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Abstract

Antibiotics and acaricides are used worldwide in the control of American foulbrood and varroosis, respectively. This practice is responsible for the presence of residues in the beehive products and contributes to the problem of food safety. The optimisation of analytical methods for the detection of residues of acaricides (bromopropylate, BP; chlorfenvinphos, CP; fluvalinate, FV; coumaphos, CM) and antibacterial drugs (tetracyclines, TCs; sulphonamides, SPs) in honey was pursued and the methods applied to routine samples. The acaricides were investigated by gaschromatographic technique with capillary columns and ECD detector. The clean-up procedure of an organic extract was performed by SPE on Florisil column in order to improve the recovery and the detection limits. The metal chelate affinity column (MCAC) was used for the detection of TCs since this method provides a very selective extraction, which guarantees a clean and easy quantification of these antibiotics. The MCAC column was pre-emptied with Chelating Sepharose Fast Flow and treated with copper sulphate solution. An HPLC equipped with Photodiode Array Detector and C18 column were used. The SPs were quantified by HPLC equipped with fluorimetric detector and C8 column after a derivatisation by fluorescamine. As a consequence, the sensitivity of the method was strongly increased. In fact, the recovery and the detection limits were 70-90% and 10 ng/g for TCs, and 95-102% and 1 ng/g for SPs, respectively.
When the acaricides were investigated, the recovery ranged from 98 to 102% and detection limits were as follows: 10 ng/g for CP, CM and BP and 50 ng/g for FV, respectively. The CM residues were detected in the 9% of the samples analysed, however its concentration was never above the MRL established for honey (100 ng/g).

Introduction

Sulphonamides and antibiotics are worldwide used in apicultural practices for the control of honeybee diseases, particularly American foulbrood (Hansen and Brødsgaard, 1999). Their use can be responsible for the presence of residues in beehive products. In fact, purchasers of honey are requesting suppliers to certify that the honey offered for sale is pure and free of contaminants. Honey can then be condemned if it contains even traces of these antibacterial drugs for which no legal tolerance has been established. In this paper we propose two analytical methods for the quantitative determination of sulphonamides (SPs) (Barbieri et al., 1995; Schwaigher et al., 2000), sulphanilamide, sulphadiazine, sulphamethazine, sulphathiazole, sulphamethoxazole, sulphadoxin, sulphadimethoxine and tetracyclines (TCs) (Carson, 1993; Cooper et al., 1998), oxytetracycline, tetracycline, chlortetracycline and doxycycline in honey.

Acaricides are widely used for the control of Varroa-mite infestation (Williams, 2000). However, the use of these acaricides within the hive implies a direct risk of honey and other beehive products pollution. Therefore, maximum residue limits (MRLs) have been established for honey in many countries in order to protect the consumer’s health.

The analysis of acaricides (ACs) (Bogdanov et al., 1998; Jimenez et al., 1998) was carried out by gas chromatography (GC), with an electron-capture detector (ECD). Sample clean up for this method is based on solid-phase extraction (SPE). 

Tau-fluvalinate (FV), chlorfenvinphos (CP), coumaphos (CM) and bromopropylate (BP) were investigated. The selectivity of the procedure and the method performance were checked in spiked honey samples.
Materials and methods

Tetracyclines extraction and analysis

The metal chelate affinity column (MCAC) provides a high selective extraction, able to guarantee a clean and easy TCs quantification. 10 g of honey were dissolved in 25 ml of extraction buffer (0.1M succinic acid pH 4). This solution was added to the MCAC column pre-filled with 1.5 ml Chelating Sepharose Fast Flow resin and treated with 3 ml copper sulphate solution (0.01M). The column was sequentially washed with 2 ml of water, 2 ml of methanol and 2 ml of water. TCs were then eluted with McIlvaine-EDTA solution (Citric Acid, disodium hydrogen phosphate, EDTA and Sodium Chloride) in a 3 ml volumetric flask.

Instrument: HPLC Dionex Summit equipped with ASI100, P580, PDA100, Columns C18 - 250 x 4.6 mm 5 µm.

Mobile phase: Oxalic acid 0.01 M, MeOH, ACN in gradient from 77:10:13, respectively, to 65:20:15 in 25 min. The detection of TCs peaks was performed at 365 nm, and sample concentration was calculated using the external standards. Injection volume: 100 μl.

Sulphonamides extraction and analysis

The SPs were quantified by HPLC with a pre-column derivatization with fluorescamine to increase the sensitivity of the method. 5 g of honey were dissolved with 5 ml of hydrochloric acid 2 M and shaken for 30 minutes at room temperature, adjusting the pH to 7 with sodium hydroxide 5 M. 10 ml of acetone/dichloromethane (80/20) were added and the phases shaken for 10 min. After centrifugation, 5 ml of organic phase were evaporated to 1 ml.

Derivatization step: 1 ml of citrate buffer (pH 3.0) and 0.5 ml of fluorescamine (0.2% acetone) were added to 0.5 ml of the sample solution. After 20 min of incubation in the dark, the solution is ready for instrumental determination.

Instrument: HPLC Dionex Summit equipped with ASI100, P580, RF2000, Columns C8 - 150 x 4.6 mm 3 µm, λexcit: 400 nm – λemis: 490 nm.

Mobile phase: Acetic Buffer 0.125 M (pH 4.7), MeOH, ACN in gradient from 72:3:25 to 65:3:32 in 25 min. Injection volume: 100 μl
Acaricides extraction and analysis

The ACs were determined by GC-ECD with a SPE extraction. 5 g of honey were dissolved with 10 ml of 5 M NaCl solution. This were treated with 10 ml of n-hexane, shook 10 min and centrifuged. Five ml of organic phase were eluted in a SPE Florisil cartridge (500 mg/ 6 ml), previously conditioned with

1 g of sodium sulfate anhydrous and 10 ml of n-hexane. The cartridge was washed with 2 ml of n-hexane and then the ACs were eluted with 10 ml of diethyl ether. Evaporation of the extract and reconstitution in exact volume of n-hexane (1 ml) was necessary in order to reach an adequate pre-concentration of acaricide that allows obtaining limits of detection (LODs) low enough to satisfy the MRLs for these residues.

Instrument: GC-ECD HP 6890 with an electron-capture detector, splitless, dual column: a DB5 30m x 0.25mm x 0.5 µm and a DB1701 30m x 0.25mm x 0.5µm. The oven temperature programme was: initial temperature 60°C, held for 3 min, a 30°C/min ramp to 130°C, a 2.2° C/min ramp to 270°C, held for 8 min. The carrier gas: He (flow 1.0 ml/min). The injector temperature was 200°C. The detector temperature was 280°C. Injection volume: 2 μl.

Results and discussion

These analytical methods are easy to perform with minimum sample manipulation and high selective detection (Figures 1, 2 and 3). 

The performance data of the three methods are presented in table 1.
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Figure 1: Standard solution chromatogram of TCs (100 ng/g)
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Figure 2: Standard solution chromatogram of SPs (50 ng/g)
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Figure 3: Standard solution chromatogram of ACs (250 ng/g)

Table 1. Summary of the performance of the analytical methods

Compounds
Recovery
LOD

Tetracyclines
70-90%
10 ng/g

Sulphonamides
95-102%
1 ng/g

Acaricides
98-102%
10 ng/g for CP

10 ng/g for CM

10 ng/g for BP

50 ng/g for FV

These methods were introduced in our laboratory in 1999 in the frame of the national residues programme and applied to domestic and foreign honey samples. The results obtained confirmed that ACs, TCs and SPs are very often used by beekeepers for the control of honeybee diseases. Accordingly, in 2002, 6 samples out of 50 analysed for TCs and 2 out of 40 analysed for SPs were found positive. This appears particularly relevant since no MRLs have been established for these drugs in honey.

Six samples of honey out of 63 analysed were found positive for Acs (only CM). However, its concentration was never above the MRL established for honey (100 ng/g).
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