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1 INTRODUCTION 
Almost 50 years, Rachel Carson published a book in 1962 called „Silent 
spring”. Although, it is not a scient if ic work, it opened the eyes of the 
scientists and intellectuals that the chemicals in the „new world” have a 
valuable r isk and impact to the environment.  
The excessive use of the wide scale of agrochemicals effect not just on the 
target plants, but may have a long term affect that can drive to ecological 
disaster. Although the ancient Sumerians used elemental sulfur as a plant 
protector, the usage of pesticides of current sense was started in the 
beginning of the 20t h century. From the factors influencing the crop yield – 
although the weather is obviously not possible-, more chemicals were tr ied to 
eliminate the impact of negative factors.  
The regulatory bodies tr ied to decrease their usage to the lowest level as 
possible because their negative impact on consumers.  
The total exclusion is not realistic, which was reflected in the words of 
entomologist Ben Kantack, that: 
„I prefer to f ind a salad in the market which contains a part per mil l ion 
(ppm) concentrat ion of pesticides, than to f ind a cockroach in the salad with 
40-50 infect ious microorganisms between its legs.” 
The food safety can be examined from physiological and regulatory point-of-
view. It  is safe, i f  the concentrat ion of the questionable chemical is lower 
than the maximum residue level (MRL) settled by the legislative body.  
These levels are not the same as the physiological l imits in al l cases (usually 
lower). The main reason of this is the confl ict of interest between the 
legislators and the representatives of the agriculture sector.  
The legislators intended to protect the consumers by decreasing the l imits as 
possible, while the producers need to use chemicals to achieve the proper 
yield. The agricultural yield is an economic task that has to be taken into 
account by the legislative bodies, therefore the maximum residue levels are 
the results of such compromises.  The compromises can only make sense if 
they complied with, so this can be veri fied. 
The aim of the analysts is not to enforce or comply with the l imits, but to 
develop such objective methods and measurements and serve results, whereby 
the above-described control and decision is feasible. 
However, not only is this that has to be kept in mind. It  is important that the 
analysis have to be fast and cost-effective. It  means the speed of 
measurement, the reduction of solvent consumption of sample preparation and 
the maximalization of the number of compounds can be measured by one 
method, without loss of analytical information.   
The analytical measurement technology and the joint development of new 
computer technology opened the ti l l -then closed doors towards the 
multicomponent pest icide analysis, for which in my PhD thesis, I attempt to 
summarize the possibil i t ies of today’s multicomponent pesticide analysis.  
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2 OBJECTIVES 

The multicomponent pest icide methods showed/show a clear increasing 
tendency from the aspect of the number of compounds including in a method. 
This is l imited by the capacity of the instruments, by the sample preparation 
technique – matrix - pesticide triangle, by the relat ionship between the 
detection technique and the co-eluting matrix components and also by the 
pest icides themselves. This indicates that the methods require a very high 
consistency.  

In my PhD study, I targeted for the following partly related, partly separated 
topics by pushing the boundaries of the multicomponent pesticide methods. 
Here are as follows: 

1. Developing a multicomponent method by LC-MS/MS technique that is 
suitable for the quantitative determination of large number (>150) of 
pest icides. My aims in this topic were the fol lowings: 

• Testing the „acetate buffered QuEChERS” method for the chosen 160 
pesticides and for three representative matrices; researching the 
differences between the matrices 

• Validation of the developed method 
• Mapping of chromatographic and mass spectrometric interferences 

2. Following this work, I focused the study on the effects of measurement 
parameters that I tested on 150 pesticides. My aims were the followings: 

• Determination of ionization, chromatographic and mass spectrometric 
effects from the aspect of pesticide determination 

• Comparison of UHPLC and HPLC performance and applicabil i ty 

3. Including more than 150 pesticides in a single quantitative method would 
be justi f ied, but it confl ict to detection l imits and is more laborious. Some 
LC-MS/MS instruments have a feature that allows component identi fication 
by spectrum libraries. My aim was to combine two methods to be cost-,  and 
result-effect ive. One is feasible for the qual itat ive determination of 300 
pesticides (the samples are screened), and after the occurrence of posit ive 
finding(s), we can determine the quanti ty of the detected pesticides with the 
second method. This second method is capable for the quantitative 
determination of less, but frequently detected pesticides. My aims in this 
topic were:  

• Developing the quali tative and quantitative methods 
• Develop the concept of the combination of the two methods 
• Application of this method-combination on a large number of samples 

originating from the market those were prepared for analysis by the 
„acetate buffered QuEChERS” methodology 

• Search for advantages and disadvantages of the two methods and their 
cri t ical discussion 
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4. More than 90% of the analytical methods are focused on fruit  and 
vegetables, crops and oil matrices. In contrast to this, analysis of matrices 
with low water content were marginalized and, partly related to this, is in its 
„ infancy”. From the dry or dried samples, the spices and the tea can cause 
high background independently from the sample preparation method. For that 
reason, in this part, I focused the study not on the large number of pesticides, 
but on the el imination of matrix effect, with the following aims: 

• Developing a sample preparation method for the determination of some 
chlorinated pesticides from spices and tea 

• Developing a detect ion method by GC-MS/MS and GC×GC TOFMS 
coupled techniques 

• Validating the two methods 
• Critical comparison of the two methods from the aspect of matrix 

effects 

I hope, with the realization of my goals I can focus the l ight on the l imits and 
solutions of today’s multicomponent pest icide analysis, that can be a benefit 
for rout ine pesticide analysis requiring cost-effectiveness. 

 
 

3 MATERIALS AND METHODS 
The following chemicals were used for my investigations: 
Analytical grade (mainly crystall ized) pesticide standards were used for the 
method development. 1000-4000 µ g/ml stock standard solutions were 
prepared from the analyt ical grade standards by dissolving them individually 
in organic (acetonitri l , methanol, dimethyl formamid) solvents. After the 
preparation, the stock solutions and the analytical grade standards were kept 
in the freezer at -18 ºC. Standard mix solutions were prepared by dilution the 
stock solutions. For that and also for l iquid chromatography eluent, deionized 
water was used. For the QuEChERS sample preparation, anhydrous MgSO4,  
sodium acetate, PSA, sample vials with PTFE screw caps were used. The 
samples were evaporated under stream of nitrogen. Each sample was fi l tered 
through 0,45  µ m (HPLC) or 0,22 µ m (UHPLC) PVDF (polyvinyl idene 
difluoride) fi l ters. For HPLC separat ion, acetonitri l  and deionized water were 
applied. Small amount of formic acid, ammonium formiate and ammonium 
acetate were dissolved in the water phase in order to increase the ionization. 
Hel ium was solved as a carrier gas for gas chromatography analysis, the 
sample solutions were changed to ethyl acetate before GC analysis. Samples 
were stored in 2-ml sample vials.   
 
The appl ied techniques: 
LC-MS/MS, GC-MS, GC-MS/MS and GC×GC-TOFMS. 
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4 RESULTS 

4.1 Development and application of a multicomponent method (>150 
pesticide) by LC-MS/MS technique 

From a wide l ist  of pest icides I chose 160 relevant compounds those have a 
potential risk in Europe. I wanted to measure these with one method by 
HPLC-MS/MS technique. For that, I determined the optimal detection 
parameters of each in SRM mode and by merging these parameters, I 
constructed a method. Than, by applying a general HPLC column and a 
reversed phase gradient program, I did several runs in order to determine the 
retention time of each. I validated the analytical parameters of the developed 
method, l ike the l inearity, l imit of detection and robustness. I studied the 
„acetate buffered QuEChERS” methodology on the chosen orange, pear and 
tomato samples. I got sufficient l imit of detection values for 150 pesticides 
from the 160 studied and more than 90% from the well detected ones showed 
appropriate recovery with this technique.   

5.2 Study of the effects of operational parameters on the determination of 
150 pesticides by LC-MS/MS technique 

In this part I studied the effects of operational parameters on the 
determination of 150 pesticides by LC-MS/MS technique. From the 
ionizat ion-assistant materials in ESI+ ionization, I studied the effects of 0,1% 
formic acid, 5 mM ammonium formiate and 5 mM ammonium acetate in water 
phase. Ammonium-content modifiers showed better ionization enhancement 
for some pesticides than formic acid. In contrast to this, the effect was 
suppression for many of them result ing higher detection l imits. Taking into 
account that formic acid resulted low ppb level detect ion l imits for each 
pesticide and these were under the current MRLs, there was no reason and it  
has no benefit to change to ammonium-content modifiers.  

I investigated the effect of temperature for the compounds in HPLC 
application at 20-50°C. I experienced a negligible effect, although a constant 
temperature higher than room temperature (e.g. 30 °C) may be beneficial  from 
the aspect of peak shapes and reproducibi l i ty.  

I t ransferred the method to UHPLC column (1,8 µ m particle size), that 
result ing in 20 minutes runtime instead of 45 minutes that was achieved in 
HPLC application. The disadvantage of the UHPLC column is that the 
ammonium-content modifiers so increased the backpressure and the 
conventional HPLC pumps could not serve it.  

Co-elution of pesticides was frequent when injecting standard solut ions 
containing large number of pesticides. Therefore I also studied whether they 
affect each-other in the ionization source. The investigation showed that the 
effect is strong suppression or enhancement for some pesticides and this 
effect is not primari ly depends on the number of co-elut ing compounds, but 
some pesticides are inclined, others are less prone for the co-elution. In any 
event, i f  the analyst measures an unknown sample that contains a pesticide at 
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the concentration around the MRL, than, for the clarif ication, it is worth to 
re-measure the sample using the calibrat ion without any affecting co-elut ing 
pest icides.   

5.3 Development and combination of two methods for the qualitative and 
quanti tative determination of 300 pesticides by LC-MS/MS technique 

I developed a multicomponent qualitative, so-called screening method for the 
identif ication of 300 pesticides and a quantitative method that is capable for 
the determination of less (~50), already identif ied and/or frequently detected 
pesticides, and their combination principle. The separation parameters were 
the same, consequently, the retention times can (also) constitute the basis of 
confirmation. Product ion spectrum served for basis of the identification from 
spectrum libraries. Two SRM transit ion of each pesticide served the chemical 
information. In this method I used calibrat ion curves, but for the screening 
method, it was not necessary, because it was served just for identification. On 
the other hand, exactly this gives the potential of method combination, 
because there is no need to measure the samples quantitatively, i f these are 
free of pesticides, which is cost-effective and the posit ive points are 
considered. I invest igated crit ically the appearance of false posit ive and 
negative findings and the crit ical points, where the analyst may make a 
mistake and the advantages and disadvantages of the method combination. 
The combination was tested in 200 samples and i t worked flawlessly. 

5.4 Method development for the determination of some chlorinated 
pesticides from spices and tea by GC-MS/MS and GC×GC TOFMS 
techniques, a comparison study 

 
My aim was to investigate the effects of matrix components on measurement 
those disturb the determination of some chlorinated pesticides from dry 
samples (spices and tea). For that, a simple sample preparation was applied 
based on a solid-l iquid extraction with organic solvent. I developed GC-
MS/MS and GC×GC TOFMS methods for measurement of some chlorinated 
pesticides. I defined the main analytical parameters, l ike the l inearity, l imit 
of detection and recovery. From the study I concluded that the comprehensive 
two dimensional gas chromatography in full scan mode al lows not just the 
separation of target components from the matrix, but also the identif ication of 
non-targets, therefore it means an extraordinary analytical potential 
comparing to the GC-MS/MS technique. Besides, the limits of detection of 
the two methods are considered equivalent.    
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5 THESIS STATEMENTS 

1. I developed a method for the determination of large number (>150) of  
pesticides by LC-MS/MS technique. I determined the analytical 
properties, l imitations and I tested the applicabili ty of the „acetate 
buffered QuEChERS” methodology.  

This reveals that: 

a) the developed method is adequate for 150 pesticides, but 10 compounds 
showed poor sensit ivity. 

b) the „acetate buffered QuEChERS” is capable for the extraction of large 
number of pesticides from high water content samples; the recovery values 
were between 70 and 120 % for more than 90 % of the investigated pesticides. 

c) the validation parameters of the developed method meets the analyt ical 
requirements: the concentration-signal relationship is l inear through three 
orders of magnitude; the l imits of detection values were below 10 ng/kg and 
the measurements could be accomplished with standard deviation less than 
20%. 

2. I studied the chromatographic-mass spectrometric and analytical 
parameters of the elaborated multicomponent method. 

In doing so, I proved that: 

a) thermostation of the column at 30-35°C is ideal from the aspect of stabil i ty 
of chromatographic peaks. The appl ication of higher temperature has no 
benefit;  lower, uncontrolled temperature can cause retention errors (sl ips) i f 
the laboratory temperature is unstable.  

b) the ionization modif iers have affect on the retentions, but this effect is 
incidental and general ly it  is not significant. But it  has to be taken into 
account if  the analyst uses any kind of modif iers in the mobile phase.  

c) the ammonium-content modifiers cause signif icant rise in the pressure on 
UHPLC column that can not executed by the normal HPLC pumps. The 
UHPLC application is solved using the formic acid modifier with similar 
l imits of detection, l inearity and robustness than it was achieved at HPLC 
application.  

d) the ammonium-content modifiers are influencing the signal intensity in 
many cases posit ively, in some cases negatively comparing to formic acid. 
Since appropriate l imits of detection concentration values could be achieved 
using formic acid, this is the optimal modifier from the three for 
multicomponent pest icide analysis using ESI+ ionization.  

e) in standard mix solutions, the components can enhance or decrease the 
ionizat ion of each-other that is not just co-elution, but also compound 
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dependent. For that reason, the applicat ion of the less pesticides as possible 
in one standard mix solution is practical that confirm the justif ication of 
screening methods.  

3. I elaborated the combination principle of a screening method that is 
capable for the identif ication of 300 pesticides and a quantitative method 
for the measurement of ~50 pesticides.   

In doing so, I proved that: 

a) the principle is right, logical and applicable in the practice. The EPI 
method is suitable for the identif ication of 300 pesticides from spectrum 
libraries, and with the MRM method we can measure the truly target  
pest icides.  

b) the false posit ive f inding can be reduced with suff icient analytical 
practice, the false negatives can occur frequently around l imits of detection 
or as a consequence of co-elution, therefore the analyst have to take higher 
attention during manual evaluation of the screening chromatograms. 

c) the database constructed from the calibration curves showed high standard 
deviation within matrices, the TPP-normalized database showed incidental ly 
high differences within matrices. For this reason, samples with a pesticide 
detected around the MRL have to be re-measured and re-calibrated for its own 
matrix instead of a representative matrix.  

d) as a result  of routine application, half of the measured 200 samples were 
contaminated by minimum of one pesticide (from the 300), but I experienced 
that only 6% of the samples exceeded the current MRLs.  

 

4. I applied and compared GC-MS/MS and GC×GC TOFMS techniques 
for the determination of some chlorinated pesticides from dried red 
pepper and tea samples. 

In doing so, I proved that: 

a) the simple sample preparation (10 times di lution) is suitable for the 
extraction of the selected chlorinated pesticides from spice samples, except 
chlorothalonil from red pepper and l indan from tea matrices, because these 
showed poor recovery.  

b) the GC-MS/MS in full scan mode is not, but in MS/MS mode is moderately 
suitable for the measurement of invest igated compounds. The reason of that is 
a large amount of co-eluting matrix components. 

c) with the GC×GC TOFMS technique, complete detection could be achieved. 
Matrix effect also occurs, but it is less disturbing for the determinabi l i ty. 
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d) because of the full scan mode and the very effective separat ion, the 
GC×GC TOFMS technique has a great potential for the identificat ion of non-
target compounds.  

e) for simple matrices, where the one dimensional separat ion is sufficient, i t 
is not worth to apply two dimensional separation. Whereas, for samples, 
result ing unknown and/or high background, the latter technique is beneficial.  
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