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a b s t r a c t

A fast liquid chromatography time-of-flight mass spectrometry (LC–TOFMS) method has been developed
for simultaneous quantitative multiclass determination of residues of selected antibiotics and other vet-
erinary drugs (benzalkonium chloride, ethoxyquin, leucomalachite green (LMG), malachite green (MG),
mebendazole, sulfadiazine, sulfadimethoxine, sulfamethazine, sulfamethizole, sulfanilamide, sulfapyri-
dine, sulfathiazole and trimethoprim) in shrimps. Different sample treatment methodologies were tested
for the extraction of the targeted species based on either liquid partitioning with different solvents, solid-
phase extraction or and matrix solid-phase dispersion. The final selected extraction method consisted of
solid–liquid extraction protocol using acetonitrile as solvent followed by a clean-up step with primary
secondary amine (QuEChERS). Recovery rates for the extraction of the selected multiclass chemicals
were in the range 58–133%. Subsequent identification, confirmation and quantitation were carried out
by LC–TOFMS analysis using a reverse-phase C18 column with 1.8 �m particle size. The confirmation of
the target species was based on accurate mass measurements of the protonated molecules ([M+H]+) and
their fragment ions, obtaining routine accuracy errors lower than 2 ppm in most cases. The optimized
LC–TOFMS method displayed excellent sensitivity for the studied analytes, with limits of detection (LODs)
in the range 0.06–7 �g kg−1. Finally, the proposed method was successfully applied to the analysis of 12
shrimp samples collected from different supermarkets, showing the potential applicability of the method
for ultratrace detection of these chemicals in such complex matrix.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The use of veterinary drugs in food production has been an
issue of increasing concern for consumers during the last years.
For instance, the intensive use of chemotherapeutic agents to treat
infectious diseases in aquaculture has led to a frequent occurrence
of drug-resistant microorganisms (including multiple-antibiotic
resistant bacteria). In fact, in Europe there are currently in force
some regulations establishing maximum residue levels (MRLs) for
various antibiotics in fish [1,2], including, among others, sulfon-
amides, tetracyclines and emamectin. Other veterinary drugs (e.g.
malachite green (MG) and its main metabolite, leucomalachite
green (LMG)) are not authorized for use in food producing ani-
mals in the EU, USA and Canada. For these banned substances, the
European Commission have established minimum required perfor-
mance limits (MRPLs) in food, defined as “minimum content of an
analyte in a sample, which at least has to be detected and confirmed”
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[3–5]. Thus, in order to monitor properly these products in aquatic
animals, sensitive, fast and accurate analytical methods have to be
developed.

Multi-residue analysis of veterinary drugs at trace levels in
seafood matrices, such as shrimps, is a challenging task taking into
account the inherent complexity of the matrix. The simplification of
sample treatment steps (typically previous to mass spectrometry-
based measurements) is of great relevance in such applications. The
desirable features of alternative methodologies are low organic sol-
vent consumption, reduced labor time and the use of cheaper and
disposable material. A variety of sample treatment methodologies
have been tested in the last years for the analysis of antibacterial
residues in foods [6]. A wide array of the proposed procedures for
analyzing veterinary drug residues in food-producing animal tis-
sues employs liquid-phase extraction [7]. Solid-phase extraction
(SPE) is the most widely used technique for the clean-up of the
extracts. The combination of liquid-phase extraction followed by
SPE clean-up step has been satisfactorily applied, for example, to
the analysis of several antibacterials in salmon [8] and chicken
[9] tissues. Matrix solid-phase dispersion (MSPD) extraction has
been also used for the determination of different antibacterials in a
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Fig. 1. Chemical structures of the selected multi-class antibiotics.

great variety of foodstuffs [6]. Other methodologies such as pressur-
ized liquid extraction (PLE), microwave assisted extraction (MAE)
or solid-phase microextraction (SPME) have also been employed
[6].

With regards to the determination step, liquid chromatog-
raphy has been extensively used for the analysis of veterinary
drugs in seafood and fish. Several LC methods have been reported
using UV–vis detection and confirmation by mass spectrometry for
the determination of MG and LMG in fish and shrimps [10,11],
tetracyclines in shrimps [12], or sulfonamides in salmon [13].
Because of the increasingly demanding requirements of sensitivity,
liquid chromatography–tandem mass spectrometry (LC–MS/MS),
using triple quadrupole MS, is currently the preferred technique
for residue analysis of antimicrobials in food [14–18], although

accurate mass full scan MS techniques as time-of-flight mass spec-
trometry (LC–TOFMS) has also been recently applied [8,19–24].

The aim of this work is to develop an analytical method
for the sensitive determination of 13 multiclass antibiotics
and veterinary drugs in shrimps using fast liquid chromatog-
raphy electrospray time-of-flight mass spectrometry. Different
sample treatment methodologies based on solid–liquid extrac-
tion, solid-phase extraction or matrix solid-phase dispersion
have been evaluated for the extraction of the selected chemi-
cals from seafood. Method performance in terms of sensitivity,
LODs, linearity and matrix effects has been evaluated in
detail. Finally, the proposed method was successfully tested
with different samples of different origin purchased in local
markets.
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