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In another experiment, dissolution and ion exchange solid phase extraction were used to separate 
americium-241 from an old Pu-239 metal sample, and the eluate solution was analyzed with the 
portable EDXRF instrument. Am-241 is a strong alpha emitter. Thus, this study was used to 
compare the differences observed in EDXRF spectra collected from moderate alpha emitters 
such as Pu-239 versus heavy emitters like Am-24J . 

EXPERIMENTAL 

Instrumentation. The portable EDXRF instrument was a Keymaster Technologies Tracer ill-V 
containing a silver X-ray anode. The maximum operating voltage was 40 kV, and the maximum 
power was - 0.5W. A Til Al filter was used in front of the source to reduce background counts. 
The WDXRF instrument used was a PANalytical PW2404 with a 4000 W rhodium anode. The 
data were collected while flushing the analysis chamber with helium. A LiF(220) crystal was 
used for wavelength separation. A 150 J.lm collimator was used in front of a scintillation 
detector, and a 200 J.lm aluminum tube filter was employed. A 30 mm source collimator mask 
was used . 

Plutonium metal. An -0.5 g chunk of Pu-239 metal containing - 30 ppm uranium was sealed 
inside a 40 mm plastic XRF specimen cup with 7.5 !lm Kapton. A 4 !lm Prolene secondary film 
was placed over the primary film for analysis. The specimen was analyzed qualitatively with the 
handheld EDXR.F at high and low power settings (40 kV, 10 J.lA and 5 kV, 0.1 !lA respectively) 
for 30 sec each. The specimen was also qualitatively scanned for 60 sec over the Pu La and U 
La energy range with the WDXRF instrument at high power (60 kV, 66 rnA) and low power (20 
kV, 10 rnA) settings. 

Americium eluate. Approximately 0.5 g of an -21 year old Pu-239 metal sample containing 
- 1820 ppm Am-241 was dissolved in 6 M He!. The americium was separated from the 
plutonium using ion exchange solid phase extraction (Bio-Rad AG MP-l 200 to 400-mesh resin 
used). An - 5 rnL aliquot of the americium eluate (-88 ppm Am) was transferred to a 40 mm 
plastic specimen cup and sealed with 7.5 J.l.m Kapton. A 4 !lm Prolene secondary film was 
placed over the primary film for analysis. Qualitative spectra were collected from the solution 
for 30 sec each with the handheld EDXRF instrument operated at 40 kV, 2.6 !lA and then at 5 
kV, 0.1 !lA 

RESULTS AND DISCUSSION 

Plutonium metal. The detector is located in close proximity to the specimen in portable EDXRF 
instruments in order to collect ample signal while using a very low powered, battery operated x­
ray source. This also results in the presence of substantial specimen radiation-induced X-ray 
peaks. Spectra collected from plutonium metal at low and high power are compared in figure 1. 
The low power setting was used to simulate collecting a spectrum with the source off (The 
instrument will not collect data with the source actually turned off). Hence, only sample 
radiation-induced X-ray emission was detected in this spectrum. 

Because Pu-239 alpha particle ejection and the subsequent internal conversion process results in 
the emission of uranium X-rays, a uranium L peak series was present in the plutonium spectrum. 



The sample only contained ~30 ppm uranium, but a marked uranium L peak series was present 
even in the spectrum collected with the source at 5 kV. This voltage was not nearly high enough 
to induce uranium L fluorescence. Hence, the uranium peaks were clearly due to the Pu-239 
alpha decay and internal conversion process. 
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Figure 1. EDXRF spectra from plutonium metal acquired at high and low power. 

When the same specimen was analyzed by WDXRF (figure 2), no uranium L peaks were 
observed. A high powered X-ray source is necessary to collect adequate analyte signal due to 
attenuation by the large distance and diffraction crystal between the specimen and detector. 
Thus, the relatively weaker alpha decay-induced fluorescence signal is severely attenuated in this 
geometry and not detected. To simplify spectral analysis, WDXRF is therefore preferable to 
EDXRF for analyzing alpha emitters. 
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Figure 2. WDXRF spectra from plutonium metal acquired at high and low power. 

Americium eluate. As plutonium ages, any Pu-241 present beta decays to Am-241 , which is a 
strong alpha emitter that decays to neptunium-237. Thus, the EDXRF spectra contain a 
prominent neptunium L XRF peak series. The EDXRF spectra collected from the americium 
eluate at low and high power settings are essentially identical (figure 3). The low power 
spectrum is effectively the same as if the X-ray source were shut off. Therefore, almost all of the 
signal is due to Am-241 alpha decaying to Np-237 with X-ray emission from internal 
conversion. The source-excited americium La. peak (14.6 keY) is barely discernable above 
background. The analyzed solution contained -88 ppm americium and a meager 4 ppm 
neptunium. However, the signal-to-background of the neptunium L peak series would lead one 
unfamiliar with analyzing radioactive samples to conclude that neptunium was a major 
component of thjs sample. Given that the source-excited americium peak. is just above 
background, and a marked neptunium L series is present, the alpha decay and internal conversion 
XRF process must be very efficient compared with source-excited fluorescence. Thus, these 
results demonstrate that one must be very cautious in interpreting sample content or performing 
elemental quantification of alpha emitters using EDXRF. 
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Figure 3. EDXRF spectra from americium eluate solution acquired at high and low power. 

CONCLUSION 

Interpretation of EDXRF spectra is typically straightforward; however, spectra from alpha 
emitters are complicated by X-ray peaks from the radionuclide daughter element (atomic number 
Z-2). The stronger the alpha emitter, the more pronounced these peaks will be. Hence, the 
analyst must be careful when interpreting EDXRF spectra collected from radionuclides; peak 
intensities do not necessarily correlate with elemental concentration. 

As demonstrated here, portable EDXRF instruments are particularly affected by this 
phenomenon due to the close coupling of the specimen and the detector. EDXRF spectra 
collected from plutonium and americium specimens exhibited prominent X-ray peaks due to 
alpha decay daughter products. Analysis of an americium solution demonstrated that even when 
the americium content was relatively low, enormous neptunium daughter X-ray peaks were 
present. This sample radiation effect is much less pronounced when using WDXRF; spectra 
from a plutonium specimen did not contain any uranium L peaks as were detected with EDXRF. 
This is because the radionucIide-induced X-ray signal is severely attenuated by the large distance 
and crystal between the specimen and the detector. Hence, WDXRF is more suitable for 
analyzing alpha emitters when quantification or trace analysis is needed in the energy range 
where the alpha decay daughter X-ray emission peaks are located. 




