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1 | INTRODUCTION

Abstract

Background: Titanium dioxide (TiO,), a white powder, represents the opacifier used in
many products, including drugs, foods, cosmetics, paints, and dyes.

Method: The Uv-Vis spectrophotometry was a particularly suitable technique to
quantify TiO, in the solutions obtained from cosmetics. In this work, we determined
the TiO, content in a total of 88 samples of eye shadows and face powders of differ-
ent brands and costs. Before to analyse the samples, we developed the mineralization
and analysis method, in fact, fusion with potassium bisulphate would be very labori-
ous because it must be carried out on one sample at a time and requires very long
times, instead, the mineralization with the acid mixture and the aid of microwaves
allowed us to solubilize six samples at the same time within 45 min.

Results: From the results obtained, we can state that the highest concentrations of

TiO, are found in the eyeshadows with a maximum value of 36% in a blue eyeshadow.
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the Sumerian statuettes showing how eye makeup was in use. In

The term cosmetic defines any substance or mixtures intended to be
applied to the external surfaces of the human body (epidermis, hair,
nails, lips, etc.), for the purpose of cleaning, perfuming, changing ap-
pearance, protecting, keeping in good condition, or correcting odors
bodily. The following products are considered cosmetics: creams,
lotions, gels and oils for the skin, beauty masks, foundations and
in general all make-up products, perfumes, preparations for baths
and showers, for depilation, deodorants and antiperspirants, dyes
and other products for hair, products for shaving and for the care of
teeth, mouth, nails and sunscreen or self-tanning products.t

The cosmetics history begins with the history of man; in fact,
the art of cosmetics developed among the first civilizations of the

Middle Eastern area of the Mediterranean. Historical proof are

Egypt, for this purpose Kohl or Kajal was used, a powder com-
posed mainly of galena, malachite, antimony, and animal fat, ob-
tained by mixing the ash of almond shells with lead and copper
salts, used for eye make-up, to darken the eyelids and outline the
eye contour using a special felt stick. Cosmetics have always been
widely consumed products as, generally, their use is aimed at im-
proving the appearance and to protect the external surfaces of
the human body, therefore, consumers do not consider them pos-
sible causes of health risk. Cosmetics, defined by Regulation (EC)
1223/2009 of the European Parliament and by the Council of 30
November 2009 on cosmetic products,! consist of multiple natural
or synthetic chemical substances which in some cases can cause
the onset of various events negatives such as, for example, those

allergic. The potential risks associated with the use of cosmetics
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may depend on various factors, for example, the presence of aller-
genic components, contaminants, or degradation substances due
to incorrect storage. Some heavy metals, in the past, have been
used as components of cosmetic products, such as lead acetate,
used as a hair dye and red cinnabar (mercury sulfide) already used
in the times of the Roman Empire. In the 1930s, the thallium con-
tained in depilatories caused cases of serious and sometimes le-
thal intoxications. In the 1950s and 1960s, zirconium-containing
deodorants caused cases of inflammatory allergic skin reactions in
consumers in Europe and the United States.?™

Every day, people are exposed to several hazardous sub-
stances (metals, PAHs, phthalates, pesticides, etc.) through a wide
range of routes.>™ Although atmospheric emissions tend to be
the greatest cause for concern in terms of human exposure and

910 must

health;7 however, other less obvious sources of exposure
be considered, including the use of cosmetic, pharmaceutical and
tattoo products.’®

Cosmetics can be an important way of exposure to dangerous
chemicals since their components come into direct contact with
the epidermis and mucous membranes. The greater presence of
women in some professional activities, related to esthetics, leads to
their greater exposure to the components of these products. The
Cosmetica Italia Association reported in 2018 that daily women use
meanly fourteen cosmetics against seven of men.!!

In women, there is a greater risk that use and exposure to cos-
metics lead to adverse effects, some of which potentially danger-
ous, especially in the case of the use of adulterated, falsified or, in
any case, products that do not comply with the directives. In fact,
even if cosmetics are strictly regulated by European legislation, var-
ious substances such as compounds of lead, mercury, phthalates
and parabens, present frequently in counterfeit products or sold in
street stalls and markets, cause concern for their possible effects
on health, particularly for women of reproductive age.10 Irritating,
allergic and photo dermatitis are among the most common negative
effects associated to the cosmetic contact; all manifestations with a
strong component linked to gender, for example, contact dermatitis
caused by nickel compounds, have a female/male occurrence ratio
of 3:1, due both to the more frequent use of such products and to
the greater susceptibility to the disease, with typical localizations on
the eyelids and armpits, due to the allergens contained in make-up
and deodorant.°

Metals and their compounds, which can be classified as cosmetic
contaminants or pigments/opacifiers themselves, have been asso-
ciated with cutaneous pathologies.'?%¢ In the past, red tattoo inks,
containing mercury and those yellow, containing cadmium were
considered to be the most hazardous® In Magna Graecia, it was cus-
tomary to use a white pigment, white lead, which gave to the skin an
accentuated white color to the women body.

Titanium dioxide (TiOZ), calcium and magnesium carbonate, cal-
cium sulfate, aluminum silicates, aluminum oxide and hydroxide are
the most commonly opacifiers used in cosmetic products. TiO,, a
white powder, known as E171 in the European coding of food ad-
ditives, represents the opacifier used in many products, including
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drugs, foods, cosmetics, paints, dyes, etc.” Although, for many
time, the use of TiO, was considered safe, based on new in vitro and
in vivo researches, many doubts have been recently raised.'’

Titanium dioxide, upon the exposure to UV light, even in aque-
ous matrices, was shown to catalyze the production of reactive ox-
ygen species, such as superoxide anion, hydroxyl radical and singlet
oxygen.'® Additional in vitro experiments demonstrated that, even
in the absence of photo activation, nanoscale particles (<200nm)
would cause oxidative DNA damage, lipid peroxidation, micronu-
cleus formation, production of H,0,, and nitric oxide.*

The control concerning the TiO, in cosmetics is very difficult
because most of the products are purchased online, often from
small companies located in areas where the legislation is more
permissive than the European one. To the best of our knowledge,
there are few data on the concentration of TiO, in in face powders

19.20n particular for those sold online or by make-

and eyeshadows,
shift hawkers. Considering what has been said previously, during
this research has been optimized a simple, fast, and inexpensive
method to quantify titanium in complex matrices such as those of
the different types of cosmetics which can has quality parameters
(linearity, reproducibility, accuracy, limit of detection, and limit of
quantification) suitable for the purpose. In particular, samples of
eyeshadows and powders were taken into consideration since they
are cosmetic products that have very different compositional char-
acteristics. For the titanium quantification, we have used a UV-Vis

spectrophotometric method.

2 | RESULTS AND DISCUSSION

Similarly, to the tests carried out as in previous researches,?™2 the
LOD and LOQ values for TiO, are 0.04% and 0.13%, respectively.
To evaluate the accuracy, we carried out the analysis three times,
using the developed method, of four solutions prepared starting
from known quantities of metallic titanium having concentrations of
2.65,5.30, 6.45, and 12.9 ppm, obtaining on average concentrations
that differed by more or less than 4% from the theoretical value.
To evaluate the precision of the whole method, calculated as the
relative standard deviation (RSD%), we carried out the analysis, as
previously described, of five solutions prepared starting from known
quantities of two different samples, obtaining RSD between 3% and
9%. To verify precision, we repeated the complete analysis of six of
the randomly chosen samples five times. On average, the precision
was +6%, a value which for the purposes of the method is quite sat-
isfactory. Considering all the samples taken into consideration, the
determination coefficient (r?) of calibration curves were between
0.9939 and 1 for face powders, while for eyeshadows it was be-
tween 0.9893 and 1, indicating good linearity between absorbance
and concentration. For the element investigated these values were
considered satisfactory.

In the eyeshadow samples the concentrations, expressed as
TiO,, are between 0.04% and 36%. From the results obtained
(Table 1 and Figure 1) we can state that the highest concentrations
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Sample

T
DD
ES
ES
ES
Baby P
Baby P
Baby P
baby P
Baby V
AK

P1

Baby V
Baby V
Baby V

aD
aD

Color

Black
Black
Heavenly
Orange
Blue
Violet
Pink
Gray
Yellow
Orange
Gray
Ivory
Violet
Pink
Heavenly
Gray
Yellow
Violet
Gray
Black
Green

Heavenly
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TiO,%
1.7
4.7

16
1.8

36
19
2.3
4.9
9.3
1.3
0.04

11
5.1
8.9
8.1
4.5
1.3
3.3
1.3
4.3
6.6
4.8

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
44

Sample

bD
cD

Kc2

cK
LA
DI

Color

Heavenly
Heavenly
White
Gold
Violet
White
White
Black
Pink
Fuchsia
Brown
Brown
Black
White
Green
Green
Green
Indigo
Black
Brown
Indigo
Gold

Tio,%
6.6
49
2.5

6.9
2.6
2.5
4.2
11
20
7.8
4.4
5.2
3.5
11
8.9
13
6.3
2.5
11
5.1
17

TABLE 1 Titanium oxide concentration
(%) in the eyeshadows samples.
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FIGURE 1 Titanium oxide concentrations in eye shadows.

35USD | SUOWIWIOD dAIERID 3|qedl|dde au3 Aq pauenob ke S ILe YO 88N JO S3JnU 10) AfIq178UIUO AB]IA UO (SUOTIPUCD-PUR-SLLLBILIOD™AS | IMALe1d | [BUI|UO//SANY) SUORIPUOD PUe SWS L 81 385 *[#202/0T/ST] Uo Akiqiauliuo A31IM Bed 1A 1pnis 11650 Ais AN AQ Z259T POOITTTT 0T/10p/wi0d A 1M Akeaq i jpuljuoy/sdiy woaj papeojumod ‘0T ‘¥Z0e ‘SOTZELYT



AMORELLO ET AL.

3391
4 WiLEY- L2

of TiO, are found in the eyeshadows with a maximum value of
36% in the sample No. 5 (blue ES). Taking into account that the
most important make-up manufacturers establish that the op-
timal percentages, in relation to the good yield of the products,
are between 1% and 5%, we can state that in the majority of the
samples taken into consideration this range is not respected.?*
As regards powders, the highest percentage (20%) was found in
sample No. 30 (Pa2) (Table 2, Figure 2). Considering that TiO, is
used as a white pigment, we expected that the highest concentra-
tions would be mainly contained in the samples of light powders
and eyeshadows; this assumption of ours was disproved by the
experimental results. For the most part, it is the samples with the
darkest shades that contain the most titanium. This experimental
evidence can be associated with the fact that darker shades must
have greater coverage/compactness and greater durability, there-
fore requiring a greater quantity of TiO, from the manufacturing
companies. According to the recent decision of the SCCS and with
the entry into force of the new regulation on TiO,,?*2¢ almost all
the samples analyzed by us would be considered unmarketable,
since they exceed the concentration of 1%.

Furthermore, manufacturing companies should label cosmetics
containing TiO,, not only as already done with the CI 77891 identifi-
cation code, but also reporting the specific attention code: EUH212:
(Warning! Dangerous respirable dust may form if used). Do not
breathe dust.?’

Furthermore, being now classified as a class 2 carcinogen by in-
halation, TiO, can no longer be used in the form of a nano material,
while if the aforementioned pigment has a particle diameter greater
than 10 pm it can be used in the 1%-5% range.

3 | CONCLUSION

The Uv-Vis spectrophotometry was a particularly suitable tech-
nique for our purposes because it is above all useful in the analysis
of the solutions obtained from the cosmetic products because from
color to color and from brand to brand, the samples are very hetero-
geneous in composition. Considering the standard deviation values
on found concentrations we can affirm that the method provides
accurate results and therefore suitable for the determination of the
investigated metal in cosmetic samples.

In this work, we determined the TiO, content in a total of 88
samples of eye shadows and powders of very different brands and
costs. Before analyzing the samples, as already mentioned, we de-
veloped the mineralization and analysis method; in fact, fusion
with potassium bisulfate would be very laborious because it must
be carried out on one sample at a time, and requires very long
times; instead, the mineralization with the acid mixture and the
aid of microwaves allowed us to bring six samples into solution
at the same time within 45 min. Furthermore, as described in the
experimental part, we evaluated the quality parameters that are
quite satisfactory for the purpose of the study. The spectropho-
tometric technique was simple, fast and free from interference,
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unlike other much more complex and expensive instrumental
techniques.

Regarding the presence of TiO, in the samples, we can state
that from the data obtained, the highest concentrations (on aver-
age 7%) of TiO, were found in the most expensive face powders,
while, with some exceptions, in the less expensive products, the
quantities of TiO, are lower, around 4%. This could be associated
with the fact that using TiO, has a significant cost, so for a small
company, using less TiO, can lead to economic savings. As regards
eyeshadows, the situation appears similar to what was observed
for face powders; in fact, apart from some exceptions, in the
cheaper products the average percentage of TiO, is around 12%,
while in the more expensive ones the average concentration is
35%. As regards the samples in the medium price range, the ones
we mainly took into consideration, the situation appears similar
for both face powders and eye shadows, with a concentration of
around 9% of TiO,. It is worth noting that, in most of the cosmetic
products analyzed, the concentration of TiO,, in light of recent
legislation, is higher than the permitted limits. From the results
obtained, the danger of many cosmetic products, even those of
high cost, is highlighted. We can therefore hypothesize that the
circulation of illegal products on the market, in this case, is due to
the fact that the legislation is recent and unclear and the checks
are generally carried out on the products available in perfumeries
and shopping centers but, certainly, not on those sold online or in

neighborhood markets.

4 | EXPERIMENTAL SECTION
4.1 | AQuality control and quality assurance

The choose of procedural blank in trace analytical determination
is basic to assess contamination and matrix interferences. The de-
tection (LOD) and quantification (LOQ) limits of the method, as
in other researches?!™2® was established by measure of 10 pro-
cedural blanks. To obtain LOD and LOQ, calibration blank or ul-
trapure water were not used because they could not estimate
matrix interferences. Otherwise, to the best of our knowledge, a
cosmetic product without analita was not available at present. For
these reasons, the procedural blank was obtained by subjecting
ten different aliquots of procedural blank (2mL of HNO,, 2mL of

H,0,), to the entire mineralization procedure.

4.2 | Laboratory equipment

All glassware and sample containers were thoroughly washed with
hot HNO, 3% solution followed by rinsing with double-distilled
purified water and acetone (analytical grade), respectively. These
were finally kept in the oven at 110°C overnight. To avoid contami-
nations of samples, different glassware and pipettes were used for
standards and for solutions obtained from cosmetic samples.
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4.3 | Cosmetic samples

Some of the samples used in this study were provided by col-

leagues and friends, many were purchased in shops not suitable

TABLE 2 Titanium oxide concentrations in powder samples.

No. Sample TiO,% No. Sample TiO,%
1 Sua 5.4 23 Dal 2.8
2 SUb 8.9 24 Dc 6.7
3 SUc 2.3 25 Da2 3.7
4 Ara 2.9 26 Dc4 5.6
5 Arb 4.5 27 Da2 3.7
6 ISa 0.4 28 Db 77
7 Baby P 4.7 29 Pb 3.3
8 Baby Va 4.5 30 Pa 20

9 Baby Vb 1.8 31 Pa2 <0.04
10 Ka <0.04 32 Pb2 0.9
11 Kb <0.04 33 Pc2 1.5
12 Kc2 6.6 34 Aa2 5.3
13 INCa 4.7 35 Ab2 8.0
14 Aa 2.6 36 Ac2 5.1
15 Ab <0.04 37 Wa 11
16 Ac 2.2 38 Ka3 12

17 BO <0.04 39 Kb3 7.9
18 Da3 3.4 40 DGb 2.9
19 Db3 4.6 41 Dga 29
20 Dc3 3 42 BNb 15
21 Vya 8.7 43 UNIFa 0.5
22 Dib 8.3 44 CHa <0.04

25

20

15

10

Titanium dioxide %

0 iiIniII Iiiiiii i i 7EI " iiin _

for such sale or at stalls in neighborhood markets, while the most
expensive products were purchased in pharmacies. In total, the
samples taken into consideration are: 44 face powders and 44
eyeshadows. Table 3 shows, in ascending order of price, the acro-
nyms attributed to the eyeshadow samples (to avoid reporting the
brand) and their color:

Powders

e a, b c: indicate the shades from the lightest (a=light pink) to the
darkest (c=brown);
e 1,2, 3:same brand, different palette.

4.4 | Preparation of the titanium standard solution

189.9mg of 99% metallic Ti, weighed on the analytical balance
(£0.1mg), were solubilized in 98% H,SO,. The solution obtained
was brought to 100mL with double-distilled water. The high con-
centration (1899 ppm) of this standard solution will allow very small
volumes to be added to the solutions obtained from the minerali-
zation of cosmetic samples to use the standard addition method in

spectrophotometric analyses.

4.5 | Sample mineralization

Considering the few bibliographic data and some preliminary stud-
ies, we decided to use cosmetic approximately 100 mg of samples.

The classic method for solubilizing samples containing TiO, is that
of alkaline melting. In practice, the finely powdered sample mixed in

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

FIGURE 2 Titanium oxide concentrations in powder samples.
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TABLE 3 Acronyms attributed to the

eyeshadow samples. No. Sample  Color No. Sample Color No. Sample Color
1 T Black 17 BabyV Giallo 33 bD Brown
2 DD Black 18 BabyV Violet 34 cD Brown
3 ES Heavenly 19 Baby V Grigio 35 P Black
4 ES Orange 20 D Black 36 P White
5 ES Blue 21 aD Green 37 Kc Green
6 Baby P Violet 22 aD Heavenly 38 Ka Green
7 Baby P Pink 23 bD Heavenly 39 Kc2 Green
8 Baby P Gray 24 cD Heavenly 40 P Indigo
9 baby P Yellow 25 D White 41 K Black
10 babyV Orange 26 D Gold 42 cK Brown
11 aK Grigio 27 aP Violet 43 LA Indaco
12 P Panna 28 R White 44 DI Gold
13 P Violet 29 D White
14 P Pink 30 BN Black
15 P Heavenly 31 aLA Pink
16 P1 Gray 32 LA Fuchsia

a 1:1 ratio with potassium bisulfate is heated in a platinum crucible
until it completely melts. The cooled mixture must be solubilized in
HCI.28 Considering the very refractory nature of TiO, and the com-
plexity of the above method, for the mineralization of the samples,
we use 2mL of 98% H,SO,,, 2mL of 85% H,;PO,, 1 mL of 49% HF, and
0.5mL of 70% HNO; in a microwave mineralizer (Milestone model
MLS-1200 Mega; Milestone Laboratory Systems, Italy). The instru-
mental conditions used for the microwave digestion were: 1 min at
250W, 1 min at OW, 5min at 250 W, 5min at 450 W, 4 min at 600 W,
and 5min at 250 W. After mineralization, the solutions were brought
almost dry using a heating pad and Teflon containers to eliminate HF
and HNO,, which interfere with the analysis method.?’ After this
procedure, the solution was brought to volume (generally to 50mL)
with water and sulfuric acid, making sure that the concentration of
the latter was between 1.5N and 3.5N, in order to maintain the
solution all possible oxides and hydroxides.

4.6 | Spectrophotometric analysis

The presence of titanium in the solutions obtained as previously
described is indicated by vyellow color depending on the
concentration due to the (Ti [Hzoz])+4 complex.?® To perform
the analysis, the spectrum of the sample solution obtained from
the previous treatment was recorded from 300 to 600nm (Jasco
UVIDEC—610 spectrophotometer) to which 0.1mL of 30% H,O,
was added. The absorbance was measured against a blank consisting
of the same solution acidified with H,SO, but without hydrogen
peroxide. For quantification, as already mentioned, the standard
addition method was used, we added 50 uL aliquots of the standard
solution (1899 ppm) from time to time to 6 mL of sample solution. The

absorbance value was determined at 400nm. The values obtained

were plotted as a function of concentration. By extrapolating the
straight line thus obtained on the negative axis of concentrations,
it was possible to calculate the concentration of titanium in the
solution obtained from mineralization after any dilution.?® Figure 3,
as an example, shows the spectra of two samples (powder and

eyeshadow) obtained with the standard addition method.

ERitei
53 a1

Absorbance

Absorbance

[

Wavelength (nm) Wavelength (nm)

FIGURE 3 UV-Vis spectra of a powder and eyeshadow samples
obtained with the standard addition method.
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