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Abstract: A method is proposed for the simultaneous determination of nine benzimidazole and

neonicotinoid pesticides present in honey by employing automatic solid-phase extraction with
high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS). A honey
sample was dissolved in a phosphate buffer (pH=7.8) followed by ultrasonic extraction. The
extracts were then purified through solid-phase extraction ( SPE) with hydrophilic-lipophilic
balance (HLB) cartridges. Finally, nitrogen was blown on the obtained mixture, and the mix-
ture was subsequently filtered for conducting HPLC-MS/MS analysis. Nine compounds were
detected under the multiple reaction monitoring (MRM) mode, and the corresponding quantifi-
cation was performed by employing the method of internal standards. The nine detected pesti-
cides demonstrated good linearity in the range of 0. 002-0. 05 mg/L, with the correlation coeffi-
cient values (7°) being higher than 0. 99. The limits of detection (LODs) (S/N=3) and limits
of quantification (LOQs) (S/N=10) were found to be in the ranges of 0. 1-1. 0 pg/kg and 0. 3
-2.0 ng/kg, respectively. Furthermore, the results indicated that the recoveries of the nine
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detected pesticides range from 78.2% —101.2% at three spiked levels of 5.0, 10.0, and 20.0
wng/kg with a relative standard deviation (RSD) range of 1.3% —14.3% (n=6). Hence, the pro-
posed method is rapid and can be employed for accurate determination of pesticide residues in

large quantities of honey samples.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/

MS) ; benzimidazole pesticides; neonicotinoid pesticides; honey
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Table 1 Monitoring ion pairs, fragmentor, collision energy, retention time and internal standards of the 11 compounds

Monitoring ion Fragmentor/ Collision Retention
Compound . X K Internal standard
pairs (m/z) eV energy/eV time/ min
Carbendazim ( £ & ) 192.0/160.0 * 105 20 2.818 carbendazim-D4
192.0/132.0 36
Thiophanate-methyl ( F! F4EA ) 343.3/151.0* 105 17 3.34 imidacloprid-D4
343.1/117.9 65
Thiophanate-ethyl ( Z &30 L) 371.1/151.0* 114 25 3.778 imidacloprid-D4
371.1/93.1 69
Lobendazole (EBC) (4% ) 205.8/134.1" 60 29 3.081 carbendazim-D4
205.8/177.8 20
205.8/160.0 25
Imidacloprid ( itk ) 256.1/175.1* 92 17 2.84 imidacloprid-D4
256.1/209.1 9
Acetamiprid ( g H2 k) 223.1/126.0 * 97 17 2.932 imidacloprid-D4
223.1/56.2 13
Flonicamid ( I HBEE ) 230.0/202.9 130 14 2.722 carbendazim-D4
230.0/174 15
Dinotefuran ( Wk HL %) 203.1/129.0 85 6 2.502 imidacloprid-D4
203.1/157.0 2
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Table 1 (Continued)
Compound Moriliton'ng ion Fragmentor/ Collision R.etenti(?n Internal standard

pairs (m/z) eV energy/eV time/ min

Nitenpyram (W HUHZ ) 271.1/126.0 * 102 29 2.618 imidacloprid-D4
271.1/225.1 5

Carbendazim-D4 ( £ R-D4) 196.2/164.0 80 20 2.801
196.2/136.0 36

Imidacloprid-D4 ( i s k-D4) 260.1/213.1" 60 17 2.839
260.1/179.1 25

#* Quantitative ion.
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Fig. 1 Effect of the different dissolving reagents on
the recoveries of the target compounds after
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extraction with ethyl acetate
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Table 2 Regression equations, correlation coefficients (r?), LODs and LOQs of the nine pesticides
Compound Regression equation 7? LOD/ (png/kg) LOQ/ (pg/kg)
Carbendazim Y=1.352718X-0.004621 0.9978 0.1 0.3
Thiophanate-methyl Y=3.034913X-0.055661 0.9933 0.2 0.7
Thiophanate-ethyl Y=3.783672X-0.070522 0.9927 0.2 0.7
EBC Y=0.732664X-0.008131 0.9956 1.0 2.0
Imidacloprid Y=0.990950X-0.007834 0.9980 0.2 0.7
Acetamiprid Y=3.574147X-0.038748 0.9981 0.2 0.5
Flonicamid Y=0.021737X-0.000297 0.9954 0.3 1.0
Dinotefuran Y=1.681682X-0.016324 0.9976 0.3 1.0
Nitenpyram Y=0.511596X-0.007676 0.9960 0.1 0.3

Y. peak area ratio of the quantitative ion of pesticide to internal standard; X . mass concentration, mg/L.

F 3 FAiEEE G 9 MR MAREI R MBI IR ERE (n=6)
Table 3 Recoveries and RSDs of the nine pesticides
in blank honey (n=6)

Added/ Recovery/

Compound (ng/ke) % RSD/%
Carbendazim 5.0 86.6 14.3
10.0 89.9 8.0
20.0 96.2 6.7
Thiophanate-methyl 5.0 78.2 13.6
10.0 85.7 9.6
20.0 88.1 7.9
Thiophanate-ethyl 5.0 83.0 10.4
10.0 87.7 8.3
20.0 89.2 8.9
EBC 5.0 85.1 10.3
10.0 87.8 8.0
20.0 91.2 6.4
Imidacloprid 5.0 94.1 4.1
10.0 97.7 2.6
20.0 104.6 1.3
Acetamiprid 5.0 78.9 7.25
10.0 82.8 6.7
20.0 79.2 4.0
Flonicamid 5.0 88.4 4.8
10.0 85.6 6.1
20.0 96.5 5.8
Dinotefuran 5.0 80.1 10.8
10.0 82.7 9.2
20.0 81.4 6.3
Nitenpyram 5.0 88.9 9.4
10.0 88.8 8.0
20.0 92.6 2.0
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