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Abstract

In this study, methodologies for determining titanium oxide, zinc oxide and iron oxide are proposed and assayed
in commercial sunscreen products. The proposed methodology for TiO2 determination in sunscreens is based on a
microwave-assisted treatment for digesting the organic components in a closed teflon reactor in presence of HNO3

and HCl. Titanium is determined by inductive coupled plasma emission spectrometry (ICP-AES). The proposed
methodologies for measuring ZnO and Fe2O3 are based on a sample emulsification in water with a non ionic
tensioactive and IBMK, followed by Zn and Fe determination by flame atomic absorption spectrometry (FAAS). The
methodologies allow a precise and accurate determination of metallic oxides in UV sunscreen creams, where the
sample treatment is less time-consuming than in the classic methods. To our knowledge this is the first study focused
to the determination of metallic oxides in commercial sunscreen products. © 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction

The increase in UV irradiation on earth due to
the stratospheric ozone depletion represents the
major environmental threat to the skin because it
increases the risk of photooxidative damage by
UV-induced reactive oxygen species [1]. An in-

creased reactive oxygen species load has been
implicated in several pathological states, including
photoaging and photocarcinogenesis of the skin.
A decrease in this species load by efficient suns-
creens and/or other protective agents may repre-
sent a promising strategy to prevent or minimise
induced cutaneous photological states.

Titanium dioxide is the most important physi-
cal UV sunscreen currently used because it pro-
vides a high level of protection against UVB
irradiation and also significant UVA protection.
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Products combining the high UVB protection of
titanium dioxide with the high UVA protection of
zinc oxide have been also commercialised. Such
filters attenuate the UV irradiation by scattering
and absorption of the radiation. Sunscreens can
also include iron oxide, used to provide colour to
the product or sometimes as impurity of rainbow
materials. Other formulations seek to increase
their protective effect by combining metallic ox-
ides and organic compounds to absorb UV
radiation.

The sun protection factor (SPF) of a sunscreen
is critically dependent on the amount of product
applied and the adequate percentage of active
ingredient [2,3]. As the raw materials employed in
sunscreen formulations may sometimes not be
carefully purified, control of the final composition
is a matter of great interest. In spite of that, we
found no references to the determination of
metallic oxides in commercial samples in the ana-
lytical literature. A determination of titanium in
synthetic formulations has been published [4].
Such synthetic samples were prepared by addition
of TiO2 to a TiO2 free placebo cream. The deter-
mination was based on a wet oxidation with
H2SO4, (NH4)2SO4 and H2O2, and measurement
of atomic absorption using a N2O/C2H2 flame.
This is a time-consuming method, but it offers a
good recovery.

Microwave-assisted procedures have been de-
scribed in the literature as a successful pre-treat-
ment of samples. They have been used to
accelerate certain organic reactions, such as hy-
drolysis [5,6], and to improve the digestion of
samples [7–10]. We propose here a procedure for
digesting sunscreen samples for organic matter
destruction by microwave-assisted acid treatment
that makes it possible to obtain an inorganic
residue easily soluble by acid fusion. Inductive
coupled plasma atomic emission spectrometry
(ICP-AES) was used to determine titanium.

On the other hand, sample emulsification has
been proposed in the atomic absorption spectro-
metric determination of metallic elements in dif-
ferent types of liposoluble samples, such as oils
[11,12] or gasolines [13,14]. Introducing samples
and standards into the atomisation systems as
emulsions is a compromise between the direct

introduction of organic solutions and prior miner-
alization [15]. This strategy allows a direct and
rapid analysis of samples, avoids the use of large
quantities of organic solvents and, moreover, per-
mits inorganic salts or metallic elements to be
used in the preparation of standards. Our biblio-
graphic search revealed no references on the use
of emulsions in the analysis of sunscreen prod-
ucts. A rapid procedure to determine ZnO and
Fe2O3 in sunscreen samples based on the emulsifi-
cation of the sample and air/C2H2 FAAS is pro-
posed here.

2. Experimental

2.1. Instrumentation

A Perkin Elmer, Plasma 2000, inductive cou-
pled plasma atomic emission spectrophotometer
equipped with a Technologies Inc., V-6000, ultra-
sonic nebulizer, was used for titanium determina-
tion. The experimental conditions were
wavelength, 334.941 nm; plasma height, 15 mm;
photomultiplicator gain, 600 V; power, 1200 W;
ultrasonic nebulizer flow, 0.650 l min−1; auxiliar
flow, 0.5 l min−1; plasmogen flow, 15 l min−1;
pump flow, 2.5 ml min−1.

A Varian, SpectrAA-10, atomic absorption
spectrophotometer was used for zinc and iron
determinations. Instrumental parameters for zinc
were wavelength, 213.9 nm; lamp current, 7 mA;
slit width, 1 nm; burner height, 10 mm; air/C2H2

flow ratio, 3.5:1.5. Iron absorbance was measured
at these conditions wavelength, 248.3 nm; lamp
current, 7 mA; slit width, 0.2 nm; burner height, 5
mm; air/C2H2 flow ratio, 3:1.

An Ignis AKL530/IG/WH microwave oven,
with rotating turntable, 2450 MHz magnetron
and a nominal exit power of 800 W was employed
to digest the samples. A 20 ml capacity Macharey-
Nagel PTFE microwave reactor (provided by
Aquateknica S.A.) with security expansion cham-
ber sealed with PFA and PTFE dishes was used
to irradiate samples; this system makes it possible
to avoid breaks in the reactor or leaks if overpres-
sure occurs during the experiments.
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2.2. Reagents and samples

A Titrisol 1000 mg l−1 titanium stock solution
was used to provide standard calibration
solutions.

Zinc (1000 mg l−1) and 1000 mg l−1 iron stock
solutions prepared from the metallic elements
(Merck) were used to provide standard calibration
solutions.

Analytical-reagent grade HNO3, HCl, KHSO4

and H2SO4 were used in the digestion and acid
fusion of the samples.

Nemol K-39 (Massó y Carol) and isobutyl
methyl ketone (IBMK) (Scharlau) were used for
sample emulsification.

The commercial sunscreen samples analysed
were (1) Protextrem (Lab. OTC Ibérica); (2) Foto-
protector Isdin, extrem (Lab. Isdin); (3) Sensilis
(Lab. Dermofarm); (4) Lutsine (Lab. Lutsia); (5)
Avène, crème écran extrême (Lab. Derma-
tologiques Avène); (6) Helioderm dermédica
(Lab. Isdin). The composition of these creams is
very complex, because they contain a great
number of ingredients. All the samples contain
TiO2. Samples 1, 5 and 6 also contain ZnO and
Fe2O3.

2.3. Reference procedure

A classic sample treatment procedure was used
as a reference to test the accuracy of the proposed
methodologies. Considering that the commercial
samples to be analysed have a large organic mat-
ter content, and that TiO2 must be desegregated
in order to assure its solubilization and satisfac-
tory atomisation, two pre-treatments were carried
out; digestion of the organic matter and desegre-
gation in the case of samples containing TiO2.
However, for free TiO2 samples only digestion
was considered necessary. The reference proce-
dure used for comparative purposes was as fol-
lows. Sunscreen (0.5 g) was weighed in a porcelain
crucible, and heated on a low Bunsen flame (for
approximately 50 min). The intensity of the flame
was increased and heating continued to obtain a
carbon-free ash (approximately 30 min). Concen-
trated HNO3 (1 ml) was added, evaporated and
then the crucible was introduced into an electric

furnace at 500°C for 1 h. The crucible was let to
cool, 1 ml of concentrated HCl was added and the
mixture was heated for a few minutes with a
Bunsen burner. For free TiO2 samples, this
residue was let to cool and diluted appropriately
to carry out the determination. If TiO2 was
present, after HCl addition, the residue was evap-
orated, 2 g of KHSO4 was added and fusion was
done at the Bunsen flame in a few minutes; the
molten product was dissolved in hot concentrated
H2SO4 and diluted to carry out the determination.
Ti was determined by ICP-AES and the de-
terminations of Zn and Fe were done by FAAS.
Aqueous solutions of these elements were used
as standards. It should be pointed out that
due to the large percentage of organic matter in
the samples, initial heating of the samples
should be gently done because an abrupt increase
in the temperature can cause projections of the
samples.

2.4. Microwa6e procedure

Sample (0.15 g) was weighed into a PTFE
reactor for microwave-assisted digestion, 0.5 ml of
concentrated HNO3 was added, and the mixture
was irradiated at 600 W for 1 min. The reactor
was let to cool, 0.5 ml of concentrated HCl
was added and an irradiation of 1 min was
carried out again at the same power. The reactor
was let to cool, and other step of irradiation
during one more minute under the same condi-
tions was done. The digestion product was trans-
ferred to a porcelain crucible, 0.5 g of KHSO4

was added and the mixture was heated with a
Bunsen flame during a few minutes for fusion, the
molten was dissolved in concentrated H2SO4 and
the solution was diluted appropriately with deion-
ized water to carry out the determinations of Ti
by ICP-AES.

2.5. Emulsification procedure

A sample (0.04–0.2 g) was weighed, 2 ml of
IBMK and 0.8 g of Nemol K-39 were then added,
the mixture was shaken and diluted up to 50 ml
with deionized water. Zn and Fe were determined
by FAAS using aqueous standards.
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Table 1
Effect of the acid microwave treatment on the accuracy of the results

Step 2 Step 3 Er (%)Step 1 R (%)Experiment

0.5 ml HNO3 600 W, 1 minA 0.5 ml HNO3 600 W, 1 min – 14.3 83.2
0.5 ml HCl 600 W, 1 min –0.5 ml HNO3 600 W, 1 min 9.3B 89.4

0.5 ml HNO3 600 W, 1 minC 0.5 ml HCl 600 W, 1 min 600 W, 1 min 1.4 99.8
0.5 ml HCl 800 W, 1 min – 1.2 99.6D 0.5 ml HNO3 800 W, 1 min

3. Results and discussion

3.1. Determination of TiO2 by ICP-AES after
microwa6e-assisted digestion of the sunscreens

3.1.1. Study of the microwa6e conditions
In order to optimise the experimental condi-

tions for the microwave-assisted digestion, a study
of the acidity (HCl and/or HNO3) and the irradi-
ation time was done.

A commercial sunscreen (sample 1) previously
analysed by the reference method described above
was used for comparative purposes. As can be
seen in Table 1 (relative errors and recovery of the
method), the best results were obtained with three
irradiation steps — 1 min of irradiation with
HNO3 was followed by an addition of HCl and
two irradiation steps of 1 min each. Volumes of
0.5 ml of each acid were enough to effect a
complete destruction of the organic matter work-
ing at 600 W. Less than 3 min or less than 600 W
did not give a good accuracy. Assays at 800 W
(power limit of the oven) produced total mineral-
ization in 2 min, but in some cases the safety
dishes burst. For this reason more than 600 W is
not recommended.

3.1.2. Analytical application
The mean recovery of the method for the six

samples analysed by the proposed conditions was
10194%.

Table 2 shows the results obtained for TiO2

determination by both the reference and the pro-
posed method.

The relative standard deviation of the TiO2

content was in the 0.6–5% range.
A paired t-test [16] was applied to these data to

evaluate the accuracy of the proposed method.

The confidence interval (tSD/
N) was calculated,
(where t is the Student’s statistic for N−1 degrees
of freedom and a 95% confidence level, N the
number of sunscreens analysed, and SD the stan-
dard deviation of the mean of the differences D( ,
between the values obtained by the proposed and
the reference methods). The value of the mean of
the differences D( was lower than the confidence
interval calculated, which indicates that the results
obtained by the proposed method were compara-
ble to those obtained by the reference method.

This indicates that other components of sam-
ples do not cause matrix interferences and the
selectivity of the method is adequate for titanium
determination.

Standard solutions from 0.2 to 2 mg ml−1 were
used for calibration. The sensitivity estimated
from the slope of the calibration line of the ICP-
AES determination of Ti, was in the order of
10+5 mg−1 ml (Table 3).

The limit of detection of the ICP-AES determi-
nation of Ti was estimated as 3sy/xb−1 (where sy/x

is the standard deviation of the calibration line
and b the slope). It was in the order of 0.035 mg
ml−1 (Table 3).

Table 2
Determination of TiO2 in commercial sunscreen samples

TiO2 (%)aSample

Reference method Microwave method

1 2.7890.042.8190.02
2 1.3190.031.36890.007

0.5090.010.6590.023
1.6190.011.6190.054

5 10.8890.09 12.590.3
4.9190.02 5.8090.036

a Mean value9standard deviation of the mean.
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Table 3
Intercepts (a) and slopes (b) of the calibration lines

Intercepts (a9sa)Determination Slopes (b9sb)

1×1092×10+33×10+391×10+3ICP-AES, Ti
8×10−392×10−3AAS, Zn 2×1093×10−3

AAS, Fe 6×1093×10−4 8×1098×10−5

ogy for preparing stable emulsions, different
reagents and ratios were assayed.

Nonylphenol polyethylenglycol ethers are well
known tensioactives, which provide good hy-
drophilic–lipophilic balances (HLB) [15] for
emulsion prepared from different liposoluble ma-
trices. Three commercial compounds (Nemol) of
the same chemical family with different degrees of
condensation were subjected to a preliminary as-
say. All of them provided stable emulsions during
the time required to carry out the analysis. Nemol
K-39 was used in the analysis of the commercial
sunscreen creams.

The weight of samples assayed ranged from
0.01 to 0.2 g. No effect on the stability of the
emulsions was observed.

The Nemol K-39 percentage assayed ranged
from 0.4 to 2%. Up to 0.8% the emulsions were
stable. The percentage of IBMK assayed was
from 1 to 5%. It was found that for percentages
lower than 2% the preparation of the emulsion
was more difficult, but once the emulsion was
formed, it was stable.

3.2.2. Analytical application
Table 4 shows the results obtained for ZnO and

Fe2O3 determination by both the reference and
the proposed method.

The relative standard deviation of the ZnO
contents was in the 1–9% range, and for Fe2O3 it
was 0.4–0.7%.

The same paired t-test [16] used for TiO2 was
applied to these data to evaluate the accuracy of
the proposed method. The results obtained by the
proposed method for ZnO and Fe2O3 were statis-
tically comparable to those obtained by the refer-
ence method. Then, if the selectivity is adequate

From our results it can be concluded that the
proposed microwave-assisted digestion methodol-
ogy permits a large decrease in the sample treat-
ment time as compared with the classical organic
matter destruction procedures, and provides accu-
rate results.

It is worth mentioning that analytical method-
ologies based on the direct solution of liposoluble
samples in an organic solvent require the use of
organometallic compounds as standards and
flame fluctuations are produced due to the high
organic content of the solutions. Moreover, con-
ventional creams can be dissolved, but those com-
posed of metallic oxide particles in suspension,
such as physical UV sunscreen creams can not.
Other direct procedures such as slurry and/or
emulsification of samples gave results for TiO2

that were lower than the real ones due to the low
atomisation yield. On the contrary, a methodol-
ogy like the one proposed here constitutes a possi-
ble alternative to the classic procedures, rapid and
accurate for analysis of TiO2 in sunscreen
samples.

3.2. Determination of ZnO and Fe2O3 by
emulsification of the sunscreens and FASS

3.2.1. Study of the sample emulsification
In order to select the most adequate methodol-

Table 4
Determination of ZnO and Fe2O3 in commercial sunscreen samples

ZnO (%)aMuestra Fe2O3 (%)a

Reference methodEmulsion method Emulsion methodReference method

3.3490.073.4090.071 0.7690.05 0.7390.04
2.2090.045 0.2190.010.18690.0062.2790.07

0.21390.002 0.2290.026 0.10490.002 0.10990.002

a Mean value9standard deviation of the mean.
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for the zinc and iron determinations, the method
is accurate.

These results show that aqueous solutions of
Fe3+ and Zn2+ can be used as standards. This is
particularly interesting from a chemical point of
view in the case of iron. Unpublished results
demonstrate that in emulsified samples, the atom-
isation yield of Fe3+ is higher than Fe2O3 parti-
cles, and consequently higher than the yield of
Fe3+ in aqueous samples. From this fact it can be
deduced that the atomisation yield of Fe3+ is
affected by the emulsificant reagents, but this
effect is not appreciable when the iron in the
sample is in the form of Fe2O3 particles. For this
reason, the study of the recovery is not feasible in
this case because it could provide erroneous infor-
mation about the accuracy of the method, since
(a) aqueous standard solutions can not used be-
cause their behaviour can not be compared to that
of oxide particles present in the samples, (b) addi-
tion of pure oxide particles to the samples as
standards is not possible either, because incorpo-
ration of the oxides to the final formulations does
not provide stable dispersions. On the other hand,
accuracy of the proposed method is well proved
from the results obtained by the reference method.

Aqueous solutions from 0.1 to 1 mg ml−1 were
used as standards for Zn and from 0.5 to 4 mg
ml−1 for Fe. The sensitivity was in the order of
0.2 mg−1 ml for Zn and 0.08 mg−1 ml for Fe.

The limit of detection was 0.03 mg ml−1 for Zn
and 0.02 mg ml−1 for Fe.

If the analytical features presented here are
considered, the simplicity of the preparation of the
emulsion, the low content of organic solvent re-
quired, and the fact that aqueous standards can be
used, it can be stated that this emulsification
procedure constitutes an advantageous and rapid
alternative for analysis of ZnO and Fe2O3 in
sunscreen samples.
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