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Titanium and iron analysis in eye shadows and blushes by
energy-dispersive X-ray fluorescence technique

Análise de titânio e ferro em sombras e blushes por fluorescência de
raios X por dispersão em energia

Diego de Dio Ferreira1; Carlos Roberto Appoloni2

Abstract

The objective of this work was to estimate titanium and iron superficial density in eye shadows and blushes
employing energy dispersive X-ray fluorescence methodology and determine other elements present in eye
shadows and blushes samples of three different trademarks. A portable EDXRF system was used to analyze
36 eye shadows samples and 7 blushes samples. Quantification was performed using calibration curves with
titanium and iron standards, 47,9 µg/cm2 superficial density, thin film type, deposited on polycarbonate
membranes, both from MicroMatter Inc. Titanium and iron superficial density were measured in all the
analyzed samples, calculated the ratio titanium/iron and detected other elements in the samples beyond
titanium and iron.
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Resumo

O objetivo desse trabalho foi estimar a densidade superficial de titânio e ferro em sombras e blushes utilizando
Fluorescência de Raios X por Dispersão em Energia e determiner outros elementos presentes em amostras
de sombras e blushes de três marcas diferentes. Um sistema portátil de EDXRF foi utilizado para analisar
36 amostras de sombras e 7 amostras de blushes. A quantificação foi por meio de curvas com padrões de
titânio e ferro, com densidade superficial de 47,9 µg/cm2, do tipo filme fino, depositados em membranas de
policarbonato, ambas da MicroMatter Inc. A densidade superficial do titânio e do ferro foi medida em todas as
amostras analisadas, a razão titânio/ferro foi calculada e outros elementos, além desses, foram determinados.
Palavras-chave: Sombra. Blush. Fluorescência de Raios X. Titânio. Ferro.
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Introduction

Painting the face is a habit since prehistoric times.
Neanderthal man painted his face with reds, browns, and
yellows derived from clay, mud, and arsenic. The use of
cosmetics, fragrances, and personal care products can be
traced back to ancient times as early as Egyptian, Greek,
and Roman eras (KUMAR, 2005). The Egyptians painted
their eyes to avoid direct contemplation of the sun god,
for such they used animal and vegetable fat, beeswax,
honey and milk to prepare skin creams (ATZ, 2008). Since
the Ancient Egypt, beauty products have been used by
all social classes. In 2001, makeup products constituted
roughly 18% of total global market for Cosmetics, Toiletry,
and Fragrance.

Eye shadows are found as powder, cream, emulsion,
sticks and crayon. The basic composition of the powder is
talc/kaolin, organic and inorganic pigments and binders.
The most used inorganic pigments in eye shadows are, in
general, oxides of metals. These compounds grant basic
colors, e.g., iron oxide black and carbon black for black
eye shadow, ultramarine (sodium aluminum sulpho sili-
cate) and Prussian blue (potassium ferrocyanide) for blue
eye shadow, chromium oxide for green eye shadow, iron
oxide brown for brown eye shadow, iron oxide yellow for
yellow eye shadow and carmine for red eye shadow. Tita-
nium dioxide and zinc oxide are used to produce brighter
tones (ATZ, 2008). These pigments are not always pure,
and may contain impurities such as Ni, Cr, Cd, Pb, As and
Hg.

The amount of Ni, Cr, Cd, Pb, As and Hg should
be lower than 5 ppm and for an even greater safety, the
ultimate target level should be 1 ppm (BASKETTER et
al., 2003; CORAZZA, M. et al., 2009).

According to ANVISA (Brazilian National Health
Surveillance Agency), the compounds used in cosmetic
formulations for the eye area must follow specifications
of identity and purity established by international orga-
nizations, such as FDA (Food and Drug Administration).
Inorganic pigments are allowed, provided that they are
water-insoluble. Eye shadows are classified by ANVISA
as minimum risk products about what regards the health
risks. Specific indications are not obligatory in these prod-
uct’s labels, as well as safety and efficacy proof, care in-
formation, usage mode and restrictions (ANVISA, 2000).

It is important to emphasize that there is no specific
legislation concerning toxic elements’ residues such as As,
Cd, Co, Ni, Pb and Hg in eye shadow, neither in Brazil nor
abroad. Some chromium and copper compounds may be
safely used in coloring cosmetics, generally including cos-

metics intended for use in the area of the eye, in amounts
consistent with good manufacturing practice (U.S. GOV-
ERNMENT, 2014).

The objective of this work was to estimate titanium
and iron superficial density in eye shadows and blushes
employing energy dispersive X-ray fluorescence method-
ology and determine other elements present in eye shad-
ows and blushes samples of three different trademarks.

Materials and methods

EDXRF instrumentation

The EDXRF measurement system is a homemade
portable one, composed of a Si-PIN detector (149 keV
resolution for 5.9 keV energy of Mn Kα , with 12.7 µm
Be window), model XR-100CR (AMPTEK, 1998), high
voltage source with amplifier, model PX2CR, multichan-
nel analyzer model MCA8000A and a notebook for data
acquisition and storage. Sample excitation was accom-
plished with a mini X-ray tube with Ag target (4 W, 10-40
kV, 0-100 µA, and focus diameter of 5 mm) (MOXTEK,
2003). The whole system is portable and can be used for
measurements at the sampling place. The measurement
geometry is 45◦x45◦ and the sample is positioned at 10
mm distance from X-ray tube/detector.

Sampling

Thirty-six eye shadows samples and 7 blushes samples
from 3 different trademarks cases, found at popular stores,
were measured and shown in figure 1. Titanium and iron
certified standards from MicroMatter Inc., with surface
density of 47.9 µg/cm2, thin film type and deposited on
polycarbonate membranes, were also measured.

The samples and standards were measured without
any preparation, in other words, they were measured
as found commercially, simply taking a small portion
which was swabbed on a paper sheet and covered with
a polyester film (Mylar), proper for X-ray fluorescence
measurements.

Each sample and standard were measured in triplicate.
The measurement conditions of the EDXRF equipment
were 25 kV, 10 µA, 50 µm thickness Ag filter at the X-
ray tube output, Ag collimator with 3 mm diameter at
the detector entrance and 500 s live time of measurement
time.
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Figure 1: Eye shadows and blushes samples from trade-
mark A, B and C. Samples named with a “b” are blushes.

Source: The Author.

Quantitative EDXRF analysis

Fundamental parameters equation for infinitely thick
samples was used for quantification (VAN GRIEKEN
and MARKOWICZ, 2002), as all samples had superficial
density over 0.37 gcm−1:

Ii =CiSiA (1)

where Ii represents the net intensity of the characteristic
X-rays (cps), Ci represents the element concentration (%
of mass), Si, the elementary sensitivity (cps/%mass) of
the analyzed element and A is a non-dimensional factor
that considers the matrix absorption for the characteristic
X-rays.

The titanium and iron standards were measured with
the Portable EDXRF system and the calibration curves
were fitted using the software Origin 8.0. The sensitivity
curves obtained for titanium and iron employing Micro-
Matter Inc. standards were:

DTi = 3.2142ITi (2)

DFe = 1.1207IFe (3)

where D is the surface density (in µg/cm2) and I is the
intensity (cps).

Results and discussions

As the standard’s matrix density is similar to the an-
alyzed samples, it was not necessary to determine the
absorption factor. Figures 2 and 3 show illustrative spectra
of a sample and a standard, respectively, showing good
identification of the elemental composition.

Figure 2: Eye shadow sample A02 spectrum with both
titanium and iron Kα and Kβ peaks intensities in counts
per second. The silver Lα peak is due to the Ag target
of the X-ray tube, and the argon Kα peak is due to the
presence of argon in the air.

Source: The author.

Figure 3: MicroMatter Inc. titanium standard spectrum
with titanium Kα and Kβ peaks intensities in counts per
second. The silver Lα peak is due to the Ag target of the
X-ray tube, and the argon Kα peak is due to the presence
of argon in the air.

Source: The author.

The values for titanium and iron surface density of the
eye shadows samples, calculated through equations (2)
and (3), are shown in table 1.

Table 1 shows the presence of titanium and iron in ev-
ery sample, however with a great variability in the surface
density for both titanium and iron. The greatest surface
density for titanium was found in sample A02, 123.41
µg/cm2, beige colored, where titanium is used to produce
lighter shades (ATZ, 2008). The greatest surface density
for iron was found in sample A14, 198.16 µg/cm2, which
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Table 1: Titanium and iron surface density values and respective standard deviation for the eye shadows samples
analyzed. Letters A, B and C stand for different trademarks.

Sample Ti surface density Fe surface density Sample Ti surface density Fe surface density

(µg/cm2) (µg/cm2) (µg/cm2) (µg/cm2)

A01 30.80± 0.47 16.03± 0.16 B05 17.06± 0.30 1.80± 0.07

A02 123.41± 0.67 17.18± 0.17 B06 8.31± 0.22 11.95± 0.12

A03 8.05± 0.39 47.17± 0.24 B07 11.76± 0.25 7.26± 0.10

A04 18.27± 0.41 63.28± 0.27 B08 25.50± 0.33 3.54± 0.08

A05 47.94± 0.49 11.19± 0.15 B09 38.32±0.36 3.15± 0.08

A06 77.27± 0.53 11.62± 0.15 B10 14.55± 0.27 2.51± 0.07

A07 69.61± 0.55 17.90± 0.16 C01 47.88± 0.43 11.08± 0.27

A08 26.49± 0.42 7.53± 0.13 C02 9.28± 0.24 4.23± 0.09

A09 45.11± 0.47 17.25± 0.16 C03 10.55± 0.25 4.41± 0.09

A10 66.72±0.51 19.58± 0.16 C04 40.99± 0.39 7.66± 0.25

A11 51.77± 0.41 15.12± 0.13 C05 45.65± 0.41 4.49± 0.19

A12 27.06± 0.33 6.05± 0.09 C06 26.42± 0.32 6.30± 0.10

A13 64.34± 0.50 66.92± 0.25 C07 33.94± 0.35 19.98± 0.14

A14 23.97± 0.34 198.16± 0.40 C08 20.35± 0.30 4.87±0.09

B01 19.86± 0.31 2.30± 0.07 C09 9.70± 0.25 77.57± 1.06

B02 24.13± 0.33 4.42± 0.09 C10 9.74± 0.24 47.39± 0.21

B03 10.81± 0.27 1.48±0.07 C11 7.77± 0.23 58.36± 0.23

B04 13.94± 0.29 1.82± 0.07 C12 10.46± 0.24 39.12± 0.19

Source: The Author.

is black due to iron oxide that is commonly used in eye
shadows.

Samples A12 and B09, both blue, have different
amounts of titanium and iron. Sample A12 has a darker
tone due to fewer amount of iron, while sample B09, with
more titanium, has a lighter shade.

Even for black eye shadows the difference among
trademarks remains, i. é., sample A14 has a huge amount
of iron and on the other side sample B07 has a smaller
amount of iron than titanium.

The ratio between titanium surface density and the iron
surface density for trademark A samples are presented in
figure 4.

Figure 4 shows that samples from A05 to A12, except
A06, have the titanium/iron ratio around 4, while for sam-
ple A13 it’s around 1. Samples A03, A04 and A14 stand
out due to their low titanium/iron ratio, which grants a
darker shade to their colors. For samples A02 and A06,
the great titanium surface density grants them a lighter
shade.

Figure 5 shows the tendency of the titanium/iron ratios
for trademark B to be around 8, except for samples B06
and B07, which have great amount of iron compared with

Figure 4: Titanium/iron ratios for trademark A samples.

Source: The author.

the same trademark eye shadows, this is due to the usage
of iron oxide as a black pigment.

Figure 6 shows that samples from C01 to C08, except
C05, have a titanium/iron ratio around 4. While samples
C05 presents a great titanium/iron ratio, that grants the
light shade to the eye shadow, as well as sample A06, both
purple.

Other elements, beside titanium and iron, were found
in the eye shadow samples and are shown in table 2.

Although some chromium compounds are allowed,
the chromium quantity shall not be greater than 5 ppm
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Table 2: Samples with elements other than titanium and iron. Intensity and respective standard deviation presented are
in counts per seconds (cps). For comparison purposes, also titanium and iron intensity are presented.

Sample Mn (cps) Cr (cps) Cu (cps) Zn (cps) Ti (cps) Fe (cps)

A13 - 3.63± 0.09 - - 20.01± 0.15 59.71± 0.22

B09 - - 0.97± 0.07 1.40± 0.08 11.92± 0.11 2.81± 0.07

C01 20.42± 0.14 - - - 14.89± 0.13 9.88± 0.24

C04 8.61± 0.10 - - - 12.75± 0.12 6.83± 0.22

C05 15.61± 0.12 - - - 14.20± 0.13 4.00± 0.16

C09 7.17± 0.10 - - - 3.01± 0.08 69.21±0.94

Source: The Author.

Figure 5: Titanium/iron ratios for trademark B samples.

Fonte: the author.

Figure 6: Titanium/iron ratios for trademark A samples.

Source: The author.

(BASKETTER, D. A. et al., 2003; CORAZZA, M. et al.,
2009). Quantification of this element was not possible
due to the lack of chromium standards at our laboratory.
Manganese, copper and zinc found in samples B09, C01,
C05 and C09 were also measured in eye shadows bought
in Nigeria and produced in China (OMOLAOYE, J. A. et
al., 2010).

The surface density values for titanium and iron for
the blush samples, calculated through the equations (2)
and (3), respectively, are shown in table 3. Titanium/iron
ratios for all blush samples are presented in figure 7.

Table 3: Surface density values for titanium and iron for
the analyzed blush samples. Letters A, B and C stand for
different trademarks.

Sample Ti surface density Fe surface density

(µg/cm2) (µg/cm2)

bA1 48.68± 0.41 22.37± 0.15

bA2 29.51± 0.34 39.84± 0.19

bA3 3.88± 0.19 27.59 ± 0.16

bA4 2.75± 0.17 4.84± 0.09

bB1 19.08± 0.29 9.63± 0.11

bC1 5.54± 0.20 9.48± 0.11

bC2 1.76± 0.16 26.34± 0.16

Source: The Author.

Figure 7: Titanium/iron ratios for blush samples.

Source: The author.

It is visible from table 3 and figure 7 that the ana-
lyzed blushes have a greater quantity of iron than titanium,
except for samples bA1 and bB1, in which the titanium
quantity is twice that of iron.
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Conclusions

The methodology has great potential for identification
and quantification of chemical elements, especially metals,
in eye shadow and blush samples.

One of the advantages of this methodology is the pos-
sibility of analyzing samples without any preparation, in a
non-destructive manner.

It was determined the surface density of titanium and
iron, as well as the titanium/iron ratio, present in 36 eye
shadow samples and 7 blush samples of 3 different trade-
marks. It was verified the use of titanium for lighter shades
and the use of iron for darker shades. It was measured the
variation in titanium and iron quantities in eye shadows
and blushes with same color but different trademarks.

It was also verified the behavior of titanium/iron ratio
among several colors of the same trademark.

Other elements were also detected, such as Mn, Cr, Cu
and Zn, which may represent a health risk at some level
and should be carefully investigated.
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