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Quantitative analysis of twelve sulfonamides in honey after acidic
hydrolysis by high-performance liquid chromatography with post-column

derivatization and fluorescence detection
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Abstract

A quantitative HPLC–fluorescence method for the simultaneous determination of 12 sulfonamides (sulfaguanidine, sulfanilamide, sul-
facetamide, sulfadiazine, sulfathiazole, sulfapyridine, sulfamerazine, sulfamether, sulfamethazine, sulfamethoxypyridazine, sulfachloropyri-
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dazine and sulfadoxine) in honey was developed and validated. Sample pretreatment included acidic hydrolysis, followed by li
extraction and solid-phase extraction on a strong cation exchanger. LC separation was performed in 45 min, with a total anal
60 min. Identification and quantitation were based on retention time and fluorescence intensity, respectively. Peak area ratios
analytes and the internal standard were fit to a linear least-squares regression curve with a weighting factor of 1/x. Limits of detection an
quantitation (LOQ) had values of 1 or 2 and 2 or 5 ng/g, respectively. Linearity was obtained with an average coefficient of det
(R2) higher than 0.997, over a dynamic range from the LOQ value up to 100 ng/g. The method demonstrated good intra- and
precision and accuracy. No interferences with the peaks of interest were observed throughout the chromatographic run. Sample
provided efficient cleanup, while post-column derivatization with fluorescamine proved to be a reproducible derivatization techniqu
a sensitive and rugged quantitative determination of sulfonamides.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Prevention and treatment of bacterial bee diseases such
as American foulbroud (Bacillus larvae) and European foul-
broud (Streptococcus pluton) with sulfonamides can lead to
residues of these compounds in honey[1]. Residues of these
antibacterial drugs in honey are of major concern because
of their contribution in development of antibiotic-resistant
pathogenic bacteria[2].

No maximum residue levels (MRLs) for sulfonamides in
honey were set in the European Union, which means that
sulfonamides, if present, must be below the limit of quanti-
tation (LOQ) of the analytical method used[3]. Since LOQs
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differ between laboratories, some countries within the E
pean Union have established action limits or tolerated l
Belgium and the United Kingdom for instance have a
limits of 20 and 50 ng/g, respectively, referring to the
of all substances within the sulfonamide-group. Franc
a limit of 10 ng/g for sulfathiazole. All these limits can
will be lowered upon improvement of analytical meth
Switzerland has established a fixed limit of 50 ng/g, r
ring to the sum of initial substances (sulfonamides and
metabolites).

Until now, no metabolites have been defined in ho
However, already in 1981 Belliardo noted that conce
tions decreased over a period of time[4]. In 1989 Low e
al. [5] stated that sulfathiazole disappeared by reaction
reducing-sugar solutions at elevated temperatures. Sh
al. [6] demonstrated that the free aromatic amino gro
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sulfonamides could react with reducing sugars to form a va-
riety of different sugar-bound compounds, which had a dif-
ferent chromatographic behaviour. Sulfonamides were not
destroyed in these reactions, and hydrolysis of most sugar-
bound compounds into the free forms could be achieved by
acidification. Finally, Schwaiger and Schuch[7] proved the
need of an acidic hydrolysis step prior to the analytical de-
termination of sulfonamide residues in honey. They stated
this step avoids an underestimation of an actual contamina-
tion since considerable amounts of bound sulfonamides are
released under the acidic conditions in the stomach.

Over the years a number of colorimetric[8–10], enzyme
immuno assay[6,11,12], radio receptor assay (commercially
available Charm II test), gas chromatographic[7], thin-layer
chromatographic[10,13] and reversed phase high perfor-
mance liquid chromatographic methods[4,7,8,14–24]for the
determination of sulfonamides in honey have been developed.
In view of the relevance for this work a brief overview of
the HPLC methods is given. Some determine only sulfathia-
zole [7,8,14,15,23], while others determine simultaneously
from 3 up to 16 sulfonamides[4,16–21,24]. Surprisingly,
only a limited number of methods include the essential ini-
tial acidic hydrolysis step[7,21–23]. Extraction techniques
for sulfonamides in honey include dissolution[15,17–19,23],
liquid–liquid extraction [7,14,22], solid-phase extraction
(
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tation and emission wavelength of 405 and 495 nm, respec-
tively. The limit of quantitation was 10 ng/g.

Kaufmann et al. [21] developed a method for the
simultaneous determination of 16 sulfonamides and some
other antibiotics. After hydrolysis and dilution with a citric
acid solution and filtration, a portion of the honey filtrate
was adjusted to pH 3.5–4.5 with ammonia and subsequently
loaded onto a conditioned Oasis HLB SPE column. Elution
was performed with acetonitrile, followed by partial evap-
oration and dilution with the mobile phase. Separation was
performed on a Nucleosil C18 HD column with a gradient run
of 19 min. Electrospray ionization (ESI) tandem mass spec-
trometry with a multi-reaction monitoring (MRM) program
was applied as detection technique. The limit of detection
varies from 0.4 to 11 ng/g, depending on the compound. Al-
though this LC–MS–MS method with MRM traces is highly
selective, quantitative analysis is somewhat impractical be-
cause, depending on the origin of the honey, each time a
different calibration is necessary due to matrix-related ion-
ization suppression. As a consequence multiflower honeys
are very hard to quantify using this method.

Verzegnassi et al. developed a qualitative method for the
simultaneous detection of 10 sulfonamides[22]. After hy-
drolysis and adjustment to pH 6.5 with a saturated disodium
hydrogenphosphate solution, a mixture of acetonitrile and
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SPE)[18,20,21], extraction with an organic solvent[4], ex-
raction with an organic solvent followed by liquid–liqu
xtraction[8], liquid–liquid extraction followed by solid
hase extraction[16] and a combination of solid-phase

ractions[24]. A variety of detection techniques such as
4,8,14,17–19], diode array detection (DAD)[15,16], fluo-
escence after pre-column derivatization with fluoresca
7,20,23,24]and electrospray ionization tandem mass s
rometry[21,22]have been applied.

A more detailed description of the four methods with
nitial acidic hydrolysis step is given below. Schwaiger
chuch developed a method for the determination of sulf
zole, but stated that their sample preparation was als
licable to 16 other sulfonamides and their chromatogra
onditions could separate 11 sulfonamides[7]. After hydrol-
sis the sample was adjusted to pH 4.5 with a sodium
roxide solution. A mixture of acetonitrile, dichlorometha
nd sodium chloride was added. An aliquot of the org

ayer was partially evaporated and diluted with water prio
derivatization step with fluorescamine. Separation was

ormed on a Spherisorb ODS2 column with an isocratic ru
0 min. Fluorescence detection was applied at an excit
nd emission wavelength of 405 and 495 nm, respect
he limit of quantitation for sulfathiazole was 15 ng/g.

Martel and Zeggane[23] described a method for the det
ination of sulfathiazole only. An aliquot of the hydrolyz

ample was taken and a mixture of sodium acetate, so
itrate buffer and internal standard solution was added
o a derivatization step with fluorescamine. Separation
erformed on a Hypersil BDS C18 column with an isocrati
un of 10 min. Fluorescence detection was applied at an
ichloromethane was added twice. The combined org
ayers were diluted with dichloromethane. An aliquot w
vaporated to dryness. After addition of an internal stan
he residue was redissolved in a mixture of water-aceton
nd filtered. Separation was performed on a Nucleosil C18HD
olumn with an overall gradient run time of 23 min. Elec
pray ionization tandem mass spectrometry with selecte
ction monitoring (SRM) transitions was applied as detec

echnique. Since this is a qualitative method, an exact d
ion limit could not be given, but the authors stated that
anograms per gram levels could be detected. The au
xtensively addressed the issue of matrix-induced sup
ion of ionization in LC–ESI-MS–MS and concluded t
ven matrix-matched calibration curves could not be
or the quantitation of sulfonamide residues in honey u
heir sample preparation method.

We present a fully validated HPLC–fluorescence met
ombined with prior acidic hydrolysis and post-colu
erivatization, for the simultaneous determination of 12

onamides (Fig. 1) in honey down to levels far below curren
xed limits. The method was applied to honey samples
Belgian honey processing company and to Belgian h

amples collected by the Centre of Agricultural Rese
rom the Scientific Institute of the Flemish Community.

. Experimental

.1. Instrumentation

All experiments were carried out on a LaChrom HP
ystem from Merck–Hitachi (Tokyo, Japan) consisting
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Fig. 1. Chemical structures of the studied sulfonamides.

L-7612 solvent degasser, a L-7100 pump with low pressure
gradient accessory, a L-7200 autosampler, a L-7360 column
oven, a L-7485 fluorescence detector and a D-7000 interface.
The post-column reagent was delivered by a L-6200 pump
from Merck–Hitachi. All data were acquired and analyzed
using the Multi-HSM software. Centrifugation of the samples
was performed in a MSE Mistral 2000 centrifuge (Breda, The
Netherlands). Evaporation under nitrogen was conducted in
a TurboVap LV evaporator from Zymark (Hopkinton, MA,
USA). Mixing of the samples was performed by a rotary
mixer from Labinco (Breda, The Netherlands) and a Mistral
mixer from Lab-Line (Melrose Park, IL, USA).

2.2. Chemicals and reagents

Sulfaguanidine, sulfanilamide, sulfacetamide, sulfadi-
azine, sulfathiazole, sulfapyridine, sulfamethizole (internal
standard), sulfamether, sulfamethazine, sulfamethoxypyri-
dazine, sulfachloropyridazine, sulfisoxazole, sulfamethoxa-
zole, andp-aminobenzoic acid were purchased from Sigma
(St. Louis, MO, USA). Sulfamerazine and sulfadoxine were
obtained from Riedel-de Haen (Seelze, Germany) and sul-
fadimethoxine from Fluka (Buchs, Switzerland). Reagent-
grade anhydrous sodium acetate, sodium dihydrogenphos-

phate monohydrate, anhydrous sodium sulfate, 2 M hy-
drochloric acid, 5 M sodium hydroxide, orthophosphoric acid
85% and 2-mercaptoethanol were purchased from Merck
(Darmstadt, Germany). Fluorescamine and ammonium hy-
droxide solution 10% were obtained from Fluka (Buchs,
Switzerland). Acetic acid was purchased from Vel (Leu-
ven, Belgium). HPLC-grade water, methanol and acetonitrile
were obtained from Biosolve (Valkenswaard, The Nether-
lands).

2.3. Honey samples

Honey samples were of different geographical origin (sin-
gle flower as well as multiflower). The samples were stored
at 4◦C in the dark.

2.4. Preparation of standard solutions

Individual primary stock solutions of all standards were
prepared in methanol at a concentration of 1 mg/mL and
stored in the dark at−20◦C until use. Secondary stock solu-
tions, ranging from 1 to 50�g/mL, were prepared by mixing
the individual primary stock solutions of the 12 determined
sulfonamides andp-aminobenzoic acid and further dilution
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with methanol. These stock solutions were stored protected
from light at 4◦C. Working solutions, ranging from 20 to
2000 ng/mL, were prepared by dilution of the stock solutions
with methanol and stored in the dark at 4◦C. Blank honey
samples were fortified with the working solutions to make
honey standards at concentrations of 1, 2, 5, 10, 20, 50 or
100 ng/g.

A primary stock solution of the internal standard was pre-
pared in methanol at a concentration of 1 mg/mL and stored in
the dark at−20◦C until use. A secondary stock solution and
a working solution of the internal standard at a concentration
of 20�g/mL and 400 ng/mL were prepared by dilution with
methanol and were stored protected from light at 4◦C. A 75-
�l volume of this working solution was added to each sample,
giving a final internal standard concentration of 20 ng/g.

2.5. Sample preparation

Sample pretreatment of fortified honey and unknown
honey specimens was performed by hydrolysis of the sam-
ple, followed by a liquid–liquid extraction and a solid-phase
extraction. A 1.5-g honey sample was dissolved in 1.5 mL of
2 M hydrochloric acid. The sample was shaken on a rotary
mixer for 45 min. A volume of 75�L of internal standard
solution and/or working standard solution was added to the
s
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Darmstadt, Germany). Gradient elution with a mixture of
0.020 M acetate buffer (0.0819% (w/v), sodium acetate in
water, adjusted to pH 4.75 with acetic acid)–acetonitrile
(98:2, v/v) (solvent A) and a mixture of the same acetate
buffer–acetonitrile (68:32; v/v) (solvent B), at a flow rate of
0.7 mL/min, was applied. The initial gradient conditions were
2% solvent B, increasing to 35% solvent B in 31 min, with a
final composition of 75% solvent B in 10 min. The column
was flushed for 7 min at 95% solvent B. Initial gradient con-
ditions were re-established immediately and the column was
equilibrated for 12 min. The post-column reagent, a mixture
of fluorescamine–2-mercaptoethanol–acetonitrile–0.021 M
phosphate buffer (0.276%, w/v, sodium dihydrogenphos-
phate monohydrate in water, adjusted to pH 3.0 with or-
thophosphoric acid 85%) (0.025:0.2:25:75, w/v/v/v) was
stored in the dark at 4◦C, and applied at a flow rate of
0.2 mL/min. The reaction coil consisted of a PTFE tubing for
HPLC (10 m× 1/16 in. o.d.× 0.25 mm i.d.; in. = 2.54 cm).
The temperature of the column and the reaction coil was
45◦C. Detection was performed at an excitation wavelength
of 420 nm and an emission wavelength of 485 nm.

2.7. Data analysis

Calibration, using internal standardization, was done over
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ample. The pH was adjusted to 5 by adding 550�L 5 M
odium hydroxide and 750�L of a 1.2 M sodium acetate s
ution. The sample was vortexed for 30 s and extracted
mL of acetonitrile (30 min on a rotary mixer). The mixtu
as then centrifuged for 10 min at 875× g and 7.85 mL o

he upper organic layer was transferred in another centr
ube and dried with 5 g anhydrous sodium sulfate. This
as shaken on a rotary mixer for 5 min and centrifuged
0 min at 875× g. Six milliliters of the upper organic lay
as transferred to a tube and evaporated to dryness at◦C
nder a gentle stream of nitrogen. The residue was rec

uted in 5 mL 1% (v/v, in water) acetic acid and loaded on
ond Elut SCX (500 mg, 3 mL, 40�m) SPE column (Varian
arbor City, CA, USA) conditioned with 3 mL of methan
nd 5 mL of 1% (v/v, in water) acetic acid. The column w
ashed with 3 mL of 1% (v/v, in water) acetic acid and 3
f methanol. The cartridge was allowed to run dry for 5 m
lution was performed with three times 1 mL of a mixture
% (v/v, in water) ammonium hydroxide solution–metha
1:2, v/v). The eluate was evaporated to dryness under a g
tream of nitrogen. The residue was reconstituted in 20�L
% (v/v, in water) acetic acid, vortexed for 1 min and c

rifuged for 2 min at 875× g before injection of 50�L into
he chromatographic system.

.6. Liquid chromatography–fluorescence detection

Chromatographic separation was performed on a P
pher Star RP-18 endcapped column (5�m, 150 mm ×
.6 mm) (Merck), fitted with a Purospher Star RP-18 e
apped guard column (5�m, 4 mm × 4 mm) (Merck
concentration range from 2 or 5 to 100 ng/g. For each
ard curve, five or six different concentrations were u
eak area ratios of the target analytes and the internal
ard were calculated for each concentration. These data
t to a linear least-squares regression curve with a weig
actor of 1/x.

.8. Validation

The following criteria were used to evaluate the meth
ensitivity, linearity, intra- and interbatch precision, accur
ecovery, stability and selectivity.

The sensitivity of the method was evaluated by deter
ng the limit of detection (LOD) and quantitation (LOQ
OD was defined as the concentration with a signal-to-n
atio of at least three, while LOQ was the lowest stan
ith a signal-to-noise of at least 10 and acceptable prec

relative standard deviation (R.S.D.) less than 15%]. B
arameters were determined empirically by analysis of
ies of decreasing concentrations of the sulfonamide-for
oney in multiple replicates.

The linearity of the method was evaluated by calcula
f the regression line by the method of least squares
xpressed by the coefficient of determination (R2). Based on
esidual plots a 1/x weighting factor was applied. Linear
f each of the compounds was determined with at leas
oncentration levels not including the blank matrix.

Precision was evaluated over the linear dynamic ran
hree different concentration levels, i.e. low (LOQ), med
20 ng/g) and high (100 ng/g). Intrabatch precision was
essed by five determinations per concentration in 1
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Interbatch precision was assessed by five determinations per
concentration on five separate days. Precision was expressed
as R.S.D.

Accuracy was evaluated with separately prepared individ-
ual and mixed stock and working solutions of all standards
and the internal standard over the linear dynamic range at
three different concentration levels, i.e. low (5 ng/g), medium
(20 ng/g) and high (100 ng/g). Accuracy was assessed by five
determinations per concentration on five separate days and
was expressed by its average and R.S.D.

The absolute recovery for each analyte was also deter-
mined at low (5 ng/g), medium (20 ng/g) and high (100 ng/g)
concentration. The standard working solutions were added
to the honey samples before and after sample pretreatment.
Since quantitation was performed by the peak area ratios of
the target analytes and the internal standard, the internal stan-
dard working solution was always added after sample pre-
treatment. The resultant peak area ratios were compared. The
recovery of the internal standard was calculated at a concen-
tration of 20 ng/g by addition of the internal standard working
solution before and after sample pretreatment, and the resul-
tant peak area ratio was compared. Recovery was expressed
by its average and R.S.D.

Stability of the stock solutions was tested monthly by in-
jection of freshly prepared working solutions. Analyte sta-
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Table 1
HPLC–fluorescence method parameters

Compound tR
(min)

VariationtR
(R.S.D., %;n = 25)

Sulfaguanidine 6.10 0.28
Sulfanilamide 7.00 0.30
Sulfacetamide 12.29 0.82
Sulfadiazine 19.50 0.32
Sulfathiazole 24.01 0.38
Sulfapyridine 25.91 0.29
Sulfamerazine 28.00 0.25
Sulfamethizole (I.S.) 30.99 0.63
Sulfamether 34.49 0.26
Sulfamethazine 36.21 0.17
Sulfamethoxypyridazine 37.10 0.20
Sulfachloropyridazine 39.57 0.32
Sulfadoxine 44.65 0.12

sulfamethoxypyridazine, which have a minimal overlap. A
column wash and reequilibration period allowed the injec-
tion of samples every 60 min. Post-column derivatization was
used to enhance the sensitivity and selectivity, and maximize
separation efficiency of the compounds (the latter in con-
trast with pre-column derivatization). The stability of the LC
method was evaluated by calculation of the variation of re-
tention times. R.S.Ds., calculated from retention times ob-
tained over 25 injections, proved to be less than 0.9% for all
compounds, indicating very good chromatographic stability
(Table 1).Fig. 2shows chromatograms of a blank sample (A),
the same sample fortified at 20 ng/g for all sulfonamides and
p-aminobenzoic acid (B) and a positive sample containing
8 ng/g sulfathiazole and 16 ng/g sulfamethazine (C).

3.3. Calibration and validation

Sulfamethizole was chosen as internal standard based on
its structure, retention behaviour and very low prevalence as
residue in honey.

The complete method was evaluated according to the cri-
teria described in theSection 2. Table 2provides the LODs,
LOQs and calibration results for all analytes. LOD and LOQ
values of 1 or 2 and 2 or 5 ng/g, respectively, were obtained.

Linearity was obtained with an average coefficient of de-
t r
a an-
a nd
s ffect,
r

ed at
t (low,
m ted
a reci-
s atch
p r sul-
f ium
c 7%,
w ept
ility during pretreatment was determined at the follow
tages: reconstitution in 1% acetic acid after liquid–liq
xtraction, 5 days at 4◦C; final extract redissolved in 1
cetic acid, 7 days at 4◦C, and 24 h at room temperature.

Selectivity was investigated in respect of sample pret
ent, post-column derivatization and chromatographic
ility. A number of possible interfering compounds were
estigated.

. Results and discussion

.1. Sample preparation

The procedure of Schwaiger and Schuch for hydrolys
he sugar-bound sulfonamides was applied, but the hydro
ime was slightly extended to 45 min to ensure complete
f the reaction[7]. The high concentration of salt enhan

he separation of the aqueous and the acetonitrile lay
he liquid–liquid extraction step. Anhydrous sodium sul
ad to be added to eliminate all traces of water, contain
ery high amount of salt compromising the retention of s
ulfonamides (sulfacetamide and sulfamethizole) on the
olumn.

.2. LC–fluorescence method development

The separation of 12 compounds and the internal
ard was achieved in 45 min. All compounds diffe
t least 0.9 min in retention time, resulting in base
eparation, with exception of the couple sulfamethaz
ermination (R2, weighting factor, 1/x) higher than 0.997, ove
dynamic range from LOQ to 100 ng/g for each of the

lytes (Table 2). Variation on the calibration intercept a
lope indicate absence of constant error and matrix e
espectively.

Precision and accuracy of the method were evaluat
hree concentrations over the linear dynamic range
edium, high).Table 3includes the concentrations tes
nd results for both validation parameters. Intrabatch p
ion for all compounds proved to be less than 10%. Interb
recision was less than 7% for all compounds, except fo

acetamide, which had a variation of 12.4% for the med
oncentration level. Accuracy was between 98 and 10
ith a variation of less than 9% for all compounds, exc
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Table 2
LODs, LOQs and calibration results

Compound LOD
(ng/g)

LOQ
(ng/g)

Calibration intercept
(mean± S.D.,n = 5)

Calibration slope
(mean± S.D.,n = 5)

R2 Linear dynamic
range (ng/g)

Sulfaguanidine 1 2 0.0175± 0.0113 0.0972± 0.0075 0.9990 2–100
Sulfanilamide 1 2 0.0189± 0.0220 0.1535± 0.0099 0.9997 2–100
Sulfacetamide 2 5 −0.0254± 0.0302 0.0510± 0.0057 0.9976 5–100
Sulfadiazine 1 2 0.0127± 0.0139 0.0681± 0.0047 0.9992 2–100
Sulfathiazole 1 2 0.0065± 0.0086 0.0873± 0.0051 0.9994 2–100
Sulfapyridine 1 2 −0.0342± 0.0422 0.0872± 0.0054 0.9986 2–100
Sulfamerazine 1 2 0.0113± 0.0076 0.0725± 0.0040 0.9994 2–100
Sulfamether 2 5 0.0002± 0.0082 0.0338± 0.0026 0.9995 5–100
Sulfamethazine 2 5 0.0115± 0.0345 0.0766± 0.0045 0.9989 5–100
Sulfamethoxypyridazine 2 5 −0.0131± 0.0195 0.0198± 0.0011 0.9987 5–100
Sulfachloropyridazine 2 5 −0.0068± 0.0133 0.0192± 0.0013 0.9997 5–100
Sulfadoxine 2 5 −0.0099± 0.0172 0.0150± 0.0008 0.9991 5–100

Fig. 2. Chromatograms of a blank sample (A), the same sample fortified
at 20 ng/g for all sulfonamides andp-aminobenzoic acid (B) and a posi-
tive sample containing 8 ng/g sulfathiazole and 16 ng/g sulfamethazine (C).
Peaks: 1 = sulfaguanidine, 2 = sulfanilamide, 3 =p-aminobenzoic acid, 4
= sulfacetamide, 5 = sulfadiazine, 6 = sulfathiazole, 7 = sulfapyridine, 8 =
sulfamerazine, 9 = sulfamethizole (internal standard), 10 = sulfamether, 11
= sulfamethazine, 12 = sulfamethoxypyridazine, 13 = sulfachloropyridazine
and 14 = sulfadoxine.

sulfaguanidine, which had a slightly higher result for the high
concentration level.

For evaluation of long-term reproducibility of this method,
three incurred samples containing sulfathiazole were anal-
ysed five times in a period of 5 months. Results were 16.35
± 0.91, 48.34± 1.17 and 70.11± 2.34 ng/g (mean± S.D.).
This indicates that the method can achieve full hydrolysis
of the sulfonamide-sugar bound and reproducible measure-
ments, even after a long storage period of the honey samples
at 4◦C.

The absolute recovery of the analytes with the whole pro-
cedure was also determined at three concentrations (low,
medium, high). An overview of the results obtained is given
in Table 4. Absolute recoveries varied between 37 and 67%.
The recovery was mainly determined by the liquid–liquid
extraction step, while the SPE step had a recovery of nearly
100% (data not shown). The range in recoveries reflects the
polarity of the compounds and range of pKa values of the
sulfonamide-group. The recovery did not depend on the con-
centration. Variation of the results was less than 15% for
all compounds. The variation reflected the multiple clean-
up steps of the sample. The low recovery and its variaton
stressed the need for a suitable internal standard. In fact, the
previous validation parameters clearly demonstrated that all
drawbacks of the low absolute recovery and its variation were
r
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Under the stated conditions, stock solutions proved t
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rescence method. Although fluorescence detection

he selectivity of some other detection techniques (e.g.
em mass spectrometry), sample cleanup and chro
raphic performance can compensate for this drawback
ombination of liquid–liquid extraction with strong catio
xchange solid-phase extraction and derivatization with
rescamine effected the selection and detection of me

o non-polar molecules containing a primary amine func
typical chromatogram obtained after analysis of a b
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Table 3
Precision and accuracy data

Compound Intrabatch precision (R.S.D.%;n = 5) Interbatch precision (R.S.D.%;n = 5) Accuracy (mean, %± R.S.D., %;n = 5)

Low
LOQ

Medium
(20 ng/g)

High
(100 ng/g)

Low
LOQ

Medium
(20 ng/g)

High
(100 ng/g)

Low
(5 ng/g)

Medium
(20 ng/g)

High
(100 ng/g)

Sulfaguanidine 1.90 3.09 2.20 2.73 5.66 4.05 98.8 ± 8.7 98.6 ± 7.9 98.9 ± 10.2
Sulfanilamide 2.58 1.96 0.90 3.86 3.28 5.98 106.0 ± 5.0 103.4 ± 3.4 103.8 ± 4.9
Sulfacetamide 2.29 3.68 3.47 4.64 12.41 6.97 98.6 ± 8.3 102.1 ± 4.9 101.8 ± 6.1
Sulfadiazine 8.30 4.08 1.35 4.39 2.98 4.26 101.5 ± 2.0 99.3 ± 7.2 99.0 ± 7.5
Sulfathiazole 3.75 3.99 1.18 3.74 3.42 3.37 104.0 ± 2.4 104.1 ± 3.5 101.4 ± 5.7
Sulfapyridine 3.81 6.06 4.86 2.17 4.65 5.10 100.8 ± 6.0 104.2 ± 7.4 103.6 ± 8.0
Sulfamerazine 2.53 1.26 1.27 6.94 3.62 3.02 103.6 ± 5.3 105.8 ± 3.5 106.2 ± 2.8
Sulfamether 2.68 3.92 0.32 6.50 2.92 4.01 102.6 ± 4.1 99.5 ± 4.4 100.1 ± 8.6
Sulfamethazine 3.84 5.68 3.41 6.21 3.31 2.76 104.5 ± 7.9 103.7 ± 6.9 104.6 ± 4.4
Sulfamethoxypyridazine 9.79 4.36 1.62 3.78 2.03 3.29 102.8 ± 4.7 102.0 ± 2.6 102.9 ± 3.5
Sulfachloropyridazine 5.09 1.47 1.31 3.77 1.76 4.67 103.0 ± 3.1 99.6 ± 5.9 99.9 ± 7.0
Sulfadoxine 6.17 3.23 2.00 5.11 3.09 1.67 103.3 ± 6.0 100.1 ± 2.6 99.5 ± 4.4

Table 4
Absolute recovery results

Compound Absolute recovery (mean, %±R.S.D., %;n = 4)

Low (5 ng/g) Medium (20 ng/g) High (100 ng/g)

Sulfaguanidine 38.2± 14.2 40.7± 3.2 39.9± 9.4
Sulfanilamide 62.8± 5.3 63.4± 7.0 66.8± 9.1
Sulfacetamide 37.4± 2.0 44.5± 12.3 44.9± 10.0
Sulfadiazine 52.7± 12.2 59.8± 7.9 59.9± 9.9
Sulfathiazole 58.5± 5.6 62.0± 7.6 61.1± 7.6
Sulfapyridine 56.0± 10.9 57.1± 7.7 58.0± 9.6
Sulfamerazine 58.6± 6.3 63.2± 3.9 63.4± 7.1
Sulfamethizole (I.S.) n/a 55.3± 8.7a n/a
Sulfamether 56.0± 11.0 63.8± 10.3 64.0± 7.9
Sulfamethazine 64.3± 4.1 64.8± 6.6 63.4± 9.2
Sulfamethoxypyridazine 56.5± 13.5 61.3± 3.6 62.7± 7.6
Sulfachloropyridazine 55.3± 11.8 58.5± 12.7 60.1± 11.1
Sulfadoxine 58.4± 5.6 63.5± 5.0 65.2± 8.3

n/a: not applicable.
a n = 24.

honey sample is shown inFig. 2A. The chromatogram dis-
plays one major peak at 10.4 min and a few minor peaks. The
major peak was identified asp-aminobenzoic acid, a com-
pound naturally occuring in honey. The other peaks were
not identified.Fig. 2B shows the chromatogram of the same
blank sample fortified at 20 ng/g for all compounds and
p-aminobenzoic acid. This chromatogram clearly demon-
strates that none of the peaks occuring in the blank sam-
ple interfered with any of the compounds. Based on their
structure, a number of possibly interfering compounds were
investigated, i.e. sulfanilic acid, sulfisoxazole, sulfamethox-
azole, sulfadimethoxine and sulfaquinoxaline. None of these
compounds interfered in the analysis of any of the 12
sulfonamides. Sulfanilic acid eluted in the solvent front. Sul-
fisoxazole eluted after 41.59 min. Sulfisoxazole was not in-
cluded in this assay because the compound was not stable
in the alkaline solution obtained after elution of the SCX
column. Sulfamethoxazole eluted after 43.12 min. It showed
similar behaviour as the compounds included in this assay
(data not shown), but could not be determined with this chro-

matographic run because in some cases it partially overlapped
with an interfering peak. Sulfadimethoxine and sulfaquinox-
aline both eluted later than 47 min and consequently outside
the detection window.

Finally, the method was applied to samples from a Belgian
honey processing company and to Belgian honey samples
collected by the Centre of Agricultural Research from the
Scientific Institute of the Flemish Community. The method
fulfilled our analytical standard criteria. No interferences in
the analyses of the sulfonamides were observed. The sensi-
tivity and linear dynamic range of the method were relevant
to monitor the presence of 12 sulfonamides in honey samples.
The method achieved precise and accurate measurements of
the compounds of interest in honey.

4. Conclusion

The described procedure provided a precise, accurate
and sensitive method for the quantitation of sulfonamides
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in honey samples. Sample pretreatment by combination
of liquid–liquid extraction and solid-phase extraction pro-
vided sufficient cleanup of the honey samples prior to
HPLC–fluorescence analysis. Post-column derivatization
with fluorescamine proved to be a reproducible derivatiza-
tion technique for sulfonamides. HPLC–fluorescence detec-
tion proved to be a sensitive and selective technique, allowing
simultaneous quantitative analysis of 12 sulfonamides of in-
terest in honey at levels under, at, and above the various con-
centration limits within the European Union.
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