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 Introduction
Two types of powders, talc (Mg₃Si₄O10(OH)₂) and titanium oxide
(TiO₂), were prepared by adding and homogenizing lead (Pb) 
and arsenic (As) standard solutions for ICP at three levels (Table 
1). The sample volume was 2 g per sample. Using these 
calibration curve samples, calibration curves for Pb and As were 
prepared for each of the two types of powders. Fig. 2 shows the 
calibration curves, Table 2 shows the accuracy and correlation 
coefficient of the calibration curves, and Fig. 3 shows the 
profiles. For As, overlap correction with Pb (coexisting element 
correction dj method) was applied.

The management of lead and arsenic contained in cosmetics 
raw materials is important for protecting people's health. 
Although colorimetric methods have been used for these 
analyses, there is a growing need for trace control due to tighter 
regulations in recent years, leading to a consideration of a shift 
to instrumental methods that enable quantification. Candidates 
for instrumental methods include ICP optical emission 
spectrometry/mass spectrometry and X-ray fluorescence 
spectrometry. While the former method is highly sensitive, 
powder and solid samples need to be dissolved in an acid such 
as nitric acid or hydrochloric acid. In contrast, X-ray fluorescence 
analysis is convenient because it can be analyzed without 
dissolving the sample. 
This application news introduces the analysis of two inorganic 
oxide powders (talc and titanium oxide) using the energy-
dispersive X-ray fluorescence Spectrometer ALTRACE (Fig. 1).

Fig. 2 Calibration Curves  (a)  Talc,  (b)  Titanium Oxide

Calibration Curve

Fig. 1 ALTRACE

 With simple sample preparation, lead and arsenic in cosmetic raw material powder can be quantified simultaneously.
 Increased X-ray tube output and optimized optical design have improved sensitivity for heavy elements. 
 Continuous analysis of up to 48 samples is possible, improving analysis throughput.
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Table 1 Calibration Curve Samples [ppm]
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Table 3 The Lower Limits of Detection (LLD) [ppm]

Table 3 shows the lower limits of detection calculated from the 
calibration curve. The integration time was set to 100 seconds 
for talc and 300 seconds for titanium oxide.

 The lower limits of detection depend on the material, measured 
element, integration time, and other factors (Fig. 4). If the 
material is the same, the detection limit theoretically becomes 
1/√N times when the integration time is multiplied by N. The 
integration time is set according to the required detection limit.

 Lower Limit of Detection

Sample Element Analysis 
line

LLD

Talc
(100 s) 

As As Kα 0.14

Pb Pb Lβ₁ 0.28

Titanium oxide
(300 s) 

As As Kα 0.30

Pb Pb Lβ₁ 0.59

Fig. 4 Relationship between Integration Time and 
Lower Limits of Detection

(a) Talc, (b) Titanium Oxide

Fig. 3 The Profiles of the Calibration Curve Samples (As, Pb)
(a) Talc, (b) Titanium Oxide
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Sample
As Pb

Acc. Corr. Coef. Acc. Corr. Coef.

Talc 0.15 0.9997 0.15 0.9999

Titanium oxide 0.14 0.9997 0.40 0.9989

Table 2 Accuracy [ppm] and Correlation Coefficients of the Calibration Curves

Blank STD1 STD2 STD3
(a) Talc

(b) Titanium Oxide
Blank STD1 STD2 STD3
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Conclusion
This application news reports on the quantitative analysis of 
lead (Pb) and arsenic (As) in two types of inorganic oxide 
powders: talc and titanium oxide. The analysis was performed 
using the energy-dispersive X-ray fluorescence spectrometer 
ALTRACE, which allows for the analysis of powders without 
dissolving them.
ALTRACE enables simultaneous analysis of Pb and As, unlike 
traditional colorimetric methods that test them separately. 
Additionally, ALTRACE can analyze 48 samples continuously, 
significantly improving the efficiency of the testing process.

＜Related Applications＞
1. 01-00775-EN：Screening Analysis for Hazardous Heavy Metals 

in Foods and Food Additives

Test Samples
(1) Water-soluble titanium oxide
(2) Oil-soluble titanium oxide
(3) Water-soluble fine-particle titanium oxide
(4) Oil-soluble fine-particle titanium oxide

*1 “< ” is less than the lower limits of detection  (theoretical 3σ) 

Sample Preparation
Two grams of the sample was put into a sample container 

covered with a 5 μm polypropylene film and simply compressed. 
Fig. 5 shows the sample image of (3) water-soluble fine-particle 
titanium oxide.

Fig. 5 (3) Water-Soluble Fine-Particle Titanium Oxide

Results of Quantitative Analysis
Table 4 shows the results of quantitative analysis. It is shown 
that this method can be used for the quantitative analysis of Pb 
and As in the raw powder of talc and titanium oxide.

Sample As Pb

(1) Water-soluble titanium oxide 3.1 32.7

(2) Oil-soluble titanium oxide 3.2 5.1

(3) Water-soluble fine-particle
titanium oxide <0.5 5.6

(4) Oil-soluble fine-particle titanium 
oxide <0.6 7.5

Table 4 Results of Quantitative Analysis*1 [ppm]

Fig. 6 The As and Pb Profiles of the (1) Water-Soluble Titanium Oxide

Profile
Fig. 6 shows the As and Pb profiles of the (1) water-soluble 

titanium oxide.

Results of Repeatability Test
Table 5 shows the results of simple 10 times repeatability test 

for (1) water-soluble titanium oxide.

Element As Pb

Mean value [ppm] 3.2 32.9

Standard deviation [ppm] 0.2 0.4

Coefficient of variation [％] 6.9 1.2

Table 5 Results of Repeatability Test

Analysis Conditions

Instrument : ALTRACE

Elements : As (AsKα) , Pb (PbLβ1) 

Analysis group : Quantitative analysis

Analysis method : Calibration curve method

Detector : SDD

X-ray tube : Rh target

Tube voltage : 50 [kV]

Tube current : Auto [µA]

Primary filter : #5

Atmosphere : Air

Integration time*1 : Talc：100 [s]
Titanium oxide：300 [s]

Dead time : Max. 40 [%]

Table 6 Analysis Conditions

*1  Since As and Pb  are measured simultaneously, the integration time is the 
time per sample.

ALTRACE is a trademark of Shimadzu Corporation or its affiliated companies in Japan and/or other countries.

First Edition: Nov. 202501-00965-EN

https://www.shimadzu.com/about/trademarks/index.html
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/25200/an_01-00775-en.pdf


 Please fill out the survey

Related Products Some products may be updated to newer models.

 ALTRACE
Energy Dispersive X-ray Fluorescence
Spectrometer

Related Solutions



Cosmetics &
Personal Care
Products

 Safe and Secure

 Price Inquiry  Product Inquiry 
Technical Service /
Support Inquiry  Other Inquiry

Powered by TCPDF (www.tcpdf.org)

https://www.shimadzu.com/an/forms/questionnaire/index.html?apl_id=26045&from_apl=26045
https://www.shimadzu.com/an/system/redirect.html?prod_id=5462&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=5462&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=5462&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=5462&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=5462&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=241&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=241&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=241&apl_id=26045&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=246&apl_id=26045&from=apl
https://www.shimadzu.com/an/forms/price/index.html?page=webform_start&apl_id=26045&from=apl
https://www.shimadzu.com/an/forms/product/index.html?page=webform_start&apl_id=26045&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=26045&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=26045&from=apl
https://www.shimadzu.com/an/forms/other/index.html?page=webform_start&apl_id=26045&from=apl
http://www.tcpdf.org

