank Sample (Urine)

U-238 Blank Samples - ICPMS
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Tracking Charts
Blank Sample (Urine)

U-235 Blank QC - ICPMS
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Tracking Charts
Correlation Coefficient

U238 Correlation Coeffciant

0.994000

0.995000

0.996000

0.997000

0.998000

0.999000

1.000000

1.001000

1.002000

1.003000

1.004000

1.005000

8/21/04 11/29/04 3/9/05 6/17/05 9/25/05 1/3/06 4/13/06 7/22/06 10/30/06 2/7/07 5/18/07 8/26/07 12/4/07

C
C

U238

Correlation

Coeffciant

Upper limit

Lower Limit



Tracking Charts
Correlation Coefficient

U235 Correlation Coeffciant
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Additional Tracking Charts

Vacuum Pressure

Daily Checklist

Daily Performance Tests

DAC Values

Uranium Intensities

Uranium RSD



Procedure 

 Sample log-in

 Preparation

 Equilibration

 Homogenization

 Chemistry (if applicable)

 Set tubing

 Start ICP-MS

 Warm-up: 1-2 hours

 Preparation

 Calibration Standards

 LCS (including ICV/CCV)

 Blanks

 Aliquot Samples



Urine Samples



Preparation of Samples/QC/Calibration 
Standards/Blanks



Standards



ICP-MS Analysis 
 Smart Tune 

 Auto Lens

 Daily Performance Check

 Lens Voltage

 Nebulizer Flow

 Set-up Method, Sample Batch set, Data Set 
workspace

 Run batch using specified method

 Prepare RPSD datasets and client reports

 Send reports to the RPSD Project Lead for 
Review and Signature

 Distribution of results



Currently in Development 

 Utilize Labworks and generate a Crystal Report

 Use for log-in

 Use for tracking QC and other charts

 Generate a more professional client report

 Interface with SNL/RPSD database(s)

 Cut down on >90% of hand entries



Labworks Uranium Intensity Chart



Labworks Uranium-235 LCS Chart



Labworks Uranium-238 LCS Chart



Labworks Crystal Sample Report 



Labworks Crystal Signature Report 



Summary

 Rapid

 Accurate

 Low Detection Concentration

 Minimal waste generation



Issues 

 Extensive Maintenance

 Urine Matrix interference with Ho internal 
tracer 

 Cannot use for shorter lived isotopes 
 Results in unacceptably high MDA

 Can potentially use in an emergency situation

 Hydride creation for Pu-239 (interference U-
238)



Potential Future Use 

 Perform radiochemistry separation 
allowing for analysis of Pu-239/238

 Explore and develop a rapid method to do 
direct analysis in urine for Isotopic Pu, 
Isotopic Am, Isotopic Th and Isotopic Np 
using different reaction cell gases
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