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MRL  Maximum residue level 
GC Gas chromatograph  
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UV Ultraviolet 
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PFE Pressurised fluid extraction 
ASE Accelerated solvent extraction 
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ESE Enhanced solvent extraction 
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SFE Super critical fluid extraction 
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Introduction 

Pesticides are always developed to control disease or prevent economic 
losses but at the same time they are frequently associated with deleterious 
influence on living organisms and the environment. The pesticides are based 
on different kinds of organic compounds depending on what kind of target 
species they are intended for. Pesticides are used to kill or otherwise affect 
insects (insecticides), weeds (herbicides), fungi (fungicides), mites 
(acaricides), bacteria or other organisms1. The use of pesticides increased 
dramatically after World War II, when the agricultural production of food 
accelerated 2. One class of pesticides, which was frequently used, is 
organochlorine insecticides and above all DDT – widely used when its 
effectiveness to control malaria was discovered. However, their chemical 
stability and fat solubility were shown to give environmental hazards leading 
to an ability to accumulate in humans and animals, and therefore DDT and 
other chemically stable chlorinated pesticides were taken out of use in many 
countries 3. 

The human population now grows faster than ever before and food 
production is forced to increase at the same rate. To meet these demands, the 
escalating agricultural food production must make use of modern technology 
and the use of novel type of pesticides is part of this technology. Due to their 
very nature, the use of pesticides must be regulated and this in turn requires 
further development of analytical techniques to detect the residues.  

In addition to the chlorinated pesticides, other important groups of 
pesticides, which were introduced early and still are among the most widely 
used, are the organophoshorus insecticides and carbamates. The preharvest 
organophosphorus (OP) and organochlorine pesticides (OC), which are used 
to eliminate weeds, are highly volatile and many of them are also fat soluble. 
Hence, from an analytical point of view almost all of them are suitable for 
gas chromatographic (GC) determination. The most frequently used 
detectors are, flame photometric detector (FPD), nitrogen phosphorus 
detector (NPD) and electron capture detector (ECD). For determination of 
OC pesticides, ECD has been used for the past 30 years, since ECD has an 
extraordinary sensitivity for organic halogen compounds. The most widely 
used confirmatory technique for pesticide residue analysis is the mass 
selective detector (MSD) with electron ionisation (EI). Therefore, the GC 
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multi residue method, which can detect several analytes in a single analysis, 
has been the primary technique to detect residues. GC multi residue methods 
are still the main analytical methods, when new pesticides will be 
incorporated in monitoring programmes.4 

The multi residue methods are to prefer not only due to cost benefits but 
also due to importance of checking a large number of pesticides in one single 
analysis. The feasibility to detect more residues is improved when a larger 
number of pesticides can be screened in one single analysis compared to 
methods for determination of single analyte. Particularly, when GC/MS with 
an ion trap detector was introduced and gave a possibility to screen over 300 
pesticides and their metabolites simultaneously 5,6,7 . However, new efforts 
followed with introduction of novel pesticides, which could replace the more 
persistent pesticides and be more lenient to the environment and, especially, 
to human health. Fungicide pesticides of a second generation were thus 
developed. They often had a more polar character, like benzimidazoles and 
imidazoles that were developed in the years 1960-701. Due to the constant 
flow of newly introduced pesticides on the market at a speed of 
approximately 20 new pesticides per year, regulation of their uses became 
necessary. Since modern pesticides encompass a great variety of chemical 
and physical characters, and many of them are not GC amenable, the 
development of special methods was needed. Liquid chromatography with 
UV (LC-UV) or fluorescence detection became the complementary methods 
of choice. With increased knowledge about the pesticides´ wide span of 
properties came also a greater awareness about pesticides and their possible 
residues in food and in the environment. 

In the European Union (EU) there are approximately 800 active 
substances registered on the pesticide market 8 and over 300 can be analysed 
using different multi residue methods with GC determination. 

In Sweden, like in many other countries, national authorities like the 
National Chemicals Inspectorate and the National Food Administration, are 
responsible for regulation and monitoring of pesticide residues in foodstuffs. 
Since 1964, fruits and vegetables have been checked for pesticide residues in 
Sweden. For enforcement purposes, the authorities establish national 
maximum residue levels (MRL), which represent the upper limit that might 
be found in crop 9. In order to avoid inconsistency in judgement of MRLs in 
different member states, the European Union (EU) seeks to harmonise the 
MRLs for pesticides. 

The objective of this thesis is to present improved methodology for the 
analysis of pesticide residues in fruit and vegetables, in rape seed and in 
water by means of different separation techniques.  In addition, it is also 
intended to further the discussion on how to meet the difficulties in pesticide 
residue analysis and the future trends in chemical analysis of pesticides. The 

2 



divergent chemical and physical properties of pesticides and the awareness 
of their toxicity put great demands on analytical techniques to identify and 
detect low levels of residues. Furthermore, since the variety of pesticides are 
applied on very different commodity classes, from aqueous samples to 
samples with high fat content, the development of multi residue methods 
becomes an analytical challenge. 

There exist a number of GC multi residue methods, which use different 
extraction solvents based on gas chromatographic determination after 
various clean-up steps 10,11. Since 1989, an ethyl acetate extraction method 
has been adapted by the Swedish National Food Administration 12,13. The 
objective of Paper I was to show the first results obtained on the analytical 
behaviour of pyraclofos using the NFA GC multi residue method, since the 
residues of this pesticide were identified by the Swedish monitoring 
programme. In this paper, it was discussed how the matrix effected the 
recoveries and some possible reasons to this phenomenon. 

When older pesticides are revised, it also often results in lower MRLs or 
new more strict EU directives. When the MRLs are lowered, the reliability 
of the results is of utmost importance, which means that the analytical 
technique has to be sensitive and selective and an unequivocal confirmation 
of identity is presupposed. The special methods used recently in monitoring 
specific pesticides, like the analysis of N-methylcarbamates or 
benzimidazoles by means of LC-UV or fluorescence, suddenly lack enough 
sensitivity, selectivity or confirmation of identity. As shown in Paper II, the 
LC-MS technique had to be developed to make it possible to detect and 
identify low levels. LC-MS has been shown to be suitable for pesticides and 
their metabolites that until now have been difficult to analyse using GC. 
With its enhanced selectivity in both separation and detection, the LC-
MS/MS has been shown to be an unbeatable, complementary technique for 
GC in pesticide analysis and has therefore replaced several of the special 
methods. In addition, the LC-MS/MS technique is sensitive and meets the 
EU requirements of strict maximum levels of 0.01 mg/kg in baby foods. 

From an environmental point of view the development of the early part of 
the analytical chain, e.g. the sample extraction has an increasingly important 
role in the future. Environmental concern deals not only with pesticides; it 
also deals with the use of harmful organic solvents. The use of organic 
solvents like, benzene, toluene, chloroform and dichloromethane has 
therefore been banned or restricted in order to limit the risk on safety and 
health of users or to avoid hazardous environmental consequences. These 
restrictions will, of course, effect the method development of pesticide 
residue analysis. The development of solvent-free extraction techniques, like 
solid phase micro extraction (SPME), is one way to solve this issue that has 
gained interest as an alternative in the analysis of aqueous samples. Enzyme 
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linked immunosorbent assay (ELISA) procedures, ultrasonic solvent 
extraction and microwave assisted extraction (MAE) are other examples that 
have been developed to replace the liquid-liquid extraction 14,15,16. 
Traditionally, liquid-liquid extraction (LLE) with dichloromethane was the 
conventional extraction technique used for analysis of water, which 
efficiently extracted the less polar pesticides. The obvious drawback was the 
large amount of harmful solvents needed, including waste problems and cost 
as well as the laborious use of separation funnels. Furthermore, the analysis 
of pesticide residues deals also with many divergent complex crops. The 
determination of pesticide residues in fatty matrices is associated with 
several analytical difficulties. There is a need of developing extraction 
techniques, which efficiently recover different classes of pesticides from 
various matrixes. In this thesis the development of extraction techniques, 
which could minimise the volumes of organic solvents and focus on the use 
of more risk-free solvents, is presented in Papers III-V. The extraction of 
pesticide residues from rape seed using pressurised fluid extraction (PFE) 
and from water using solid phase extraction (SPE), have shown to fulfil the 
requirements on alternative techniques. The traditional liquid-liquid 
techniques are thus replaced by efficient techniques that, at the same time, 
contribute to the beneficial influence on the environment and finally to 
reduced analytical costs. 
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1. Analysis of pesticide residues by means 
of gas- and liquid chromatography with 
suggested detection techniques 

Multi residue method using gas chromatography 

The main analytical method for analysing pesticides residues in the Swedish 
monitoring program has been and still is the gas chromatographic multi 
residue method. It is easy to argue that the multi residue methods are the 
most preferable in regulatory monitoring of pesticide residues. The screening 
of hundred of pesticides can be done in one single analysis and the 
laboratories do not need to set up several, costly single methods. 

The recent reviews on the area of analysis of pesticide residues show that 
there are several multi residue methods and most of them are based on 
solvent extraction, clean-up, and determination by gas chromatography 
17,18,19,20,21. .One of the main challenges are that the variety of polarities 
represented by modern pesticides in aqueous extracts means that the 
partitioning systems must give good recoveries of polar as well nonpolar 
compounds. 

The two most widely used multi residue methods are based on extraction 
with acetone and partitioning with dichloromethane and light petroleum, 
commonly known as the Luke method 22 or extraction with ethyl acetate in 
the presence of sodium sulphate23. Taking into consideration the 
environmental concern of dichloromethane, this chlorinated solvent has 
lately been replaced by ethyl acetate-cyclohexane (1:1) 24,25. 

The multi residue method used by the Swedish National Food 
Administration (NFA) is based on extraction with ethyl acetate. The 
subsequent clean-up is performed by gel permeation chromatography (GPC) 
26,27. In Figure 1, the flow scheme of the method is illustrated.  

 
 
 

5 



Figure 1. Analytical scheme of NFA´s GC multi-residue method with GPC 
and the alternative clean-up with SPE  

 
Extraction in Waring Blendor 
 
 
75 g sample 
200 ml ethyl acetate, 40 g Na2SO4  
Decant and filtrate through 20 g Na2SO4 
100 ml aliquot of the ethyl acetate 
Concentrate and redissolve to 5 ml with 
ethyl acetate/cyclohexane (1+1), 7.5 g/ml 
Filtrate the crude extract through a 0.45 µm PTFE filter 
 
 ↓    ↓  
 
Clean-up or Alternative clean-up 

    
GPC on SX-3 column (10x400 mm)  SPE on ENV+ column 
  
1 ml extract (7.5g/ml)   Column conditioning with 10 ml 
   25/75 
Elute with ethyl acetate/cyclohexane  ethyl acetate/cyclohexane 
(1+1)  1ml sample, 500 µl extract + 
Concentrate and redissolve in  500 µl cyclohexane (3.75g/ml) 
5 ml ethyl acetate/cyclohexane  Elute with 3 ml ethyl acetate 
Sample concentration 1.5 g/ml   Sample concentration 1.25 g/ml 
 
 
   ↓  
 
 GC determination with various detectors 

(NPD/FPD/ECD/MS) 
 

 
 
The use of ethyl acetate as extraction solvent combined with GPC was first 
described by Roos et al 28. The quantification is done with GC in 
combination with various selective detectors. Flame photometric detector 
(FPD) operated in phosphorus or sulphur mode is a highly selective detector 
for OP pesticides. The electron capture detector (ECD), as mentioned earlier, 
is used for halogen containing compounds such as OC pesticides, while the 
nitrogen phosphorus detector (NPD) is selective for nitrogen and phosphorus 
compounds. 
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Since the retention time is characteristic for each compound in a given 
chromatographic system, compounds can be tentatively identified by 
comparison of their individual retention times. Furthermore, when using 
highly efficient fused-silica capillary columns with slightly different 
polarities, confirmation is, to a certain extent, obtained based on expected 
small differences in retention times. The introduction of commercially 
available capillary columns was a great step forward with regard to the 
separation power and enhanced sensitivity due to the reduction of peakwidth 
29.  

The limiting disadvantage in conventional GC analysis was, however, that 
only a limited number of compounds could be detected in a single analysis. 
When fused capillary columns became feasible to couple to a mass selective 
detector (MS), the routine confirmation process could be carried out and the 
degradation products were identified. The GC/MS technique has, since then, 
been an important tool in pesticide monitoring now for over fifteen years 30.  

At the NFA the GC multi residue method is used to detect, quantify and 
confirm roughly 200 pesticides and their metabolites. In Paper I, a more 
detailed description of the ethyl acetate extraction was presented. GC/MS 
was here used to identify “unknown analytical responses” (UARs). 
Sometimes these have been identified as pesticides or metabolites not 
incorporated in the monitoring programme. In that way a new pesticide, in 
this study pyraclofos, was identified and the multi method was subsequently 
expanded for monitoring purpose 31. 

The analytical behaviour of pyraclofos was investigated in each step of 
the NFA/GC multi residue method resulting in acceptable recoveries in the 
studied crops. However, the enhanced chromatographic response induced by 
the matrix was discovered in the preliminary recovery study. This 
phenomenon became known when the chromatographic response for certain 
pesticides was increased in presence of matrix, which is not desirable in an 
analytical measurement. Recoveries from 108 to 224 % were obtained, but 
these became close to 100 % when pyraclofos standard was prepared in 
residue free blank matrix instead of ethyl acetate/cyclohexane. Presumably, 
the matrix protects the pesticide from thermal degradation and prevents 
analyte adsorption by covering active sites in the gas chromatographic 
system, resulting in a higher response compared with the same amount in 
matrix free standard solution 32,33. Such effects are often the most important 
source of quantification errors in GC analysis. 

Additional experiments were done by the NFA 34,35 using the NFA/GC 
multi residue method to investigate the matrix effect of different matrixes. 
The determinations were carried out using capillary columns with FP, EC 
and NP detectors. As a result of the study by Andersson et al.34, the response 
of 37 of 80 pesticides tested was unacceptably high resulting in more than 
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110 % response36. A dilution of the matrix concentration on the other hand 
reduced the matrix effect. Another conclusion in the study was that the 
matrix effects were independent of commodity. Matrices representing fruits, 
berries and vegetables were included in the study. In contradiction with 
another follow-up study by Hajslova et al.37, the matrix effect showed to be 
dependent on the type of pesticide and of commodity. Especially, the 
contribution of co-extracting essential oils and waxes to enhanced response 
was apparent. Furthermore, similar results were obtained in the study by 
Österdahl et al 35. Enhanced recoveries were observed, due to matrix 
components, for some of the 24 pesticides studied. The matrices studied 
were dry foodstuffs such as wheat, rice, barley, maize and lentils. Almost all 
mean recoveries were higher when the recovery was calculated by the use of 
calibrants in the solvent. 

Another contributing factor to matrix induced effects is the performance 
of the chromatographic system. The recovery tests of pyraclofos showed that 
pyraclofos presents a “strong” matrix effect, when GPC and GC systems 
have been in heavy use. Other pesticides in the same system conditions did 
not present the same behaviour. 
As a conclusion, since matrix effects are shown to be dependent on the type 
of pesticide and/or the type of matrix, the accurate quantification of the 
samples should be done using standards prepared in the corresponding 
residue free matrix. 

LC-MS/MS multi residue method 
Present trends in analytical chemistry aimed for pesticide analysis have been 
to reach lower detection limits, a need of confirmation of results and a use of 
automated and fast system to make the total analysis cost-effective. Concern 
for the environment and the health and safety of users are additional 
arguments to reduce the use of harmful solvents. Liquid 
chromatography/mass spectrometry (LC/MS) and liquid 
chromatography/tandem mass spectrometry (LC-MS/MS) can improve this 
situation and are rapidly becoming accepted technique in pesticide residue 
analysis for regulatory monitoring purpose 38.  

Primarily, the use of MS detection provides confirmation of identity, 
which is important in trace analysis. The recent reviews of pesticide analysis 
using these techniques deal with applications of two atmospheric pressure 
ionisation techniques, atmospheric pressure chemical ionisation (APCI) and 
electrospray ionisation (ESI)38,39. The number of applications using LC/MS 
in trace analysis is increasing 40,41,42,43,44,45.  APCI is often the choice for 
analysis of non polar and medium polar compounds, and can handle water-
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rich mobile phases. The technique has been successfully applied to the 
determination of carbamates, benzoylureas and triazines in different 
matrices46,47,48,49,50. There are also several specific multi-residue methods, 
where ESI has been utilised in residue analysis 51,52,53. However, the 
applications using APCI and ESI are still limited to certain pesticides or 
groups of pesticides and the techniques need to be adapted with suitable 
extraction and chromatographic systems. 

The main difference between these ionisation techniques is the way the 
sample is introduced into the gas phase, which is necessary for the 
subsequent mass spectrometer analysis. APCI is a gas phase ion molecule 
reaction process, which involves ionisation of the analyte molecules after 
they are vaporised into the gas phase, whereas in ESI the ions are formed in 
solution followed by transfer to the gas phase. The techniques should be 
considered complementary, and they can together handle most of the 
compounds found in a multi-residue method.  The soft nature of electrospray 
ionisation allows a gentle ionisation of non-volatile, thermally labile 
compounds with minimum fragmentation. The advantageous features of 
electrospray ionisation include the introduction of sample in solution, which 
makes it compatible with many types of separation techniques and the soft 
ionisation, which increases the sensitivity due to lower degree of 
fragmentation. Furthermore, in contrast to APCI the sample is introduced 
into MS without heating and thus, although not commonly reported, the 
thermal degradation of analytes is prevented, which promotes the analysis of 
thermal labile compounds 54.  

In the Swedish monitoring programme there are several special methods, 
which are intended for analysis of a certain pesticide or a group of pesticides 
55. Benzimizadoles and N-methyl carbamates are two groups of pesticides, 
which are normally detected by LC/UV or LC-fluorescence 56,57,58,59. 
Carbamates in general are a group of modern pesticides, which are 
extensively used in pest control. From toxicological aspect they are an 
important group of pesticides, since they have high acute toxicity 60,61,62. 
Pesticides, which possess a polar nature, have low thermal stability, are non-
volatile or lack UV absorbing chromophores must be considered as not GC 
amenable 63,64. In order to increase the volatility and make the analytes 
suitable for gas chromatographic determination, a derivatisation step is 
needed. The more polar pesticides are, thus, more adequate for analysis by 
means of liquid chromatography. 

However, the LC-UV methods often have low sensitivity, while the 
fluorescence methods normally have better sensitivity. Both techniques lack 
sufficient selectivity towards endogenous compounds, which absorb at the 
same wavelength. Therefore, it was crucial to develop a new multi residue 
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method, which could replace these specific methods and increase the 
efficiency of the monitoring. 

Another group of pesticides studied consists of organophosphorus 
compounds with an oxidisable sulphide group. Many of these compounds 
tend to decompose under GC conditions or alternatively are too polar to be 
amenable to GC. Furthermore, their sulphoxides and other metabolites are 
often thermally labile and the determination of residues has been associated 
with several analytical difficulties 65,66. Since organophosphorus pesticides 
are of current interest due to the EU directive for baby foods 67, where the 
metabolites are included in the application of maximum residue levels 
(MRL), there is a need for a method that can detect both the parent pesticides 
and the metabolites simultaneously. 
 
 

Determination of pesticide residues in food and 
vegetables using LC-ESI/MS/MS 
In Paper II, a total of 57 different pesticides and metabolites in fruit and 
vegetables have been validated in the new LC-MS/MS multi-residue method 
using the established ethyl acetate extraction. Representative species from 
different commodity groups were chosen as matrices to study the possible 
effects from matrix on recoveries and robustness of the method.  

The objective was to investigate the optimised, experimental conditions 
for the pesticides studied using LC-MS/MS (i) evaluating the effect of 
organic modifier and the influence of different electrolytes and (ii) studying 
the response of using different ionisation techniques and finally (iii) finding 
the optimised settings of cone voltage and collision energies. 

The effect of organic modifier in the mobile phase was evaluated. The 
analytical responses of pesticides included were studied using acetonitrile 
and methanol as modifier. Ammonium formate was the additive in both 
systems. For most compounds the signal was a factor of 5 to 10 higher in 
methanol compared to the signal in acetonitrile. The lowest concentration 
level, when using methanol as modifier, 0.01mg/kg, was not possible to 
achieve for all compounds when acetonitrile was used. Previous studies also 
support the use of methanol as modifier 52,68,69,70. However, it is important to 
keep in mind that the present study was performed to optimise a system 
analysing a variety of compounds, therefore the results should be kept more 
general. When separate analytes are studied the optimisation of all 
parameters is thus essential 68. 
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The responses of some pesticides were studied using the two different 
ionisation techniques, APCI and ESI. The result showed 10 to 20 times 
higher responses in ESI than in APCI for all pesticide studied. Factors, 
which affect the intensity of the signal, are among others, the composition of 
mobile phase, e.g. type of modifier and electrolytes, the system itself and the 
nature of the compounds. Therefore, it should be mentioned that only 
methanol was used as modifier in both techniques. Thus, in the study by 
Fernandez et al. 71 thirteen carbamates were analysed using ESI and APCI. 
In the positive ion mode the two ionisation techniques gave similar results in 
terms of sensitivity and structural information. However, ESI was preferred, 
since it consistently induced lower fragmentation. 

In ESI, the ionisation efficiency of the analyte can be affected by the 
competing buffer electrolytes in the mobile phase resulting in uncontrolled 
decrease of analyte ion sensitivity. The highest signal is therefore obtained at 
the mobile phase with the lowest ionic strength in both positive and negative 
ESI 72,73 . However, when analysing the type of samples, that can alter the 
ionic strength in the mobile phase, it is advantageous to choose a higher 
ionic strength in order to stabilise the chromatographic system. Therefore a 
buffer strength of 10 mM was chosen. 

Six different buffer constituents were studied; 10 mM ammonium acetate 
at pH 4.8, 10 mM ammonium formate at pH 4.2, at pH 4.0 and at pH 3.8, 10 
mM acetic acid at pH 3.6 and 10 mM formic acid at pH 3.1. During this test 
the mobile phase was composed of 50% buffer constituent in water and 50% 
methanol. As a result, the lowest signal was achieved in ammonium acetate, 
whereas the highest signals were obtained in ammonium formate at pH 3.8 
and 4.2. It was examined whether different additives influenced the signal of 
the lowest intensity. The best signal was achieved when using ammonium 
formate at pH 4.0-4.2. 

In order to find the optimised MS conditions for each pesticide, the cone 
voltage was varied for each compound in the MS mode. The fragmentation 
was studied by direct injection of each standard. The cone voltage was 
varied between 10 and 70 V and the voltage, which gave the most intense 
fragment ion, was chosen. At a given cone voltage, the MS/MS conditions 
were then studied in more detail. The protonated or deprotonated molecular 
ion was selected as the precursor ion and the collision energies were varied 
between 5 and 50 eV.  

As a result, the most intense product ions for each compound were 
selected. When two compounds gave similar transitions, another product ion 
was chosen. In the final method, one product ion of each compound was 
selected. When confirmation of the results was needed, a sufficient number 
of product ions i.e. at least two, should be monitored. 
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Matrix effects 
As mentioned in Paper I, the matrix effect in GC might become a problem 
during the transfer of the analytes from the injector to the column, whereas 
in the LC-MS system the matrix effect rises after separation on the column 
in the interface. The effect, expressed as suppression or enhancement, is 
caused by co-eluting components, which interact with the analyte in the 
ionisation step in the interface. The efficiency to form the desired molecular 
ion is obviously highly dependent on the environment, in which the 
ionisation process is occurring 74,75. 

The ideal approach in sample preparation is, at the same time, to 
minimise the number of sample preparation steps achieving a more accurate 
result and increasing the sample throughput 76,77. This may be achievable by 
the use of MS/MS detection, which is highly selective and sensitive. The 
selectivity comes from the ability to discern the signal of the analyte from 
chemical noise. MS/MS detection reduces the background by excluding all 
ions expect the selected product ions. As a result, complex sample mixtures 
can be detected and quantified without laborious clean-up steps. However, 
the remaining contaminants in the sample extract are present at the expense 
of enhanced matrix effect. Signal suppression is mechanistically believed to 
occur when matrix components compete with the analyte ions for access to 
the droplet surface during the ESI droplet deformation 78,79. Referring to 
Kebarle et al.73, exceeding the concentration of ∼ 10 –5M of organic 
compounds in the sample, the competition with the analytes in the 
conversion process to gas phase ions will most likely occur. 

The influence from the matrix can, however, be very variable. The matrix 
effect can vary from time to time either with suppression or enhancement of 
the signal response. In such cases, the matrix effect occurs more due to the 
daily condition of the instrument than it occurs due to the environmental 
condition during the ionisation. The matrix effect is very compound and 
matrix dependent and cannot be predicted using studies from one pesticide in 
a specific matrix. As shown in Figure 2, the signals of two pesticides 
thiabendazole and carbendazim are suppressed whereas the matrix does not 
at all affect three others, ethiofenbcarb-sulphoxide, propoxur and carbaryl. In 
order to generate reliable and accurate results, it is necessary to use matrix 
matched standards in each calibration procedure. 
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Figure 2. Example of suppression of some pesticides in one injection, Paper II 

Injection of some pesticides in pos. ESI-MS/MS at 0.05 mg/kg (0.125 µg/mL) in 
strawberry, overlaid with the same pesticides in methanol and a blank 
chromatogram of strawberry. Retention time of pesticides in strawberry (dotted) is 
manually moved 0.3 minutes and true retention time is otherwise identical. Only 
peak no. 2 and 3 are suppressed in positive ESI-MS/MS. 
Peak 1: ethiofencarb-sulphoxide, 2: carbendazim, 3: thiabendazole, 4: propoxur, 5: 
carbaryl. 

  
In conclusion, the lowest quantification level with the ESI MS/MS 

technique was 0.01 mg/kg, which could be achieved for all pesticides 
studied, see Figure 1 in Paper II. The overall average recovery was found to 
be 87%. The results in Paper II show the importance of adding sodium 
hydroxide before extraction for more basic pesticides in acidic matrices and 
in bulb vegetables. The recoveries were improved for some of the 
sulphoxide metabolites as well, after addition of sodium hydroxide. 
Additionally, it is important to be aware of the breakdown of pesticides in 
general, since it has been shown to be very matrix dependent. The main 
degradation that could be monitored, was the formation of the corresponding 
sulphoxide from some of the compounds (Table 1). The proposed method 
has the advantage of detecting pesticides and their more toxic metabolites in 
one single extraction and detection system. This thus leads to increased 
awareness of the behaviour of pesticides and their possible degradation. 
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Table 1. Overview of breakdown of included pesticides, Paper II. 

Pestcide Brakdown products  
Aldicarb Aldicarb sulphoxide Aldicarb sulphone 
Butocarboxim Butocarboxim sulphoxide Butocarboxim sulphone1 

Carbosulfan Carbofuran Carbofuran-3-OH 
Demeton-S-methyl Demeton-S-methyl 

sulphoxide 
Demeton-S-methyl 
sulphone 

Disulfoton Disulfoton sulphoxide Disulfoton sulphone 
Ethiofencarb Ethiofencarb sulphoxide Ethiofencarb sulphone 
Fuarthiocarb Carbofuran Carbofuran 
Imidacloprid Several products1  
Methiocarb Methiocarb sulphoxide Methiocarb sulphone 
Oxamyl Oamyl-oxim  
Phorate Phorate sulphoxide Phorate sulphone 
Phorate  Phorate-O-analogue Phorate-O-analogue 

sulphoxide and sulphone1 

Terbufos Terbufos-O-sulphoxide1 Terbufos-O-sulphone 
Thiodicarb Methomyl Methomyl-oxime2 

Thiophanate methyl Carbendazim  
Thiomethon Thiomethon sulphoxide Thiomethon sulpone 
Vamidothion Vamidothion sulphoxide Vamidothion sulphone 
   
1 Not included   
2 Searched for without 
including recovery studies 
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2. Importance of sample preparation in 
pesticide residue analysis  

General considerations 
Sample preparation is a key element in pesticide residue analysis. It is 
performed to produce clean samples sufficiently free from impurities for the 
chromatographic analysis in order to achieve a good separation and high 
selectivity. Since sample pre-treatment is the most essential but at the same 
time the most time consuming step in chromatographic analysis, there is a 
reason to carefully investigate possible alternatives to shorten the time 
consumed. 

The necessity of proper sample preparation is obvious, since co-extracted 
components present at high concentrations can affect selectivity and 
sensitivity in trace analysis. The peaks of the co-eluted compounds can 
overlap the analytes and the risk of interpretation of false positive results 
will be increased. It is also important to preserve the chromatographic 
system from undesired components and in such a way to prolong the lifetime 
of the system. The co-eluted components influence also the matrix effects. In 
addition, the detection systems have strict requirements for the sample 
introduction. The sample handling techniques have to be compatible with 
novel analytical techniques and the samples have usually to be pre-
concentrated in order to achieve the working range of interest. 

Although the separation efficiency of GC is high, the sample clean-up is 
crucial, since high molecular weight compounds can contaminate the 
chromatographic system and specially when using electron capture detectors 
(ECD), the interfering compounds make it difficult to interpret the 
chromatograms due to many overlapping peaks. Purification of the samples 
is unavoidable, when for example, foodstuffs with high fat content are 
analysed using GC-ECD determination. On the contrary, liquid 
chromatography (LC) allows the introduction of more dirty samples since 
the system is more selective and allows the separation of target compounds 
from the rest of the sample 80. However, since the measured analytical 
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response reflects the contribution of matrix as well, the matrix effect for each 
compound should be illuminated. 

In pesticide residue analysis, there are many different commodity classes 
with different properties to be considered. Vegetables and fruits are complex 
matrices including products with high acid, water, sugar or fat content. A 
sample preparation step is often necessary to isolate the analytes from the 
sample matrix, as well to purify and concentrate the compounds of interest 
81. Furthermore, the diversity of physiochemical characteristics of different 
pesticides such as water solubility, hydrophobicity, vapour pressure, 
partition coefficient and thermal stability, is a great challenge in pesticide 
analysis and complicates a choice of an efficient extraction solvent and an 
adequate analytical technique. 

A new approach using the SPE technique, which is described in Papers 
IV - V, has been an attractive alternative to replace the conventional GPC 
technique. The SPE technique is fast and simple and limits the use of organic 
solvents. Evaporation steps are not needed, which contributes to more 
accurate results since each step in sample preparation adds sources of error. 
It is important to eliminate all possible sources that can interfere and cause 
losses of analytes during sample preparation. 

Despite advances in instrumentation of different detection systems, many 
extraction procedures are still performed manually. The use of blenders or 
separation funnels is still a common practice in many laboratories, especially 
in analysis of food and vegetables. The problem rises when multi residue 
methods with over 300 compounds and several tens of matrices have to be 
performed, improved or simplified. The validation of a new method will 
therefore be very extensive and laborious. The method development can be 
simplified, when the extraction solvent with known performance can be 
used. Therefore, the use of the pressurised fluid extraction technique (PFE) 
is advantageous, since the use of traditional, established solvents can be 
chosen.  

Water is not considered to be as complex matrix as lipids or some group 
of vegetables. There are, however, some aspects, which should be 
considered in water sample preparation. Since the legislated maximum 
residue levels for drinking water are very low, 0.1 µg/l for individual 
pesticides and 0.5 µg/l for the sum of pesticides, the demands of an 
analytical method are strict in order to avoid false positive results 82. 
Furthermore, in most extraction techniques the sample volume needs to be 
large in order to achieve the low detection limits and to make the samples 
compatible with the analytical techniques at hand, they have to be enriched 
and purified. When the samples have to be concentrated by evaporation, the 
step may be critical due to the different volatility of pesticides. There is a 
wide range of pesticides, which can be detected in water and LLE techniques 
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have been used to extract a wide range of pesticides with different polarities 
83. However, the analytical difficulties increase when extremely water-
soluble pesticides have to be recovered from water. The interest in 
developing the SPE technique has increased and many improvements in the 
form of new phases that can trap more polar pesticides have been achieved 
84. 

 

Analysis of fatty food using pressurised fluid extraction 
technique (PFE) 

Basic considerations in PFE 
With the demand for lower detection limits, faster sample preparation and 
reduced solvent usage, new extraction techniques have been tested. One of 
these novel techniques which has been shown to be comparable with 
conventional liquid-liquid methods is pressurised fluid extraction (PFE). The 
technique was developed 1995 and the first applications of PFE were 
performed in environmental samples such as soil, sediment and fly ash 
85,86,87,88,89. Recently, several applications in pesticide residue analysis in 
foodstuffs have been published using PFE 90,91,92,93,94,95. To avoid confusion, 
it should be mentioned that the same technique has also been known as 
pressurised liquid extraction (PLE), pressurised solvent extraction (PSE), 
accelerated solvent extraction (ASE) or enhanced solvent extraction (ESE) 
96,97.  

PFE is a fully automated sequential extractor, which consists of a solvent 
supply system, extraction cell, oven collection system and a purge system as 
shown in Figure 3. The sample in the extraction cell is filled with an organic 
solvent and a variable pressure of 4-20MPa is applied and temperatures 
ranging from room temperature to around 200ºC can be chosen85. The same 
solvent can preferably be used as for classical liquid-liquid extraction. After 
the static extraction time of 5-10 minutes the cell is flushed with fresh 
solvent and finally purged with pressurised nitrogen to eliminate the rest of 
the extraction solvent. When the extraction is performed at elevated 
temperature and pressure the solvent is kept in the liquid phase at 
temperatures above the boiling point and in general, the technique enables a 
more efficient extraction due to the better contact of analyte with the 
extraction solvent. 
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Figure 3. The basic set-up for PFE 98 

The rate of extraction is determined by partitioning between the analyte itself 
and the solvent, the solubility and mass transfer effects. The elevated 
temperature increases the solubility of the analyte resulting in faster 
diffusion rates. The higher temperatures also contribute to weaken the strong 
matrix-analyte interactions. The mass transfer and extraction rates are 
enhanced when continuously fresh solvent can be used, since the 
concentration gradient is greater between fresh solvent and the surface on the 
matrix. Furthermore, the extraction efficiency is enhanced when the 
viscosity of the solvent is reduced, since the diffusion coefficient then 
increases allowing better penetration of the matrix particles 85,99,100,101. 

 
 

 
 
 
 
 
 
 

 

18 



 
 

Determination of pesticide residues in rape seed using 
PFE 
The method has been validated for 25 pesticides and metabolites in rape seed 
using PFE, Paper III. The reliability and efficiency of PFE was investigated 
comparing the recoveries with conventional LLE technique and finally 
incurred samples containing vinclozolin and iprodione were extracted using 
both LLE, PFE and supercritical fluid extraction (SFE). Most of the 
pesticides used on rape seed are organophosphorus (OP) insecticides which 
are known to accumulate in fatty receptacles in plant and animal tissues 102. 
In order to apply the method to oil seeds in general, organochlorine 
pesticides (OC) were included. Foodstuffs of animal or plant origin are 
considered to be the main source of human exposure to OC pesticides and, 
therefore, the analysis on fatty matrices is important. Residues of OC 
pesticides have been found in oil seeds 103. 

The parameters of the method were set as follows: 2 g of rape seed 
sample was extracted for 10 minutes with n-hexane saturated with 
acetonitrile at a temperature of 60˚C and a pressure to 60 MPa. The flush 
volume was set at 60% v/v in one cycle and the purge time was 60 minutes. 

Previous studies have shown that the effect of changing pressure has a 
minor effect on extraction efficiency, besides that the solvent is kept as 
liquid at the high temperatures used 85,91,104,105. The beneficial influence of 
temperature on extraction efficiency can be achieved with lower pressures. 
As an example, in order to keep the liquid above its atmospheric boiling 
point the pressure needs not to be excessive. Acetone for example, needs a 
pressure of 74 psi to keep it liquid at 100°C (atmospheric bp. 56.3°C) 85. 
However, it has shown, that the use of high pressures facilitates the 
extraction efficiency for samples with high water content. A high pressure 
forces the solvent into matrix pores that would not usually be interacted by 
solvent with atmospheric pressure 85,106.  

It should be mentioned that it was obvious that higher temperatures than 
60˚C gave more matrix peaks from rape seed in this study, and thus the 
enhanced extraction efficiency using higher temperatures could not be 
utilised. 

Nevertheless, a larger number of extractions gives higher yields and thus 
this parameter should be more investigated. The previous investigations have 
shown that two separate solvent cycles of each 5 minutes gave better 
recoveries than one cycle of 10 minutes 92. These results support the theory 
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of mass transfer and enhanced extraction rates, when fresh solvents are used 
85,100.  

Clean-up 
The fat content in foodstuffs is associated with many analytical difficulties. 
Extraction of fat-soluble pesticides from fat matrices is troublesome. For the 
analysis of the samples, clean up of the extract has been shown to be 
necessary in order to obtain an acceptable extract for gas chromatographic 
determination, particularly with ECD. 

GPC is an appropriate technique for fatty foods and has been accepted in 
many applications to purify edible oils 107,108. Purification of the samples by 
GPC resulted in a considerable decrease in the lipid content (Figure 4). Thus, 
the quantification was improved and the lifetime of gas chromatographic 
system could be prolonged. Since alumina and silica gel were developed as 
clean-up procedures for analysis of fatty food products, the capability of 
alumina to ensure quantitative recoveries was tested. The ability of alumina 
to extract non-polar pesticides from fat is well known 109,110,111. Despite the 
decrease in fat content in the samples, alumina as clean up technique was 
abandoned since most of the target pesticides were strongly adsorbed. 

0

50

100

150

200

250

300

350

400

450

500

before PFE after PFE after GPC

R
es

id
ua

l l
ip

id
s (

m
g/

g)

Figure 4. Residual lipids (mg/g) after PFE and additional clean-up with GPC, 
Paper III. 
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Results 

The quantification was made using standards prepared in residue free rape 
seed extract to eliminate the possible effects of matrix on the recoveries. 
Most results were within the acceptable range, 70-110%, (Table 2), The 
organochlorine pesticides DDT, including isomers and metabolites, which 
are very fat-soluble, are difficult to recover from fatty matrices. Therefore, 
the obtained average recoveries were as low as 53%. However, other 
lipophilic compounds like pyrethroids could be extracted successfully. 

Table 2. Highlighted mean recoveries of pesticide residues in rape seed 
using PFE and GPC, adapted from Paper III, in Table3 

 
Pesticide 

Fortified 
 (mg/kg) 

n Mean recovery 
( %) 

RSD 
(%) 

p,p -DDD 0.03 4 52 12 
 0.50 3 80 2.9 
p,p -DDE 0.03 4 49 3.3 
 0.50 3 75 3.5 
o,p -DDT 0.03 4 55 5.3 
 0.50 3 79 2.2 
p,p -DDT 0.03 4 57 11 
 0.50 3 71 5.3 
Heptachlor 0.03 4 93 3.5 
 0.60 3 90 2.8 
Alpha chlordane 0.03 3 88 3.5 
 0.60 3 77 5.8 

 
Traditionally, lower yields were reported for α-chlordane and heptachlor, 

when using LLE 112,113. One possible reason for these improved recoveries 
may be that using LLE, extraction of the oil seeds in n-hexane is followed by 
partitioning between n-hexane and acetonitrile. Since n-hexane has a much 
greater affinity for non-polar pesticides than does acetonitrile, the more non-
polar pesticides will remain in the more fat-soluble n-hexane, whereas using 
PFE, those compounds still can be recovered and determined, since no 
partitioning with acetonitrile is performed. 

A comparison of extraction efficiency between PFE and LLE was 
conducted. The comparison of the extraction scheme is shown in Figure 5. In 
general, the LLE technique gave more precise results, in terms of lower RSD 
values (Paper III). However, both techniques recover the pesticides studied 
within acceptable levels, with overall recoveries of 96% for LLE and 91% 
using PFE. 
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When using fortified samples, there is a risk that the method does not 
imply the true recovery, since the spiking on samples is performed with 
small amounts and the penetration and the binding of analytes is not fully 
controlled. Therefore, the PFE method was tested using residues from 
agriculturally incurred samples. The developed PFE method was compared 
with the LLE and supercritical fluid extraction (SFE) methods using samples 
with incurred residues. The results are in good agreement, although there is a 
significant difference in results between the techniques. These results can be 
explained by the high precision (RSD 1-4%) for all techniques. 
Consequently, the advantage of the PFE technique is the use of classical, 
liquid extraction solvents and less parameters are required to be optimised 
for the extraction procedure. 
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Figure 5. Comparison of the extraction scheme of NFA´s multi-residue method 
(LLE) and the proposed PFE, Paper III 
 
 
LLE method   PFE method 
 
Take 30 g of rape seed sample  Take 2 g of rape seed sample 
 ↓    ↓   
Add 15 g Na2SO4 extraction in   PFE extraction 
Waring Blender    ↓  
Add 300 ml hexane saturated   Concentrate and redissolve in 
with acetonitrile  8 ml ethyl acetate/cyclohexane 
decant and filter through 20 g  (1+1) 
Na2SO4    ↓  

 ↓  
 
Add 20 g of Na2SO4  and allow 
to separate 
 ↓    ↓  
Take 50 ml aliquot on separating 
funnel and partition with 100 
ml acetonitrile saturated with 
hexane and 0.5 ml water 
 ↓    ↓  
Shake and allow to separate 
Collect the lower phase 
Concentrate and redissolve in 5 
ml ethyl acetate/cyclohexane  
(1+1) 
 ↓    ↓  
 
Clean-up with GPC on S-X3 column (LLE and PFE) 
Take 5 ml extract 
Elute with ethyl acetate/cyclohexane (1+1) 
Concentrate and redissolve in 5 ml (LLE), 2 ml (PFE) ethyl/ acetate/cyclohexane 
(1+1) 
Analyse the final extract on a gas chromatograph 
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Analysis of pesticide residues in water with off-line 
solid phase extraction 
Environmental criteria play an important role in the registration of older 
pesticides and the registration of new compounds. New areas of concern are 
the effects on non-target organisms and the exposure of man by other routes 
than the food chain. The EU also has strict legislation on the occurrence of 
pesticides in water intended for human consumption, the maximum 
concentration of a pesticide should not exceed 0.1 µg/l while the sum of 
concentrations of pesticides must be below 0.5 µg/l 114. 

The occurrence in ground water depends on the physico-chemical 
properties of the pesticides. Parameters such as solubility, persistence and 
leachability are crucial to estimate the potential of pesticides to reach 
groundwater 115,116. 

As mentioned above, pesticides vary widely in physiochemical properties 
such as in water solubility, partition coefficient, vapour pressure, molecular 
mass and thermal stability. The water solubilities for pesticide studied are 
listed in Table 3.  In recent years the octanol/water partition coefficient (Kow) 
has been used to predict the environmental fate of problematic, organic 
chemicals. It has been found to be related among other things to water 
solubility in aquatic environment. Kow values stand for a disposition of the 
compound to distribute itself between an organic phase and an aqueous 
phase. Compounds with log Kow values below 1 or 1.5 may be considered 
hydrophilic and tend to have high water solubilities. Conversely, chemicals 
with log Kow values above 4-5 are hydrophobic117,118,119,120, 121. 

Since the retention mechanism in reverse phase chromatography is based 
on the hydrophobicity of a compound, there is also a relation between the 
Kow and the extractability using SPE reverse phase columns. In general, 
compounds with log Kow >0 can be successfully extracted, whereas 
compounds with log Kow <0 cannot be retained 70. 
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Table 3.-Water solubility and the octanol/water partition coefficient 
(Kow) of pesticides at 20-25°C a , Paper IV 

Pesticide Watersol.  
mg/l 

Log Kow Type 

Esfenvalerate 0.002  6.2 pyrethroid insecticide 
Cyfluthrin-β 0.002 6.0 pyrethroid insecticide 
λ-Cyhalothrin 0.005 7.0 pyrethroid insecticide 
Bifenthrin 0.1 >6 pyrethroid insecticide 
Endosulfan-α 0.32  4.7 organochlorine insecticide 
Vinclozolin 3.4  3.0 dicarboximide fungicide 
Terbuthylazine 8.5 3.2 1,3,5-triazine herbicide 
Dichlobenil 18  2.7 benzonitrile herbicide 
Fenitrothion 21  3.4 organophosphorus insecticide 
Atrazine 33  2.7 1,3,5-triazine herbicide  
Diazinon 60  3.3 organophosphorus insecticide 
Cyanazine 171 2.1 1,3,5-triazine herbicide  
BAMb 200 not found  
Chloridazon 340  1.2 pyridazinone herbicide  
Metazachlor 430  2.1 2-chloroacetanilide herbicide 
Dimethoate 23800  0.7 organophosphorus insecticide 
Desisopropylatrazinec not found 1.2  
Desethylatrazinec not found 1.6  
    
a Adapted from reference 1 
b Metabolite to dichlobenil 
c Metabolites to atrazine 

 
The methods used for monitoring pesticides in water are predominantly 
based on LLE with dichloromethane or solid phase extraction (SPE) using 
different sorbents. Dichloromethane is a suitable solvent to extract pesticides 
of a wider polarity range. Furthermore, it is volatile and slightly water 
soluble. The main drawbacks of LLE are the low sample throughput due to 
the manual partition and concentration steps and the use of large amounts of 
undesirable, organic solvents. LLE is based on the partition of solutes 
between aqueous phase and an immiscible organic phase. The efficiency of 
the extraction is determined by the affinity of the solute for the solvent and it 
is measured by the partition coefficient. Polar and water soluble analytes are, 
in general, difficult to extract efficiently with LLE, whereas very water 
insoluble analytes tend to adsorb on the glasswares 83,121. Therefore, a new 
extraction technique using polystyrene-divinylbenzene, PS-DVB, solid 
phase extraction columns was tested and validated at the same time. In both 
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cases GC/MS was used for screening and confirmation of the results. The 
quantification was combined with selective GC detectors. 

The aim of the present study in Paper IV, was to assess occurrence of 
pesticide residues and their transformation products in ground and surface 
water in Sweden and especially in areas where the use of pesticides was 
expected. Thus, the target areas in the study were chosen according to 
previous findings of residues 122, exposed ground and surface water placed 
close to intense agriculture, watercourses located close to roads, railways, 
golf courses and other areas where the treatment with pesticides is usual. 

The 18 target pesticides, which have been monitored, are commonly used 
in Swedish agricultural treatment and they have been chosen on the basis of 
their potential occurrence in Swedish ground and surface water used for 
drinking supply 123.  

In this study, such water soluble pesticides like dimethoate, metazachlor, 
chloridazon, desethylatrazine (DEA) and desisopropylatrazine (DIA), which 
have been difficult to recover from large sample volumes using silica-based 
sorbents like C18 124,125, have been extracted efficiently using polymeric solid 
phase extraction media like ENV+ and PS-DVB sorbents. Log Kow values 
for these polar pesticides varied from 0.7 to 2.1. Experimental studies have 
shown, that moderately polar analytes with log Kow values of 2-4 or higher 
can be retained using C18, whereas using much more hydrophobic copolymer 
columns, the retention of analytes with log Kow values of 1.0-1.5 or less has 
been achieved 120

. The interest in using polymeric sorbents has increased in 
recent years. There are several references in the literature where pesticides 
from large sample volumes have been recovered successfully using highly 
cross-linked polymer sorbents 126,127. On the other hand, pesticides with low 
water solubility and high hydrophobicity, such as organochlorine pesticides 
and pyrethroids gave low recoveries 44-53% on these sorbents. These results 
may, however, rather be due to the adsorption of the pesticides to the 
glassware rather than due to the retention on the column. 

Nevertheless, it has been shown that there is still a limited capacity of 
sorbents to extract extremely polar pesticides like methamidophos, acephate 
and omethoate, with log Kow <0. They are still not extractable using recent 
commonly available SPE cartridges 128,129,130. 

Altogether 106 ground and surface water samples were analysed 
simultaneously using LLE and SPE. The samples were originated from 
different geographical areas covering the most parts of Sweden. In cases 
where ground- or surface water sample contained residues, a drinking water 
sample from the same source was collected and analysed. The pesticides 
detected with both these methods in ground and surface water samples were 
atrazine, and its two breakdown products (DEA) and (DIA), BAM, (2,6-
dichlorbenzamid, metabolite of dichlobenil) and finally terbuthylazine. 
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Marketing permission for atrazine and dichlobenil was withdrawn in Sweden 
in 1989, whereas terbuthylazine supersedes atrazine. 

The concentrations of the five pesticides obtained using the extraction 
techniques were reasonably similar except for desisopropylatrazine, which 
was not recovered in any of the three samples processed by LLE technique 
(Table 4 and 5). Generally, the SPE technique seems to be the most sensitive 
as it results in a greater number of findings of pesticide residues in natural 
waters. Additional benefits such as environmentally forthcomings, faster and 
simple sample preparation, have been comprehensively discussed in the 
literature131,132,133. 

Table 4.-Number of positive findings in natural waters analysed with 
SPE and LLE, Paper IV 

Pesticide SPE LLE 
BAM 16 12 
Atrazine 19 18 
Desethylatrazine 20 17 
Desisopropylatrazine 3 0 
Terbuthylazine 5 5 

Totally 63 52 
 

Table 5. The occurrence of pesticide residues in ground and surface 
waters analysed with SPE and LLE, Paper IV. 

Pesticide µg/l 
 SPE LLE 
BAM 0.17 <0.1 
 <0.1 n.d 
 0.19 0.16 
 <0.1 n.d. 
 0.13 <0.1 
Atrazine 0.05 <0.05 
 0.19 0.16 
 <0.05 <0.05 
Desethylatrazine 0.06 <0.05 
 0.13 0.08 
 <0.05 n.d. 
Terbuthylazine n.d. <0.05 
 <0.05 n.d. 
 <0.05 <0.05 
 <0.05 <0.05 
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In ground and surface waters we paid attention to endogenous 

components, which overlapped BAM on the chromatograms produced by 
ECD. It was crucial to make use of selective ion monitoring (SIM) mass 
spectrometric technique, which can provide both confirmation and 
quantification of BAM. 

In conclusion, a method for determining pesticides residues in water for 
pesticides possessing different water solubility, polarities and volatility has 
been developed. The PS-DVB sorbents have the capability of trapping very 
polar, non-polar and ionised organic compounds, which make them very 
attractive in multi residue analysis 84. The method is also applicable in 
analysing pesticides in various types of waters. The quantification limits of 
0.05-0.1 µg/l has been achieved. The developed method is strongly 
preferred, since it simplifies the experimental procedure and diminishes the 
unfavourable effects of organic solvents on the environment. 

Additionally, when SPE can be coupled on-line to the chromatographic 
system, the concentrated sample can be transferred completely into the 
chromatographic system. Thus enabling a technique that does not cause any 
losses or degradation of the analytes during the extraction and concentration, 
and with the added advantage of increased sensitivity. 

Determination of pesticide residues in fruit and 
vegetables after clean–up with solid phase extraction 
columns  
The Swedish GC multi-residue method used for monitoring pesticide 
residues in fruit and vegetables is based on extraction with ethyl acetate 
followed by clean-up by gel permeation chromatography (GPC). GPC is an 
well-integrated technique in purification of matrices in pesticide residue 
analysis. It is applicable owing to its ability to separate high molecular 
weight compounds such as lipids, chlorophyll and proteins from pesticides 
with lower molecular weight. 

So far, the Swedish multi method includes slightly more than 200 
pesticides and their metabolites. However, many modern pesticides tend to 
have higher molecular weight and interactions, which results in an earlier 
elution from the GPC column of those pesticides. The elution profile for 
some pyrethroide insecticides, lambda-cyhalothrin, beta-cyfluthrin, 
bifenthrin and esfenvalerate were shown to differ from the pesticides 
included in the multi residue method 134. In relation to elution profile of 
isofenphos, these pesticides showed losses of 5-30%, which implied the 
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necessity to define a new procedure for early eluting compounds. As a result 
of starting collection of the pesticides fraction earlier on the GPC, recoveries 
of those pesticides were improved. 

On the other hand, in later years the adjustment of collection volume for 
new pesticides with still earlier profiles has been a shortcoming since this 
results in more co-extractives. The starting point of the collected fraction is 
getting close to the dead volume. Especially, an increased elution of fatty 
acids causes problem for quantification and gives matrix-induced effects as 
well. Furthermore, it is not known how the capacity of the column to clean 
the samples is affected. 

Despite the versatile application to many different types of crops and 
pesticides, this clean up technique is a bottleneck in the method. The use of 
organic solvents and subsequently evaporation and re-dissolving steps will 
make the sample throughput limited. Therefore, the use of solid phase 
extraction (SPE) columns has been an alternative procedure of continuously 
increased interest, Paper V. Polymeric sorbents such as ENV+ have been 
used successfully in environmental studies 84. Application to matrices in non 
polar solvents is a new approach. The column has, surprisingly, been found 
to retain different types of pesticides with as good efficiency as under polar 
solvent conditions. The retention mechanism cannot be fully explained, since 
п-п interactions of this sorbent are not sufficient to explain the retention of 
semi-polar compounds. Presumably, even OH groups are attached on the 
surface. Preliminary studies have shown promising results for 150 pesticides. 
Recovery studies of 40 pesticides in fruit and vegetables gave acceptable 
results for most pesticides studied. Comparison of clean up procedures was 
made for eight pesticides with varying chemical properties in lettuce and 
potatoes (Table 6). 
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Table 6.- Comparison of the clean up procedures between GPC and 
SPE/ENV+ columns, Paper V 

 
Pesticide Fortified 

mg/kg 
Matrix n Recovery %

SPE/ENV+ 
Recovery % 
GPC 

      
Dimethoate 0.6 Lettuce 1 96 75 
 0.6 Potato 2 83 78 
Fenthion 0.7 Lettuce 1 85 68 
 0.7 Potato 2 70 79 
Parathion-methyl 0.5 Lettuce 1 85 67 
 0.5 Potato 2 74 71 
Methidathion 0.7 Lettuce 1 90 66 
 0.7 Potato 2 75 76 
Vinklozoline 0.5 Lettuce 1 86 98 
 0.5 Potato 2 74 82 
Metazachlor 0.5 Lettuce 1 83 87 
 0.5 Potato 2 67 78 
Cypermethrin 0.4 Lettuce 1 81 91 
 0.4 Potato 2 56 64 
Deltamethrin 0.4 Lettuce 1 122 129 
 0.4”? Potato 2 84 93 
 

 
In conclusion, the study showed a good agreement of the results using 

both the size exclusion and the solid phase techniques and the clean-up 
capability of the GPC and ENV+ was found to be remarkably similar (Figure 
6). The limitation, so far, is the strong retention of some pesticides, such 
pirimicarb, on the ENV+column (Table 7). Use of a more powerful solvent 
would be advantageous. The essential advantage of this clean up step is the 
use of established extraction solvent. After slight modification of the solvent 
composition, the sample can be loaded on the cartridge and eluted with ethyl 
acetate. Furthermore, no drying or evaporation steps are needed, which 
makes it preferable also for highly volatile compounds (Figure 1). 
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Figure 6. GC/ITD chromatograms obtained after GPC and SPE in lettuce showing 
matrix peaks, Paper V 
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Table 7.-Mean recoveries using SPE/ENV+ with GC/MS Ion Trap 
Determination, Paper V 

Pesticide Fortified  
mg/kg 

Matrix n aRecovery 
% 

bRecovery  
% 

 

      
Mevinphos 0.2 Apple 2 117 89 
Tecnazene 0.2 Apple 2 89 71 
Pirimicarb 0.2 Apple 2 0 0 
Chlorpyriphos-methyl 0.2 Apple 2 120 116 
Vinklozoline 0.2 Apple 2 91 76 
Parathion-methyl 0.2 Apple 2 107 83 
Malathion 0.2 Apple 2 84 73 
Chlorpyriphos-ethyl 0.2 Apple 2 73 68 
Chlorfenvinphos1 0.2 Apple 2 169 100 
Chlozolinate 0.2 Apple 2 73 69 
Chlorfenvinphos2 0.2 Apple 2 113 81 
Azinphos-methyl 0.2 Apple 2 101 88 
Fenarimol 0.2 Apple 2 109 81 
Fenthion sulphoxide 0.2 Apple 2 155 77 
      
a) standard in pure solvent      
b) matrix matched 
standard 
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3. Concluding remarks and future 
outlook 

Since the agricultural use of pesticides seems unlikely to be reduced in the 
foreseeable future, the need of regulatory monitoring programmes is 
unquestionable. The multi-residue analysis of pesticide residues in fruit and 
vegetables with GC will remain as the main analytical technique and direct 
coupling of GC to MS will be seen as one of the most conclusive techniques 
and is helping to meet further challenges today and in the future. The future 
trends in pesticide residue analysis are still to achieve low detection limits, 
and preferably with simultaneous confirmation of the results.  

LC-MS/MS has shown to be a superior technique for the present 
challenges in pesticide analysis, with high sensitivity and selectivity and a 
preferred complementary technique to GC. The simultaneous confirmation 
of the results is important, especially since it avoids any false positive 
results. The technique has today replaced a number of special methods that 
included time consuming and tedious sample preparation. Furthermore, the 
LC-MS/MS technique has the advantage of detecting pesticides and their 
more toxic metabolites from one single extraction and detection system and 
thus leads to enhanced awareness of the behaviour of pesticides and their 
possible degradation. 

The SPE technique can be used to concentrate and isolate the analytes 
from large sample volume. For extraction of water samples, the SPE 
techniques are preferred since the degradation and the loss of analytes by 
evaporation is eliminated. The study has also indicated that the SPE/ENV+ 
extraction column could in fact be applied as straight phase column to purify 
fruit and vegetable samples. The technique simplifies the clean up procedure 
considerably compared to GPC and contributes to lower solvent usage and 
automation. 

The PFE technique has been shown to be an alternative extraction 
technique in residue analysis of oil seeds. The latest development of 
instrumentation allows larger sample sizes, which gives further possibilities 
to use the technique for fruit and vegetables, where larger sample sizes often 
are required. The use of conventional extraction solvents in PFE makes it 
directly applicable to established extraction methods, which will save time in 
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method development. PFE is foreseen to be a usable tool to fulfil the future 
trends to automation, downscaling of the sample amount and reduction of 
the use of organic solvents. 
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