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Abstract

This paper introduces a simple, fast and reliable electroanalytical method for differential-pulse polarography based on electrochemical
reduction at a dropping mercury electrode. The method was validated for the determination of 2-ethylhexyl-4-methoxycinnamate (EHMC)
alone and in association with 4-methylbenzylidene camphor (MBC) or 2-hydroxy-4-methoxybenzophenone (BENZ-3) in samples of commer-
cial cosmetic preparations. The supporting electrolyte that provided the best-defined and most intense peak current for EHMC determination
was Britton-Robinson buffer (pH 4.0) in the presence of a cationic surfactant. Under optimized conditions, EHMC exhibited one single peak
of reduction at-1.49 V versus Ag/AgCl. A limit of detection of 3.76 10-8 mol L~* and a limit of quantitation of 1.2% 10~ mol L~* were
found for the pure EHMC standard. A good average recovery rate was reached for all the samples analyzed.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction for quality control of sunscreen preparations is thus highly
desirablg3].

Because skin cancer and photoaging appear to be related The published procedures for the isolation of sunscreen
to excessive sunlight exposure and because the atmospheriagents from cosmetic matrices prior to chromatographic anal-
layer of ozone that provides protection against UV radi- ysisrequire several sample manipulations thatinclude solvent
ation is reported to be decreasing, the use of sunscreerextraction, liquid—liquid extraction, sonication, centrifuga-
products is becoming ever more populdj. It is well tion and filtration[4—6]. These processes are laborious and
known that the most dangerous UV radiation is UVB time-consuming and therefore are not suitable for routine
(290-320 nm), whose short wavelength and considerableanalysis of cosmetic preparations. Moreover, large volumes
energy can lead to damage to human skin, making protec-of hazardous solvents have to be handled and disposed of
tion a pressing issue. Of the various UVB sunscreen agents[6].
approved for inclusion in sunscreen products, 2-ethylhexyl-  Different techniques such as high-performance liquid
4-methoxycinnamate (EHMC) is the most widely u&din chromatography (HPLC|7—12] gas chromatographjl 3],
addition to being effective in absorbing UVB, EHMC isinsol- Raman spectroscofit4], thin-layer chromatographji 5]
uble in water, has a good safety record and is relatively inex- and nuclear magnetic resonaiit@] have been used to deter-
pensive. Because they are categorized as drugs, sunscreemine EHMC content.
preparations must be analyzed for their sunscreen agent con- Recently, methods that make use of mercury film elec-
tent. The availability of a simple, fast analytical method trodes in strongly alkaline medifL7] and carbon-epoxy

composite electrodes in non-aqueous solvdth® have
* Corresponding author. Tel.: +55 67 3453576; fax: +55 67 3453552, been applied to the determination of sunscreen agents
E-mail address: vsouza@nin.ufms.br (V.S. Ferreira). by differential-pulse voltammetry (DPV). Nonetheless, no
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methods have been reported in the literature for the voltam- as received. All other chemicals were of analytical-reagent
metric determination of sunscreen agents in micellar media. grade. Stock solutions (1.6010~3molL~1) of EHMC
The concentration and nature of surfactants can affect notwere prepared daily by dissolving the solid substance
only the shape of electrochemical waves but also parametersn methanol. Britton-Robinson (BR) buffer solutions with
such as half-wave potential, electron-transfer rates atthe elecimethanol (50%) were used as supporting electrolytes.
trode, diffusion and transfer coefficients and the stability of The buffers were prepared by mixing 0.04 mofiLacetic
intermediate specig48—20]. For this reason, micellar solu- acid, 0.04 mol 1 orthophosphoric acid, 0.04 mott boric
tions have been extensively studied. Particularly, redox reac-acid and an appropriate volume of 0.20 mofLsodium
tions of micelle-solubilized organic compounds have been the hydroxide.
focus of many electrochemical studies, both in polarography

and in VOlt"_immetry' ) - ) 2.4. Preparation of sample solutions
The optimal experimental conditions for the determina-
tion of EHMC alone and in the presence of 2-hydroxy-  gynscreen content was evaluated in the following com-

4-methoxybenzophenone (BENZ-3) or 4-methybenzylidene mercial sunscreen products: sunblock lotions A (SPF 20 and
camphor (MBC) in samples of cosmetics are described in gpg 6) and B (SPF 20 and 8), anti-wrinkle cream (SPF
this paper. The results of this determination were also com- 15), hand moisturizing cream and foot moisturizing cream.
par.ed yvith those obtained by HPLC, chosen as reference forSampIes of the products were prepared by using a one-step
validating the method proposed here. dilution procedure. For each product a 0.10 to 1.00-g amount
was dissolved in 15 mL of absolute methanol and mixed with
. vertex treatment for 15 min. After centrifuging at 1000 rpm
2. Experimental for 10 min, the supernatant was transferred into a 25-mL cal-
ibrated flask and made up to that volume with methanol.
Appropriate volumes of the resulting solutions were placed

. . in the voltammetric cell.
The electrochemical measurements were made with a

Princeton Applied Research (PAR) Model 303 potentiostat/

galvanostat combined with a PAR Model 303A dropping 2-9- Measurement procedures
mercury electrode (DME). The three-electrode system was

completed by means of a platinum-wire auxiliary electrode 2-5-1. Polarography

2.1. Apparatus

and an Ag/AgCl reference electrode. A 50-mV pulse ampli- ~ The general procedure for obtaining polarographic
tude was adopted for differential-pulse polarography (DPP), curves was as follows. A 10-mL aliquot of BR buffer
with a scan rate of 5mve and interval of 1 s. with 1.60x 10~3mol L~ cetyltrimethylammonium chlo-

All pH measurements were made with a Micronahi¢S ~ fide (CTAC) was placed in the voltammetric cell and the
Paulo, Brazil) Model B474 pH-meter. Supporting electrolytes required aliquot of the standard solution of EHMC or sam-
and stock solutions were prepared in demineralized waterPle was added by means of a micropipette. The solution was

from a Milli-Q system (Millipore, Bedford, MA). purged with nitrogen for 15 min and the polarographic curves
were recorded.

2.2. Chromatography
2.5.2. Chromatography

The HPLC analyses were performed with a Model Stock solutions of the standards were prepared by
320 Varian-ProStar equipped with a UV-vis detector dissolving appropriate amounts of BENZ-3, MBC and
(ProStar/Dynamax). A 250.00-mm long, 4.60-mm id. EHMC in methanol. Sets of standard solutions were
reverse-phase C-8 column (Microsorb-MV 100-5, Varian) produced by diluting aliquots of the stock solutions with
packed with 5.00-um particles was used. The mobile phasemethanol to 10mL in calibrated flasks, to obtain final
was 1.00% methanol:acetic acid (90:10, v/v). All chemical concentrations ranging from 3.00 to 15.00 moiL Each
reagents were chromatography grade. Elution was moni-sample of commercial sunscreen preparation (approximately
tored in the visible portion of the spectrum and quantitations 3.60-4.60 mg) was accurately weighed in a 15-mL beaker,
were performed with a UV detector operating at 285, 300 dissolved in methanol and centrifuged. The supernatant was
and 310 nm for BENZ-3, MBC and EHMC, respectively. transferred into a 25-mL calibrated flask and diluted to the
Chromatography was carried out at room temperature with amark with methanol. An aliquot of the resulting solution

mobile-phase flow rate of 1.00 mL mif. was filtered through a 0.45-um membrane filter prior to
HPLC analysis. By means of the injection value,80of
2.3. Reagents the prepared sample solutions and standard solutions were

chromatographed under the operating conditions described
EHMC, MBC and BENZ-3 (all from Galena, Brazil) inSection2.2. Quantitation was based on the peak area of the

and cetyltrimethylammonium chloride (Sigma) were used sample.
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3. Results and discussion can lead to an extraordinary enhancement in the sensitivity
of voltammetric measuremer[2,23].
3.1. Influence of surfactants on EHMC reduction The existence of a conjugated systenxjf-unsaturated

carbonyl compounds allows a resonance-stabilized anion to

EHMC isnotreducedin BR bufferinthe 3.0-9.0 pHrange. be formed, which enables interactions to occur with the
The use of a non-ionic surfactant such as Triton X-100 or an cationic surfactani24].
anionic surfactant (lauryl sulfate) in the electrolyte did not According to our results and the general mechanism for
lead to changes in the polarograms. In contrast, the presencaimilar compounds, the effect of a cationic surfactant on the
of a cationic surfactant (1.6010-3mol L~1 CTAC) led to polarographic reduction of EHMC might be explained on
the appearance of a DPP peak for EHMC. The differential- the basis of a model suggested by Missan ef24]. In the
pulse curves in pH 4.0 BR buffer for the absence (a) and presence of a layer of adsorbed cationic surfactant on the
presence (b) of a cationic surfactant are showrrig 1. mercury surface, EHMC reduction (usually a 1,2-addition of
EHMC gave rise to one single wave betweef.49 and electrons to the double bond) is replaced by a two-electron
—1.68V versus Ag/AgCIl in the pH range investigated. The step involving a 1,4-addition across the ion pair.
cationic surfactant induced a great shift in the peak potentials
toward more positive values (curve B), a feature that has also + - | I
been observed for cinnamic acid under similar conditions Hg=——RN:O===Co2CirenC
[21]. For this compound the behavior of the peak potential as

a function of pH was similar both in the presence and absencerespect to the electrode surface—usually required, however,

of surfact‘_emt. I for a 1,2-addition (or the negatively charged oxygen atom
CTAC is a cationic surfactant that belongs to the group 44 pe repelled from the electrode surface)—might be

_offquaternz;\]ry _arr:mqnuljlm cok;npour;'ds. In SLluta_bIe”soIvents at least partly responsible for the reduction of the EHMC-
it forms spherical micelles above the critical micellar con- ¢, £ - ction pair at less negative potentials.

c;ngré\tion (EMC)’ which i? vlvater loccursh até).gé) mTOFL q The effect of CTAC concentration on the EHMC polaro-
(25°C). In the presence of electrolytes the CMC is lowere graphic peak was studied within the range of 2700-°

because .of increased micellization from free i{2]. to 1.90x 10-3molL-1 at an EHMC concentration of
CTAC is adsorbed onto the electrode surface by hydropho- 1 4. 15-3 mol L= in 0.04 mol L BR medium (pH 4.0)

bic attraction and by electrode electrostatic attraction at Neg-Ac shown in Fig. 2, the height of the EHMC reduc-
ative potentials. At concentrations lower than the CMC, the tion peak increased with the surfactant concentration up to

surfactant acts as an ion-pairing agent, and monomers are| e0yw 10-3mol L-1 approximately. A pronounced decrease
adsorbed onto the electrode surface, though only to a V€Ywas observed for the highest concentration tested, as a result

small extent[23]._ At concentrations hlgh_er than th_e CMC’_ of the surfactant competing at a higher degree with EHMC
a strong adsorption is observed at negative potentials, whiche . o lactrode surface adsorption sites

The unnecessary re-orientation of the molecule with
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Fig. 1. Differential-pulse polarograms for 1.9010~°>mol L~ EHMC in

BR buffer (pH 4.0): (a) without surfactant and (b) with 1.6A0-3 mol L1 Fig. 2. Influence of CTAC concentration on differential-pulse polarograms
cetyltrimethylammonium chloride (CTAC). Parameters: drop time=1.0s; for 1.00x 10~*mol L~1 EHMC in BR buffer (pH 4.0). Other conditions as
scan rate (b=5mV s1; pulse amplitude (AE)=50mV. in Fig. 1.
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At 1.60x 103 mol L~1, CTAC induced the greatest shift The effects of surfactant and pH were not studied for MBC

in the peak potential toward more positive values (180 mV or BENZ-3 reduction; instead, the conditions identified for
from the electrolyte discharge), improving the shape of the EHMC reduction were used for these compounds.
differential-pulse peak and extending the applicability of the ~ Because EHMC and MBC ae B-unsaturated carbonyl

proposed method for the determination of EHMC in cosmetic compounds, the behavior of the voltammetric reduction of
preparations. these agents might be very similar to that of unsaturated

carbonyl compounds. When an electroreducible group is con-
jugated with olefinic groups, the resulting molecule becomes
more easily reducible under comparable conditions, a feature

The effect of pH on the reduction process was investigated that is well illustrated fora,B-unsaturated carbonyl com-
by recording polarograms of 1.6010~4 mol L~X EHMC at pounds. The double=€C bond is almost certainly reduced

pH values ranging from 3.0 to 9.0. Fig. 3(curve A), which before the carbonyl group. The reduction involves the proto-

shows the influence of pH on the peak current, three zonesnated form of the molecule, with participation of two elec-
can be distinguished. At pH values from 3.0 to 5.0 the peak ONS[27-29]. , ,
current decreases gradually, to remain nearly constant until 1€ €lectroreduction of benzophenone and substituted
pH 6.0. A new decrease is observed from pH 6.0 to 7.0, after benzophenone in both agueous and hon-aqueous med|§1 on
which the current again remains nearly constant until pH 9.0, Mercury and glassy carbon electrodes is well known. Studies

From pH 7.0t0 9.0 the peak currentis practically independent "ave shown that steric as well as electronic effects and pH

of pH. The variations in peak current with the increase of pH influence the redox potential of substituted benzophenone.

indicate a simultaneous presence of different ionic species int PH 4.0 the reduction peak of BENZ-3 is attributed to two-
the solution. electron reduction of the carbonyl gro[§D—-32].

The variations in peak potential as a function of pH are
shown inFig. 3(curve B). The peak potential shifted toward

more negative values with the increase in pH and the slope of  The calibration curve for EHMC in pH 4.0 BR buffer with
linear variation was of 36 mV le, indicating that a chem- 1.60x 10_3 mol L_l CTAC was measured by DPP. The fol-
ical reaction (proton-transfer reaction) precedes the procesowing parameters were regarded as most suitable for EHMC
that takes place at the electrof#6]. Two linear-variation determination: drop time=1spulse amplitude=50mV,
portions can be seen intersecting at approximately pH 4.0.  scan rate =5mVs!, pulse width=50ms. The differential-
This behavior is analogous to that observed for cinnamic pu|Se po|arograms of various concentrations of EHMC
acid. According to Brand and Flef7], similarities in over-  shown inFig. 4 exhibited good linearity. The linear segment
all behavior suggest that the acid and cinnamate esters argncreased from 1.8 10~ to 7.00x 10~° mol L~ accord-
reduced in protonated form. Therefore, the greatest peaking to the regression equatiop (pA)=0.0192+0.1397C
potential shift observed for EHMC above pH 4 is indicative
of slow step protonation.
For analytical purposes, the medium chosen to conduct
our further studies was 0.04 motL BR buffer at pH 4.0.

3.2. Polarographic behavior of sunscreens

3.3. Calibration graph

Fig. 4. Differential-pulse polarograms obtained with increasing concentra-

tions of EHMC in the presence of 1.6010~3 mol L~1 CTAC in BR buffer

(pH 4.0). (a) Blank, (b) 0.50; (c) 1.00; (d) 2.00; (e) 3.00; (f) 4.00; (g) 5.00;
Fig. 3. Effect of pH on the peak current (A) and peak potential (B) for (h) 6.00 and (i) 7.0 10-°>mol L1, respectively. Other conditions as in
1.00x 10~*mol L~! EHMC. Other conditions as ifig. 1. Fig. 1.
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(mol L=1) (r=0.999). The relative standard deviation
(R.S.D.) of 2.30% for 1.0& 10-°>molL~! EHMC (n=5)
revealed good repeatability. The limits of detection (LOD)
and of quantitation (LOQ) were 3.2610 8molL~! and
1.25x 10~ " mol L=, respectively, and were calculated with
the relations 3s/and 10s/6for LOD and LOQ), respectively,
wheres is the standard deviation of the arithmetic average
of 10 voltammograms of blank performed at the same
potential as EHMC and is the slope of the calibration
curve. The sensitivity of the method proposed is high
enough for the determination of EHMC added as sunscreen
agent to cosmetic preparations. In order to further verify
the suitability of the method proposed, it was also applied
with known amounts of standard EHMC being added to the
analytical solutions of cosmetics.

3.4. Determination of EHMC in cosmetic preparations

The proposed DPP method was applied to determining theFig. 5. _Differ_enti_al—pulse po_Iarograms obtained for_t?e det(_alimination of

EHMC content in sunblock lotions (brand A, SPF 20 and 6; EFMCinanti-wrinkle cream in the presence of 1.600"*mol L = CTAC
. ) . in BR buffer (pH 4.0). (a) Blank; (b) anti-wrinkle cream sample; (c—f) suc-

brand B, SPF 20 and 8), anti-wrinkle cream, foot moistur-  cessjve additions of standard EHMC (maft). Other conditions as ifig. 1.
izing cream and hand moisturizing cream. Determination of
EHMC content in the preparations was performed by using 3.5. Simultaneous determination of two sunscreen
the standard addition method. Each sample of cosmetic wasygents
treated as described in Secti2r8 and appropriate volumes
were placed in the electrochemical cell for analysis. The method proposed was also successfully applied to

Fig. 5illustrates the differential-pulse polarograms of suc- the simultaneous determination of two sunscreen agents
cessive additions of EHMC to anti-wrinkle cream in the in the preparations. For MBC, the response was lin-
presence of 1.6 10-3mol L~ CTAC. ear in the presence of EHMC concentrations within the

Table 1shows the nominal content of EHMC and the aver- range of 1.00< 106 to 8.00x 10-8molL~1, according
age of three determinations of this agent for each sample. Theto the regression equatiop (p.A) =3.88x 1074+0.011C
third row shows the differences between EHMC contents (mol L™1) (r=0.999). A LOD of 4.73x 10" molL™}
determined by the electroanalytical method and the valuesand a LOQ of 1.5& 10 ®molL~1 were obtained. For
stated by the manufacturers of the preparations. When theBENZ-3, the response was linear in the presence of
results obtained by DPP were compared with those obtainedEHMC concentrations within the range of 1.20.076 to
by HPLC (Table 1), a good agreement was found between8.00x 10~ molL~1 according to the regression equation
both methods. ip (LA) =0.003+0.009qmol L~1) (r=0.999). A LOD of

The recovery rate of EHMC from the preparations, calcu- 5.60x 10-"molL~! and a LOQ of 1.88& 10 8molL~!
lated as the average of three measurements for each samplgyvere obtained. In the presence of each sunscreen agent,
ranged from 94.00 to 102.20% (Table 2), indicating that EHMC exhibited linearity in the concentration range of
the proposed voltammetric method has good accuracy andi,00x 10-to0 8.00x 10~ mol L1, according to the regres-
repeatability. sion equatior, (p.A) = 0.006 +0.026¢mol L~1) (=0.999),

Table 1
Determinations of 2-ethylhexyl-4-methoxycinnamate (EHMC) in selected commercial cosmetic preparations using the proposed polarographic method and
HPLC

Measurements Sunblock lotion  Sunblock lotion Sunblock lotion Sunblock lotion Anti-wrinkle  Foot moisturizing Hand moisturizing
A SPF 20 A SPF 6 B SPF 20 B SPF 8 cream cream cream

Nominal conc. (%, w/w)  7.00 4.50 7.00 5.50 7.50 1.90 1.90

Electroanalytical 6.70+1.70 3.8042.00 6.94+2.20 4.90+ 1.50 7.60+3.10 1.86+1.50 1.80+2.70

method: measured
(%, wiw) £ %R.S.D.

Relative error (%) —4.28 —15.56 —0.86 ~10.90 1.33 —2.10 —5.80

HPLC measured 6.724+1.50 420300  6.50£1.30 535250 7.65£3.50  1.851.60 1.80+2.50
(%, wiw) £ %R.S.D.

Relative error (%) —4.00 -6.70 ~7.00 —2.70 2.00 —2.63 -5.26

Measured values are the average of three determinations; conc., concentration; R.S.D., Relative standard deviation.
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Table 2

Recovery of EHMC added to selected commercial cosmetic preparations by differential-pulse polarography

Samples Added (mol 1) Found (mol 1) Recovered (%) R.S.D. (%)
Sunblock lotion A SPF 20 1.81x 10°® 1.78x 10°® 99.00 1.50
Sunblock lotion A SPF 6 1.90x 10°° 1.87x 10°° 98.00 1.70
Sunblock lotion B SPF 20 1.90x 107 1.93x 107 102.10 2.20
Sunblock lotion B SPF 8 1.90x 10°° 1.91x 10°° 101.00 1.70
Anti-wrinkle cream 1.90x 10°° 1.77x 107 94.00 2.20

Foot moisturizing cream 1.90x 10°° 1.95x 10°° 100.50 1.20

Hand moisturizing cream 1.90x 10°© 1.93x 1076 102.20 2.50

Measured values are the average of three determinations. R.S.D., relative standard deviation.

Fig. 6. Differential-pulse polarograms obtained for the simultaneous deter-
mination of EHMC and MBC in the presence of 1.600-3 mol L~ CTAC

in BR buffer (pH 4.0). (a) Blank; (b) sunblock lotion A (SPF 20) sample;
(c—f) successive additions of standard EHMC (mot}; (C—F) successive
additions of standard MBC. Other conditions a$ig. 1.

with a LOD of 2.10x 10 'molL~! and a LOQ of
6.84x 10~ mol L.

Fig. 6 shows the polarograms of mixtures of MBC and
EHMC at various concentrations for one of the preparations.
Table 3shows the results for the determination of EHMC,

Table 3

MBC and BENZ-3 for two preparations, along with the
results obtained by HPLC. A good agreement between both
methods was achieved, indicating that the method proposed
can be applied to the simultaneous determination of EHMC
alone or in combination with MBC or BENZ-3 in cosmetic
preparations.

Table 4exhibits the values of EHMC, MBC and BENZ-
3 recovery from two of the preparations. The precision and
accuracy of the method were determinedTéble 3, preci-
sion is expressed as %R.S.D. and accuracy as mean relative
error, both obtained with the standard addition method. Good
values were found for precision and accuracy, indicating that
the method can be applied to the analysis of preparations of
similar formulas containing EHMC alone or in combination
with MBC or BENZ-3.

3.6. Determination of sunscreen agents by HPLC

The chromatograms obtained for BENZ-3, MBC
and EHMC exhibited well-resolved peaks and reten-
tion times of approximately 3.50, 5.00 and 8.00min,
respectively, under the experimental conditions (data not
shown). The analytical system was tested for linear-
ity in the range of 3.00 to 15.00mgi and was
found to be linear, with a coefficient of correlation
r=0.999. LODs were 0.41mg1! (1.80x 10 molL™1)
for BENZ-3, 0.76 mg L (3.04x 108 mol L~1) for MBC
and 0.99 mg ! (3.65x 10-%mol L~1) for EHMC. These

Simultaneous determination of 2-ethylhexyl-4-methoxycinnamate (EHMC), 2-hydroxy-4-methoxybenzophenone (BENZ-3) and 4-methybenmyitene ca
(MBC), in two commercial cosmetic preparations using the proposed polarographic method and HPLC

Methods and sunscreen  Sunblock lotion A (SPF 20)

Sunblock lotion B (SPF 20)

agents Nominal conc. Measured conc. Error (%) Nominal conc. Measured conc. Error (%)
(% wiw) (% wiw) £ R.S.D. (%) (% wiw) (% wiw) £ R.S.D. (%)

Proposed method
EHMC 7.00 7.01+2.20 0.14 7.00 7.00+1.60 0
BENZ-3 - - - 3.50 3.66+1.90 4.60
MBC 4.00 3.87+1.60 -3.25 - - -

HPLC
EHMC 7.00 6.80+1.50 —2.86 7.00 6.50+1.30 —7.00
BENZ-3 - - - 3.50 3.84+£1.20 9.70
MBC 4.00 3.50+2.90 —12.50 - - -

Measured values are the average of three determinations.
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Table 4
Recovery for the simultaneous determination by DPP of EHMC, BENZ-3 and MBC added to two commercial cosmetic preparations
Agent Sunblock lotion A SPF 20 Sunblock lotion B SPF 20
Added (molL"Y)  Found (moll-1)  Recovered (+R.S.D. %)  Added (molt!)  Found (moll-1)  Recovered (s R.S.D. %)
EHMC 1.90x 1076 1.86x 10°° 97.72+0.82 1.90x 10 1.89% 10°° 99.65+2.60
BENZ-3 - - - 1.90x 107 2.13x 10°® 112.104+0.66
MBC 1.97x 10°® 2.03x 10°° 103.30+0.35 - - -

Measured values are the average of three determinatiomgan; R.S.D., relative standard deviation.

results indicate that HPLC is not as sensitive for determin- [6] S. Scalia, J. Chromatr. A 870 (2000) 199.
ing sunscreen agents as the method proposed. The results of?] C.G. Smymiotakis, H.A. Archontaki, J. Chromatogr. A 1031 (2004)

the quantitative analyses of sunscreen agents by HPLC are 319. )
[8] J. Meijer, M. Loden, J. Lig. Chromatogr. 18 (1995) 1821.

shown inTables 1 and 3. [9] J.E. DiNunzio, R.R. Gadde, J. Chromatogr. 519 (1990) 117.
[10] K. Ikeda, S. Suzuki, Y. Watanabe, J. Chromatogr. 487 (1989) 240.
[11] L. Gagliardi, G. Cavazzutti, L. Montarella, D. Tomelli, J. Chro-
4. Conclusions matogr. 464 (1989) 428.
[12] L. Gagliardi, A. Amato, A. Basili, G. Cavazzutti, D. Tonelli, J. Chro-

. . . matogr. 408 (1987) 409.
The study revealed that DPP is a suitable technique forthe[13] K.W. Ro, J.B. Choi, M.H. Lee, JW. Kim, J. Chromatogr. A. 688

determination of EHMC in cosmetic preparations. The use (1994) 375.

of CTAC led to significant and desirable changes in the peak[14] J. Cheng, Y.S. Li, R.L. Roberts, G. Walker, Talanta 44 (1997) 1807.
potentials and currents of the differential-pulse polarograms [15] B. Musial, J. Sherma, Acta Chromatogr. 8 (1998) 5. _
obtained for EHMC. The inclusion of CTAC in the support- [16] K. Mori, K. Itoh, S. Suzuki, H. Nakamura, Jpn. J. Toxicol. Environm.

) . Health 42 (1996) 60.
ing electrolyte was found to be a convenient procedure for [17] L.H. Wang, Electroanalysis 14 (2002) 773

the selective dgtermination of low levels of EHMC in Sam- 18] M.L. Chang, C.M. Chang, J. Food Drug Anal. 9 (2001) 199.
ples of cosmetics. The new methodology proposed provides[19] J. Georgres, S. Desmettre, Electrochim. Acta 29 (1984) 521.
a simple but precise determination of EHMC in preparations, [20] C. Mousty, B. Devaux, G. Mousset, P. Pouillenet, P. Martinet, Elec-
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