
Introduction 

In cosmetics manufacturing, quality control 

laboratories are responsible for ensuring 

that the necessary and relevant controls 

are carried out for sampling and testing per 

ISO 22716; ensuring that only materials and 

products that conform with the required 

acceptance criteria are released for shipment 

and use.

The quality control laboratory is expected to 

use the available and defined test methods 

necessary to confirm that the product 

complies with all quality controls and health 

and safety regulations.
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Residues of heavy metals in cosmetics 

can be dangerous because of their toxicity. 

Possible sources of metals in cosmetics can 

be contamination of basic ingredients, of 

color additives, and processing. Therefore, it 

is also important to monitor the ingredients 

for cosmetic products for critical trace 

elements.

For some heavy metals, internal, for others 

external, maximum concentration limits are 

set. Typical elements of concern include 

arsenic, cadmium, chromium, cobalt, lead, 

mercury, and nickel.
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Regulations and standards have made 
it increasingly important for the 
manufacturers of cosmetics to monitor 
and test the elemental compositions 
of their products to ensure consumer 
safety and health. Only materials 
and products that conform with the 
respective specifications can be 
distributed.
Quality control laboratories are 
responsible for ensuring that the 
required testing methods are applied 
to confirm that the product complies 
with acceptance criteria. It is also 
necessary to use defined test methods 
to perform the appropriate controls.
Energy-dispersive X-ray fluorescence 
(ED-XRF) spectrometry has proven 
itself to be a useful analytical 
technique for process control. ED-XRF 
is characterized by relatively simple 
sample preparation, ease of use and 
excellent precision. It is, therefore, one 
of the preferred choices for elemental 
analysis at-line and in the lab. 
In addition to use in process control, 
where it is used to determine the 
content of additives and active 
ingredients, ED-XRF technology can 
also be used for fast and accurate 
screening for heavy metals in 
cosmetics. 

The US FDA, for example, describes in Dec 2016 in their Draft Guidance for Industry: Lead in 

Cosmetic Lip Products and Externally Applied Cosmetics: Recommended Maximum Level: 

“This guidance provides a recommended maximum level of 10 parts per million (ppm) for lead 

as an impurity in cosmetic lip products and externally applied cosmetics that are marketed in the 

United States. FDA (or “we”) has concluded that a recommended maximum level of 10 ppm for 

lead as an impurity in cosmetic lip products and externally applied cosmetics would not pose a 

health risk. We consider the recommended maximum lead level to be achievable with the use 

of good manufacturing practices and to be consistent with the 10 ppm maximum lead level for 

similar products recommended by other countries.” 
Source: http://www.fda.gov/Cosmetics/GuidanceRegulation/GuidanceDocuments

The FDA also provides guidance on the levels typically obtained for the elements in question.

In the FDA’s Testing of Cosmetics for Arsenic, Cadmium, Chromium, Cobalt, Lead, Mercury, 

and Nickel Content several examples are discussed and, for example, for color additives the 

following statement is made:

Typically, these are the limits for color additives used in cosmetics:

• Arsenic: Not more than 3 ppm

• Lead: Not more than 20 ppm 

• Mercury: Not more than 1 ppm 
Source: http://www.fda.gov/Cosmetics/ProductsIngredients/PotentialContaminants/ucm452836.htm#limits

X-ray fluorescence (XRF) is one of the analytical tests described in ISO/TR 17276 – Cosmetics – 

Analytical approach for screening and quantification methods for heavy metals in cosmetics. 

XRF is characterized by its relatively simple sample preparation, by its ease of use as well as by 

its precision. 
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Element-range kV/mA Excitation

Fe-Nb, 
Hf-U

40 kV, 
0.90 mA

Pd

Mo – Ce
60 kV,

0.60 mA
High Energy

K- Mn
22.5 kV, 
2.00 mA

Co

Na- Cl
22.5 kV, 
2.0 mA

HAPG polarizer

Table 1: Measurement conditions

Newer generations of energy-dispersive (ED) XRF instruments like the SPECTRO XEPOS can 

achieve detection limits for heavy metals, previously only possible with more expensive 

laboratory instrumentation.

This report shows the screening and analysis for heavy metal content in raw materials and in 

final products. 

Examples for the analysis of additives and active ingredients in cosmetics are described in a 

separate application report.

Instrumentation

SPECTRO XEPOS

With its optimized excitation conditions, the SPECTRO XEPOS is well suited to determining 

the elemental content of of heavy metal contamination and of additives or other ingredients in 

cosmetics, which can be identified based on the elemental content of elements in the range of 

Na-U. 

The element range of the SPECTRO XEPOS and 

the excitation conditions are given in Table 1. 

The measurement time per sample and excitation 

conditions can be optimized depending on the 

precision required for the analysis. Typically, a 

measurement time in the range of 60 to 300 s per 

sample is used.
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Applications

Screening for Heavy Metals in Raw Materials and in Cosmetics

ED-XRF is well suited to perform a quick screening analysis for heavy metals. As sample 

matrices can vary widely and as the XRF technique is known for its sensitivity for matrix 

influences, special screening methods for such purposes have been developed.

SPECTRO’s TurboQuant programs are designed to deal with the matrix variations of samples and 

still provide accurate results. More information can be found in the SPECTRO white paper about 

TurboQuant.

But matrix correction methods can only provide high accuracy at low concentration levels if the 

analyzer provides high sensitivity and low detection limits. The following spectra show some 

examples:

Figure 1: Spectral comparison for Pb in organic matrix at 0, 10 and 25 
mg/kg; measurement time 120 s for this excitation condition.

Figure 2: Spectral comparison for Cd in organic matrix at 0, 10 and 25 
mg/kg; measurement time 180 s for this excitation condition

The following Table 2 lists the detection limits possible with an overall measurement time of 

10 minutes per sample in an organic matrix. Other elements present in the sample at significant 

concentration levels will influence the LOD.

Element Excitation LOD [mg/kg]

V Co 0.2

Cr Co 0.2

Mn Co 0.3

Fe Pd 0.5

Co Pd 0.3

Ni Pd 0.5

Cu Pd 0.5

Zn Pd 0.1

Element Excitation LOD [mg/kg]

Mo High Energy 0.4

Ag High Energy 0.4

Cd High Energy 0.3

Sn High Energy 0.6

Sb High Energy 0.8

Hg Pd 0.15

Pb Pd 0.15

Table 2: LODs in an organic matrix; measurement time 10 min per sample
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Summary

This report illustrates the sensitivity of the SPECTRO XEPOS for the screening and analysis 

of heavy metals in raw materials and finished cosmetics products. The SPECTRO TurboQuant 

approach is well suited to screening and, if required, special calibrations can be set up to 

provide higher accuracy. 

The process control of additive and active ingredients in cosmetics is described in a separate 

application report.

Analysis of Cd in Talc as a Raw Material for Cosmetics

For an accurate analysis of heavy metals in raw materials, special calibrations can be prepared 

to obtain even more accurate results than those provided by screening analysis methods.

For some applications, suitable reference samples may be available, for others materials can 

be spiked and cross-checked with other techniques and then used for calibration of the XRF 

instrument.

Figure 3 shows the correlation for Cd in talc as a raw material for cosmetic manufacturing using 

the SPECTRO XEPOS.

Figure 3: Correlation for Cd in talc

R² = 0,9991

0

2

4

6

8

10

12

14

0 2 4 6 8 10 12 14

Cd
 c

on
c.

 a
na

ly
ze

d 
in

 m
g/

kg

Cd conc given in mg/kg

Correla�on Cd in Talc



Screening and Quantification for Heavy Metals in Cosmetics6

Choosing an ED-XRF analyzer

ED-XRF technology keeps getting better and better. 
Today’s most advanced instruments can provide a 
quantum leap in performance, even over earlier top-
ranked models. Look for the following benefits:

High sensitivity and precision. In multi-element 
analysis of major, minor, and trace element concentra-
tions, it’s critical to maximize spectrometric sensitivity 
and precision. Example: the newest SPECTRO XEPOS 
analyzers combine exclusive new excitation technol-
ogy with innovative detector and tube designs. These 
help deliver up to 10X greater sensitivity and 3X  
better precision than previous models. So users get 
fast, accurate analysis of a wide range of elements, 
from sodium to uranium.

Long-term stability. Most ED-XRF analyzers shut 
down their X-ray tube between measurements. Unfor-
tunately, resulting temperature variations can nega-
tively affect repeatability and accurate readings. To 
ensure stability, look for an instrument that maintains 
constant tube power.

Low detection limits. Lower limits of detection 
(LODs) improve performance with minor and trace 
element concentrations. The best new models com-
bine high sensitivity with minimized backgrounds, 
achieving exceptionally low LODs for a wide range 
of elements.

Consumables flexibility. Analysis in an inert-gas 
environment sometimes produces better results. But 
constant gas purging becomes expensive. SPECTRO 
XEPOS instruments offer low-volume helium purging 
only when required for light elements in liquids and 
powders, with a vacuum system for solid samples.

Lower costs. Today, an advanced ED-XRF analyzer 
such as SPECTRO XEPOS exhibits significantly lower 
costs — of initial investment and long-term owner-
ship — than wavelength dispersive X-ray fluorescence 
(WD-XRF) spectrometers. Yet it generally provides 
comparable performance for many applications.
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