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Elemental Analysis Using a Handheld X-Ray Fluorescence Spectrometer
The U.S. Geological Survey is collecting geologic samples from 

local stream channels, aquifer materials, and rock outcrops for studies 
of trace elements in the Mojave Desert, southern California. These 
samples are collected because geologic materials can release a variety 
of elements to the environment when exposed to water. The samples 
are to be analyzed with a handheld X-ray fluorescence (XRF) spec-
trometer to determine the concentrations of up to 27 elements, includ-
ing chromium (see “Periodic Table of the Elements” on back page).

Why are These Data Collected?
The purpose of the XRF data is to determine the presence and 

concentration of elements in local geologic materials. These data are 
used for the following purposes:
•	 As a screening tool to guide further data collection and detailed 

mineralogic and chemical analyses.

•	 To evaluate whether the alluvial material composing local aquifers 
and the trace elements in that material are from a local or more 
distant source. 

•	 For comparison with the known, average compositions of various 
soils, alluvium, and rocks to evaluate past and present processes that 
could act on the alluvium and release trace elements to groundwater.

•	 For comparison to local and regional water-quality data to deter-
mine which of the elements present could be released into ground-
water from natural rather than human sources.

How Does it Work?
X-ray fluorescence spectrometry works by irradiating a sample 

or external standard with an X-ray beam produced by passing an 
electrical current through an X-ray tube. The X-ray beam dislodges 
electrons from the inner shells of an element, causing electrons 
from the outer shells to cascade down to the inner shells to fill 
in the gaps. The cascading electrons emit energy (‘fluoresce’) at 
wavelengths that are unique to each element. A detector measures the 
energy generated by cascading electrons in the sample, producing a 
pattern (spectrum) similar to that in figure 1. A computer application 
matches the spectrum to known spectral patterns to calculate element 
concentrations in milligrams per kilogram (mg/kg). The instrument 
uses three different filter and electrical current settings, which are 
optimized for particular suites of elements.
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Element
Measured 

concentration 
(mg/kg)

Precision 
(± mg/kg)

Average 
continental 

crust (mg/kg)1

Antimony <13 – 0.2
Arsenic 2.7 0.4 1
Calcium 9,320 50 53,000
Chromium 3.3 1.1 185
Iron 2,980 14 7,060
Lead 14 0.6 8
Manganese 85 1.7 950
Selenium 1.0 0.2 0.05
Uranium <2.9 – 2

1Hitchon, B., Perkins, E.H., and Gunter, W.D., 1999, Introduction to ground water geo-
chemistry: Alberta, Canada, Geoscience Publishing, Ltd., 310 p.

Any use of trade, firm, or product names is for descriptive purposes only and 
does not imply endorsement by the U.S. Geological Survey.

Figure 1.  Basic X-ray fluorescence principles and example 
data table.

The handheld instrument 
(fig. 2) uses a 4-watt X-ray tube 
and is powered by a 7.2-volt 
lithium-ion battery. Samples either 
can be measured in place, after 
removing debris and large pebbles 
from the measurement area, or 
can be ground to a fine powder 
for analysis. Accuracy is verified 
through the routine measurement of 
standards that have known elemental 
compositions.

Figure 2.  Handheld X-ray 
fluorescence spectrometer and 
external calibration standards.
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