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ABSTRACT

A variety of sunscreen products have been developed to afford the consumer protection against some of the deleterious effects, for
example erythema, caused by solar ultraviolet radiation. The requirement that suncare products offer broad-spectrum protection
has resulted in the use of inorganic oxides, such as micronized titanium dioxide (TiO,), in their formulation. However, there are
now concerns about the photocatalytic effects of the TiO, in these products and its potential phototoxicity to the skin through the
generation of reactive oxygen species such as hydroxyl and superoxide anion radicals. It is important, therefore, that the amounts
of TiO, in suncare products be closely monitored and maintained within stipulated ranges. A simple, fast and reliable analytical
method for the determination of TiO, in commercial sunscreen products by inductively coupled plasma-optical emission
spectrometry (ICP-OES) was developed and validated. The limits of detection and quantitation were found to be 0.018 and
0.062 ug mL™7, respectively. The average percentage recovery of TiO, was 102.32 + 2.87 % with a RSD of 2.81 %. The method was
applied to determine the concentration of TiO, in 22 commercial suncare samples of which 14 contained TiO,. The amounts of
TiO, measured in these sunscreens ranged from 0.05 to 3.21 %. To our knowledge this is the first study that reports the amounts of

TiO, in sunscreen products available on the South African market.

KEYWORDS

Titanium dioxide, sunscreens, physical blocker, inductively coupled plasma-optical emission spectrometry.

1. Introduction

Solar ultraviolet radiation (UVR) is indispensable for life on
earth and yet it is responsible for a number of adverse effects on
human skin. These include the chronic effects of photoaging and
skin cancer, and the acute effects of sunburn in fair-skinned
people, photosensitivity rashes and immunosuppresion.' The
many harmful effects of sunlight have been the impetus behind
the continuing search by scientists for anideal photoprotectant.

Sunscreens were primarily designed for the prevention of
sunburn but are now recognized as an important strategy in the
prevention of squamous cell carcinoma, photoaging and
UV-induced immunosuppression.” They contain organic and
inorganic substances that absorb, reflect and scatter UVR, thus
attenuating the nature and amount of UVR reaching viable cells
in the skin. Sunscreen products are formulated in a variety of
strengths termed sun protection factors (SPF). The SPF is the
ratio of the energy required to produce minimal sunburn (skin
reddening) in the presence of a sunscreen to the energy required
to produce the same effect in the absence of a sunscreen.

Terrestrial solar ultraviolet radiation can be divided into two
regions: the ultraviolet-B (UVB) region from 290 to 320 nm and
the ultraviolet-A (UVA) region from 320 to 400 nm. The SPF is
essentially a measure of the effect of UVB radiation on the skin
since sunburn is primarily caused by UVB radiation. It is now
appreciated that UVA radiation plays an important part in the
induction of skin cancer, chronic photoaging, photo-immuno-
suppression, and wrinkling of the skin.’ Therefore, modern
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sunscreens must offer broad-spectrum protection against both
the UVB and UVA wavelengths. In order to achieve broad-
spectrum protection and boost the SPF of a formulation,’
cosmetic manufacturers have turned to metal oxides such as
micronized titanium dioxide (TiO,), ultrafine zinc oxide (ZnO) and
iron oxide (Fe,O,); with TiO, being the most commonly used.
These oxides scatter, reflect and absorb UV radiation and are
often termed ‘physical blockers’.

Titanium dioxide is effective in blocking out both the UVA and
UVB wavelengths, and because of the micron size of TiO, it
remains invisible on the skin. Rayleigh’s theory best explains the
optical behaviour of ultrafine TiO,. It states that the intensity of
light scattered is inversely proportional to the fourth power of
the wavelength. Therefore, TiO, particles of size ranging from 20
to 50 nm effectively scatter UVA and absorb UVB radiation, and
wavelengths approaching the visible region are transmitted
through the material, making it virtually transparent to the
naked eye.”

However, the two most common crystalline forms of TiO,,
anatase and rutile, are both photocatalysts and semiconductors
with band-gap energies of about 3.23 eV and 3.06 eV, respec-
tively, corresponding to light of 385 and 400 nm. Light at or
below these wavelengths can excite electrons from the valence
band (vb) to the conduction band (cb) generating single elec-
trons (e") and positively charged spaces called holes (h*). After
formation, electrons and holes either recombine or migrate
rapidly to the particle surface, where they now react with
adsorbed species.

In an air-saturated aqueous environment, electrons react with
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oxygen, and h* with hydroxylions or water, forming superoxide
or hydroxyl radicals:

TiO2 + hy - TiOz (e/h*) - €™ (cb) + h* (vb) 1)
e (cb) + 02> Oy~ )
h* (vb) + OH™ - *OH 3)
h* (vb) + H2O = "OH + H* (4)

The superoxide and, in particular, the hydroxyl radicals
formed are the active agents for the degradation of organic
compounds:

*OH or Oz~ + substrate - photo-oxidized products (5)

Anatase is more photoactive than rutile.® This greater photo-
activity has been ascribed to a lower rate of electron-hole recom-
bination and a greater efficiency of oxygen adsorption. There-
fore, rutile should be the preferred form of TiO, for use in
sunscreen products. However, over-the-counter sunscreens
were found to contain either anatase or rutile or a mixture of the
two,” and Ricci et al."” state that anatase is the form used in
sunscreen and cosmetic products. Brezové et al."' found that nine
commercial sunscreen preparations containing TiO, did indeed
generate reactive radical species, such as superoxide anion
radical and hydroxyl radical, when irradiated with wavelengths
of light longer than 300 nm.

Most sunscreen formulations employ a combination of
physical and chemical (organic) UV-filters to provide broad-
spectrum protection. Therefore, the possibility exists that TiO,
can photocatalyze the degradation of the organic filters. Indeed
it has been shown that TiO, can cause a significant loss of the
most commonly used absorbers, namely avobenzone,' 2-ethyl-
hexyl-para-methoxycinnamate,'*" oxybenzone,"" octocrylene'
and octyl salicylate." Ricci ef al." further found that the process
occurs more rapidly in the presence of a surfactant, which is
often present in the formulation as an emulsifying agent. These
interactions between components of the formulation reduce the
efficacy of the product and lead to a loss of photoprotection and
consequently more potential damage to the skin.

The ability of photo-excited TiO, to generate free radicals also
accounts for its photocytotoxic effects.”* Investigations by
Dunford et al.’ have shown that TiO, particles isolated from
commercial sunscreen products induced DNA strand-breaks
and other lesions in DNA plasmids and in human cells. Conse-
quently, the presence of TiO, in sunscreen formulations can
initiate or lead to photo-oxidative damage of the skin.

Moreover, because of the small size of these physical blockers
it is possible that they may penetrate the skin via inter-
cellular routes, or through hair follicles, pores and sweat glands.
A number of studies have reported on the percutaneous
absorption of microfine titanium dioxide** and although they
reach different conclusions because of the different protocols
used, titanium dioxide has been detected no further than the
stratum granulosum.*> The fact that microfine titanium dioxide
does not appear to penetrate viable skin tissue is fortunate, since
ithas been found to be incorporated into cells**" and once inside
the cells it can trigger a chain of reactions (involving reactive
oxygen species such as the hydroxyl radical) that can lead to
DNA mutations and cell death.™* Van der Molen et al.” showed
that some forms of TiO, changed the integrity of the intercellular
spaces of the stratum corneum severely. Such a scenario is highly
undesirable. In addition, titanium dioxide has been found to be
genotoxic.®*

In order to prevent the deleterious effects enumerated above,
the surface of the TiO, must be deactivated. Consequently,

coating of ultrafine TiO, is a topic of active research. The coating
has the added advantage that it ensures good dispersability of
the very fine particles. However, it has been noted that surface
treatment of TiO, particles may or may not prevent photo-
oxidative reactions, and that some coatings work better than
others.”* Doping of the crystal lattice with transition metal ions
can also alter the photoactivity of TiO,. However, the choice of
dopant is critical as it can either enhance or reduce the photo-
activity. Wakefield et al.* have shown that doping micronized
titanium dioxide with 1 % manganese has a number of beneficial
effects including enhanced UVA absorption, less degradation of
other organic constituents of the formulation and a reduction in
free radical generation.

Since coating or doping of TiO, nanoparticles cannot guarantee
that they become photoinactive and hence ensure their safety, it
is imperative that the levels of physical blockers incorporated in
sunscreen formulations be closely monitored. In view of this,
this study was undertaken to quantify the amounts of titanium
dioxide in commercial sunscreens available on the South African
market. The technique chosen to analyze the samples was induc-
tively coupled plasma-optical emission spectrometry (ICP-OES),
since ICP has a high sensitivity for refractory elements such as
titanium and a wide dynamic range. To the best of our knowl-
edge, this is the first such study to be carried out on suncare
products commercially available in South Africa.

2. Experimental

2.1. Instrumentation

A JobinYvonn JY24, inductively coupled plasma-optical
emission spectrophotometer equipped with a cross-flow nebu-
lizer, was used. The experimental conditions were: wavelength,
337.280 nm; generator power, 1000 W; plasma gas flow rate,
12 L min™'; auxiliary gas flow rate, 0.00 L min™'; sheath gas flow
rate, 0.2 L min™'; nebulizer pressure, 3 bars; sample flow rate,
1 mL min™. The data were analyzed by using JYESS software.

2.2. Reagents and Samples

Titanium dioxide (99.8 % — Analytical Reagent Grade) from
Riedel-de Haén A.G., Seelze-Hannover, was used for the prepa-
ration of standard solutions. Sulphuric acid (98.0 % — AnalaR)
was supplied by Associated Chemical Enterprises (Pty) Ltd,
Johannesburg, South Africa, and BDH Chemicals Ltd, Poole,
England. Potassium hydrogen sulphate (KHSO,) was supplied
by BDH Chemicals Ltd, Poole, England.

Twenty-two commercial sunscreen products were purchased
from retail shops in Durban, South Africa, and the selection
included most of the popular brands on the market. The suncare
products were labelled SA1-22.

2.3. Preparation of Standard Solutions

A 300 mg mL™ stock solution of Ti** was prepared by dissolv-
ing 0.050 g of pure TiO, in 100 mL of hot, concentrated sulphuric
acid. Working standard solutions were then prepared by serial
dilution from a 9.5 mg mL™" solution.

2.4. Sample Analyses

A sample mass of 0.150 g of each of the commercial sunscreen
products was weighed into fused silica crucibles. The samples
were placed in an electrical furnace with the temperature set at
600 °C. The samples were left in the furnace for three hours to
give a carbon-free ash. After the three hours, the samples were
allowed to cool before being taken for fusion in which a mass of
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0.50 g of KHSO, was added to the crucible. The crucible was
heated over a Bunsen flame for approximately 10 minutes to
fuse the mixture. The molten product was then dissolved in hot,
concentrated sulphuric acid and the solution transferred to a
beaker. Further heating of the solution was done to ensure com-
plete solubilization of the TiO,. Sample solutions were diluted
with deionised water to 50 mL. Further dilution was done to
10 % (v/v) and the solutions were subjected to ICP-OES analysis.

2.5. Recovery Analysis

In order to validate the method used for the analysis of
samples, a known amount of TiO, was spiked into a TiO,-free
commercial product. A mass of 0.150 g of the spiked sample was
accurately weighed into a fused silica crucible. The crucible was
then put in an electrical furnace at 600 °C for three hours after
which it was taken out and left to cool. After the sample had
cooled, 0.50 g of potassium hydrogen sulphate (KHSO,) was
added to the carbonless ash product for fusion over a Bunsen
burner. The sample was heated slowly and then left on the
burner for approximately ten minutes. The molten product was
dissolved in hot, concentrated sulphuric acid and then diluted
as required with deionized water. The diluted sample was
subjected to ICP-OES analysis. The commercial sunscreen
product chosen for the recovery analysis was initially analyzed
to confirm the absence of TiO, in the same way as described in
Section 2.4.

3. Results and Discussion

We developed an ICP-OES method for the determination of
TiO,in commercial sunscreen products in which the number of
steps involved in the dissolution of TiO, were minimised to
avoid losses and increase sample throughput. In addition, the
use of potentially hazardous hydrofluoric acid was avoided.

Standard solutions ranging from 0.475 to 9.512 ug mL™ tita-
nium were used for the calibration. The calibration graph was
linear over this concentration range and the coefficient of deter-
mination (R*) was >0.998 in all cases. Table 1 displays typical
linear regression analysis results. The standard error of the slope
of the calibration line was found to be 6.303. The sensitivity of the
instrument (estimated as the mean of the slopes of calibration
curves) was of the order of 10° ug mL™. The limit of detection
(LOD) was calculated to be 0.018 ug mL™, determined as
3S,,b™ (S, is the standard error of the slope of the calibration
curve, and b is the slope). The limit of quantitation (LOQ) was
calculated as 3.33 x LOD,* which was approximately
0.062 pg mL™". The within-day and between-day precisions,

Table 1 Typical results of the linear regression analysis of TiO, calibra-
tion data.

Parameters Value
Calibration range/ug mL™ 0.475-9.512
Slope (b)/10° 1.026
Standard error of slope (S,,) 6.303
Correlation coefficient 0.999
LOD%ug mL™ 0.018
LOQ%ug mL™ 0.062

LOD calculated as 3S,,b™ (S
of the calibration line.)
b1L.0Q calculated as 3.33 x LOD.

y|xis the standard error of the slope and b is the slope

expressed in terms of the relative standard deviations of five
replicates of a TiO, standard solution (9.5 ug mL™), were 1.60 and
7.2 % respectively, which are satisfactory. The mean recovery (of
three replicate samples) for TiO, was 102.32 + 2.87 % with an
RSD of 2.81 %.

Some of the pertinent parameters of the method used in this
work are compared in Table 2 with those of other techniques
reported previously for the determination of TiO, in sunscreen
products. Our method compares well overall with the other
methods.

Of the 22 sunscreens analyzed, 14 contained TiO, in their
formulation. Table 3 shows the results of the TiO, content in
these 14 South African commercial sunscreens. The amounts of
TiO, in all the samples analyzed are less than 5 %, with a mini-
mum of 0.05 % and a maximum of 3.21 %. The low relative stan-
dard deviations (0.79 to 8.20 %) and the percentage recoveries
achieved are good indications of the robustness of the analytical
method. The concentration of TiO, in the suncare products was
far below the European Cosmetics and Personal Care Associa-
tion (COLIPA) limit of 25 %.” Unfortunately, the product labels
did not contain any quantitative information that could be used
for comparative purposes.

4. Conclusion

We have reported an improved method for the determination
of TiO, in commercial suncare products. This method is simple,
efficient and exhibits good precision and recovery, and the
detection technique (ICP-OES) is selective for titanium. It
was applied to the analysis of 22 commercial suncare products
available on the South African market, of which 14 contained

Table 2 A comparison of different techniques reported for the determination of TiO, in sunscreen preparations.

Technique Linear range % Recovery Limit of detection Precision expressed ~ Reference
as %RSD

ICP-OES 0.475-9.512 ug mL™"  102.3 = 2.9 0.018 ug mL™ 1.6 (within-day) This work
7.2 (between-day)

Volumetric 1-25 % 96-105 45

Spectrophotometry 0.1-6.0 ug mL™" 97.2-98.5 0.1% 0.62-1.85 46

Atomic absorption spectrophotometry 0-120 ppm 47

X-ray fluorescence spectrometry >99.0 0.02 % by mass <04 48

Energy dispersive X-ray fluorescence 1-10 % 0.5 = 0.06 % 2 49

spectrometry

ICP-OES 0.2-2 ug mL™ 101 + 4 0.035 ug mL™ 0.6-5 50

ICP-OES 95.0 £2.6% 02ugg’ 5.1 51
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Table 3 Mean % (m/m) concentrations of TiO, measured in 14 sunscreens sold in South Africa.

Product SPF No. Country of manufacture % TiO,* 95 % confidence interval % RSD
SA4 40 South Africa 3.21 +0.06 0.79
SA5 40 South Africa 1.41 +0.12 3.39
SA6 8 Greece 0.33 +0.05 5.78
SA7 15 Greece 1.14 +0.12 4.12
SA8 30 Greece 1.58 +0.08 2.03
SA9 40 Greece 1.09 +0.14 5.07
SA10 15 South Africa 1.42 +0.10 2.95
SAll1 30 South Africa 1.28 +0.15 4.65
SA13 15 Germany 1.61 +0.17 4.25
SA14 30 Germany 1.79 +0.13 2.82
SA15 4 EU 0.05 +0.00 1.23
SA19 25 Germany 1.26 +0.26 8.20
SA21 40 South Africa 1.03 +0.11 5.78
SA22 30 South Africa 0.82 +0.06 3.12

@ Each value is the mean of three replicates.

TiO,. The amounts of TiO, measured in these sunscreens ranged ~ 18 T. Uchino, H. Tokunaga, M. Ando and H. Utsumi, Toxicol. in Vitro,

from 0.05 to 3.21 %. This is far lower than the COLIPA-approved
level of a maximum of 25 % in suncare products.” Judging from
our results, we conclude that the levels of TiO, in sunscreen
products available on the South African market are well within
the internationally stipulated limits.

Acknowledgements

The National Research Foundation of South Africa (NRF) and
the Cancer Association of South Africa (CANSA) supported this
work. TB thanks the NRF for a postgraduate bursary and the
University of KwaZulu-Natal for a Graduate Assistant Scholar-
ship.

References
1 L.E.Rhodes, Clin. Derm., 1998, 16, 75-82.
2 R.P Gallagher, CMAJ, 2005, 173, 244-245.

3 E.E Bernstein, D.B. Brown, T. Takeuchi, S.K. Kong and J. Uitto, J. Am.
Acad. Dermatol., 1997, 37, 725-729.

4 E.D. Baron and S.R. Stevens, Br. . Dermatol., 2002, 146, 933-937.

5 Y. Matsumura and H.N. Ananthaswamy, Exp. Rev. Mol. Med., 2
December 2002 http://www.expertreviews.org/0200532Xh.htm
(accessed 21 June 2011).

6 J.Lademann,S.Schanzer, U.Jacobi, H. Schaefer, E Pfliicker, H. Driller,
J. Beck, M. Meinke, A. Roggan and W. Sterry, J. Biomed. Opt., 2005, 10,
014008, doi:10.1117/1.1854112.

7 V.PS.Judin, Chem. Br., 1993, 29, 503-505.

A.Sclafaniand J.M. Herrmann, J. Phys. Chem., 1996,100, 13655-13661.

9 R.Dunford, A. Salinaro, L. Cai, N. Serpone, S. Horikoshi, H. Hidaka
and J. Knowland, FEBS Letters, 1997, 418, 87-90.

10 A. Ricci, M.N. Chrétien, L. Maretti and ]J.C. Scaiano, Photochem.
Photobiol. Sci., 2003, 2, 487-492.

11 V. Brezova, S. Gab¢ova, D. Dvoranova and A. Stasko, J. Photochem.

Photobiol. B: Biol., 2005, 79,121-134.

U. Nguyen and D. Schlossman, Stability study of avobenzone with

inorganic sunscreens, http://www.koboproductsinc.com/down-

loads/NYSCC-Avobenzone.pdf (accessed 21 June 2011).

13 H. Ara and G. Dahms, Cosmetics and Toiletries Manufacture Worldwide,

2004, 115-118.

N. Serpone, A. Salinaro, A.V. Emeline, S. Horikoshi, H. Hidaka and

J. Zhao, Photochem. Photobiol. Sci., 2002, 1, 970-981.

15 R. Cai, Y. Kubota, T Shuin, H. Sakai, K. Hashimoto and A. Fujishima,
Cancer Res., 1992, 52, 2346-2348.

16 Y. Kubota, T. Shuin, C. Kawasaki, M. Hosaka, H. Kitamura, R. Cai,
H. Sakai, K. Hashimoto and A. Fujishima, Br. J. Cancer, 1994, 70,
1107-1111.

17 W.G. Wamer, J.-J. Yin and R.R. Wei, Free Rad. Biol. Med., 1997, 23,
851-858.

[e)

12

14

19

20

2

[y

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

2002, 16, 629-635.

H. Hidaka, S. Horikoshi, K. Ajisaka, J. Zhao and N. Serpone,
J. Photochem. Photobiol. A: Chem., 1997, 108, 197-205.

M.R. Dhananjeyan, R. Annapoorani and R. Renganathan, J. Photo-
chem. Photobiol. A: Chem., 1997, 109, 147-153.

H. Hidaka, S. Horikoshi, N. Serpone and J. Knowland, J. Photochem.
Photobiol. A: Chem., 1997, 111, 205-213.

T. Hancock-Chen and J.C. Scaiano, J. Photochem. Photobiol. B: Biol.,
2000, 57, 193-196.

N. Lu, Z. Zhu, X. Zhao, R. Tao, X. Yang and Z. Gao, Biochem. Biophys.
Res. Commun., 2008, 370, 675-680.

E Pfliicker, V. Wendel, H. Hohenberg, E. Gartner, T. Will, S. Pfeiffer,
R. Wepf and H. Gers-Barlag, Skin Pharmacol. Appl. Skin Physiol., 2001,
14, 92-97.

J. Lademann, H.J. Weigmann, C. Rickmeyer, H. Barthelmes, H.
Schaefer, G. Mueller and W. Sterry, Skin Pharmacol. Appl. Skin Physiol.,
1999, 12, 247-256.

M.H. Tan, C.A. Commens, L. Burnett and PJ. Snitch, Australas.
J. Dermatol., 1996, 37, 185-187.

A.O. Gamer, E. Leibold and B. van Ravenzwaay, Toxicol. in Vitro, 2006,
20, 301-307.

C. Miquel, P. Moretto, B. Payre and A. Mavon, An in vivo and ex vivo
study of the skin penetration by titanium dioxide: The advantages of
micro-PIXE analysis, Poster presented at the 10th Congress of the
European Society for Photobiology, Vienna, September 2003.

C. Bennat and C.C. Miiller-Goymann, Int. J. Cosmet. Sci., 2000, 22,
271-283.

J. Schulz, H. Hohenberg, E Pfliicker, E. Gértner, T. Will, S. Pfeiffer, R.
Wepf, V. Wendel, H. Gers-Barlag and K.-P. Wittern, Adv. Drug Delivery
Rev., 2002, 54, Suppl. 1, S157-5163.

F Menzel, T. Reinert, J. Vogt and T. Butz, Nucl. Instr. and Meth. in Phys.
Res. B, 2004, 219-220, 82-86.

Zs. Kertész, Z. Szikszai, E. Gontier, P. Moretto, ].-E. Surleve-Bazeille,
B. Kiss, 1. Juhész, ]. Hunyadi and A.Z. Kiss, Nucl. Instr. and Meth. in
Phys. Res. B, 2005, 231, 280-285.

K. Schilling, B. Bradford, D. Castelli, E. Dufour, J.E Nash, W. Pape,
S. Schulte, I. Tooley, J. van den Bosch and E Schellauf, Photochem.
Photobiol. Sci., 2010, 9, 495-509.

N. Sadrieh, A.M. Wokovich, N.V. Gopee, ]. Zheng, D. Haines,
D. Parmiter, PH. Siitonen, C.R. Cozart, A.K. Patri, S.E. McNeil,
PC. Howard, WH. Doub and L.E Buhse, Toxicol. Sci., 2010, 115,
156-166.

Q. Rahman, M. Lohani, E. Dopp, H. Pemsel, L. Jonas, D.G. Weiss and
D. Schiffmann, Environ. Health Persp., 2002, 110, 797-800.

C.B. Xue, J.H. Wu, EL. Lan, W. Liu, X.L. Yang, ED. Zeng and H.B. Xu,
J. Nanosci. Nanotechnol., 2010, 10, 8500-8507.

R.G. van der Molen, HM.H. Hurks, C. Out-Luiting, E Spies, ].M.
van’'t Noordende, H.K. Koerten and A.M. Mommaas, J. Photochem.
Photobiol. B: Biol., 1998, 44, 143-150.



ResearcH ARTICLE

T. Bunhu, A. Kindness and B.S. Martincigh,

143

S. Afr. J. Chem., 2011, 64, 139-143,
<http://journals.sabinet.co.za/sajchem/>.

38 P-J. Lu, I.-C. Ho and T-C. Lee, Mutation Res., 1998, 414, 15-20.

39 Y. Nakagawa, S. Wakuri, K. Sakamoto and N. Tanaka, Mutation Res.,
1997, 394, 125-132.

40 C. Anderson and A.J. Bard, J. Phys. Chem. B, 1997, 101, 2611-2616.

41 T Picatonotto, D. Vione, M.E. Carlotti and M. Gallarate, J. Disp. Sci.
Technol., 2001, 22, 381-386.

42 T. Picatonotto, D. Vione and M.E. Carlotti, J. Disp. Sci. Technol., 2002,
23, 845-852.

43 V. Rossatto, T Picatonotto, D. Vione and M.E. Carlotti, ]. Disp. Sci.
Technol., 2003, 24, 259-271.

44 G. Wakefield, S. Lipscomb, E. Holland and J. Knowland, Photochem.
Photobiol. Sci., 2004, 3, 648-652.

45 V. Thomsen, D. Schatzlein and D. Mercuro, Spectroscopy, 2003, 18,
112-114.

46 Y.S.Kim, B.-M. Kim, S.-C. Park, H.-]. Jeong and L.S. Chang, J. Cosmet.
Sci., 2006, 57, 377-383.

47 G. RuiDi, J. Environment and Health, 2009, 26, 1007-1008.

48 ].T. Mason Jr., J. Pharm. Sci., 1980, 69, 101-102.

49 A. Kawauchi, M. Ishida and I. Saitoh, Spectrosc. Lett., 1996, 29,
345-366.

50 EL. Melquiades, D.D. Ferreira, C.R. Appoloni, E Lopes, A.G. Lonni,
EM. Oliveira and ]J.C. Duarte, Anal. Chim. Acta, 2008, 613, 135-
143.

51 A. Salvador, M.C. Pascual-Marti, J.R. Adell, A. Requeni and ].G.
March, J. Pharm. Biomed. Anal., 2000, 22, 301-306.

52 G.A. Zachariadis and E. Sahanidou, J. Pharm. Biomed. Anal., 2009, 50,
342-348.

53 A. Salvador and A. Chisvert, Anal. Chim. Acta, 2005, 537, 1-14.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 250
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.09600
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 250
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00800
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00556
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


