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Abstract More information is required to improve our
understanding of the presence of organic ultraviolet
absorbents (UVAs) in organisms and the risks posed to
biota. Effective removal of lipids in the determination of
UVAs in biological samples is a sample-processing
bottleneck. In this study, we optimized a multistep pu-
rification method for fish tissue samples extracted using
an ultrasonic-assisted extraction method. The
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purification method involved performing Florisil col-
umn chromatography, redissolving the extract in etha-
nol, and then performing dispersive solid-phase extrac-
tion using primary and secondary amine, Florisil, and
C, g silica sorbents. The purified samples were analyzed
by gas chromatography—mass spectrometry. The meth-
od was effective and reliable, and was used to detect
trace concentrations (ng/g) of 12 UVAs in fish tissue
samples. The mean recovery range of the UVAs in fish
tissue extracts was 65.4-118%, and the method detec-
tion limit range was 0.20-2.50 ng/g dw. The validated
method was used to analyze 12 UVAs in fish samples
from a local supermarket.

Keywords Organic ultraviolet absorbent - Dispersive
solid-phase extraction - Multistep purification - Gas
chromatography—mass spectrometry - Fish

Introduction

Exposure to ultraviolet (UV) radiation during outdoor
activities increases the risk for skin cancer (Fent et al.
2008). To reduce this risk, personal care products con-
taining organic ultraviolet absorbents (UVAs) are wide-
ly used and have been produced in large quantities (Li
et al. 2007; Moehrle 2008; Richardson 2009). UVAs are
also used to prevent aging and the degradation of indus-
trial products (Coltro et al. 2003). Because of their long-
term and extensive use, UV filter chemicals are fre-
quently found in water (Poiger et al. 2004), sediment
(Plagellat et al. 2006), dust (Wang et al. 2013), and
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tissue (Nagtegaal et al. 1997; Fent et al. 2010; Bachelot
et al. 2012) samples. In humans, they have been found
in milk, blood, and urine (Zhang et al. 2013; Rodriguez-
Gomez et al. 2015). UVAs can disrupt the endocrine
system and cause developmental toxicity (Coronado
et al. 2008; Fent et al. 2008; Bliithgen et al. 2012), and
some UVAs are suspected to be persistent in the envi-
ronment (Kameda et al. 2007; Lai et al. 2014). Many
UVAs are strongly lipophilic and may bioaccumulate
(Gago-Ferrero et al. 2015). Public interest in the toxic-
ities of organic UVAs and their environmental risks is
increasing. Further studies are required to improve our
understanding of the presence of organic UVAs in envi-
ronmental media and the risks posed to biota.

Soxhlet extraction, microwave-assisted extraction,
pressurized liquid extraction, and solid—liquid extraction
methods have been developed and applied to detect
UVAs in biological samples (Gago-Ferrero et al.
2012). During extraction, a lipid fraction can be co-
extracted and may cause strong interference in instru-
mental analysis. Consequently, lipid removal before
analysis is indispensable. Several purification methods,
such as gel permeation chromatography, solid-phase
extraction, and reversed-phase high-performance liquid
chromatography, have been applied for lipid removal in
the process of UVA detection (Balmer et al. 2005; Buser
et al. 2006; Meinerling and Daniels 2006; Zenker et al.
2008; Mottaleb et al. 2009; Fent et al. 2010; Sang and
Leung 2016). However, these procedures are time-
consuming and require large solvent volumes (He
etal. 2017).

Recently, dispersive solid-phase extraction (d-SPE)
was developed and applied to remove co-extracted ma-
terials (e.g., lipids and proteins) using primary and sec-
ondary amine (PSA) and C, g silica as sorbents for UVAs
in fish muscle, human placenta, and other tissues
(Berlioz-Barbier et al. 2014; Groz et al. 2014; He et al.
2017; Vela-Soria et al. 2017). In some previous studies,
good purification was achieved using QUEChERS with
acetonitrile, which lipids are poorly soluble in, as the
extractant. However, acetonitrile could be ineffective for
the extraction of some strongly lipophilic chemicals
(Anastassiades et al. 2003; Norli et al. 2011; Satpathy
etal. 2011; Groz et al. 2014). Groz et al. (2014) reported
that the recovery of bumetrizole (UV-326) was less than
50% in the detection of UVAs in marine mussels. To
extract lipophilic UVAs, some semi-polar solvents may
be more suitable for use as extractants. Optimization of
d-SPE for UVAs is necessary.
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An effective pretreatment method is a prerequisite for
accurate analysis of UVAs in biological samples. How-
ever, cheap and efficient pretreatment methods for the
simultaneous determination of polar, semi-polar, and
lipophilic UVAs in biota samples have rarely been re-
ported. The aim of'this study was to develop a cheap and
sensitive method for detecting trace amounts of
multiclass UVAs in biological samples. We selected
the 12 most common UVAs in cosmetics and industrial
products as the targets. The UVAs were extracted by
ultrasonic-assisted extraction (UAE), purified by a com-
bination of column fractionation, redissolution, and d-
SPE, and finally determined by gas chromatography—
mass spectrometry (GC-MS). The developed method
was validated and applied to detect UVAs in fish muscle
and liver samples.

Materials and methods
Chemicals and reagents

Standards of 2-(2-hydroxy-3',5'-di-fert-butylphenyl)-5-
chlorobenzotriazole (UV-327) and octrizole (UV-329)
were purchased from Tokyo Chemical Industry (Tokyo,
Japan). Benzophenone (BP) was obtained from Chem
Service (West Chester, PA, USA). Octocrylene was
purchased from Sigma-Aldrich (St. Louis, MO, USA).
UV-326 and deuterated BP-d;, were purchased from
Chiron (Trondheim, Norway). 2-(2'-Hydroxy-3',5'-di-
tert-butylphenyl) benzotriazole (UV-320) was pur-
chased from Dr. Ehrenstorfer (Augsburg, Germany).
Deuterated phenanthrene-d,¢, 2-hydroxy-4-
methoxybenzophenone, 2-ethylhexyl-4-
methoxycinnamate, homosalate, ethylhexyl salicylate,
octyl dimethyl p-aminobenzoic acid, and 3-(4-
methylbenzylidene) camphor were obtained from
AccuStandard (New Haven, CT, USA). Their physico-
chemical properties had been reported in detail else-
where (Tang et al. 2019).

Stock solutions of the 12 analytes and two deuterated
surrogates were prepared individually in n-hexane.
Working solutions for the 12 analytes were prepared at
10 mg/L. All of the standard solutions were stored in
amber glass containers in the dark at —20 °C.

Chromatographic grade solvents (acetone,
acetonitrile, dichloromethane, ethanol, formic acid, n-
hexane, and methanol) were obtained from J.T. Baker
(Phillipsburg, PA, USA). Analytical grade anhydrous
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sodium sulfate (Na,SO,), aluminum oxide (100-200
mesh), silica gel (100-200 mesh), and Florisil (60—100
mesh and 100-200 mesh) were all purchased from
Sinopharm Chemical Reagent Co. (Beijing, China).
PSA sorbent (Bondesil-PSA) and Bondesil-C;5 (o
40 pum) were purchased from Agilent Technologies
(Santa Clara, CA, USA).

Sample preparation

Samples of carp (Cyprinus carpio) and black carp
(Mylopharyngodon piceus) were purchased from a local
supermarket. Each fish was carefully skinned and dis-
sected with a stainless steel scalpel. The dorsal muscles
and livers were analyzed, and all other tissues were
discarded. Each sample was freeze-dried, ground, ho-
mogenized, and then stored at —20 °C until analysis.

A 4-g sample of freeze-dried homogenized muscle or
2 g of liver was mixed with 15 mL of acetone/n-hexane
(1:1, v/v) and then sonicated in an ultrasonic bath
(40 kHz) for 15 min. The sample was then centrifuged
at 5000 rpm for 5 min, and the clear supernatant was
collected in a glass tube. The extraction process was
carried out twice, and the extracts were combined.

The extract was transferred to a 10-mm i.d. glass
column containing 4 cm of Na,SO,4 and 4 cm of Florisil,
and the filtrate was collected. A 15 mL aliquot of the
filtrate was evaporated to dryness using a rotatory evap-
orator, and the residue was redissolved in 2 mL of
ethanol. The extract was transferred to a glass centrifuge
tube containing a mixture of sorbents (200 mg of Cjsg,
50 mg of PSA, and 300 mg of Florisil (100-200 mesh)),
shaken for more than 1 min, and then centrifuged for
5 min. An aliquot (1 mL) of the supernatant was evap-
orated to dryness and then diluted to a final volume of
0.5 mL with n-hexane. Internal standards were added to
the extract before analysis by GC-MS.

Instrumental analysis

The extracts were analyzed using a gas chromatograph
(7890, Agilent Technologies) coupled with a mass spec-
trometer (5975, Agilent Technologies). The column was
a DB-5SMS column (30 m x 0.25 pum, 0.25-pum film
thickness, Agilent Technologies). The gas chromato-
graph oven temperature was held at 80 °C for 2 min,
increased at 10 °C/min to 300 °C, and held at 300 °C for
15 min. The injector temperature was 250 °C. The flow
rate of the helium carrier gas was 1 mL/min. For

analysis, 1 pL aliquots of the samples were injected in
splitless mode. The mass detector was operated in elec-
tron impact ionization mode using an electron energy of
70 eV. The ionization source was kept at 230 °C. The
interface temperature was 280 °C, and the quadrupole
temperature was 150 °C. The retention times and
quantification/confirmation ions in each case are pre-
sented in detail elsewhere (Tang et al. 2019).

Method validation

The linearity of the method was evaluated by analyzing
UVA standards at six concentrations between 10 and
400 pug/L. The instrument detection limit (IDL) range
with a signal-to-noise ratio of 3:1 was 0.33-4.90 pg/L.
Recovery tests were performed using three types of fish
tissue with mixtures of standard solutions at 50 and
100 ng/g. The matrix effect (ME) was calculated using
ME = (A;s —A;) / A; (Gémez et al. 2006), where A;g is
the analyte peak area corresponding to each point from
the calibration curve for the spiked fish tissue extract,
Ay, 1s the analyte peak area in the unspiked fish tissue
extract, and A; is the analyte peak area in the pure
solvent at the same concentration as the corresponding
spiked fish tissue extract. The method detection limits
(MDLs) were defined as the minimum concentrations
for detection of the analytes based on the instrument
detection limits and MEs from spiked fish tissue
extracts.

The standard solution and n-hexane were detected in
each batch of seven samples to evaluate procedural
contamination and instrument performance, respective-
ly. To prevent contamination, personnel conducting the
experiments were not allowed to use cosmetics or other
skincare products likely containing UVAs. Glass, stain-
less steel, and polytetrafluoroethylene laboratory equip-
ment were cleaned three times with acetone and n-
hexane before use.

Results and discussion

Optimization of extractant

We investigated the use of a weak polar solvent or
mixture of solvents as the extracting agent for UVAs
with varying lipophilicity (log Ky = 3—7). A mixture of

n-hexane and acetone reportedly gave satisfactory ex-
traction efficiencies as an extract in a previous study
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(Kim et al. 2011). In the determination of UVAs in fish,
satisfactory extraction efficiencies have been reported
for ultrasonic-assisted extraction with methanol (Peng
et al. 2015). Therefore, we used a mixture of acetone/n-
hexane (1:1, v/v) and methanol to extract the UVAs from
fish samples.

First, we spiked fish muscle samples with the target
analytes and extracted them with methanol and acetone/
n-hexane. Next, we separated the supernatant by centri-
fugation. The clear supernatant (2 mL) was added to a
tube containing 100 mg of PSA sorbent and 100 mg of
C,g. After shaking and centrifuging, 0.5 mL of the
supernatant was removed and evaporated to dryness
under a gentle stream of nitrogen. The residue was
dissolved in 0.5 mL of n-hexane before GC-MS analy-
sis. For most of the UVAs, better recoveries were ob-
tained with acetone/n-hexane than methanol (Fig. 1). In
the methanol extraction, a precipitate appeared in the
solution after redissolution of the residue, which may
have contributed to the relatively low recoveries. There-
fore, we selected acetone/n-hexane (1:1, v/v) as the
extractant.

We also investigated the number of extraction cycles.
The samples were extracted for 15 min using 15 mL of
acetone and n-hexane (1:1, v/v), and this process was
repeated three times. The extracts from each of the three
extractions were kept separated for analysis. In the third
extract, hardly any compound was detected. The use of
fewer extraction cycles can save time and reduce con-
sumption of solvents. Therefore, we selected 2 cycles
for the optimized method.

Purification

To detect contaminants present at trace levels, extracts
usually have to be concentrated. In a preexperiment, we
tested d-SPE to purify the concentrated ultrasonication
extracts. However, d-SPE alone was unable to remove
all impurities effectively because the adsorption capac-
ity of the adsorbent was limited and there was an excess
of co-extracted materials in concentrated extracts from
ultrasonic-assisted extraction with acetone and n-hex-
ane. To give satisfactory cleanup, more sorbent needs to
be used in d-SPE, but this increases the cost and may
affect the recoveries of the analytes. Accordingly, the
content of co-extracted materials needs to be reduced
before d-SPE. The sorbents alumina, silica gel, and
Florisil are commonly used to remove polar interfering
substances in the detection of trace organic pollutants
(Buser et al. 2006; Nakata et al. 2009, 2012;
Bernsmann et al. 2014; Chang et al. 2014). In addition,
some weakly polar or non-polar interferences can be
eliminated by redissolution in appropriate solvents. In
this study, we used a three-stage process of column
fractionation, redissolution, and d-SPE to clean the
sample extracts.

The most appropriate sorbents (alumina, silica gel,
and Florisil [60—100 and 100-200 mesh]) for use in the
chromatography column were selected by performing
batch tests. Details are given in the Supplementary
Material. The Florisil (60—100 mesh) had poor adsorp-
tion for most target analytes in the standard solution (see
Supplementary Material: Table S1). Therefore, when

Fig. 1 Recoveries (%) of the 12 250
organic ultraviolet absorbents

(UVAs) from fish muscle with

different extraction solvents 200 ~
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used as a sorbent, Florisil (60—100 mesh) both removes
some polar interfering substances and has low adsorp-
tion of the target chemicals. The elution step may be
omitted in real sample pretreatment. We also investigat-
ed the quantity of sorbent added to the chromatography
column (Supplementary Material). The results showed
that purification with a column containing 4 cm of
Florisil (60—100 mesh) and 4 cm of Na,SO, gave clear
chromatographic peaks (see Supplementary Material:
Fig. S1).

For redissolution of the residues, we screened
ethanol, acetonitrile, methanol, and a mixture of
ethanol and acetonitrile (1:1, v/v) in batch tests.
Details are given in the Supplementary Material.
The recoveries of the 12 UVAs with the different
solvents are shown in Fig. 2. Compared with other
solvents, ethanol gave acceptable recoveries for the
UVAs, especially for UV-320 and UV-326. This may
be because ethanol is less polar than the other sol-
vents, or it affects the adsorptivity of the sorbent in
d-SPE. After our comparison of the different sol-
vents, we selected ethanol as the most appropriate
solvent for redissolution.

We performed tests to optimize the d-SPE process
to ensure that as many interfering substances were
removed as possible. We determined the recoveries
of the UVAs after extract purification using PSA and

C,g sorbents. Details are given in the Supplementary
Material. The best UVA recoveries were achieved
using 200-300 mg of the C;g sorbent and 100 mg of
the PSA sorbent (see Supplementary Material:
Table S2). However, interfering peaks were found
in the chromatograms when only 100 mg of the PSA
sorbent was used. Therefore, the quantities of the
sorbents were further optimized to achieve the best
cleanup for different types of samples, which likely
have different MEs. We tested three sorbent combi-
nations (see Supplementary Material: Table S3).
Using the group 1 sorbent combination (200 mg
Cig + 500 mg Florisil [100-200 mesh]), 2-
hydroxy-4-methoxybenzophenone and 3-(4-
methylbenzylidene) camphor could not be quantita-
tively analyzed because of interferences in the chro-
matograms. By contrast, the interfering peaks were
smaller, and the UVA recoveries were satisfactory
with group 2 (200 mg C;g + 100 mg PSA + 150 mg
Florisil [100-200 mesh]) and group 3 (200 mg C;g +
50 mg PSA + 300 mg Florisil [100-200 mesh])
sorbent combinations. The group 3 sorbent
contained less PSA than the group 2 sorbent, and
we selected group 3 as the most appropriate sorbent
for the d-SPE process to remove substances that
could interfere with the analysis of UVAs in fish
tissues.

Fig. 2 Recoveries of the organic 160
ultraviolet absorbents (UVAs)
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Table 1 Analytical performance data for each compound studied

Compounds Matrix Method detection Recoveries (%)
effects (%)  limits (ng/g)
Carp muscle Black carp Mixed livers
muscle

Spiked at Spiked at Spiked at Spiked at Spiked at

50 ng/g dw 100 ng/g dw 50 ng/g dw 100 ng/g dw 50 ng/g dw
BP -13.1 2.5 97.8 £2.4 93.0+1.2 80.7 + 8.0 84.5+5.7 103.5 £ 4.7
EHS 1.81 0.9 87.8 +6.9 829+14 775+ 1.4 86.1 £6.7 785+ 49
HMS 1.29 0.3 755+72 75.5+5.1 69.8 7.7 79.1 £3.9 80.4 £ 10.1
BP-3 15.5 0.5 1082 £3.2 1073+ 7.1 91.4+09 109.9 £2.2 117.6 £ 8.7
4-MBC -0.95 0.2 710+ 1.4 74.8 £0.7 929 +21 96.9 + 1.4 96.4 + 6.1
OD-PABA  —6.68 0.2 755 +25 757+ 1.8 88.5+£54 79.2 £ 5.6 702 +£21.0
EHMC -4.67 0.3 763 £ 1.4 754+ 1.4 103.4 £ 6.2 99.0 £ 2.7 90.3 £ 6.3
UV-320 -11.5 0.4 72.1+£63 72.6 £3.1 73.0 £ 12.7 727 +£55 682 +12.5
UV-326 -10.6 0.2 744+ 56 75.0 £ 4.2 654+ 164 71.6 +3.1 66.1 £ 16.1
UV-329 11.0 0.4 80.9 £5.0 80.1 £1.8 87.7 £ 11.1 775+ 54 770 £3.5
ocC -12.8 1.5 88.5+79 89.1£24 725+3.6 88.6 £ 3.6 67.9 £ 13.6
UV-327 —8.85 0.5 723 +£6.2 713 £ 1.0 783 +£9.1 842 +£5.0 954 +10.9
Method validation samples, and were likely caused by the higher lipid

The analytical performance data are shown in Table 1.
We evaluated the recoveries of the optimized method by
analyzing fish muscle and liver samples spiked with
UVAs at two levels. The recoveries of most of analytes
in both muscle and liver samples were >70%. Lower
recoveries were obtained for some analytes in liver

content and more complex composition of the extract
compared with those from the other tissues. The relative
standard deviations of the analyte concentrations in carp
muscle and black carp muscle samples were <7.9% and
<16.4%, respectively. The relative standard deviations
of the concentrations of all the analytes, except octyl
dimethyl p-aminobenzoic acid (21.0%), in the liver

Fig. 3 Concentrations of organic 18
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samples were <16.1%. Overall, the method gave very
reproducible results when used to simultaneously deter-
mine the 12 organic UVAs in fish tissue samples. With
4 g of sample, the MDL range was 0.2-2.5 ng/g dw and
the ME range was —13.1-15.5% (Table 1). These re-
sults are satisfactory for determination of trace UVAs in
complex biological matrices.

Analysis of fish samples

The established method was used to analyze fish sam-
ples collected from a local supermarket. The mean UVA
concentrations in carp muscle, black carp muscle, and
mixed liver samples are shown in Fig. 3. The concen-
trations of BP, UV-326, ethylhexyl salicylate, 2-
ethylhexyl-4-methoxycinnamate, UV-320, and
octocrylene were lower than the corresponding MDLs
in some samples. The total concentrations of the 12
organic UVAs in the carp muscle, black carp muscle,
and liver samples were 38.8, 19.3, and 59.9 ng/g dw,
respectively.

Conclusions

Simple and sensitive analytical methods are neces-
sary to detect and analyze the distributions of
emerging contaminants in environmental samples.
Sample preparation is a key step for analysis at trace
levels, and interferences introduced during pretreat-
ment can cause serious deviations in the results. In
this work, we developed a method for simultaneous-
ly determining several groups of organic UVAs in
fish tissue samples. This method fulfills the validity
criteria for trace analysis and was successfully ap-
plied to quantification of UVAs in fish samples
collected from a local supermarket.
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