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a  b  s  t  r  a  c  t

A  sensitive  and  reliable  analytical  method  based  on  pressurized  liquid  extraction  (PLE) and  ultra-
high-performance  liquid  chromatography  equipped  with  tandem  mass  spectrometry  (UHPLC–MS/MS)
has  been  developed  for  simultaneously  determining  the  steroidal  and  phenolic  endocrine  disrupting
chemicals  (EDCs)  in  fish.  The  most  effective  extraction  of  the  target  EDCs  is achieved  by  using  PLE
with  on-line  purification  and  the  parameters  have  been  optimized  as  follows:  extraction  solvent  –
methanol–acetonitrile  (1:1,  v/v),  on-line  purification  material  – 5  g  alumina  (5%  water),  extraction  –
3 cycles,  static  extraction  time  –  5  min  and  extraction  temperature  –  60 ◦C. Compared  to  the  Oasis
hydrophilic–lipophilic  balance  (HLB)  solid  phase  extraction  (SPE),  freezing-lipid  filtration  combined  with
HPLC–MS/MS
LE
atrix effect

n-hexane  defatting  clean-up  obtains  much  better  recoveries  of  the  target  compounds  and  provide  cleaner
extracts.  The  matrix  effect  (ME)  is  generally  eliminated  by using  an  internal  standard  method.  At spiking
levels of 5,  50,  and  100  ng/g,  the  mean  recoveries  vary  from  71.2%  to 108%  for the  target  EDCs  with a
relative  standard  deviation  (RSD)  less  than  16%.  The  method  limit  of  detection  (LOD)  and  limit  of quan-
titation  (LOQ)  are  0.04–0.08  ng/g  dw  and  0.07–0.27  ng/g  dw,  respectively.  The  established  method  has
been  successfully  applied  to fish  samples  from  the local  market  to  determine  the  target  EDCs.
. Introduction

In recent decades, endocrine disrupting chemicals (EDCs) have
een widely studied around the world due to their ubiquitous
ccurrence in the aquatic environment and adverse effects on the
rowth and development of wildlife or even humans, especially
isruption to endocrine, reproductive and immune systems [1–5].
mong these compounds, steroidal and phenolic EDCs with estro-
en properties have attracted the most attention. Steroids, such as
strone (E1), 17�-estradiol (E2) and estriol (E3) which are natu-
ally derived from the excreta of livestock and humans [6,7] and
7�-ethynyl estradiol (EE2) which is man-made and known as the
ain component of oral contraceptive pills [8],  and phenols, such
s bisphenol A (BPA) which is mainly used for manufacturing of
poxy resin and polycarbonate plastic, have been widely exposed
o humans in daily life [9,10].  It has been demonstrated that the
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alteration of living beings with direct or indirect exposure to EDCs,
may be permanent and irreversible [1,11,12] even at trace levels.

The research on EDCs, such as their environmental fate,
bioaccumulation and risk assessment, demands a sensitive and
simultaneous detection method. In the literature, the determina-
tion of EDCs has mainly focused on steroids [13–15] or phenols
[16–18] separately. Recently, several studies have carried out the
simultaneous determination of steroidal and phenolic EDCs in
water [19,20], soil [21,22],  sediment [23] and sludge [24,25].  Lim-
ited studies focus on the simultaneously determining of steroidal
and phenolic EDCs in biological tissues (like fish-muscle) due to
matrix complexity and very low concentrations of EDCs in biologi-
cal tissues. Reported analysis methods of EDCs in environmental
matrix [26–31] are mainly based on gas chromatography–mass
spectrum (GC–MS). Liquid chromatographic methods (LC, HPLC
and UHPLC) can avoid tedious and time-consuming derivatiza-
tion steps and thus prevent thermal degradation. In addition,
more effective extraction and clean-up procedures are impera-

tive for solid environmental sample pretreatment. Previous studies
on EDCs analysis in biological samples are generally based on
ultra-sonicated extraction (USE), microwave-assisted extraction
(MAE), Soxhlet extraction (SE), and pressurized liquid extraction

dx.doi.org/10.1016/j.chroma.2013.01.008
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:yyang@geo.ecnu.edu.cn
dx.doi.org/10.1016/j.chroma.2013.01.008
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Table 1
Analysis methods of target EDCs in biological samples in other studies.

Analytes Sample Pretreatment Detection
system

Recovery
(RSD)%

LOD/LOQ (ng/g) Reference

E1, E2, E3, EE2 Meat USE with methanol–water
Freezing-lipid filtration
Triple SPE

GC–MS 68–129
(5.0–16)

MDL: 0.1–0.4 [32]

E2  Fish muscle USE with acetonitrile
N-hexane defatting
SPE clean-up

GC–MS 68.5–100
(4.8–10)

LOQ: 0.2 [13]

BPA Fish USE with methanol
Freezing-lipid filtration
SPE twice

GC–MS 105–120
(5.0–17)

MDL: 0.41 [33]

BPA  meat PLE with acetone
SPE clean-up

LC–MS/MS 91.5–99.9
(2.9–7.9)

LOD: 0.3
LOQ: 1

[16]

E1,  E2, E3, EE2, BPA Mollusk tissues Automatic SE with
dichloromethane
SPE clean-up

GC–MS 79.7–91.7
(8.5–12)

LOD: 0.27–0.48
LOQ: 0.62–1.06

[34]

E2  Fish USE with acetone
SPE clean-up

GC–MS ≈125
(31)

LOD: 1.5 [35]

E1,  E2, E3, EE2, BPA Fish MAE with methanol
GPC, SPE clean-up

GC–MS 60.2–101
(2.3–13)

MDL: 0.4–0.7 [36]

E1,  E2, E3, EE2, BPA Fish muscle PLE with UHPLC–MS/MS 71.2–108 LOD: 0.04–0.08 Present study
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(3, 5, 7 and 9 min) and the number of static extraction cycles (1,
2 and 3), with a default pressure at 1500 psi, heated for 5 min, and
purged into nitrogen for 120 s. All of the extracts (about 40 ml)  were
methanol–acetonitrile
Freezing-lipid filtration
N-hexane defatting

PLE) (Table 1). Among these, PLE shows great extraction effi-
iency, requires less time and solvent compared to other extraction
echniques, and can also provide on-line purification. Although
xpensive, solid phase extraction (SPE) is most frequently used for
ample clean-up. In general, the reported recovery of EDCs is as low
s 60.2% and up to 125% with a RSD of 31% (Table 1). Therefore, it
s necessary to develop a more simplified, sensitive and reliable

ethod for the determination of EDCs from biological samples,
uch as fish.

In the present study, PLE with an on-line purification technique
s optimized for sample extraction. A simple and low cost clean-
p method using freezing-lipid filtration combined with n-hexane
efatting is compared with SPE method. In addition, the devel-
ped method is validated by assessing the matrix effect (ME) as
ell as the precision and accuracy, and further applied to deter-
ine the concentrations of the target EDCs in fish samples from

 local market. The objective of the present work is to develop a
ore simplified, sensitive and reliable method for the simultane-

us determination of steroid and phenolic EDCs, including E1, E2,
3, EE2 and BPA in fish by UHPLC–MS/MS.

. Experimental

.1. Chemicals and standards

Methanol and acetonitrile were of gradient grade for the liquid
hromatography, purchased from Merck (Darmstadt, Germany),
nd the n-hexane was of HPLC grade, supplied from ANPEL (Shang-
ai, China). The ultrapure water used in the sample pretreatment
nd instrumental analysis was prepared from a Milli-Q Gradient
ystem (Millipore, Billerica, MA,  USA). The target compound stan-
ards (E1, E2, E3, EE2 and BPA) and internal standards (E2-d2
nd BPA-d16) were of the highest purity commercially available
purity > 99%, except for E2 > 96.8%) and all were supplied by Dr.
hrenstrofer GmbH (Augsburg, Germany). The stock solutions of
ndividual standards were prepared in methanol at 1000 mg/l and
hen diluted with methanol to 10 mg/l. All standard solutions were
tored at −24 ◦C prior to use. The SPE cartridges (Oasis HLB, 200 mg,
 ml)  were supplied by Waters (Milford, MA,  USA). Neutral alumina
75–147 �m)  and quartz sand (AR) purchased from Sinopharm
hemical Reagent (Shanghai, China) were heated in a muffle fur-
ace at 450 ◦C for 4 h. The glass microfiber filters (GF/B, Whatman,
(0.92–16) LOQ: 0.07–0.27

Maidstone, UK) were soaked in methanol for an hour and washed
twice with clean methanol to remove interferences before usage.
All glassware used in the experiment were washed and heated at
450 ◦C for 4 h prior to use.

2.2. Pressurized liquid extraction

Fish samples were purchased from the local market. Fish-muscle
was  immediately separated from the bones, homogenized with a
hand blender and stored at −24 ◦C prior to freeze-drying. The dried
fish-muscle was  ground into powder and stored in a desiccator
before extraction. Sample extraction was conducted by an auto-
mated ASE 350 system (Dionex, USA). The extraction cell (stainless
steel, 33 ml) was loaded from bottom to top as shown in Fig. 1: glass
microfiber filters, quartz sand, alumina, glass filter, 1.5 g of fish sam-
ple mixed with quartz sand, and quartz sand on the top. PLE on-line
purification was  applied using alumina with different water con-
tents. Moreover, the tested PLE parameters mainly included solvent
(methanol, acetonitrile, and methanol–acetonitrile 1:1), tempera-
ture (40–100 ◦C, 10 ◦C interval), holding time of static extraction
Fig. 1. Composition of the extraction cell.
Modified from [22, Fig. 1].
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Fig. 2. MRM  chromatograms of five targe

ollected and evaporated down to approximately 5 ml  at 40 ◦C with
 vacuum evaporator before the clean-up procedure.

The PLE with on-line purification technique was  optimized by
ssessing the recoveries of target compounds. 50 ng of the target
DCs standards was spiked initially into each blank sample (quartz
and) and fish sample, and 50 ng of the internal standards was
dded into the PLE extract. Each experimental group included five
eplicates, and two blank controls were tested for a batch.

.3. Clean-up of extracts

Two protocols were proposed to cleanup the extracts. For the
ake of comparison, the recoveries of target compounds and purifi-
ation effects were taken into account in each protocol.

Protocol 1: The concentrated extract (5 ml)  was stored at −24 ◦C
or 24 h. When most of the lipids were precipitated or suspended,
hey could be easily removed by filtration. The filtered extract was

ixed with 10 ml  of n-hexane and vigorously shaken for 1 min.
fter standing for stratification, the supernatant n-hexane was
iscarded. After defatted twice with n-hexane, the extract was
ransferred into a 5 ml  tube and evaporated to near dryness under

 gentle stream of N2 at 40 ◦C.
Protocol 2: The concentrated extract (5 ml)  was  mixed with

00 ml  of ultrapure water, and pumped through an HLB cartridge
rinsed with 15 ml  of methanol and pre-conditioned with 10 ml
f water) at a flow rate of 2 ml/min. After washed with 10 ml  of
ater–methanol (9:1, v/v), the SPE cartridge was washed with

0 ml  of n-hexane, and then dried under vacuum for 30 min. The
nalytes were eluted with 10 ml  of methanol at a flow rate of

 ml/min. The eluent was evaporated to near dryness under a gentle
tream of N2 at 40 ◦C.

The dry extract residue was redissolved in 1 ml  of
cetonitrile–water (1:1, v/v), and filtered through a 0.22 �m
ES filter prior to the UHPLC–MS/MS analysis. Fifty nanogram EDC

nd internal standards were spiked into 5 ml  of blank solutions
o estimate the recovery of the two protocols. Each experimental
roup replicated five times and two blank controls were set
or each experiment batch. Finally, the two protocols were also
s and two  internal standards of 50 ng/ml.

applied onto fish samples as well to compare the performance of
the impurity elimination.

2.4. UHPLC–MS/MS analysis

The target EDCs were analyzed by a Waters AcquityTM ultra
high performance liquid chromatograph–tandem mass spectrom-
eter (UHPLC–MS/MS) system with an HSS T3 (2.1 mm × 100 mm,
1.7 �m particle size) column. The column temperature was set
at 40 ◦C and the flow rate was 0.4 ml/min. Milli-Q water and
acetonitrile–methanol (1:2, v/v) were used as the mobile phases, A
and B, respectively. The UPLC gradient program was performed as
follows: 45% A (0 min), 50% A (7.6 min), 100% A (8 min) and finally
45% A (10 min). The sample volume injected was  4 �l. The entire
analysis time was 10 min, with 2 min  for flushing the column and
reestablishing the initial conditions. A mass spectrometric anal-
ysis was conducted on a Waters triple quadrupole tandem mass
spectrometer with a Z-spray electrospray interface (Waters Corp.,
Manchester, UK). All target EDCs in this study are measured in
negative ion mode [M−H]−. The flow rate and temperature of the
desolvation gas (N2) were 800 l/h and 500 ◦C, respectively. The flow
rate of the collision gas (Ar) was 0.17 ml/min, and the capillary
voltage was  2.8 V.

3. Results and discussion

3.1. UHPLC–MS/MS conditions

The optimization of the MS/MS  conditions for each target com-
pound was performed by the direct infusion of 50 ng/ml standard
solution in combination with 1:1 eluent flow (eluents A and B).
Parameter tuning was performed in negative ion mode to maximize
sensitivity. Two product ions were selected. The most stable and
intense fragment ion was  used for quantification, and the second

transition was used for confirmation. The dwell times were estab-
lished to obtain at least 12 data points across the narrowest peak
in the window. The selected multiple reaction monitoring (MRM)
transitions as well as the individual cone voltages and collision
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Table 2
The mean recoveries of target EDCs based on two cleanup protocols.

Compound Protocol 1 Protocol 2

Recovery rate % RSD % Recovery rate % RSD %

E1 98.5 1.7 72.1 5.5
E2  105 2.4 93.4 2.4
E3  93.0 5.1 66.4 17
A. Ye et al. / J. Chromat

nergy applied to each compound are shown in Table S1 (Sup-
lementary material). All the precursor ions were [M−H]− except
or BPA-d16. This is caused by the transformation of BPA-d16 into
PA-d14 in water, as the two acidic deuterium atoms of BPA-d16
re immediately exchanged against protons when dissolved in a
rotic medium [37]. The selection of the conditions in ESI-MS/MS
etection is dependent on the separation efficiency of the com-
ounds. The mobile phase parameters were optimized in order to
chieve effective separation and maximum sensitivity for detec-
ion. In comparing methanol–water with acetonitrile–water as the

obile phase, the former gave significantly higher signal for the
tandard solution, but relatively worse separation of compounds,
specially for E1 and E2; while acetonitrile–water produced bet-
er separation of compounds, but lower signal. This is probably
ue to the higher boiling point of acetonitrile in comparison to
ethanol. Therefore, the desolvation of the droplets formed is

robably less favorable in the presence of acetonitrile [38]. Con-
equently, acetonitrile–methanol (1:2, v/v) was chosen as the
ptimum organic mobile phase to obtain effective separation and
elatively high signal (Fig. 2).

.2. Optimization of the PLE process

Methanol and acetonitrile were selected as the extraction
olvents, due to their good solubility of the target EDCs and immis-
ibility with n-hexane, which was used in following the clean-up
tep. The fraction of methanol was not more than 50% due to
ts great extracting capacity for polar interferences. As shown in
ig. 3, the water content in alumina is very critical for extraction
fficiency, but an increase in the alumina amount shows no signif-
cant effect on the on-line purification and recoveries of the target
DCs. Compared to acetonitrile, methanol–acetonitrile generally
roduces better extraction efficiency, especially for EE2 (Fig. 3).
herefore, 5 g alumina with 5% water and acetonitrile–methanol
1:1, v/v) were considered as the optimum conditions for PLE on-
ine purification with an extraction recovery of 69.6–89.3%. When
pplied to the fish samples, it was obvious that the extract from
he PLE on-line purification was cleaner than that without on-line
urification.

The PLE parameters were selected based on the optimized on-
ine purification conditions. The extraction percentage of the target
DCs was more than 80% in cycle 1, about 5–10% in cycle 2, and
ess than 3% in cycle 3 (Fig. S1, Supplementary material). Therefore,
hree cycles are sufficient for the complete extraction of target EDCs
rom fish samples. As shown in Fig. 4a, the recovery rates for E1, E2
nd EE2 are all more than 90% and show no significant difference
n various durations of static extraction. However, for E3 and BPA,

 min  of static extraction shows the best recoveries. The recovery
ates of target EDCs at different extraction temperatures are shown
n Fig. 4b. For E1, E2 and EE2, the recoveries slightly decrease with
n increase in the temperature from 40 to 100 ◦C; while for E3
nd BPA, the recoveries first increase and then decrease when the
xtraction temperature was set above 60 ◦C. In the extraction pro-
ess, heating was generally considered to increase the kinetics of
he extraction [39], but it was shown that E3 and BPA experience
hermal degradation when the temperature is above 60 ◦C. There-
ore, the extraction temperature was set at 60 ◦C to achieve >80%
ecovery for each target EDC.

.3. Optimization of the cleanup procedure

Freezing-lipid filtration was reported to be used in the clean-up

f biological samples (such as fish and meat), which can elimi-
ate about 90% of lipids in extracts without any significant loss of
he target compounds [32,33,40].  N-hexane was usually applied to
liminate non-polar lipid in analysis of polar compounds. Recently,
EE2 106 2.8 107 1.0
BPA 96.3 3.7 165 26

SPE was  most frequently applied to cleanup complex matrix, among
all the SPE cartridges, HLB SPE cartridge was known to have
the unique ability to retain a wide spectrum of compounds, and
reported to show the best recoveries of phenolic and steroidal EDCs
in water [41].

Freezing-lipid filtration combined with n-hexane defatting
(Protocol 1) and SPE with n-hexane washing (Protocol 2) were used
as two  clean-up alternatives. As shown in Table 2, protocol 1 obtains
satisfactory recoveries of 93.0–106% with RSDs of 1.7–5.1%. The
freezing points of the target EDCs are far below −24 ◦C, at which
most lipids could be precipitated or condensed and easily removed
by filtering. However, in protocol 2, the recovery of E3 declines to
66.4% with an RSD of 17%, and BPA recovery is 165% with an RSD of
26%. It is probably due to the contamination from SPE cartridge. In
addition, the efficiency of SPE is generally sensitive to the elution
solvent, flow rate, and sample properties [41]. The SPE technique
is generally effective for the concentration and clean-up of water
or sediment samples. However, when it is applied to fish samples,
lipid elimination is not as effective and further clean-up is required.
Therefore a simple and low cost clean-up procedure described in
protocol 1 is suggested for fish samples.

3.4. Method validation

Blank samples were inserted into each batch to check for back-
ground contamination and no target EDCs were detected from the
blank controls in our experiments. The ME  was evaluated by a com-
parison of the responses of standard compounds in a neat standard
solution and spiked fish sample (after pretreatment), and replicated
five times. The ME  was  calculated with formula (1) [42].

Matrix effect (ME)% = 100 ×
(

B

A

)
(1)

A is the corresponding peak area of each analyte in the neat
standard solution and B is the peak area of each analyte obtained
in the spiked blank fish samples.

The MEs  of target EDCs are 115, 113, 101, 114 and 111% for E1,
E2, E3, EE2 and BPA, with RSDs of 3.1–5.0%. The ME  of each target
EDC is greater than 100% except for E3, which is approximately
equal to 100%, indicating that after preparation, the fish samples
exhibit a certain ME  on signal enhancement for E1, E2, EE2 and
BPA. However, when quantified by an internal standard method,
the MEs  of the target compounds could be modified. According to a
method described by Maragou et al. [38], the MEs  were examined
by constructing a correlation curve based on two sets of analytical
parameters (ratio of analyte peak area to internal standard peak
area). These parameters were obtained from spiked fish samples
after sample preparation (plotted on the y axis) and the standard
solutions of target EDCs (plotted on the x axis) at five fortification
levels (5, 10, 50, 100 and 200 ng/ml) spiked with 50 ng/ml internal
standard, respectively. The statistical parameters of the correlation

curves for the ME  evaluation are presented in Table 3. It turns out
that the confidence interval of slope (b) contains the value 1 and
the confidence interval of the intercept (a) contains the value 0.
Therefore, the regression equation of the correlation curve could
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Fig. 3. Extraction efficiencies of target EDCs from spiked blank and fish samples* under different on-line purification conditions.

Fig. 4. Recoveries of target EDCs from spiked fish (a) under different static extraction times and (b) at different extraction temperatures.

Table  3
Statistical parameters of the correlation curve of analytical parameters of spiked fish samples and standard solutions.

Compound E1 E2 E3 EE2 BPA

Slope (b) 1.0338 1.0147 0.9027 1.0295 1.0409
Standard deviation of slope (Sb) 0.0513 0.0432 0.0377 0.0320 0.0403
Intercept (a) 0.0548 0.0129 0.0195 0.0112 −0.0207
Standard deviation of intercept (Sa) 0.0490 0.0331 0.0226 0.0258 0.0348
Square  correlation coefficient (r2) 1 0.9999 0.9999 0.9999 0.9998
Number  of test replicates (n) 5 5 5 5 5
t  (confidence level: 95%, degrees of freedom: 4) 2.7764 2.7764 2.7764 2.7764 2.7764
Confidence interval 95% b: b ± t × Sb/sqrt(n) [1.0973, 0.9703] [1.0681, 0.9613] [0.9493, 0.8561] [1.0691, 0.9899] [1.0908, 0.9910]
Confidence interval 95% a: a ± t × Sa/sqrt(n) [0.1157, −0.0061] [0.0540, −0.0282] [0.0475, −0.0085] [0.0432, −0.0208] [0.0225, −0.0639]
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Table 4
The mean recoveries (RSD)% for EDCs of fish samples spiked at three levels and the method LODs and LOQs.

Compound Spiked level (ng/g dw) LOD (ng/g dw) LOQ  (ng/g dw)

5 50 100

Intra-day Inter-day Intra-day Inter-day Intra-day Inter-day

E1 90.8 (12) 93.7(4.3) 103(0.92) 98.8(6.2) 99.4(3.5) 92.3 (11) 0.05 0.08
E2  90.0(9.0) 95.3(7.9) 96.0 (3.0) 96.4(5.1) 89.9(3.1) 92.3 (3.8) 0.06 0.11
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E3  73.6 (16) 74.5(1.8) 72.1 (4.3) 75.7(8
EE2 100  (13) 102 (2.8) 107 (1.0) 97.7(8
BPA 88.8(6.3) 86.8 (16) 108 (11) 101 (1

e described as y = x for the target EDCs except for E3, in which the
 is slightly less than x. As a result, the analytical parameters of
he spiked fish samples and standard solutions have no significant
ifferences at the 95% confidence level for E1, E2, EE2 and BPA.
enerally, the MEs  are mainly eliminated by an internal standard
ethod to determine target EDCs from fish samples.
The linearity of the UHPLC–MS/MS system for EDC determina-

ion was examined with a calibration curve, made by detecting
even different concentrations (1, 5, 10, 50, 100, 200 and 500 ng/ml)
f standard solutions spiked with 50 ng/ml of internal standards,
espectively. The linear regression analysis of the concentration and
he response (analyte peak area/internal standard peak area) of the
nstrument obtained satisfying results with correlation coefficients
xceeding 0.9999.

The method LODs and LOQs of target EDCs were measured by
piking blank fish samples at a series of different concentrations,
nd seven replicates were set for each concentration. The LOD
nd LOQ were determined as the analyte concentration that corre-
ponds to a signal/noise (S/N) ratio of 3 and 10 [16,36],  respectively.
s shown in Table 4, the LODs are between 0.04 and 0.08 ng/g dw,
hile the LOQs are from 0.07 to 0.27 ng/g dw,  which are far lower

han previous methods (Table 1).
In order to validate the precision and accuracy of the method,

lank fish samples spiked with three fortification levels (5, 50, and
00 ng/g) of target EDCs that contained 50 ng internal standard,
espectively, were analyzed within one day with five replicates for
he intra-day assay, and the five replicates were further determined
n five different days over one week for the inter-day assay. The

ean recoveries of the target EDCs in the fish samples ranged from
1.2% to 108% at spiked levels of 5, 50 and 100 ng/g, with RSDs less
han 16% (Table 4). The results of the experiments confirmed that

he method described above is validated with good reproducibil-
ty and satisfactory precision and accuracy for the simultaneous
etermination of steroidal and phenolic EDCs from fish samples.

Fig. 5. Analysis procedure for EDCs in fish-muscle.
71.2 (10) 74.1 (5.5) 0.04 0.07
103 (5.1) 100 (4.2) 0.08 0.27
101 (5.3) 100(0.94) 0.05 0.12

3.5. Application of the method

The method developed in this study is described in Fig. 5 and
further applied to 30 fresh water fish samples purchased from
Tongchuan Aquatic Product Market in Shanghai, January 2012.
An example of MRM  chromatograms of target EDCs in real sam-
ples is shown in Fig. S2 (Supplementary material). The testing
results showed that E1, EE2 and BPA were detected (above the
LOQ) in all fish samples at levels of 0.09–0.22, 0.47–0.84, and
1.97–8.47 ng/g dw,  respectively, while E2 was found in 12 of the
fish samples at a concentration of 0.12–0.60 ng/g dw and E3 from
0.13 to 1.13 ng/g dw in 15 of the fish samples. Obviously, BPA con-
centrations were relatively higher than other EDCs in fish samples
analyzed in this study.

4. Conclusions

This study has developed a sensitive method based on the
PLE followed by UHPLC–MS/MS for simultaneously determining
steroidal and phenolic EDCs, including E1, E2, E3, EE2 and BPA,
in fish samples. The PLE technique which uses on-line purifica-
tion with 5 g alumina (containing 5% water) produces the best
extraction efficiency, and the optimized parameters are as fol-
lows: 3 extractions with acetonitrile–methanol (1:1, v/v) solvent
at 60 ◦C and static extraction for 5 min. The clean-up procedure of
freezing-lipid filtration combined with n-hexane defatting has a
better performance than HLB SPE clean-up, representing low cost
and high efficiency in purification. This method is validated to give
satisfactory accuracy and precision, and present no ME  through
the use of internal standards. Therefore, a low LOQ in the method
could be realized and trace level concentrations of target EDCs
are detected in the fish samples from the local market as low as
0.09 ng/g dw based on the high sensitivity of the detection system
and “clean” samples after pretreatment.
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