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Abstract

A method has been developed for the trace determination of two sunscreen constituents (2-hydroxy-4-methoxyben-
zophenone and octyldimethglaminobenzoic acid) in water samples, which are commonly used in commercial formula-
tions. The method employs solid-phase microextraction (SPME) and gas chromatography with flame ionization and mass
spectrometric detection. The technique was developed with headspace and direct sampling in order to demonstrate the
applicability of these SPME extraction modes for the identification of these two UV absorbing compounds in waters. The
main parameters affecting the SPME process, such as desorption time, extraction time profile, salt additives, pH, and
temperature, were investigated. The poly(dimethylsiloxane)fCand polyacrylate 8%m fiber coatings were found to be
the most efficient for the extraction of these compounds from aqueous matrices. Linear calibration curves in the wide range
of 10-500p.g/1 were obtained for both compounds yielding typical RSD values of 5-9% for both extraction modes. The
recoveries were relatively high, 82—98%, with quantitation limits below.d/l. A comparison between the proposed
methods and the conventional multiresidue solid-phase extraction revealed that the proposed technique(s) can be reliably
used for sunscreen residue measurement in water samples with satisfactory results.
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1. Introduction ticals and active ingredients in personal care products
(drugs, fragrances etc.) into the aquatic environment
Besides the well-recognized conventional “priori- has been continuously receiving particular attention
ty” pollutants (pesticides, polycyclic aromatic hy- [1,2]. Since the first report concerning the occurrence
drocarbons, polychlorinated biphenyls, etc.) the ex- of pharmaceutical residues in the environment [3],
istence and transportation pathways of pharmaceu- many studies worldwide confirmed the presence of
several pharmaceutical and related compounds in
*Corresponding author. Faxt 30-651-098-795. treated and untreated sewage effluent [4], surface
E-mail address: talbanis@cc.uoi.gfT.A. Albanis). water [5,6], groundwater and drinking water [2,7].
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The major issue regarding these compounds (usually
termed as PPCPs, pharmaceutical and personal care
products) as an emerging environmental issue is that
they are intended to exert a biological effect [8]. At
present, the number of papers on this topic is quite
limited and there are no extensive monitoring sur-
veys on the occurrence and exposure routes of
PPCPs, their ecological persistence or the kinds and
amounts of these substances that have negative
effects on people and other living organisms [7].
Besides drugs and related pharmaceutical com-
pounds, several other substances may be released
into the environment through human activities in-
cluding UV absorbing chemicals from sunscreens.
Studies have shown that water immersion of the
skin, to which a commercial sunscreen formulation
had been applied, results in sunscreen loss from the
skin surface [9]. Products claiming to be waterproof
or water-resistant generally have 50-80% water
resistance retention (WRR) after four immersions in
water, while these that do not claim similar prop-
erties, such as day-care products, sunscreen sprays
and various commercialized sunscreen formulations,
are readily washed-off, having a WRR of 10-30%
after one single immersion [9]. In most of the cases,
washing off of these products occurs for the formula-
tion as a whole and not just for specific active
ingredients [9]. As these estimations have been
derived from controlled laboratory experiments
rather than field data [9,10] their results are prone to
uncertainties induced by the fact that water immer-
sion on the skin in real life situations depends on the
activity of each individual person during bathing
activity. This is supported by relative studies, which
showed that water and bathing activities may advo-
cate to further washing-off of these products [10].
Although several studies have been focused on the
emerging issue of pharmaceuticals into the aquatic
environment [11], to the best of our knowledge, no
previous study has ever been targeted in the in-
vestigation of sunscreen residuals in natural waters.
One possible explanation is that no analytical meth-
odology is still available allowing for the quantifica-
tion of these substances at theg/l levels. At
present, most of the studies have been focused on the
liquid chromatographic analysis of several sunscreen
agents in commercial formulations as well as in
human plasma and urine [12—15], while more selec-
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tive methodologies have also been presented [16,17].
However, the majority of these methods have high
detection limits (in the mg/l levels) thus limiting
their applicability to sunscreen formulations or
spiked biological fluids (for the investigation of
matrix effects) where the content of these com-
pounds is usually high. Only a few studies employ-
ing conventional solid-phase extraction (SPE) en-
richment prior to LC or GC-MS techniques have
been shown to conveniently determine such com-
pounds ipghklevels but these studies were not
aiming at such application. Rather some cosmetic
related products were co-determined in the samples
[4].
Besides the conventional SPE, solid-phase mi-
croextraction (SPE) is a technique with continuously
expanding field of application due to its distinct
advantages, like simplicity and rapidity of the analy-
sis, solvent-free extraction and small sample volume.
Over the past decade, the SPME related methods
(direct or headspace) have been applied for the trace
determination of various organic micropollutants
[18—20] and more recently, for the determination of
organophosphorus pesticides [21] and fungicides
[22]. Both techniques rely on an equilibrium process
that involves partitioning (diffusion) of the analytes
from a liquid sample into the polymeric phase
according to their partition coefficients thus eliminat-
ing the separate concentration step from the SPE and
liquid—liquid extraction (LLE) methods. Detailed
theory of the SPME absorption process and ex-
perimentation has been reported previously in pre-
cious detail [23]. Direct SPME has also been de-
scribed for the determination of benzophenone in
aquatic-based matrices (urineat/ tHevels but
no special reference for water quality monitoring
application has been made [24]. Rather, water was a
medium for the optimization of the analytical con-
ditions prior to a successful application in human
urine.
Considering the lack of published work on the
determination of UV-filters in natural waters and at
theg /I levels, the present work: (1) develops the

experimental conditions for two gas chromatographic

methods for the determination of two widely used
sunscreen compounds, 2-hydroxy-4-methoxybenzo-
phenone (Bz-3) and octyldinp#nyinobenzoic

acid (PABA) atuthéd levels by exploiting the
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analytical merits of the direct (DI) SPME, and
headspace (HS) SPME methodologies; (2) applies
both methods for the measurement of these
sunscreen agents in swimming pool waters and
seawater, and evaluates their efficiency compared to
a reference SPE technique, and (3) tests them for
accuracy by fortifying several different matrices with
Bz-3 and PABA. The selection of the compounds
presented in this study, over the range of commer-
cially applicable UV filters, was based on the fact
that they have been linked to several toxicological
effects. More specifically, in 13-week studies of the
US National Toxicology Program, the oral adminis-
tration of 2-hydroxy-4-methoxybenzophenone has
been linked to hepatocellular hypertrophy in mice
and rats as well as to cholestatic liver injury and
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methoxybenzophenone, benzophenone (Bz) and oc-
tyldimettarhinobenzoic acid (PABA)—as shown
by the structural formula in Table 1, were purchased
from Aldrich (Athens, Greece). Stock standard solu-
tions were prepared in methanol. Working standard
solutions in the range of 1j0g-80Qere prepared
with appropriate dilution in doubly distilled water.
All standard and working solutions were stored in
dark°ét Ihe solvents used (methylene chloride,
methanol, acetone) were of the highest available
purity (HPLC grade) and were obtained by from
Pestiscan (Labscan, Dublin, Ireland). Sodium chlo-
ride (NaCl) and sodium sulfate, (Na SO ) was
supplied from Merck (Darmstadt, Germany).

renal damage in rats [25]. Furthermore, PABA 2.2. Equipment

compounds have been linked to several toxicological
effects while found to produce cytotoxic singlet
molecular oxygen in sunlight illuminated aqueous
solutions [26]. From an analytical standpoint, this is
the first time that two different methods have been
developed for sunscreen analytes measurements and
confirmation in natural waters.

The SPME device for manual extraction, consisted
of a holder assembly and several replaceable fiber
assemblies, was purchased from Supelco (Bellefonte,
PA, USA). The fiber coatings assayed were: poly-

acrylate (Ra)3%olydimethylsiloxane (PDMS

100m), Carbowax—divinylbenzene (CW-DVB 65
pm)

and polydimethylsiloxane—divinylbenzene

(PDMS-DVB 65um). The fibers were conditioned

2. Experimental

prior to use as recommended by the manufacturer by

heating them at different temperatures (250—30p

for periods between 30 min and 2 h in the GC

injection port. Clear glass vials (8 ml) were used to

2.1. Reagents
The tested sunscreen agents—2-hydroxy-4-
Table 1

perform SPME while magnetically stirred.

Physicochemical properties of 2-hydroxy-4-methoxybenzophenone and PABA: chemical structure, molecular mass, octanol-water partition

coefficients K,,,)

Compounds Chemical structure Molecular mass Kog®
7N/
Benzophenone-3 CHSO{ \>‘c_/\~/> 228.25 3.52
— _ . .
OH
il
C—0CH, CHCH,CH,CH,CH,
CH,CH,

Octyldimethyl-PABA 277.41 5.76

- N ~
CH,” “CH,

*From Ref. [28].
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2.3. Gas chromatography with the aid of a J.T. Baker (Thessaloniki, Greece)
SPE apparatus, using the 500-mg,C cartridges
Chromatographic analyses were performed using a obtained from Chromabond (Macherey—Nagel,
Shimadzu 14A series gas chromatograph, equipped ~ Duren, Germany).
with a splitless injector and a flame ionization The procedure consisted of washing the disk with
detection (FID) system. Analytes were separated 10 ml methylene chloride, then conditioning with 10
with a DB-5 [poly(dimethyldiphenylsiloxane) con- ml of methanol followed by 10 ml of deionized
taining 5% diphenylsiloxane] column (J&W Sci- water. Next, an aliquot of 10 ml of spiked swimming
entific, Folsom, CA, USA), 30 m0.32 mm I.D., pool water or sea-water was pumped through the
with a film thickness of 1um. The temperature disk. The disk was dried under vacuum from 10 min.
program used for the analysis was as follows: initial The analytes were extracted with two consecutive
temperature at 15, held for 2 min, ramped at 5-ml aliquots of methylene chloride. The combined
5°C/min to 200°C, held for 8 min, to 210C at extracts were evaporated to dryness under a gentle
1°C/min, held for 2 min and 10C/min to 270°C, stream of nitrogen at room temperature and re-
held for 4 min. Helium was used as the carrier (1.5 dissolved to 0.1 ml with methanol. Quantitation of
ml/min) and the make up gases (40 ml/min), the SPE extract was conducted using the GC—FID
respectively. The detector gases were hydrogen and and GC-MS system previously described.

air and their flow-rates were regulated at 500 and
45 ml/min, respectively. The detector temperature 2.5. DI-SPME
was set to 250C and the injector temperature to

240°C. Five ml volume of water samples was placed in
GC-MS experiments were performed on a QP 8-ml vials, sealed with PTFE-lined septa. The sam-
5000 Shimadzu instrument equipped with a DB-5- ples were stirred before and during extraction. The
MS capillary column (J&W Scientific), 300.25 fiber was exposed to the aqueous phase for an
mm, 0.25um, containing 5% (phenyl)-methylpoly- appropriate time period of 45 min, with stirring rate
siloxane at the following chromatographic condi- of 960 rpm at room temperature2(25). After
tions: injector temperature 22, oven temperature extraction, the fiber was directly exposed to the hot
program 150C, held for 2 min, ramped at Z€/ injector of the GC systems for analysis. Thermal
min to 150°C, held for 2 min, to 250C at 20°C/ desorption was carried out for 8 min. After this
min, held for 12 min and 20C/min to 270°C, held period no significant blank values were observed.
for 3 min. Helium was used as the carrier gas at a The overall methanol concentration during these
flow of 1 ml/min. The interface was kept at 290 experiments was less than 0.1% (v/v) in all cases. A
and mass spectra were obtained at 70 eV. typical GC—FID chromatogram obtained from spiked
To achieve better detection limits and enhanced uncontaminated swimming pool water by PDMS
selectivity, analyses were performed in the selected WOfiber is shown in Fig. 1.

ion monitoring (SIM) mode. Three ions were select-
ed from the spectrum of each compound in order to 2.6. HSSPME
quantify the response under SIM mode: 151(100),

227(91) and 228(56) for Bz-3, 165(100), 148(39) Five ml of water samples were placed in 8-ml
and 277(11) for PABA. The values in parentheses crimp-top headspace vials, sealed with open centered
give the relative abundance (%) of each peak in the aluminum caps and PTFE-gray butyl septa spiked
spectrum. with appropriate amount of the standard solutions of
sunscreens and mixed with 25% g/l NaCl. Sample
2.4. SPE method vials were heated by supporting them with a clamp
in a water bath on top of the hot-plate stirrer. Sample
The SPE method employed was based on a vials in the water bath were placed on a large
previously described protocol for benzophenone-4 silicone septum to insulate the vials from the surface

[24]. The extraction of the analytes was performed of the hot-plate. After 10 min, the needle of the
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Fig. 1. A typical GC-FID chromatogram of benzophenone-3 and
octyldimethyl-PABA obtained by spiking uncontaminated swim-
ming pool water with 10Qug/l of each compound. Fiber PDMS
100 wm, extraction time 45 min, direct SPME mode=Bz-3,
2=PABA.

SPME device pierced the septum of the vial and the
fiber was exposed for 45 min to the headspace of the
vial, above the spiked water which was kept at
(90£1°C) and stirred by a small PTFE-coated bar.
Finally the fiber was retracted into the needle, pulled
out from the vial and immediately inserted into the
hot injector of the GC systems for analysis. Thermal
desorption of sunscreens was carried out for 8 min.

3. Results and discussion

The optimum experimental conditions for the
extraction and quantitation of both selected analytes
were investigated by means of a univariate ex-
perimental design procedure and the results are
presented below. For the method development pro-
cedure, four commercial SPME fibers (1081
PDMS, a 85pm PA, a 65pm PDMS-DVB and
65um CW-DVB) covering a wide range of
polarities, were compared for their extraction ef-
ficiency and carryover of Bz-3 and PABA. Based on
the criteria of the analyte extraction efficiency, the
reproducibility of SPME technique with the above
coatings [21,22] and their fouling resistance after
repeated uses [23], the PDMS and PA fibers were
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selected for the subsequent experimental design
procedure.

3.1. Carryover effect

The amount of analytes desorbed increased with
an increasing desorption time and the lower
carryover was generally observed with the PA 8%
fiber. After a 4-min desorption, the amount remain-
ing on the fibers drops to 1-4%. By increasing the
desorption time to 8 min, the carryover levels off to
<1% for both fibers and it was therefore selected.

3.2. Extraction temperature

Since extraction is an exothermic process, its
effect was considered trivial for the DI mode ex-
traction procedure, aiming at the same time at the
investigation of the possibility for in-field applica-
tion. For the headspace extraction though, tempera-
ture controls the diffusion of analytes into the

coating [27] as well as the partition coefficients. The

effect of temperature in the extraction yield was
investigated using the selected fibers in the range of
25 and®at a constant extraction time of 45 min.

The maximum extraction efficiency was observed at
°@for both compounds due to the increase in the
diffusion rate as equilibrium had not been reached

[23,28].

3.3. Extraction time

In the direct SPME procedure, the detector re-
sponse for the PA fiber, is proportional to the
absorption, for the first 75 min for all the analytes,
reaching a plateau after that time (Fig. 2a). For the
PDMS fiber, the equilibration time of the analytes is
shorter and almost reached after 45 min (Fig. 2a). As
the PDMS coating is a viscous liquid polymer the
diffusion coefficient of the analyte is orders of
magnitude higher than its respective coefficient in a
solid polymer.

The exposure time profiles of both analytes in the
headspace sampling were also examined (Fig. 2b)
since the fiber absorption of the analytes in the air is
different from the absorption in the water. As
expected, the equilibration time for both analytes

reduced in the headspace sampling compared to the
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Fig. 2. (a) Detector response area vs. extraction time for
benzophenone-3 and octyldimethyl-PABA in the direct SPME
mode. (b) Detector response area vs. extraction time for 2-
hydroxy-4-methoxybenzophenone and octyldimethyl-PABA in the
headspace SPME mode. Concentratid®0 png/l of each ana-
lyte; desorption temperature240°C; desorption time=8 min.

direct mode. Equilibrium times of 45 and 60 min
were attained with the PDMS and PA coating,
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tractions are carefully timed and the mixing con-

ditions and sample volume remain constant [29,30].
Therefore, a moderate absorption time of 45 min was
selected for the subsequent analysis, taking into
consideration that the extraction efficiency was suffi-
cient at this time [31]. Moreover, this sampling time

was similar to the chromatography run time, thus
allowing us to achieve a maximum sample through-
put.

3.4. Salting out effect

Adding salts to aqueous solutions prior to SPME
analysis has proven to change the extraction efficien-
cies due to change in the solvation environment.
Moreover, the salt content of seawater is approxi-
mately 35 g/l, so the examination of its effect is
relevant to this context. Salt addition up to 10 g/l
NaCl resulted in an increase in the signal of Bz-3 in
the DI-SPME with both fibers but extraction ef-
ficiency decreased at higher concentrations (Fig. 3).
The salting out effect was more pronounced in the
case of PA 85um while for PABA the addition of
even small amounts of NaCl dramatically deter-
iorated its extraction possibly due to reduction of the
diffusion rate of the analytes towards the fiber
[32,33].

An increase in the extraction efficiency with
increasing ionic strength (as NaCl) was observed in
the case of headspace mode for both analytes. As can
be seen in Fig. 3b, increasing ionic strength up to
30 g/l promotes the extraction of Bz-3 with both
fibers while PABA response declines at salt con-
centration higher than 18 g/l. Nevertheless, 30 g/l
NaCl was selected due to the higher extraction
efficiency observed for 2-hydroxy-4-methoxyben-
zophenone, which exhibited the lower detector re-
sponse in the HS mode.

3.5. Effect of pH

The effect of pH was investigated for its effect on
the extraction of the tested analytes by both fibers in
the direct mode employing phosphate buffer solu-

tions in the pH range 1-10. The results depicted in
Fig. 4 show that acidic conditions enhance the
extraction of PABA. As PABA is a weak acid, the

respectively. Reasonably, since the diffusion of
analytes in the vapor phase is higher compared to the
aqueous phase the equilibrium is achieved more
rapidly [27].

For quantitative analysis, it is not necessary for the
analytes to reach equilibrium as long as the ex-
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Fig. 3. (a) Influence of salt content on the detector response (area) HS mode. The pH value of 2 was therefore em-
for 2-hydroxy-4-methoxybenzophenone and octyldimethyl-PABA  ployed throughout.
in the direct SPME mode. (b) Influence of sodium chloride on the In concurrence with previous studies [29,34], the
detector response (area)_for 2-hydroxy-4-methoxybenzophenone gmount of analytes extracted was found to enhance
and'octy.ldlmethyl-.PABA in the headspage SPME mode. Ex- in low pH and salt containing solutions (up to
traction time 45 min, other parameters as in Fig. 3.

10 g/l). For Bz-3, the enhancement factor was of

about 1.2 while for PABA an increase 1.7 was

acid—base equilibrium shifts PABA toward its neutral observed. Based on the above results, a pH of 2 and
form, which have a greater affinity for the fiber [34]. salt of 10 g/l were employed for the analysis of real
In the case of Bz-3 varying the pH from 1 to 7 had samples.

no significant adverse effect on the extracted amount

by the PDMS fiber. At alkaline pH, the extraction 3.6. Figures of merit

efficiency for both compounds decreases dramatical-

ly (Fig. 4), possibly due to hydrolysis (possibly The analytical characteristics of the proposed
deprotonation) of both analytes in alkaline media. A method were determined by properly designed ex-
similar pH pattern profile was also attained for the periments with the optimized direct and headspace
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SPME protocol. Linear calibration curves in the
range of 10 and 500ung/l were generated by
analyzing a series of eight concentration levels. Each
solution was run in triplicate with both direct and
headspace mode in the GC-FID and GC-MS sys-
tems. The quantitation limits (LOQs), defined as ten
times the signal-to-noise rati®/(N=10), were lower
than 1.5pg/1 depending on the extraction mode, the
detector’s sensitivity and the target compound (Table
2). Compared to the existing methods were the
determination of these compounds is usually feasible
at the mg/I levels the presented results effort consi-
derable improvement. From the results of Table 2 it
is also revealed that the extraction of 2-hydroxy-4-
methoxybenzophenone using the PA fiber is better
than using the PDMS fiber with both extraction
modes, primary due to the high polarity of PA

coating. On the contrary, in the case of PABA the
guantitation limits obtained with HS-SPME were
lower than those obtained with DI-SPME. Quantita-
tion of samples was made using calibration curves by
plotting relative peak areas versus compound con-
centration. Each calibration level was prepared by
spiking ultra pure water.

The precision of the methods was determined by
analyzing five replicate spiked water samples con-
secutively at the concentration level.gf 50’ he
precision expressed, as RSD values was lower than
9% with both detectors and for both analytes. Also,
day-to-day precision was calculated over nine repli-
cates ([190) analyzed in three different days in
order to demonstrate procedure robustness. The RSD

values obtained were 8 and 11% for 2-hydroxy-4-
methoxybenzophenone and PABA, respectively.

Table 2
Analytical characteristics of the proposed approach
GC-FID GC-MS-SIM
Linearity® LoQ’ RSO Linearity Log RSD
R) (ng/l) (%) /) (ng/l) (%)
DI-SPME (PDMS 100um)
2-Hydroxy-4-
methoxybenzophenone 0.994 1.70 6.7 0.995 2.47 8.2
Octyldimethyl-PABA 0.996 0.87 4.5 0.996 1.20 6.6
DI-SPME (PA 85um)
2-Hydroxy-4-
methoxybenzophenone 0.998 1.17 5.1 0.997 1.70 6.8
Octyldimethyl-PABA 0.994 2.47 5.8 0.996 2.93 8.7
HS-SPME (PDMS 10Qum)
2-Hydroxy-4-
methoxybenzophenone 0.992 4.10 7.9 0.991 4.43 8.9
Octyldimethyl-PABA 0.999 0.60 6.2 0.998 0.73 7.5
HS-SPME (PA 85um)
2-Hydroxy-4-
methoxybenzophenone 0.994 2.53 5.5 0.997 2.90 8.5
Octyldimethyl-PABA 0.997 2.23 6.3 0.999 3.03 7.8
SPE
2-Hydroxy-4-
methoxybenzophenone 0.996 3.33 7.6 0.997 7.33 8.2
Octyldimethyl-PABA 0.997 0.27 5.5 0.998 8.33 7.8

#Concentration range 10-5Q0y/I.
® LOQ=limit of quantitation.

“RSD=relative standard deviation (mean of three replicate experim@#s50 ug/l).
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3.7. Recovery studies

quantification of the samples was carried out accord-

ing to the procedure described previously and the

Recovery studies to evaluate the percentage of
analyte extracted from spiked swimming pool and
seawater samples were conducted with both the
direct and the headspace sampling procedures. The
relative recovery that is determined as the peak area
ratio of real sample and ultra pure water sample
spiked with analytes at the same concentration level
(instead of absolute recovery as used in exhaustive
extraction procedures) was applied because SPME is
a non-exhaustive extraction procedure. The re-
coveries obtained for all types of waters ranged
between 82 and 98% for both analytes, revealing that
both modes can successfully extract these sunscreens
constituents from water samples. In this case, the
relative standard deviations of the concentrations
observed compared to those expected were satisfac-
tory with values less than 8% (Table 3).

concentrations of the detected analytes were obtained
from an average value of three measurements. All
measurements were initially made with the PDMS
whOdiber and in the direct mode. When one
analyte was not detected an alternative extraction
mode was applied based on the optimum extraction
procedure for its individual compound as previously
mentioned.

The analysis performed by GC-MS-FID con-
firmed the presence of Bz-3 and PABA in many of
the cases examined. The corresponding chromato-
gram of a real sample obtained by SPME following

the recommended procedure and using GC—FID i
shown in Fig. 5. The results obtained (Table 4)
indicate that the SPME technique can be successfully

applied to sunscreen residue determination in real

water samples without matrix interferences (evi-

3.8. Analysis of real samples

denced by spiking of appropriate amounts from the
respective analytes).
From an analytical standpoint no significant differ-

The direct and headspace SPME procedures, as
well as the SPE method as a reference technique,
developed in the present study, were applied to
several samples obtained from the coastal area and
swimming pools from the region of Epirus (N.W.
Greece). Additionally, samples from the waste pipes
of showers near swimming pools were collected and
analyzed for their content in the target species. All
samples were initially analyzed using GC-MS in
order to confirm the identity of the compounds. The

Table 3

ences were observed between both methods and il
comparison with a reference technique whenever the
concentration of the analytes were within the estab-
lished quantitation IBANs=10). In seawater

samples the increased dilution rate and high salt

content resulted in non-detectable concentration
levels (Table 4). However, the sampling strategy is a
critical parameter for the representative monitoring

of these compounds. Reasonably, maximum con-

centration levels should be expected during the

Mean relative recoveries (%) from the extraction of the selected compounds from uncontaminated spiked water samples by the proposed and

a reference technigfie

DI-SPME HS-SPME SPE
PDMS 100um PA 85um PDMS 100um PA 85um (reference technique)
lonian Sea
2-Hydroxy-4-
methoxybenzophenone 97 99 91 94 94
Octyldimethyl-PABA 85 82 98 95 93
Swimming pool
2-Hydroxy-4-
methoxybenzophenone 95 99 89 90 97
Octyldimethyl-PABA 94 98 97 95 95

*Mean of three replicate measurements. Concentration spik8dug/I.
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Fig. 5. A typical GC—FID chromatogram of 2-hydroxy-4-methox-
ybenzophenone and octyldimethyl-PABA obtained with the PDMS
1004um fiber in the direct SPME mode from a contaminated
swimming pool water sample:=1Bz-3, 2=PABA.

maximum bathing activity depending also on the
judiciousness of sunscreen application from the
people undertaking these activities. At the earlier or
later morning hours concentrations below the estab-
lished guantitation limit were observed. This trend
should also be expected for the swimming pool water
samples in shorter time intervals (approximately 4-5
h) due to the water recirculation rates applied.
Furthermore, from the results of Table 4 it can be

Table 4
Sunscreens found in swimming pools, bathing waters (seawater)
and shower waste samples collected throughout the Epirus fegion

Sample Concentration Recovery
(ng/1) (%)
Bz-3 PABA Bz-3 PABA
Swimming pool 1 2.4 n.b&° 98 94
Swimming pool 2
(Water game pool) 3% 2.1 96 95
Seawater n4. n'tf 94 82
Shower wastes
(pool 1) 9.9 6.2 98 92
Shower wastes
(pool 2) 8.2 5.3 96 90

? All analysis were initially run with the PDMS 10@m fibre in
the DI mode. When necessary, additional measurements were
performed and are given accordingly. Concentrationp.gril.

® DI-SPME (PDMS 100um).

“HS-SPME (PA 85um).

D.A. Lambropoulou et al. / J. Chromatogr. A 967 (2002) 243-253

seen that shower before using the swimming pool

reduces the leaching of sunscreens to the pool water.
On the contrary, in the game pool the concentrations
were higher suggesting that compliance with the

proposed guidelines during the sampling period was
low.

4, Conclusions

An analytical methodology for the trace determi-
nation of two widely used sunscreen agents, 2-hy-
droxy-4-methoxybenzophenone and octyldimetbyl-
aminobenzoic acid, in water samples is presented for
the first time. The method employs GC-MS or
GC-FID detection with solid-phase microextraction.
It was proven that the selected compounds could be
efficiently determined under the optimized ex-
perimental conditions, while a case specific applica-
tion (depending either on the matrix or on the target
species) can further enhance the analytical utility of
the proposed approach. The method was successfully
applied for monitoring these sunscreen compounds in
swimming pool and seawater samples at {hg/|
levels.

Considering the latest efforts of the European
Union for the update of the 76/160/EEC directive
for bathing and swimming waters, this effort presents
an initial analytical tool for the incorporation of
sunscreen agent residuals in bathing water quality
criteria for the first time.
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