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Esse estudo descreve o desenvolvimento e otimizacdo de um método de extragdo em fase solida
(SPE) para andlise dos filtros ultravioletas (UV): benzofenona-3 (BP-3), etilhexil salicilato (ES),
etilhexil metoxinamato (EHMC) e octocrileno (OC) em matrizes ambientais. Um planejamento
fatorial fraciondrio (PFF) 2! foi empregado na avaliacdo das varidveis significativas do método
de extracdo. As condigdes experimentais otimizadas da avalia¢@o estatistica foram: capacidade
do cartucho de 500 mL, eluente acetato de etila, metanol como solvente de lavagem (10% em
agua, v/v) and volume do eluente de 3 x 2 mL e pH 3. Os pardmetros analiticos avaliados foram
satisfatorios, apresentando linearidade de 100 a 4000 ng L', recuperacdes para os quatro niveis de
fortificagdo (Limite de Quantificagdo do Método, 200, 1000 e 2000 ng L!) entre 62 e 107% com
desvio padrao relativo menor que 14%. Os limites de quantificacdo foram encontrados na faixa
de ng L', variando entre 10 e 100 ng L"'. O método proposto foi aplicado para a determinagio
dos quatro filtros UV em amostras de dguas naturais.

This study describes the development and optimization of a solid-phase extraction (SPE) method
for analysis of ultraviolet (UV) filters, benzophenone-3 (BP-3), ethylhexyl methoxycinnamate
(EHMC), ethylhexyl salicylate (ES) and octocrylene (OC), in environmental matrices. A 25!
fractional factorial design (FFD) was used to evaluate the significant variables for the extraction
method. The optimized experimental conditions determined from the statistical evaluation were:
breakthrough volume of 500 mL, eluent of ethyl acetate, wash solvent of methanol (10% in water,
v/v), eluent volume of 3 x 2 mL and pH 3. The evaluated analytical parameters were satisfactory
for the analytes and showed linearity between 100 and 4000 ng L', recoveries for four fortification
levels (Method Quantification Limit, 200, 1000 and 2000 ng L!) were between 62 and 107% with
relative standard deviations less than 14%. Limits of quantification were in the ng L' range and
were between 10 and 100 ng L'. The proposed method was used to analyze four UV filters in

natural water samples.
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Introduction

UV filters belong to a new class of organic pollutants
called emerging contaminants. The presence of UV filters
in the environment has recently become an important issue
on the world stage. The recent attention is because UV filters
have the ability to interact with estrogen receptors and,
subsequently, the endocrine systems of humans and animals.'

UV filters are effective in reducing solar radiation
effects, especially skin cancer, so these compounds are
not only added to sunscreen products but are also included
in formulations of many everyday products, such as skin
creams, body lotions, sprays, hair dyes, shampoo and many
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others. Although the maximum concentration levels (0.5
to 10%, reaching 25% in some countries) are regulated for
each given UV filter, the amounts added to personal care
products (PCPs) become high because more than one type
of UV filter is needed in the formulations to obtain a high
sun protection factor (SPF).?

Because of their widespread use in PCPs as well as in
other applications (textiles, household products, plastics,
optical products and agricultural products), UV filters
have been significantly introduced into the environment.
The rate of the introduction of these substances is much
greater than the rate at which they can be removed from
the environment; even if the UV filters do not have a long
half-life, their constant release into the environment can
give them a pseudo-persistent character.
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An aggravating factor for the large presence of UV
filters in the environment is that they are reported to be
potential endocrine disruptors.® Although the maximum
concentrations of UV filters in PCPs are regulated in
different parts of the world,*¢ in the environment, currently
there is no normative guideline in the world or, specifically,
in Brazil.

Given the lack of environmental regulations regarding
UV filters, the evidence of their interference with the
normal endocrine system function, their growing use in
everyday products and the consequent inflow of large
amounts of these substances into the environment, the
interest in monitoring UV filters in different environmental
compartments by sensitive analytical techniques has greatly
increased.

Regarding environmental matrices, the analytical
methods used to detect and quantify UV filters are
generally restricted to chromatographic techniques, such
as gas chromatography (GC), liquid chromatography (LC)
coupled with mass spectrometry (MS) and tandem MS
(MS-MS).™ However, before introducing the sample into
the chromatographic system, a pretreatment procedure
(clean-up and/or concentration of the analyte) should be
used to improve the detectability of the compounds of
interest.

Traditional sample preparation methods, such as
liquid-liquid extraction (LLE), are still used.!® However,
a common trend is to reduce the consumption of organic
solvents in extraction techniques, thus LLE has been used
less often.!! The solid-phase extraction (SPE) technique has
the advantages of consuming less time and less solvent and
is being developed and/or improved for effective application
to the extraction of UV filters in aqueous samples.'>!3

Recently, miniaturized techniques have become very
attractive; for example, solid-phase microextraction
(SPME),'* sorptive extraction on a magnetic stir bar
(SBSE)" and dispersive liquid-liquid microextraction
(DLLME)” have been used to analyze UV filters. However,
the variety of commercial material polarities for some
of these techniques is limited.'> Thus, solid-phase
extraction (SPE), with its variety of sorbents, is still the
extraction technique chosen by many researchers for the
extraction and preconcentration of UV filters in aqueous
samples. 31618

Many statistical methods have been developed
to optimize the parameters of interest. Among them,
experimental design (ED) can be used as a tool in the
optimization of the SPE procedure. The use of ED can save
time and resources, and with a few experiments, one can
identify the variables that are significant for the extraction of
the UV filters and can also determine possible interactions
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between variables. In a second step, other experiments can
maximize the values of significant variables to find the best
configuration of the factors involved, which thus results in
higher analyte recovery.'"

Before starting the optimization process, it is important
to list all the variables needed to describe the system under
study, to identify those variables that are most crucial for
obtaining the best response® and to adjust the variables to
obtain recoveries between 70 and 120%.?'

Once identified, the variables that potentially affect the
response (peak area) of the chromatographic system are
used to optimize the SPE procedure. Although univariate
optimization is the most commonly used approach
in analytical chemistry,? in this work, we consider
all the selected factors simultaneously (multivariate
optimization). This multivariate approach is faster and
simpler, and it leads to more reliable conclusions because
the variables in question may not be fully independent and
can be evaluated simultaneously to consider the possible
synergistic effects.

This work presents a method for the analysis of
four UV filters, benzophenone-3 (BP-3), ethylhexyl
methoxycinnamate (EHMC), ethylhexyl salicylate
(ES) and octocrylene (OC), in aqueous samples using
SPE and GC-MS/MS. The extraction efficiency by SPE
can be affected by certain parameters, such as breakthrough
volume, type and volume of eluent, methanol proportion
in the washing solvent and pH. These effects were
studied and simultaneously optimized using multifactorial
design to obtain a satisfactory chromatography response.
The developed method was applied for the first time to
the analysis of UV filters in water samples from a water
treatment plant located in Araraquara city (SP, Brazil).

Experimental
Reagents, standards and samples

The UV filters, BP-3, ES, EHMC, OC and
benzophenone-d10 (BP-10, a surrogate), and the internal
standard, benzyl cinnamate (BC), were obtained from
Sigma-Aldrich (St. Louis, MO, USA) with a purity >97%.
Names, chemical structures, abbreviations, Chemical
Abstracts Service (CAS) registry numbers and some
physicochemical data for the UV filters are shown in
Table 1. Methanol (MeOH), n-hexane and ethyl acetate
(AcOEt) were HPLC grade and were obtained from
Mallinckrodt Baker Inc. (Paris, K, USA). Hydrochloric
acid (HCI, 37% m/v) was purchased from JT Baker
Chemical Co. (Phillipsburg, NJ, USA) to adjust the pH of
the water samples.
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Table 1. Analytes, abbreviations, CAS registry numbers, chemical structures, molecular weights, log K_ and pK, values for the UV filters included in

this work? 2

Analyte (abbreviations), CAS Number

Chemical structure

Molecular weight /

(g mol") log K, pKa

ow

Benzophenone-3 (BP-3), 131-57-7

Ethylhexyl methoxycinnamate (EHMC), 5466-77-3

Ethylhexyl salicylate (ES), 118-60-5

Octocrylene (OC), 6197-30-4

Benzyl cinnamate® (BC), 103-41-3

Benzophenone-d,,” (BP-d,), 22583-75-1

(0]

‘ O 228.24 3.79 7.56
HyC
>0 OH

CH,
0
HC H 290.40 5.80 -
J_ o
H O CHs
oH ©
@JLO/\E\ACM 250.33 597 8.13
CH,

N
98!
O\)i/\/CH3
Z 361.49
9l
@A)‘\ @ 238.28 4.06 -
O O 192.28 318 -

6.88 -

‘Internal standard; surrogate.

Standard solutions of the individual UV filters were
prepared in ethyl acetate at 1000 mg L' and then diluted
with ethyl acetate to a concentration of 5 mg L. These
solutions were stored in the dark at =20 °C. Concentrations
of 1-2000 pg L' were obtained by dilution (v/v) of the stock
solution. These solutions were used to prepare the analytical
curves and to optimize the extraction. The optimization of the
SPE procedure was performed using treated water samples
(without chlorination) obtained from the water treatment
plant and with an additional concentration of 200 ng L.

Sample collection

Water samples were collected in October 2012 and
March 2013 at the Water Treatment Plant (WTP) in
Araraquara city (SP, Brazil), before and after treatment.
All the samples were collected in 4 L capacity amber
Pyrex borosilicate glass bottles with screw caps. After

collection, the samples were transported to the laboratory
under refrigeration at 4 °C (ice packs) and were protected
from light. In the laboratory, prior to extraction, the samples
were filtered through a glass fiber filter (Macherey-Nagel
GF3) with a 0.6 um pore size.

Solid-phase extraction (SPE) procedure

The SPE cartridges (200 mg / 6 mL, Strata X from
Phenomenex, Torrance, USA) were conditioned in batches,
first with 5 mL of the solvent used as the eluent, then with
5 mL of methanol and then with 5 mL of deionized water.
After conditioning, 500 mL of sample at pH 3 were added
at a flow rate of approximately 10 mL min", and then,
50 mL of a 5% MeOH/water solution were used to remove
any possible analytes retained on the glassware. Next, the
cartridge was kept under vacuum for 5 min, and 500 uL
of MeOH were added to facilitate drying. The analytes
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were eluted with 6 mL (3 x 2 mL) of ethyl acetate. Then,
500 pL of the internal standard solution of 100 pg L
benzyl cinnamate were added to the eluate. The volume
of the eluate was reduced to 1 mL under a gentle flow of
nitrogen gas, and the eluate was finally transferred to an
appropriate vial and analyzed by GC-MS/MS.

GC-MS/MS analysis

The analytes were analyzed by GC-MS/MS using a
gas chromatograph (Varian, Walnut Creek, CA, USA)
coupled to an ion trap mass spectrometer (Saturn 2000) and
equipped with injector model 1079 (split/splitless). The
chromatograms were recorded and processed using
Star Workstation software 6.9.2 (Varian, USA). The
chromatographic conditions were as follows: helium
as the carrier gas (maintained at a constant flow rate of
1.2 mL min™); an injector temperature maintained at 300 °C,
operating in splitless injection mode with a sampling time
of 1 min; and a fused silica capillary column (30 m length,
0.25 mm i.d. and 0.25 pm film thickness) ZB-5 Msi
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(Phenomenex, Torrance, USA) used for the separation.
The column temperature was programmed to be 60 °C for
1 min, then increased from 60 to 160 °C at 25 °C min’
(hold for 1 min) and again increased from 160 to 300 °C at
10 °C min™'. Finally, the temperature was held at 300 °C for
5 min. The transfer line, trap and manifold temperatures were
maintained at 300, 50 and 220 °C, respectively. The total
run time was 22.0 min. The mass spectra were acquired by
electron ionization at 70 eV over a mass range scanned from
40 to 400 m/z. The spectral base peak for each compound
was isolated within a 3 Da window and was subjected to
collision-induced dissociation (CID).

Experimental design and statistical tools

Multivariate optimization of the SPE procedure was
performed in two steps. First, the potentially significant
selected factors were studied by fractional factorial design
(FFD), in which a subset of all possible combinations was
performed (Table 2). Second, only significant variables
were studied.

Table 2. Variables, levels and design matrix of the 2% fractional factorial design (FFD) used to optimize the SPE procedure

Variable Level -
Low (-1) Central (0) High (+1)
pH 2 4 6
Breakthrough volume / mL 200 350 500
Eluent type AcOEt AcOEt/n-hexane 75/25% AcOEt/n-hexane 50/50%
Eluent volume 3 x2mL 3x4mL 3 x 6 mL
Methanol / % (washing step) no methanol added 5 10
Variable
Run Breakthrough Eluent Eluent Methanol
pH volume /mL volume type (washing step)
6 -1 +1 -1 +1 +1
11 +1 -1 +1 -1 +1
5 -1 +1 -1 -1 -1
14 +1 +1 -1 +1 -1
19 (C) 0 0 0 0 0
1 -1 -1 -1 -1 +1
18 (C) 0 0 0 0 0
2 -1 -1 -1 +1 -1
12 +1 -1 +1 +1 -1
3 -1 -1 +1 -1 -1
13 +1 +1 -1 -1 +1
15 +1 +1 +1 -1 -1
8 -1 +1 +1 +1 -1
9 +1 -1 -1 -1 -1
17 (C) 0 0 0 0 0
4 -1 -1 +1 +1 +1
10 +1 -1 -1 +1 +1
7 -1 +1 +1 -1 +1
16 +1 +1 +1 +1 +1

In all experiments, 500 uL of the 200 pg L' fortification solution were added.
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Several factors may affect the extraction process,
such as pH, breakthrough volume, eluent volume, eluent
type and composition of the wash solvent. Fractional
factorial design (2%') was used to screen the variables,
thereby defining the significant experimental variables for
SPE of the UV filters from the water samples. The levels
at which the studies were conducted and the order in which
the experiments were performed (random order) are listed
in Table 2. The experimental design and data analysis were
performed using the STATISTICA® software package
(version 7.0 StatSoft, Tulsa, USA).

Results and Discussion
GC-MS/MS development method

Initially, the chromatographic conditions were optimized
for better separation of the analytes with minimum analysis
time. Thus, using these optimized analytical conditions,
each compound was individually analyzed in scan mode
(full scan) to determine its ionization conditions. In these
experiments, the retention time of each analyte and its

9.150 min, Scan: 870, 40:400, lon: 61 us, RIC: 3,046e+6, BC
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respective spectrum (Figure 1) were obtained. From these
spectra, the precursor ion was selected for each of the
analytes to be fragmented. The precursor ion was chosen
as a compromise between selectivity (highest m/z) and
detectability (high intensity).?

Once the precursor ions were selected, they were
fragmented with the resonant excitation mode to generate
multiple ion spectra with high relative intensities to assure
accurate quantification, and a certain proportion (between
5 and 15%) of the precursor ions was preserved.>2¢ The
selection was achieved with the excitation amplitude
voltage. The optimized values for the excitation
amplitude and the other MS/MS parameters are shown
in Table 3. These MS/MS dissociation conditions for
the selected precursor ions were optimized with the
Automated Method Development (AMD) option included
in the Star Workstation software. AMD uses up to ten
different collision-induced dissociation (CID) voltages
for the same precursor ion, obtaining an optimization
relatively quickly.

Using parameters optimized for each MS-segment, ion
chromatograms in multiple reaction monitoring (MRM)

10.910 min, Scan: 1155, 40:400, lon: 55 us, RIC: 4,378e+6, BC
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Figure 1. Mass spectra obtained in full scan mode from the chromatograms. The selected precursor ions are: BP-10 192.0 m/z, ES 120.0 m/z, BP-3227.2 m/z,

BC 193.1 m/z, EHMC 178.3 m/z and OC 250.2 m/z.
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Table 3. Optimized conditions for dual fragmentation analysis by GC-MS/MS
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Analyte Segmen.t time / m/z range m/z, precursor ion m/z, excitation Exc.ltatlon m/z,. prOfiuct
min storage level amplitude / V ions®
BP-10* 8-10 158-193 192.0 84.5 1.10 162.1; 190.1
ES 10-12 91-121 120.0 52.7 0.60 91.9;121.0
BP-3 12-13.5 181-228 227.2 100.0 0.85 184.0; 212.0
BC® 13.5-14 75-194 193.1 85.0 0.40 114.9; 192.0
EHMC(Z) 14-15
120-179 178.3 78.3 0.70 121.0; 132.9; 160.8

EHMC(E) 15-17

ocC 17-19 247-251 250.2 110.2 0.76 248.1; 249.1

sSurrogate; Pinternal standard; °bold letters: ions used for quantification.

mode of the four UV filters, the surrogate and the internal
standard were obtained and are presented in Figure 2.

Experimental variables involved in the SPE procedure

Factorial design is a very useful tool to determine
optimal experimental conditions and to obtain more
detailed information about the relationships among the
factors studied.?’” FFD with a resolution of V (23!) was
performed to evaluate the solid-phase extraction parameters.
Five variables were studied at two levels (low and high
levels), and three central points were included to estimate
the experimental variance and to check for loss of linearity
between the levels chosen for each variable. FFD resulted
in a total of 19 randomized trials, which were performed
in a single day. The variables and their high and low levels
were chosen according to preliminary experiments. After
the experiments, the recoveries were calculated for each
analyte in each run. The factorial design was evaluated from
the normalized recovery responses (R ) obtained in each of

15.04
12.54

10.0

Intensity / 10E(3) counts

5.0

2.54

0.0

the 19 FFD experiments (results provided in Table 4). The
responses were calculated with equation 1:%

R

— X

1
n R ey

x(max)

where x is the analyte identity (BP-10, ES, BP-3,
EHMC and OC), R_ is the recovery obtained for compound
x,and R, . is the maximum recovery for compound x in
all 19 FFD experiments.

An ANOVA (analysis of variance) test was used
to evaluate the data and to determine the statistically
significant first- and second-order effects. The normalized
responses of the experimental design were evaluated using
a t-test with a 5% significance and were analyzed with a
Pareto chart (Figure 3). The size of each bar is proportional
to the estimated variable effect or its interactions. The
vertical dashed line corresponds to a statistical significance
at the 95% confidence level. The horizontal bars that exceed
the vertical dashed line correspond to those variables that

ES

(2) EHMC
(E) EHMC

ocC

T T
15 .
minutes

Figure 2. SPE and GC-MS/MS ion chromatogram in MRM mode of the analysis of WTP spiked at 10, 100, 10, 50 and 50 ng L' to BP10 (m/z 190.1), ES
(m/z 91.9), BP3 (m/z 184.0 and 212.0), EHMC (m/z 132.9 and 160.8) and OC (m/z 248.1), respectively. The internal standard BC (m/z 192.0) was spiked

at 50 ug L-'. EHMCs are present as both (E) and (Z) isomer.
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Table 4. The recoveries obtained for the UV filters after each SPE test
of FFD compared with the normalized responses obtained for each
experiment

R Recovery / % Normalized
un .
BP-10 ES BP-3 EHMC OC response*
1 128 85 4 29 35 3.1
2 100 42 2 16 27 2.0
3 123 62 4 24 46 29
4 109 66 20 18 38 2.8
5 110 54 5 26 37 2.6
6 100 48 3 25 35 2.4
7 101 75 29 25 32 2.9
8 101 64 4 17 56 29
9 98 36 75 22 23 2.7
10 96 55 65 30 25 2.9
11 105 68 5 38 45 3.1
12 91 47 3 32 30 2.3
13 123 72 101 57 40 44
14 116 66 5 63 50 3.6
15 102 61 90 33 37 3.6
16 99 73 76 34 40 3.6
17¢C 98 42 4 33 27 2.3
18C 91 66 5 37 32 2.7
19C 103 71 47 12 30 2.8
“Normalized responses obtained using equation 1.
p=0.05
(1)pH E 4,34659
(2)breakthrough volume _3, 8627
o2 O s
(4)eluent type :]-2.64575
(5)% metanol ']2,456769
1by3 |-2.26779
2by5 -1,32288
3by5 -1,13389
1by5 9449112
3by4 19449112
4by5 -, 755929
2by4 7559289
2by3 377964
(3)eluent volume 3779645
1by4 0,
0.0 10 20 30 40 50

Standardized Effect Estimate (Absolute Value)

Figure 3. Pareto chart of the standardized effects for the variables
examined by the fractional factorial design.

were significant in the procedure.” As depicted in the
Pareto chart, pH was the only significant variable. The
other variables and their interactions were not significant in
the process. These other variables were thus kept constant
in the second step of optimization. For the breakthrough
volume, 500 mL were chosen because it enabled a greater
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sample volume to be introduced into the cartridge without
leading to saturation of the sorbent or affecting the retention
of the analytes. Ethyl acetate and 10% methanol/water were
chosen as the eluent and solvent washes, respectively. The
10% methanol/water was used to remove possible matrix
interference. A low eluent volume was used to save time and
reduce organic solvent costs.

The second study focused on optimizing the pH to
obtain the best response. Experiments were performed
at pH values of 3, 4, 5, 6, 7, 8 and 9. Because the other
variables were not significant, they were kept constant
during the pH study as follows: a breakthrough volume of
500 mL, AcOEt eluent and a 10% MeOH wash solvent.
Although the effect of the eluent volume has a positive
influence, suggesting that a high value is optimal, the
low value (3 x 2 mL) was used. This volume was chosen
because it had a very negligible effect (Figure 3) on the
SPE procedure, saved time and reduced unnecessary
solvent expenses. The pH results are shown in Table 5. The
pH value of 3 showed the best recovery for all the analytes
mostly because, at higher pH values, the molecules are
ionized, and thus, their interaction with the solid-phase is
impaired. At acidic pH values, which lower the ionic charge,
the best recoveries are obtained.*

Table 5. Recoveries for the pH values studied in the extraction optimization

Recovery / %
oit BP-10 ES BP-3 EHMC ocC
3 113 74 105 53 51
4 96 60 106 51 44
5 108 61 118 62 45
6 100 62 118 54 48
7 102 53 115 37 30
8 104 40 9 42 41
9 104 44 6 50 56

Table 5 also shows that the last two analytes
(EHMC and OC) still do not have satisfactory recoveries.
The hypothesis that these analytes are more lipophilic and
were being adsorbed on the 500 mL glass bottles
connected to the cartridges (used as reservoirs of the
sample) was tested. For this test, after sample passage, the
reservoirs were washed with 50 mL of 5% (v/v) MeOH
in deionized water.'® The recoveries obtained were 103,
67, 110, 70 and 68% for BP-10, ES, BP-3, EHMC and
OC, respectively, with the additional step of washing the
glassware. These results showed that the recoveries for
EHMC and OC increased without impairing the recoveries
of the more polar analytes.
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Table 6. Ranges of the linear regression parameters for the calibration curves, limits of detection LOD and of quantification (LOQ), average recoveries and

coefficients of variation (CV) forn =3

Linear Recovery / %
LOD/ LOQ/

Analyte range / a? b° (ng L) (ng L) LOQ/(ngL") 200ngL" 1000 ng L! 2000 ng L

(gL (CV /%) (CV /%) (CV /%) (CV /%)
BP-10 10-4000 0.0152 0.08820 0.9915 2 10 107(11) 96(3) 98(3) 105(10)
ES 100-4000  0.0453 0.00005 0.9907 2 100 77(10) 72(5) 72(5) 69(5)
BP-3 10-4000 0.0381 0.19252 0.9919 2 10 91(12) 85(3) 95(4) 94(4)
EHMC 50-4000 0.0364 0.01212 0.9956 2 50 85(7) 76(5) 74(5) 65(10)
oC 50-4000 0.0219 0.03896 0.9951 2 50 62(13) 76(5) 70(5) 63(14)

*a: slope; Pb: y-axis intercept; °r: correlation coefficient.

Table 7. Concentration of UV filters in natural and treated water. BP-10* used as surrogate, RSD (%) in the brackets (n = 3)

Concentration / (ng L)

Analyte River water Treated water Chlorinated water
October 2012 March 2013 October 2012 March 2013 October 2012 March 2013
BP-10* 134 (67%) 248 (124%) 134 (67%) 241 (121%) 144 (72%) 265 (133%)
ES <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
BP-3 <LOD <LOD <LOD <LOD <LOD <LOD
EHMC <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
oC <LOD <LOQ <LOQ <LOQ <LOQ <LOQ

“BP-10 at 200 ng L.

Analytical parameters

Under the above-mentioned optimal conditions, quality
factors include the linear calibration range, precision,
accuracy, limits of detection and of quantification. The
matrix-matched calibration curves were measured using
standard solutions prepared in water from the WTP (treated
water without chlorination) with concentrations (in sample)
between 2 and 4000 ng L.

Table 6 shows the linear ranges, the regression parameters
for the analytical curves, the limits of detection (LOD) and
of quantification (LOQ) obtained for the proposed method.
Table 6 also shows the recovery values and their variation
coefficients for the four fortification levels: low LOQ of
each UV filter (in 8" column of Table 6), medium (200 and
1000 ng L'!) and high (2000 ng L1).3!

The LOD and LOQ values shown in Table 6 were
obtained visually from the linearity of the graphs (not
shown) from 2 to 4000 ng L'.3 The LOD and LOQ values
obtained in this study are comparable to and sometimes
better than those obtained in previous studies in which the
extraction was performed by SPME,'* DLLME,” SBSE?
or SPE.'¢

Table 6 also shows that the retrieved values decrease
with increasing levels of fortification of EHMC and
OC. This decrease is most likely because at higher
concentrations of these analytes, there is greater interaction
with the glassware; therefore, losses are greater.

Analysis of the UV filters in water

Water samples were collected (October 2012 and
March 2013) in Araraquara city, Brazil (WTP). Three points
of sampling were performed: at the entrance, before any
treatment (river water), after treatment without chlorination
(treated water) and after chlorination (chlorinated water).
The samples were analyzed by SPE and GC-MS/MS, and
the results are shown in Table 7.

The low levels do not indicate that these substances
are not present in the environment because only water was
analyzed, and furthermore, the analyses were performed
at a time when there was likely minimal sunscreen
usage.

Additionally, the capability for rapid accumulation,
the temporal effects of environmentally relevant
concentrations and the potential mixing effects indicate
the need for further studies to evaluate the occurrence and
the fate of UV filters. In addition, even in very low
concentrations, long-term exposure can have a negative
effect.*

Conclusions

SPE combined with GC-MS/MS is a valuable tool for
the analysis of UV filters in aqueous samples at levels of
ng L' to low pug L', This method is innovative because
multivariate optimization was used in the development of



Vol. 24, No. 9, 2013

the SPE method for UV filters in water. This combination
of SPE, GC-MS/MS and multivariate optimization proved
to be advantageous because the application of fractional
factorial design provided a simple and rapid method.
Because only a few experiments are needed to optimize
the extraction procedure, multivariate optimization may
lead to more reliable conclusions compared with univariate
optimization.

The fractional factorial design for extraction optimization
coupled with the high sensitivity and selectivity inherent
in GC-MS/MS enabled efficient quantification of the UV
filters, with recoveries between 62 and 107% for the four
fortification levels and a repeatability of 3 to 14%. The other
analytical performance parameters for this method, such as
the linearity, LOD and LOQ), also highlight the potential for
analysis of UV filters in aqueous samples at trace levels.
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