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1 INTRODUCTION
Almost 50 years, Rachel Carson published a bookl1B862 called ,Silent
spring”. Although, it is not a scientific work, ibpened the eyes of the
scientists and intellectuals that the chemicalsthe ,new world” have a
valuable risk and impact to the environment.
The excessive use of the wide scale of agrochemi@dfect not just on the
target plants, but may have a long term affect thah drive to ecological
disaster. Although the ancient Sumerians used etgalesulfur as a plant
protector, the usage of pesticides of current sems®s started in the
beginning of the 28§ century. From the factors influencing the crop Idie-
although the weather is obviously not possible-,renchemicals were tried to
eliminate the impact of negative factors.
The regulatory bodies tried to decrease their usadgehe lowest level as
possible because their negative impact on consumers
The total exclusion is not realistic, which was ledted in the words of
entomologist Ben Kantack, that:
. prefer to find a salad in the market which contd a part per million
(ppm) concentration of pesticides, than to find ackroach in the salad with
40-50 infectious microorganisms between its legs.”
The food safety can be examined from physiologiaat regulatory point-of-
view. It is safe, if the concentration of the quiestable chemical is lower
than the maximum residue level (MRL) settled by tkgislative body.
These levels are not the same as the physiolodicals in all cases (usually
lower). The main reason of this is the conflict ofterest between the
legislators and the representatives of the agricndtsector.
The legislators intended to protect the consumeysdbcreasing the limits as
possible, while the producers need to use chemidalsachieve the proper
yield. The agricultural yield is an economic taslkat has to be taken into
account by the legislative bodies, therefore thexmmum residue levels are
the results of such compromises. The compromis@s enly make sense if
they complied with, so this can be verified.
The aim of the analysts is not to enforce or complith the limits, but to
develop such objective methods and measurementssamnge results, whereby
the above-described control and decision is feasibl
However, not only is this that has to be kept innohi It is important that the
analysis have to be fast and cost-effective. It neathe speed of
measurement, the reduction of solvent consumptibsample preparation and
the maximalization of the number of compounds caa rheasured by one
method, without loss of analytical information.
The analytical measurement technology and the jaodevelopment of new
computer technology opened the till-then closed mootowards the
multicomponent pesticide analysis, for which in i®phD thesis, | attempt to
summarize the possibilities of today’s multicompong@esticide analysis.
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2 OBJECTIVES

The multicomponent pesticide methods showed/showclaar increasing
tendency from the aspect of the number of compouimadsuding in a method.
This is limited by the capacity of the instrumentsy the sample preparation
techniqgue — matrix - pesticide triangle, by the attbnship between the
detection technique and the co-eluting matrix com@ots and also by the
pesticides themselves. This indicates that the méshrequire a very high
consistency.

In my PhD study, | targeted for the following parttelated, partly separated
topics by pushing the boundaries of the multicom@on pesticide methods.
Here are as follows:

1. Developing a multicomponent method by LC-MS/MS hetque that is
suitable for the quantitative determination of largnumber (>150) of
pesticides. My aims in this topic were the followst

« Testing the ,acetate buffered QUEChERS” method floe chosen 160
pesticides and for three representative matricessearching the
differences between the matrices

 Validation of the developed method

« Mapping of chromatographic and mass spectrometnterferences

2. Following this work, | focused the study on thefesfts of measurement
parameters that | tested on 150 pesticides. My anase the followings:

« Determination of ionization, chromatographic and smaspectrometric
effects from the aspect of pesticide determination
e Comparison of UHPLC and HPLC performance and apghitity

3. Including more than 150 pesticides in a single muitative method would
be justified, but it conflict to detection limitsnd is more laborious. Some
LC-MS/MS instruments have a feature that allows poment identification
by spectrum libraries. My aim was to combine twothwds to be cost-, and
result-effective. One is feasible for the qualitedi determination of 300
pesticides (the samples are screened), and afterottcurrence of positive
finding(s), we can determine the quantity of thetetded pesticides with the
second method. This second method is capable foe tdwuantitative
determination of less, but frequently detected pmdes. My aims in this
topic were:

 Developing the qualitative and quantitative methods

 Develop the concept of the combination of the twethods

* Application of this method-combination on a largenmber of samples
originating from the market those were prepared faralysis by the
.acetate buffered QUEChERS” methodology

e Search for advantages and disadvantages of themwthods and their
critical discussion
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4. More than 90% of the analytical methods are foausen fruit and
vegetables, crops and oil matrices. In contrastthlics, analysis of matrices
with low water content were marginalized and, pwartelated to this, is in its
.infancy”. From the dry or dried samples, the spicand the tea can cause
high background independently from the sample prapan method. For that
reason, in this part, | focused the study not oe thrge number of pesticides,
but on the elimination of matrix effect, with thelfowing aims:

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

* Developing a detection method by GC-MS/MS and GCxGOFMS
coupled techniques

* Validating the two methods

e Critical comparison of the two methods from the asp of matrix
effects

| hope, with the realization of my goals | can fecthe light on the limits and
solutions of today’s multicomponent pesticide amaby that can be a benefit
for routine pesticide analysis requiring cost-effieeness.

3 MATERIALS AND METHODS
The following chemicals were used for my investigas:
Analytical grade (mainly crystallized) pesticideasdards were used for the
method development. 1000-4000 pg/ml stock standaalutions were
prepared from the analytical grade standards byalsng them individually
in organic (acetonitril, methanol, dimethyl formaai solvents. After the
preparation, the stock solutions and the analytigedde standards were kept
in the freezer at -18 °C. Standard mix solutionsrevprepared by dilution the
stock solutions. For that and also for liquid chratmgraphy eluent, deionized
water was used. For the QUEChERS sample preparataohydrous MgSQ
sodium acetate, PSA, sample vials with PTFE screapscwere used. The
samples were evaporated under stream of nitrogeathEsample was filtered
through 0,45 pm (HPLC) or 0,22 pm (UHPLC) PVDF [(padnylidene
difluoride) filters. For HPLC separation, acetonitand deionized water were
applied. Small amount of formic acid, ammonium foate and ammonium
acetate were dissolved in the water phase in otdeincrease the ionization.
Helium was solved as a carrier gas for gas chromegphy analysis, the
sample solutions were changed to ethyl acetate teeféC analysis. Samples
were stored in 2-ml sample vials.

The applied techniques:
LC-MS/MS, GC-MS, GC-MS/MS and GCxGC-TOFMS.
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4 RESULTS

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

From a wide list of pesticides | chose 160 relevaompounds those have a
potential risk in Europe. | wanted to measure thesiéh one method by

HPLC-MS/MS technique. For that, | determined the tiofal detection

parameters of each in SRM mode and by merging thpaeameters, |

constructed a method. Than, by applying a gener&L@® column and a

reversed phase gradient program, | did several rimnsrder to determine the
retention time of each. | validated the analytipalrameters of the developed
method, like the linearity, limit of detection anmbbustness. | studied the
.acetate buffered QUEChERS” methodology on the &m®range, pear and
tomato samples. | got sufficient limit of detectioralues for 150 pesticides
from the 160 studied and more than 90% from thelvdeltected ones showed
appropriate recovery with this technique.

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

In this part | studied the effects of operationalargmeters on the
determination of 150 pesticides by LC-MS/MS techumeq From the
ionization-assistant materials in ESI+ ionizatidnstudied the effects of 0,1%
formic acid, 5 mM ammonium formiate and 5 mM ammuami acetate in water
phase. Ammonium-content modifiers showed betterizanon enhancement
for some pesticides than formic acid. In contrast this, the effect was
suppression for many of them resulting higher détac limits. Taking into
account that formic acid resulted low ppb level @&ion limits for each
pesticide and these were under the current MRLgrehwas no reason and it
has no benefit to change to ammonium-content meadsfi

| investigated the effect of temperature for the mgmunds in HPLC

application at 20-50°C. | experienced a negligilelidect, although a constant
temperature higher than room temperature (e.g.@prhay be beneficial from
the aspect of peak shapes and reproducibility.

| transferred the method to UHPLC column (1,8 umrtpde size), that
resulting in 20 minutes runtime instead of 45 miesitthat was achieved in
HPLC application. The disadvantage of the UHPLC wuoh is that the
ammonium-content modifiers so increased the bacgkpuee and the
conventional HPLC pumps could not serve it.

Co-elution of pesticides was frequent when injegtistandard solutions
containing large number of pesticides. Thereforaldo studied whether they
affect each-other in the ionization source. Thedastigation showed that the
effect is strong suppression or enhancement for esomesticides and this
effect is not primarily depends on the number ofelating compounds, but
some pesticides are inclined, others are less prfemehe co-elution. In any
event, if the analyst measures an unknown samp#é¢ tlontains a pesticide at
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the concentration around the MRL, than, for therdfiaation, it is worth to
re-measure the sample using the calibration withany affecting co-eluting
pesticides.

5.3 Development and combination of two methods fothe qualitative and
quantitative determination of 300 pesticides by LCMS/MS technique

| developed a multicomponent qualitative, so-calkexteening method for the
identification of 300 pesticides and a quantitatimethod that is capable for
the determination of less (~50), already identifiadd/or frequently detected
pesticides, and their combination principle. Theaetion parameters were
the same, consequently, the retention times carmo(atonstitute the basis of
confirmation. Product ion spectrum served for basighe identification from

spectrum libraries. Two SRM transition of each peiste served the chemical
information. In this method | used calibration cesy but for the screening
method, it was not necessary, because it was sejvstdfor identification. On

the other hand, exactly this gives the potential method combination,

because there is no need to measure the samplestigatavely, if these are

free of pesticides, which is cost-effective and tlp®sitive points are

considered. | investigated critically the appearancf false positive and
negative findings and the critical points, whereetlanalyst may make a
mistake and the advantages and disadvantages ofnt@é#hod combination.

The combination was tested in 200 samples and itked flawlessly.

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

My aim was to investigate the effects of matrix gmaments on measurement
those disturb the determination of some chlorinatgesticides from dry

samples (spices and tea). For that, a simple sarppéparation was applied
based on a solid-liquid extraction with organic seht. | developed GC-
MS/MS and GCxGC TOFMS methods for measurement ahecachlorinated

pesticides. | defined the main analytical paramstdike the linearity, limit

of detection and recovery. From the study | con@ddhat the comprehensive
two dimensional gas chromatography in full scan moallows not just the
separation of target components from the matrixt dlso the identification of

non-targets, therefore it means an extraordinaryalwamcal potential

comparing to the GC-MS/MS technique. Besides, thmits of detection of

the two methods are considered equivalent.
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5 THESIS STATEMENTS

1. | developed a method for the determination of lege number (>150) of
pesticides by LC-MS/MS technique. | determined the analytical
properties, limitations and | tested the applicabilty of the ,acetate
buffered QUEChERS” methodology.

This reveals that:

a) the developed method is adequate for 150 peddisi but 10 compounds
showed poor sensitivity.

b) the ,acetate buffered QUEChERS” is capable fbe textraction of large
number of pesticides from high water content sampléthe recovery values
were between 70 and 120 % for more than 90 % ofitlvestigated pesticides.

c) the validation parameters of the developed mdthoeets the analytical
requirements: the concentration-signal relationshsplinear through three
orders of magnitude; the limits of detection valuesre below 10 ng/kg and
the measurements could be accomplished with stahdbaviation less than
20%.

2. | studied the chromatographic-mass spectrometricand analytical
parameters of the elaborated multicomponent method.

In doing so, | proved that:

a) thermostation of the column at 30-35°C is idé&alm the aspect of stability
of chromatographic peaks. The application of highemperature has no
benefit; lower, uncontrolled temperature can cauwuseention errors (slips) if
the laboratory temperature is unstable.

b) the ionization modifiers have affect on the metiens, but this effect is
incidental and generally it is not significant. Butt has to be taken into
account if the analyst uses any kind of modifiemsthe mobile phase.

c) the ammonium-content modifiers cause significarste in the pressure on
UHPLC column that can not executed by the normalLBPpumps. The
UHPLC application is solved using the formic acidodifier with similar

limits of detection, linearity and robustness thanwas achieved at HPLC
application.

d) the ammonium-content modifiers are influencinlge tsignal intensity in
many cases positively, in some cases negatively pammg to formic acid.
Since appropriate limits of detection concentratioamlues could be achieved
using formic acid, this is the optimal modifier o the three for
multicomponent pesticide analysis using ESI+ ioniaa.

e) in standard mix solutions, the components camagme or decrease the
ionization of each-other that is not just co-elutjobut also compound

-9-



Béla Kmellar

dependent. For that reason, the application of ldss pesticides as possible
in one standard mix solution is practical that ciomf the justification of
screening methods.

3. | elaborated the combination principle of a screning method that is
capable for the identification of 300 pesticides amh a quantitative method
for the measurement of ~50 pesticides.

In doing so, | proved that:

a) the principle is right, logical and applicabla ithe practice. The EPI
method is suitable for the identification of 300 spieides from spectrum
libraries, and with the MRM method we can measute ttruly target
pesticides.

b) the false positive finding can be reduced withffscient analytical

practice, the false negatives can occur frequemtlgund limits of detection
or as a consequence of co-elution, therefore thalyst have to take higher
attention during manual evaluation of the screencihgomatograms.

c) the database constructed from the calibrationves showed high standard
deviation within matrices, the TPP-normalized dataé showed incidentally
high differences within matrices. For this reasaamples with a pesticide
detected around the MRL have to be re-measuredrancalibrated for its own
matrix instead of a representative matrix.

d) as a result of routine application, half of threeasured 200 samples were
contaminated by minimum of one pesticide (from t3@0), but | experienced
that only 6% of the samples exceeded the currentLMR

4. | applied and compared GC-MS/MS and GCxGC TOFMStechniques
for the determination of some chlorinated pesticide from dried red
pepper and tea samples.

In doing so, | proved that:

a) the simple sample preparation (10 times dilujios suitable for the
extraction of the selected chlorinated pesticidesnf spice samples, except
chlorothalonil from red pepper and lindan from tewtrices, because these
showed poor recovery.

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

c) with the GCxGC TOFMS technique, complete detectcould be achieved.
Matrix effect also occurs, but it is less disturgifior the determinability.

-10 -
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d) because of the full scan mode and the very dff®c separation, the
GCxGC TOFMS technique has a great potential for itdentification of non-
target compounds.

e) for simple matrices, where the one dimensionggparation is sufficient, it
is not worth to apply two dimensional separation.h&/eas, for samples,
resulting unknown and/or high background, the lattechnique is beneficial.
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