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Abstract

An analytical procedure using supercritical fluid extraction (SFE) and capillary gas chromatography with electron-capture detection was
developed to determine simultaneously residues of different pesticides (organochlorine, organophosphorus, organonitrogen and pyrethroid) in
honey samples. Fortification experiments were conducted to test conventional extraction (liquid—liquid) and optimize the extraction procedure
in SFE by varying the C@maodifier, temperature, extraction time and pressure. Best efficiency was achieved at 400 bar using acetonitrile as
modifier at 90C. For the clean-up step, Florisil cartridges were used for both methods LLE and SFE. Recoveries for majority of pesticides
from fortified samples of honey at fortification level of 0.01-0.10 mg/kg ranged 75-94% from both methods. Limits of detection found were
less than 0.01 mg/kg for ECD and confirmation of pesticide identity was performed by gas chromatography—mass spectrometry in selected-ion
monitoring mode. The multiresidue methods in real honey samples were applied and the results of developed methods were compared.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction are several ways by which honey bees can be killed and con-
taminated by pesticides. One is the direct contact of the pes-
The extensive use of pesticides plays an important role in ticide on the bee while it is foraging in the field. The bee
the increase of world food production. Pesticides are appliedimmediately dies and does not return to the hive. In this case,
worldwide to a broad variety of crops for both field and post- the queen, brood and nurse bees are not contaminated and the
harvest protection. The increasingly public concern, in recent colony survives. The second more deadly way, is when the
years, about health risks from pesticide residues in the diet,bee comes in contact with a pesticide and transports it back to
has deeply modified the strategy for crop protection, with the colony, either as a contaminated pollen or nectar or on its
emphasis on food quality and saféty. body. As a consequence, residues of certain pesticides could
Unfortunately, honey bees are insects that are greatly af-appear in apiarian products, thus it is convenient to evaluate
fected by insecticides as well as pesticides in general. Therethem in order to maintain the characteristics that a natural
product, such as honey should bgr
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Table 1 phase, by passage through octadecylsilane cartridgels

Retention times, recoveries (R.S.D.%= 5) and detection limits of the after dilution of the honey sample with water.

selected pesticides obtained by liquid-liquid extraction and supercritical ) . . . .

fuid extraction _ The sample clgan up is crucial for honey a_naIyS|s, since
high molecular weight compounds can contaminate the chro-

Pesticides tr (min) - Recovery (R-S.D.) (rr';;)/Eg) matographic system and specially when using electron-
LLE SFE capture detectors (ECD), the interfering compounds make
Organohalogen it difficult to interpret the chromatograms due to overlap-
g'd”“ " 2;;51’ gg Si; gg gg; 8-883 ping peaks. The honey extract has been subjected to a clean-
romopropylate . . . Lo N .
Chlorothalonil 2647 86(6.4) 90 (56) 0.005 up ;tgp by liquid-liquid partmpmng, an octadecylsilane or
Diclofop-methyl 3865 89(6.6) 92 (5.8) 0.006 Florisil F:olumn or gel permeation chromatografy8—10]
Dicofol 30.03 83(6.7)  89(6.0) 0.007 For residues, the extract is commonly analyzed by gas chro-
Endosulfan alfa 330 85(7.2  94(5.4) 0.005 matography (GCJ7,11-13]or high performance liquid chro-
Heccniorobensene A 8769 fB(ss) oo iodraphy (HPLCIB14,15)
exachliorobenzene . . .
Metoxychlor 4129 88(71) 91(46) 0.007 The geperal drawback_s, such as_the use oflarge amounts of
Tetradifon 4220 77(6.8) 96 (5.5) 0.005 solvents, time-consumption, labor-intensity and considerable
. waste production, associated with these classical extraction
Organonitrogen hni db d db . itical fluid
Buprofezin 3496 86(5.9 88(53) 0.010 techniques could be reduced by using supercritical fluid ex-
Dicloran 2350 88(6.6) 90 (5.6) 0.008 traction (SFE). SFE has shown to be an efficient and rapid
Etaconazole 365 84(7.0) 97(5.3) 0.008 method for the isolation of pesticides from complex matrices
Hexaconazole 327 83 (6.5) 91 (4.2) 0.007 such as hone}16,17}
Imazalil 3390 88(r.1)  93(45) 0006 SFE has gained increased attention as a potential replace-
Linuron 884 90 (6.4) 92(5.9) 0.008 f ional liquid solvent extraction due to it
Metolachlor 2887 87(6.8) 97 (4.8) 0.010 ment or conventlonq_ Iquid solvent extraction due to its
Prochloraz 4%4 89(7.3)  95(5.6) 0.010 properties of supercritical fluids such as higher diffusivity
Propiconazole 373 85(6.7)  98(5.7) 0.008 and low viscosity which allow selective extractions of differ-
Quizalofop-ethyl 4910 89(6.2) 95(5.3) 0.010 ent chemicals without additional clean-up as well as the use
Te_buponazole 381 83 (6.8) 94 (5.9) 0.008 Of |Itt|e Sample amOUntE].S,lg].
Triadimefon 2917 84 (6.6) 96 (6.3) 0.005 h | of th t K is to d | id d
Triadimenol 3128  85(64) 94(48)  0.010 The goal of the present work is to develop a rapid an
Trifluralin 17.30 86(5.9) 97 (4.6) 0.007 accurate multiresidue method to determine organochlorine,
Vinclozolin 2657 83(6.2) 98 (4.6) 0.007 organophosphorus, organonitrogen and pyrethroid pesticides
Organophosphorus in .routine tgsting of honey samples ba}seq on sgpercrit.ical
Chlorpyrifos 2953 75(7.3)  98(4.9) 0.002 fluid extraction (SFE) and to compare it with liquid—liquid
Diazinon 2408 78(6.5)  94(5.6) 0.005 extraction. The development of SFE was performed by the
D!Ch'or:"os 2722 7; (2-2) 37 (5-;) 8-836 optimization of several parameters; mainly the pressure, tem-
Dimethoate i 7664 9548 007 perature and the addition of an organic modifier to the fluid
Pyrethroid (acetone and acetonitrile). Clean-up was based on Florisil,
Cyfluthrin® 46.08,  84(7.1)  92(4.9) 0.009 followed by GC/ECD for simultaneous determination, and
46.34, : . . .
146.68 confirmatory analysis was carried out by GC/MS in the
Cypermethrift 47.67, 87(7.0) 93(5.4) 0.008 selected-ion monitoring (SIM) mode. The extraction effi-
48.20, ciencies were directly compared to those achieved using
48.36 liquid-liquid extraction.
Fenvalerate g;;i 85(68) 95(55)  0.005 The applicability of the newly developed procedure for

the multiresidue analysis of honey is also presented.

@ Quantification performed by the sum of the peak areas of isomer forms.

2. Experimental

includes isolation-concentration steps. Sample preparation is
a key element in the pesticide residues analysis in honey.2.1. Chemicals
It is performed to produce clean samples, sufficiently free
from impurities, for the chromatographic analysis in orderto 2.1.1. Pesticide standards
achieve a good separation and high selectivity. Since sample Pesticide reference standards were purchased from Dr.
pre-treatment is most essential, but at the same time the mosEhrenstorfer (Augsburg, Germany) with purity range of
time consuming step in chromatographic analysis, there is a96—100%. Pesticides investigated are listedidhle 1
reason to carefully investigate possible alternatives to shorten
the time consumef8]. 2.1.2. Pesticide solutions

Pesticide residues in honey are usually extracted by treat- Pesticide stock solutions (approximately 500 mg/L) of
ing the sample with an organic solvgat6], or in the solid- individual pesticide standards were prepared by dissolving
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approximately 0.050 g of the pesticide in 100 mL of acetone: powder (2 g) to facilitate the lyophilization process, homog-
n-hexane (1:1,v/v) and stored in a freezerdt8°C in glass enized by shaking, and frozen-afl8°C prior to lyophiliza-
bottles with PTFE-faced screw caps. Pesticide working solu- tion. The honey samples were poured into a stainless steel
tions were prepared for recovery tests of liquid—liquid extrac- extraction cell (5.6 cnmx 1.6 mm i.d.) in a sandwich mode,
tion and SFE methods by appropriate dilution with acetone: using a silanized glass wool at both the bottom and the top of

n-hexane (50:50, v/v). the cell to protect cell sealing. Before extraction, whenever
necessary, a modifier (acetone and acetonitrile) was added to
2.1.3. Organic solvents and reagents the pre-mixture chamber by pipeting a calculated volume in

Acetone n-hexane, methylene chloride, ethyl acetate and relation to the total volume of SFE cell to obtain a 10% (v/v)
methanol, all of special grade for pesticide residue analy- supercritical fluid volume.

sis were purchased from Mallinkrodt, Merck. Sep-Pei#c Optimized extraction conditions were obtained by sequen-
Florisil cartridges (3 mL, 500 mg) were bought from Waters tially varying one experimental parameter while all other
(Milford, MA). A special syphonated C&from White Mar- parameters remained fixed. The parameters were varied in
tins was also used in SFE. the order of temperature, pressure and extraction time. The
results of the current test were used to determine the next ex-
2.2. Liquid-liquid extraction (conventional method) traction parameter change for optimization. The optimized

extraction conditions obtained using the fortified honey

The pesticide extraction method used in the determination samples were: 10% of acetone modifier, extraction pres-
of pesticides in honey was based on the literature with a few sure, 200 bar; extraction temperature? 60 extraction time,
modificationg8]. 20 min. The extraction conditions were varied from 40, 60

A 10g portion of honey sample was weighed in an Er- and 90°C and 200, 400 and 600 bar, using flow rate of ex-
lenmeyer flask and fortified when required with the pesticide panded gas, 1.5 mL/min. G@r CO; modified with 10% of
standard solution. The sample was mixed with 5mL water acetone and acetonitrile. The extraction time was tested at
and homogenized by shaking to reduce its viscosity and fa- 10, 20 and 30 min, so as to optimize the pesticide recovery in
cilitate its handling. After that, the sample was mixed with honey samples.

a 50 mL solution ofn-hexane/acetone (60:40, v/v) submit- A fused-silica capillary tube (30cnx 100w i.d.) was
ting it to extraction by shaking for 20 min. Then, the organic attached to the outlet of the extractor as a restrictor and the
phase was separated by centrifugation at 26@3dor 10 min pesticides were collected on-line in a Florisil cartridge at

and then collected. The sample was once again extracted witiL0°C (the procedure is described$®ction 2.4.

40 mL of solvent and the above-described procedure was re-

peated. The two portions collected were combined and the2.4. Clean-up SPE

solvent was evaporated in a rotary evaporator under reduced

pressure at 65C and the sample was dried under a gentle  The clean-up of samples was performed by means of

stream of pure nitrogen. Finally, the residue was dissolved a Supelco VISIPREP-12 manifold using Florisil cartridges

in 5mL of acetone and passed through a QuBOsized pore which were conditioned with approximately 5mL of 1:1

PTFE filter. ethyl acetater’-hexane. When 0.5-1 mL of the ethyl acetate/
For honey fortification, 10 g of the sample was heated in n-hexane remained in the cartridge, the valve of the mani-

a water bath at 40C for 20 min, being 5min allowed. The fold was closed to prevent cartridges drying. The extract was

fortified samples were prepared by adding an appropriate vol-added to the column and eluted under gravity with two por-

ume of the standard working solution to the honey samples.tions of 5 mL each, methylene chloridetiexane (80:20,v/v)

The mixture was mechanically stirred in a blender, so as to andn-hexane/acetone (60:40, v/v). Once elution was com-

ensure homogenization and then submitted to the extractionpleted, the collected extracts were concentrated under a gen-

step. tle N2 stream.
The residue was quantitatively dissolved in 1 mL of ace-
2.3. Supercritical fluid extraction (SFE) tone and submitted to analysis by GC/ECD and GC/MS.

SFE was carried out by using the SFX-220 extraction sys- 2.5. GC/ECD
tem (ISCO, Lincoln, NE, USA) that consists of an SFX-220
extractor, an SFX-200 controller, 100 DX syringe pump, and A Hewlett-Packard Model 5890 Series Il gas chromato-
a syphonated carbon dioxide (gxylinder that was pres-  graph equipped with &Ni electron-capture detector and a
surized up to work pressure. fused silica capillary column HP-608 (30 ;1 0.25um i.d.,

A5 g of honey sample was mixed with water ca. 3mL and film thickness 0.25 mm) was used. The operating conditions
heated in a water bath at 4Q to improve and facilitate the  were as follows: initial temperature, 46 (1 min), increased
handling of the mixture. The honey samples were then for- at 20°C/min to 150°C, kept for 5min, then increased at
tified by adding an appropriate volume of standard working 4°C/min to 280°C for 20 min; injector temperature, 25G;
solution, after which the mixture was treated with cellulose H» carrier gas; column linear velocity (= 45 cm/s) operated
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in the splitless mode; purge off time, 1 min; injection volume,
1uL; detector temperature, 30C; make-up gas, N 4.0 661

2.6. GC/IMS
3.0 e6

ATTENUATION

Confirmatory run analysis was done on a Hewlett-Packard w
Model 5890 Series Il gas chromatograph with a HP 5972 £ 2.0 6]
mass selective ion detector (quadrupole) and a fused-silica

ONS

capillary column LM-5-5% phenyl 95% dimethylpolysilox- &
ane (35 mx 0.25mm i.d., film thickness 0.36m). GC op- & 0%
erated under the following conditions: initial temperature, E; ,l
45°C (1 min), increased at ZT/min to 150°C, kept for H 0

=]

5min, then increased at°€/min to 280°C, and final tem- 0 10 20 30 40 50 60

perature being held for 30 min; injector temperature, 250 (A) RETENTION TIME (min)
carrier gas He operated in the splitless mode; purge off time,
1 min; injection size, JL; GC-MS transfer line, 280C; >
MS conditions: solvent delay, 2.9 min; electron impact ion- g 4.0 66
ization voltage, 70eV; scan rate, 1.5scan/s; scanned-mass
range, 40-600/z g
E 3.0e6
<
o)
3. Results and discussion g 20e6
o
2]
Lo . @
3.1. Liquid-liquid extraction E 1.0 66
The recoveries were determined by adding the pesti—g
cides to honey samples at a final concentration of 0.0lﬁ 01
or 0.10 mg/kg.Table 1shows the recovery and precision © 0 10 20 30 40 50 60

achieved by applying the solvent extraction procedure to for- (B) RETENTION TIME (min)

tified honey samples at the 0.01 mg/kg level. For the high for-

tification concentration (0.10 mg/kg), recoveries greater than Fi9 1. GC-ECD chromatograms of blank extract of honey obtained by the

74% were found for 33 total pesticides from the extracted liquid-liquid extract'pn method, (A)' W|th_out'clean-up and (B) after Florisil
A clean-up. GC conditions are describediection 2.5

honey samples. These numbers were similarly reflected for

the honey fortified at the low concentration (0.01 mg/kg),

showing that most pesticides were extracted using acetone/ t&iN Optimum conditions for multiresidue pesticide in SFE,
hexane. experimental variables were continuously varied during an

The clean-up using Florisil was tested in order to reduce extraction to maximize selectivity, as well as overall recov-

matrix effects.Fig. 1 presents an amplified view of a blank eries through fortified honey samples.

extract of honey, both (A) without any clean-up and (B) fol-

lowing Florisil clean-up. Asitcan be seen, the clean-up proce- 3.2.1. Modifier effects

dure decreased the number and height of the chromatographic Depending on the type of sample matrix and the ana-

peaks of the blank extract of honey, which could resultin in- lyte’s retaining nature on the matrix, the modifier may in-

terferences of the target pesticides in the GC/ECD analysis.fluence the extraction in three different ways: (1) increasing

Furthermore, studies with all pesticide standards in a blank, the analyte’s solubility in the supercritical fluid, as a result of

using Florisil for the clean-up test showed recoveries above analyte—modifier interactions in the fluid phase; (2) facilitat-

92%. ing the analyte desorption—the molecules of polar modifiers
Regarding precision, the relative standard deviation are able to interact with the matrix and compete efficiently

(R.S.D.,n = 5) was below 8% and the limits of detection with the analytes for the active sites in the matrix; (3) distort-

(LOD) were less than 0.01 mg/kg for ECD, the extraction ing the matrix—analyte diffusion and penetration of the super-

and the clean-up procedure was considered reliable enougteritical fluid inside the matrix are favored when the modifier

for routine multiresidue screening in honey samples. swells the matrix.
The development and the widespread application of car-
3.2. Supercritical fluid extraction (SFE) bon dioxide (CQ) based on SFE has been mentioned in sev-
eral reviewq21,22]
The selection of operating conditions in SFE is still a dif- Nevertheless, the use of pure €@ multiresidue pesti-

ficult task and an area of active reseajf20). In order to ob- cide analysis is limited because i considered a nonpolar
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solvent with a liquid solubility equal to that of hexane. How-
ever, for quantitative extraction of moderately polar and polar E 4.0 €6 |
pesticides, a modifier such as methanol has been applied irs

z

order to obtain satisfactory resu[&3]. 13066
Aiming at improving pesticide recovery, the effect of the E

modifier on multiresidue extraction efficiency was investi- w
gated at 40C and 200 bar during a period of 10min. The 3 2961
test showed that the average recovery of pesticides fromg;
honey matrices with acetonitrile as a modifier greatly im- & ¢ o6

proved compared with COmodified with acetone for some 5

pesticides investigated: tetradifon, etaconazole, hexacona-é J \l I I

zole, imazalil, metolachlor, prochloraz, propiconazole, tri- f 01

adimenol, chlorpyrifos, diazinon, dichlorvos and dimethoate, © 0 10 20 30 40 50 60

increasing from 32% to 61%. However, for other compounds, RETENTION TIME (min)
the increased pesticide recovery results were lower or no
effect was observed (e.g. organochlorine pesticides). The
increase in average recovery indicated that acetonitrile in-
creased the solvating power of g@ufficiently for the ex-
traction of several classes of pesticides. Furthermore, sinc
analytes with different polarity show a better recovery in the
fluid added with acetonitrile, the effect of the modifier might
be related not only to the change in polarity of the extrac-
tion fluid, but also to its interaction with the matrix. Based
on these results, COnodified by acetonitrile was applied in
further experiments.

Fig. 2. GC-ECD chromatogram of blank extract of honey obtained by the
SFE method. GC conditions are describe&éttion 2.5

e3-2.4. Effects of extraction temperature
Temperature is an essential experimental variable for SFE
as it affects three extraction steps: desorption, diffusion and
dissolution. While the C@density may decrease with the
increase of temperature at constant pressure, the solubility of
many organic compounds can dramatically increase because
of an increase in the solute’s vapor pressure. However, very
little solubility data are available in the literature to assess
the effects of elevated temperatyg2]. Consequently, iso-
3.2.2. Effect of extraction time lating the effects of temperature on analyte—matrix interac-
The length of extraction time influenced the extraction ef- tions is extremely difficult. In this work, three temperatures
ficiency and selectivity of the fluid. In the first phase of this (40, 60 and 90C) were evaluated to optimize the extrac-
study, the effects of extraction periods (10, 20 and 30 min) tion process. The recovery results showed that by increasing
on pesticide SFE efficiency were demonstrated. The pres-he temperature from 40 to 9C, one enhances the extrac-
sure and temperature were fixed at 200 bar and340sing tion efficiency mainly for some pesticides: aldrin, tetradifon,
COZ modified with 10% acetonitrile. The results showed that etaconazme, met0|ach|or' proch|oraz, propiconazme, triadi-
by increasing the period from 10 to 20 min, improved the menol, chlorpyrifos, diazinon, dichlorvos and dimethoate. It

extraction efficiency of the studied pesticides in more than js probably due to the increase in the solvating power of the
25%. However, the increase in the extraction time from 20to splvent, at higher temperatures, that the analyte molecules

30 min had minimal effects on the extraction efficiencies of are pro\/ided with more energy to overcome the barrier of
pesticides. interaction forces. Therefore, temperature increase not only
enhances the analyte’s solubilities, as proposed by several
researcher$21,25], but also provides more energy to im-

Fluid pressure is the main parameter that influences theProve pesticide recovery. Itis evident from the above results
recovery of organic compounds. Studies revealed that a max-nat good recovery results (above 88%) and high precision
imum fluid density could be obtained at high pressures at (R.S.D. below 6%) were obtained using SFEalfle J and
a given temperature, which can enhance the strength of thehence SFE can be efficiently applied for the determination

solvent[24]. In this work, when the pressure was increased ©f multiresidue pesticides in honey samplegs. 2 and 3
from 200 to 400 bar, the recoveries of pesticides studied in- SOW the chromatograms of blank extract of honey and forti-

creased around 20% for all the compounds. By increasing thefied honey extract with the 33 pesticides, respectively in the

density, the solvating power of the extraction solvent, which Petter conditions of SFE.

is responsible for the higher recoveries, is increased, but at

higher densities, the diffusion coefficients decrease. The de-3.3. Analysis of real honey samples

crease in the diffusion coefficients can cause lower recoveries

at higher pressures owing to the kinetics of the extractionpro-  In order to compare SFE and liquid extraction perfor-
cess[24]. Therefore, 400 bar was considered as the optimal mances, the data obtained by performing SFE in the ex-
fluid pressure for the extraction and under these conditions, perimental conditions, providing the highest extraction yield
the relative standard deviation (R.S.D.) was lower than 6%. inside the experimental domain, were compared with those

3.2.3. Effects of extraction pressure
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Main ions and relative abundance of selected pesticides detected by GC/MS

Main ionsy/z (relative
abundance %)

% 7 Table 2

5 4.0 6 - -

5 Pesticides

=

& 3.0e6

E Organohalogen

] » Aldrin

2 20661 Bromopropylate

8 Chlorothalonil

a o Diclofop-methyl

T 1.0e6 1 2 off ¥ Dicofol

% I ii Endosulfan

5 J Hexachlorobenzene
L

it 0 1 Metoxychlor

i ’

o 0 10 20 30 40 50 60 Tetradifon
RETENTION TIME (min) Organonitrogen

Buprofezin

Fig. 3. GC-ECD chromatogram of fortified honey extract with the 33 Dicloran
pesticides obtained by the SFE method. GC conditions are described Etaconazole

in Section 2.5 1: Dichlorvos (0.20mg/kg); 2: linuron (0.18 mg/kg); Folpet

3: trifluralin (0.30 mg/kg); 4: hexachlorobenzene (0.23 mg/kg); 5: diclo- Hexaconazole
ran (0.14 mg/kg); 6: diazinon (0.19 mg/kg); 7: dimethoate (0.17 mg/kg);  Imazalil

8: chlorothalonil (0.23mg/kg); 9: vinclozolin (0.21 mg/kg); 10: aldrin Linuron

(0.28 mg/kg); 11: metolachlor (0.20 mg/kg); 12: triadimefon (0.25mg/kg); ~ Metolachlor

13: chlorpyrifos (0.27 mg/kg); 14: dicofol (0.25mg/kg); 15: triadi- Prochloraz
menol (0.18mg/kg); 16: endosulfan alfa (0.27 mg/kg); 17: hexacona-  Propiconazole
zole (0.26 mg/kg); 18: imazalil (0.28 mg/kg); 19: buprofezin (0.22mg/kg); ~ Quizalofop-ethyl
20: endosulfan beta (0.22 mg/kg); 21: etaconazole (0.29 mg/kg); 22: pro- ~ Tebuconazole
piconazole (0.29 mg/kg); 23: tebuconazole (0.21 mg/kg); 24: diclofop- ~ Triadimefon
methyl (0.23 mg/kg); 25: bromopropylate (0.38 mg/kg); 26: metoxychlor ~ Triadimenol
(0.32mg/kg); 27: tetradifon (0.28 mg/kg); 28: prochloraz (0.25mglkg); ~ Trifluralin
29-31: cyfluthrin (1, 11, Il sum 0.38 mg/kg); 32—34: cypermethrin (I, I, Vinclozolin

11l sum 0.35 mg/kg); 35: quizalofop-ethyl (0.26 mg/kg); 36, 37: fenvalerate Organophosphorus

(1, I sum 0.37 mg/kg). Chlorpyrifos

Diazinon
obtained by performing a traditional solvent extraction on the B:fnh:;:‘(’;;fe
same samplel@able J).
Firstly, the identification of the compounds was performed Pyrethroid
by ECD comparing the retention times of the standards and gggt:;'enté;r']\g_lv)
the peaks. The confirmation of residue identity of the studied

263 (71); 293 (25); 329 (9)
149 (100); 167 (25); 279 (18)
263 (70), 293 (28), 329 (9)
253 (100); 281 (44); 340 (80)
111 (41); 139 (12); 251 (72)
237 (100); 265 (63); 339 (28)
214 (22); 249 (24); 284 (100)

227 (100); 274 (8); 374 (3)
159 (100); 229 (55); 356 (38)

105 (100); 172 (35); 305 (18)
124 (100), 176 (90), 206 (80)
173 (100); 191 (35); 245 (63)
104 (100); 260 (82); 295 (21)
83 (100); 214 (45), 231 (20)
173 (96); 215 (100); 296 (10)
61(100); 160 (18); 248 (15)
162 (100); 211 (12); 238 (52)
180 (100); 266 (26); 308 (91)
173 (100); 221 (58); 259 (58)
243 (39); 299 (100); 372 (96)
125 (84); 250 (100); 307 (10)
57 (100); 208 (44); 293 (5)
112 (100); 128 (45); 168 (59)
263 (74); 306 (100); 335 (10)
187 (100); 212 (99); 285 (75)

97 (100); 197 (78); 314 (46)
88 (100); 179 (71); 304 (38)
109 (100); 185 (35); 220 (9)
87 (100); 125 (55); 229 (12)

163 (100); 206 (80); 226 (51)
163 (100), 181 (86); 209 (27)
125 (100), 167 (84), 419 (19)

T - Fenvalerate (I, Il)
pesticides was made by GC-MS. The spectra obtained were
studied and three minimum selected ions for quantification

were used, which are summarizedTable 2 The interfer- ence by matrix effects was studied through fortified sample
by selecting the base peak of their mass spectra, after the

RETENTION TIME (min)

acquisition of the samples’ total ion chromatogram. The ab-

5 4066 sence of co-extracted interferences at the pesticides retention
£ times was then confirmed.

2 Fig. 4 presents a chromatogram of a real honey sample
E 3.0 €6 obtained by SFE. Compounds such as chlorothalonil, chlor-
E pyrifos, endosulfan alfa, trifluralin and vinclozolin were de-
D 5066 termined by the two methods, however, higher quantity of
o residues was found by SFEgble 3. In addition, endosul-

] fan beta, hexachlorobenzene, tetradifon, and cypermethrin,
T 1066 J . were not found in real honey samples by the liquid—liquid
o J i o e . i extraction method. These differences can be explained by
@ 0 | the properties of the supercritical fluid resulting in higher
u 0 0 20 % 20 %0 50 efficiency of extraction than the liquid-liquid extraction or

losses during sample preparation.

SFE applied to honey analyses presents advantages as
Fig. 4. GC-ECD chromatogram of real honey sample obtained by the SFE COmMpared to conventional methods regarding the organic

method. GC conditions are describedSaction 2.5

solvent saving and time consumption (60% less, after
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Table 3 N ~ pyrethroid pesticides from honey samples. The study of
Residue (mg/kg) (R.S.D.%, = 5) of the selected pesticides determined in  the influence of the parameters affecting SFE, allowed a
real honey sample by liquid-liquid extraction and supercritical fluid extrac- better understanding of the mechanisms that take place

tion methods . . X .
in the supercritical extraction process, providing a larger

Pesticides Residue (mgrkg) base to improve the analytical results. The result of this
Liquid-liquid Supereritical study demonstrated that the use of SFE is fast, accu-
extraction fluid extraction rate and specific for multiresidue analyses in honey sam-
Organohalogen ples.
g'd“” " ”g 012 (44 ”do 015 (4.4 Compared with the conventional methodology, the main
romopropylate 012 (4.4) 015 (4.4) advantages of SFE are that the chances of sample contam-

Chlorothalonil 0.008 (5.1) 0.010 (5.8) . . o . . .
Diclofop-methy nd nd ination are greatly d|m|n|she_d as sampl_e handling is mini-
Dicofol nd nd mized and the use of organic solvents is reduced. A much
Endosulfan alfa 0.007 (5.9) 0.013 (4.7) lower solvent evaporation, a simplified clean-up step, higher
Endosulfan beta nd 0.009 (5.6) power diffusion and solubility are the other advantages of
Hexachlorobenzene nd 0.003 (5.5) SFE
Metoxychlor nd nd '
Tetradifon 0.012 (4.5) 0.019 (4.4)

Organonitrogen
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