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SUMMARY

Neonicotinoids are active substances used in plant protection products to con-

trol harmful insects. They are systemic pesticides, which means that they are

taken up by the plant and transported through its leaves, flowers, roots, and

stems, as well as pollen and nectar. Neonicotinoids affect the central nerve sys-

tem of insects, leading to eventual paralysis and death [1]. Three honey samples

from different sources were analysed for neonicotinoid content according to cur-

rent regulating guidelines via a fast and simple HPLC method.

INTRODUCTION

Neonicotinoids are one of the most widely used clas-
ses of pesticides [2]. Five neonicotinoid insecticides
are approved as active substances in the EU for the
use in plant protection products, namely clothianidin,
imidacloprid, thiamethoxam, acetamiprid, and thi-
acloprid [1]. They are closely monitored by the Euro-
pean Commission. Because of the potential risk for
bees, the use of three of the substances (imidaclop-
rid, clothianidin, thiamethoxam) was restricted in 2013
(see Regulation (EU) No 485/2013) [3]. In April 2018,
the European Commission banned these three neo-
nicotinoids for the outdoor use and only the permit
for usage in permanent greenhouse remains [4]. For
acetamiprid the EFSA established a low risk to bees.

A ban or further restrictions of this substance are neit-
her scientifically nor legally appropriate. The fifth neo-
nicotinoid, thiacloprid, is a candidate for substitution
based on its endocrine disrupting properties [3]. In
this application clothianidin, thiamethoxam, imidaclo-
prid, and acetamiprid in honey samples are deter-
mined referring to the maximum residue levels which
are specified in Commission Reg. (EU) 2017/671 [5],
Commission Reg. (EU) 491/2014 [6] and Commission
Reg. (EU) 2017/626 [7]. Three different honey samples
have been tested. One of the samples was the
KNAUER honey, produced from a bee colony located
in the KNAUER garden. The other ones were commer-
cially available canola honey and fruit blossom honey.
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RESULTS

A reversed phase method was developed where
the four neonicotinoids are baseline separated. The
method was optimized regarding temperature and
gradient slope using DrylLab simulation software. A
calibration in a range from 0.5 pg/mL to 10 pg/mL
was prepared. Fig 1 shows the separation of a mixed
standard at a concentration of 10 ug/mL. The cali-
bration showed a good linearity and all correlation
coefficients are calculated as R2 >0.9996. Based on
the measurement at a concentration of 0.5 pg/mL
the LOD and LOQ were calculated. The calculated
values for the single compounds are summarized in
Tab A1 (additional information). Sample preparation
was carried out using a citrate-buffered QUEChERS
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Fig.1 Chromatogram of mixed standard at 10 pg/mL, 1) thia-

methoxam, 2) clothianidin, 3) imidacloprid, 4) acetamiprid
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Fig.3 Overlay of standard at 2.50 pg/mL (blue) and
cleaned sample of KNAUER honey (red)
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extraction. The recovery rate including sample prepa-
ration was determined at three different levels: LOQ,
2xLOQ, upper end of calibration. For the compounds
following recovery rates were calculated (averaged
values over all levels): clothianidin 87 %, thiame-
thoxam 91 %, imidacloprid 92% and acetamiprid
95 %. Furthermore, three different honey samples
were analyzed regarding neonicotinoids. Fig2 to 4
show the chromatograms of the QUEChERS extracted
and cleaned samples. In one of three samples residu-
es of clothianidin were detected but they were in the
range of limit of detection and hence far below the
maximum residue level of 0.05 mg/kg for honey and
other apiculture products [8].
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Fig.2 Overlay of standard at 2.50 pg/mL (blue) and
cleaned sample of fruit blossom honey (red)
80 -
70

60

mAU

0 2 4 & 8 10 12 14
Time {min)

Fig.4 Overlay of standard at 2.50 ug/mL (blue) and
cleaned sample of fruit blossom
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MATERIALS AND METHODS

The application was performed on an AZURA HPLC
Plus System equipped with an AZURA P 6.1L HPG
pump, AZURA CT 2.1 column thermostat, AZURA
autosampler AS 6.1L and AZURA DAD 6.1L detector.
The mobile phase was a composition of acetonitrile
and water, both containing 0.1 % formic acid. The gra-
dient method has a total run time of 15 minutes inclu-
ding equilibration. The flow rate was set to 1 mL/min.
Temperature was set to 30 °C and detection was car-
ried out at 260 nm with a data rate of 20 Hz. For the
sample preparation BEKOlut QUEChERS Citrate-Kit-01
and PSA-Kit-02 were used. The QUEChERS extraction
protocol is described in the additional results section.
The used column in a dimension 250 x 4.6 mm ID was
filled with Eurospher I1 100 5 C18P silica.
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CONCLUSION

Using QUEChERS extraction for sample preparation
makes the handling of samples very easy and reduces
time compared to e.g. solid phase extraction. Fortu-
nately, neither the KNAUER honey nor the other tes-
ted samples were contaminated with neonicotinoids.
Although banning neonicotinoids for the outside use,
monitoring them is still mandatory. The developed
method is suitable for quality control of honey or
other apiculture products.
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ADDITIONAL RESULTS

Tab.A1 LOD and LOQ values for single compounds

Compound LOD (S/N=3)inng/mL  LOQ(S/N=10)in ng/mL
Thiamthoxam 52.5 1751
Clothianidin 48.2 160.6
Imidacloprid 45.8 152.5
Acetamiprid 49.6 165.3

ADDITIONAL MATERIALS AND METHODS

Tab.A2 Method parameters

Tab.A3 Sample preparation

Eluent A 44H,0 +0.1% formic acid Extraction
EluentB Acetonitrile + 0.1 % formic acid Step 1 Weigh 10 g of honey sample into a 50 ml falcon tube
Flow rate 1 mL/min Step 2 Add 10 mL of deionized water, shake until honey is dissolved
Pump program Time (min) % A % B Step 3 Add 10 mL of acetonitrile
0 75 25 Step 4 Add the contents of the BEKOIut Citrate-Kit-01 and shake for
1 minute
8 65 35
Step 5 Centrifuge samples at 4000 x g for 5 minutes
10 65 35
Clean-up
10.02 75 25
Step 1 Transfer 3mL of supernatant into a BEKOlut PSA-Kit-02
15 75 25 dispersive SPE tube
Column temperature  30°C Injection volume 5 plL Step 2 Vortex the samples for 30 seconds
Injection mode Partial loop ~ Detection UV 260 nm Step 3 Centrifuge samples at 4000 x g for 5 minutes
Data rate 20 Hz Time constant 0.05s Step 4 Transfer purified supernatantinto an appropriate vessel/vial
Tab.A4 System configuration & data
Instrument Description Article No.
Pump AZURAP6.1L, HPG APH35EA
Autosampler AZURAAS 6.1L AAAO00AA
Detector AZURA DAD 6.1L ADC11
Flow cell High Sensitivity KNAUER LightGuide UV Flow Cell AMD59XA
Cartridge
Column thermostat AZURACT 21 A05852
Column KNAUER Vertex Plus column, Eurospher 11 100-5  25EE182E2J
C18P,
250 x 4.6 mm ID
Software ClarityChrom 7.4.2 - Workstation, autosampler A1670
control included A1676

ClarityChrom 7.4.2 - PDA extension

RELATED KNAUER APPLICATIONS

VFDO0161 - Determination of sugars in honey using HILIC separation and Rl detection

VFDO0169 - Determination of sugars in honey - comparison of refractive index and light scattering detection

VEV0012J - Determination of Carbamate Insecticides by HPLC with post-column derivatization
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https://store.knauer.net/shop/aph35ea-azura-r-p-6-1l-pump-hpg-stainless-steel-10-ml-min-63172
https://store.knauer.net/shop/aaa10aa-azura-r-as-6-1l-analytical-autosampler-up-to-1240-bar-without-cool-heat-option-62886
https://store.knauer.net/shop/adc11-azura-r-dad-6-1l-diode-array-detector-62923
https://store.knauer.net/shop/amd59xa-uv-flow-cell-cartridge-lightguide-analytical-50-mm-6-ml-sst-1-16-50-bar-up-to-5-ml-min-63038
https://store.knauer.net/shop/a05853-eluent-preheater-cartridge-for-azura-r-ct-2-1-id-0-18-mm-ca-8-ml-86417
https://store.knauer.net/shop/25ee181e2j-eurospher-ii-100-5-c18-column-250-x-4-6-mm-46476#attribute_values=,,,,,,,,,,,,,,,,,,
https://store.knauer.net/shop/a1670-claritychrom-10-1-station-single-instrument-license-one-time-base-49392
https://store.knauer.net/shop/a1676-claritychrom-10-1-pda-license-for-pda-data-processing-49430

