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Abstract
A quick screening method of more than 200 pharmaceutical and other residues in aquatic foods based on ultrahigh-performance
liquid chromatography–quadrupole-Orbitrap mass spectrometry (UHPLC-Q/Orbitrap MS) was established. In this method, after
the addition of 200 μL of 1 M EDTA-Na2, 2 g of each sample homogenate was extracted successively with 10 mL of acetonitrile
and 10 mL of ethyl acetate. The extracts were combined, dried under nitrogen flow, and redissolved in 0.1% formic acid in
acetonitrile/water (4:6, v/v) for analysis. The prepared samples were analyzed by UHPLC- Q/Orbitrap MS system in Full MS/
ddMS2 (full-scan data-dependent MS/MS) mode. Compound identification was performed through comparison of the sample
data with the database for standard chemicals, including the retention time, precursor ion, product ions, and isotope pattern for all
206 compounds. Five different aquatic food matrices (carp, shrimp, crab, eel, and mussel) spiked with the analytes at 1, 10, and
50 ng/g were evaluated to assess recoveries, precision, matrix effects, stability, and detection limits using the method. UHPLC
analyses required 25 min, and 178–200 analytes met identification criteria at 50 ng/g depending on the matrix. Furthermore,
practical application of this method for real samples displayed strong screening capability.
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Introduction
Aquaculture provides a large part of the food from farming of
freshwater or marine areas [1]. The frequent use of veterinary

drugs is unavoidable and plays an important role in the preven-
tion and treatment of aquaculture diseases, promoting growth
and feed efficiency, or improvement of the cultural environ-
ment [2]. In addition, the aquaculture environment and the crop
origin feed may induce the risk of exposure to unexpected
contaminants passed from the water cycle [3] and residues in
the crop component of feed [4]. Furthermore, the misuse or
illegal use of veterinary drug in disease prevention and treat-
ment as well as undesirable contamination from water or feed
would lead to high risk associated with these component resi-
dues [5–8]. Therefore, a series of detection techniques must be
developed to monitor and inspect the presence of these residues
in aquatic foods [9–18]. To better monitor the safety of foods, it
is especially preferable to develop generic methods which are
capable of detecting as many different classes of concerned
compounds as possible [19]. In the last few years, methods
based on ultrahigh-performance liquid chromatography
coupled to high-resolution mass spectrometry (UHPLC-
HRMS) have been increasingly explored [20, 21].

There have been increasing reports on multiresidue screen-
ing in different food matrices based on UHPLC-HRMS.
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Initially, time-of-flight mass spectrometry (TOF-MS) was
used in the development of screening methods for residues
in various food matrices [22]. TOF-MS exhibits good perfor-
mance for the monitoring and identification of a wide range of
pharmaceuticals and contaminants [23]. However, TOF-MS
cannot simultaneously perform positive and negative detec-
tion modes, thereby limiting its application for a large number
of target residues when both ionization modes are required
[24]. Compared to TOF-MS, the Orbitrap mass spectrometry
shows excellent performance in terms of its much higher mass
resolution and fast switching between positive-ion and
negative-ion modes [25, 26]. Therefore, the capacity of
Orbitrap-based mass spectrometry expands the scope and di-
versity of compounds suitable for screening.

Methods for screening pharmaceutical residues or contam-
inants in aquatic food are based on either TOF-MS or Orbitrap
MS [27]. A qualitative LC-Q-TOF MS screening method for
143 veterinary drugs and pharmaceutical residues for fish tis-
sues was investigated [28]. Using UHPLC- Q/Orbitrap MS,
Jia et al. developed an untargeted screening method for 137
veterinary drugs and their metabolites (16 categories) in tilapia
[29]. Turnipseed established a wide-scope screening method
for 70 veterinary drugs in fish, shrimp, and eel using Q/
Orbitrap MS [20]. In fish tissues, 133 pesticides and 24 poly-
cyclic aromatic hydrocarbons were screened successfully
through GC- Q/Orbitrap MS [30]. However, the scopes of
the target compounds and matrices are specifically limited.
Our study aims to develop a more generic screening method
for a wider scope of residues and targeting more compounds
simultaneously. In this research, a quick screening method in
aquatic food, including 20 categories of pharmaceutical and
other residues, was established.

Materials and methods

Chemicals and reagents

All the standards of pharmaceutical and other residues (high
purity grade, >90%) were purchased from Dr. Ehrenstorfer
GmbH (Augsburg, Germany). Acetonitrile (MeCN) and
methanol (MeOH) of HPLC grade were obtained from J.T.
Baker (USA). Formic acid (FA, LC-MS grade, Fisher
Scientific, Spain) was used. All the other reagents were pur-
chased from common domestic suppliers.

Preparation of standard solutions

Stock standard solutions of individual compounds (around
100 mg mL−1) were prepared in MeOH and stored at
−42 °C in brown glass volumetric flasks. FA (1.2 mg mL−1)
was added to enhance solubility when the standard was not
well dissolved. Standard solutions of different concentrations

were prepared by mixing or diluting the stock solutions with
MeOH and were also stored at −42 °C.

Instrumentation

An ultrahigh-performance liquid chromatography (UHPLC)
system (DionexUltiMate 3000, Thermo Fisher Scientific)
coupled to a quadrupole-Orbitrap mass spectrometer with
electrospray ionization (Q-Exactive, Thermo Fisher Scientific)
was used for data acquisition. An Accucore RP-MS C18 col-
umn (2.1 × 100 mm, 2.6 μm, Thermo Fisher Scientific, USA)
was employed to perform sample separation with a thermostat
at 30 °C. The binary mobile phases were 0.1% FA in MeCN
(A) and 0.1% FA in water (B). Their gradient elution was
started with 5% (A) 0.1% FA in MeCN for 3 min, then linearly
increased to 100% in 19min, and kept constant for 3min. In the
end, the eluent was restored to the initial conditions for 5 min to
re-equilibrate the column for the next injection. The flow rate
was kept at 0.3 mL min−1 for the whole elution process. The
injection volume for analysis was 10 μL for each sample.

The electrospray ionization was operated in both positive
and negative mode, with the following parameters: spray volt-
age, 3200 V (positive mode), 2800 V (negative mode), sheath
gas flow rate at 8 Lmin−1, auxiliary gas flow rate at 10 Lmin−1,
sweep gas flow rate at 1.5 L min−1, capillary temperature at
325 °C, S-lens RF level at 60 V. The HRMS was acquired
under Full MS/ddMS2 (with inclusion list) mode over the mass
range m/z 100–1000 (positive mode) and 150–1000 (negative
mode). The Full MS/ddMS2 with inclusion list (full-scan data-
dependent MS/MS) mode could simultaneously record the pre-
cursor mass and the MS/MS (fragmentation) spectra for the
selected precursors. A full MS scan (resolution, 70,000) was
conducted to search for the target ions in the inclusion list to
perform the MS/MS acquisition (resolution, 15,000) for the
selected ions (isolation window, 1.0 m/z). For each round of
fragmentation acquisition, the top 5 (TopN, 5, loop count 1)
most abundant precursors above the threshold 5e4 were se-
quentially transferred into the C-Trap (AGC, 5e4 Max IT,
80 ms) for collision at normalized energies (NCE, 20, 50, 80)
in HCD multipole and transferred to Orbitrap for MS/MS ac-
quisition. For compounds which cannot be well fragmented at
the NCE, NCE was optimized and preset into the inclusion list.

All the parameters of the UHPLC- Q/Orbitrap MS system
were controlled through the TraceFinder software.

Sample preparation

The brief procedure for sample preparation is shown in Fig. 1.
Two grams of each properly homogenized aquatic food sample
was weighed in a 50-mL centrifuge tube. Then 200 μL of
EDTA-Na2 (0.1 M) and 10 mL of MeCN were added. The
sample was mixed for 30 s in a grinder, vortexed for 5 min,
and placed in an ultrasonic bath at 40 °C for 10 min. After

5546 Kong C. et al.



being vortexed for another 5min, the sample was centrifuged at
10,000 × g for 10 min. The supernatant was transferred into a
glass tube. Afterwards, 10 mL of ethyl acetate (EtOAc) was
added into the sample tube to repeat the above extraction pro-
cedure. TheMeCN and EtOAc supernatant were combined and
dried under nitrogen flow at 40 °C. Then, the resulting residues
were dissolved in 1 mL of 0.1% FA in MeCN/water (2:3, v/v)
and then filtered through a 0.22-μm nylon syringe filter for
subsequent UHPLC- Q/Orbitrap MS analysis.

Establishment of database and identification criteria

All the standard solutions of analytes (100 ng mL−1) were an-
alyzed through the UHPLC- Q/Orbitrap MS system, using
aforementioned parameters. Them/z of the precursor ion, reten-
tion time (RT), and fragment ions (FI) were acquired through
analysis, while the isotope pattern of the precursor was auto-
matically calculated by TraceFinder software. Afterwards, a
database containing m/z of precursor ion (peaks), RT, m/z of
FI, and isotope pattern was built in TraceFinder. Screening of all
the analytes was performed by TraceFinder with the self-built
database. The identification criteria were established as follows:
allowed m/z deviation of precursor ion was 3 ppm, allowed RT
deviation was ±15 s, at least one fragment ion match with
allowed m/z deviation at 20 ppm, and the fit threshold for pre-
cursor isotope pattern was 75% with allowed mass deviation at
10 ppm, and allowed intensity deviation less than 25%.

Matrix effect measurement

The matrix effect (ME%) was based on the ratio between the
signal area in matrix-matched standard solution (A) and the

signal area in standard solution (B) of identical concentration
for each compound, calculated as the following equation:

ME% ¼ A
B
−1

� �
� 100%

It is apparent that ME% above 0 shows matrix enhance-
ment and ME% below 0 stands for matrix suppression. In our
experiment, ME% values between −20% and 20% are usually
considered as acceptable for a non-matrix calibration, while
ME% values outside of this range represent a strong matrix
effect. In this research, six blank samples of each matrix were
extracted and spiked with 100 ng mL−1 analytes separately. In
combination with standard solutions of analytes, these sam-
ples were analyzed for matrix effect measurements. All the
data was calculated through the average peak area of each
analyte.

Method validation

Sensitivity, stability, and recovery in different matrices

To examine the method performance in screening of the con-
cerned analytes, blank samples (carp, shrimp, crab, mussel,
and eel) were spiked with all analytes at 1 μg kg−1,
10 μg kg−1, and 50 μg kg−1, respectively. All of these samples
were analyzed by our method to investigate the profile of
confirmable analytes in different matrices at each spiked level.
The recoveries of analytes were calculated through the ratio
between the blank samples spiked with equivalent analytes
before and after pretreatment. Each sample was spiked with
all analytes, well mixed, and kept at room temperature for 1 h
to simulate the real positive samples. Each matrix at a spiked
level was tested in six replicates. Sensitivity and recovery
were evaluated on the basis of the average of six replicates,
and the relative standards deviation (RSD) of the six replicates
was used to evaluate the reproducibility of the method.

Practical application test

To further validate the feasibility of the method for wide-scope
screening of real samples, 24 samples of aquatic food from
different markets in China were collected and analyzed. The
results were evaluated through the profile of positive analytes
in different samples and their consistency with a specific de-
tection method for single class compounds. The positive sam-
ples from screening were also roughly quantified through a
single-point matrix-matched standard together with corre-
sponding recovery calibration calculated at an appropriate
spiking concentration. Firstly, the positive samples produce
signal response (Ax) for analytes of interest. The positive sam-
ples were spiked with appropriate amounts of corresponding
analytes (X0), and again analyzed through this method. The

Fig. 1 Schematic diagram of sample preparation for multiresidue
screening in aquatic food
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discrepancy (A0) between signal response before and after
spiking in the samples accounts for the addition of analytes.
On the basis of the ratio between Ax and A0, as well as the
recoveries of analytes (Rx), the amounts of analytes of interest

is calculated as X ¼
Ax
A0
X 0

� �
Rx

.

Results and discussion

Working principle of full MS-ddMS2 scan mode
for qualification and the importance of resolution

Full MS-ddMS2 collects accurate mass of the positive and neg-
ative precursor ions with fast alternate mode switching, which
would be set as the first standard for identification of analytes.
When the signals of the precursors reach a given intensity, the
defined most abundant precursors are isolated through the
quadrupole, fragmented in the HCD multipole, collected in
the C-trap, and their high-resolution mass is recorded with the
Orbitrap mass spectrometer. Therefore, it is the accurate mass
of precursors that is continuously tracked instead of their frag-
mentation ions. Theoretically, each chromatographic peak of a
precursor ion of an analyte would give the quantification data
during the peak recording process. At the same time, the cor-
responding fragmentations for the precursors underwent iden-
tification and confirmation. The resolution for the acquisition
of precursors and fragments affects the quality of identification.
Higher resolution gives more accurate results for identification.
However, higher resolution data acquisition takes a longer time,
and compromises the time resolution of the chromatograph.
Accordingly, we applied higher resolution (70,000) for precur-
sor acquisition and lower resolution (15,000) for fragment ac-
quisition, which can give 5–8 points of sampling per second for
precursor acquisition and the speed for fragment acquisition
would not have too much effect when the analytes are detected.
Under these optimized conditions, the discrepancy for precur-
sor and fragment ion acquisition can be less than 3 ppm and
20 ppm, respectively, which was validated when positive sam-
ples were tested each time.

Identification criteria

Guidelines for identification with HRMS have been taken into
comprehensive consideration [31, 32]. Identification of the
concerned analytes was performed through comparison of
tested results with the database of chromatographic and mass
spectroscopic information of all the standards. Besides the
identical chromatographic information between sample and
standards, their mass information should attain a given num-
ber of identification points (IPs) through comparison. As
HRMS data was collected, 2 IPs are earned if the precursor

ion matches, and 2.5 IPs are earned for each of their product
ions [33, 34]. Usually, 4.5 IPs are enough for the identification
of all compounds. In this experiment, comparison of isotope
patterns of precursors within a given criterion leads to higher
IPs for structure identification. As a result, the confirmation of
analytes should give a strict and reliable result. The database
of standard chemicals is displayed in the Electronic
Supplementary Material (ESM, Table S1).

Optimization of extract solvent

It remains a significant challenge to find a generic solution for a
wide scope of compounds with different physical and chemical
properties. However, it is better to get as many compounds
extracted as possible, where the preferable compounds are all
included. MeCN and EtOAc are usually the most commonly
used solvents for extracting analytes from samples with rela-
tively good recovery and stability. In our method, we applied a
two-step extraction using two generic solvents of different po-
larity, MeCN and EtOAc, which usually dissolve a wide range
of compounds in various samples [35]. It is clearly shown in
Fig. 2a that the sequence of solvents for extraction and the used
solvent substantially affect the outcomes of extraction. In
Fig. 2a, there is not too much difference in the number of
compounds extracted from different solvents and steps between
the combination of MeCN+MeCN and MeCN+EtOAc. The
compounds extracted from the second step are completely o-
verlapped with the first step. A total of 167 analytes were iden-
tified at the spiked level of 10 μg kg−1. The combination of
EtOAc+MeCN also extracted 167 analytes; 53 and 20 of these
analytes were identified in EtOAc and MeCN, respectively,
which are not overlapped. It is shown in Fig. 2b that more
compoundswere extracted at recoveries of 70–120% and great-
er than 120% with the solvent combination of MeCN+EtOAc
than the other two combinations. Therefore, MeCN+EtOAc
was selected for the extraction of a wide range of residues in
aquatic products for the subsequent in which more than 200
compounds belonging to 20 categories can be screened out
qualitatively at 50 μg kg−1.

We tried different solvents in combination with the commer-
cially available Oasis PRiME HLB SPE or d-SPE of C18 and
PSA to clean up the extract for screening. A total of 252 com-
pounds were spiked and examined, and all three types of SPE
could only extract around 130 compounds at 10 μg kg−1 spiking
level. At each step of cleanup, it is likely that some of the targets
were lost. Attempts to use SPE to extract and clean up samples
for screening of such a wide range of compounds failed.

Effect of matrix component on recoveries of analytes
during analysis

The component profile in the extract can be displayed through
the total ion chromatogram, as shown in Fig. 3. For the matrix
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components extracted from all of the five samples (carp, shrimp,
crab, eel, andmussel), most of the components were eluted in the
first 0.5–5 min and the following 8–22 min. Matrix components
from mussel seem to be more complicated in the range of 8–
22 min compared to other samples. Most of the analytes were
detected with a retention time between 5 and 15 min, when a
comparable high matrix component was also eluted out.
Nevertheless, these compounds could still be screened with a
high portion of co-eluting components. Between 15 and
20 min when the most matrix components eluted out, analytes
were also screened out (see ESM, Fig. S1). Thematrix complex-
ity can affect the co-extraction of analytes during pretreatment,
and further result in different recoveries. These experimental
results demonstrated the excellent performance of the UHPLC-
Q/Orbitrap MS system regarding its tolerance to high matrix
contents and resolution stability.

Matrix effect evaluation

Matrix effects frequently occur in mass spectrometry analysis
when electrospray ionization (ESI) is employed and happen
when the matrix components co-elutedwith the analytes either
enhance or suppress the ionization of the analytes by a syner-
gistic or antagonistic effect, and further affect the MS signal
intensity. Besides, the Orbitrap mass spectrometer can also
show signal suppression when an overabundance of ionized
analytes and matrix components is present in the C-trap. As
this research aims to develop a generic sample extract method
and no specific cleanup method was utilized, the presence of
large amounts of co-extracted matrix component is reason-
able. It would give a matrix effect in the ESI process, and

further affect the signal response of the mass analyzer, possi-
bly inducing an inferior quality of screening.

As a result, the matrix effect should be evaluated and con-
sidered for subsequent qualification. A strong matrix effect
occurred for 80 analytes in carp, 90 analytes in crab, 108
analytes in shrimp, 131 analytes in eel, and 150 compounds
in mussel (see ESM, Fig. S2). Around half of the total con-
firmable analytes showed a weakmatrix effect in carp, shrimp,
and crab samples. The strongest matrix effect occurred in
mussel samples. The corresponding TIC of the mussel sam-
ples (Fig. 3) shows more complicated and abundant matrix
components. The linear response profile in different matrices
also indicates the matrix effect (see ESM, linearity in different
matrices). Figure 4 shows the matrix effect versus the reten-
tion time of analytes from different matrices. Most of the ma-
trix components that can be ionized were eluted out between 8
and 22 min and the majority of the analytes were screened out
between 5 and 15 min. There was no obvious ME% distribu-
tion on the specific range of retention times for carp and
shrimp, implying less signal influence from matrix extracts.
However, within this time range, more analytes showed strong
matrix effects and broader variation for crab, eel, and mussel
samples, which to some extent agrees with the matrix com-
plexity profile from Fig. 3.

Stability and recovery

To examine the profile of the stability and recovery of our
method, a series of different samples were spiked with all of
the concerned analytes, and analyzed through the screening
method. Figure 5 displays the number of compounds with
different recoveries (a) and relative standard deviation (b) of
screened analytes spiked in different matrices. In carp sam-
ples, 200 analytes were successfully screened out at

Fig. 3 Total ion chromatogram (TIC) of matrix extract in five blank
samples (carp, shrimp, crab, eel, and mussel) on the UHPLC- Q/
Orbitrap MS system

Fig. 2 Number of compounds extracted and identified in separate steps
for different solvent combinations (a), and the number of compounds
with different recoveries for analyte-spiked samples (Carp) (b). Spiked
level, 10 μg kg−1
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50 μg kg−1. For these screened compounds, 160 of them can
be recovered between 50% and 120%, 94% of which gave
RSDs less than 15%. In shrimp samples, when spiked at
50 μg kg−1,176 compounds can be recovered between 50%
and 120%, 98.3% of which had RSDs below 15%. The recov-
eries varied obviously for crab, eel, and mussel. This can be
attributed to the complexity of these matrices. Nevertheless,
more than 74% of the RSDs for analytes in these three matri-
ces were still kept below 15%, which indicates a desirable
stability of our method. The detailed information on RSD
and recoveries for each analyte in different matrices is shown
in the ESM (Table S2 and Fig. S3). As a screening method, the
capability of accurate and stable qualification should be con-
sidered as a priority. The low RSD values for most of the
screened analytes indicate the reliability of our method regard-
ing the stable extraction efficiency and uniform signal re-
sponse with complicated matrix components; these results
help to definitely judge the screened residues. Therefore, the
feasibility of our method in reliable screening of a wide scope
of residues in various aquatic foods can be guaranteed.

Sensitivity of screened analytes in different matrices

To examine the sensitivity of the screening method for all the
concerned analytes in different matrices, the numbers of com-
pounds screened out at different spiked levels are displayed in
Fig. 6. As different matrix components were extracted in these
matrices, their effects on the screening of analytes also vary.
The variation can be caused by the matrix disturbance on the
analyte extraction and electrospray ionization for mass spec-
trometry analysis. In the five matrices, 200 analytes can be
identified at 50 μg kg−1 for both carp and shrimp, and 181,
178, and 180 of the analytes were screened out for crab, eel,
and mussel, respectively (Fig. 6). Furthermore, at the spiked
level of 10 μg kg−1, 174, 170, 142, 124, and 135 of the com-
pounds were detected for grass carp, shrimp, crab, eel, and
mussel, respectively (Fig. 6). Moreover, 100, 95, 45, 54, and
60 of the analytes were confirmed at 1 μg kg−1 for carp,
shrimp, crab, eel, and mussel, respectively (Fig. 6). The de-
tailed screening profile for each analyte in different matrices is
shown in the ESM (Table S3 and Fig. S4). Most of the iden-
tified compounds at 1 μg kg−1 distribute at the retention time
between 5 and 15 min, where the co-eluted matrix

Fig. 4 Matrix effect of different analytes detected in five different
matrices (carp, shrimp, crab, eel, and mussel) versus their retention time
on the UHPLC- Q/Orbitrap MS system; spiked level in the blank sample
solution, 100 ng mL−1

Fig. 5 Number of compounds
with different recoveries (a) and
relative standard deviation (b) of
screened analytes spiked in
different samples (carp, shrimp,
crab, eel, and mussel) at
50 μg kg−1

Fig. 6 Numbers of analytes of different screen limit in different matrices
(carp, shrimp, crab, eel, and mussel)

5550 Kong C. et al.



components are relatively low. For retention time between 15
and 25 min, where a comparably high portion of matrix com-
ponents was eluted, the percentage of analytes identified at
10 μg kg−1 or 50 μg kg−1 increased (Fig. S4). The number
of detected compounds and their screening limit agreed well
with the matrix complexity evaluated through the TIC profile.
These verified results showed the strong capability of our
method in screening for aquatic food safety. We did not cal-
culate the limit of detection for each analyte according to the
signal to noise ratio at a given spiked level, as it seems not
achievable at all for such a low calculated concentration
through the HRMS. Our verified screening limit for qualifica-
tion should be a more practical reference for different analytes
and matrices. Therefore, a more reliable screening result can
be achieved for comprehensive evaluation of the residue pro-
file of a wide range of compounds.

Application to real samples

To evaluate the practicability of the method, 24 real aquatic
food samples collected from markets in different provinces of
China were analyzed. In all the real samples, the most fre-
quently screened residues were ethoxyquin, enrofloxacin, cip-
rofloxacin, and trimethoprim, and their representative extract-
ed ion chromatograms are shown in Fig. 7. Twelve samples
were confirmed to be positive for ethoxyquin, which is an
authenticated antioxidant in feedstuff. It might be transferred
and accumulated during aquaculture by feedstuffs containing
residues of this chemical. Enrofloxacin and ciprofloxacin
were detected in 18 and 11 samples, respectively, which are

approved wide-spectrum quinolone antibiotics in various an-
imal culture industries. Ciprofloxacin is also the metabolite of
enrofloxacin in animals, which means it can be derived from
the enrofloxacin residues [36]. Trimethoprim was detected in
five samples; it is used in combination with sulfonamides for
the treatment of infection, and was also found co-existing with
sulfonamides in some real samples [37].

Detailed information on positive analytes in samples is
shown in the ESM (Table S4). The presence of residues of
enrofloxacin and ciprofloxacin in all of the real samples was
also confirmed through specific quantification methods based
on triple-quadrupole mass spectrometry, which were proved
to be consistent with our screening method. These practical
results demonstrated the feasibility of our methods for wide-
scope screening of 20 categories of 206 pharmaceutical and
other residues in aquatic food.

Conclusions

We have established a quick screening method for 206 resi-
dues including 20 categories of pharmaceutical and other res-
idues in aquatic food based on UHPLC- Q/Orbitrap MS.
Identification was performed through comparison of the sam-
ple data with a database built from standard chemicals, which
can be carried out with very strict tolerance error. Method
evaluations validated the screening of compounds at spiked
levels of 1, 10, and 50 μg kg−1. Practical application of this
method to real samples highlighted the strong screening capa-
bility. These results suggested the desirable reliability, high

Fig. 7 Representative extracted
ion chromatograms of
compounds detected in real
samples
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time efficiency, and simplicity of the method when it was
applied for routine screening of suspicious residues in aquatic
food to meet the requirements of related regulations.
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