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INTRODUCTION

Nitrofurans (NFs) are a group of broad spectrum antibiotics. Due to health
concerns, nitrofurans are now prohibited for use in food-producing animals
in most jurisdictions. They are still authorized for human medicine and for the
treatment of non-food animals. Nitrofurans are widely manufactured, sold,
and hence available for misuse.’

There have been frequent findings of nitrofuran residues in honey, poultry,
and aquaculture products imported to EU countries, which has led to
product recalls, border rejections, and de-listed suppliers. Violations have
resulted in implementation of emergency measures that have necessitated
mandatory pre-export testing (PET), widespread voluntary pre-harvest
tests (PHT), and an increase both in the analysis of imports at border control
within the EU and in the frequency of European Commission Food and
Veterinary Office (FVO) visits.?

The EU Minimum Required Performance Limit (MRPL) in poultry meat and
aquaculture is 1pg/kg for each of the four nitrofurans, measured as their
respective tissue-bound metabolites (EU Commission Decision 2003).2
MRPLs are ‘the minimum content of an analyte in a sample, which at least
has to be detected and confirmed'. They are also the reference point for action
(Action Levels) when evaluating food consignments. Laboratories must
demonstrate that their calculated Detection Capability (CCf) and Decision
Limit (CCa) values are at or below the MRPL.* Although enforcement action
is only taken when a residue exceeds the MRPL, non-compliant samples
below the MRPL must still be monitored. Suppliers and importers can set
even lower limits for PET based upon trading decisions to provide better
warranties to their customers and to gain commercial advantage. Meeting
these requirements requires the continued development of highly sensitive
and specific analytical methodology based upon UPLC®-MS/MS.

Previous studies have demonstrated that parent nitrofurans deplete rapidly
in animals and that they are extensively metabolized to tissue-bound
metabolites.® Methods have been described for various animal tissues
such as kidney for official control, muscle, honey, shrimp, eggs, and milk
for assessing risk to the consumer. Parent nitrofurans are only sought in
medicated feeds used for animal production and aquaculture.


http://www.waters.com/waters/nav.htm?cid=10138533
http://www.waters.com/waters/nav.htm?cid=134798856
http://www.waters.com/waters/en_US/ACQUITY-UPLC-Columns/nav.htm?cid=513206
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Commonly sought parent nitrofurans and associated metabolites include: furazolidone as 3-amino-2-oxazolidinone (AOZ),
nitrofurazone as semicarbazide (SCA), furaltadone as 3-amino-5-morpholinomethyl-2-oxazolidinone (AMOZ) and nitrofurantoin
as 1-aminohydantoin (AHD).

Derivatization improves extraction efficiency from the acidic aqueous phase into the organic solvent, imparts functionality
amenable to reversed-phase chromatography for both SPE and UPLC, and improves electrospray ionization efficiency.

EXPERIMENTAL

Sample preparation

Extracts were generated by Fera Science, Ltd. using a method that was originally developed as part of the “FoodBRAND"
Project® but subsequently modified for routine surveillance. Although newer technology has enabled improvements in
performance, the principles behind procedure have changed little. Tails, shells, and coverings were removed from shrimp
samples as SCA has been found to be present naturally in the shells. Breadcrumbs were removed from any breaded scampi,
fish and chicken products as SCA is formed during the baking of breaded crust. Any ice glaze was excluded as it is no longer
considered part of the food. The sample was washed to remove unbound sources of SCA.

Acid hydrolysis was used to cleave the metabolites bound to proteins or other tissues and to hydrolyse the side-chain of any intact
parent drug present, as well as to solubilize any residues. Polar nitrofuran metabolites were derivatized with 2-nitrobenzaldehyde.
After adjusting the pH, solid-phase extraction (SPE) was carried out on a C,, type cartridge. For the analysis of the kidney samples,
extracts were diluted 5-fold. Stable isotope analogues for each of the analogues were added to all samples. Matrix-extracted calibrants
were prepared at a Screening Target Concentration (STC) of 0.5 ug/kg, when screening, and at multiple levels, typically over the range
0.25 to 5.0 pg/kg, for any confirmatory analysis. Sample extracts were filtered prior to subsequent analysis by UPLC-MS/MS.

UPLC conditions MS conditions

UPLC system: ACQUITY UPLC H-Class with MS system: Xevo TQ-S micro
FTN autosampler Source: Electrospray

Column: ACQUITY UPLC BEH C,, lonization mode:  ESI+

1.7 pm, 2.1 X 100 mm .
Capillary voltage: 0.5 kV

Mobile phase A: 0.5 mM ammonium formate (aqg.) .

Desolvation temp.: 650 °C
Mobile phase B: methanol .

Desolvation gas flow: 1000 L/hr
Flow rate: 0.45 mL/min

Source temp.: 150 °C
Injection volume: 5L

Cone gas flow: 150 L/hr
Column temp.: 45°C o .

Collision gas flow: 0.15 mL/min
Sample temp.: 15°C

> o Nebulizer
Run time: 11 min gas pressure: 7 Bar
Time
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Table 1. MRM parameters for nitrofuran metabolites and stable isotope analogues.

Retention Cone CE
Compound time MRM V) (eV)
249.1>134.0 50 10
NP-AHD 2.82 249.1>104.0 50 20
NP-AHD-"C, 2.82 252.1>134.0 50 10
236.1>134.0 50 10
aliaters 2.94 236.1>104.0 50 20
NP-AOZ-d4 2.91 240.1>134.0 50 10
209.1>166.1 30 8
NP-SCA 3.03 209.1>192.1 30 10
3.03 212.1>168.1 30 8

. _13015
NP-SCA-FCN, 3.90 335.1>291.1 35 10
NP-AMOZ 335.1>100.0 35 30
NP-AMOZ-d5 3.83 340.1>296.1 35 10

RESULTS AND DISCUSSION

The objective of this work was to evaluate the performance of the Xevo TQ-S micro MS system for nitrofurans analysis rather

than development and validation of a new method. Analysis was restricted to batches of different sample types relevant to routine
testing. Performance was evaluated based upon sensitivity for the analytes, absence of isobaric interference, precision of the
UPLC-MS/MS measurements, compliance with identification and typical quantification criteria, and accuracy and precision
through analysis of proficiency test materials.

The UPLC conditions were taken from an earlier Waters application note no. 720002299en,° but the gradient was adjusted to
provide sufficient chromatographic resolution of NP-AHD from isobaric interference on both transitions. The selection of
MRM transitions and optimization of critical parameters was performed by infusion of individual solutions of all the analytes
and evaluation of the data by IntelliStart™ Software to automatically create acquisition and processing methods.

Excellent sensitivity and selectivity was demonstrated by the response for each analyte peak detected from the analysis of
matrix-extracted calibrants prepared at the STC of 0.5 ug/kg in a range of different sample types: prawn, fish, poultry muscle,
bovine kidney, egg, and honey, as shown in Figure 1. No interfering compounds were detected at the retention times of the analytes
in all the tested blank samples. Precision, as measured from the peak areas of replicate (n=8) injections of NP-nitrofuran metabolite
standards in solvent (1 ng/ml), varied from 1.7 to 3.5 % RSD. Overall repeatability, as determined from the peak areas of the stable
isotope analogues added to each of the replicate (n=20) extractions of incurred honey (1 ug/kg), varied from 2.8 to 13 % RSD.

Linearity in matrix (honey) was evaluated over the concentration range 0.2 to 0.5 ug/kg for each of the analytes. The coefficients
of determination were satisfactory (r2>0.99), and the residuals <15%. 10 portions of a FAPAS honey proficiency test material
contaminated with AMOZ only were prepared and analyzed in duplicate. The mean measured concentration of AMOZ

(1.41 pg/kg) compared well with the assigned value (1.50 pg/kg). The precision for the calculated AMOZ concentration in the
replicates of the FAPAS test material was 2.9% RSD. Requirements stipulated in EU Commission Decision 2002/65/7/EC for
identification were met. The range of calculated AMOZ ion ratios (0.81to 0.84) was well within tolerance of £20% (0.66 to 0.99),
and the AMOZ retention time from the replicates of the incurred sample showed little variation (0.1% RSD; 3.88 to 3.89 min),
well within the acceptance tolerance of £2.5% (3.79 to 3.98 min).
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Figure 1. Chromatograms showing nitrofuran metabolites and stable isotope analogues, as NP-derivatives, from analysis of matrix-extracted calibrants of:
A. Prawn., B. Egg, C. Chicken muscle, D. Honey, E. Fish, and F. Bovine kidney at the STC (0.5 ug/kg).
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Compound name: 2-NP-AHD

Correlation coefficient: r = 0.998009, r” = 0.996022

Calbration curve: 117322 * x +-0.0537145

Response type: Internal Std (Ref 2), Area * (IS Conc./IS Area)
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Residual

Compound name: 2-NP-AMOZ

Correlation coefficient: r = 0.999934, r* = 0.999868

Calibration curve: 111101 * x +-0.0128243

Response type: Internal Std (Ref 8), Area * (IS Conc./IS Area)
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: 2-NP-AOZ

Correlation coefficient: = 0.999602, r* = 0.999204

Calbration curve: 14311 * x + 0.0384887

Response type: Internal Std (Ref 4), Area * (IS Conc./IS Area)
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: 2-NP-SCA

Correlation coefficient: r = 0.999309, r* = 0.998619

Calibration curve: 1.01381 * x +-0.00665901

Response type: Internal Std (Ref 6), Area * (IS Conc./IS Area)
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Figure 2. Calibration graphs for the nitrofuran metabolites prepared in honey matrix.

CONCLUSIONS

The ACQUITY UPLC H-Class System coupled with the Xevo TQ-S micro

MS System provides sufficient sensitivity for detection, identification, and

quantification of nitrofuran metabolites in a range of products. This method

facilitates routine screening and confirmation for official control purposes

with a high degree of confidence, but also meets the requirements of

pre-export testing, which often demands lower limits of quantification.

Acknowledgements

The authors gratefully acknowledge Fera Science Ltd for provision

of the extracts for nitrofuran analysis.

Woaters

THE SCIENCE OF WHAT'S POSSIBLE.”

Waters, ACQUITY UPLC, Xevo, UPLC, MassLynx, and The Science of What's Possible are registered trademarks

References

1. Vass M, Hruska K, Franek M. Nitrofuran antibiotics:
A review on the application, prohibition and residual
analysis. Veterinarni Medicina. 2008 53(9):469-500.

2. Points J, Thorburn Burns D, Walker MJ. Forensic
issues in the analysis of trace nitrofuran veterinary
residues in food of animal origin. Food Control. 2015
50:92-103.

3. EU Commission Decision 2002/657/EC of 12 August
2002 implementing EU Council Directive 96/23/EC
concerning the performance of analytical methods
and the interpretation of results. Official Journal of
the European Communities. 2002 L221:8-36.

4, European Commission Decision 2003/181/EC of
13 March 2003 amending EU Commission Decision
2002/657/EC in regards to the setting of minimum
required performance limits (MRPLs) for certain
residues in food of animal origin. Official Journal
of the European Communities. 2003 L71:17-18.

5. Cooper KM, Mulder PPJ, van Rhijn JA, Kovacsics
L, McCracken RJ, Young PB, et al. Depletion of
four nitrofuran antibiotics and their tissue-bound
metabolites in porcine tissues and determination
using LC-MS/MS and HPLC-UV. Food Additives &
Contaminants. 2005 Part A 25:406-414.

6. Morphet J, Hancock P. Application of ACQUITY
TQD for the Analysis of Nitrofuran Veterinary Drug
Residues in Shrimp. Waters Application Note no.
720002299en. September, 2007.

Waters Corporation
34 Maple Street
Milford, MA 01757 U.S.A.

of Waters Corporation. TargetLynx and IntelliStart are trademarks of Waters Corporation. All other trademarks are

the property of their respective owners.

©2016 Waters Corporation. Produced in the U.S.A. September 2018 720005859EN AG-PDF

T:. 1508 478 2000
F: 1508 8721990
www.waters.com


http://www.waters.com
http://www.waters.com/waters/library.htm?cid=511436&lid=1521531

