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Introduction 

This paper reports a rapid and intuitive treatment process for X ray fluorescence (XRF) data to determine 

elemental concentrations in low Z siliceous materials. To estimate the concentration of an element in an 

unknown material, a reference material is required with a matrix whose composition is similar to that of the 

unknown. NIST SRM 610, a siliceous glass matrix containing as many as 60 elements with certified 

concentrations in the 300-/500 mg/kg range [1], has been widely used as a primary standard in geochemistry 

and environmental research. Importantly for microanalysis, the composition is homogeneous for the majority 

of elements [2]. We have developed a protocol using an intuitive XRF analysis software, Peakaboo [3] for the 

rapid but exacting computational fitting of a very complex XRF spectrum to provide a rapid multi-element 

quantitative assay. To test the accuracy, we determined the elemental concentration ratios in NIST SRM 2711a 

(Montana Soil) [4] using NIST SRM 610 as a primary reference. 

Experimental 

NIST SRM 610 is a silicate glass with 61 elements added at the ~ 450 mg/kg level. The concentrations of 24 

elements are either certified or referenced. NIST SRM 2711a is a finely milled and dried agricultural soil from 

a locale near a smelting plant. Homogeneity is better than 1%. Twenty-seven minor or trace elements are 

certified or referenced, while others are provided for information. 

Synchrotron radiation XRF (SR-XRF) data was collected at the APS at Beamline 20-ID [5]. The incident 

energy was 26 keV. Data was collected in fluorescence mode using a single element Vortex SDD. For SRM 

610, areas of 6000 μm x 6000 μm were mapped with a 500 μm x 500 μm spot size (169 data points) and a 500 

μsec dwell time. The averaged spectrum was used. For SRM 2711a, three separate 60s exposures were taken 

in three locations on the sample using a 500 μm x 500 μm spot size. The three measurements were analyzed, 

and the results were found to be comparable. 

Peakaboo [3] provides an easy-to-use approach to interpreting all features in an XRF spectrum and rapidly 

presents megapixel data sets as understandable 2D element maps. Figure 1 shows the fitting of the NIST SRM 

610 spectrum from 7 keV to 12 keV showing (a) peak envelopes and (b) the individual XRF transitions for 

each element. At energies below 12 keV the entire spectrum can be fit with the contributions from the elements 

present. At energies above 12 keV background contributions appear to be present. 

The quantification process of the elements in SRM 2711a requires that both the unknown and a reference 

material be analyzed under the same condition and their spectra be subject to identical fitting conditions. 

Quantification of the unknown spectra is then conducted as follows:  

The summed peak intensities (Ielement) are ratioed to the summed intensities of the Fe Kα and Fe Kβ Here, the 

Fe intensity is used as a reference because Fe is present in all materials analyzed. 
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The XRF yield for each element is determined using the certified or reference concentrations 

 

The element concentration ratios for the unknown sample are then calculated. 

 

The accuracy of the Concentration Ratio with respect to the ratio from the published NIST values is expressed 

as the Error Factor (EF). The Error Factor (EF) is always greater than one. 

or

 

Results and Discussion 

NIST SRM 2711a is treated here as an “unknown” sample, to compare the results from our quantification 

process with the ratios from the certified and reference analysis data for NIST SRM 2711a. Data for elements 

below Ca in the periodic table are not presented because of low sensitivity of the detector to elements in that 

range. 

The intense Fe K lines in the NIST SRM 2711a spectrum overshadow the K and L lines of neighboring 

elements. (Fe = 2.82 mass%, Mn = 675 mg/kg, and Ni = 21.7 mg/kg). Thus, the accuracy of measurements for 

neighboring elements is considered a test of the fitting accuracy, as well as the assumptions that secondary 

fluorescence and absorption effects are minor. The analysis of closely-spaced peak shapes requires 

considerable care so that overlapping peaks do not interfere. The experimental concentration ratio for each 

element was determined from an average of four separate quantification determinations. The error factors (EF) 

for the quantification process varied from 1 (perfect agreement) to 10 (a concentration ratio 10 times away 

from the NIST value). The mean error factor for all 22 elements measured was 2.5. The results for elements 

with peaks in the energy range 4.5 keV - 12 keV (EFavg = 1.5) are most accurate. The results for Mn and Ni 

and Co (EF = 1-2) are encouraging since their peaks are near the intense Fe K peaks. The measurement of X-

ray yields for elements at lower energies is less accurate (EF >2) possibly because of poor detector resolution 

leading to inaccurate XRF yields. Elements with K lines above 12 keV also have a higher error factor (EF ≥4) 

which may be due to differing background contributions above 12 keV for the two SRM’s. Despite the low 

concentrations of many of the elements detected by their L lines, the accuracy of their detection proved to be 

encouraging. This analysis protocol could form the basis for rapid automated analysis and for large area XRF 

mapping applications. 
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Figure 1. A portion of the XRF spectrum of NIST SRM 610 showing the fitted contributions for K and L 

peaks. The intensities are presented on a logarithmic scale with the maximum intensity near 4200 counts. The 

spectral energy is given in keV. The collected XRF spectrum is shown in light green. The element peak fittings 

are shown in dark green. The contributions from the 7 W L peaks are shown in blue. The overall fit is shown 

as a black line. 
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