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ABSTRACT

A multiresidue method was developed and validated for the determination of four macrolide pesticides (spinosad, emamectin
benzoate, abamectin and milbemectin) and their metabolites in six kinds of vegetables and fruits (Chinese kale, cabbage, eggplant,
orange, papaya and strawberry). The pesticide residues were extracted from the samples with acetonitrile/10 mM aqueous
ammonium acetate (NH4OAc), pH 4.0 (90:10, v/v) and the purification was carried out with an aminopropyl (NH,) solid-phase
extraction cartridge. Reversed-phase high-performance liquid chromatograpy (RP-HPLC) using an ODS-AM column 5 um, where
a gradient elution with methanol/acetonitrile/10 mM aqueous NH4OAc, pH 4.0 mobile phase was employed for the separation and
quantification of the pesticides. The method accuracy and precision were determined via recovery experiments and four replicates
spiked with three fortification levels (0.15, 1.5, 7.5 pg/g) each. From the overall results of analytes, method LOD values were ranged
from 0.01 to 0.03 pg/g, the mean recoveries were in the range of 75-117% and the relative standard deviations (RSD) were lower than
14%. The recovery data from six sample matrices met the acceptability criteria (European Union, SANCO/2007/3131) of recovery
(70-120%) and RSD (<20%) at the three levels studied. The simple and efficient method with acceptable performance was thus
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established for the simultaneous determination of four macrolide pesticides and their metabolites in agricultural products.
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INTRODUCTION

In recent years, some natural products with antipara-
sitic effects and their synthetic analogues are widely used
as pesticides. Abamectin (ABA), emamectin benzoate
(EMA), milbemectin (MIL) and spinosad, insect control
agents, derived from a naturally occurring actinomycetes
bacterium, have become increasingly important due to
their broad spectrum of biological activity, low toxicity
to non-target organisms and their persistency in the envi-
ronment. These compounds are a family of macrocyclic
lactone compounds, also known as “macrolide” pesti-
cides, and are used as insecticides and acaricides which
exhibit contact and stomach actions!!7).

ABA, is a mixture of two homologues contain-
ing > 80% of avermectin B, and < 20% of avermectin
By,. EMA, a semi-synthesis of ABA by replacement of
the 4’-hydroxyl constituent with an epi-methylamino
group, is a mixture of two homologues containing >
90% of avermectin By, and < 10% of avermectin By,®.

* Author for correspondence. Tel: +886-4-23323000 ext. 4448;
Fax: +886-4-23742341; E-mail: cssheu@cyut.edu.tw

MIL is a mixture of two homologues containing 30% of
milbemectin Aj and 70% of milbemectin A,®). Spinosad
comprises a mixture of spinosyns A (SPA) and spinosyns
D (SPD)!'%!D In this study, the metabolites of spinosad
including spinosyn K (SPK), spinosyn B (SPB) and N-
demethylspinosyn D (NDSD) were also investigated
(Figure 1). Each of the macrocyclic lactones consists of
2 main components will be assigned as major and minor
according to their concentration proportions. Since it is
not economical to separate the homologues on a large
scale, only the mixtures are commercialized for agricul-
tural use. Except the spinosad, of which spinosyn A, D,
K, B and N-demethylspinosyn D, were individually sepa-
rated in this study.

Multi-residue method development for the macrolide
pesticides at residual levels is a complicated process, due
to the fact that compounds of different polarities, solubil-
ities, and pKa values have to be simultaneously extracted
and analyzed. Although a number of LC methods have
been reported for agricultural products and biological and
forest matrices(lz'zz), few multi-residue LC/UV determi-
nation methods have been reported for the simultaneous
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Abamectin (ABA)
Bia: R=CHs; Byp: R=CHg H

Milbemectin (MIL)
A3Z R=CH3; A4Z R:CgHs

Figure 1. Chemical structures of the selected macrolide pesticides

analysis of the listed four macrolide pesticides and their
metabolites. These previously reported methods demand
extensive clean-up of the extracts prior to analysis. Resi-
due extraction and clean-up techniques are required in
order to give a high recovery of the target analytes while
minimizing mutual interferences. Extensive clean-up of
extracts may result in the partial loss of some compounds,
while the inadequate clean-up can lead to adverse effects
related to the quality of the generated data.

An appropriate method should be capable of sepa-
rating as many as possible the target analytes from the
other substances that might interfere with the analysis.
Therefore, in order to exclude these interfering substanc-
es, a variety of clean-up techniques may be employed.
A clean-up method for lipophilic compounds, such as
macrolide antibiotics, that has been used for many years
is the liquid-liquid extraction (LLE) method®*?*. These
macrolides are generally extracted from the biological
matrix into organic solvents (typically employing dichlo-
romethane or ethyl acetate) at a pH where the ionization
of their amino-sugar basic function is suppressed. In
addition, solid-phase extraction (SPE) is one of the most
often used techniques for sample preparation prior to
analysis by the chromatographic procedures. SPE tech-
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nique offers not only the simple clean-up of the initial
extract but also the reduction of solvent consumption.
SPE is being increasingly used for environmental, food,
pharmaceutical and biological applications, and has many
advantages over traditional LLE. SPE method with higher
selectivity than LLE method has a priority to being quan-
titatively analyzed for trace amounts of macrolide anti-
biotics. A number of SPE procedures have been reported
for agricultural products and biological matrices such as
cartridges of NH,12:13:22:25.26) and 4.

A disadvantage of reversed-phase LC analysis of
basic substances on silica column is peak tailing due
to interaction with residual silanols on the silica back-
bone®”). It occurred to the macrolide pesticides selected
in this study, EMA, SPA, SPD, SPK, SPB and NDSD,
which are basic molecules containing amino-sugar in
their structures and are strongly affected by silanol
groups remaining in the column packing material. There-
fore the LC column of ODS-AM, an end-capped C;g
column was thus used.

In this paper, the development of a rapid multi-residue
method for the quantitative determination of macrolide
pesticides and their metabolites in agricultural products
was performed. The work was done using acetonitrile-
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aqueous NH4OAc mixture as extraction solution as well
as SPE/clean-up procedure. The RP-HPLC with UV detec-
tion was chosen for the final analysis and quantification.

MATERIALS AND METHODS

1. Chemicals and Reagents

Acetonitrile, methanol, n-hexance, dichloromethane,
anhydrous sodium sulfate, ammonium acetate, glacial
acetic acid (glacial HOAc) and triethylamine (TEA) were
of HPLC or analytical reagent grade, and purchased from
Mallinckrodt (MO, USA) or Merck (Darmstadt, Germa-
ny). Abamectin (ABA, 85.0%) and emamectin benzoate
(EMA, 96.6%) were kind gifts from SYNGENTA (Basel,
Switzerland); Milbemectin (MIL, 96.6%) was purchased
from SUPELCO (St. Louis, MO, USA); Spinosyn A (SPA,
90.9%), spinosyn D (SPD, 94.0%), spinosyn K (SPK,
98.0%), spinosyn B (SPB, 93.5%) and N-demethylspino-
syn D (NDSD, 97.4%) were kind gifts from Dow Agro-
Sciences (IND, USA).

Around 0.77 g of ammonium acetate was dissolved
in 1000 mL water, mixed well and the pH was adjusted to
4.0 with glacial HOAc to make 10 mM aqueous NH4OAc
buffer, pH 4.0. Extraction solution was prepared by
mixing acetonitrile with 10 mM aqueous NH4OAc buffer,
pH 4.0 (90:10, v/v).

IL. Samples

In order to develop a multi-residue method applicable
to a variety of vegetable and fruit matrices, six types of
food commodities, including Chinese kale, orange, papaya,
strawberry, cabbage and eggplant were selected. The
samples were purchased and directly cut into small pieces
without any pre-treatment, such as washing or peeling.

111. Standard Solutions

Individual pesticide stock solutions were prepared at
concentrations of about 1000 ug/mL in acetonitrile. From
these stock solutions, a mixed standard solution of all
pesticides was prepared, of which subsequent dilutions to
obtain working standard solutions were made. The mixed
standard solutions at appropriate concentrations were
used to calibrate the HPLC system or spike samples in
fortification experiments.

IV. Chromatographic Conditions

Determinations were performed on an Agilent 1100
liquid chromatograph (Hewlett-Packard, Waldbronn,
Germany). The HPLC system consisted of a QuatPump,
a thermostablilizer, an automatic sampler with a 100
pL loop and a variable wavelength UV/Vis detector.
Data acquisition and treatment was performed using HP
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ChemStation software. An ODS-AM 5 pum column (150
x 4.6 mm i.d.) from YMC-Pack (Separation Technology,
Kyoto, Japan) and a similar pre-column (25 x 4.6 mm
i.d.) were used for the separation. The mobile phase was
composed of methanol (channel A), acetonitrile (chan-
nel B) and 10 mM aqueous NH40Ac, pH 4.0 (channel C)
under a gradient elution which was run at initial condi-
tion of 60% A-10% B-30% C, then linearly adjusted to a
composition of 15% A-60% B-25% C within 25 min at
a flow rate of 1.0 mL/min, followed by a flow rate of 1.5
mL/min at the 25.01 min. All measurements were carried
out at room temperature with absorbance detection at
250 nm, the injection volume was 20 pL and the whole
running time was around 40 min.

V. Sample Preparation and Clean-up

A 20 g aliquot of the sub-sample was homogenized
with 60 mL of extraction solution for 1 min using a poly-
tron (Kinematica AG, PT 3100, ON, Canada). 30 mL of
dichloromethane and 5 g of anhydrous sodium sulfate
were then added into the sample mixture solution and
mixed well. The extract was filtered through a Buchner
funnel (fitted with filter paper) by a gentle vacuum, and
adjusted to a volume of 150 mL with acetonitrile. A 7.5
mL of the extract was transferred into a 15 mL centrifuge
tube and evaporated to nearly dryness in a water bath at
ca 40°C under gentle stream of nitrogen with tempera-
ture-controlled nitrogen gas evaporator (N-Evap 112
Analytical Evaporator from Organomation Associates
Inc., MA, USA). The residue was reconstituted in 5 mL
n-hexane, and sonicated for 1 min to prevent the revers-
ible adsorption of analytes from the glass wall.

Sample purification was performed with solid-phase
extraction (SPE) (Vacuum manifolds from J&W Scientif-
ic, CA, USA). The aminopropyl SPE cartridge (500 mg/6
mL of NH, cartridge, AccBond, from Agilent Technolo-
gies, CA, USA), was preconditioned with 5 mL n-hexane.
Five mL of residue solution was transferred into the
cartridge without a vacuum and the eluent was discarded.
The pesticides was eluted from the SPE cartridge with 10
mL acetonitrile/TEA (99:1, v/v). The eluent was evapo-
rated to dryness under a stream of nitrogen with a water
bath at ca 40°C, and re-dissolved in 1.0 mL acetonitrile
and sonicated for 1 min. A 20 pL of the solution was
injected into HPLC system.

V1. Linearity Study, LOD and LOQ Determination

The linearity of calibration curves was evaluated
based on injections of the standard mixture solutions,
prepared in blank sample extract in acetonitrile, at concen-
trations of 0.05, 0.25, 1.0, 2.5 and 10.0 pg/mL. Thus the
corresponding range of pesticide concentration in sample
extract is from 0.05 to 10.0 pg/mL. The calculations were
done by using the peak height, calibration curve equations,
and the determination of coefficients (R?) for each analyt-
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es in the six different samples. The calibration curves were
constructed without including the origin point.

From the relative standard deviations of repeatability
at each lowest concentration level of the 11 target analyt-
es, the instrument LOD and LOQ (LOD; and LOQ);) were
determined. The LOD; was calculated as three times
of the relative standard deviation from the six replicate
injections at the lowest or detectable concentration level,
using the formula: LOD; (pg/mL) = 3 X RSD% x concen-
tration. The LOQ; was defined as 10x RSD% x concen-
tration, that is, LOQ; = 3.3 x LOD;®®. The estimated
method LOD (LOD,,) was calculated as three times
of the relative standard deviation from the six replicate
injections at the lowest or detectable concentration, in
blank sample extract in acetonitrile, using the formula:
estimated LODy, (ng/g) = LOD; % Vfina1 = Vanalyzed * Viotal
= W, where Vg, = total volume of 150 mL, Vypaiyzed =
analyzed volume of 7.5 mL, Vg, = final volume of 1.0
mL, and W = sample weight of 20 g.

VII. Fortification Recovery Experiments

Homogenized blank samples were spiked with 1.5
mL of a standard solution (three concentrations of 2, 20
and 100 pg/mL) directly to the matrix. The method accu-
racy and precision were assessed using the residue free
samples spiked with all target analytes. Recoveries were
determined for four replicates, at the three different spik-
ing levels (0.15, 1.5 and 7.5 pg/g in the samples). The
recovery values and the relative standard deviations were
calculated for each level.

RESULTS AND DISCUSSION
L. Optimization of Chromatographic Conditions

The choice of appropriate conditions for the LC
procedure is affected by the ionizable groups, amino
sugar of the macrolide pesticides. The chromatogra-
phy on silica-based C;g column was effective by using a
mixture solution of acetonitrile-methanol-10 mM aque-
ous NH4OAc, pH 4.0 solution as mobile phase. In order to
optimize conditions various mobile phases were tested in
a series of preliminaries, such as the pH level, the ionic
strength of aqueous NH4OAc solution and the composi-
tion of organic modifiers (acetonitrile-methanol). Howev-
er there were quite different affinities among the analytes
in the reversed-phase column. It is difficult to determine
all the 11 analytes by an isocratic elution. The gradient
elution method was thus adopted in this experiment. From
the study of composition of the mobile phase, we found
that the retention of capacity factor (k’) decreased mark-
edly for the target analytes as the acetonitrile increased.
For the optimum chromatographic separation, gradient
elution with the initial composition of 60% methanol,
10% acetonitrile and 30% aqueous NH4OAc solution,
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was changed to 15% methanol, 60% acetonitrile and 25%
aqueous NH4OAc solution within 25 min, linearly.

The acidic solution could minimize the retaining
of basic macrolide compounds from the residual silanol.
Effect of aqueous NH4OAc solution on the chromatograph-
ic performance, such as pH level (pH 3.0, 4.0, 5.0 and 6.0)
and ionic strength (5, 10, 20, 30, 40 and 50 mM) was also
examined. As a result, the aqueous 10 mM NH4OAc solu-
tion, pH 4.0 was found to be the best. Under these opti-
mized conditions, the superposition of the chromatograms
for the individual injections of each analyte was shown in
Figure 2, and the typical chromatograms of the standard
mixture solution in Figure 3. The experimental results
demonstrated that the appropriate resolution among the all
target analytes was achieved. The resolution between each
two target peaks was calculated. All of the each two peaks
showed the resolution values (Rs) ranging between 2.3
for Rsg g and 18.2 for Rs;g, the peak factors of symmetry
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Figure 2. The superposition of the chromatograms from the
individual standard injections under the optimum LC conditions,
at concentration of 10 pg/mL. Peaks: (1) SPK; (2) SPB; (3) SPA;
(4) NDSD; (5) SPD; (6) EMA-Bip; (7) EMA-Bia; (8) ABA-Biv; (9)
MIL-A3; (10) ABA-Byy; (11) MIL-Ag.
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Figure 3. Typical chromatogram of a standard mixture solution
under the optimum LC conditions, at concentration of 5 pg/mL of
each analyte. Peaks: (1) SPK; (2) SPB; (3) SPA; (4) NDSD; (5) SPD;
(6) EMA-Byy,; (7) EMA-By,; (8) ABA-Byy,; (9) MIL-Aj3; (10) ABA-By,;
(11) MIL-Ay.
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ranging between 0.80 and 1.12, and the retention factors
ranging between 3.4 for £’; and 16.9 for £}, respectively.

1L. Validation of Chromatographic Method
(I) Linearity, Instrument LOD and LOQ

The linearity of the calibration curves was studied
using matrix-matched standard solutions at five concen-
tration level between 0.05 and 10.0 pg/mL (equivalent
to 0.05-10.0 pg/g). In Table 1, the response function was
found to be linear with a coefficient (R?) of determina-
tion higher than 0.999 in the tested range for all pesti-
cides. It has to be noted that the concentration of the
minor compounds, EMA-By,, ABA-By,, and MIL-Aj;
were calculated by taking into account the total signal
given from EMA, ABA and MIL, respectively.

The instrument LOD and LOQ (LOD; and LOQ;)
showed the values in a range of 0.01-0.03 pg/mL and 0.03-
0.11 pg/mL, respectively, for the major compounds. In addi-
tion, the values of LOD; and LOQ); for the minor compounds,
EMA-B,,, ABA-By, and MIL-A3 were in a range of 0.02-
0.14 pg/mL and 0.07-0.48 pg/mL, respectively.

(I1) Repeatability and Reproducibility

In general, the application of the gradient elution has
displayed a relatively poorer performance than isocratic
elution for HPLC determination. Thus, the repeatabil-
ity and reproducibility were investigated with a 5 ng/
mL standard mixture solution. Repeatability study can
allow checking of the accuracy of the chromatographic
system. Six replicate injections were carried out within a
day and relative variations were calculated for retention
time, peak height, peak factors of symmetry and resolu-
tion. In Table 2, the results showed a good repeatability
of the chromatographic system, standard deviation (SD)
for retention time lower than 0.03 min, and RSD of peak
height in a range of 0.28-1.40%. Thus, it would be suit-
able to quantify peaks by heights.

Reproducibility study can allow checking of the
precision of the chromatographic system between days.
In each day of the studies, the same solution was injected
three times per day. Between-run variations were calcu-
lated from the eighteen injections for retention time, peak
height, peak factors of symmetry and resolution. More-
over, the results revealed a good reproducibility of the
chromatographic system, standard deviations (SD) for
retention time lower than 0.04 min, and RSD of peak reso-
lution lower than 4%. Thus, it would be feasible to inject
lots of samples and standard solutions within several days.

II1. Method Validation
(I) Extraction

Mixed solution of acetonitrile/10 mM aqueous
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NH4OAc solution, pH 4.0 (90:10, v/v) was used as the
extraction solution, due to the acidic extraction solution
having two significant advantages over other extraction
solutions (e.g. acetonitrile, acetone or acetonitrile-ethyl
acetate solution) in trace pesticide residue analysis. One
is that acetonitrile exhibits a very strong dissolving abil-
ity and is readily miscible with water. The other advan-
tage, an acidic medium offers the good extraction for
the basic macrolides from the sample matrices. For the
dehydrated process, the lower polarity organic modifier
solvent, dichloromethane was added in the extraction to
improve the dehydrated course with anhydrous sodium
sulfate and to reduce the time-cost of dryness procedure.

(I) Clean-up

For the clean-up, we examined the liquid-liquid
extraction (LLE) method using dichloromethane. Howev-
er, LLE method was not suitable for strawberry and
eggplant samples, owing to the emulsion occurred, leading
to a poor recovery for the EMA and ABA. Subsequently,
solid-phase extraction method was employed instead.

In preliminary experiments, we worked on the vari-
ous SPE eluents and SPE cartridges. Triethylamine (TEA)
is an organic base, serving as the substitute of the basic
macrolide compounds away from the SPE cartridge. The
SPE eluent of acetonitrile/TEA (99:1, v/v) was thus used.
We also studied on the SPE eluent of methanol/TEA
(99:1, v/v) but the co-extract exhibited the complicated
chromatographic background. The volume of SPE eluent,
acetonitrile/TEA) (99:1 v/v) solution, on the recovery
was also investigated. For the first 5 mL of eluent extrac-
tion, the recoveries ranged between 88% and 95% for
the analytes, except for EMA and ABA (69% and 62%,
respectively). In order to improve the recovery of EMA
and ABA, addition of the secondary 5 mL eluent in SPE
procedure could boost the recoveries up to 25% for EMA
and 31% for ABA. Thus, a 10 mL acetonitrile/TEA (99 :
1, v/v) solution was adopted for the SPE procedure. For
the optimum SPE cartridge, six different kinds of SPE
cartridge were studied, including C;g, Cg, CN, florisil,
silica, and NH,. The results showed that poor recover-
ies for EMA and ABA were obtained from the florisil
and silica SPE cartridges, both below 60%, but satisfac-
tory recoveries, ranged from 80% to 99%, were achieved
from the other four cartridges. However, the sorbents of
Cis, Cg and CN were not satisfactory for the interference
removing, and chromatographic background was compli-
cated as comparing with NH, cartridge. Both good recov-
eries and purification efficiency were important consid-
erations concerning the clean-up conditions. Thus, NH,
SPE cartridges were chosen to purify the sample extracts.
It revealed the clean-up procedure was relatively selective
for the tested analytes as shown in Figure 4.

(IIT) Accuracy and Precision
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Table 1. Calibration curves, instrument LODs and LOQs from standard solutions prepared in the sample extract
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Vegetable ) Correlation .
) Macrolide Slope Intercept ) LOD; (ng/mL) LOQi (pg/mL)
and fruit coefficient
Chinese kale SPK 2273 0.053 0.99993 0.02 0.05
SPB 1.970 0.020 0.99997 0.01 0.05
SPA 1.852 0.071 0.99995 0.01 0.03
NDSD 1.574 0.048 0.99995 0.02 0.08
SPD 1.855 -0.010 0.99997 0.03 0.09
EMA*? 2.895 0.102 0.99990 0.01 (Bya), 0.14 (Byyp,) 0.04 (By,), 0.45 (Byy,)
ABA? 2.004 0.050 0.99990 0.01 (Byy), 0.14 (Byp) 0.03 (B1a), 0.45 (Byp,)
MILP 3.842 -0.350 0.99984 0.02 (A3), 0.02 (Ay) 0.08 (A3), 0.07 (Ag)
Cabbage SPK 2.126 0.088 0.99997 0.01 0.03
SPB 1.906 0.009 0.99999 0.01 0.04
SPA 1.590 0.052 0.99992 0.01 0.03
NDSD 1.502 -0.019 0.99998 0.02 0.07
SPD 1.365 0.050 0.99994 0.02 0.08
EMA? 2.613 0.112 0.99988 0.01 (Byy), 0.12 (Byp) 0.04 (B1,), 0.39 (Byy,)
ABA? 1.927 0.041 0.99990 0.01 (Bya), 0.12 (Byp) 0.03 (By,), 0.40 (Byy,)
MILY 3.221 0.094 0.99993 0.02 (A3), 0.02 (Ay) 0.07 (A3), 0.06 (Ay)
Eggplant SPK 2.233 0.047 0.99996 0.01 0.03
SPB 1.936 -0.011 0.99999 0.01 0.04
SPA 1.679 0.063 0.99991 0.01 0.03
NDSD 1.559 0.026 0.99998 0.02 0.07
SPD 1.482 0.062 0.99991 0.02 0.08
EMA? 2.766 0.079 0.99990 0.01 (By,), 0.11 (Byp) 0.04 (By,), 0.36 (Byp,)
ABA? 2.029 0.059 0.99974 0.01 (By,), 0.11 (Byp) 0.03 (B1a), 0.37 (Byp,)
MILY 3.507 -0.025 0.99999 0.02 (A3), 0.02 (Ay) 0.07 (A3), 0.06 (Ay)
Papaya SPK 2.133 0.057 0.99993 0.01 0.05
SPB 1.950 0.023 0.99995 0.01 0.05
SPA 1.778 0.073 0.99993 0.01 0.03
NDSD 1.669 0.038 0.99996 0.03 0.09
SPD 1.568 0.052 0.99992 0.03 0.10
EMA? 2.688 0.067 0.99989 0.01 (By,), 0.13 (Byp) 0.05 (B1,), 0.44 (Byp,)
ABA? 2.128 0.079 0.99984 0.01 (Bya), 0.13 (Byp) 0.04 (By,), 0.42 (Byy,)
MILP 3.671 0.048 0.99996 0.02 (A3), 0.02 (Ay) 0.07 (A3), 0.07 (A4)
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Table 1. Continued

Vegetab.Ie Macrolide Slope Intercept Correla.tion LOD; (ng/mL) LOQi (pg/mL)
and fruit coefficient
Citrus SPK 2.231 0.168 0.99992 0.01 0.05
SPB 1.941 0.022 0.99997 0.02 0.06
SPA 1.933 0.036 0.99998 0.01 0.04
NDSD 1.595 0.054 0.99990 0.03 0.08
SPD 1.697 0.013 0.99996 0.03 0.11
EMA? 2.840 0.095 0.99988 0.01 (By,), 0.14 (Byp) 0.04 (By,), 0.48 (Byy,)
ABA? 1.952 0.089 0.99979 0.01 (Byy), 0.12 (Byp) 0.04 (By,), 0.41 (Byy,)
MILP 3.157 0.042 0.99999 0.03 (A3), 0.02 (Ay) 0.09 (A3), 0.07 (Ay)
Strawberry SPK 2.094 0.037 0.99999 0.01 0.05
SPB 1.635 0.014 0.99999 0.01 0.05
SPA 1.845 0.059 0.99992 0.01 0.03
NDSD 1.442 -0.001 0.99997 0.03 0.09
SPD 1.789 0.071 0.99998 0.03 0.10
EMA? 2.776 0.139 0.99990 0.01 (By,), 0.14 (Byp) 0.04 (By,), 0.48 (Byy,)
ABA? 2.008 0.087 0.99971 0.01 (By,), 0.12 (Byp) 0.04 (By,), 0.41 (Byy,)
MILP 3.206 0.014 0.99999 0.03 (A3), 0.02 (Ay) 0.09 (A3), 0.07 (Ay)

# Calculation taking into account the total signal given by By, plus By,
b Calculation taking into account the total signal given by Az plus A4,

Table 2. Repeatibiliy and reproducibility of the chromatographic method

Repeatibility (n = 6) Reproducibility (n = 18)
Macrolide Retention Peak height, Factor of Rs, Retention Peak height, Factor of Rs,
time, SD RSD symmetry, RSD time, SD RSD symmetry, RSD
(min) (%) Mean (%) (min) (%) Mean (%)
SPK 0.01 0.37 0.87 - 0.03 1.4 0.90 -
SPB 0.01 0.89 1.12 1.7 0.02 0.7 1.08 1.6
SPA 0.01 1.40 0.86 2.1 0.02 1.0 0.81 2.8
NDSD 0.01 1.04 0.85 0.9 0.03 0.9 0.95 1.9
SPD 0.01 0.47 0.80 1.9 0.03 1.4 0.79 1.2
EMA-B;, 0.02 0.87 0.98 2.3 0.03 1.2 1.03 1.2
EMA-By, 0.01 0.92 0.90 1.4 0.02 1.1 0.96 1.1
ABA-By, 0.01 0.52 1.00 2.4 0.03 29 1.07 2.5
ABA-By, 0.02 0.47 0.81 2.0 0.02 1.4 0.87 1.1
MIL-A; 0.01 0.32 0.95 0.8 0.02 0.7 091 1.7

MIL-A, 0.01 0.28 0.83 22 0.02 1.0 0.87 3.7
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Figure 4. Chromatograms of extracts from (A) Chinese kale, (B) cabbage, (C) eggplant, (D) papaya, (E) citrus and (F) strawberry obtained by
a NH» SPE cartridge, spiked at 2.0 pg/mL level. Chromatographic conditions: injection volume: 20 puL; column: ODS-AM (150 mm % 4.6 mm,
5 um) with pre-column (25 mm x 4.6 mm); mobile phase: methanol/acetonitrile/10 mM aqueous NH4OAc, pH 4.0; detection: at 250 nm; peaks:
(1) SPK; (2) SPB; (3) SPA; (4) NDSD; (5) SPD; (6) EMA-Bip; (7) EMA-Bia; (8) ABA-Bip; (9) MIL-A3; (10) ABA-Bia; (11) MIL-Ag.

Table 3. Mean recovery, RSD and estimated LOD,,, obtained for all pesticides from the six kinds of vegetables and fruits determined by LC

Vegetab.l ¢ Pesticide Mean recovery (%) Estimated LOD,, (ng/g)
and fruit 0.15 pg/g® 1.5 ng/g 7.5 pglg
Chinese kale SPK 87 (5.8)° 91 (2.5) 87 (2.9) 0.02
SPB 82 (8.3) 106 (3.3) 83 (2.4) 0.01
SPA 92 (7.4) 96 (4.1) 89 (3.8) 0.01
NDSD 75 (7.8) 95 (1.1) 84 (2.3) 0.02
SPD 96 (8.2) 94 (2.0) 88 (3.0) 0.03
EMA® 78 (3.3) 100 (1.4) 89 (1.9) 0.01 (By,), 0.14 (Byp)
ABA® 89 (3.4) 93 (1.1) 90 (0.5) 0.01 (By,), 0.14 (Byy)
MILY 101 (4.5) 96 (1.5) 94 (0.4) 0.02 (A3), 0.02 (Ay)
Cabbage SPK 100 (7.5) 85 (1.7) 92 (1.9) 0.01
SPB 86 (10.4) 102 (2.9) 90 (1.7) 0.01

SPA 90 (11.1) 82 (4.1) 95 (2.1) 0.01
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Table 3. Continued

Mean recovery (%)
Vegetab'l ¢ Pesticide Estimated LOD,, (ng/g)
and fruit 0.15 pg/g® 1.5 ug/g 7.5 ng/g
Cabbage NDSD 92 (13.3) 96 (2.5) 90 (2.4) 0.02
SPD 83 (6.9) 82 (2.6) 95 (1.4) 0.02
EMA® 89 (5.5) 93 (2.6) 91 (2.4) 0.01 (Bya), 0.12 (Byp)
ABA® 87 (2.5) 91(0.9) 91 (2.1) 0.01 (Bya), 0.12 (Byp)
MiLd 100 (10.2) 95 (3.3) 95 (1.0) 0.02 (A3z), 0.02 (Ay)
Eggplant SPK 93 (4.7) 97 (1.6) 92 (4.8) 0.01
SPB 112 (10.2) 85(3.2) 88 (5.5) 0.01
SPA 103 (7.0) 94 (2.0) 94 (4.2) 0.01
NDSD 117 (3.3) 100 (1.1) 90 (4.3) 0.02
SPD 88 (11.9) 96 (3.4) 95 (5.0) 0.02
EMA® 85 (6.8) 100 (2.0) 89 (5.5) 0.01 (By,), 0.11 (Byp)
ABA® 79 (4.5) 96 (3.4) 90 (8.0) 0.01 (Byy), 0.11 (Byp)
MiLd 106 (5.8) 101 (0.9) 95 (5.1) 0.02 (A3z), 0.02 (Ay)
Papaya SPK 94 (1.9) 103 (1.1) 100 (1.6) 0.01
SPB 82 (3.6) 84 (3.9) 85 (4.1) 0.01
SPA 99 (3.9) 101 (1.9) 102 (1.5) 0.01
NDSD 80 (4.1) 88 (3.1) 84 (4.0) 0.03
SPD 99 (5.2) 104 (2.1) 101 (1.9) 0.03
EMA® 92 (1.0) 103 (3.1) 88 (2.9) 0.01 (By,), 0.13 (Byp)
ABA® 83 (3.0) 88 (3.6) 86 (1.6) 0.01 (Byy), 0.13 (Byp)
MiL¢ 95 (3.1) 103 (2.3) 101 (2.3) 0.02 (A3), 0.02 (A4)
Citrus SPK 95 (6.1) 89 (2.2) 97 (0.9) 0.01
SPB 86 (7.8) 89 (2.1) 91 (3.3) 0.02
SPA 103 (11.1) 96 (0.9) 96 (2.3) 0.01
NDSD 82 (6.1) 90 (3.9) 92 (3.0) 0.03
SPD 103 (5.4) 97 (2.1) 96 (1.4) 0.03
EMA® 85(3.9) 86 (7.0) 97 (4.0) 0.01 (By,), 0.14 (Byp)
ABA® 85 (8.7) 86 (5.1) 100 (3.0) 0.01 (Byy), 0.12 (Byp)
MiL¢ 95(7.9) 95 (3.6) 103 (2.2) 0.03 (A3), 0.02 (A4)
Strawberry SPK 93 (4.2) 90 (1.9) 89 (2.3) 0.01
SPB 90 (11.8) 87 (4.0) 88 (1.8) 0.01
SPA 95 (2.5) 91 (0.9) 92 (1.8) 0.01
NDSD 104 (11.0) 82 (5.6) 87 (2.9) 0.03
SPD 89 (4.8) 96 (1.6) 93 (2.0) 0.03
EMA® 86 (5.3) 90 (3.3) 87 (3.7) 0.01 (Byy), 0.14 (Byp)
ABA® 91 (1.7) 90 (1.7) 89 (2.9) 0.01 (Byy), 0.12 (Byp)
MiLd 99 (3.1) 97 (0.8) 94 (1.3) 0.03 (A3z), 0.02 (Ay)

 spiked at three different levels.

Y RSD (%) measured in four replicates.

¢ Calculation taking into account the total signal given by By, plus By,
4 Calculation taking into account the total signal given by Az plus A,
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According to the criteria established by the Euro-
pean Union®? for analytical method performance, multi-
residue methods applied for pesticides residue analysis in
foods are validated based on two main factors, the range
of recovery percentage and its corresponding RSD value.
A recovery from 70% to 120% and RSD value not higher
than 20% should be acceptable.

In Table 3, listed were mean recovery, RSD and esti-
mated method LOD (LOD,,) for all pesticides from the
six kinds of vegetables and fruits (Chinese kale, cabbage,
eggplant, papaya, citrus and strawberry), spiked at 0.15,
1.5 and 7.5 pg/g levels in four replicates. The results were
summarized as: (1) mean recovery in a range of 75-117%,
82-106% and 83-103% for three spiked levels, respective-
ly. (2) corresponding RSD in a range of 1.0-13.3%, 0.9-
7.0% and 0.4-8.0% for three spiked levels, respectively.
(3) LODy, calculated as three times of relative standard
deviation (RSD, %) from the six replicate injections, at
0.05 pg/mL in blank sample extract in acetonitrile, in
a range of 0.01-0.04 pg/g for the major compounds and
0.02-0.14 pg/g for the minor compounds (EMA-By,
ABA-Byp,, and MIL-A3) among the six tested samples.

CONCLUSIONS

A simple, easy, robust and efficient multi-residue
assay method, by fast SPE clean-up procedure using
aminopropyl (NH,) bonded silica cartridges and analyzed
by RP-HPLC at 250 nm UV detection, has been devel-
oped and validated for the six kinds of vegetable and fruit
samples. The performance characteristics of the testing
method for the studied macrolide pesticides and their
metabolites were qualified according to the EU guide-
lines for method validation. Good linearity of the cali-
bration curves was obtained within the range from 0.05
to 10.0 pg/mL with R?> 0.999. Instrument LOD values
were mostly < 0.03 pg/mL. Method accuracy and preci-
sion were satisfactory and recoveries were in the range of
75-117% with RSD < 14%.
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