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Abstract

Globalization of trade has made it easy for consumers to purchase products from all over the world. A small fraction of these products contain
toxic elements that may pose a health risk to consumers, and there is a clear need for small, portable, and fast methods to rapidly screen these
products. Portable X-Ray Fluorescence (XRF) analyzers are the ideal tool for this application, as they involve minimal sample preparation and
analysis times of a minute or less. XRF is also well suited for elemental analysis of products that are resistant to traditional hydrochloric/nitric acid
digestions such as cosmetics and dietary supplements, and can prevent contamination of expensive Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) instruments used for ultra-trace level analyses. Moreover, XRF can be used to monitor most of the elements in the periodic table, with
detection limits as low as 1-10 ppm for some elements. This article describes an U.S. Food and Drug Administration (FDA) field study to screen
for consumer products containing toxic elements at an International Mail Facility (IMF). After brief training and hands-on activities using real-
world samples, two three-person teams using two portable XRF systems analyzed 183 different products over a seven-hour time period, and found
10 that contained significant levels of mercury (Hg), lead (Pb), arsenic (As), and/or selenium (Se), potentially in violation of FDAs requirements.
The goal of this article is to provide guidelines and recommendations for safe, reliable, and efficient use of XRF to screen for toxic elements in
FDA-regulated products.
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1. Introduction

Portable and handheld XRF analyzers are a relatively new
technology, with the first units developed in the 1980’s at the
U.S. Department of Energy’s Pacific Northwest National Labo-
ratory, and production of commercial units started in the 1990’s
[26]. More recent advances, including smaller X-ray tube
sources, thermoelectrically-cooled energy-dispersive detectors,
and miniaturization, have played key roles in improving the per-
formance and stimulating more widespread use of these analyz-
ers. Most of the earliest applications of XRF focused on anal-
ysis of soils, paint, rocks, and metal sorting. Within the FDA,
the first article on the use of XRF to monitor toxic elements in
foods and ceramic glazes appeared in 2009 [1], and that pub-
lication stimulated interest in using portable XRF analyzers in
FDA field laboratories and field investigations.

∗Corresponding author: Pete Palmer, Email: palmer@sfsu.edu, Phone: 415-
338-7717

It is important to understand the scope, advantages, and lim-
itations of XRF versus conventional atomic spectrometry-based
methods commonly used for toxic element analysis [22, 15, 16].
XRF offers the advantages of little or no sample preparation
or digestion, multi-element analysis, short analysis times, sim-
plicity, speed, and portability. In addition, it is applicable to
the analysis of samples that are resistant to hydrochloric/nitric
acid digestion, which among FDA-regulated products includes
some dietary supplements and cosmetics. Preliminary screen-
ing of products using XRF can help prevent contamination of
expensive ICP-MS instruments, which are typically used for
monitoring toxic elements down to low ppb levels. While
XRF is not suitable for detecting sub-ppm levels of toxic ele-
ments, which is routinely achievable using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS)-based methods, its low
ppm detection limits and other advantages make it well suited
for both screening for toxic elements and accurate quantitative
analysis, assuming sample preparation and calibration are car-
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Element Kα Kβ Lα Lβ Common Interferences a

Mercury (Hg) 70.82 80.25 9.99 11.821 1Br Kα 11.92

Lead (Pb) 74.97 84.94 10.553 12.614
3As Kα 10.54
4Fe Kα sum peak 6.40 ∗ 2 = 12.80

Arsenic (As) 10.542 11.73 1.28 1.32 2Pb Lα 10.55

Selenium (Se) 11.22 12.505 1.38 1.42 5Pb Lβ 12.61

Table 1: Line energies (in keV) for the four target elements and common interferences.
aThe most common energies used for detecting these elements are highlighted in bold text. Most portable XRF analyzers

have poor sensitivity at energies < 2 keV and > 40 keV, and peaks showing up at these energies are typically not observed.

ried out properly. To give a few examples, XRF has been used
to determine toxic elements in supplements [25, 19, 20, 17, 12],
chromium in medical-grade stainless steel instruments [18],
bromine in flour [2], mercury in face creams [21, 13, 34], zinc
and titanium in sunscreens [4], silver nanoparticles in supple-
ments [24], lead poisoning investigations [23], and Regulation
of Hazardous Substances (RoHS)/Waste Electrical and Elec-
trical Equipment (WEEE) type applications (monitoring lead,
mercury, cadmium, and chromium in consumer products) [27].

XRF theory and instrumentation is described in more detail
elsewhere [15, 33]. In brief, each element typically gives two
major peaks, as shown in Table 1. The terminology for each
peak uses a K or L to refer to the shell from which the electron
was removed, and a subscript to refer to the shell from which
an electron transition fills this hole (α is next higher shell, β is
second higher shell). As shown in Table 1, an XRF spectrum of
a sample containing arsenic will show Kα and Kβ peaks at 10.54
and 11.73 kilo electron volts (keV), respectively, at an intensity
ratio of 5:1 (Figure 1). Similarly, an XRF spectrum of a sample
containing lead will show Lα and Lβ peaks at 10.55 and 12.61
keV, respectively, at an intensity ratio of 1:1 (Figure 2).

The simplicity of XRF spectra usually makes spectral in-
terpretation fairly straightforward, but it should be noted that
the presence of multiple elements in a sample, spectral over-
laps, artifact peaks, and the limited resolution of the detector
can render spectral interpretation more challenging for some
types of samples [15]. This is reflected in the common interfer-
ences noted in Table 1. One common spectral overlap is due to
the As Kα and Pb Lα peaks, which are too close in energy to be
resolved. In order to avoid false positives for Pb, XRF manu-
facturers use the Pb Lβ peak to determine Pb, and subtract the
Pb contribution to the As Kα peak to quantify As.

The Journal of Regulatory Science published a paper on
the use of Fourier Transform Infrared Spectrometry (FTIR)
which provides guidelines to screen for counterfeit pharmaceu-
tical products [9]. Similarly, U.S. Environmental Protection
Agency (EPA) method 6200 [28], which describes determina-
tion of toxic elements in soil samples using handheld XRF, pro-
vides detailed information on performance verification, includ-
ing analysis of quality control samples (i.e., energy calibration
check, blanks, Standard Reference Materials (SRMs), and site-

specific calibration standards). To the best of our knowledge,
there are no published guidelines describing the use of hand-
held and portable XRF for field screening of consumer products
other than a few Standard Operating Procedures for specific in-
struments.

This paper seeks to describe performance verification pro-
cedures, guidelines for spectral interpretation, and some exam-
ples of XRF use for FDA field applications. The scope of ele-
ments was limited to screening various consumer products for
three of the elements (Pb, Hg, As) shown in Table 1. Each of
these elements are well known to be toxic and are regulated in
foods, drugs, and environmental samples. Although other ele-
ments can be added to the list of target elements, it should be
understood that some cannot be detected via XRF (i.e., beryl-
lium), some have higher detection limits or require different
beam modes (i.e., cadmium and uranium), and others are highly
unlikely to be present in consumer products (i.e., osmium and
thorium). We hope that this information will promote develop-
ment of improved XRF software to minimize false positives and
negatives, encourage more effective use of XRF in field studies,
and promote wider use of this technology to screen products for
toxic elements.

2. Materials and Methods

2.1. Standards
A calibration check coin comprised of 316-grade stainless

steel was supplied by the XRF vendor (Olympus, Waltham,
MA). The blank was high-purity crystalline cellulose obtained
from Premier Lab Supply (Port St. Lucie, FL). Certified ref-
erence materials (CRMs) containing 1000 ppm As and 1000
ppm Pb were purchased from High-Purity Standards (North
Charleston, SC). The blank and CRMs were placed in single
open-ended XRF sample cups and sealed with 3.5 µm Mylar
film purchased from Premier Lab Supply. In general, thinner
film is preferred, especially for monitoring light (low atomic
number, Z) elements.

2.2. Samples
Samples were obtained from active shipment of packages

coming into the U.S. Customs International Mail Facility (Tor-
rence, CA) in April 2017. Packages were selected based on the
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Figure 1: Expanded plot of the XRF spectrum of a CRM containing 1000 ppm As in cellulose, showing As Kα and Kβ peaks at
10.54 and 11.73 keV, respectively, at an intensity ratio of ∼5:1.

Figure 2: Expanded plot of the XRF spectrum of a CRM containing 1000 ppm Pb in cellulose, showing Pb Lα and Lβ peaks at
10.54 and 11.73 keV, respectively, at an intensity ratio of ∼5:1.

likelihood of containing products of interest such as cosmetics
and dietary supplements. Although the XRF analyzer can be
used to directly analyze the product through the packaging, this
will give erroneous results due to the composition of the pack-
aging and attenuation of X-rays from the product. Similarly, the
samples can be placed in plastic bags and analyzed, but this also
may give reduced fluorescence signals due to signal attenuation
from plastic bags (which are thicker than 3.5 µm Mylar film)
and inconsistent sample thickness inside the bag. Ideally, the
sample should be removed from the product packaging, placed
in a sample cup that is then filled to the top, and sealed with
Mylar film prior to analysis. All of the samples in this study
were treated in this manner, with the exception of face cream
samples, which were analyzed in their packaging as described

in more detail in the section on safety considerations.

2.3. XRF Analyzer

Analyses were performed using an Olympus/Innov-X X-
5000 portable XRF analyzer equipped with a tantalum X-ray
tube source and a Silicon Drift Detector. This model includes
a touch-screen PC running Windows XP and a metal-lined test
stand to prevent X-rays from escaping from the unit. A piece
of Mylar film was placed over the analyzer window to pro-
tect it from inadvertent contamination from samples. This film
was replaced when particulate or other contamination was ob-
served. Sample cups were placed directly over the window for
XRF analysis in “soil” mode using beam 2 excitation condi-
tions (35 keV and the use of a specific filter between the X-ray
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tube source and the sample) to give the lowest detection limits
for the target elements of interest. Spectra were acquired us-
ing one-minute measurement times (real time, not live time),
which provides a good compromise between fast analysis times
and low detection limits. Confirmation of the presence of an
element in a sample was performed in real time by the users via
visual inspection and interpretation of it’s XRF spectrum.

2.4. Safety Considerations

For some applications, such as direct analysis of soils, paint
on walls, and large pieces of tableware, use of a handheld XRF
analyzer in open beam mode may be the only way to perform
a nondestructive analysis. While the X-ray tubes in these de-
vices have relatively low energy (< 50 keV) and power (50
watts) compared to dental and medical X-ray equipment, it
is important to follow the principle of “As Low As Reason-
ably Achievable” (ALARA) to minimize, if not preclude, ra-
diation exposure. Here, this is achieved by operating the XRF
analyzer in closed beam mode, in which the XRF analyzer is
placed in a metal-lined test stand and operated from a portable
PC equipped with interlock-type software, which automatically
turns off the X-ray tube if the test stand is opened. This proce-
dure ensures that any radiation exposure is at or below back-
ground levels. FDA requires XRF users to wear dosimeter
badges to assess potential radiation exposure. Properly trained
personnel have used these portable XRF analyzers for extended
periods of time without any measured radiation doses above
background levels, as indicated by dosimeter badges.

Another potential risk to users of XRF analyzers in field
screening is exposure to samples which may contain drugs,
toxic chemicals, and/or toxic elements. In this study, users were
required to wear safety glasses and nitrile gloves to minimize
exposure. Mercury-containing face creams present a different
type of risk through inhalation of volatile forms of Hg, which
are found in some of these products [7]. For those products,
sampling handling should be minimized to reduce the risk of
potential exposure, and therefore, these products were analyzed
by removing the cap, covering the opening with Mylar film,
inverting the container, and placing it over the XRF analyzer
window. Other types of products containing powdered forms
represent another potential risk through inhalation of particu-
late matter (i.e., a sindoor cosmetic powder containing high lev-
els of PbO4). Ideally, handling and analysis of these products
would be done inside a fume hood to reduce the potential for
inadvertent exposure to toxic substances.

3. Results and Discussion

For the purposes of this work, the authors developed
a “quick start” guide provided in Appendix A, which de-
scribes the steps involved with setting up and using the
Olympus/Innov-X X-5000 portable XRF analyzer for field
screening applications. The process includes a calibration
check using a stainless steel coin, analysis of a negative control
sample (blank), and analysis of one or more positive control
samples (SRMs or CRMs) to demonstrate proper instrument

performance. Once the analyzer passes these performance veri-
fication checks, the users proceed to analyze products, confirm-
ing or ruling out the presence of the toxic elements of interest,
and documenting the results on a worksheet (see Appendix B).

3.1. Evaluation of a Stainless Steel Calibration Check CRM
A calibration check is performed using a 316-grade stain-

less steel coin. Although the manufacturer refers to this as a
calibration check, the term calibration is a misnomer in this
context as the software does not calibrate either the x or y axis
of XRF spectra during this process. The purpose of this check
is simply to verify that the analyzer is working properly and the
resolution meets specifications (< 0.165 keV peak width at half
height for the manganese Kα peak).

3.2. Evaluation of a Negative Control CRM
Analysis of an appropriate blank containing non-detectable

levels of the elements of interest is necessary to ensure the an-
alyzer window and optics are free of contamination, especially
for the target elements of interest. Figure 3 shows an XRF spec-
trum of high-purity powdered cellulose. The spectrum shows a
broad Bremsstrahlung peak in the range of 12-36 keV, which is
due to scattering of X-rays from the source to the sample to the
detector. The spectrum also shows several low intensity peaks
that are due to fluorescence from metal-based materials in the
X-ray optical system (iron, nickel, and copper) and/or contami-
nation on the XRF analyzer window (bromine). Elevated back-
ground levels may compromise the detection limits, depending
on the elements and energy ranges of interest. In the cellulose
sample, zooming in more closely on the spectrum in the range
of 9-13 keV does not show the presence of any peaks associated
with the four toxic elements of interest (Hg, Pb, As, and Se).

3.3. Evaluation of Positive Control CRMs and Positive Identi-
fication of an Element

Analysis of CRMs (or SRMs) provides assurance that the
analyzer can correctly identify the elements of interest. For this
work, 1000 ppm CRMs were used, but in future work these
would ideally be at concentrations closer to the limit of quan-
tification (∼10-20 ppm, depending on the element and matrix).
Figures 1 and 2 show XRF spectra of 1000 ppm As in cellu-
lose and 1000 ppm Pb in cellulose, respectively. These spec-
tra illustrate the logic behind how an element can be positively
identified in a sample (the “golden rule” of XRF interpretation).
An element is considered to be positively detected when three
conditions are satisfied:

1. The spectrum shows the Kα or Lα peak for that element
with a peak maximum within ±0.05 keV of its tabulated
line energy.

2. The spectrum shows the Kβ or Lβ peak for that element
with a peak maximum within ±0.05 keV of its tabulated
line energy.

3. The intensity ratio of these two peaks are approximately
equivalent to their theoretical values (5:1 for Kα/Kβ peaks
and 1:1 for Lα/Lβ peaks).
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Figure 3: XRF spectrum of a cellulose blank. The broad peaks in the range of ∼13-30 and 1-4 keV are due to backscattered X-rays
from the X-ray tube source (Bremsstrahlung). The low intensity peaks at 6.4, 7.5, 8.0, and 11.9 keV, are Kα peaks from iron, nickel,
copper, and bromine materials in the X-ray optical system and/or contamination on the XRF analyzer window, respectively.

Positive identification of an element using this logic may
not always be possible due to spectral overlaps (see Table 1),
artifact peaks (sum peaks and escape peaks), or when the con-
centration of an element is close to the detection limit. When in
doubt, users are encouraged to have a trained analyst interpret
the spectrum. Ideally, this same logic should be encoded into
XRF analyzer software, but unfortunately, few portable XRF
manufacturers have made an effort to do so to date. This under-
scores the importance of having the user manually interpret the
spectrum of each product to avoid false positives.

XRF analyzers and their software algorithms can give false
positives (erroneously indicating an element as being present).
This is demonstrated in Figure 4, which shows the XRF spec-
trum of a product containing percent levels of iron. The XRF
software incorrectly identified Pb in this sample at an approx-
imate concentration of 1000 ppm, despite the fact that the Pb
Lα peak is not present and the low intensity peak at 12.80 keV
is not centered within 0.05 keV of the Pb Lβ tabulated energy
(12.61 keV). This false positive can be attributed to the high
levels of iron in this product, which give a sum peak at twice
the energy of the Fe Kα peak (6.40 keV * 2 = 12.80 keV),
and which the software incorrectly interprets as lead. Users
should be aware of this flaw in the vendor software and follow
the “golden rule” for positive identification of a toxic element.

It should also be noted that XRF analyzers can give false
negatives (not indicating an element as being present). In many
cases, a handheld XRF analyzer will not indicate the presence
of rare earth elements such as osmium or uranium in the dis-
played list of detected elements and their concentrations. This
is yet another drawback in typical XRF software, albeit one
that can be attributed to the end user during the specification
and purchase process. Prior to delivery of the XRF analyzer,
the vendor calibrates it only for the target elements specified by
the purchaser. To avoid false negatives, the user should have the

XRF analyzer calibrated for all of the target elements of interest
and/or use manual interpretation of the spectra to identify un-
explained peaks and confirm positive detection of an element.

A common misconception related to the use of XRF ana-
lyzers is that users expect the element concentrations computed
by the software to be accurate. While XRF analyzers can give
results for soil analysis that are within 20% of their true values,
one should not expect an analyzer calibrated at a factory to give
accurate results for their particular samples and elements of in-
terest. Moreover, it is impractical if not unfeasible to calibrate
an XRF analyzer for a huge variety of FDA-regulated products
that comprise widely varying matrices and compositions. Given
that the primary goal here is to screen for potentially toxic or
violative products and not accurate quantification, users should
keep in mind the idea of “sample triage”, which in this case is to
quickly analyze products, evaluate their spectra, and determine
whether or not they contain toxic elements. Such toxic prod-
ucts can be detained from entering commerce and/or set aside
for possible regulatory action based on confirmatory analysis
using validated methods that require significantly more effort
(i.e., homogenization of the sample, preparation of appropriate
standards, and elemental analysis via XRF, ICP-MS, or some
other atomic spectrometry-based method).

3.4. Sample Spectra and Representative Results
The vast majority of the products analyzed (95%) did not

contain detectable levels (> 10 ppm) of Hg, Pb, As, or Se. It
should be noted that manual interpretation of the spectra of such
products is fairly straightforward and rapid. Here, the analyst
zooms in the x-axis of the XRF spectrum to focus on the region
of interest (∼9-13 keV to detect the peaks of interest - see Table
1), and the y axis (∼0-10 counts-per-second (cps)) to show any
potential low intensity peaks that might be present. If the user
observes neither Kα peaks for As or Se, nor Lα peaks for Hg or
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Figure 4: Expanded plot of the XRF spectrum of a product containing > 10% iron showing the Fe Kα and Kβ peaks at 6.40 and 7.06
keV, respectively, at an intensity ratio of ∼5:1. The low intensity peak at 12.8 keV is due to two Fe fluorescence photons reaching
the detector at the same time (sum peak).

Pb, then the product is deemed to contain non-detectable levels
of these toxic elements, and the analysts proceed to the next
product.

Results from the “positive” samples identified over the
course of this field screening are shown here to illustrate poten-
tial products of interest and their XRF spectra. Figure 5 shows
an XRF spectrum of a face cream product containing ∼18,000
ppm or 1.8% Hg. While this is only an approximation, if a sim-
ilar concentration were confirmed with a validated quantitative
method, it would be more than four orders of magnitude above
the 1 ppm FDA limit [31] for this type of product. XRF offers
a rapid, effective, and reliable way to identify these products in
the field and prevent them from entering commerce.

Figure 6 shows an XRF spectrum of a hair coloring product
containing ∼5,200 ppm Pb. Lead acetate-containing hair col-
oring products may contain up to 0.6% (6000 ppm) lead [30].
The use of XRF to screen for lead as an impurity in makeup and
other cosmetic products for which FDA recommends a maxi-
mum level of 10 ppm lead [29] represents another excellent ap-
plication area. These types of cosmetic products require time-
consuming and problematic digestion for analysis by ICP-MS,
whereas XRF analysis is a far faster and easier means to screen
for lead and other potentially toxic elements in such products.

Other results of potential significance among the 183 sam-
ples that were screened included an underarm cream contain-
ing ∼0.14% Hg, a vitamin containing > 10% iron, a lip gloss
containing ∼1% barium, a kratom herbal product containing
∼0.21% manganese, and two Asian herbal products containing
∼100 ppm levels of selenium and lead.

During the course of screening, results were documented
in an XRF analysis work sheet shown in Appendix B. This
provided a convenient means to summarize the results of each
product, including product name, elements detected, and their
concentrations. At the end of each day, sample spectra and re-

sults were downloaded from the XRF analyzer and uploaded
into Microsoft Excel for backup, storage, and data analysis.
Products found to contain detectable levels of the target ele-
ments were set aside for follow-up analysis and possible regu-
latory action.

The use of XRF for field screening is very efficient - con-
sider the fact that two three-person teams analyzed 183 products
over a seven-hour time period in their first collective attempt at
this type of study. Contrast this with random sample collection
and laboratory-based analysis of the same number of products
using conventional methods based on microwave digestion and
ICP-MS. While the latter method gives lower detection limits,
sample preparation and analysis of these many products is far
more time consuming (weeks versus one day) and the cost is far
higher on a per-sample basis. Use of a portable XRF analyzer in
this manner is cost effective, provides for “sample triage”, and
represents an efficient means to screen large numbers of sam-
ples, and, when appropriate, filter samples of potential concern
to laboratories for quantitative analysis by ICP-MS methods.

3.5. Recommendations for XRF Use for Field Screening
Anyone using portable XRF should be properly trained in

its theory, operation, and its use for qualitative and quantitative
analysis [25]. Training on specific XRF instruments and soft-
ware is often offered by vendors of such analytical instrumen-
tation. The Denver X-Ray Conference and other organizations
offer XRF workshops and training [8, 11]. Users should also be
aware of the safety precautions described in Section 2.4.

Groups considering using XRF in field work on a larger
scale should consider adopting their own training program for
their intended applications. In 2010, FDA developed a 4-day
training course focused on field screening and regulatory appli-
cations of XRF. This course includes theory, products and el-
ements of interest, hands-on sessions to develop confidence in
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Figure 5: XRF spectra of face cream sample containing ∼18,000 ppm Hg.

Figure 6: XRF spectrum of hair coloring cream containing ∼5200 ppm Pb

spectral interpretation, and proficiency tests to assess how well
the users succeeded in correctly analyzing test set samples. To
date, over 100 FDA staff have completed this training and all
have achieved scores of > 70% on correctly identifying a va-
riety of elements, some at low levels, and some with spectral
overlaps, in the test set samples. For the field screening ac-
tivities at the IMF, many of the users had no prior experience
in using XRF. An abbreviated, half-day training session was
given to demonstrate the set up and use of the XRF analyzer
and software and provide users with hands-on experience ana-
lyzing proficiency test samples. In the described field screening
of samples at the IMF, new users worked alongside a trained lab
analyst who facilitated setting up the instrument and software,
interpreting XRF spectra, and improving their confidence and
skill in elemental analysis.

The analysis of negative and positive control samples (i.e.,

blanks and check standards) is deemed critical for this appli-
cation. Such data demonstrate that the XRF analyzer is free
of contaminants from prior samples, and can correctly identify
the elements of interest at low levels. In future work, the posi-
tive control samples should be lowered from 1000 to ∼20 ppm,
which will still permit observation of the weaker Kβ peaks for
As and Se under most conditions and will provide confirma-
tory evidence of the ability of the XRF analyzer to monitor low
ppm levels of the toxic element(s) of interest. Note that each
XRF analyzer has slightly different detection limits, and a more
rigorous assessment of these for each target element may not
be appropriate for a field setting and analysis of widely varying
product compositions. Future XRF software would greatly ben-
efit from the adoption of an approach developed by Arzhantsev
and coauthors, which automates the positive identification of
an element from XRF data based on a signal-to-noise ratio cut-

7 of 11



Journal of Regulatory Science | https://doi.org/10.21423/jrs-v07palmer Palmer et al.

off [3]. Moreover, XRF vendors are urged to incorporate more
sophisticated algorithms for postulating the detection of an el-
ement, which will significantly reduce the potential for false
positives and false negatives.

The use of three-person teams per XRF analyzer clearly
improved sample throughput. The biggest bottleneck in this
screening process was not XRF analysis but finding packages
containing potential products of interest and placing the sam-
ples into cups. Although one person can perform all of the rel-
evant tasks, it is much more efficient to use a group of three
people, with one person opening boxes and identifying poten-
tial products of interest, a second removing the products from
the packaging and placing them into XRF sample cups, and the
third operating the XRF analyzer, interpreting the spectra, and
documenting the results. Although the manual interpretation
step is prone to human error, particularly for users with limited
XRF experience, having the user confirm the presence of a toxic
element and a trained analyst serving as a second set of “eyes”
to interpret spectra is recommended to minimize false positives
and false negatives.

One of the most common questions from consumer safety
officers considering field use of XRF is, “What sort of prod-
ucts should I be looking at and how do I know what elements
and levels are significant?” The answer is not simple, due to
the wide variety of products, exposure routes (skin, ingestion,
and/or inhalation), dose or serving size, frequency of exposure,
toxicity of the element(s) in question, and the age, sex, race, and
health of the affected individuals. The most appropriate field
application of XRF is screening for ppm and higher levels of
toxic elements in products where they are likely to be present.
XRF is not deemed suitable for monitoring toxic elements in
most food items, primarily because the levels of toxic elements
found in these products are typically well below the XRF de-
tection limits. A notable exception to this is spices, which can
be contaminated with heavy metals from the environment or
grinding equipment. A risk-based approach to target specific
products based on where and how they enter the U.S. should be
carefully considered prior to any future field screening work.

One important application is identifying Hg in face creams,
particularly since the Hg content in such products has been
found to reach percent levels [21, 13, 34], coupled with the fact
that FDA has a 1 ppm regulatory limit for mercury in this type
of product [31]. Similarly, XRF could be used to monitor toxic
elements in other cosmetic products [12]. Another important
application is detecting ppm and higher levels of toxic elements
in dietary supplements. As per the Dietary Supplement Health
and Education Act (DSHEA) [14], the onus of evaluating the
safety of a supplement is placed on the manufacturer. FDA
provides no limits for toxic elements in these products, with
products reviewed on a case by case basis. However, studies
have shown that some dietary supplements can contain toxic
elements up to percent levels [25, 19, 20, 17, 12], and XRF
is clearly a valuable tool for efficiently and rapidly identifying
such contaminated products. Development of new regulatory
limits for toxic and catalytic elements in drugs in both Europe
[6] and the U.S. [32] is stimulating the development of XRF
methods [10, 5]. The future should see more widespread use

of XRF as the method of choice for routine monitoring of toxic
elements in raw materials and final products by manufacturers
and regulatory agencies such as the FDA, and consumer watch-
dog groups.

4. Conclusions

To the best of our knowledge, this is the first publica-
tion providing specific recommendations for use of XRF in
field screening activities related to elemental analysis of FDA-
regulated products. Relevant figures of merit include no sam-
ple preparation, multi-element analysis, detection limits in the
range of 1-10 ppm for the four toxic elements of interest (Hg,
Pb, As, and Se), and analysis times of a minute or less. XRF
provides a unique capability to rapidly screen large numbers of
samples prior to a much more time-consuming and costly ICP-
MS analysis. XRF’s advantages of cost and speed in screening
applications involving detection of toxic elements in large num-
bers of consumer products is often not appreciated or exploited.
As shown in this work, this type of screening can be done in a
field setting and used to analyze ∼100 products over the course
of a work day. While XRF analyzers are simple, reliable, and
can be operated for years with little or no maintenance, it is crit-
ically important to provide users with adequate training to en-
sure their safety, minimize false positives and false negatives,
ensure reliable results, and to focus on appropriate products
and elements of interest. More widespread use of XRF in this
manner will provide for more timely and proactive responses to
protecting the public health through more routine monitoring of
toxic elements in FDA-regulated products.
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Appendix A: Quick start guide for use of a portable XRF analyzer for FDA field investigations.
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Appendix B: Example of a completed XRF field analysis worksheet.
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