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Abstract
An analytical method was developed and validated for the simultaneous determination in fish muscle of two kinds of emerging
pollutants: polycyclic aromatic musks (galaxolide and tonalide) and UV filters [oxybenzone, 3-(4-methylbenzylidene) camphor,
padimate-O, 2-ethylhexyl 4-methoxycinnamate, octocrylene], which are very common ingredients of personal care products, by
programmable split/splitless injector gas chromatography-mass spectrometry (PSSI-GC-MS) using a matrix solid-phase disper-
sion (MSPD) for extraction and clean-up procedure in a single step. The method was evaluated for precision (relative standard
deviation < 19%), linearity (r2 > 0.9829); accuracy, reported as % of recovery; limit of quantification (0.013 to 0.040 μg g−1,
referred to dry mass); and limit of detection (0.004 to 0.012 μg g−1, referred to dry mass) for each of the analytes. The average
recoveries in muscle samples spiked at two levels: 0.1 μg g-1 and 1.0 μg g-1 ranged between 77–111% and 55–108%, respec-
tively. The method was applied for the determination of the mentioned pollutants in an exposure in vivo study with rainbow trout,
and the results showed a larger absorption of musks (tonalide 43.0 μg g−1) than UV filters (padimate-O, 1.0 μg g−1). The
proposed procedure has demonstrated to be able for simultaneous monitoring of these two different kinds of common emerging
pollutants coming from personal care products, which would make it a useful tool for quality control and safety studies.
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Introduction

In the last few decades, contamination impact in food has
been focused on regulated contaminants such as metals, pes-
ticides, and polycyclic aromatic hydrocarbons (PAHs).
However, many other chemical compounds have been con-
tinuously released into the environment due to human activ-
ity; they come from several branches of industry and scien-
tific research, and are closely related to lifestyle, such as
household chemicals, pharmaceutical products, and personal

care products. All these non-regulated pollutants have been
called emerging contaminants and could cause toxicity to
human being as the regulated contaminants (Gros et al.
2008; Hansen 2007). Among the emerging contaminants,
there are two kinds of compounds that are common ingre-
dients of personal care products (PCPs) such as polycyclic
aromatic musks and UV filters (Kümmerer 2011).

Polycyclic aromatic musks are frequently used for
manufacture of perfumes, lotions, soaps, creams, and
detergents because of their ability to improve fragrance
fixation. Its use has increased in the last few years as
substitutes for nitro musks, which are more toxic com-
pounds than polycyclic aromatic musks (Dietrich and
Hitzfeld 2004; Van Der Burg et al. 2008). In a cellular
model, musks enhance the genotoxic effect of PAHs and
increase susceptibility of humans to the health hazards
of PAHs (Mersch-Sundermann et al. 2001). Polycyclic
musks also inhibit multixenobiotic defense in aquatic
organisms (Smital et al. 2004). UV filters are organic
compounds commonly used in personal care products
for protection against sun exposure to prevent skin
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cancer, and its use has increased in a great variety of
products: shampoos, creams, cosmetics, lotions, etc.
(Barber 2014; Birkholz et al. 2014). Musks and UV
filters are both endocrine disruptors that enter into the
aquatic environment because of human activity and can
affect the safety of the food consumed by the humans
with a potential impact on their health, this make neces-
sary monitoring its incidence in biological and environ-
mental samples (Fent et al. 2010; Rimkus 1999).

In recent years, there is a growing concern for eval-
uating the exposure to emerging contaminants and de-
termine the potential adverse effects for humans that
may result from food consumption containing contami-
nants. The contaminants can bioaccumulate, being
stored faster than they are metabolized or excreted,
leading to trophic magnification in aquatic organisms
like fish due to its lipophilic character and, consequent-
ly, these contaminants enter into contact with humans
by the consumption of contaminated fish. UV filters
and musks have been already detected at ng g−1 levels
in different kind of fishes by HPLC-MS, HPLC-MS-
MS, and GC-MS; however, many of them used solvent
extraction and an additional clean-up step (Gago-Ferrero
et al. 2012; Marchal and Beltran 2016). The first step
for evaluating the risk associated with food contaminat-
ed with these kinds of compounds is to develop and
validate a method to quantitate them. The main prob-
lems for developing methods to evaluate emerging con-
taminants in biota are the low concentration at what
they could be present and the complexity of the matrix
of the samples (Farré and Barceló 2013).

In order to eliminate at maximum the matrix interfer-
ences, it is necessary to use sample preparation tech-
niques that allow more selective extractions from fish
prior to their introduction to the chromatographic sys-
tem. Currently, sample preparation is mainly based on
solvent extraction, which requires a clean-up process by
gel permeation chromatography (GPC) or normal phase
sorbents (alumina, silica, or florisil) to remove the inter-
fering lipids that are co-extracted with the analytes to be
determined. After performing solvent extraction and
clean-up process, the analytes are determined with liquid
or gas chromatography coupled with mass spectrometry
(Balmer et al. 2005; Mottaleb et al. 2009). Among sam-
ple preparation techniques, matrix solid-phase dispersion
used for extraction of organic compounds of solid or
semi-solid samples, where the sample and a dispersant
sorbent are blended in a mortar with a pestle for simul-
taneous disruption and extraction (Barker 2000), is a
simpler and faster technique that can also be used for
eliminating interferences of biota samples. In some case,
co-columns with different sorbents (alumina, silica,
florisil, C18, etc.) are used. These are placed at the

bottom of a polypropylene cartridge prior to addition
of the MSPD blend to remove co-eluting interferences
in the final eluate, which allows to perform extraction
and clean-up simultaneously saving time and simplifying
the sample treatment (Barker 2007). This technique has
already been applied to the extraction of UV filters in
fish (Negreira et al. 2013; Tsai et al. 2014).

The current trend in analytical chemistry is to reduce
the sample size and solvent consumption to obtain the
highest possible sensitivity, selectivity, accuracy, and pre-
cision; the combination of miniaturized sample prepara-
tion with modern chromatographic equipment has allowed
monitoring target analytes at trace levels in a vast variety
of food samples. Particularly, GC equipment with pro-
grammable split/splitless injector (PSSI) allows to pre-
concentrate large volumes in the injector module of the
chromatograph by solvent purging, removing the solvent
from the sample prior to entering the column (Mol et al.
1996). This enables the analysis of thermally labile com-
pounds while eliminating the discrimination of high boil-
ing compounds (e.g., UV filters), achieving greater detec-
tion limits and cleaner chromatography.

The objective of this work was to develop a sensitive,
selective, and simple MSPD-PSSI-GC-MS method to de-
termine simultaneously polycyclic aromatic musks
(galaxolide and tonalide) and UV filters (4-MBC, 2-
EHMC, padimate-O, oxybenzone, and octocrylene) in fish
muscle. The validated method was used to determine the
mentioned pollutants in rainbow trout artificially exposed
to them in an in vivo study.

Materials and Methods

Chemicals, Reagents, and Materials

The polycyclic aromatic musks standards were purchased
from Sigma-Aldrich with a certified purity > 99% for
tonalide (USA) and content > 55% for galaxolide (solu-
tion at 50% in diethylphtalate, China). The UV filters
standards were acquired from Sigma-Aldrich, 3-(4-
methylbenzylidene) camphor (4-MBC, Germany), 2-
ethylhexyl 4-methoxycinnamate (2-EHMC, Switzerland),
octocrylene (Germany), oxybenzone (USA), and
padimate-O, (USA) with a certified purity > 98%
(Table 1). Benzo[a]anthracene (B[a]A) was from Ultra
Scientific, USA (100 μg mL−1 in dichloromethane).
Water (18.2 MΩ cm−1 resistivity) was obtained from a
Millipore Direct-Q3 UV deionizer (USA), Silica
CHROMABOND C18 PAH (particle diameter 45 μm)
from MACHEREY-NAGEL (USA), and florisil (60–100
mesh) from J.T. Baker (USA). The solvents used were
acetonitrile (HPLC grade, VWR, France), methanol
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(HPLC grade, Tecsiquim, Mexico), ethyl acetate (analyti-
cal grade, J.T. Baker, Mexico), and acetone (for pesticide
residue analysis, Sigma-Aldrich, Germany).

Polypropylene syringes (6-mL capacity) and 20 μm poly-
ethylene frits were purchased from Supelco (USA) and
Agilent Technologies (USA), respectively.

Extran MA 05 detergent for glassware cleaning was pur-
chased from Merk (Mexico).

GC-MS Analysis

All analyses were carried out using a Clarus 680 GC
equipped with a programmable split/splitless injector
(PSSI) coupled to a Clarus SQ 8C quadrupole mass spec-
trometer (Perkin Elmer), and data were collected using
TurboMass 6.1.0 software. A Perkin Elmer Elite-5MS
(30 m × 0.25 mm I.D.) 0.25-μm film thickness column
was used. The gas chromatographic conditions were as

follows: the initial oven temperature was 80 °C for
1 min, then programmed at 10 °C min−-1 to 300 °C during
10 min, helium was used as carrier gas at 1 mL min−1 for
20 min and programmed at 2 mL min−1 during 13 min.
For pre-concentration of the analytes in the PSSI injector,
the following modes and temperatures were programmed:
splitless (0.1 min), then split (50:1) during 1.5 min, again
splitless (3 min) and split (50:1) 30 min, at initial temper-
ature of 80 °C for 1.3 min, then programmed at
40 °C min−1 to 320 °C for 31.7 min. Injection volume
5 μL. The MS ionization potential was 70 eV; the ion
source and transfer line temperature were at 175 and
280 °C, respectively. Identification of target analytes
was effected by comparing the retention times and spec-
tral data with those of authentic compounds. Scan mode
(50–400 m/z) was used for identification, while single ion
recording (SIR) for quantification. Diagnostic fragments
ions are shown in Table 1.

Table 1 Target analytes

Type Analyte Structure
Molecular 

formula

Molecular 

weight (g mol-

1)

Log 

KOW

SIR 

monitoring

ions (m/z)
M

u
sk

s

Galaxolide C18H26O 258.40 5.9a 243, 258 

Tonalide C18H26O 258.40 5.8a 243, 258 

U
V

 f
il

te
rs

4-MBC C18H22O 254.37 5.5b 171, 211, 

254 

Oxybenzone C14H12O3 228.24 3.5b 77, 151, 

228 

2-EHMC C18H26O3 290.40 5.8b 161, 178, 

290

Octocrylene C24H27NO2 361.48 6.9b 204, 249, 

360

Padimate-O C17H27NO2 277.40 5.8b 148, 165, 

277 

a Geyer et al. 2000
bKameda et al. 2011
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Glassware Clean-up

To keep interferences at minimum level in all the experi-
ments, glassware used for trace analysis was rinsed with
methanol, then washed with Extran liquid alkaline
phosphate-free detergent, then rinsed with deionized wa-
ter, and finally heated at 550 °C one hour.

Standard Solutions

Individual standard stock solutions were prepared by appro-
priate dilutions in methanol to obtain a concentration of
1.0 mg mL−1 of each compound. From the individual analyte
solution, a standard stock solution containing the seven
analytes to be determined was prepared in methanol at an
approximate concentration of 100 μg mL−1 each. The solu-
tions were stored in the dark at 4° C.

Preparation of Spiked Fish Muscle

For method development and validation, rainbow trout
muscle was obtained in a local market as filets and
lyophilized (Freezone Triad freeze dry system model
7400040, Labconco). 0.2 g of lyophilized muscle were
spiked with 100 μL of standard solution (prepared from
the standard stock solution in methanol containing the
seven analytes and then diluted in acetone) at different
concentrations levels, the spiked sample was homoge-
nized, and then allowed to air-dry at room temperature
for 3 h.

MSPD Extraction and Clean-up

0.2 g of lyophilized muscle sample was blended in an
agate mortar with 1.0 g of florisil (preconditioned at 130
°C for 24 h) until a homogeneous mixture was obtained.

The mixture was transferred to a 6-mL polypropylene car-
tridge containing 0.5 g of C18 PAH silica as co-column
and clean-up sorbent, and then it was compressed and
covered with a polyethylene frit. The analytes were eluted
from the cartridge with 5 mL of acetonitrile by gravity.
Finally, the acetonitrile extract was evaporated to dryness
(40 °C) under a nitrogen stream, and the residue re-
dissolved with 1.0 mL of ethyl acetate containing
100 ng mL−1 of internal standard (B[a]A).

MSPD-PSSI-GC-MS Validation

The following parameters were evaluated: precision, ac-
curacy, limit of detection (LOD), limit of quantification
(LOQ), and linearity.

Accuracy and precision were assessed by analyzing dry
muscle samples spiked at two concentration levels: 0.1
and 1 μg g−1. For each concentration, three replicates
were made in two different days and the recoveries and
relative standard deviation (RSD) were calculated for each
level. LOD and LOQ of each analyte were determined as
a signal-to-noise ratio (S/N) of 3 and 10, respectively, in
extracts from spiked freeze-dried muscle from 0.004 to
0.050 μg g−1.

Linearity of the method was evaluated using lyophilized
muscle spiked at six concentration levels (0.05, 0.2, 0.4, 0.6,
0.8, and 1.0 μg g−1). For each concentration level, three sam-
ple replicates were made. The determination coefficients (r2),
slopes and Y intercepts of the calibration curve were calculat-
ed for each analyte.

Study of Exposure of Rainbow Trout
to the Contaminants

The validated method was used for the determination of
the seven analytes to which the rainbow trout (this kind

Fig. 1 Ionic chromatogram (SIR)
for the analysis of a muscle
sample control and spiked muscle
sample at 1.0 μg g−1. Peak
identification: 1. Galaxolide, 2.
Tonalide, 3. Oxybenzone, 4. 4-
MBC, 5. Padimate-O, 6. 2-
EHMC, 7. Octocrylene; IS. B[a]A
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of fish is considered a bioindicator in toxicity tests, EPA
1996) were exposed during an in vivo study. The exper-
imental procedures for in vivo study in fish were ap-
proved by the Bioethics Committee for Animal Health
(CICUAL, Faculty of Chemistry, UNAM). Juvenile rain-
bow trouts were obtained from a local aquatic farm
(length 16.4 ± 1.0 cm; weight 40.7 ± 7.6 g, n = 6). The
trouts were conditioned in an aerated aquarium with
120 L of potable water for 1 week before the experiment
(13:11-h light/dark photoperiod, 13 ± 2 °C). Five rainbow
trouts were exposed in 70 L of dechlorinated potable
water spiked with standard solution of musks and UV
fi l ters in methanol to have a concentrat ion of
100 μg L−1 for each analyte, and one fish was main-
tained in dechlorinated potable water as control. To
maintain stable concentrations of the analytes in the wa-
ter, 50 L of the water was renewed with freshly spiked
water every 24 h. After 4 days of exposure, the trouts
were sacrificed. Bonds, skin, and inner organs were
discarded and only the muscle of the fish was used for
the analysis. The fish muscle was lyophilized and ana-
lyzed by MSPD-PSSI-GC-MS validated method.

Results and Discussion

MSPD-PSSI-GC-MS Optimization

PSSI injector was used because it allows an increase in
the injection volume with a solvent vent mode improving
analytes detectability. Volume injection (3, 5, 7, and
10 μL), injector initial temperature (60 and 80 °C), and
flow rate were evaluated. The results showed that the
lowest RSD value (< 12%) was obtained with the follow-
ing parameters: 5 μL volume injection, injector initial
t empera tu re 80 °C, and f low ra te program of
1 mL min−1 for 20 min and then 2 mL min−1 for
13 min, which diminished the octocrylene band broaden-
ing. Phenanthrene, benzo[a]anthracene (B[a]A), and
benzo[a]pyrene (B[a]P) were evaluated as internal stan-
dards in order to decrease variations due to injector pre-
concentration step and improve repeatability, especially
for semivolatile analytes such as galaxolide and tonalide.
The best repeatability was achieved with B[a]A.

Matrix solid-phase dispersion (MSPD) conditions were
optimized by studying the ratio sample/dispersant 1:4

Fig. 2 Analysis of rainbow trout
muscle diluted extract by MSPD-
PSSI-GC-MS in SIR mode. Peak
identification as Fig. 1

Table 2 MSPD-PSSI-GC-MS validation data

Compound Accuracy (n = 6)
% recovery

Precision (n = 6)
RSD

Linearity (n = 3)
r2

LOD (μg g−1) LOQ (μg g−1)

0.1 μg g−1 1.0 μg g−1 0.1 μg g−1 1.0 μg g−1

Galaxolide 89 108 18 13 0.9946 0.006 0.020

Tonalide 79 98 18 13 0.9987 0.008 0.025

Oxybenzone 80 55 8 16 0.9829 0.012 0.040

4-MBC 101 102 18 12 0.9872 0.006 0.025

Padimate-O 77 88 6 10 0.9982 0.008 0.025

2-EHMC 111 96 12 11 0.9841 0.004 0.013

Octocrylene 96 105 7 7 0.9929 0.012 0.040
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(0.5 and 2.0 g) and 1:5 (0.2 and 1 g); 0.5 g as co-column
(C18 PAH and PSA) and volume elution solvent (3, 5,
and 7 mL acetonitrile). The best conditions were as fol-
lows: 0.2 g of freeze-dried sample equivalent to 1 g of
fresh tissue, approximately; 1 g of florisil as dispersant;
0.5 g of C18 PAH, as co-column; and 5 mL of acetoni-
trile as elution solvent.

Figure 1 shows the ionic chromatogram of muscle con-
trol sample and spiked muscle sample superimposed. In
spite of the special precautions taken to avoid contamina-
tion, the ion chromatogram of the control sample shows
some interfering peaks in the same retention time of
galaxolide, tonalide, and 2-EHMC. This problem has been
previously reported as they are ubiquitous due to their
extended use in daily life (Bester 2009; Peck 2006;
Meinerling and Daniels 2006). However, the contribution
to the response was calculated to be well below the LOQ
of the corresponding compounds. The ion chromatogram
of spiked sample shows good resolution, efficiency, and
selectivity for all the analytes.

MSPD-PSSI-GC-MS Validation

Adequate precision (repeatability, inter-day) was found
for all compounds; RSD values were < 19%. These values
are in agreement with the United Nations guidance for
testing biological specimens, which considers a method
to be precise when RSD < 20% for trace concentration
determinations (United Nations Office on Drugs and

Crime 2009). The mean recovery of analytes in spiked
samples at 0.1 μg g−1 ranged 77–111% and for
1.0 μg g−1 ranged 88–108%; except for oxybenzone, that
ranged 55–80%, being the most polar analyte, it is possi-
ble that it is more strongly retained than the others in
dispersant florisil that has also a very polar nature
(Moldoveanu and David 2015). These results confirm
the adequate accuracy and precision of the MSPD-PSSI-
GC-MS method. Limits of detection (LODs) and quanti-
f ica t ion (LOQs) were 0 .004–0.012 and 0.013–
0.040 μg g−1, respectively, referred to dry weight, all the
limits were comparable with reported values (Mottaleb
et al. 2009; Negreira et al. 2013; Gago-Ferrero et al.
2015). Linearity was studied from 0.05 to 1.0 μg g−1,
obtaining determination coefficients (r2) for musks >
0.990 and for UV filters > 0.980 (Table 2).

Rainbow Trout Study

The developed methodology was used for monitoring the
content of the seven target analytes in rainbow trout mus-
cle after an exposure study in vivo. The exposition time
for the study was 4 days, based on previously reported
studies for tilapia (Chen et al. 2015). The samples ana-
lyzed according to the method showed high absorption of
analytes in rainbow trouts exposed; therefore, the extracts
had to be diluted in order to keep them in the linear range
for quantitation (Fig. 2). The results of the study showed
that polycyclic aromatic musks content in fish is greater
than UV filters, this could be due to musks being more
soluble in water which increase the bioavailability. The
lipid content of each trout (Table 3) was determined gravi-
metrically, and was observed that fish with lipid content
> 1.6% (samples 2, 4, and 5) showed higher absorption of
the compounds in the muscle than fish with low fat con-
tent (samples 1 and 3). These results (Table 4) suggest
correlation between analyte absorption and lipid content;
this is high lipid content high absorption. It remains open
the possibility that these contaminants can enter in the
food chain and biomagnify.

Table 4 PCPs concentration in rainbow trout (μg g−1)

Sample Galaxolide Tonalide Oxybenzone 4-MBC Padimate-O 2-EHMC Octocrylene

Blank < LOQ ND ND ND ND ND ND

1 13.2 24.8 < LOQ 2.8 ND 0.9 12.0

2 24.5 39.4 14.5 8.0 1.3 2.0 19.6

3 14.8 28.1 4.9 7.1 1.0 1.9 17.9

4 23.6 43.0 23.1 14.2 2.6 3.6 16.7

5 21.4 36.1 13.7 6.2 1.2 2.5 14.3

ND not detected

Table 3 Rainbow trouts data

Sample Total length (cm) Weight (g) Lipid
content (%)

Humidity (%)

Control 15.0 31.9 1.0 79.3

1 17.7 45.5 1.2 79.9

2 16.2 52.5 2.4 79.1

3 16.5 34.0 1.3 79.6

4 15.8 39.4 2.3 80.2

5 17.3 40.7 1.6 81.8
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Conclusions

A simple, sensitive, and fast methodology for the simultaneous
determination of musks and UV filters in fish muscle based on
matrix solid-phase dispersion (MSPD) followed by PSSI-GC-
MSwas developed. Thematrix solid-phase dispersion provides
an efficient extraction and clean-up in one step with maximal
lipid removal. In addition, the sensitivity of the method devel-
oped for all the analytes was enhanced achieving very low
LOD (trace level) using PSSI injector. The method was applied
successfully to evaluate the concentration of the seven contam-
inants in rainbow trout, artificially exposed to these com-
pounds, showing that the trout absorbs and bioaccumulates
them which could cause health problems to humans by con-
taminated fish consumption. Therefore, this method could be
an alternative to determine food quality and safety.
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