
Abstract A robust reliable method for the analysis of resi-
dues of pesticides in citrus groves was developed. Resi-
dues of twelve pesticides were extracted from citrus es-
sential oils by SPE, separated by liquid chromatography
and analyzed by GC–MS. In addition, ten pesticides were
extracted by SPE, separated and analyzed by electrospray
HPLC–MS. In the case of lemon essential oils, all twenty
residues were separated by liquid/solid extraction on a mixed
Florisil–C18 cartridge. The method enabled the analysis of
the twenty pesticide residues at levels of 2 to 30 ppm with
limits of detection ranging between 0.02 to 0.50 mg L–1.
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Introduction

Cultivation of citrus crops commonly involves the use
chemicals such as fertilizers and pesticides. Essential oils
are used in food, pharmaceutical and cosmetic industries.
Regulations are increasingly more strict in terms of the
residual levels of chemicals used for treatment because of
their impact on public health and on the environment. Sev-
eral methods have been developed to control products on
the market. They involve primarily liquid/liquid or liquid/
solid extraction (SPE) for sample preparation, and chro-
matography (gas and liquid) coupled with mass spectrom-
etry for analysis [1, 2, 3, 4, 5, 6, 7, 8].

Fernandez et al. [1] developed an extraction procedure for
pesticides based on partition between the matrix (ground)
and ethyl acetate. After extraction, the pesticides were an-
alyzed by GC–MS and HPLC–MS. The simple and rapid
method developed enabled pesticide residues to be ana-
lyzed with good limits of detection because of the large

quantity of citrus fruit used, but it also required the use of
relatively large quantities of ethyl acetate (about 300 mL
per extraction).

In addition, Valenzuela et al. [2] investigated the ex-
traction yields of residual pesticides in lemons with dichloro-
methane, after their adsorption on a solid phase. The solid
phases tested were C18, C8, C2 bonded silica, and silica.
The results showed that the C18 and C8 solid supports
were the most efficient. The yields obtained with C18 were
comparable to those obtained with C8, with the advantage
that C8 resulted in a cleaner extract (a minimum of inter-
ference from the compounds of the matrix). These results
were subsequently used by Valenzuela et al. to analyze
pesticide residues in oranges [3].

The work described above was carried out on whole
fruit. Other authors [4, 5, 6, 7] considered that pesticides
are mainly located in the fruit peel which is considered as
a protective layer. The essential oils were extracted from
the peel. It was necessary to extract several kilograms of
fruit in order to obtain several milliliters of essential oils.
The concentration of pesticides in the essential oil is thus
much higher than in the fruit.. For this purpose, Saitta et
al. [4] developed a liquid/solid extraction procedure to
separate organochlorine pesticides from essential oils of
citrus fruit. This extraction was carried out on a silica sta-
tionary phase using dichloromethane as elution solvent,
the extract was then analyzed by GC–MS. This method
was used to analyze not more than ten pesticide residues
in essential oils of lemons, oranges, tangerines and ber-
gamot by these authors and was subsequently used by
Giuseppa et al. [5].

This paper describes a new, simple and rapid extraction
and analysis procedure for residues of twenty different
pesticides in lemon essential oils. The method involves
solid/liquid extraction, separation and cleanup by SPE
coupled with GC–MS and HPLC–MS.
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Material and methods

Solvents and reagents

The solvents used were HPLC grade water (Millipore), pentane
(Merck), dichloromethane and methanol (Prolabo). These HPLC
grade solvents were used both in liquid chromatography and for the
liquid/solid extraction steps. Pesticide standards were purchased
from Sigma–Aldrich.

Liquid/solid extraction procedure

Citrus essential oil (0.5 mL) spiked with twenty pesticides at con-
centrations ranging from 2 to 30 ppm was dissolved in 0.5 mL of
pentane. The mixture was homogenized in an ultrasonic bath for
15 min, after which 400 µL of the solution were deposited on a
Florisil cartridge (Maxi-Clean, FL-PR marketed by Alltech), with
an HPLC syringe, at a rate of 200 µL min–1. (The cartridge had pre-
viously been equilibrated with 5 mL of pentane at a flow-rate of 
1 mL min–1.) The solution analyzed was then eluted with 5 mL of
pentane at the same flow rate. This led to the elimination of a large
part of the essential oil, and pesticides were trapped on the station-
ary phase of the cartridge. The residues were then eluted with 5 mL
of dichloromethane at the same flow-rate.

The preparation procedure we developed is based on liquid/
solid extraction. An FL-PR extraction cartridge, specific for pesti-
cides was used, the majority of the stationary phase composed of
Florisil. Extraction conditions (liquid/solid) were developed using
citrus oil solutions spiked with pesticides. Several solvents were
tested, in particular for the desorption of pesticides from the sta-
tionary phase. The best compromise between elution volume and
the separation of pesticides from polar compounds in the matrix
was obtained with dichloromethane. Extracts were concentrated
under a nitrogen stream at 30 °C and analyzed by (GC–MS).

In order to determine the total recovery yield of the preparation
(cartridge extraction and evaporation), the complete procedure was
run three times on three consecutive days.

Analysis techniques

Gas chromatography–mass spectrometry (GC–MS) 
operating conditions

An HP 6890 chromatograph GC equipped with an HP 7683 au-
tosampler and an HP 5973 mass detector was fitted with a BPX5
column (50 m×0.25 mm i.d. with a 0.25 µm thick film). Condi-
tions: injector 250 °C, column oven: 50 °C (1 min), 30 ° min–1 to
150 °C, 4 ° min–1 to 300 °C (10 min), injected volume 1 µL in split-
less mode, carrier gas (He) flow rate 1.2 mL min–1. The transfer
line and the quadrupole were maintained at 280 °C and 150 °C, re-
spectively. The filament (70 eV) was turned on after 7 min run of
GC program.

Liquid chromatography–mass spectrometry (HPLC–MS) 
operating conditions

HPLC–MS analyses were carried out using an HP 1100-MSD
(Agilent) apparatus. The chromatographic system was composed
of an HP 1100 chromatograph equipped with a C18 column
(XTerra MS C18), 150 mm×2.1 mm, packed with a 3.5 µm diameter
particle stationary phase. The column was fitted with a pre-column,
10 mm×2.1 mm. The UV detector (Diode Array Detector DAD)
was set at a wavelength λ=210 nm. The mobile phase was com-
posed of water (adjusted to pH 10 with ammonium formate and
ammonia) and methanol. The elution gradient described in Table 1
was used. Samples were filtered before analysis on a 0.45 µm pore
diameter Teflon filter.

Mass detection carried out with pesticide standards showed
that all the pesticides were detected in positive electrospray mode.
The basic mobile phase used was a medium unfavorable for the
formation of positive ions. To overcome this problem, a 1% (v/v)
solution of formic acid in methanol was added at the UV detector
output by means of a T-connector and a pump operating at a flow-
rate of 0.15 mL min–1. Mass spectrometer conditions were as fol-
lows: nebulizer pressure (60 psig), gas nebulizer temperature 
(60 °C), ion extraction voltage (–3 kV), fragmentor voltage was
maintained at 60 V (0–15 min), at 80 V (15–20 min), at 60 V
(20–23.5 min), at 80 V (23.5–25 min) and 60 V (25–35 min).

Results and discussion

The aim of this work was to develop a procedure for the
analysis of pesticide residues in lemon essential oils.
Based on published data [1, 2, 3, 4, 5, 6, 7, 8], we divided
the pesticides used in the citrus industry into two groups.
The first included twelve pesticides that could be ana-
lyzed by gas chromatography and the second ten pesti-
cides that could be analyzed by liquid chromatography.
Table 2 displays these pesticides, their molecular weight
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Table 1 HPLC elution gradient. (A) water adjusted to pH 10 with
ammonium formate and ammonia; (B) methanol

Time Flow-rate A (%) B (%)
(min) (mL min–1)

0 0.3 88.0 12.0
9.51 0.3 46.1 53.9

10.47 0.3 36.6 63.4
23.48 0.3 0.0 100.0
40.00 0.3 0.0 100.0

Table 2 Pesticides used in the citrus industry, molecular weight
and selective ions for analysis

Pesticide MW Selected ions (m/z)

GC–MS HPLC–MS

Bendiocarb 223.08 – 224, 167
Benomyl 290.13 – 192, 160
Bifenthrin 422.12 181, 165 181. 440
Buprofezin 305.15 305, 172, 105 –
Carbaryl 201.07 144, 115 –
Carbofuran 221.25 164, 149 –
Carbosulfan 380.21 – 381, 160
Chlorpyrifos 348.92 314, 194 352, 350
Dicofol 367.90 250, 139 –
Diflubenzuron 310.08 – 333, 311, 158
Dimethoate 228.99 229, 125 –
Fenthion 278.01 278, 125 –
Flufenoxuron 488.03 – 489, 158
Imidaclopride 255.05 – 256,175
Malathion 330.03 285, 173 –
Methamidophos 141.00 – 142, 125
Methidathion 301.96 302, 145 –
Pyridaphenthion 340.06 340, 199 –
Tetradifon 353.88 356, 229 –
Thiophanate methyl 342.04 – 343, 311



(MW) and selected ions (m/z) for both GC–MS and
HPLC–MS. We noted that bifenthrin and chlorpyrifos can
be analyzed by both techniques.

GC–MS results

Optimized temperature programming led to the separation
of 12 pesticides. Figure 1 shows the gas chromatogram in
SIM mode for the spiked sample of lemon essential oils.
The temperature ramp (from 50° to 150 °C) is an impor-
tant step because it allowed elimination of residual volatile
constituents of the matrix remaining after SPE extraction.
Pesticide residues were then separated in the second tem-
perature ramp (from 150 ° to 300 °C). Retention times were
determined by means of pesticide standards. The limits of
detection (concentration determined for a signal to noise
ratio equal to 3) and the range of quantification (where the
calibration curve is linear and for a correlation coefficient
ranging between 0.991 and 0.999) were also calculated.
for each compound (within the range of concentrations we
examined). Table 3 gives retention times, limits of detec-
tion in mg L–1, the range of quantification, extraction re-
coveries in % and % RSD.

Besides, as the complete procedure was run three times
a day and on three consecutive days, the results allowed
determination of the reproducibility of the sample prepa-
ration method developed.

The extraction yields of pesticide residues obtained
from lemon essential oils were acceptable (ranging be-
tween 67 and 95%) for most of the compounds. The yield
obtained with carbofuran was 106.7% The slight retention
of this compound on the GC column and its co-elution
with residual matrix compounds could explain this high
recovery, Furthermore, the mass spectrum did not enable
selection of selective ions of carbofuran.

The limits of detection calculated for each compound
ranged from 0.03 mg L–1 for chlorpyrifos to 0.50 mg L–1 in
the case of dimethoate. These values depend on the struc-
tures of the different pesticides. The results are obtained with
good % RSD (below 7%).

HPLC–MS Results

Ten pesticides were separated and identified by HPLC–MS.
Figure 2 shows the HPLC–MS chromatogram for the
spiked sample of lemon essential oils after SPE extrac-
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Fig. 1 GC–MS Chromatogram
of pesticide-spiked lemon es-
sential oils

Table 3 GC–MS Retention
times of pesticides, limits of
detection, quantification range,
extraction yields and % RSD

Compound Retention Limit of Quantification Recovery Relative  
time (min) detection range (mg L–1) (%) standard

(mg L–1) deviation (%)

Carbofuran 9.2 0.04 0.4–5 106.7 4.0
Carbaryl 13.3 0.07 0.4–13 92.9 2.8
Dimethoate 17.9 0.50 1.0–18 93.5 6.6
Malathion 22.7 0.05 1.0–90 75.4 4.6
Chlorpyrifos 23.1 0.03 0.3–21 79.7 3.2
Fenthion 23.4 0.05 0.5–85 66.9 3.8
Dicofol 24.2 0.10 1.0–63 84.5 4.0
Methidathion 26.4 0.40 0.8–22 88.2 5.5
Buprofezin 28.1 0.05 0.3–21 94.9 3.8
Bifenthrin 33.1 0.04 0.2–8 86.5 4.1
Pyridaphenthion 33.3 0.10 1.0–46 94.7 5.7
Tetradifon 35.2 0.05 0.4–15 95.7 4.4



tion. Table 4 gives retention times, limits of detection in
mg L–1, the range of quantification, extraction recoveries
in % (determined in the same way as for GC–MS) and %
RSD for each compound.

The background of the HPLC chromatogram increased
in comparison with standard solutions previously analyzed
in the same analysis sequence. This could be due to the
presence of residual matrix compounds. This background
increase could explain the lower yields (ranging between
50 and 94%) obtained in HPLC–MS analysis as compared
with those obtained in GC–MS. Indeed, we noted that the
yields obtained by HPLC–MS for chlorpyrifos (58.2%)
and bifenthrin (50.2%) were much lower than those ob-
tained with GC–MS (79.7% and 86.5% respectively), con-
firming our hypothesis about matrix effects, since the sam-
ples were prepared in the same way. Furthermore, co-elu-
tion, observed on DAD trace, of matrix compounds with
benomyl (at 11.53 min) made the determination of the real
extraction yield for this pesticide difficult. On the other
hand, the limits of detection were rather good and in the
range of 0.02 to 0.06 mg L–1. All the results are obtained
with good relative standard deviation (below 2.0%).

Conclusion

The SPE extraction procedure employed in this work is
based on a mixed Florisil C18 cartridge that allowed ex-
traction of pesticides belonging to different families of
compounds. This procedure is simple and rapid and does
not consume large volumes of solvents.

The chromatographic separation methods described in
this work, allowed determination of reproducibility. Re-
sults obtained with GC–MS and HPLC–MS were rather
good for most of the pesticides. Indeed, limits of detection
determined for each compound ranged from 0.03 and 
0.50 mg L–1 and the quantification range was broad such
as for imidacloprid (from 0.1 to 13 mg L–1). In addition,
chlorpyriphos and bifenthrin were analyzed by both GC–MS
and HPLC–MS with similar limits of detection (about
0.04 mg L–1).

It is well known that tandem mass spectrometry can
differentiate between co-eluting compounds since specific
ions of each one can be studied in a selective way. It would
be interesting to develop in future work a tandem HPLC–
MS–MS method which could overcome the matrix effect
observed in HPLC–MS analysis of citrus essential oils.

160

Table 4 HPLC–MS Retention
times of pesticides, limits of
detection, quantification range,
extraction yields and % RSD

Compounds Retention Limit of Quantification Recovery Relative 
time (min) detection range (mg L–1) (%) standard 

(mg L–1) deviation (%)

Methamidophos 2.54 0.04 0.3–15 72.6 2.0
Imidacloprid 9.75 0.04 0.1–13 94.3 0.4
Benomyl 11.53 0.02 0.1–9 114.6 0.7
Thiophanate-methyl 13.69 0.05 0.2–13 57.0 1.6
Bendiocarb 14.55 0.05 0.2–10 79.3 1.4
Diflubenzuron 19.13 0.03 0.1–7 63.2 1.1
Chlorpyrifos 23.24 0.06 0.1–10 58.2 0.9
Flufenoxuron 23.87 0.04 0.2–13 73.8 1.2
Carbosulfan 25.78 0.03 0.3–7 78.3 0.8
Bifenthrin 26.37 0.05 0.1–8 50.2 1.4

Fig. 2 HPLC–MS Chromato-
gram of pesticide-spiked lemon
essential oils
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