Methodology for Analysis of UV Filters in
Tilapia Using Off-line MSPD Followed by
On-line SPE-LC/UV

José J. Olmos-Espejel, Oscar E. Mogica-
Garcia, Gerson J. Duran-Gasca & Magaly
L. Carmona-Lopez

Chromatographia
An International Journal for Separation
Science

ISSN 0009-5893

Chromatographia
DOI 10.1007/s10337-020-03867-2

@ Springer



Your article is protected by copyright and

all rights are held exclusively by Springer-
Verlag GmbH Germany, part of Springer
Nature. This e-offprint is for personal use only
and shall not be self-archived in electronic
repositories. If you wish to self-archive your
article, please use the accepted manuscript
version for posting on your own website. You
may further deposit the accepted manuscript
version in any repository, provided it is only
made publicly available 12 months after
official publication or later and provided
acknowledgement is given to the original
source of publication and a link is inserted

to the published article on Springer's
website. The link must be accompanied by
the following text: "The final publication is
available at link.springer.com”.

@ Springer



Chromatographia
https://doi.org/10.1007/510337-020-03867-2

ORIGINAL q

Check for
updates

Methodology for Analysis of UV Filters in Tilapia Using Off-line MSPD
Followed by On-line SPE-LC/UV

José J. Olmos-Espejel'® . Oscar E. Mogica-Garcia' - Gerson J. Duran-Gasca' - Magaly L. Carmona-Lépez’

Received: 20 November 2019 / Revised: 26 January 2020 / Accepted: 27 January 2020
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract

A sensitive method was developed and validated for the determination of UV filters (oxybenzone, octocrylene, 4-methyl-
benzylidene camphor, 2-ethylhexyl-4-methoxycinnamate and avobenzone) in tilapia muscle using matrix solid-phase dis-
persion followed by on-line solid-phase extraction-liquid chromatography/UV. The validation showed good linearity from
100 to 3600 ng g~! with 7* values > 0.98. Precision values with relative standard deviations were < 24% for all analytes. The
accuracy was evaluated with the recovery of spiked muscle samples, and it ranged between 89 and 96% for most analytes,
except 2-ethylhexyl-4-methoxycinnamate. A positive matrix effect was observed for oxybenzone, so a matrix-matched
calibration curve was used for quantitation purposes. This methodology was applied to incurred samples of fish exposed to
the analytes for 3 days (100 pg L™! each). Residual quantities of the contaminants were measured after 24, 48 and 72 h of
exposure, and concentrations ranged between 400 and 2900 ng g~!. The developed method was able to quantify all of the

target compounds at trace levels.

Keywords Liquid chromatography - On-line solid-phase extraction - Matrix solid-phase dispersion - Fish muscle - UV

filters

Introduction

In the last two decades, UV filters (UVFs) have been exten-
sively used in a variety of personal care products, such as
sunscreen, moisturizing lotion, and lipstick, among others, to
mitigate the harmful effects of ultraviolet (UV) radiation in
skin cancer development, as well as for erythema and photo-
aging. Additionally, they are used in many industrial goods,
such as plastics, textiles, and food packaging, to protect
polymers and pigments against photoinduced degradation.
UVFs enter the aquatic environment in two different ways:
by direct inputs of recreational activities, such as slough-
ing off human bodies during swimming, or through indirect
inputs, such as the discharge of wastewater treatment plants
[1-3].
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There are approximately 42 different organic compounds
that can be employed as UV filters in sunscreen products
according to legislation in place in the European Union,
USA and Japan [4]. Oxybenzone, octocrylene, 4-methylb-
enzylidene camphor, 2-ethylhexyl-4-methoxycinnamate and
avobenzone are the most frequently used UV filters in sun-
screen formulations [3], and all of them present effects as
endocrine disruptors or promotors (in vitro) of growth for
certain breast cancer cells [2].

The enormous production and use of UVFs have caused
an increase in their concentration in the aquatic environment
and a greater potential risk of bioaccumulation and biomag-
nification in several species of freshwater and saltwater fish
[5]. Several ecological factors are involved in the degree of
UVF absorption by aquatic species, including size (weight
and length), body lipid content and sampling location [1].

Aquatic organisms are considered good biomonitors
because they absorb foreign chemicals. In fish, the contami-
nant concentrations depend on the amounts of analyte in
contact with the organism, the rate of uptake (through diet
and respiration) and elimination (by metabolism, egestion,
respiration and growth) [6]. Among these, tilapia (Oreo-
chromis urolepis hornorum) has been used in toxicological
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studies to evaluate the effects of contaminants, such as fun-
gicides, organophosphorus pesticides and heavy metals.
Moreover, these organisms are resistant to different stress
conditions [7].

UVFs have been detected at concentrations between 9 and
2400 ng g~! [8, 9] in fish samples. Despite their low con-
centration, these levels have the potential for transcriptional
alterations and endocrine disruption in species such as rats,
fish and frogs [10].

For this reason, several methods have been developed for
the determination of UVFs in fish tissues at trace levels,
many of which used techniques such as Soxhlet, solid-liquid
and pressurized liquid extraction, with an additional clean-
up step (gel permeation chromatography, silica or florisil
columns) [1]. Appropriate sample preparation procedure is
required because the samples often contain low amounts of
UVFs and a large quantity of interfering compounds that
make analysis difficult [11, 12].

Among sample preparation techniques, matrix solid-
phase dispersion (MSPD) is suitable for solid and semisolid
samples due to the direct mechanical blending of the sam-
ple with an abrasive and appropriate solid support material,
mainly florisil and C18-bonded silica, which is then packed
into a polypropylene syringe that contains a clean-up sorbent
to retain coextracted interfering species [13, 14]. The suc-
cess of this technique lies in its simplicity, affordability, flex-
ibility and robustness. Furthermore, the implemented condi-
tions help to prevent the degradation of analytes, and they
provide both extraction and clean-up in a single step [15].

In a typical analysis of contaminants in biota, after the
sample preparation step, the analysis is performed with a
chromatographic system (LC or GC) to isolate target ana-
lytes from any remaining interferences. This can be done
with either off-line systems or physically connected (on-line)
systems. In off-line mode, the volume of extract is com-
monly reduced to improve the sensitivity of the method
because a few microliters of the extract is introduced into
the chromatographic system. In on-line mode, there is a
complete coupling between the sample preparation step and
chromatographic system, allowing for the preconcentration
of the analytes and its subsequent introduction into the sys-
tem in a process equivalent to injecting the entire volume
of the extract. On-line systems are suitable for automation,
and they provide an improvement in precision and detection
limit at low concentration levels [16]. Solid-phase extrac-
tion (SPE) is a technique commonly used in on-line mode;
it involves the extraction of analytes by a sorbent phase,
and it has made the development of faster and more sensi-
tive methods possible by reducing analysis time and sample
contamination [17, 18]. On-line SPE has been successfully
used for the determination of contaminants in liquid matri-
ces, such as pharmaceuticals in blood [19], insect repellent
and its metabolites in urine [20], ochratoxin A in wine [21],
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tetracyclines in honey [22] and benzotriazoles in water [23].
UVFs have also been successfully analyzed using on-line
SPE coupled to liquid chromatography in liquid samples,
such as natural waters and wastewaters [24], swimming pool
water and seawater [25], surface water [26] and urine [27,
28].

There is scarce information about the use of on-line SPE
for solid sample analysis because of the matrix complex-
ity. These methods require an additional sample preparation
technique to obtain a clean extract prior to on-line analysis.
For this purpose, matrix solid-phase dispersion (MSPD) and
solid-liquid extraction have been used, particularly MSPD
coupled with on-line SPE-LC, to analyze polycyclic aro-
matic hydrocarbons in animal tissue [29, 30].

The aim of this work was to develop an off-line MSPD,
followed by an on-line SPE-LC/UV method for the deter-
mination of five UVFs (oxybenzone, octocrylene, 4-meth-
ylbenzylidene camphor, 2-ethylhexyl-4-methoxycinnamate
and avobenzone) in tilapia muscle.

Materials and Methods

The properties of the UVFs are listed in Electronic Sup-
plementary Material Table S1. The analytical standards
of oxybenzone (OXY), octocrylene (OCT), 4-methylben-
zylidene camphor (MBC), 2-ethylhexyl-4-methoxycinna-
mate (EHMC) and avobenzone (AVO) were purchased from
Sigma-Aldrich (purity >98%). Individual stock solutions
at 2000 ug mL~! were prepared in acetonitrile. A stand-
ard solution at 500 pg mL~! containing the five UVFs was
prepared with acetonitrile and stored in the dark at 4 °C.
Water (18.2 MQ cm resistivity) was obtained from a Milli-
pore Simplicity UV water purification system (Bedford, MA,
USA). For MSPD, C18 silica (particle diameter 40-60 pm),
6 mL polypropylene SPE cartridges and polyethylene frits
were obtained from Agilent Technologies (Santa Clara, CA,
USA). High-performance ZORBAX guard fittings kit and a
ZORBAX Eclipse Plus guard cartridge (95 A C18, 5 um,
4.6x12.5 mm) were acquired from Agilent Technologies.
HPLC-grade methanol and acetonitrile (ACN) were pur-
chased from J.T. Baker (Phillipsburg, NJ, USA). To avoid
cross-contamination, all glassware was cleaned overnight
with an aqueous 5% HNOj; solution (v/v) and was then
rinsed with distilled water and 1 mL of ACN.

Fish Samples

To optimize the MSPD methodology, tilapia fillets (Ore-
ochromis urolepis hornorum) were acquired from a local
market. Fish muscle was homogenized in a food processor
and lyophilized.
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Additionally, juvenile tilapia obtained from the Faculty of
Veterinary Medicine and Zootechnics, UNAM, were used as
incurred samples to test the method. They were acclimated
to laboratory conditions in an aerated aquarium for a week
(25-27 °C, pH=7, 10/14 h light/dark photoperiod, dissolved
oxygen: 4 mg L™1), and water was renewed every 72 h.

Off-line MSPD Methodology

First, 0.5 g of lyophilized muscle and 1 g of C18 silica (pre-
conditioned with 5 mL of methanol and vacuum dried) were
blended in an agate mortar until a homogeneous mixture was
obtained. The mixture was placed into a 6 mL polypropyl-
ene cartridge with a polyethylene frit in the bottom, com-
pressed and covered with another polyethylene frit. Analytes
were eluted from the cartridge with 5 mL of acetonitrile.
The extract was centrifuged at 4000 rpm for 15 min, and
the entire supernatant was diluted with 10 mL of deionized
water for subsequent preconcentration and analysis on the
on-line SPE-LC/UV system. A summary of the methodol-
ogy is shown in Electronic Supplementary Material Fig. S1.

Preparation of Matrix-Matched Standards

Blank MSPD extracts (5 mL) obtained from unspiked fish
muscle were used to prepare matrix-matched standards. Dif-
ferent amounts of each analyte were added to the final ACN
extracts at six concentration levels (10, 40, 80, 160, 250 and
360 ng mL'l). To construct a calibration curve, the matrix-
matched standards were diluted with 10 mL of deionized
water and analyzed with the on-line SPE-LC/UV system.
This calibration curve was used for quantitation purposes.

On-line SPE-LC/UV Analysis

The UVFs were analyzed on a 1100 liquid chromatograph
with a quaternary pump (model G1311A) coupled to a UV
diode array detector (DAD, model G1315B) from Agilent
Technologies (Santa Clara, CA, USA). The LC system was
equipped with an autosampler (model G1313A) and tem-
perature control module (model G1316A). The direction of

the mobile phase flow was controlled by an automatic rheo-
dyne valve (Berkeley, CA, USA) connected to the LC tem-
perature control module. Samples were preconcentrated on
a ZORBAX Eclipse Plus C18 guard cartridge using an Eldex
Optos Series 2SM pump (Napa, CA, USA). An inline filter
(4.8 mm, 2 pm) was connected between the Eldex pump and
precolumn to extend the useful life of the preconcentration
column. The diluted extracts were loaded using the precon-
centration pump (PP) at a constant flow of 1.8 mL min~".
Table 1 shows the operating conditions used for the on-line
system.

Analytical separation was performed on an SB-C18
analytical column (250 mm X 4.6 mm L.D., 5 pm particle
size) supplied by Agilent Technologies in isocratic elu-
tion mode (85% methanol and 15% water) at a flow rate of
1 mL min~!. The detection wavelengths selected for each
compound were as follows: OXY =290 nm; OCT, MBC and
EHMC =310 nm; and AVO =360 nm. A total run time of
20 min allowed for the separation of the five UVFs from
interfering compounds. Data analysis was performed using
ChemStation software version 10.02.

Method Validation

The following parameters were evaluated: precision (repeat-
ability), accuracy, limits of detection (LODs), limits of
quantitation (LOQs) and linearity. Precision was evaluated
in terms of repeatability by analyzing six extracts of spiked
samples at 400 and 1200 ng g~ on two different days. For
each concentration, triplicate analysis was conducted, and
the relative standard deviation (RSD) was calculated. The
linearity was evaluated by analyzing muscle samples spiked
at six concentration levels (100, 400, 800, 1600, 2500 and
3600 ng g~!). Three sample replicates were made at each
concentration level. The determination coefficients (%),
slopes and Y intercepts of the calibration curve were cal-
culated for each analyte. The accuracy was evaluated with
the slope of the curve obtained by plotting the recovered
amount of each analyte versus the amount initially added
to the spiked samples. The experimental LODs and LOQs

Table 1 Conditions for on-line

SPE_LC/UV system Activity Pump used Swi.t§hing valve Solvent applied Fl.ov\_/ 1mL

position min

Precolumn conditioning PP Load a) 5 mL acetonitrile 100% 1.8
b) 5 mL water 100%
Sample loading PP Load 15 mL extract diluted 1.8
On-line cleanup PP Load 2 mL water 100% 1.8
analyte separation CP Injection® Mobile phase MeOH:water 1.0
(85:15, v/v)

PP preconcentration pump, CP chromatographic pump

*Maintained during 6 min of analysis before reconditioning of the precolumn
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were determined with signal-to-noise ratios (S/N) of 3 and
10, respectively.

Incurred Fish Samples

Ten juvenile tilapia (length 18.5+3.0 cm; weight
39.8+5.6 g) were used as incurred samples. One fish was
placed in an aerated aquarium with 30 L of potable water as
a control. Nine fish were placed in another aerated aquarium
with 70 L of spiked water at 100 ng mL~" of each analyte.
To maintain a steady concentration of UVFs in the water,
50 L of freshly spiked water was renewed twice a day. Three
fish were killed after 24, 48 and 72 h of exposure, and their
muscle tissue was lyophilized and analyzed with the devel-
oped method to evaluate the residual analyte concentration.

Results and Discussion
Chromatographic Separation

To separate the UVFs, three columns were evaluated: an
XDB C18, Eclipse C18, and SB C18. The first and second
columns did not show good resolution of the critical pair
AVO and EHMC (Rs<0.8), and there was tailing in the
avobenzone peak. The SB C18 column was able to separate
all analytes with good peak shape and resolution (Fig. 1),
even for the critical pair (Rs=1.05), using an isocratic
program without modifiers in the mobile phase. This is an
advantage because in the literature, the use of gradient sepa-
ration and modifiers in the mobile phase (cationic and ani-
onic surfactants, cyclodextrin and EDTA) to separate UVFs
has been reported [25, 31-33].

360 nm
250
4
200
150
500 - , 2 o0
5 -—k
310 nm :
400 - 13 14 15 16 17 18
Time (minutes)
3 .
300 -
D 1 =
<
£
200
100
0

Time (minutes)
C —Matrix-matched standard at 1600 ng/g

B —Exposed fish to 100 ng/mL during 24 h

A — Non exposed fish

Fig. 1 Analysis of tilapia exposed for 24 h to UVF, matrix-matched standard at 1600 ng g~' and non-exposed tilapia by off-line MSPD followed
by on-line SPE-LC/UV method. Peaks: 1. oxybenzone, 2. MBC, 3. octocrylene, 4. avobenzone and 5. EHMC
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Off-line MSPD Method Optimization

The MSPD conditions were optimized by maintaining
a sample:C18 silica ratio of 1:2 and ACN as the elution
solvent. Lipids are the main interferents present in biota
extracts, and ACN was selected because of its low affinity
for lipids [32]. To obtain a clear extract suitable for on-line
SPE, two parameters were studied in the MSPD extraction:
the use of a co-column packed into the bottom of the same
column as the MSPD material, using 0.5 g of different sor-
bents (florisil, primary-secondary amine, and alumina) and
the volume elution solvent (5 and 10 mL of ACN). The use
of a co-column diminished the recoveries, so the optimal
results were obtained without it. Additionally, 5 mL ACN
was enough to recover more than 80% of most of the ana-
lytes (except EHMC) with minimum lipids in the extract.
With 10 mL ACN, recoveries of EHMC were higher, but
co-extracted matrix components (mainly lipids) generated
an extract not suitable for on-line SPE.

Even with the above conditions, the extract obtained was
turbid, so centrifugation (4000 rpm, 15 min) was applied
for clarification.

On-line SPE-LC/UV Method Optimization

Because UVFs in biota are present at trace levels, most
works report the use of LC-MS or GC-MS systems to
improve sensitivity [8, 34]. In this work, on-line SPE pre-
concentration was employed to quantify UVFs at trace levels
with the more affordable and common LC/UV system.

The high eluent strength of the extract recovered from
MSPD reduced the retention of the analytes in the concen-
tration column. To improve the retention of the compounds,
5 mL of the ACN extract was diluted to 10 mL (50% ACN),
15 mL (33% ACN) and 20 mL (25% ACN) with deionized
water. The results are shown in Electronic Supplementary
Material Fig. S2.

The use of 10 mL (50% ACN) caused breakthrough of
oxybenzone and octocrylene from the precolumn. With
20 mL (25% ACN), the response of the most retained ana-
lytes (AVO and EHMC) decreased by between 30 and 40%;
due to their low solubility in aqueous environments, they
were possibly adsorbed to the centrifuge tubes. To test this
hypothesis, the tubes were washed with 20 mL of 25% ACN
and both analytes were detected. This UVFs behavior has
been reported also with glassware [35].

The highest response for most analytes was achieved by
dilution with 15 mL (33% ACN), even though the maximum
response of oxybenzone was reduced by approximately 50%.
Due to the different polarities of the analytes, developing
a preconcentration process with high extraction yield for
all of the analytes was very difficult. Thus, the maximum
sensitivity was achieved for the most retained analytes (with

the lowest response), even if the oxybenzone signal (with the
highest response) was reduced.

Blank Contamination

It is difficult to monitor personal care products at trace levels
because they are ubiquitous in the environment, and there
are several contamination sources from daily products used
by laboratory personnel, such as shampoos, soaps, lotions,
cleaning agents and sun creams [12, 36]. Signals of UVFs
were found in the control muscle, but they were < LOQs
(Fig. 1). For this reason, during method validation and sam-
ple analysis from the exposure assay, interferences were rou-
tinely monitored by analyzing method blanks and samples
from the control fish.

Matrix Effect

To evaluate the influence of the matrix on the preconcentra-
tion of the UVFs, the average peak area measured for the
matrix-matched standard was compared with that obtained
for the pure standard solution. The matrix-matched stand-
ard was prepared by adding 20 pL of a standard solution at
20 ng pL~! (equivalent to 400 ng of each UVF) to 5 ml of
an ACN extract obtained from control, lyophilized muscle
by off-line MSPD. Then, 10 mL of deionized water was also
added to obtain an ACN-water ratio of 33:67 v/v. On the
other hand, a pure standard solution was prepared by add-
ing the same quantity of UVFs to 15 mL of ACN-water
33:67 v/v. The solutions were prepared in triplicate and ana-
lyzed with the on-line SPE-LC/UV system.

A negative matrix effect with signal suppression was
observed for octocrylene (—4%) and EHMC (- 17%). On
the other hand, a positive matrix effect was observed with
enhancement of the signal for avobenzone (+ 13%), MBC
(+ 14%) and oxybenzone (+85%). This significant positive
effect in oxybenzone, the most polar analyte (log Kow =3.5),
could be explained by its higher retention in the concen-
tration column caused by its interaction with matrix com-
ponents. Because oxybenzone presented a strong matrix
effect, recoveries for this UVF were obtained using a matrix-
matched calibration curve to avoid quantitation errors. For
the other analytes, a matrix effect between — 20 and +20%
was considered not significant [37]. The results are shown
in Electronic Supplementary Material Fig. S3.

Method Validation

Table 2 shows the results of the method validation. Adequate
linearity was found for all analytes from 100 to 3600 ng g™,
obtaining 7 values > 0.98. The accuracy was evaluated with
recovery, and it was calculated from the slope of the equa-
tion obtained by plotting the amount recovered versus the

@ Springer



J.J. Olmos-Espejel et al.

Table 2 Linearity, accuracy,

s Parameter Analyte

precision, LODs and LOQs for

the determination of UVF in oxXY MBC OCT AVO EHMC

fish muscle with the off-line

MSPD method followed by Linearity (%) 0.9901 0.9948 0.9905 0.9844 0.9867

on-line SPE-LC/UV Intercept” —12(+149) —27(x147) —5(x148) —91 (x204) —46(x+125)
Slope® 0.89(+£0.12) 0.85(x£0.12) 0.89(+0.12) 0.96 (+0.17) 0.64 (+0.10)
Accuracy (recovery)? 89 (+12) 85 (+12) 89 (+12) 96 (=17) 64 (+10)
Precision (repeatability) 19 14 24 16 22
400 ng g~ (RSD %, n=6)
Precision (repeatability) 8 15 2 20 11
1200 ng g~! (RSD %, n=6)
LOD (S/N=3) (ng g™ 8 12 16 7 13
LOQ (S/N=10) (ng g1 25 40 52 24 41

*Range of concentrations 100-3600 ng g{1

®Confidence interval at 95%

amount added. Recoveries were between 85 and 96%, except
for that of EHMC (64%). Precision was evaluated at two
concentration levels (400 and 1200 ng g~1), obtaining RSDs
<20% for all UVFs, except for octocrylene and EHMC
spiked at 400 ng g~!. The limits of detection (LODs) and
quantitation (LOQs) were calculated at the optimum wave-
length for each UVF, and they were between 7—-16 ng g~
and 24-52 ng ¢!, respectively. These limits were compara-
ble to reported values [38].

Analysis of Incurred Samples
Incurred materials are useful samples for validation pur-

poses. In these samples, the target analyte may be essentially
extraneous, but it has been introduced before sampling. The

Fig.2 Concentrations (ng g~') 3500
of UVF obtained from the =
analysis of exposed samples %
n=3 o 3000
(n=3) g
>
b
o 2500
X
o
£
S 2000
2
o
€
[7] 1500
Q
c
o
o
o
] 1000
w
S
=
500
0
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contaminant is more closely bound in the matrix than in a
spiked sample [39].

The validated off-line MSPD method followed by the on-
line SPE-LC/UV method was used to measure the residual
quantities of each UVF in the muscle of tilapia exposed for
3 days to 100 ng mL~! of each analyte. Figure 1 illustrates
typical chromatograms of the muscle samples from exposed
tilapia and a matrix-matched standard.

The results showed that the five UV filters accumulated in
fish muscle. In fish, the contaminant concentrations depend
on the amounts of analyte in contact with the organism, the
rate of uptake (through diet and respiration) and elimina-
tion (by metabolism, egestion, respiration, and growth) [6].
Figure 2 shows the concentrations of each analyte found
in the incurred samples. The concentrations of MBC and

@24h 248h @72h

mE?

EHMC

Analyte
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oxybenzone after 24 h were 540 and 1350 ng g~! and
increased to 1250 and 2900 ng g~ after 72 h of exposure,
respectively. The other compounds also increased in concen-
tration from 24 to 72 h. For octocrylene, the concentrations
were between 1200 and 1800 ng g~', for avobenzone, they
were between 820 and 1300 ng g‘1 and, finally, for EHMC,
they were between 400 and 650 ng g !.

These results can be explained by the highest bio-
availability of oxybenzone due to its hydrophilic char-
acter and relatively high water solubility (log Kow =3.5;
solubility = 13 mg L™!) compared with those of the other
UVFs studied, such as EHMC (log Kow =5.8; solubility
0.15 mg L™!). The lower accumulation of most hydrophobic
UVFs could be justified by the low lipid content in tilapia
muscle, which is approximately 2% w/w [40], because for
many compounds, the bioaccumulation and log Kow are
directly related, and the adipose tissue of organisms can
accumulate hydrophobic analytes. However, this does not
apply to hydrophilic analytes such as oxybenzone because
they could appear in aqueous compartments, such as blood,
generating a major incidence in tilapia [41].

Although there is scarce information about the behavior
of UVF bioaccumulation in tilapia, these results agreed with
the study reported by Chen et al. about the accumulation and
elimination of synthetic musks and other kinds of personal
care products (PCPs) in this kind of fish. They found that
the most accumulated compounds were polar compounds,
i.e., musk ketone (log Kow=4.3) and musk xylene (log
Kow =4.8), in comparison with galaxolide and tonalide (log
Kow =5.7 and 5.9, respectively), which are more lipophilic
[42].

Conclusions

A sensitive analytical method based on off-line MSPD
followed by an on-line SPE-LC/UV method to determine
five UVFs in tilapia muscle was developed. To the authors’
knowledge, this method constitutes the first application of
on-line SPE-LC to determine UVFs in fish muscle. The
chromatographic separation was very simple, using an iso-
cratic mode without any modifiers in the mobile phase. The
method allowed for the quantification of UVFs at trace levels
(ng g~') using a common and accessible LC/UV system. The
matrix effect was only significant for oxybenzone, the most
polar analyte. The method was applied effectively to analyze
UVFs in tilapia that were artificially exposed to these con-
taminants. All of the analytes were found at levels between
400 and 2900 ng g~!. The most accumulated analyte was
oxybenzone, and the least accumulated analyte was EHMC
after 72 h of exposure. The proposed method is a good alter-
native for environmental monitoring of UVFs in tilapia.
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