
       

Supercritical fluid extraction of pesticides from meat: a
systematic approach for optimisation
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A method for quantification of pesticide residues in meat
and fatty matrices was developed using supercritical fluid
extraction (SFE). The SFE method allows selective
extraction of residues and subsequent gas
chromatography analysis without further
clean-up. Quantification was done by GC using
nitrogen–phosphorus detection and electron capture
detection. Initial method development was made using
organophosphorus pesticides (OPPs). The dependence of
fat and OPP residue recovery on supercritical fluid
density, temperature, flow rate and extraction time was
investigated through a reduced factorial design. Since
temperature and density were found to have pronounced
effect on the recovery of OPPs these extraction
parameters were studied using a new arbitrary measure
for co-extractivity. An optimisation score was established
as relative pesticide recovery subtracted by relative fat
recovery. Using this algorithm a response plane was
modelled varying the primary factors temperature and
density. The applicability of this approach and the
algorithm was verified. The polarity range covered by the
SFE method was demonstrated using OPPs: chlorpyrifos,
chlorpyrifos-methyl, malathion, pirimifos-methyl and
prothiofos. Additionaly the final method was evaluated
using four pesticides that are not OPPs: carbofuran,
phorate, procymidone and vinclozolin. All pesticides
showed good recovery (78–95%), and limits of detection
(0.01–0.03 mg kg21) and limits of determination
(0.01–0.05 mg kg21) meet the requirements set by the
European Council (Directive 96/33/EEC). Compared to
traditional methods based on organic solvent extraction,
the SFE method is fast, less labour intensive, uses smaller
amounts of potentially harmful solvents and has the
potential to be fully automated.
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An extension of monitoring programs for pesticide residues can
be foreseen in years to come. More samples are to be analysed
for more pesticides at still lower levels. To a great extent this is
the consequence of increased consumer concern about food
quality and the establishment of numerous and lower maximum
residue limits (MRLs). Consequently, government and industry
laboratories need fast yet sensitive methods for residue analysis.
Analysing pesticides in fatty matrices by supercritical fluid
extraction (SFE) may prove superior to traditional, organic
solvent based methods. Selectivity and swiftness of the
extraction process coupled with the potential for fully integrated
and automated protocols are characteristics of SFE. Using
selective extraction off-line clean-up can be omitted, and the
very same SFE method can be used for both screening and

quantification. Furthermore, SFE using carbon dioxide pos-
sesses well-known attributes such as environmentally benign
nature coupled with low cost and wide availability of carbon
dioxide.

The supercritical state has been known for more than a
century, yet the physical properties, kinetics, and thermody-
namics underlying SFE still remain to be fully elaborated.
Additionally, several factors in sample preparation, extraction,
and trapping can be varied to improve performance of a SFE
method.1,2 Developing SFE methods for residue analysis
therefore encompass some intuition. Part of the missing
knowledge is compensated for using models describing the
processes underlying SFE. Typically, these models are based
upon simplified and idealised systems that are adjusted to
experimental observations. Insight into solubility phenomena,3
diffusion theory,4 and chromatographic processes5 provides the
basis of most models.6–8 These also cover aspects on solute
accessibility and cosolvent effects in relation to effects of active
matrix sites.9–11 Models are refined as further data describing
the supercritical state emerges,12 and techniques such as
computerised neural networks and molecular modelling of
solute–solvent interactions13 are used.

As a consequence of high fat solubility in supercritical CO2,
SFE has been evaluated by several groups for the determination
of composition and total fat content of food matrices.8,14–16 SFE
has also been used for removal of lipophilic compounds, oil and
cholesterol from food.17,18 Yet, using SFE for determination of
lipophilic residues, the readily extracted fat must be considered
an undesirable matrix contamination. Thus, coextracted fatty
substances cause problems using nitrogen–phosphorus detec-
tion (NPD) and electron capture detection (ECD) for determina-
tion of compounds such as organophosphorus pesticides.
Optimising SFE for extraction of lipophilic compounds from
fatty matrices thus implies the establishment of conditions
allowing residues to be extracted while fatty matrix substances
remain in the matrix. Factorial experimental designs in
combination with simplex methods and response surface
plotting have been used for optimising the SFE of environ-
mental pollutants.19 Compounds were extracted from spiked
C18-cartridges wherefore matrix interaction was not considered.
However, the selective extraction of contaminants from fatty
matrices was studied by Gere et al.,20 who also described ‘the
fatband’, i.e., provided tabulated data which can be used for
predicting SFE conditions which are likely to result in high fat
recoveries. SFE has been employed for extraction of pesticides
and chlorinated compounds such as PCBs from fatty matri-
ces.2,6,21 Characteristically, the end determination is made by
GC with ECD or NPD, and clean-up of extracts is often
required. Clean-up is typically performed off-line whereby the
potential for automation is reduced. It has been accomplished by
conventional sample preparation procedures such as adsorption
chromatography.22 In situ clean-up of SFE extracts has been
made using neutral alumina for adsorption of lipids23 when
extracting sulfonamides from chicken tissue. Extracting
organochlorine pesticides from fat and lard supercritical fluid
based clean-up was obtained by introducing either a silica or
neutral alumina column situated after the extraction vessel.24
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Considering supercritical fluid chromatography (SFC) hyphen-
ated techniques such as on-line SFE–SFC–GC have been used
for analysis of organochlorine and OPPs in fatty food25 and
using SFE–SFC–MS it was possible to extract carbamate
pesticides from chicken and bovine tissue,26 the fatty acids
being retained on a mixture of diol and C18 sorbents within the
extraction vessel. Being a supercritical technique SFC is very
suitable for combination with SFE. However, at present SFC
cannot be considered a common methodology for routine
laboratories. SFE combined with immuno and enzyme inhibi-
tion assays has been used for developing screening methods for
pesticides in fat and meat products.27,28 Yet enzyme assays tend
to be less versatile, cross-reactivity and matrix effects are
critical29,30 and sample clean-up is necessary when using SFE
based enzyme immunoassays.28 In a recent work Hopper has
been able to extract organochlorine and organophosphorus
pesticides from fats using SFE.21 Evaluating numerous pesti-
cides and food matrices SFE was found to be comparable to the
traditional method used in the United States Department of
Agriculture (USDA) Total Diet Study. Still, Florisil clean-up of
SFE extracts was required and as presented the methodology
cannot readily be totally automated. 

The aim of the present study was to optimise SFE conditions
for selective extraction of lipophilic pesticide residues allowing
direct GC analysis of extracts. Extraction parameters were
evaluated to exploit the selectivity of SFE for the high level
recovery of OPPs from spiked bovine tissue without resorting to
more involved procedures requiring the use of clean-up stages.
The main novelty of this work lies in the development and
successful utilisation of a co-extractability parameter for
method development. The outcome of the present work is an
optimised SFE–GC–NPD method. Compared to traditional
methods based upon organic solvent extraction, it is fast and
less laborious and uses smaller amounts of potentially harmful
solvents. Also it has the potential for fully automated screening
and quantification of lipophilic pesticides residues in meat and
fatty matrices.

Experimental

Chemical reagents

Acetone, acetonitrile, cyclohexane, ethanol, ethyl acetate,
heptane, methanol, and tetrahydrofuran were purchased from
Rathburne (Walkerburn, UK) whereas propan-2-ol was pur-
chased from Merck (Darmstad, Germany). All organic solvents
were HPLC grade. Chem Tube-Hydromatrix was purchased
from Varian (Harbor City, CA, USA). Pesticide standards of
carbofuran (99.1%), chlorpyrifos (99.7%), chlorpyrifos-methyl
(98.3%), malathion (96.3%), parathion (99.7%), phorate
(95.3%), pirimifos-methyl (99.0%), procymidone (99.7%),
prothiofos (93.2%) and vinclozolin (97.0%) were purchased
from Dr. Ehrenstorfer (Augsburg, Germany). Glass only was
used for handling extracts and standards in order to reduce the
risk of residue loss due to adsorption. Nitrogen (99.996%) was
used for GC and solvent evaporation. For GC hydrogen
(99.995%) was used as make-up gas and helium (99.999%) as
carrier gas. 

Sample preparation and meat characterisation

Beef was purchased from a local market, ground in a food
chopper and stored at 220 °C until analysis. The characteristic
meat particle size was 1–2 mm. For characterisation moisture
was measured31 by drying five samples of each 2 g for 17 h at
102 °C and the pH was determined32 by thoroughly mixing 8 g
of sample in 12 ml deionized water and measuring using a
Radiometer PHM 82 (Copenhagen, Denmark). A SFE sample
was prepared using thawed meat. For recovery experiments a
pesticide mixture for spiking was made using stock solutions of

the individual pesticide (2–20 mg ml21) dissolved in ethanol.
Meat samples of 1.0 g were spiked with 10–50 ml of a pesticide
mixture dissolved in ethyl acetate–cyclohexane (1 + 1 v/v).
Samples of 1.0 g were transferred to extraction thimbles
whereafter the void volume was filled with Hydromatrix
material.

SFE extraction of meat samples

SFE was performed using a 7680T Hewlett-Packard (Wald-
bronn, Germany). In the optimised method samples were
extracted in a randomised sequence with pure CO2 at a flow rate
of 2 ml min21 for 2 h at 0.40 g ml21 and 95 °C. Extracted
compounds were collected on a Florisil trap at 35 °C. To collect
the pesticide residues trap temperature was raised to 50 °C and
eluted with 1.5 ml of heptane (Fraction 1) and subsequently
with 1.5 ml of acetone (Fraction 2). The SFE apparatus was
cleaned using 10 ml of heptane and 5 ml of acetone.

Gas chromatography

Pesticide contents of the extracts were analysed using a
Hewlett-Packard 5890A GC using a deactivated fused silica
capillary tubing as injection port liner and a Hewlett-Packard
7673A automatic injector. Splitless injection of 2 ml was used
and the injector temperature was 260 °C. The column was a
DB1701 (J&W Scientific, Folsom, CA, USA) capillary coated
with a phenyl-cyanopropyl-methyl phase (30 m 3 0.32 mm id,
0.5 mm od, 0.25 mm film thickness). Helium (1 ml min21 on
column) was used as carrier gas. Detection was by NPD using
hydrogen as make up gas and a temperature set point of 250 °C.
The temperature programme was: 1 min at 70 °C followed
successively by a 30 °C min21 increase to 180 °C and 4
°C min21 to 260 °C maintaining this final temperature for 20
min. Total GC analysis time was 45 min. Quantification was
performed using standards in ethyl acetate–cyclohexane (1 + 1
v/v). To sample extracts and calibration standard 100 ml of 3
mg ml21 parathion in ethyl acetate–cyclohexane (1 + 1 v/v) was
added. Quantification was performed by combining the results
of the GC analysis for solvent rinse Fraction 1 and 2 using
parathion as internal standard.

Fat determination

Using a stream of N2 the solvent was evaporated from the vials
after GC analysis. Subsequently vials were heated for 1 h at
70 °C to reduce possible remnants of solvent in the remaining
matter. Vials were then cooled to room temperature in a
desiccator and the fat content was determined gravimetrically.
For reference (i.e., 100% fat extraction) the fat content was
determined using a classical organic extraction procedure.33

Evaluating pesticide recovery through a reduced factorial
experiment

The dependence of fat and pesticide recovery on four factors
was investigated through a reduced factorial design. Two levels
were used for each factor and at least two replicate measure-
ments were made for each experimental condition. Factors were
supercritical fluid temperature (40/95 °C), density (0.40/0.75
kg l21), flow rate (0.5/1.5 ml min21) and dynamic extraction
time (40/120 min).

Statistical modelling

Fractional recovery of fat and pesticide was established at
fifteen temperature/density conditions (see Table 1). For each
condition two to five extractions were performed and from
recovery data a recovery surface was modelled for fat
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(Recoveryfat) and each pesticide investigated (RecoveryOPP).
For optimisation a response was arbitrarily defined as
RecoveryOPP 2 Recoveryfat. Thus, for each pesticide investi-
gated the response was calculated by subtracting the fractional
fat recovery from fractional pesticide recovery. For each
pesticide this set of fifteen response values was used for
modelling a response surface. When plotted against density and
temperature the maximum of the response plane thus corre-
sponds to the optimised condition for the pesticide in question.
Recovery and response surfaces were calculated using statis-
tical software (SAS 6.11 procedure g3grid/spline).

Results and discussion

Factors affecting extractions

In developing a unified screening and quantification method
priority must be given to both speed and good pesticide
recovery without matrix contamination. To fulfil these require-
ments SFE optimisation must encompass extraction as well as
trapping and elution of the compounds of interest.

Considering fat contamination two lipid fractions can be
distinguished. One fraction of lipid is readily extracted using
either organic solvent or SFE, whereas total extraction includ-
ing phosphorylated and more polar lipids requires a more harsh
treatment, such as boiling in hydrochloric acid prior to
extraction.15 Thus the latter lipid fraction is less likely to
contaminate residue extracts wherefore optimising SFE of
OPPs from fatty matrices implies extraction of pesticides
separately from the more accessible lipids.

Addressing selectivity the extraction characteristics of both
pesticide and fat needs to be established. As for the processes
underlying SFE several authors have provided theoretical
descriptions.34–37 From such studies, it has been found that
several extraction parameters such as temperature, density,
extraction time, and flow rate exert a strong influence on
extractable analyte recoveries. In the present study a reduced
factorial design was employed to select the major factors with
respect to extraction efficiency. The four factors evaluated were
supercritical fluid temperature, density, flow rate, and dynamic
extraction time. It was observed that all factors had significant
effect upon fat extraction, flow rate being the least significant
factor. In contrast, only density and temperature had significant
effects on recovery for the pesticides investigated (confidence
level 95%). In the present study only moderate flow rates were
investigated. A more significant effect on residue recovery
could be anticipated when using high flow rates due to low
trapping efficiency associated with a high gas flow through the
trap. However, Huser and Kleibohmer have reported that high
flow rates did not cause low SFE trapping efficiencies of PAHs
using solid phase traps.38

Having established the principal components for pesticide
recovery further method development focused on temperature
and density. As the supercritical fluid density is defined by
temperature and pressure optimisation strategies may involve
only one of these parameters. However, it has been observed
that in optimising SFE methods it is of importance to vary both
temperature and density, possibly in combination.1,39 This is
based upon the observation that the solubility of an analyte in a
supercritical fluid is influenced by both the volatility of the
analyte and the solvating effect of the supercritical fluid.1,35,40.
The present study confirms the need for optimising temperature
and density in combination and the experimental approach was

to characterise the combined effect of temperature and density
through a series of recovery experiments.

SPE of fatty matrix substrances

Throughout method optimisation the amount of coextracted
matrix components was determined gravimetrically. Whereas
analysis of methyl esters (FAMEs) is preferable when charac-
terising a fat extraction,41,42 the simpler gravimetric approach
was justified considering coextracted fat merely as an impurity.
Using an organic solvent based extraction a reference value for
100% fat recovery was established at 0.12 g fat g21 meat. The
meat used for method development was characteristic for raw
beef having a water content of 67 ± 1% (m/m) and a pH of 6.1
to 6.3. 

Fat recovery using SFE is shown in Fig. 1(A). To obtain fat
recoveries greater than 50% the density of the supercritical fluid
should exceed 0.7 g ml21 at temperatures above 40–50 °C. 

Table 1 Combinations of temperature and density used for modelling recovery of fat and pesticides and subsequent calculation of optimisation response
surface

Temperature/°C 25 40 40 40 40 40 60 60 60 80 80 80 100 100 100

Density/kg l21 0.99 0.45 0.60 0.75 0.90 0.95 0.45 0.60 0.75 0.45 0.60 0.75 0.45 0.60 0.75

Fig. 1 Recovery planes of fat (A) and chlorpyrifos (B). Planes were
modelled from 15 recovery experiments (see text for details). Response
plane for the optimisation algorithm RecoveryOPP 2 Recoveryfat is shown
in (C). Except for density and temperature being optimised the SFE
conditions were as described in the Experimental section.

Analyst, July 1998, Vol. 123 1553



SFE of organophosphorus pesticides

From an analytical point of view pesticides of medium to low
polarity are of primary interest, as these are most likely to
accumulate in fatty matrices. It has been found43,44 that fat
solubility can be described by the logarithmic value of the
partition coefficient between octanol and water (logPow). At
values below 3 compounds have no or very low fat solubility
whereas fat solubility can be anticipated for pesticides having
values above 4. Pesticides included in this optimisation study
have been selected to cover this polarity range of interest:
chlorpyrifos (logPow 5.1), chlorpyrifos-methyl (logPow 4.3),
malathion (logPow 2.9), pirimifos-methyl (logPow 4.2) and
prothiofos (logPow 5.7). Pesticides ranging from the apolar
prothiofos to the more polar malathion showed comparable
extraction characteristics with good recovery. A representative
example is given by chlorpyrifos extraction in Fig. 1(B). In
general, good recoveries are obtained at high temperatures even
at rather low densities.

Optimising the response (RecoveryOPP 2 Recoveryfat)

Having characterised the extraction profiles of fat and each
individual pesticide, the data was used to establish the optimal
combination of temperature and density. This condition, i.e., the
condition leading to high pesticide recovery and low fat
contamination, was empirically described as differences in
relative recovery: RecoveryOPP 2 Recoveryfat, where
RecoveryOPP and Recoveryfat are the fractions recovered of
pesticide and fat, respectively. This expression was central to
the further optimisation. The algorithm may be used with
optimisation strategies such as simplex and factorial de-
signs36,45 and multivariate designs.46 However, in the present
study a simple approach modelling a response surface was used.
For this purpose a set of fifteen density/temperature conditions
was used for recovery studies.

As can be seen from Fig. 1(C), the largest difference in the
recoveries of chlorpyrifos and fat was found at densities less
than 0.6 kg l21 and a temperature range of 80–120 °C. This was
the case for all OPPs investigated as can be seen from Table 2.
Thus good pesticide recovery with minimal fat contamination
can be obtained at these conditions. It is, however, crucial that
pesticides are not decomposed by elevated temperatures.
Coulibaly and Smith32 have shown that a number of OPPs are
rather stable at elevated temperatures up to 80 °C, and their
findings are confirmed in the present work, as good recoveries
were obtained even at temperatures above 100 °C. To reduce the
risk of thermal decomposition of pesticides and wear on
equipment the temperature was maintained at 95 °C.

Optimised method

The optimised method (as described in the Experimental section
‘SFE extraction of meat samples’) allows quantitative extrac-
tion of medium to highly apolar pesticides, i.e., the pesticides of
primary interest considering residues in fatty matrices. From the
time study (Fig. 2), it is evident that an extraction time of 2 h is
necessary for full recovery of all pesticides investigated even at

a flow rate of 2 ml min21. However, compared with the total
analysis time of traditional solvent-based extraction proce-
dures39,47 this is rather fast. Addition of modifier may reduce
the time necessary for extraction. However, loss of selectivity is
a possible drawback of modifier addition. Hence, this approach
was not further pursued. 

The elution of the trap was optimised through evaluation of
six organic solvents (see Table 3). SFE conditions were as
described in the Experimental section ‘SFE extraction of meat
samples’, the only parameter varied being the solvent used for
the first elution of the trap. All six solvents gave satisfactory
recoveries even if values obtained using ethyl acetate and
acetonitrile were at the lower end. As solvent evaporation and
drying was necessary for fat determination, tetrahydrofuran was
less suitable for the present optimisation experiment due to the
tendency of peroxide formation. Of the solvents evaluated,
heptane provided cleaner GC-chromatograms with less endoge-
nous compounds using nitrogen–phosphorus detection where-
fore this solvent was chosen. Using calibration graphs with
parathion acting as internal standard the square of the
correlation coefficient of the linear regression (r2) was higher
than 0.99 for all pesticides included in the study.

Considering trap packing material, Florisil has been used for
trapping of several lipophilic compound after SFE. Examples
are chlorinated and brominated pollutants extracted from
environmental samples48 and OPPs, organochlorine, and orga-
nonitrogen pesticides from grain matrices.49 However, using
traditional column chromatography50,51 and SFE,52 low recov-
ery of OPPs has been reported. Solid phase trapping is a result
of both cryogenic trapping and adsorption on active sites on the
trapping material,1 and low OPP recovery is a result of
irreversibly binding to the trap material.52 Thus, the good
recoveries obtained in the present study may, in part, result from
a decompression of OPPs onto the Florisil phase rather than a
chromatographic retention. As good recoveries were obtained,
no further optimisation of packing material was done.

EC MRLs for residues in meat53 are typically set at the limit
of determination generally considered to be at 0.01–0.1
mg kg21. However, at present only a few OPPs have EC MRLs
in meat products hence the recoveries of carbofuran, phorate,
procymidone and vinclozolin were used to evaluate the SFE
method. As can be seen from Table 4 the optimised SFE method
meets the quantification requirements imposed by EC MRLs.
This is further demonstrated in Fig. 3 showing a typical
chromatogram at level 0.05 mg kg21. Fig. 3 also indicates that
by far the most of the pesticide is contained in Fraction 1
[(Fig. 3(A)]. Considering the low limits of detection in relation

Table 2 The optimised conditions of temperature and density for extraction
of each OPP included in the study. Optimised conditions correspond to the
maximum of the response surface as calculated from RecoveryOPP 2

Recoveryfat. Except for density and temperature being optimised SFE
conditions were as described in the Experimental section

Pesticide Temperature/°C Density/kg l21

Chlorpyrifos 105 0.4
Chlorpyrifos-methyl 95 0.4
Malathion 80 0.4
Pirimifos-methyl 90 0.4
Prothiofos 105 0.4

Fig. 2 Time dependence of pesticide recovery when extracted from meat.
Chlorpyrifos (ClPyrF, 8); chlorpyrifos-methyl (ClPyrFme, +); malathion
(Malath, X); pirimifos-methyl (PirFme, -); prothiofos (ProThF, :). Except
for the extraction time being studied the SFE conditions were as described
in the Experimental section.
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to MRLs, GC analysis can be limited to fraction 1 for screening.
If the heptane trap rinse used for screening is positive, Fraction
2 must also be assayed to enable final quantification of the
pesticides. 

As incurred samples could not be obtained, spiked samples
were used for the method development. Using spiked samples,
residue recovery may be higher than that obtained using
incurred samples.1,54 However, in a study by King et al.55 a
satisfactory extraction of incurred organochlorine residues from
chicken fat, beef and lard could be obtained using a short 18 min
SFE at 3 ml min21, 50 °C and 204 atm (corresponding to a
density of 0.8 g ml21). Comparing the optimised method of the
present study to the method of King et al., it is assumed that a
prolonged extraction (120 min vs. 18 min) at a higher
temperature (95 °C vs. 50 °C) is matching a lower density (0.4
g ml21 vs. 0.8 g ml21) and flow rate (2 ml min21 vs. 3
ml min21) in the present extraction procedure. Using the
present method for incurred samples, the sample size must also
be considered carefully. Thus, using a sample size of 1.0 g the
preparation and homogenisation of the sample material must be
effective to ensure a representative subsample for SFE analysis.
Also, if a larger sample size is to be used, it may be necessary
to mix the meat with a sorbent to retain water in the
extraction.1,52

Methods for extraction of lipophilic compounds such as
OPPs and organochlorine compounds have existed for several

years, classic methods being established by Stalling et al.56 and
Specht and Tindle.57 Some important methodologies have been
reviewed,22,50,58,59 and methods issued by the European
Committee for Standardization47 (CEN) and the Food and Drug
Administration60 (FDA) are examples of authoritative methods.
Also, in a previous study61 an organic solvent extraction
procedure was developed for determination of OPPs in meat,
and recoveries obtained are comparable to those obtained using
the present SFE method. In traditional methods clean-up
procedures employed are primarily solvent partitioning, gel
permeation chromatography (GPC), and solid phase extraction

Table 3 Recovery of pesticides (% total, residue level 100% = 0.5 mg kg21

meat, n = 3) using various solvents for the first elution of the
trap. Recoveries represent the sum of values obtained for Fraction 1 and 2.
See text for details on extraction conditions

Mean
Solvent Pesticide recovery (%)

Acetonitrile Chlorpyrifos 85 ± 1
Chlorpyrifos-methyl 83 ± 9
Malathion 84 ± 3
Pirimifos-methyl 79 ± 3
Prothiofos 87 ± 3

Ethyl acetate Chlorpyrifos 82 ± 10
Chlorpyrifos-methyl 85 ± 9
Malathion 83 ± 7
Pirimifos-methyl 90 ± 6
Prothiofos 88 ± 9

Ethylacetate–cyclohexane 1 + 1 Chlopyrifos 90 ± 5
Chlorpyrifols-methyl 95 ± 8
Malathion 94 ± 5
Pirimifos-methyl 93 ± 6
Prothiofos 87 ± 10

Heptane Chlorpyrifos 110 ± 12
Chlorpyrifos-methyl 109 ± 12
Malathion 84 ± 10
Pirimifos-methyl 93 ± 14
Prothiofos 100 ± 2

Methanol Chlorpyrifos 90 ± 3
Chlorpyrifos-methyl 119 ± 1
Malathion 103 ± 3
Pirimifos-methyl 105 ± 1
Prothiofos 98 ± 8

Propan-2-ol Chlorpyrifos 96 ± 7
Chlorpyrifos-methyl 104 ± 10
Malathion 91 ± 9
Pirimifos-methyl 97 ± 9
Prothiofos 94 ± 10

Tetrahydrofuran Chlorpyrifos 92 ± 8
Chlorpyrifos-methyl 106 ± 3
Malathion 101 ± 3
Pirimifos-methyl 98 ± 1
Prothiofos 89 ± 5

Table 4 Recovery data, detection limit (LD) and limit of determination
(LOD). Recovery data are based upon two series of each of three samples
(total n = 6). LDs and LODs were established using meat extracts
containing no residues (n = 6). LD was determined as the mean value of the
matrix blank readings plus 3 standard deviations of the mean. LOD was
determined as the mean value of the matrix blank readings plus 6 standard
deviations of the mean. Where established, EC MRL for meat (m) or fat (f)
is given and (*) indicates MRL considered identical to LOD by EC.53

LD in LOD in EC Recovery (%)
meat/ meat/ MRL/ (residue level/

Pesticide mg kg21 mg kg21 mg kg21 mg kg21 meat)

Organophosphorus
pesticides—

Chlorpyrifos 0.01 0.03 0.05f,* 95 ± 14 (0.10)
Chlorpyrifos-methyl 0.01 0.02 0.05f,* 78 ± 3 (0.10)
Malathion 0.01 0.02 — 83 ± 10 (0.10)
Pirimifos-methyl 0.01 0.02 0.05f,* 87 ± 1 (0.10)
Prothiofos 0.01 0.02 — 95 ± 6 (0.10)

Other pesticides—
Carbofuran 0.02 0.03 0.1m,* 89 ± 8 (0.20)
Phorate 0.01 0.01 0.5m,* 78 ± 9 (0.05)
Procymidone 0.03 0.05 0.5m,* 88 ± 9 (0.20)
Vinclozolin 0.02 0.03 0.5m,* 87 ± 11 (0.20)

Fig. 3 Representative gas chromatograms using nitrogen–phosphorus
detection. Chromatograms are normalised to the standard (5 std, parathion).
Meat was spiked at level 0.05 mg kg21, and chromatograms of heptane trap
rinse (A, Fraction 1) and acetone trap rinse (B, Fraction 2) are shown.
1 = chlorpyrifos-methyl, 2 = pirimifos-methyl, 3 = chlorpyrifos,
4 = malathion, 5 = parathion standard, 6 = prothiofos.
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(SPE). Recently accelerated solvent extraction (ASE) has been
used for extraction of OPPs from meat.62 Even if ASE is fast,
there is a need for clean-up through phase separation and GPC
as in other organic solvent based methods. Overall the organic
solvent based methods have limit of determinations (LODs) in
the range 0.01–0.05 mg kg21, which is also reflected in the EC
MRLs53 set at the LOD, a level that is obtainable with the SFE
method. Also, SFE recoveries are at least as good as those
obtainable using organic solvent based methods, the acceptable
range being considered as 80–110%. Thus the performance and
operating range of the SFE method fully meets the organic
based methodologies. Extending the comparison towards
solvent based methodologies, low requirement for handling is
evident for the SFE methodology, i.e., homogenisation and
thimble packing are the primary manual operations involved.
Even if some organic solvent methods have succeeded in
reducing solvent quantities60,62 the SFE method presented is
substantially more environmentally favourable due to the very
low solvent requirement, i.e., less than 20 ml per sample
including system cleaning. Additionally, total residue analysis
ranging from raw meat sample to fully quantified results can be
obtained within hours. In contrast, when analysing an identical
sample using an organic solvent extraction method the results
will not be available until next laboratory day due to comprised
labour intensive procedures. Thus the SFE method presented
constitutes a promising alternative for fast routine residue
analysis in fatty matrices such as meat.
The author acknowledges the skilled technical assistance of I.
Schröder.
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