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An analytical method based on solid-phase extraction and gas chromatography / mass spectrometry has been
developed for measurement of acaricides (amitraz, bromopropylate, coumaphos, cymiazole, and tetradifon) in
honey sample. In the stability test of acaricides in honey, amitraz underwent a rapid degradation into 2,4-dimethy-
laniline (DMA), 2,4-dimethylphenylformamide (DMPF), and N-(2,4-dimethylphenyl)-N"-methylformamidine
(DMPMF), whileas other acaricides were found to be stable even for over three months. Extraction of five acar-
icides from 5g of honey sample was carried out by liquid-liquid extraction using 20mL of ethylacetate. For purifi-
cation, Florisil-SPE cartridge with elution of SmL of n-hexane/ acetone (55:45, v/v) was found to remove interfer-
ences effectively. Quantification was performed using gas chromatography / mass spectrometry in the selected ion
monitoring mode. Spiking experiments were carried out to determine the recovery, precision, and limits of de-
tection (LODs) of the method. The overall recovery values from honey spiked at 0.02 and 0.20 ug/g levels, re-
spectively, were found to be greater than 75% for all acaricides. The method detection limits for acaricides were
ranged from 0.1 to 3 ppb. The developed method in this study was applied for the monitoring of acaricides in hon-
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ey products collected from urban markets in Korea.
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Introduction

Acaricides have been widely used for the control of the
honey bee parasite Varroa destructor, consequently leading to
contamination of honey and other bee products. " Recently,
many countries have concerns of safety for human consump-
tion with new rules and more stringent regulations in use of
acaricides to honey. Considerable attention is focused on regu-
lating the allowable limits for acaricide residues in honey.””
Consequently, new analytical method is required to quantify
acaricides used in Korea at low levels of concentration in honey
and honeybee products.

In addition, some acaricides are unstable and are degraded
in aqueous solution depending on the pH value. To verify the
safety of honey and its related products, the stability test of
acaricides should be performed in honey. Several results®’
have been reported on the stability of chlorinated pesticides
and phosphorus pesticides in honey and beeswax.

Several analytical methods have been reported for the
measurement of pesticides to determine not only their pre-
sence but also their concentrations in honey samples with high
precision and accuracy. "% 11 particular, the analysis of acari-
cides present at sub-nanogram levels in honey samples re-
quires extensive sample extract clean-up procedures prior to
their introduction into sensitive instruments. Moreover, the
clean-up procedure for honey is complicated due to the coex-
traction of large quantities of sugar components and vitamines.
In general, the sugar content of honey is about 80% of the net
mass,'” and can significantly reduce the analytical perform-
ance of GC/MS due to the accumulation of residues in the in-
jection port, column and ion source. Several approaches "
have been developed to eliminate these co-extracted sugar-
interferences, including liquid-liquid partitioning, gel permea-

tion chromatography, conventional column chromatography
and multiple clean-up methods.

Liquid-liquid partition is commonly used for pesticide resi-
due analysis. These techniques are time consuming and labo-
rious and require to use a large amount of toxic organic sol-
vent, whereby loss of analytes can be significant. Solid-phase
extraction (SPE)m'lg has been previously used in analysis of
pesticide in honey, as well as solid-phase microextraction
(SPME),"”* resulting in simple, efficient, and solvent-free
methods. Recently, GC/MS combined with SPME has been
increasingly used for the determination of pesticides in vari-
ous samples due to its fast and easy sample preparati(>n.21'23
As alternative method, high performance liquid chromatog-
raphy-UV detection”* and mass spectrometryzs'27 has also
been popularly used for the analysis of pesticides in honey and
honeybee products. However, simultaneous determination of
acaricides and amitraz-degrdation products allowed the lim-
ited use in Korea has not been studied in detail.

This paper presents a rapid and sensitive method for the si-
multaneous quantification and confirmation of 5 acaricides
and amitraz-degrdation products in honey, cleaned by solid-
phase extraction and determined by GC/MS-SIM mode. The
developed method was validated by linearity, recovery, meth-
od detection limits, and duplicate analysis. This method was
applied to the analysis of pesticide residues in various types of
honeys marketed in Korea.

Materials and Methods

Materials and Standards. Amitraz, bromopropylate, cou-
maphos, and tetradifon were purchased from ChemService ™
(West Chester, PA, USA) and most of them were of > 99%
certified purity. Cymiazole was obtained from KBNP™C
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Figure 1. Chemical structures of acaricides and amitraz-degradation products.

(Seoul, South Korea). The degradation products of amitraz,
2,4-dimethylaniline (DMA) and 2,4-dimethylphenylforma-
mide (DMPF) were purchased from Aldrich Chemical Co.
(Milwaukee, WI, USA) and the other degradation product,
N-(2,4-dimethyl- phenyl)-N"-methyl formamidine (DMPMF)
was purchased from Dr. Ehrenstorfer (Augsburg, Germany).
As internal standards, phenanthrene-d;o and "*Ce-hexachloro-
benzene (HCB) were used and these were purchased from
Cambridge Isotope Laboratories™ (Frontage Road Andover,
MA, USA). Figure 1 indicates the chemical structures of acar-
icides and degradation products of amitraz.

All organic solvents (acetone, n-hexane, and ethylacetate)
were of pesticide analysis grade and obtained from J. T. Baker
(Phillipsburg, NJ, USA). Hydrochloric acid used for degrada-
tion test of amitraz was purchased from Merck (Darmstadt,
Germany). Sodium hydroxide was purchased from Samchun
pure chemical co. LTD (Gyeonggido, Korea). Anhydrous
Na,SO4 was purchased from Junsei (Tokyo, Japan) and used
to eliminate water from the extract. Laboratorydistilled water
was obtained from Milipore (Bedford, MA, USA).

Standard stock solutions of acaricides were prepared by
dissolving 10 mg of each compound in 50 mL of ethylacetate
and stored at the refrigerator. Mixed compound calibration
solutions were prepared from the stock solutions in 5, 20, 100,
500, and 1000 ppb concentrations and used as spiking sol-
utions as well. Stock standard and working solutions were
stored at 4 °C and used for no longer than 3 months and 1
week, respectively.

Sample Extraction and Clean up. A 5g amount of honey
was dissolved in 5 mL of triply distilled water in a 100 mL
beaker and homogenized by shaking with a glass stick. The
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Figure 2. Analytical procedures for the determination of acaricides
in honey samples.

addition of distilled water was used to reduce its viscosity and
facilitate its handling. Homogenized honey was fortified with
100 uL of standard mixture, to give final concentrations in the
range of 0.02 ug/g and 0.2 ug/g. After then, the sample was
transferred into the separate funnel and mixed with 20mL of
ethyl acetate submitting it to extraction by shaking for 20 min.
Then the organic phase was collected. The sample was once
again extracted as the above-described procedure. The two
collected portions were combined and passed through the fil-
ter-paper filled with anhydrous Na,SOy to eliminate water in
ethyl acetate. The solvent was evaporated in a rotary evapo-
rator under reduced pressure and the sample was dried under
a gentle stream of pure nitrogen. Finally, the residue was dis-
solved in ImL of ethylacetate.

For honey fortification, a certain amount of honey was
heated in a water bath at 45°C for 20 min, and left calm for 15
min for cooling. The fortified samples were prepared by add-
ing an appropriate amount of the standard solution to the hon-
ey samples. The mixture was mechanically stirred in a blen-
der, so as to ensure homogenization and then submitted to the
extraction step.

Florisil and silica SPE cartridges were preconditioned by
successive washing with 5 mL of acetone and 5 mL of ace-
tone/n-hexane (45:55, v/v). The extract was dissolved in 1 mL
of ethyl acetate and transferred to the column, and the 100mL
beaker was washed with 1 mL of ethyl acetate, which was also
transferred to the column. Acaricides retained on the surface
of solid phase were eluted with 5 mL of acetone/n-hexane.
Columns were placed on a 12-port vacuum manifold, and sol-
vent was filtered and collected in 10mL graduated tubes. A
100uL of the internal standard solution (phenanthrene-d;o,
0.05 ug/g) was added to each sample, which was previously
concentrated with a gentle stream of N, gas. The purified solu-
tion was stored at 4°C until analyzed by GC/MS. Overall ana-
lytical procedure for the determination of acaricides is de-
picted in Figure 2.
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Degradation Test. The degradation test of acaricides was
performed in honey. For this experiment, a 30g of honey was
heated in a water bath at 45°C for 20 min, and left calm for 15
min for cooling. A 0.1 mg of standard mixture was added to 5g
of honey sample. Spiked honey sample was fully mixed by a
glass stick and put into a hood for inducing vaporization or-
ganic solvents in honey. The evaporated spiked samples were
put in glass vials and 5g of spiked honey was taken and ex-
tracted once a week for 4 weeks. The extracts were examined
by GC/MS.

Method Validation. Validation of the analytical method for
the four acaricides and DMA, amitraz-degrdation product,
was determined by recovery, linearity, limit of detection
(LOD), and limit of quantitation (LOQ).

For recovery validation, a standard solution containing the
acaricides at concentrations of 0.02 and 0.2 ug/g, respectively,
was spiked into 5g of honey. Spiked sample was extracted, pu-
rified and analyzed using the method described above.

For linearity validation, the matrix spike was performed at
five spiking levels (i.e., 0.005, 0.02, 0.1, 0.5, 1.0 ug/g) for all
compounds. Five calibration samples were injected in tripli-
cate and five replicate analyses of the calibration solutions
were performed. Calibration curves were constructed by linear
regression of the peak area-ratios (y) of each acaricide to
internal standard, versus the concentration (x) in ug/g.

Method detection limits (MDLs) were set as three times
the standard deviation of the calculated concentration above
the mean concentration determined in the blanks. The LOQ
was defined as the concentration of standard solution with a
S/N > 10.

GC/MS Analysis. The sample analysis was carried out with
an Agilent GC/MS (Palo Alto, CA, USA) equipped with
DB-5MS fused-silica capillary column (30 mx0.25 mm i.d.,
film thickness 0.25 um, J&W Scientific, Folsom, CA, USA).
Helium was used as a carrier gas at a flow rate of 1.0 mL/min.
A 1 uL sample was introduced by split injection mode (split
ratio 10:1). The temperature conditions of the GC injection
port and the MS interface were set at 280 and 300 °C respec-
tively. The oven temperature was held at 60 °C for 1 min, eleva-
ted to 200 °C at 20 °Cmin, held at 200 °C for 1 min, elevated
from 200 °C to 300 °C at 8 °Cmin, and held for 5 min.

The mass spectrometer was run in the electron ionization
(EI) mode with an electron energy of 70 eV and the electron

Table 1. Selected ions and retention times of acaricides used in
GC/MS-SIM analysis

Compound RT Quant. Confirm.
(min) Ion (m/z) Ion (m/z)
Group I DMA 5.869 121 120
Group I DMPF 8.092 149 120
DMPMF 8.503 162 120
Group I “C¢-HCB 9.976 290 -
Phenanthrene-dip  10.737 188 -
Cymiazole 11.628 218 185
Group IV Bromopropylate 17.305 341 339
Tetradifon 17.888 356 354
Amitraz 18.392 293 162
Coumaphos 19.552 362 364
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multiplier voltage was set at 1700 V. The manifold temper-
ature was maintained at 230 °C. The mass spectrometer was
obtained in the mass range from 50 to 550 amu. For the monit-
oring and confirmation analysis, the selected ion monitoring
(SIM) mode was used and the dwell time of each ion was set
at 50 ms. Selected ion groups in SIM mode are given in Table
1. All acaricides were identified by retention time and specific
ions, and quantified by the internal standard method.

Results And Discussion

Degradation of Acaricides in Honey. The stability of ami-
traz, bromopropylate, cymiazol, and tetradifon was examined
at room temperature for 4 weeks. For the elucidation of chemi-
cal structures of the degradation products, these acaricides
were initially tested in acidic (pH 3) or basic (pH 12) aqueous
solution for two days to be occurred rapidly decomposition
and to minimize matrix interference. After standing spiked
solution (Smg of acaricide in 10 mL) at room temperature for
2 days, the resulting solution was extracted with ethylacetate
and analyzed by GC/MS. Generally, most acaricides were sta-
ble under acidic aqueous conditions and no degradation was
occurred at pH 3, except for amitraz. However, bromopropyl-
ate under basic aqueous conditions was degraded by the hy-
drolysis procedure. This compound was slightly degraded in-
to bis-(4-bromophenyl)methanol via hydroxylation at the
benzylic position. Amitraz was unstable and rapidly degraded
in acidic, basic and neutral media. The major degradation
products of amitraz were 2,4-dimethylaniline (DMA), 2,4-di-
methylphenylformamide (DMPF), and N-(2,4-dimethylphe-
nyl)-N'-methyl-formamidine (DMPMF). These degradation
products were identified by comparison of their retention times
and mass spectra with those of standards, (data not shown here).

The stability of amitraz, bromopropylate, cymiazol, and
tetradifon in honey was also examined at room temperature
for 4 weeks. Time profiles of degradation of amitraz (A), and
of stability of bromopropylate, coumaphos, cymiazole, and
tetradifon (B) in honey are presented in Figure 3. No sig-
nificant degradation was observed for acaricides during all of
the study period, except for amitraz. These phenomena were
consistent with the results obtained in acidic aqueous sol-
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Figure 3. Time profiles of degradation of amitraz (A), and bromo-
propylate, coumaphos, cymiazole, and tetradifon (B) in honey
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ution, since honey is slightly acidic media due to the presence
of carbohydrates. The amitraz-spiked honey was extracted
with ethylacetate and analyzed by GC/MS. Amitraz in honey
was completely decomposed within 1 day and degraded into
DMA, DMPF and DMPMF, which are identical products to
those obtained in acidic aqueous solution. Among them,
DMPMF and DMPF were observed as predominant products
until 2 weeks. The formation of these compounds already was
suggested as simple hydrolysis reaction at the amino group of
amitraz.”’ However, the amounts of DMPF and DMPMF
were exponentially decreased after 2 weeks and finally con-
verted into DMA. Figure 4 shows degradation pathways of
amitraz in honey. Therefore, for the monitoring of amitraz in
honey, its degradation products instead of amitraz should be
detected in GC/MS analysis.

Extraction and Clean-up. The honey sample was dissolved
with triply distilled water and extracted with a suitable solvent
to remove the bulk of the sample matrix and extract the acari-
cide residue into the solvent. The selection of solvent can be
critical for the satisfactory recovery of acaricides and ami-
traz-degradation products from the sample matrix. In this
study, ethylacetate was used as the extraction solvent for the
acaricide residue from the spiked honey sample, since ethyl-
acetate has shown good solubility for acaricides used in this
study, but less solubility for polar interferences such as
glucoses. Under these extraction conditions, the overall ex-
traction yield of acaricides was above 90%, due to the good
solubility of acricides in ethylacetate.

During the extraction of the acaricides from the honey sam-
ple by liquid-liquid extraction method, several interferences
including lipids, pigment, carbohydrates, as well as other ex-
tractable polar compounds in ethylacetate were co-extracted,
although these compounds are less soluble in ethylacetate.
Thus, it is difficult to pre-treat the sample extracts for the se-
lective extraction of the acaricides, as well as to remove the in-
terferences from the extract. Moreover, the presence of large
amount of interferences can lead to adverse effects related to

Pa—
pa—

DMPMF

NH,

DMA
Figure 4. Degradation pathways of amitraz in honey
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false positive and inaccurate quantification. Therefore, sev-
eral cleanup steps including solvent partitioning and column
clean-up are required to remove interfering materials.

After liquid-liquid extraction, the extract still contained
significant amount of the interferences; a maximum of a few
mg per 5g honey sample. In particular, nonpolar interferences
are copresent in relatively high amounts compared with the
sub-microgram levels of acaricides in ethylacetate. These
compounds could interfere with acaricides in the GC/MS
analysis. Therefore, an additional clean-up step was required
to reach the sub- microgram level of quantification in the analy-
sis of honey samples.

Florisil SPE cartridge (500 mg, 6 mL) was used for its con-
venience and simple clean-up method for the elimination of
the remaining interferences in extract. The Florisil SPE-car-
tridge is known to effectively remove relatively polar interfer-
ences during the clean-up procedure.28 Figure 5 shows the elu-
tion patterns of acaricides and amitrazdegradation products
with elution of acetone/n-hexane (v/v, 45:55) on Florisil SPE
cartridge. Most of the acaricides were eluted with 5 mL of the
acetone/n-hexane mixture elution on both cartridges. On the
other hand, large amounts of interferences were coeluted on
both cartridges when ethylacetate was used as the elution
solvent. Non-polar solvents such as n-hexane and dichloro-
methane used as elution solvent resulted in a poor recovery for
all acaricides on Florisil SPE-cartridge. Hence, the acetone/n-
hexane mixture was selected for SPE clean-up.

Method Application. Internal standards, acaricides, and
amitraz-degradation products were spiked into the control
honey sample, and then extracted, purified, and analyzed by
the method developed. A typical total ion chromatogram of
the acaricides extracted from the spiked honey at 4 ppb level
is given in Figure 6. No significant interferences near target
analytes peaks were observed in the total ion chroma- togram.
The ratios of the peak areas of acaricides and the correspond-
ing internal standards were determined.

Calibration equations, MDLs and recoveries of acaricides
in honey sample are listed in Table 2. The calibration curves
were generated using a least-squares linear regression analy-
sis ranging between 0.005 and 0.400 pg/g. The correlation co-
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’g Cymiazole
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< — "
60000 “CeHCB
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Acetone:Hexane (45:55,v/v) Elution (mL)

Figure 5. Elution patterns of acaricides and amitraz-degradation
products on the Florisil cartridge with the elution of acetone/
n-hexane mixture (v/v, 45:55)
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Figure 6. Typical total ion chromatogram of the acaricides extracted
from the spiked honey at 4 ppb level.

efficients for acaricides were higher than 0.991, except DMA,
indicating a good linearity.

Method detection limits (MDL) were determined as the
lowest amount of analyte corresponding to a signal-to-noise
ratio of 3. In the GC/MS-SIM analysis, the base peaks of acari-
cides were used as the quantification ions for the lower de-
tection limit. MDLs and recoveries were measured by analyz-
ing seven replicate samples of 5g control honey spiked with
acaricides. The recovery of the acaricides ranged from 75.2 to
97.5 %, with relative standard deviations (RSD) ranging from
410 10 %. The MDL is defined as the lowest concentration of
acaricides which provide a greater than 99% confidence level
when the procedure is used. MDLs of the five acaricide com-
pounds in the tested honey samples were within the range of
0.05-1.0 ng/g honey; however, these MDLs could be de-
creased by increasing the sample size and injection volume in
the GC analysis. This ensures a reliable determination at low
levels compared to other repor‘cs.”'15
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The proposed analytical procedure was used to determine
the level of acaricides in honey collected from urban market.
For the typical positive honey sample containing cymiazole
(0.8 ng/g) and coumaphos (2.28 pg/g), the extracted ion chro-
matograms of cymiazole and coumaphos are shown in Figure
7. No significant interferences were observed in the ion chro-
matograms of cymiazole and coumaphos. To quantify these
compounds, their base peaks were selected for the integration
of the peak areas detected in the ion chromatograms. The de-
tection and identification of other acaricides was achieved on
the basis of retention times and selected ion ratios to the corre-
sponding internal standard in the GC/MS-SIM.

Conclusions

The Florisil SPE method combined with liquid-liquid ex-
traction, was simple, consumed little organic solvent, and
yielded satisfactory analytical results. Compared with other
column clean-up methods for the removal of interferences
from honey samples, the developed method had a higher sam-
ple throughput and better convenience in handling. Hence, the
method can be used as a rapid screening tool for the determi-
nation of acaricides and amitraz-degradation products in hon-
ey products. The quantitation of acaricides was performed
with precision and accuracy on the basis of GC/MS-SIM de-
termination, showing within 10% of relative standard devia-
tion and accuracy through spiking and recovery tests. More-
over, the analytical results, such as the recovery and method
detection limit, were equivalent to or better than the official
methods.”>” Future work will explore the possibility of ap-
plying this method for the determination of pesticides in other
types of honey and beeswax.

Table 2. Calibration equations, method detection limits (MDL) and recoveries of acaricides in honey sample

Regression line

Recovery + R.S.D. (%)

Compound 1 Correlation (1\;[;;)
Slope Intercept coefficient 20 ng/g 200 ng/g

DMA 0.0015 0.0657 0.9849 1.0 84.6 £10.12 87.0 £ 8.96

Cymiazole 0.1255 -3.8211 0.9920 0.1 752 +7.58 91.2 +6.38

Bromopropylate 0.1515 -1.0736 0.9996 0.1 91.4+£9.29 95.3+6.19

Tetradifon 0.0810 -0.0749 0.9999 0.05 87.8+7.55 92.0+5.35

Coumaphos 0.0856 -0.8743 0.9994 0.05 97.5+6.87 96.4 +4.15
(A) (B) Cymiazole (C) Coumaphos
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Figure 7. Total ion chromatogram (A) of purified extract from a positive honey sample and extracted ion chromatograms of cymiazole (B)

and coumaphos (C) detected by GC/MS-SIM.
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