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Abstract

The analytical tool for analysis of pesticide residues in honey must still be improved. Therefore, a sensitive, selective, rapid, and
reliable analytical method for the analysis of pesticide residue belonging to 29 different classes at very low concentration levels
was developed. Over 130 insecticides were extracted from the honey matrix using different amounts of sample, concentrations of
the extraction solvent, and cleanup sorbents. Acceptable extraction recoveries accounting for matrix effect were obtained using
the cleanup sorbent combination chitosan/aluminum oxide/C8 (200/200/200 mg) and 1% FA in ACN. Determinations were
made by liquid chromatography-tandem mass spectrometry (LC-MS/MS). For most compounds, the recoveries range from 70 to
120%, with relative standard deviations < 20%. Linear correlation coefficients (12) were higher than 0.99 at concentration levels
0f0.001-0.100 mg kg—1. A positive matrix effect was observed for up to 95% of organophosphates and 43% of pyrethroids and a
negative effect for 37% of neonicotinoids. This work showed that the presented method is convenient and reliable for quick

monitoring of insecticides in honey samples.
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Introduction

Honey is a highly consumed product due to its nutritional and
antimicrobial properties. It is often consumed by children, the
elderly, and sick persons. However, it may contain residues of
plant protection chemicals, which are the consequence of
chemical plant protection.

Insecticides representing a very wide group of compounds
with a diverse chemical structures play the main role in plant
protection. Pyrethroids (PYR), organochlorines (ORG), car-
bamates (CAR), neonicotinoids (NEO), and organophospho-
rus (OP) are commonly used on rice, maize and sunflower,
rape, potato, sugar beet, vegetable, and fruit crops (Biever
et al. 2003). Many of these compounds are dangerous to hu-
man health. For example, pirimicarb belonging to the
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carbamate group acts through inhibition of the AChE neuro-
transmitter and is suspected to be carcinogenic (Zheng et al.
2016). Cypermethrin, belonging to the synthetic pyrethroid
group, is classified as moderately hazardous and interacts with
the sodium channels in nerve cells, through which sodium
enters the cell in order to transmit a nerve signal and interferes
with other receptors in the nervous system (Sekhar et al.
2009).

When collecting pollen and nectar from flowers, bees
transfer chemical contaminants to their beehives, with the re-
sult that they are detected in honey (Orso et al. 2016; Tette
et al. 2016a; Barganska et al. 2013). These chemical
pollutans are grouped into three toxicity classes (low, medi-
um, and high) Highly toxic insecticides (constituting the
largest group of the compounds) are dangerous to pollinat-
ing organisms, even in sublethal doses (Kaczynski et al.
2017).

To ensure the safety and quality control of honey, it is
necessary to monitor chemical pollution in honey in order to
be sure that the natural product does not contain any toxic
residues at levels that would be harmful to consumers
(Zacharis et al. 2012). However, the monitoring of pesticides
in honey performed in recent years indicates an increase in the
levels of chemical pollutants in this bee products (Rial-Otero
et al. 2007). Therefore, sensitive, selective, rapid, and reliable
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analytical methods for insecticide residue analysis in honey
must still be in the initial development.

The maximum residue levels (MRLs) of insecticides in
honey are regulated by the European Union. Many com-
pounds have MRLs in the range of 0.01-0.05 mg kg ', but
there are exceptions, for example, fipronil MRL =
0.005 mg kg . Therefore, the determination of pesticide res-
idues in honey is a challenge, especially because of the low
concentration of analytes and large amounts of interfering
substances which can be coextracted with analytes, and in
most cases, adversely affect analysis results (Chudzinska
et al. 2012; Kujawski and Namiesnik 2008). Honey contains
a large amount of sugars, proteins, amino acids, vitamins,
antioxidants, and pigments (Zhou et al. 2014; Ferreira et al.
2009). The amount of these compounds largely depends upon
the variety of the honey.

As already mentioned, the group of insecticides is very
wide and chemically diverse, which makes sample prepara-
tion difficult. The melting point of insecticides ranges from —
49 to 222.6 °C, and the octanol-water partition coefficient
(log P) ranges from — 0.85 to 8.1.

Over the last decade, different sample preparation tech-
niques based on liquid-liquid extraction (Blasco et al.
2004), solid-phase extraction (Lozowicka 2013),
QuEChERS method, and its combinations (Tette et al.
2016b) have been developed in order to determine insecti-
cide residues in honey samples. To our best knowledge, no
rapid method of analysis of up to 132 insecticides belong-
ing to 29 chemical classes in honey samples, using
QuEChERS/LC-MS/MS has been described in the litera-
ture. Works available in the literature describe methods that
make it possible to determine individual groups of insecti-
cides: benzoylurea (Wang et al. 2016), neonicotinoids
(Gbylik-Sikorska et al. 2015; Jovanov et al. 2013, 2014),
organochlorines (Zacharis et al. 2012), pyrethroids (Li
et al. 2013), organophosphorus (Naggar et al. 2015;
Blasco et al. 2004), or several groups of insecticides, but
never so many. For instance, Paradis et al. (2014) reported
the simultaneous determination of 22 insecticides of three
chemical classes in honey. Shendy et al. (2016) developed
a method for determination of 200 pesticides including 90
insecticides of ten chemical classes in honey. In another
study, Kasiotis et al. (2014) developed a method to inves-
tigate the occurrence of 115 pesticides including 43 insec-
ticides of seven chemical classes in honey, bee pollen and
honeybees.

The goal of this work was to modify the QUEChERS tech-
nique to develop a rapid, sensitive, and selective method for
determination of 132 insecticide residues belonging to 29 dif-
ferent chemical classes in honey samples using liquid chro-
matography with MS/MS detection. The proposed and vali-
dated procedure was used to determine insecticide residues in
real samples of honey.

@ Springer

Materials and Methods
Chemicals, Reagents, and Insecticide Standards

Formic acid, LC-MS grade acetonitrile and methanol were
purchased from Merck (Darmstadt, Germany). The water
(LC grade 18 M2 cm) was obtained from a MilliQ water
purification system (Millipore Ltd., Bedford, MA, USA).
Chitosan was obtained from Sigma-Aldrich (Steinheim,
Germany), silica gel and aluminum oxide from Merck
(Darmstadt, Germany). Florisil, octadecylsilane (C18), and
octasilane (C8) were purchased from J. T. Baker (Deventer,
Holand). QuEChERS kits with buffering citrate salts were
purchased from Agilent Technologies (Santa Clara, USA).

Insecticide standards were obtained from Dr. Ehrenstorfer
Laboratory (Germany). All the standards were of high purity
grade (>93.0%). An overview of the physicochemical and
toxicological properties of the studied insecticides is given
in Table 1.

Stock standard solutions (at 1000 g mL™") of individual
insecticides were prepared by dissolving an accurately
weighed amount of reference standard in methanol. Working
standard solutions for plotting calibration curves were pre-
pared by serial dilution of the stock solution in methanol.
The working standard solutions were used for preparation of
honey matrix-matched standards within the concentration
range of 0.001-1.0 ug mL " All stock and working standard
solutions were protected from direct light and stored in dark
glass bottles in a freezer at about — 4 °C until analysis.

Sampling and Sample Preparation

Multiflower honey samples were provided by ecological pro-
ducers of honey from the Podlasie region of Poland. Honey
was characterized by golden color; it was derived from nectar
collected by bees from different flowers in the spring and
summer period, such as raspberry or cornflower. Samples
were tested in order to check whether they were free from
pesticide residues. The samples were stored in a refrigerator
(4 °C) until analysis.

A honey sample (2, 5, or 10 g) was weighed into a 50-ml
PTFE tube and dissolved in 10 mL deionized water by shak-
ing for 1 min. Acetonitrile acidified with 0.1, 0.5, or 1%
formic acid (10 mL), 4 g anhydrous magnesium sulfate, 1 g
sodium chloride, 1 g trisodium citrate dehydrate, and 0.5 g
disodium hydrogen citrate sesquihydrate were added and
shaken vigorously for 1 min. Then, the samples were centri-
fuged at 4500 rpm for 5 min. For this purpose, 6 mL of the
upper clear solution was transferred into a 15-mL polyethyl-
ene tube containing various sorbents or sorbent mixtures: alu-
minum oxide, chitosan, silica gel, C18, C8, Florisil, chitosan/
aluminum oxide/C8, chitosan/aluminum oxide/C18, chitosan/
Florisil, or PSA/C18/MgSQOy4. The extract was mixed,
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vigorously with the desiccant sorbent for 1 min and centri-
fuged at 4500 rpm for 10 min. Figure 1 shows the final pa-
rameters of the method.

LC-MS/MS Conditions

Chromatographic analyses were performed using an Eksigent
Ultra LC-100 liquid chromatography system (Eksigent
Technologies, Dublin, CA, USA). A KINETEX XB analytical
column (1.7 um, 2.1 x 50 mm) from Phenomenex (Torrance,
USA) was used for separation, and the column temperature
was kept at 40 °C. The volume injected into the LC-MS/MS
system was 10 pL. The mobile phase consisted of (A) water
and (B) methanol, both containing 5 mmol L' ammonium
formate and 0.2% formic acid. The elution gradient was as
follows: 0—0.5 min (A: 95%, B: 5%), 5-7.5 min (A: 5%, B:
95%), 8—10 min (A: 95%, B: 5%).

Weight 5 g
(+10 mL water)

h

Add 10 mL 1% formic acid in acetonitrile

Shake manually and vortex for 1 min

Add QuEChERS kits with salt

=
Shake manually andvortex . e/
for 1 min and centrifuge el '\""
for 5 min
Add dSPE sorbents
chitosan/aluminium oxide/C8
(200/200/200mg)

Shake manually andvortexfor 1 min ¢
and centrifuge for 10 min ~s

N o

™

1 mL aliquot of the final extract ~'%*

LC-MS/MS analysis W‘

Fig. 1 Scheme of honey sample preparation
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Mass spectrometry analyses were conducted using a 6500
QTRAP system (AB Sciex Instruments, Foster City, CA) in
multiple reaction monitoring mode. Instrumental parameters
for MS/MS analysis were as follows: nitrogen (N,), employed
as the nebulizer gas (GS1), auxiliary gas (GS2), and curtain gas
(CUR), at a pressure of 60, 70, and 35 psi, respectively; ion
spray voltage, 4500 V; temperature, 450 °C. The total chromato-
graphic runtime was 25 min. The system’s operation, data ac-
quisition, and analysis are controlled and processed by Analyst
software version 1.6.2 (AB Sciex Instruments, Foster City, CA).

The optimal mass spectrometric parameters for each com-
pound, including collision energy (CE), collision cell exit po-
tential (CXP), declustering potential (DP), entrance potential
(EP), and retention times are summarized in Table S1.

Validation Study

Validation datasets were gathered according to SANTE/
11945/2015 Document (2016). The parameters, including ma-
trix effect, selectivity, linearity and working range, limit of
detection (LOD), recovery (accuracy) and repeatability
(precision) were evaluated.

Results and Discussion

Sample preparation is one of the most important steps in trace
pesticide analysis, with a direct and important influence on both
the quantification and detection limits achieved. The extraction
efficiency strongly depends on the organic solvents used, the
nature of the sample, and the chemical properties of the pesti-
cide residues (Cunha and Fernandes 2011). In order to obtain
the optimal QUEChERS conditions, various parameters affect-
ing the extraction performance of the method, such as amount
of sample, extraction solvent’s type and volume, mixing time,
and type of cleanup sorbents, were thoroughly investigated.
However, only the most important experiments have been pre-
sented and described. Additional experiments were attached to
Tables 2 and 3 in the supplementary materials.

Optimization of Extraction Conditions

According to available literature data (Kiljanek et al. 2016;
Wiest et al. 2011) and to our best knowledge (Kaczynski
et al. 2017), acetonitrile appears to be the most common
choice due to its ability to extract analytes with different phys-
icochemical properties, such as their molecular weight, boil-
ing point, or polarity. Since certain compounds are sensitive to
pH, formic acid is often added in order to obtain a constant pH
value of approx. 5. This makes it possible to obtain satisfac-
tory recoveries for acid-sensitive chemical compounds with-
out degrading the base-sensitive compounds. In this study,
0.1% formic acid-acetonitrile, 0.5% formic acid-acetonitrile,
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and 1% formic acid-acetonitrile were examined to compare
their recoveries (Fig. 2a, procedures P1-P3). A lower concen-
tration of formic acid (below 1%) was adverse to the recovery
of some compounds (e.g., cadusafos, fenoxycarb, parathion,
quinalphos, or tetramethrin). The results indicated in Table S2
show that better recoveries were obtained for all target
analytes when the concentration of formic acid in acetonitrile
was 1%. In the case of 1% formic acid in acetonitrile, 113 of
132 compounds obtained satisfactory results. In turn, 0.1 and
0.5% formic acid-acetonitrile gave recoveries within the range
of 70-120% for the 100 and 106 compounds, respectively.
Sample weight was the next parameter tested. Experiments
were carried out with the usage of samples weighing 2, 5, and
10 g (Fig. 2b, procedures P3—P5). Satisfactory parameters

Fig. 2 Effect of concentration of a)
acidifying agents (a), different
amounts of sample (b) on
extraction efficiency (expressed o

. .. [%]
as recovery) of 132 insecticides at
0.01 mg kg™

g

20

10

were obtained for a 5 g sample (for 113 compounds). All
recoveries and RSD values have been summarized in
Supplementary data - Table S2.

Optimization of Cleanup Conditions

Six dispersive solid-phase extraction (d-SPE) sorbents (chitosan,
C8, C18, silica gel, aluminum oxide, Florisil) were chosen to be
tested for the ability to remove interfering components and/or
fats/lipids from honey samples (Fig. 3a, procedures P6-P15).
An analytical portion of 200 mg was used for each sorbent.
Sorbent C18 is a sorbent based on the reversed phase be-
cause of its extreme retentive nature with regard to nonpolar
compounds. It is commonly used to remove interfering

the concentration of extraction solvent

®0.1% FAin ACN (P1)

#0.5% FAin ACN (P2

"1% FAin ACN (P3)

<70%

70 - 120%
Recovery

>120%

b) the amount of sample

[%]

70

& 2

20
10

"2 (P4)

" 10g (P5)

<70%

70 - 120% >120%

Recovery
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Fig. 3 Effect of different cleanup a) recovery

sorbents on recovery (a) and

matrix effect (b) of 132 C18(P6)

insecticides at 0.01 mg kg '

(procedures P6-P15) s (P7)
silica gel (P8)
chitosan (P9)

Florisil (P10)

aluminium oxide (P11)

chitosan + aluminum oxide + C8 (P12

chitosan + aluminum oxide + C18 (P13)

chitosan + Florisil (P14)

PSA +C18 +MgS04 (P15) P

b) matrix effect

C18(P6)

c8(P7)

silica gel (P8)

Florisil (P9)

chitosan (P10)

aluminum oxicde (P11)

chitosan + aluminum oxicde + C18 (P13)
chitosan + Florisil (P14)

PSA +C18 +Mgs04 (P15)

compounds from various matrices, including honey (Liu et al.
2016). Use of this sorbent at the cleanup stage yielded recover-
ies within the range of 70-120% for 77 out of 132 tested com-
pounds (Fig. 3a, procedure P6). For 26 insecticides, the recov-
eries obtained were below 70%, and for 19 compounds, above
120%. Using C8 gave recoveries within the range of 70-120%
only for 88 compounds (Fig. 3a, procedure P7). Similar results
were obtained for silica gel, except that more compounds (38)
had recoveries below 70% and only 7 above 120% (Fig. 3a,
procedure P8). Chitosan, a linear polysaccharide consisting of a
deacetylated derivative of chitin has recently been successfully
applied in pesticide residue analysis (Arias et al. 2014). This
material was successfully applied by Arias et al. (2014) to
dispersive-SPE cleanup of soil and rice extracts. Use of chitosan
(200 mg) gave recoveries in the range of 70-120% for 101
compounds (Fig. 3a, procedure P9). Florisil is a popular sorbent

@ Springer
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m>120% W70-120% = <70%
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M positive M no matrix effect negative

that improved sample cleanup due to interaction of sugars with
the polar surface of this sorbent (Kujawski and Namiesnik
2008). Lozowicka et al. (2017) has also reported that Florisil
is a universal sorbent for commodities with a high content of
pigments, acids, sugars, and organic ingredients. In our study,
use of this sorbent gave recoveries within the range of 70—
120% for 106 compounds (Fig. 3a, procedure P10). When alu-
minum oxide was used, satisfactory recoveries were achieved
for 99 compounds (Fig. 3a, procedure P11).

Our results suggest that chitosan, Florisil, C8, and aluminum
oxide were effective sorbents for honey (Fig. 3a, procedures P7,
P9, P10, and P11). Therefore, various double and triple combi-
nations of these sorbents were tested. The best recoveries were
achieved using chitosan/aluminum oxide/C8 (Fig. 3a,
procedure P12). Use of this combination gave recoveries within
the range of 70-120% for 116 out of 132 tested compounds.
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Recoveries below 70% were obtained for 12 analytes, and
above 120% for 5 compounds. All recoveries and RSD values
have been summarized in Supplementary data - Table S2.

Matrix effects (MEs) are a well-known problem in LC-MS
analysis and need to be evaluated together with recoveries.
Evaluation of the matrix effect was performed by comparing
the areas of analytical solution prepared in solvent and in
matrix extracts.

ME (%) was evaluated as follows: [(slope of calibration curve
in matrix/slope of calibration curve in solvent) — 1] 100. The
matrix effect can be classified into the following categories: (1)
negative - high signal suppression (ME >—50%) and moderate
signal suppression (—50% < ME >—20); (2) no matrix effect (—
20 < ME >20%); (3) positive - moderate signal enhancement (20
<ME >50%) and high signal enhancement (ME > 50%). Our
results also suggest that the cleanup step based on the combination
of chitosan/aluminum oxicde/C8 also proved to be the best, en-
suring signal enhancement and signal suppression for six and
eight compounds, respectively. No matrix effect was observed
for as many as 119 analytes (Fig. 3b, procedure P12). Usage of
chitosan/Florisil and chitosan/aluminum oxicde/C18 during
cleanup yielded satisfactory recoveries for almost all of the target
compounds in honey. Unfortunately, strong matrix effects were
observed (enhancement or suppression of more than + 50%) for
most tested compounds. Thus, the combination of chitosan/
aluminum oxicde/C8 was selected as the sorbent for the disper-
sive SPE cleanup procedure. The % ME values obtained for each
insecticide are reported in Supplementary data - Table S3.

There have only been a few studies so far that have described
the relationship between the matrix effect and the chemical
group. Hajslova and Zrostlikova (2003) reported that the positive
matrix effects are stronger for pesticide molecules with specific
function groups, i.e., organophosphates, carbamates, imidazoles,

Fig. 4 Distribution of the various
chemical groups of analytes
according to matrix effect (NEO
neonicotinoids, ORG
organophoshorus, CAR
carbamates, PYR pyrethroids)

and benzimidazoles. According to Anagnostopoulos and
Miliadis (2013), who have developed a method enabling deter-
mination of 32 different chemical groups of pesticides in samples
of olive oil and olives, a considerable impact of the matrix effect
was observed for most analytes from such chemical classes as
carbamates, triazoles, or neonicotinoids, whereas no significant
matrix effect was observed for organophosphate insecticides. In
turn, Giacinti et al. (2016) have observed a negative matrix effect
for chlorpyrifos of the organophosphate group, boscalid of
anilides, and pirimicarb of the carbamate group in their studies
on determination of pesticide residues in apple skin samples.

In our study, we examined the four most popular chemical
groups of insecticides, namely, organophoshorus, carbamates,
pyrethroids, and neonicotinoids. As shown in Fig. 4, signal en-
hancement was more common than suppression in the case of
the pyrethroid and organophosphate insecticide groups. A pos-
itive matrix effect was observed for up to 95% of compounds
from the group of organophosphate insecticides and, respective-
ly, 43% of compounds from the pyrethroid group. In the case of
neonicotinoids, 37% of determined compounds showed a neg-
ative matrix effect. On the other hand, in the case of carbamates,
just 8% of compounds showed signal enhancement or suppres-
sion (92% of compounds did not show any matrix effect).

Method Validation

Method validation of the newly proposed residue analysis meth-
od for honey was conducted. Several validation parameters, in-
cluding matrix effect, selectivity, linearity and working range,
limit of detection (LOD), limit of quantification (LOQ), recovery
(accuracy), and repeatability (precision), were determined and
are summarized in Table S1, Table S2, and Table S3. Good
linearity results with regression coefficients of more than 0.99

@ negative

Ono matrix effect

Hpositive
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were obtained for all the pesticides. The recovery and precision
of the method for the 132 targeted insecticides were evaluated by
carrying out five consecutive extractions (n = 5) of honey spiked
at three concentration levels (0.001, 0.010, and 0.100 mg kgﬁl).
The results were calculated using matrix-matched calibration
standards by means of the external calibration method. The rel-
ative standard deviations (RSDs) for the three spiked levels were
lower than 20%. Full validation data for each insecticide is pre-
sented in the supplementary data - Table S4.

Conclusions

In this study, a modified QUEChERS method was successfully
employed for efficient extraction of 132 insecticides from hon-
ey samples. The effectiveness of the cleanup step was tested for
various sorbents. Cleanup step with using the chitosan/
aluminum oxide/C8 mixture of sorbents turned out to be the
best, in term of both the recoveries obtained and matrix effect.
Very good analytical results were obtained, including recovery,
precision, limit of quantification, and uncertainty. Mean recov-
ery values were within the range of 70-120%. In conclusion,
the present procedure proved to be a useful tool for simulta-
neous determination of insecticide residues in honey.
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