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Abstract A sensitive and selective quick, easy, cheap, effec-
tive, rugged, and safe (QuEChERS) extraction combined with
dispersive solid-phase extraction (d-SPE) cleanup method
was developed to simultaneously extract a wide range of per-
sonal care products (16 biocides, 4 synthetic musks, and 4
benzotriazoles) in fish muscle and liver tissues. In order to
get satisfactory recoveries, different extraction parameters
were optimized, including extraction salts and d-SPE mate-
rials, extraction solvents and acetic acid contents in organic
phase, and the ratios of solvent and water. Ultra pressure liquid
chromatography-tandem mass spectrometry and gas
chromatography-mass spectrometry were used to analyze the
target compounds in the extracts. Among the 24 personal care
products, the recoveries in the range of 70–120 % were ob-
tained for 20, 19, and 12 analytes in fish muscle at the spiking
concentrations of 10, 5, and 1 ng/g ww, respectively, and for
13, 12, and 11 analytes in liver at the spiking concentrations of
40, 20, and 4 ng/g ww, respectively. Method quantification
limits (MQLs) of all analytes were 0.02–2.12 ng/g ww for fish
muscle and 0.22–12.2 ng/g ww for fish liver tissues. The
method was successfully applied to wild fish samples collect-
ed from Dongjiang River, south China. Twenty-one and 17 of

the analytes were found in fish muscle and liver samples,
respectively, in at least one site of the river with the concen-
trations between belowMQLs and 119 ng/g ww, respectively.
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Introduction

Over the past two decades, contaminants of emerging concern
(CECs) have attracted extensive attention from scientists and
the general public due to their adverse effects, such as endo-
crine disruption and reproduction toxicity in humans and
aquatic organisms [1]. One important class of CECs is the
active ingredients in personal care products (PCPs), including
biocides, synthetic musks, and benzotriazoles [2–4]. Biocides
are widely included in toothpaste, shampoo, and soaps with
the functions of deterring, preventing the action of, or killing
the harmful organisms [5]. Synthetic musks are used in a wide
variety of cosmetics and perfumes [6]. Benzotriazoles are
widely used as a corrosion inhibitor in cooling fluids, hydrau-
lic fluids, and dishwasher detergents; an ultraviolet stabilizer
in plastics; and an antifogging agent in photography and air-
plane defogging fluids [3].

After use, the PCP ingredients usually enter into sewers
and then are treated in wastewater treatment plants
(WWTPs). Due to the incomplete removal in WWTPs [7],
these chemicals will eventually reach the receiving environ-
ment. Previous studies have reported detection of PCP ingre-
dients in WWTP effluents [8–10], surface water [3, 11, 12],
and sediments [13, 14]. Although biocides, synthetic musks,
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and benzotriazoles show weak acute toxicity to aquatic organ-
isms, their chronic toxicity and endocrine-disrupting effects
cannot be neglected [15, 16], such as pathological damage to
tissues [17], estrogenic activities [18], and anti-estrogenic ef-
fect [19].

The toxicity of chemicals to aquatic organisms usually
correlates with their uptake and accumulation in tissues
[20]. Hence, it is important to study the accumulation of
chemicals in different biological tissues. Analysis of PCP
ingredients in biological samples is always a challenge
due to the complexity of biological tissues. Ruedel and
Boehmer extracted triclosan (TCS) and its potential trans-
formation product methyl-triclosan in fish muscles by
using pressurized liquid extraction incorporated with gel
permeation chromatography and silica gel column purifi-
cation [21]. Nakata and Sasaki determined four synthetic
musks in fish samples following Soxhlet extraction
assisted by gel permeation chromatography and silica
gel column cleanup [22]. However, these methods are
often expensive and time consuming as well as solvent
consuming [23, 24]. In addition, the above methods fo-
cused on the analysis of one specific class of chemicals.
Considering the co-occurrence of various PCPs in aquatic
environments, it is still necessary to develop an effective
method to simultaneously extract and detect a wide range
of PCPs in biological samples.

The quick, easy, cheap, effective, rugged, and safe
(QuEChERS) method is an extraction and cleanup technique
originally developed for the determination of pesticide resi-
dues in fruits and vegetables [25]. Comparing with some tra-
ditional extraction methods, the QuEChERS method has sig-
nificant advantages of labor and solvent saving, short extrac-
tion period, and flexible procedure [26, 27]. Due to its prom-
inent merits, the QuEChERS extractionmethod is now rapidly
developed and used in the analysis of various pharmaceuticals
and persistent organic pollutants in soil, sediment, and water
matrices [28, 29]. QuEChERS procedures also were success-
fully applied to the analysis of non-polar and semi-polar
chemicals in fatty food matrices salmon, seafood, milk, and
fish muscle using GC-MS/MS or LC-MS/MS [30–32].

The objective of this study was to develop a rapid, robust,
and sensitive method based on QuEChERS extraction follow-
ed by ultra pressure liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) and gas chromatography-
mass spectrometer (GC-MS) analyses for simultaneous deter-
mination of a variety of PCP ingredients in fish muscle and
liver tissues. The selected PCP ingredients include 16 bio-
cides, 4 synthetic musks, and 4 benzotriazoles, with different
physicochemical properties. In order to achieve satisfactory
recoveries for these analytes in fish tissues, QuEChERS pro-
cedures including extraction salts, dispersive solid-phase ex-
traction (d-SPE) materials, extraction solvents, acetic acid
(AA) contents, and ratios of solvent and water were

optimized. The optimized method was then applied to analyze
the selected analytes in wild fish muscle and liver tissues
which were collected from Dongjiang River, south China.

Materials and methods

Chemicals and materials

Twenty-four authentic standards (including 16 biocides, 4
synthetic musks, and 4 benzotriazoles) were supplied by var-
ious international suppliers (purity ≥95 % for all chemicals),
with detailed information and their physicochemical proper-
ties being listed in Table S1 (see Electronic Supplementary
Material, ESM). Twelve isotopically labeled internal stan-
dards (purity ≥95% for all chemicals) were also obtained from
a variety of international suppliers: fluconazole-D4, thiaben-
dazole-D6, imazalil-D5, AHTN-D3, and musk xylene-D15

were purchased from Dr. Ehrenstorfer GmbH (Augsburg,
Germany); clotrimazole-D5 was obtained from Toronto
Research Chemicals (North York, Canada); ketoconazole-
D8, miconazole-D5, and methylparaben-D4 were supplied by
Campro Scientific (Berlin, Germany); propylparaben-D4 was
supplied by CDN Isotopes (Pointe-Claire, Canada); and
13C12-TCS and TCC-D7 were obtained from Cambridge
Isotope Laboratories (Andover, USA).

Reagents of HPLC-grade methanol (MeOH) and acetoni-
trile (MeCN) were purchased from Merck (Darmstadt,
Germany), n-hexane was supplied by Burdick Jackson (NJ,
USA). Dichloromethane (DCM), formic acid, and ammonium
acetate were purchased from CNWTechnologies (Dusseldorf,
Germany). Acetic acid (AA)was supplied byKermel (Tianjin,
China). All materials for QuEChERS extraction were com-
mercially available. Anhydrous magnesium sulfate (MgSO4)
and anhydrous sodium sulfate (Na2SO4) were obtained from
Alfa Aesar (MA, USA), while anhydrous sodium acetate
(NaAc), trisodium citrate dihydrate (Na3Cit·2H2O), disodium
hydrogencitrate sesquihydrate (Na2HCit·1.5H2O), and Z-Sep
tube were supplied by Sigma-Aldrich (Saint Louis, USA).
Anhydrous sodium chloride (NaCl), primary-secondary
amine (PSA), ceramic homogenizer, and C18 bulk sorbent
were purchased from Agilent (Santa Clara, USA), whereas
graphitized carbon black (GCB) was obtained from Agela
(Beijing, China). Prior to use, powders of MgSO4 and
Na2SO4 were baked for 2 h at 400 °C in a muffle furnace to
remove phthalates and residual water. A Milli-Q water purifi-
cation system (Millipore, Watford) was used to prepare ultra-
pure water. Polypropylene centrifuge tubes of 50 and 15 mL
were supplied by Anpel (Shanghai, China). All glassware was
successively hand-washed with detergent, tap water, and
Milli-Q water, and then baked at 400 °C for 4 h before use.

Stock solutions of each analyte, internal standard, and qual-
ity control (QC) standard were prepared in MeOH or DCM
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and stored in amber glass vials at −20 °C. Working solutions
were prepared by appropriate dilution from the stock
solutions.

Fish sampling

Wild fish samples were collected in December 2012 from two
sites in the mainstream Dongjiang River in south China, and
two sites in its tributary Danshui River which received the
discharge of effluents from WWTPs (see ESM Fig. S1). In
total, 21 fish were collected, and they belonged to 4 different
species, i.e., tilapia, crucian carp, common carp, and
snakehead fish. The basic information of sampling sites and
fish samples is given in Fig. S1 and Table S2 in the ESM.

Fish were kept alive in aerated containers with river water
and transported to laboratory immediately, then anesthetized
by tricaine methanesulfonate and sacrificed by rapid dissec-
tion. Muscle and liver tissues for each fish were collected and
stored at −20 °C. Before extraction, fish muscle samples were
cut up with stainless scissors. In contrast, liver samples were
employed directly due to their slurry status. The lipid content
in muscle tissue was measured by following a previous meth-
od [33]. Muscle tissues of three tilapia fish, which were col-
lected from site S1 that was located in the upper stream and
less affected by human activities, were mixed and used in the
method development.

QuEChERS extraction

Two grams of fish muscle or 0.5 g fish liver sample was
weighted into a 50-mL polypropylene centrifuge tube, spiked
with 100 μL (0.2 μg/mL) internal standards into each tube,
and the tube was vortexed for 30 s. Then the sample was
equilibrated at 4 °C for 30 min. Five milliliters of Milli-Q
water and two ceramic homogenizers were dispensed to each
sample; the tube was then vortexed for 1 min to homogenize
the sample sufficiently. After that, 10 mL ofMeCN containing
1 % AA was added. Subsequently, a salt set containing 6 g
anhydrous MgSO4 and 1.5 g anhydrous NaAc was added, and
the tube was immediately hand shaken for 1 min to extract the
target compounds. The tube was then centrifuged at 2364g for
10 min. Seven milliliters of the supernatant (MeCN phase)
was transferred to a 15 mL d-SPE tube containing 900 mg
anhydrous MgSO4, 150 mg PSA, and 150 mg C18; the tube
was vortexed for 1 min and centrifuged at 2364g for 10 min.
Then 5 mL supernatant was transferred into a 10-mL glass
tube, and MeCN was evaporated under a gentle stream of
nitrogen. Finally, 200 μLMeOHwas added into the glass tube
to redissolve the extracts, and the solution was evenly sepa-
rated into two aliquots in 150-μL centrifuge tubes. The solu-
tions of the two aliquots were dried again under nitrogen
stream; one was reconstituted with 100 μL MeOH/H2O (v/

v = 50/50) for UPLC-MS/MS analysis, while the other
reconstituted with 100 μL DCM for GC-MS analysis.

Instrumental conditions

The instruments used for the analysis of target compounds were
an Agilent Ultra Pressure Liquid Chromatography 1200 series
coupled to an Agilent 6460 triple quadrupole mass spectrometer
(UPLC-MS/MS) with electrospray ionization (ESI) source and
multiple reaction monitoring (MRM) mode, and an Agilent Gas
Chromatography 6890N series integrated with anAgilent 5975B
mass spectrometer (GC-MS) with electron impact (EI) source
and selective ion monitoring (SIM) mode.

Three instrumental methods were developed based on our
previous studies [34–36], which used ESI+ or ESI− modes of
UPLC-MS/MS and EI mode of GC-MS to analyze target com-
pounds with different physicochemical properties. The first
method was for 10 biocides (fluconazole, carbendazim, thiaben-
dazole, DEET, icaridin, climbazole, ketoconazole, clotrimazole,
miconazole, and itraconazole) and 4 benzotriazoles
(benzotriazole, 5-TT, CBT, and XT) by UPLC-MS/MS in posi-
tive ESI mode. The second method was for 6 biocides
(methylparaben, ethylparaben, propylparaben, butylparaben, tri-
closan, and triclocarban) by UPLC-MS/MS in negative ESI
mode. The third method was for 4 synthetic musks (AHTN,
HHCB, musk xylene, and musk ketone) by GC-MS in EI mode.

For UPLC-MS/MS with positive ESI mode, a Zorbax SB-
C18 (100 mm× 3 mm, 1.8 μm particle size) column with its
corresponding precolumn filter (2.1 mm, 0.2 μm) from Agilent
Technologies was used for chromatographic separation. The col-
umnwas kept at 40 °C and the injection volumewas 5.0μL. The
mobile phases used were (A) Milli-Q water (containing 5 mmol/
L ammonium acetate and 0.05 % formic acid (v/v)) and (B)
methanol. The gradient program was as follows: 50 % B at
0 min, increased to 80 % B in 5 min, stepped to 90 % B in
0.5 min, and held for 5.5 min at a flow rate of 0.30 mL/min; a
post run time was set at 4.5 min for column equilibration before
the next injection. The whole analysis time for each sample was
15.5 min. For UPLC-MS/MS with negative ESI mode, the col-
umn brand, column temperature, and the injection volume were
the same as those in positive ESI mode. The mobile phase
consisted of Milli-Q water (A) and methanol (B). The gradient
elution programwas set as follows: 50%B at 0min, increased to
56 % B in 3 min, stepped to 90 % B in 1 min, and held for
4.5 min at a flow rate of 0.35 mL/min; a post run time was set at
5 min for column equilibration before the next injection. The
whole analysis time for each samplewas 13.5min. The operating
conditions (fragmentor voltage, collision energy (CE), precursor
ion and product ions for each compound) for mass spectrometry
were optimized by Optimizer (Agilent, USA), to maximize the
response and increase detection sensitivity (Table 1). Quantitative
analysis of the target compounds was performed in multiple
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Table 1 Ion transitions and retention times for target compounds in UPLC-MS/MS

Compound RT (min) Precursor ions
(m/z)

Product ions
(m/z)

Fragmentor (eV) CE (eV) Corresponding IS

ESI+
Fluconazole 2.885 307.1 70.1 45 44 Fluconazole-D4

220.1 16
Carbendazim 3.112 192.1 132.1 115 36 Thiabendazole-D6

160.1 16
Thiabendazole 3.994 202.0 131.1 150 36 Thiabendazole-D6

175.0 28
DEET 6.566 192.1 91.1 45 36 Imazalil-D5

119.1 16
Icaridin 7.019 230.2 67.1 45 40 Imazalil-D5

130.1 12
Ketoconazole 7.922 531.2 81.1 220 88 Ketoconazole-D8

135.1 44
Climbazole 7.705 293.1 41.1 115 44 Imazalil-D5

69.1 20
Clotrimazole 9.235 345.1 165.1 45 40 Clotrimazole-D5

277.1 4
Miconazole 10.754 415.0 123.0 170 80 Miconazole-D5

159.0 36
Itraconazole 9.896 705.2 159.0 225 96 Ketoconazole-D8

392.2 40
BT 2.682 120.1 65 135 44 Thiabendazole-D6

39 20
5-TT 3.709 134.1 77 120 28 Thiabendazole-D6

51 48
CBT 4.343 154 98.9 140 24 Thiabendazole-D6

72.9 40
XT 4.725 148.1 77 130 28 Thiabendazole-D6

51 56
Clotrimazole-D5 (IS)

a 9.190 350.2 169.7 45 32 –
282.1 4

Ketoconazole-D8 (IS) 7.844 539.2 82.1 45 56 –
119.1 52

Fluconazole-D4 (IS) 2.873 311.1 172.1 120 24 –
223.1 16

Thiabendazole-D6 (IS) 3.848 208.1 136.1 160 40 –
180.1 28

Imazalil-D5 (IS) 7.349 302.1 42.1 145 100 –
46.1 36

Miconazole-D5 (IS) 10.920 420 127.0 175 60 –
164.0 28

ESI−
Methylparaben 2.3 151.0 92.1 110 16 Methylparaben-D4

136.0 8
Ethylparaben 3.476 165.1 92.1 105 16 Methylparaben-D4

137.1 8
Propylparaben 5.786 179.1 92.1 115 20 Propylparaben-D4

136.0 8
Butylparaben 6.4 193.1 92.1 120 20 Propylparaben-D4

136.0 8
Triclocarban 7.358 313 126.1 86 13 Triclocarban-D7

160.0 5
Triclosan 7.486 286.9 35.1 65 1 13C12-Triclosan
Methylparaben-D4 (IS) 2.29 155.1 96.1 100 16 –

140.1 8
Propylparaben-D4 (IS) 5.739 183.1 96.1 125 20 –

140.1 12
13C12-Triclosan (IS) 7.504 299.0 35.1 65 1 –
Triclocarban-D7 (IS) 7.34 320.0 130.1 107 13 –

163.0 5

Numbers in italics are the quantification ions

RT retention time, CE collision energy, IS internal standard
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reaction monitoring (MRM) mode. Agilent Mass Hunter V
02.01 software was used for data acquisition.

For GC-MS, synthetic musks were separated on an Agilent
DB-5MS column (30 m× 250 mm, 0.25 mm thickness) with
helium as the carrier gas at a flow rate of 1.0 mL/min. The oven
temperature was programmed as follows: from 80 to 170 °C at a
rate of 15 °C/min and then to 185 °C at 1 °C/min, finally pro-
grammed at a rate of 20 °C/min to 300 °C (held 5 min). The
system equilibrium time was 5 min before the next injection, and
the whole analysis time for each sample was 36.75 min. The
injection port, ionization source, mass analyzer, and transfer line
temperatures were set at 280, 250, 150, and 280 °C, respectively.
The injection volume was 2.0 μL with splitless mode. The MS
was operated in electron impact (EI) mode at 70 eV and in the
selected ion monitoring (SIM) mode for quantification purposes.
Retention times and ions monitored for each compound are sum-
marized in Table 2.

Quantification and method validation

The internal standard method was used to quantify the concen-
tration of target compounds. For the calibration of UPLC-MS/

MS, mixtures of 20 standard compounds with a series of con-
centrations (0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, and 200 μg/L)
and mixtures of 10 internal standards with concentration of
50 μg/L were prepared in MeOH/H2O (50:50, v/v) into 2-mL
amber glass vials. For the matrix calibration of GC-MS, the
mixture of standard chemicals with concentrations of 5, 10, 20,
50, 100, and 200 μg/L and the mixtures of internal standards
with concentration of 50 μg/L were prepared in blank muscle
or liver matrices.

All instrument analyses were subject to strict quality control
procedures. For each group of samples, a solvent blank (the
initial mobile phase for LC-MS/MS or DCM for GC-MS), pro-
cedure blank (extract of matrices with internal standard andwith-
out target analytes), and an independent check standard (50 μg/L
standard solution)were run in sequence to check carryover, back-
ground contamination, and system performance. Independent
check standard (QC sample) was injected approximately every
ten injections, and the calculated concentration was required to
be within 20 % of the expected value.

Method detection limits (MDLs) and quantification limits
(MQLs) of the QuEChERSmethod were determined as the min-
imum detectable amount of an analyte from fish muscle or liver

Table 2 Characteristic ions and
retention times for target
compounds in GC-MS

Compound MW RT Ions IS

AHTN-D3 261 15.580 246.2 261.2 190.1 –

AHTN 258 15.652 243.2 258.2 187.1 AHTN-d3

HHCB 258 15.391 243.2 258.2 213.2 AHTN-d3

Musk xylene-D15 312 15.013 294.2 293.2 –

Musk xylene 297 15.478 282 297 Musk xylene-d15

Musk ketone 294 19.996 279.1 294.1 280.1 Musk xylene-d15

Numbers in italics are the quantification ions

MW molecular weight, RT retention time, IS internal standard
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Fig. 1 The recoveries (mean (%) ± standard deviation (%), n = 3) of target compounds in fish muscle tissue with different salts used
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extracts with 3 and 10 times of signal-to-noise ratios, respective-
ly. The recoveries for each target analyte were obtained at 3
spiking levels (1, 5, and 10 ng/g ww for fish muscle and 4, 20,

and 40 ng/g ww for liver) with 3 replicates; the calculation of
recoveries are provided in the ESM. The reproducibility was
tested at 10 ng/g ww for fish muscle tissue with 7 replicates.
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Fig. 2 The recoveries (mean (%) ± standard deviation (%), n = 3) of target compounds in fish muscle tissue with different dispersive solid-phase
extraction materials used

Table 3 The relative and
absolute matrix effects (%) of
biocides, synthetic musks, and
benzotriazoles in fish muscle and
liver tissues with spiking
concentrations of 10 and 40 ng/g
wet weight, respectively

Analyte Muscle Liver

Relative matrix
effect (%)

Absolute matrix
effect (%)

Relative matrix
effect (%)

Absolute matrix
effect (%)

Biocides
Fluconazole −2 −1 1 5
Carbendazim −5 −12 −2 −1
Thiabendazole −8 −22 −2 −3
DEET 26 36 8 8
Icaridin 47 16 14 12
Ketoconazole −6 −52 −4 −1
Climbazole −37 −50 −9 −5
Clotrimazole −5 −76 n.a. n.a.
Miconazole −3 −82 −3 −12
Itraconazole −8 −50 150 151
Methylparaben −1 −24 −7 −52
Ethylparaben 24 −1 26 −29
Propylparaben −1 −27 −5 −29
Butylparaben −44 −68 −36 −63
TCC −8 −89 −6 −14
TCS −7 −65 −5 −11

Musks
AHTN 1 109 1 54
HHCB 1 106 3 40
Musk xylene 8 168 1 97
Musk ketone 7 178 2 98

Benzotriazoles
BT 18 1 9 9
5-TT 19 −1 4 −1
CBT −1 −18 −15 −16
XT 4 −9 1 −2

Numbers in italics represent those relative matrix effects outside the range of ±20 % or the absolute matrix effect
outside the range of ±40 %

n.a. not available
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The variance significances of matrices removal efficiency be-
tween different d-SPE sorbents were analyzed by ANOVA test
in SPSS (Statistical Package for Social Sciences, version 13.0).
The value of p ≤ 0.05 means significant difference, while
p > 0.05 means no significant difference.

Matrix effect for each compoundwas assessed based on the
instrumental responses from matrix without chemical stan-
dards, matrix spiked with chemical standards, and mobile
phase spiked with chemical standards [28]. The detailed cal-
culation of relative and absolute matrix effect is given in the
ESM. The matrix effect values greater or less than 0 % indi-
cate signal enhancement or suppression, respectively.

Results and discussion

Instrumental analysis

The developed instrumental methods achieved good resolu-
tion for all target analytes in MRM mode of UPLC-MS/MS
and SIMmode of GC-MS. The total ion chromatograms of 24
target compounds at the concentration of 50 μg/L on UPLC-
MS/MS and GC-MS are shown in ESM, Fig. S2. The calibra-
tion curves for the target compounds on UPLC-MS/MS and
GC-MS showed good linearity (R2 > 0.995). Thus, the modi-
fied instrumental conditions could be used for the analysis of
target analytes at the concentration range of 0.1–200 μg/L by
UPLC-MS/MS and at 5–200 μg/L by GC-MS.

Optimization of extraction salts

During QuEChERS extraction process, salts are often added
to enhance the separation between water and organic phases
and improve the extraction efficiencies of target analytes from
matrix to organic phases [25]. In this study, four salt sets were
tested, i.e., set (a): 6 g MgSO4 + 1.5 g NaAc; set (b): 6 g
MgSO4 + 1 g NaCl; set (c): 6 g Na2SO4 + 1 g NaCl, and set
(d): 6 g MgSO4 + 1 g Na3Cit·2H2O + 0.5 g Na2HCit·1.5H2O +
1 g NaCl. Among them, salt sets (a) and (d) are buffered salts
used extensively for pesticide extraction, which have been
developed as official methods by AOAC (2007) and UNI
EN (2009) [37, 38], respectively. Salt set (b) is the original
selection when the QuEChERS method was proposed in
2003. Salt set (c) uses Na2SO4 instead of MgSO4, since
Na2SO4 does not release heat like MgSO4 during hydration
process [25].

The recoveries of the target compounds with different ex-
traction salts are shown in Fig. 1. It can be seen that most of
the compounds achieved satisfactory recoveries when the four
salt sets were used. But for several target compounds, the
recoveries were higher than 120 % (DEET and icaridin) or
lower than 70 % (itraconazole, butylparaben, and BT).
These deviations could be explained by different molecular

structures to their internal standards. Compounds with a long
alkyl chain are prone to enter into the MeCN phase, while
polar compounds are difficult to transfer from water to the
MeCN phase during salt extraction. If the extraction efficien-
cies of these compounds are not consistent with their corre-
sponding internal standards, these compounds will show
higher or lower recoveries. The phenomena were also reported
in other matrices for these chemicals, such as the poor recov-
eries of DEET and itraconazole in wastewater and sludge
samples [35].

Extraction sets with or without buffered salts also
displayed obvious influence on the extraction efficiencies
of target analytes [39]. Overall, the sets with buffered
salts (sets (a) and (d)) showed better recoveries and lower
deviations than the sets with non-buffered salts (set (b)
and (c)), especially for DEET and itraconazole (Fig. 1).
The recoveries of DEET with non-buffered salt sets (b)
and (c) were 232 and 257 %, which were much higher
than those with buffered salts sets (a) and (d). For
itraconazole, although the recovery with non-buffered salt
set (c) reached to 102 %, which was better than the other
two buffered salt sets, the standard deviation with salt set
(c) was also high to 19 %. Briefly, for 24 target analytes,
the recoveries of totally 20, 17, 18, and 18 kinds of com-
pounds were in the range of 70–120 % when salt sets (a),
(b), (c), and (d) were used, respectively. Hence, salt set (a)
was selected as the optimal extraction salt due to the best
recoveries and smallest deviations for most target
analytes.

Optimization of d-SPE cleanup

Extracts usually contain various matrix substances such as
humic acid and fats [40]. Especially for biota tissues, lipids,
proteins, amino acids, and other biomolecules could also have
been extracted out simultaneously with target chemicals dur-
ing the salt extraction process. Hence, a further cleanup step is
essential before instrumental analysis. In the conventional
QuEChERS method, MgSO4 is usually employed to reduce
the residual water in the extract, while other d-SPE sorbents
are used to retain the matrix co-extracts [25, 28]. So the selec-
tion of d-SPE sorbents is important in removing the interfering
substances. PSA sorbent is a weak anion exchanger which can
effectively remove various polar matrix components, such as

Fig. 3 a LC-MS/MS MRM chromatograms (positive ESI source) of 10
biocides and 4 benzotriazoles at the spiking concentration of 10 ng/g wet
weight in fish muscle and 40 ng/g wet weight in liver for each analyte.
Retention time, precursor ion and production ion, and abundance for each
analyte are indicated in the chromatogram. b LC-MS/MS MRM
chromatograms (negative ESI source) of 6 biocides at the spiking
concentration of 10 ng/g wet weight in fish muscle and 40 ng/g wet weight
in liver for each analyte. Retention time, precursor ion and production ion,
and abundance for each analyte are indicated in the chromatogram

b
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organic acids, certain polar pigments, and sugars [25]. C18 is
used to remove long chain fatty compounds and other non-
polar interferences [41]. GCB is known to remove hydropho-
bic interaction-based compounds such as pigments, and it is
usually used in the purification of fruits and vegetables [42,
43]. The adsorption function of Z-Sep sorbent is based on the
interaction of a zirconium (Zr) atom with phosphate groups in
phospholipids, by a Lewis acid-base mechanism [44]. In this
study, five d-SPE sets containing single or mixtures of above
sorbents were tested, i.e., set (a): 900 mg MgSO4 + 150 mg
PSA + 150 mg C18; set (b): 900 mg MgSO4 + 300 mg PSA;
set (c): 900 mg MgSO4 + 300 mg C18; set (d): 900 mg
MgSO4 + 150 mg PSA + 150 mg C18 + 150 mg GCB; and
set (e): 900 mg MgSO4 + 150 mg PSA + 150 mg Z-Sep.

The recoveries for the target compounds using different d-
SPE sets are displayed in Fig. 2. Among the 24 analytes, the
recoveries of total 20, 19, 19, 12, and 18 kinds of compounds
were in the range of 70–120%when d-SPE sets (a), (b), (c), (d),
and (e) were used, respectively. Actually, it can be seen that the
majority of analytes displayed low standard deviation values
(<10 %) when the five d-SPE sets were used. And the recover-
ies for the majority of analytes were between 70 and 120 %,
when using sets (a), (b), and (c). But when GCB was used (set
(d)), the recoveries for carbendazim, DEET, icaridin,
climbazole, clotrimazole, and four benzotriazoles (BT, 5-TT,
CBT, XT) were higher than 120 % and up to 398 %, while

those for itraconazole and TCC were below 5 %. Obviously,
differences of absorption abilities between analytes and their
internal standards with GCB resulted in the recovery deviations.
The phenomenon is due to the inconsistency of chromatograph-
ic response for the internal standard and analyte, which will
result in the overestimated final concentration of target com-
pounds, especially for those analytes without corresponding
isotopically labeled internal standards. The results demonstrat-
ed that GCBwas not effective in d-SPE because the removal of
some target compounds occurred, which is consistent with the
previous study [42, 45]. GCB shows strong absorption ability
to planar compounds due to its highly polar groups on the
surface, such as thiabendazole-D6 that acts as the internal stan-
dard of four benzotriazoles (BT, 5-TT, CBT, and XT) [40, 46];
the recoveries of four benzotriazoles were high to 398 %.
Besides, for the samples purified with the d-SPE set containing
Z-Sep sorbent (set (e)), the recoveries for most of the analytes
did not show any improvement compared with the samples
cleaned with sets (a), (b), and (c). On the contrary, DEET and
icaridin displayed unusually high recoveries up to 344 and
356 %, respectively, when Z-Sep was added. This is probably
due to the strong adsorption of Z-Sep to their internal standard
imazalil-D5. Imazalil-D5 is a weak base (pKa = 6.54) with end-
functionalized alkylene [47]; this special structure may lead to
the electron attachment between itself and Z-Sep (the Zr atom
containing an unoccupied orbital acts as a Lewis acid) [44].

Fig. 3 (continued)
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In order to further evaluate the matrix removal efficiencies
of different d-SPE sets, we also compared the weight loss of
the same extract fish matrices after being purified with various
d-SPE materials. As exhibited in Fig. S3 (see ESM), the ma-
trix removal capacity (explained as average removal weight)
had the following order: set (d) > set (e) > sets (c), (b), and (a).
The d-SPE set containing GCB sorbent shows the most effi-
cient substrate removal capacity, with almost double the ma-
trix weight removed than the other d-SPE sorbents. The sta-
tistical analysis showed significant differences in substrate
removal efficiency between the d-SPE set containing GCB
(set (d)) and the other three sets without GCB (sets (c), (b),
and (a)) (p < 0.05), suggesting that GCB had strong substrate
removal capacity compared with the other d-SPE sets. But
GCB also showed strong absorption for most target com-
pounds as discussed above. As reported by other scientists,
Z-Sep sorbent can provide cleaner extracts than PSA/C18 sor-
bent for fish muscle [31]. In our study, Z-Sep can slightly
enhance the co-extractive removal efficiency, but it also in-
duces a low recovery of imazalil-D5. So the d-SPE sets with
GCB and Z-Sep were not chosen as the final d-SPE sorbents.
For d-SPE sets (c), (b), and (a), there were no significant
differences among them in substrate removal efficiencies
(p > 0.05). Although single sorbents of PSA or C18 could
remove equivalent matrix, due to the complexity of fish tis-
sues, the combination of PSA and C18 would probably have
better matrix removal performance for trace interferences in
fish. Hence, d-SPE set (a) containing sorbents of 900 mg
MgSO4, 150 mg C18, and 150 mg PSA was selected as the
optimal purification material.

Selection of solvent, AA content, and MeCN/water ratio

Influence of extraction solvent

The extraction efficiency of target analytes in samples is close-
ly related to the selection of organic solvents, sample nature,
and physicochemical properties of the analytes. According to
the definition of the U.S. of Food and Drug Administration for
fat ty foods (>2 % fat composit ion) [48], t i lapia
(0.98 % ± 0.26 % in muscle tissue) belong to low fatty food.
In this study, four solvents (all of the solvents acidified with
1%AA), including (a)MeCN + 5%DCM; (b)MeCN + 10%
DCM; (c) MeCN + 5%DCM+ 5% n-hexane; and (d) MeCN
were tested.

The recoveries obtained for most target compounds with the
four solvents were in the range of 70–120 %, except for DEET
and icaridin with recoveries >120 % (see ESM, Table S3).
DCM and n-hexane are good solvents for lipid, suggesting
good extraction for compounds with high lipid solubility [39].
However, the addition of DCM alone or both DCM and n-
hexane did not increase the recoveries of those target analytes
with a long alkyl chain, such as butylparaben (see ESM,

Table S3). For solvent (d) with MeCN only, the deviations of
recoveries for most compounds were smaller than those with
other solvents. Therefore, solvent (d) of MeCN with 1 % AA
was chosen as the final extraction solvent.

Influence of extraction AA content

In fruits and vegetables, the initial acetic-based buffer
salt was achieved by adding 1 % AA in MeCN to
improve stability of base-sensitive pesticides [39].
Acidification could also help disrupt the compound-
protein binding in biological samples; thus, it has been
widely used in the extraction of various compounds
[49]. In this study, different percentages (0, 1, and
5 %) of AA in MeCN were tested in order to acquire
satisfactory recoveries.

The use of buffering during the extraction yields pH <4 in
the MeCN extract and pH >5 in the water phase, which ensure
good recoveries of either acid- or base-sensitive analytes [43].
Our results showed that the recoveries for most target com-
pounds were 70–120 % with 1 % AA in MeCN as extraction
solvent (see ESM, Table S4). However, the recoveries of
DEET and icaridin were higher than 120 %, while the recov-
eries of itraconazole and propylparaben were lower than 70 %
as they were difficult to be extracted as discussed above.
Obviously, the recoveries of BT and butylparaben decreased
with the increasing of AA content in MeCN. This is probably
due to the fact that the increase of acidity accelerates the hy-
drolysis or cationization of BT [50] and butylparaben, which
leads to their poor partition inMeCN phase [43]. Since 17, 19,
and 15 compounds had their recoveries in the range of 70–
120 % when various amounts of AA (0, 1, and 5 %) were
added into MeCN, respectively, the solvent of 1 % AA in
MeCN was considered as the best choice.

Influence of the MeCN/water ratio

Both fish muscle and liver are solid biological samples,
while the QuEChERS technique is based on the separa-
tion of water and organic layers which is induced by a
combination of salts. Thus, the existence of water is
important to make the samples more accessible to the
extraction solvent (MeCN) [51]. The influence of the
MeCN/water ratio used in the first step of QuEChERS
extraction was tested. It was found that almost all of the
analytes were not sensitive to the three VMeCN/Vwater

ratios (4:1, 2:1, and 1:1), whereas butylparaben was
poorly extracted with ratios 4:1 and 1:1 (see ESM,
Table S5). Since the VMeCN/Vwater ratio of 2:1 showed
the best results for majority of the compounds, it was
selected as the optimal condition.
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Matrix effects

Matrix effects are common in the analysis of environ-
mental and biological samples by UPLC-MS/MS and
GC-MS, with signal suppression/enhancement effects
due to the presence of interfering matrices [28]. In this
study, the absolute and relative matrix effects in fish
muscle and liver tissues were evaluated, with the results
given in Table 3. The absolute matrix effects of 12
analytes (five azole antifungals, butylparaben, TCC,
TCS, and four synthetic musks) in muscle were outside
the range of −40 to +40 %, and six compounds
(itraconazole, methylparaben, butylparaben, and three
musks) in liver exceeded the range of −40 to +40 %.
But the relative matrix effects for most of the analytes
were between −20 and +20 %, except for some com-
pounds without isotopically labeled internal standards in
muscle and liver samples.

For most compounds, fish muscle and liver samples exhib-
ited the same trend of relative and absolute matrix effects
(whether enhancement or suppression), and the matrix effects
in liver samples were weaker than those in muscle samples,
except for clotrimazole and itraconazole. The analytes deter-
mined by LC-MS/MS were more likely to be suppressed rath-
er than enhanced by matrices in this study [31], since co-
eluting compounds tend to compete for either the total avail-
able charge or the available surface area of the droplet in the
surface of the MS detector and then result in the ion suppres-
sion of the analyte [52]. For DEET and icaridin, obvious ma-
trix enhancement effects were observed, which is often the
case with biological and environmental samples due to the
complicated interaction between analytes and matrices [28,
53]. As demonstrated by some analytes (e.g., propylparaben,
TCC, and TCS) in Table 1, use of an isotopically labeled
analogue of an analyte as the internal standard could correct
the matrix suppression or enhancement effect since these an-
alogues normally co-elute exactly at the same retention time
and experience the same suppression/enhancement effects as
the analytes [54, 55].

For synthetic musks analyzed by GC-MS, only matrix en-
hancement effects were observed, with the intensity of en-
hancement in muscle higher than that in liver samples.
Matrix-induced response enhancement is common in GC-
MS analysis [31]. The components in matrices can partially
deactivate the active sites and reduce the thermal stress, which
improves mass transfer of the analyte to the detector [56].
Since it is difficult to obtain extracts without co-extracted
components, matrix-matched calibration was used to compen-
sate significant matrix effects and to improve the linearity,
reliability, and accuracy of analytical results in GC-MS [56,
57]. As the results exhibited in Table 3, after revised by
matrix-matched calibration, the relative matrix effects of four
synthetic musks were below 10 %.

Quantification and method evaluation

The developed method was evaluated by recoveries, MDLs,
MQLs, intra-day repeatability, and inter-day reproducibility with
the optimized experimental procedures. Procedural blanks were
tested during each batch of experiment; target compounds were
not detected in the procedural blank samples, which excluded the
background interference.

The recoveries of all target compounds, spiked at levels of 1,
5, and 10 ng/g ww for muscle samples, and 4, 20, and 40 ng/g
ww for liver samples, are displayed in Table 4. The recoveries of
most compounds were in the range of 50–150 % with relative
standard deviations≤5%.Comparedwith those compoundswith
isotope-labeled internal standards, poor recoveries and higher
derivations were usually found at the lowest spiked levels both
in muscle and liver tissues for some compounds without isoto-
pically labeled internal standards such as DEET, icaridin,
itraconazole, and butylparaben. In particular, the quantitation of
clotrimazole in liver was intensively disturbed by a strong adja-
cent interfering peak. As a potent antifungal agent, clotrimazole
has a high binding affinity for heme to form a stable and soluble
complex [58], which may result in its failure of extraction from
liver samples. Figures 3 and 4 exhibit the LC-MS/MS and GC-
MS chromatograms of the analytes in fish samples for the recov-
ery experiment, with spiking concentrations of 10 and 40 ng/g

Fig. 4 GC-MS SIM chromatograms (EI source) of four synthetic musks
spiked in fish samples before extraction at the concentration of 10 ng/g in
wet weight muscle and 40 ng/g wet weight in liver for each analyte
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Table 6 Concentration (ng/g wet weight) of target compounds in fish liver samples collected from Dongjing River

Compound Site S2 Site S3 Site S4

Detection Range Median Detection Concentrations Detection Concentration

Biocides
Fluconazole 5/7 <MQL–0.72 <0.61 2/2 1.1, 1.91 1/1 <MQL
Thiabendazole 7/7 <MQL <0.38 2/2 <MQL 1/1 <MQL
DEET 7/7 2.14–4.68 2.76 2/2 1.42, 2.15 1/1 4.22
Ketoconazole 2/7 <MQL nd 2/2 <MQL 1/1 <MQL
Climbazole 3/7 <MQL–7.45 <1.16 2/2 <MQL, 1.83 1/1 1.00
Miconazole 4/7 1.14–1.15 <2.3 2/2 1.15 1/1 1.15
Methylparaben 7/7 1.85–2.96 2.41 2/2 1.92, 2.65 1//1 2.02
Ethylparaben 7/7 2.3–3.58 2.51 2/2 2.61, 2.56 1/1 2.40
Propylparaben 7/7 <MQL <0.26 2/2 <MQL 1/1 <MQL
TCC 3/7 1.98–4.59 <1.17 2/2 <MQL, 7.14 1/1 2.07
TCS 7/7 2.43–25.3 10.00 2/2 25.4, 23.6 1/1 25.1

Musks
AHTN 5/7 5.9–71.9 9.70 1/2 16.4 0/1 nd
HHCB 5/7 <MQL–31.2 <1.96 1/2 119 1/1 25.1

Benzotriazoles
BT 7/7 8.71–36.2 11.3 2/2 26.9, 54.6 1/1 33.7
5-TT 7/7 <MQL–7.33 3.99 2/2 3.57, 4.24 1/1 10.1
CBT 7/7 <MQL <0.98 2/2 <MQL 1/1 <MQL

<MQL lower than the method quantitation limits, nd not detected

Table 5 Concentration (ng/g wet weight) of target compounds in fish muscles collected from Dongjing River

Compound Site S2 Site S3 Site S4

Detection Range Median Detection Range Median Detection Range Median

Biocides

Fluconazole 6/9 <MQL–0.18 <0.13 6/6 <MQL <0.13 3/3 <MQL <0.13

Carbendazim 5/9 <MQL–0.97 nd 0/6 nd nd 0/3 nd nd

Thiabendazole 9/9 <MQL <0.11 6/6 <MQL <0.11 3/3 <MQL <0.11

DEET 9/9 0.46–1.76 0.99 6/6 0.71–1.07 0.89 3/3 0.88–1.23 0.98

Icaridin 9/9 0.03–0.07 0.03 6/6 0.02–0.03 0.03 3/3 0.03 0.03

Ketoconazole 6/9 <MQL–0.43 <0.21 3/6 <MQL <0.21 3/3 <MQL <0.21

Climbazole 3/9 <MQL–2.3 nd 5/6 <MQL–2.17 <0.3 3/3 <MQL <0.3

Clotrimazole 9/9 <MQL <0.59 6/6 <MQL <0.59 3/3 <MQL <0.59

Miconazole 6/9 0.03–1.06 nd 2/6 0.17–0.18 nd 0/3 nd <0.35

Methylparaben 9/9 0.54–0.9 0.63 6/6 0.42–11.8 0.67 3/3 0.43–0.62 0.47

Ethylparaben 9/9 0.59–0.94 0.65 6/6 0.51–0.65 0.57 3/3 0.52–0.57 0.57

Propylparaben 9/9 <MQL–0.25 <0.2 6/6 <MQL–0.33 <0.2 3/3 <MQL <0.2

TCC 9/9 <MQL–10.5 0.36 6/6 0.28–3.01 0.93 3/3 1.04–2.74 1.35

TCS 9/9 0.58–5.24 1.45 5/6 0.94–9.23 1.47 3/3 2.94–5.47 3.20

Musks

AHTN 9/9 <MQL–12.8 4.66 6/6 <MQL–2.63 1.17 3/3 <MQL–4.54 1.15

HHCB 9/9 <MQL–31.9 12.4 6/6 <MQL–38.3 5.11 3/3 <MQL–24.2 13.5

Musk ketone 1/9 9.96 9.96 1/6 2.4 2.40 1/3 10.1 10.1

Benzotriazoles

BT 9/9 1.48–16.6 2.99 6/6 1.83–3.92 2.28 3/3 1.95–5.04 3.88

5-TT 9/9 0.84–1.68 1.25 6/6 0.46–1.2 0.88 3/3 0.81–1.35 1.01

CBT 9/9 <MQL–0.25 <0.21 6/6 <MQL <0.21 3/3 <MQL <0.21

XT 1/9 <MQL nd 2/6 <MQL nd 2/3 <MQL <0.36

<MQL lower than the method quantitation limits, nd not detected
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for muscle and liver samples, respectively. In general, the opti-
mized method provides acceptable recoveries for most target
compounds and can be applied to the determination of different
PCP ingredients in fish muscle and liver matrices.

TheMDLs andMQLs of the analytes in fish muscle and liver
tissues are given in Table 4. In general, the complex matrices in
liver samples increased the background noise, which resulted in
higher MQLs in liver than in muscle tissues. The MQLs in this
study are equal to or lower than the MQLs reported by other
studies using Soxhlet extraction [22], pressurized liquid extrac-
tion [21], or ultrasonic extraction [59]. The MQLs for TCS,
methylparaben, ethylparaben, HHCB, and musk ketone in this
study are at the samemagnitude as those previous reportedworks
[60, 61].

Both intra-day and inter-day precision were also calculated
based on the extraction and analysis results of standard mixture
spiking in matrices with seven duplicates on the same day and in

Fig. 5 LC-MS/MS MRM chromatograms of some analytes detected in wild fish muscle and liver samples. Site, retention time, precursor ion and
production ion, and abundance for each analyte are indicated in the chromatogram

Fig. 6 GC-MS SIM chromatograms (EI source) of two typical musks
detected in wild fish muscle and liver samples. Site, retention time,
precursor ion and production ion, and abundance for each analyte are
indicated in the chromatogram
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2 weeks, respectively. As displayed in Table S6 (see ESM), the
intra-day repeatabilities for the target compounds vary from 1.9
to 27.9 % and 0.8 to 35 % for muscle and liver samples, respec-
tively, while the reproducibilities range from 2.1 to 27.1 % and
1.4 to 34.1 % for muscle and liver samples, respectively. For
most of the compounds, both the intra-day and inter-day preci-
sion values were lower than 15 %, indicating that the optimized
QuEChERS extraction method exhibited good reproducibility
and repeatability.

Application to real samples

The optimized method was applied to analyze PCPs in wild fish
samples from Dongjiang River in south China. In total, 18 fish
muscle samples and 10 liver samples were obtained from three
sites. The detection frequencies and concentrations of target
analytes in fish muscle and liver tissues are displayed in
Table 5 and Table 6, respectively. Meanwhile, the chromato-
grams of some analytes with high detection frequencies or con-
centrations in selected fish samples are also displayed in Figs. 5
and 6.

In total, 21 analytes (except for itraconazole, butylparaben,
and musk xylene) and 17 analytes (except for clotrimazole,
carbendazim, icaridin, itraconazole, butylparaben, musk xylene,
and musk ketone) were detected at least one time in muscle and
liver tissues, respectively. Most of the target compounds showed
high detection frequencies, indicating bioaccumulation of these
chemicals by wild fish. The concentrations for most analytes in
liver tissue were higher than those in muscle tissue. The maxi-
mum detected concentrations for HHCB and BTwere up to 119
and 54.6 ng/g ww in liver samples, respectively. The results of
wide detection of DEET, AHTN, and HHCB were inconsistent
with those reported by Baduel C et al. and Picot Groz M et al.
[31, 61]. The investigated rivers receive discharge of domestic
wastewaters from the cities in the region [7]. These have resulted
in contamination of wild fish by PCP ingredients. Therefore,
measures should be taken to reduce the input of these chemicals
like PCPs into the riverine environment in order to protect the
ecosystem and human health.

Conclusion

We developed a sensitive and selective sample preparationmeth-
od based on QuEChERS extraction and d-SPE cleanup for si-
multaneous extraction of multi-classes of PCPs (18 biocides, 4
synthetic musks, and 4 benzotriazoles) in wild fish muscle and
liver tissues, followed by UPLC-MS/MS and GC-MS analyses.
High sensitivity, satisfactory recovery, and good quantitative pre-
cision are acquired for most of the target analytes. The developed
method has been successfully applied to the determination of
target compounds in wild fish samples, showing the potential

application on the routine monitoring of PCP chemicals in bio-
logical samples.

Acknowledgments The authors would like to acknowledge the finan-
cial support from National Natural Science Foundation of China (NSFC
No. 41303077, 41473105, and 41101462).

Compliance with ethical standards

Conflict of interest The authors declare that they have no competing
interests.

Ethical approval In this study, wild fish collection and ethical care
were performed in strict accordance with the recommendations of
Animal Care Quality Assurance in China.

References

1. Petrie B, Barden R, Kasprzyk-Hordern B. A review on emerging
contaminants in wastewaters and the environment: current knowl-
edge, understudied areas and recommendations for future monitor-
ing. Water Res. 2015;72:3–27.

2. Hahn S, Schneider K, Gartiser S, Heger W, Mangelsdorf I.
Consumer exposure to biocides—identification of relevant sources
and evaluation of possible health effects. Environ Health. 2010;9:1.

3. GigerW, Schaffner C, Kohler H-PE. Benzotriazole and tolyltriazole
as aquatic contaminants. 1. Input and occurrence in rivers and lakes.
Environ Sci Technol. 2006;40:7186–92.

4. Nakata H, Hinosaka M, Yanagimoto H. Macrocyclic-, polycyclic-,
and nitro musks in cosmetics, household commodities and indoor
dusts collected from Japan: implications for their human exposure.
Ecotoxicol Environ Saf. 2015;111:248–55.

5. EC (European Communities). Scientific Committee on Emerging and
Newly Identified Health Risks (Effects of Biocides on antibiotic resis-
tance). In: DG Health and Consumers of the European Commission.
2009. http://ec.europa.eu/health/opinions/en/biocides-antibiotic-
resistance/biocides-antibiotic-resistance-greenfacts-level2.pdf.
accessed 30 July 2016.

6. Lignell S, Darnerud PO, Aune M, Cnattingius S, Hajslova J,
Setkova L, et al. Temporal trends of synthetic musk compounds
in mother’s milk and associations with personal use of perfumed
products. Environ Sci Technol. 2008;42:6743–8.

7. Chen Z-F, Ying G-G. Occurrence, fate and ecological risk of five
typical azole fungicides as therapeutic and personal care products in
the environment: a review. Environ Int. 2015;84:142–53.

8. Yang GCC, Tsai H-J, Chang F-K. Occurrence of triclosan in the
tropical rivers receiving the effluents from the hospital wastewater
treatment plant. Environ Monit Assess. 2015;187:1–8.

9. Clara M, Gans O, Windhofer G, Krenn U, Hartl W, Braun K, et al.
Occurrence of polycyclic musks in wastewater and receiving water
bodies and fate during wastewater treatment. Chemosphere.
2011;82:1116–23.

10. Liu Y-S, Ying G-G, Shareef A, Kookana RS. Occurrence and re-
moval of benzotriazoles and ultraviolet filters in a municipal waste-
water treatment plant. Environ Pollut. 2012;165:225–32.

11. Ngoc Han T, Li J, Hu J, Ong SL. Occurrence and suitability of
pharmaceuticals and personal care products as molecular markers
for raw wastewater contamination in surface water and groundwa-
ter. Environ Sci Pollut Res. 2014;21:4727–40.

12. Chase DA, Karnjanapiboonwong A, Fang Y, Cobb GP, Morse AN,
Anderson TA. Occurrence of synthetic musk fragrances in effluent

Simultaneous determination of 24 personal care products in fish 8191

http://ec.europa.eu/health/opinions/en/biocides-antibiotic-resistance/biocides-antibiotic-resistance-greenfacts-level2.pdf
http://ec.europa.eu/health/opinions/en/biocides-antibiotic-resistance/biocides-antibiotic-resistance-greenfacts-level2.pdf


and non-effluent impacted environments. Sci Total Environ.
2012;416:253–60.

13. Zhang Z, Ren N, Li Y-F, Kunisue T, Gao D, Kannan K.
Determination of benzotriazole and benzophenone UV filters in
sediment and sewage sludge. Environ Sci Technol. 2011;45:
3909–16.

14. Zhao J-L, Zhang Q-Q, Chen F, Wang L, Ying G-G, Liu Y-S, et al.
Evaluation of triclosan and triclocarban at river basin scale using
monitoring and modeling tools: implications for controlling of ur-
ban domestic sewage discharge. Water Res. 2013;47:395–405.

15. Tamura I, Kagota K-i, Yasuda Y, Yoneda S, Morita J, Nakada N,
et al. Ecotoxicity and screening level ecotoxicological risk assess-
ment of five antimicrobial agents: triclosan, triclocarban, resorcinol,
phenoxyethanol and p-thymol. J Appl Toxicol. 2013;33:1222–9.

16. Carlsson G, Norrgren L. Synthetic musk toxicity to early life stages
of zebrafish (Danio rerio). Arch Environ Contam Toxicol. 2004;46:
102–5.

17. Liang X, Wang M, Chen X, Zha J, Chen H, Zhu L, et al. Endocrine
disrupting effects of benzotriazole in rare minnow (Gobiocypris
rarus) in a sex-dependent manner. Chemosphere. 2014;112:154–62.

18. Taxvig C, Vinggaard AM, Hass U, Axelstad M, Metzdorff S,
Nellemann C. Endocrine-disrupting properties in vivo of widely
used azole fungicides. Int J Androl. 2008;31:170–6.

19. Schreurs R, Sonneveld E, Jansen JHJ, Seinen W, van der Burg B.
Interaction of polycyclic musks and UV filters with the estrogen
receptor (ER), androgen receptor (AR), and progesterone receptor
(PR) in reporter gene bioassays. Toxicol Sci. 2005;83:264–72.

20. Stadnicka J, Schirmer K, Ashauer R. Predicting concentrations of
organic chemicals in fish by using toxicokinetic models. Environ
Sci Technol. 2012;46:3273–80.

21. Ruedel H, BoehmerW,MuellerM, Fliedner A, RickingM, Teubner
D, et al. Retrospective study of triclosan and methyl-triclosan resi-
dues in fish and suspended particulate matter: results from the
German Environmental Specimen Bank. Chemosphere. 2013;91:
1517–24.

22. Nakata H, Sasaki H, Takemura A, Yoshioka M, Tanabe S, Kannan
K. Bioaccumulation, temporal trend, and geographical distribution
of synthetic musks in the marine environment. Environ Sci
Technol. 2007;41:2216–22.

23. Chuang Y-H, Zhang Y, Zhang W, Boyd SA, Li H. Comparison of
accelerated solvent extraction and quick, easy, cheap, effective,
rugged and safe method for extraction and determination of phar-
maceuticals in vegetables. J Chromatogr A. 2015;1404:1–9.

24. Masia A, Vasquez K, Campo J, Pico Y. Assessment of two extrac-
tion methods to determine pesticides in soils, sediments and
sludges. Application to the Turia River Basin. J Chromatogr A.
2015;1378:19–31.

25. Anastassiades M, Lehotay SJ, Stajnbaher D, Schenck FJ. Fast and
easy multiresidue method employing acetonitrile extraction/
partitioning and Bdispersive solid-phase extraction^ for the deter-
mination of pesticide residues in produce. J AOAC Int. 2003;86:
412–31.

26. Prestes OD, Antonio Padilla-Sanchez J, Romero-Gonzalez R,
Lopez Grio S, Garrido Frenich A, Martinez-Vidal JL.
Comparison of several extraction procedures for the determination
of biopesticides in soil samples by ultrahigh pressure LC-MS/MS. J
Sep Sci. 2012;35:861–8.

27. Rouviere F, Bulete A, Cren-Olive C, Arnaudguilhem C.
Multiresidue analysis of aromatic organochlorines in soil by gas
chromatography-mass spectrometry and QuEChERS extraction
based on water/dichloromethane partitioning. Comparison with ac-
celerated solvent extraction. Talanta. 2012;93:336–44.

28. Peysson W, Vulliet E. Determination of 136 pharmaceuticals and
hormones in sewage sludge using quick, easy, cheap, effective,
rugged and safe extraction followed by analysis with liquid

chromatography-time-of-flight-mass spectrometry. J Chromatogr
A. 2013;1290:46–61.

29. Li Y, Dong F, Liu X, Xu J, Li J, Kong Z, et al. Simultaneous
enantioselective determination of triazole fungicides in soil and
water by chiral liquid chromatography/tandem mass spectrometry.
J Chromatogr A. 2012;1224:51–60.

30. Norli HR, Christiansen A, Deribe E. Application of QuEChERS
method for extraction of selected persistent organic pollutants in
fish tissue and analysis by gas chromatography mass spectrometry.
J Chromatogr A. 2011;1218:7234–41.

31. Baduel C, Mueller JF, Tsai HH, Ramos MJG. Development of
sample extraction and clean-up strategies for target and non-target
analysis of environmental contaminants in biological matrices. J
Chromatogr A. 2015;1426:33–47.

32. Omar N, Bakar J, Muhammad K. Determination of organochlorine
pesticides in shrimp by gas chromatography-mass spectrometry
using a modified QuEChERS approach. Food Control. 2013;34:
318–22.

33. Wu J-P, Luo X-J, Zhang Y, Luo Y, Chen S-J, Mai B-X, et al.
Bioaccumulation of polybrominated diphenyl ethers (PBDEs) and
polychlorinated biphenyls (PCBs) in wild aquatic species from an
electronic waste (e-waste) recycling site in South China. Environ
Int. 2008;34:1109–13.

34. Lai H-J, Ying G-G, Ma Y-B, Chen Z-F, Chen F, Liu Y-S.
Occurrence and dissipation of benzotriazoles and benzotriazole ul-
traviolet stabilizers in biosolid-amended soils. Environ Toxicol
Chem. 2014;33:761–7.

35. Chen Z-F, Ying G-G, Lai H-J, Chen F, Su H-C, Liu Y-S, et al.
Determination of biocides in different environmental matrices by
use of ultra-high-performance liquid chromatography-tandem mass
spectrometry. Anal Bioanal Chem. 2012;404:3175–88.

36. Chen F, Ying G-G, Ma Y-B, Chen Z-F, Lai H-J, Peng F-J. Field
dissipation and risk assessment of typical personal care products
TCC, TCS, AHTN and HHCB in biosolid-amended soils. Sci
Total Environ. 2014;470:1078–86.

37. AOAC Official Method 2007.01. Pesticide residues in foods by
acetonitrile extraction and partitioning with magnesium sulfate
gas chromatography /mass spec t romet ry and l iqu id
chromatography/tandem mass spectrometry first action 2007. vol
I, in AOAC International. 2007.

38. European Standard EN 15662. Alimenti di origine vegetale -
Determinazione dei residui di pesticide utilizzando GC-MS e/o
LCMS/ MS dopo estrazione/separazione con acetonitrile e
purificazione mediante SPE dispersiva – Metodo QuEChERS.
European Committee for Standardization, Resana (Italy). 2009.

39. Lehotay SJ, Mastovska K, Yun SJ. Evaluation of two fast and easy
methods for pesticide residue analysis in fatty food matrixes. J
AOAC Int. 2005;88:630–8.

40. Bruzzoniti MC, Checchini L, De Carlo RM, Orlandini S, Rivoira L,
Del Bubba M. QuEChERS sample preparation for the determina-
tion of pesticides and other organic residues in environmental ma-
trices: a critical review. Anal Bioanal Chem. 2014;406:4089–116.

41. Molina-Ruiz JM, Cieslik E, Cieslik I, Walkowska I. Determination
of pesticide residues in fish tissues by modified QuEChERS meth-
od and dual-d-SPE clean-up coupled to gas chromatography-mass
spectrometry. Environ Sci Pollut Res. 2015;22:369–78.

42. Zheng H-B, Zhao Q, Mo J-Z, Huang Y-Q, Luo Y-B, Yu Q-W, et al.
Quick, easy, cheap, effective, rugged and safe method with mag-
netic graphitized carbon black and primary secondary amine as
adsorbent and its application in pesticide residue analysis. J
Chromatogr A. 2013;1300:127–33.

43. Lehotay SJ, Mastovska K, Lightfield AR. Use of buffering and
other means to improve results of problematic pesticides in a fast
and easy method for residue analysis of fruits and vegetables. J
AOAC Int. 2005;88:615–29.

8192 L. Yao et al.



44. Bueno MJM, Boillot C, Fenet H, Chiron S, Casellas C, Gomez E.
Fast and easy extraction combined with high resolution-mass spec-
trometry for residue analysis of two anticonvulsants and their trans-
formation products in marine mussels. J Chromatogr A. 2013;1305:
27–34.

45. Cerqueira MBR, Caldas SS, Primel EG. New sorbent in the disper-
sive solid phase extraction step of quick, easy, cheap, effective,
rugged, and safe for the extraction of organic contaminants in drink-
ing water treatment sludge. J Chromatogr A. 2014;1336:10–22.

46. Hennion M-C. Graphitized carbons for solid-phase extraction. J
Chromatogr A. 2000;885:73–95.

47. Santiago DE, Dona-Rodriguez JM, Arana J, Fernandez-Rodriguez
C, Gonzalez-Diaz O, Perez-Pena J, et al. Optimization of the deg-
radation of imazalil by photocatalysis: comparison between com-
mercial and lab-made photocatalysts. Appl Catal B Environ.
2013;138:391–400.

48. Department of Health and Human Services. Pesticide analytical
manual vol. I, multiresidue methods, 3rd Ed. In: United States
Food and Drug Administration. 1994. http://www.fda.
gov/downloads/Food/FoodScienceResearch/ucm111500.pdf.
Accessed 30 July 2016.

49. Stubbings G, Bigwood T. The development and validation of a
multiclass liquid chromatography tandem mass spectrometry (LC-
MS/MS) procedure for the determination of veterinary drug resi-
dues in animal tissue using a QuEChERS (QUick, Easy, CHeap,
Effective, Rugged and Safe) approach. Anal Chim Acta. 2009;637:
68–78.

50. Wang H, Burda C, Persy G, Wirz J. Photochemistry of 1H-
benzotriazole in aqueous solution: a photolatent base. J Am
Chem Soc. 2000;122:5849–55.

51. Walorczyk S, Drozdzynski D. Improvement and extension to new
analytes of a multi-residue method for the determination of pesti-
cides in cereals and dry animal feed using gas chromatography-
tandem quadrupole mass spectrometry revisited. J Chromatogr A.
2012;1251:219–31.

52. Robert KB, Cecilia B, Robert AB. Bethem trace quantitative anal-
ysis bymass spectrometry. West Sussex: JohnWiley; 2008. p. 221–
2.

53. Ismaiel OA, Halquist MS, Elmamly MY, Shalaby A, Karnes HT.
Monitoring phospholipids for assessment of ion enhancement and
ion suppression in ESI and APCI LC/MS/MS for chlorpheniramine
in human plasma and the importance of multiple source matrix
effect evaluations. J Chromatogr B. 2008;875:333–43.

54. Hewavitharana AK. Matrix matching in liquid chromatography-
mass spectrometry with stable isotope labelled internal stan-
dards—is it necessary? J Chromatogr A. 2011;1218:359–61.

55. Matuszewski BK, Constanzer ML, Chavez-Eng CM. Strategies for
the assessment of matrix effect in quantitative bioanalytical
methods based on HPLC-MS/MS. Anal Chem. 2003;75:3019–30.

56. Rahman MM, Abd El-Aty AM, Shim J-H. Matrix enhancement
effect: a blessing or a curse for gas chromatography?—A review.
Anal Chim Acta. 2013;801:14–21.

57. Jimenez JJ, Bernal JL, del Nozal MJ, Alonso C. Liquid-liquid ex-
traction followed by solid-phase extraction for the determination of
lipophilic pesticides in beeswax by gas chromatography-electron-
capture detection and matrix-matched calibration. J Chromatogr A.
2004;1048:89–97.

58. Huy NT, Kamei K, Yamamoto T, Kondo Y, Kanaori K, Takano R,
et al. Clotrimazole binds to heme and enhances heme-dependent
hemolysis—proposed antimalarial mechanism of clotrimazole. J
Biol Chem. 2002;277:4152–8.

59. Ramirez AJ, Brain RA, Usenko S, Mottaleb MA, O’Donnell JG,
Stahl LL, et al. Occurrence of pharmaceuticals and personal care
products in fish: results of a national pilot study in the United States.
Environ Toxicol Chem. 2009;28:2587–97.

60. Jakimska A, Huerta B, Barganska Z, Kot-Wasik A, Rodriguez-
Mozaz S, Barcelo D. Development of a liquid chromatography-
tandem mass spectrometry procedure for determination of endo-
crine disrupting compounds in fish from Mediterranean rivers. J
Chromatogr A. 2013;1306:44–58.

61. Picot Groz M, Martinez Bueno MJ, Rosain D, Fenet H, Casellas C,
Pereira C, et al. Detection of emerging contaminants (UV filters,
UV stabilizers andmusks) inmarinemussels from Portuguese coast
by QuEChERS extraction and GC-MS/MS. Sci Total Environ.
2014;493:162–9.

Simultaneous determination of 24 personal care products in fish 8193

http://www.fda.gov/downloads/Food/FoodScienceResearch/ucm111500.pdf
http://www.fda.gov/downloads/Food/FoodScienceResearch/ucm111500.pdf

	Simultaneous...
	Abstract
	Introduction
	Materials and methods
	Chemicals and materials
	Fish sampling
	QuEChERS extraction
	Instrumental conditions
	Quantification and method validation

	Results and discussion
	Instrumental analysis
	Optimization of extraction salts
	Optimization of d-SPE cleanup
	Selection of solvent, AA content, and MeCN/water ratio
	Influence of extraction solvent
	Influence of extraction AA content
	Influence of the MeCN/water ratio

	Matrix effects
	Quantification and method evaluation
	Application to real samples

	Conclusion
	References


