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I. Introduction 

I.1. Background 

KARSA Oy Ltd was founded in 2016 domiciled in Helsinki and its main business areas 

are product development, research and design services . KARSA is a spin-off company 

supported by University of Helsinki, international industry partners and venture capital. This is 

a rapidly developing company producing innovations in the field of molecular detection.1  

Some methods currently used to detect the pesticides, such as LC-MS/MS and GC-MS/MS. All 

these methods require sample preparation. The QuEChERS is a common solid phase extraction 

method for detection of pesticides residues in food. It is known as a simple and quick sample 

preparation method but still requires several steps to follow.2 

With KARSA’s technology which requires almost no sample preparation, we are enabled to do 

fast pesticides pre-screening. It helps to save time and energy and increases the safety of 

aliments accessible to the consumers.  

The laboratory work of this study was performed in the KARSA laboratories situated in 

Helsinki. In this master thesis work, a straight radiation chemical ionization inlet (SRCI), which 

is an atmospheric pressure chemical ionization (APCI), was combined with an Iontrap/Orbitrap 

mass spectrometer for studying chemical ionization and detection of pesticides. 

 

 

 

 

 

 

 

 

 

 

https://www.finder.fi/kunta/Helsinki
https://www.finder.fi/search?what=Tuotekehitys%2C%20tutkimus-%20ja%20suunnittelupalvelut
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I.2. Objective 

According to WHO, pesticides are chemical compounds which are used to kill pests, including 

insects, rodents, fungi, and unwanted plants (weeds). Over 1000 different pesticides are used 

around the world. Between 26 and 40 percent of the world’s potential crop production is lost 

annually because of weeds, pests, and diseases. Without crop protection, these losses could 

easily double. 3’4 

In one hand the world needs to have high productive crops which is not achievable without 

using pesticides, and in the other hand using pesticides are potentially toxic to humans and can 

have both acute and chronic health effects, depending on the quantity and ways in which a 

person is exposed. International conventions provide a means for countries to protect their 

populations from exposure to toxic pesticides. Therefore, there are limit amounts allowed for 

using of pesticides.5 

In this study, by investigating ten different pesticides we tried to examine the sensitivity and 

selectivity of KARSA Oy Ltd technologies to detect the pesticides. These 10 pesticides were 

selected for the preliminary pesticide pre-screening studies because they have very different 

chemical structures, and they present different pesticide subgroups. 
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I.3 Principles  

I.3.1 Mass spectrometry 

Mass spectrometry (MS) is an analytical chemistry technique that helps identify the amount 

and type of chemicals present in a sample by measuring the mass-to-charge ratio and abundance 

of gas-phase ions. In this instrumental technique the sample molecules converted to ions in ion 

source. These ions are separated and detected by mass analyzer according to their mass over 

charge ratio (m/z). It exists several ionization methods such as: chemical ionization, electron 

impact ionization, electrospray, MALDI (matrix-assisted laser desorption ionization) and FAB 

(fast atom bombardment). 

 

I.3.2 Chemical ionization 

Atmospheric pressure chemical ionization (APCI) is a method in which the ionization reactions 

take place at atmospheric pressure.  

In the general setup of APCI methods, the samples are sprayed into the source. An important 

part of the general APCI is the corona discharge in which O2 and N2 molecules are ionized 

by electron ionization. These primary ions will collide with the vaporized solvent molecules to 

create secondary reactant gas ions, and these reactant ions will repeatedly collide with the 

analyte, resulting in the formation of analyte ions. The higher the collision frequency is, the 

greater becomes the ionization efficiency. 

The APCI setup used in this study differs from the common APCI setup. Instead of corona 

discharge, X-ray radiation is used for ionization. The transporter gas in this setup is clean air. 

When a narrow beam of X-ray passes through a gas of small absorption coefficient, it  occupies 

a cylindrical column with the beam as axis, and the ionization is uniform along this column 

(symmetrically distributed). The ionization in air is due almost entirely to photoelectrons and 

the absorption coefficient of gases existing in air. Once primary ionized gases produced, 

approximately the same pathway as in a normal APCI is followed. 6 

Chemical ionization mass spectrometry (CIMS) is an analysis tool for the detection of a wide 

range of gas-phase analytes. In chemical ionization new ionized species are formed when 

gaseous molecules interact with ions. Chemical ionization may involve the transfer of an 

electron, proton, or other charged species between the reactants. In CI bimolecular processes 

https://www.sciencedirect.com/topics/chemistry/electron-ionization
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are used to generate analyte ions. The occurrence of bimolecular reactions requires a 

sufficiently large number of ion-molecule collisions during the dwell time of the reactants in 

the ion source.7 

In the positive ion mode, the ions of molecular species are produced by either proton transfer or 

adduct ion formation, based on the relative proton affinities of the reactant ions and the gaseous 

analyte molecules. In the negative mode, ions of the molecular species are produced by either 

proton abstraction or adduct ion formation. Once the ions are formed, they enter the pumping 

and focusing stage .8  

 

Figure 1 Illustrates the possible reactions occurring in negative mode of CI. 

 

Figure 1.  Different reactions that can occur during the process of ionization in negative mode in the 

presence of a reagent.  

 

The reaction 1 (R1) is about clustering, where reagent ion (𝑄−) reacts with a neutral target 

molecule (RH) and forms ion-molecule cluster (𝑅𝐻(𝑄−)) : 

 

𝑅𝐻 +  𝑄− → 𝑅𝐻(𝑄−)                                (𝑅1): 𝑐𝑙𝑢𝑠𝑡𝑒𝑟𝑖𝑛𝑔 

 

Reagent compounds can exist also in different forms than just as reagent ions. There are water 

molecules in the system with which the reagent molecules can  form stable reagent ion dimers 

https://www.sciencedirect.com/topics/chemistry/positive-ion
https://www.sciencedirect.com/topics/chemistry/proton-transfer
https://www.sciencedirect.com/topics/chemistry/proton-affinity
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(𝑄𝐻(𝑄−)) or hydrates ((𝐻2𝑂)𝑛(𝑄−)). The reagent ion dimers and hydrates can then ionize 

the target molecules (R2 and R3). Then the ionization of target can happen with these species. 

 

𝑅𝐻 +  (𝑄𝐻(𝑄− )) → 𝑄𝐻 + 𝑅𝐻(𝑄−)                                (𝑅2): 𝑙𝑖𝑔𝑎𝑛𝑑 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 

 

𝑅𝐻 +  ((𝐻2𝑂)𝑛(𝑄−)) → 𝑛𝐻2𝑂 + 𝑅𝐻(𝑄−)                    (𝑅3): 𝑙𝑖𝑔𝑎𝑛𝑑 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒 

 

Four general pathways to form ions from a natural analyte M in CI in positive mode are 

presented in reactions R4–R7: 

 

𝑀 + [𝐵𝐻]+ →  [𝑀 + 𝐻]+ + 𝐵     (R4): proton transfer 

𝑀 + 𝑋+ → [𝑀 + 𝑋]+     (R5): electrophilic addition 

𝑀 + 𝑋+ → [𝑀 − 𝐴]+ + AX    (R6): anion abstraction 

𝑀 + 𝑋+. → 𝑀+. + 𝑋      (R7): charge exchange 

 

Different reagent ions react selectively with different classes of analytes making CIMS a soft, 

selective, and sensitive online detection for many chemical compounds. The main limitation of 

this method is that the neutral targets can be detected only if they are ionized by the reagent 

ions. Chemical ionization is a complex process and hard to follow in real life, which causes 

uncertainty in interpreting the quantitative results. 7’9 
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I.3.3 Straight radiation Chemical Ionization and inlet 

The SRCI attached to desorber (inlet). The main role of desorber is to provide the target to 

ionization part. It consists of a port for sample injection, a place for filter, and an air flow which 

passes through and make the target move from desorber to SRCI. This air flow is called sample 

flow. Right after the desorber, depending of the measurement, a flow containing a reagent join 

the sample flow before going through the X-ray radiation. At this point a sheet flow added to 

setup to help the other flows move easier and in right direction. At the almost end of the inlet, 

before main instrument (in this study Ion trap/Orbitrap), there is another flow with inverse 

direction compare to the other flows in the system. It is called main flow and it has vacuum 

kind of role in the setup. In presence of the other flows, it helps to move forward in the pathway 

to the mass analyzer, by sucking the air in direction of the instrument. When the desorber part 

is not attached to the system, main flow avoids the contamination from room air.  

All flows explained in this previously are shown in Figure 2 with couleur codes. 

 

 

Figure 2. The principle of sample insertion, ionization and detection of target 

molecules when using SRCI-Orbitrap combination for pesticides pre-screening 

studies 
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I.3.4 Orbitrap mass spectrometer 

The Orbitrap mass spectrometer is an ion trap mass analyser that consists of two outer 

electrodes and a central electrode, which enable it to act as both an analyser and a detector10. 

Ions entering the Orbitrap are captured through "electrodynamic squeezing," after which they 

oscillate around the central electrode and in between the two outer electrodes. Different ions 

oscillate at different frequencies, resulting in their separation. By measuring the oscillation 

frequencies induced by ions on the outer electrodes, the mass spectra of the ions are acquired 

using image current detection. Due to its setup, the Orbitrap mass analyser is a Fourier 

Transform mass analyser analogy of FT-ion cyclotron resonance (ICR) technology, yet with 

smaller instrument size and easier instrument operation.  

The Orbitrap mass analyzer’s uniquely high resolution is due to three factors: 1) nanometres-

range accuracy Orbitrap electrodes, 2) high voltage supplies, and 3) mass-to-charge 

measurements delivered as a function of oscillation frequency.11 

 

 

 

 

 

 

 

 

Figure 3. Two outer electrodes and a central electrode of Orbitrap. Red arrows 

present rotating ions between the Orbitrap electrodes. “adapted from 11” 
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I.3.5 Matrix effect 

According to the IUPAC definition, matrix effect in analytical chemistry, is the combined effect 

of all components of the sample other than the analyte on the measurement of the quantity. If a 

specific component can be identified as causing an effect, then this is referred to as 

interference.12 

Based on the available literature and experiences, APCI sources have less matrix effect than 

ESI sources, because APCI utilizes gas-phase ion-molecule reactions. More specifically, the 

neutral molecular analyte is first transferred into the gas phase and then ionized chemically, 

unlike in the ESI sources where the sample is sprayed and ionized at the same time. The main 

cause of matrix effect in APCI is that the co-eluting matrix compositions influence the 

efficiency of charge transfer .13 

 

I.4 Pesticides 

Figure 4 shows the molecular structure of the 10 pesticides under study in this work. 

 

Figure 4. Molecular structure of ten pesticides used in this study  
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II. Materials and methods 

II.1 Study design and method development 

KARSA Oy Ltd initially contacted Finnish Customs and asked them to form a list of 10 

different pesticides that are abundant, but chemically so different that they need to use several 

different analysis methods to analyse them. Pesticide standards were ordered from LGC 

Standards and dilutions were prepared using acetone, acetonitrile (MeCN) or methanol (MeOH) 

as a solvent. Target solutions were first injected straight to the KARSA SRCI inlet using Trajan 

Scientific and Medical SGE 10FX-5C, 10µL syringe. In the second phase of the studies sample 

solutions were pipetted on TENAX coated metal mesh filters (TCM) and as soon as the solvents 

had evaporated (less than 10 seconds), the filters were inserted to the SRCI inlet for desorption. 

SRCI inlet, with Hamamatsu X-ray source used for the atmospheric pressure chemical 

ionization of the samples.   

 

II.1.1 Mass ranges 

The mass range for Orbitrap Velos Pro mass spectrometer is limited between 50–2000 m/z. To 

be able to select a suitable mass range according to the masses of pesticides, different possible 

mass ranges were tested. Nitroglycerin (NG) (100pg in 1µl of Acetonitrile), with monoisotopic 

mass of 227.002 g/mol, was used as a target and dibromomethane (DBrMe) with a 15ml/min 

flow rate was used as a reagent because they are known to form adducts according to previous 

studies. A series of measurements with fixed conditions have been realized (temperature of 

capillary to 50C; Orbitrap setup:1 micro scan, IT at 2000, resolution at 100k). The intensity of 

NG adducts with bromide ions (𝐵𝑟−) with monoisotopic masses of 78.918 g/mol and 80.916 

g/mol, was monitored.   The 125–750 m/z range resulted in highest adduct intensities and was 

selected to be used in the studies. The results are tabulated in Table 1.  
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Table 1. intensity of NG adducts with bromide in different mass ranges  

 

The 125-750 m/z as mass range fits properly for all pesticides except for Chlormequat with the 

monoisotopic mass of 121.065 m/z which is below the minimum of chosen mass range. 

Regarding the limits of orbitrap condition of mass ranges and the results of previous 

experiments, it was decided to use 100–750 m/z just for this pesticide. 

 

II.1.2 Desorber temperature 

The temperature of desorber (inlet) can have impacts on target detection. It was chosen 

considering the decomposition temperature of pesticides to be able to get less fragmentations 

as possible. Table 2 shows the decomposing temperature of some of the pesticides. For the rest 

of the pesticides the decomposition temperature varies regarding the conditions and 

concentrations though a constant temperature could not be found in the literature. For the first 

syringe injection studies 150°C desorber temperature was chosen because Chlorpyrifos starts 

to decompose already at 160°C. 

 

 

 

 

 

 

 

 

  Adduct of NG with 79Br- 

Mass range(m/z) Max intensity Avg intensity (0-3.25 min) 

50-750 953 17.5 

125-750 1,35E+04 327 

150-750 2,75E+03 92 

220-500 5,81E+03 179 
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Table 2. Vapor pressure and temperature decomposition of some pesticides14’15 

 

 

II.1.3 Flow rates 

In the SRCI ion source and desorber the flow rates and flow directions play considerable roles 

as discussed in chapter “I.3.3”. It has been tried in this study to find and set the suitable flow 

rates for measuring the pesticides in the best condition. In this part the previous experiments 

with the same inlet setup helped to choose flow rates. Flows in this setup are as follow: the 

desorber sheet flow approximately 30 std lpm, desorber exhaust flow 4.5 std lpm (divided from 

sample flow to the room air) , sample flow 2.5 std lpm, SRCI inlet main flow 25 Nlpm (acts as 

vacuum and sucks the air out of the setup) and reagent flow which varies depend on reagent 

type. Four different reagents have been used in this study. Two of them used in negative mode 

and two others in positive mode. The structure of all the reagent can be find in Figure 5.  

Compound Chemical formula  T of decomposition(°C) Vapor pressure (atm at 20°C) 

Glyphosate C3H8NO5P 215 1,30E-10 

Thiabendazole C10H7N3S 250 5,20E-12 

2-Phenylphenol C12H10O 287 4,60E-06 

Chlorpyrifos C9H11Cl3NO3PS 160 1,40E-08 

Fludioxonil C12H6F2N2O2 306 3,80E-12 

Chlormequat C5H13Cl2N 245 9,86E-11 

Bupirimate C13H24N4O3S - 5,60E-12 

Diflubenzuron C14H9ClF2N2O2 - 1,18E-12 

Fenpyrazamine C17H21N3O2S - 9,80E-11 

2,4-D  C8H6Cl2O3 - 8,80E-11 
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Figure 5. Molecular structure of different reagents 

 

The reagent flows which were used for the measurements can be found in Table 3. Compared 

to other reagents, nitric acid demands a very low flow rate. If the reagent flow is too high, 

excessive nitric acid is fed to the inlet, the resulting nitrate ions start to dominate to such extent 

that most of the charge stays with them and the dimers they form with themself. This 

phenomenon prevents detecting the actual target molecules as nitrate adducts or as 

deprotonated.  

        Table 3. flow rates of reagents 

Reagent Flow rate (ml/min) 

Acetonylacetone  2 

Acetone 30 

Nitric acid 0.16-0.3 

Dibromomethane 15 
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II.1.4 Sample introduction 

To have more comparable results, we performed the injections of all the samples in the same 

way. All measurements have been carried out with the same concentration for all pesticides. 

Their diluted solution of 1ng/µl in solvent have been used. Here the solvent for Glyphosate is 

MeCN, for Chlormequat is MeOH and for all the rest is acetone. 

One of the ways of providing the sample into the instrument through the SRCI was syringe 

injection. To do so a 10 µl SGE syringe has been used. The following protocol of injection has 

been defined by the company supervisor of this investigation: for each measurement at first 

three times of 0.5 µl of solvent corresponding the pesticides with 0.5 µl space (air) between 

each, then 1 µl of sample with 1.5 µl of space (air) after last layer of solvent have been sucked 

into the syringe. Before injecting the sample into the inlet, a measurement has been started. The 

syringe placed in the inlet and at the begging of the time 0.5min, the sample was injected into 

the instrument. Then we waited until 3min, then the syringe taken off from the inlet port and at 

4min of time the measurement was stopped. This procedure was repeated for all pesticides with 

4 different reagents, positive mode, and negative mode without reagent. 

The other method used to provide the sample into the instrument was using TCM filter. 1µl of 

the 1ng/µl pesticides mixture sample was dropped on the surface of the filter which had been 

already at its place inside the desorber. Right before pipetting the droplet of sample, a 

measurement was started for a total duration of 20 min. A temperature ramping from 0°C to 

245°C was started right after reattaching the desorber to the inlet. It was decided to use 100-

750 m/z mass range which includes all the pesticide masses. 
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II.1.5 Data analysis 

During the measurement in the laboratory the Thermo Fisher software that comes with the 

instrument were used. Data analyses were performed using Freestyle. Figure 6 shows an 

example of analyzed spectra of sample injection. 

We compared different measurements by collecting maximum and average intensities between 

0 and 3.25min. In positive and negative modes, the protonated and deprotonated targets, 

respectively, and adducts were analyzed. All exact masses in question were calculated and 

studied under data analyses treatments (done with Freestyle software). The masses of pesticides 

in different cases can be found from Table I to Table V of appendix. 

 

Figure 6. Example of data analysis with Freestyle software 
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III. Result and discussion 

III.1 Syringe injection 

After the experimental part of study, the collected data was analyzed as explained in previous 

chapter. The results are tabulated and consist of 2 main parts, individual target injections and 

pesticide mix injections. All measurement series, with and without reagents were processed in 

the same way. The pesticide mix consists of the all ten pesticides, soluble in acetone with 1ng/µl 

of concentration.  

The aim of evaluating the pesticide mixture solution was to observe the potential matrix effect. 

The mixture of pesticides was injected three times for each reagent condition. The average and 

standard deviation of the three injections are tabulated in tables dedicated to mixture of pesticide 

injections. 

As shown in Table 5 and Table 7, six pesticides can be detected by using negative or positive 

mode. Their results don’t contain the same pesticides. Specifically, in negative mode, the 2-

phenylphenol and in positive mode Chlorpyrifos were detected but they were not detectable in 

the opposite mode. Therefore, negative mode and positive mode, together, resulted in detection 

of 7 pesticides out of 10.  

Table 9 and Table 10, correspond respectively to the individual and mix of pesticide 

measurements with Nitrate as reagent, could serve as evidence of how the matrix effect could 

affect the detection. Regarding the results, Diflubenzuron was detected in the pesticide mix 

measurement whereas it was not detectable in the individual pesticide measurement.  

The Fludioxonil was detected in most of the measurements. This pesticide was not detected 

only with Acetone and Acetonylacetone as regent. Most adducts with the target were detected 

when using DBrMe as a reagent. All together 4 pesticides out of 10 were detected as bromide 

adducts.  
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Different concentrations of Fludioxonil were tried with the Bromide as reagent. Three 

repetitions were performed for each concentration. The aim of this series of measurements was 

to have a global estimation of smallest concentration that could be detected and  to test the 

reproducibility of the method. 

Figure 7 shows the results of this series of measurements. 

Figure 7. Measurement of Fludioxonil with Bromide as reagent with different 

concentrations (solution of 1,10,100 and 1000 pg/mg of Fludioxonil in acetone) 
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A summary of all measurements is shown in Table 4.  

Table 4. The summary of results with syringe injection method  

Pesticides Detected with 

Glyphosate - 

Thiabendazole Negative and positive modes, Bromide reagent 

2-Phenylphenol Negative mode 

Chlorpyrifos Positive mode 

Fludioxonil Negative and positive modes, Nitrate and Bromide reagent 

Chlormequat - 

Bupirimate Negative and positive modes, Bromide reagent 

Diflubenzuron 
Negative and positive modes, Bromide reagent, Nitrate reagent 

only in pesticides mix 

Fenpyrazamine Negative and positive modes 

2,4-dichlrorophenoxyacetic acid - 

 

Detailed results have been demonstrated from the Table 5 to the Table 16.  In this series of 

tables, the detected targets shown by green color and the non-detected targets shown by red 

color. The unit of intensity is count per second.  

The mix of pesticides measured 3 times with each mode and reagent. As previously explained 

in data analysis part, in interval of 0 to 3.25min, an average and a maximum intensity were 

collected. It leaded to 3 average intensities and 3 maximum intensities for each target. To be 

able to compare these numbers easier, for each target we calculated the average of average 

intensities (Avg of avgs) and the average of maximum intensities (Avg of max.s). In the same 

way standard deviation of average and maximum intensities were calculated (respectively noted 

“std of avgs” and “std of max.s”). 
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III.1.1 Negative mode without reagent 

Table 5. Individual injection in Negative mode without reagent 

  NEGATIVE MODE 

  Deprotonated(-H) 

Pesticide Max intensity Avg intensity(0-3,25min) 

1. Glyphosate - 

2. Thiabendazole 1060 707 

3. 2-Phenylphenol 51480 2968 

4. Chlorpyrifos - 

5. Fludioxonil 2112 1454 

6. Chlormequat - 

7. Bupirimate 35 12 

8. Diflubenzuron 22 7 

9. Fenpyrazamine 17 5 

10. 2,4-D  - 

 

Table 6. Mix of pesticides injection in Negative mode without reagent 

 NEGATIVE MODE 

PESTICIDES Avg of max.s std of max.s Avg of avgs  std of avgs 

1. Glyphosate  -  - -   - 

2. Thiabendazole 640 267 368 176 

3. 2-Phenylphenol 65700 3410 4930 761 

4. Chlorpyrifos - - - - 

5. Fludioxonil 1114 270 687 194 

6. Chlormequat 17 8 1.05 0.02 

7. Bupirimate 24 0.02 8 2 

8. Diflubenzuron 84 21 37 14 

9. Fenpyrazamine 23 6 7 3 

10. 2,4-D - - - - 

 

 



19 
 

III.1.2 Positive mode without reagent 

Table 7. Individual injection in positive mode without reagent 

  POSITIVE MODE 

  Protonated(+H) 

PESTICIDES Max intensity  Avg intensity (0-3,25min) 

1. Glyphosate - 

2. Thiabendazole 2202,78 1249,71 

3. 2-Phenylphenol - 

4. Chlorpyrifos 3987,85 1921,87 

5. Fludioxonil 91,38 35,14 

6. Chlormequat - 

7. Bupirimate 15730,44 9257,44 

8. Diflubenzuron 40,16 9,06 

9. Fenpyrazamine 104,88 46,67 

10. 2,4-D - 

 

Table 8. Mix of pesticides injection in positive mode without reagent 

  POSITIVE MODE 

PESTICIDES Avg of max.s std of max.s Avg of avgs std of avgs 

1. Glyphosate         

2. Thiabendazole 1610 1050 1176 474 

3. 2-Phenylphenol - - - - 

4. Chlorpyrifos 44132 28405 10087 6211 

5. Fludioxonil 27 5 4 1.05 

6. Chlormequat - - - - 

7. Bupirimate 9201 1155 6394 340 

8. Diflubenzuron 72 3 25 3.05 

9. Fenpyrazamine 120 50 43 12 

10. 2,4-D  - - - - 
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III.1.3 Negative mode with Nitrate as reagent 

Table 9. Individual injection in negative mode with Nitrate as reagent 

  Deprotonated Nitrate adduct 

Pesticide Max intensity  Avg intensity(0-3,25min) Max intensity  Avg intensity(0-3,25min) 

1. Glyphosate - - 

2. Thiabendazole 31 8 - 

3. 2-Phenylphenol 7757 354 - 

4. Chlorpyrifos - - 

5. Fludioxonil 363 102 990 531 

6. Chlormequat - - 

7. Bupirimate - - 

8. Diflubenzuron - - 

9. Fenpyrazamine - - 

10. 2,4-D  - - 

Table 10. Mixture injection in negative mode with Nitrate as reagent 

  NO3- 

PESTICIDES  Avg of max.s std of max.s Avg of avgs std of avgs 

1. Glyphosate 
Deprotonated - - - - 

Adduct - - - - 

2. Thiabendazole 
Deprotonated 65 32 25 16 

Adduct 12 1.05 0.05 0.02 

3. 2-Phenylphenol 
Deprotonated 12736 4040 761 78 

Adduct - - - - 

4. Chlorpyrifos 
Deprotonated - - - - 

Adduct - - - - 

5. Fludioxonil 
Deprotonated 142 29 48 18 

Adduct 193 74 76 30 

6. Chlormequat 
Deprotonated 6 - 0.007 - 

Adduct - - - - 

7. Bupirimate 
Deprotonated - - - - 

Adduct - - - - 

8. Diflubenzuron 
Deprotonated 26 17 2 0.03 

Adduct 29 15 4 2 

9. Fenpyrazamine 
Deprotonated - - 0.03 - 

Adduct - - - - 

10. 2,4-D 
Deprotonated - - - - 

Adduct - 
 

- - 
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III.1.4 Negative mode with bromide as reagent 

Table 11. Individual injection in negative mode with bromide as reagent 

  Deprotonated Br-(78,92) adduct Br-(80,92) adduct 

Target Max intensity Avg intensity Max intensity  Avg intensity Max intensity Avg intensity 

1. Glyphosate - - - 

2. Thiabendazole 48 19 27 6 22 7 

3. 2-Phenylphenol 28038 1124 - - 

4. Chlorpyrifos - - - 

5. Fludioxonil 180 74 290 178 310 174 

6. Chlormequat - - - 

7. Bupirimate 13 0.6 148 70 123 72 

8. Diflubenzuron 20 0.6 46 8 43 5 

9. Fenpyrazamine 11 0.6 - - 

10. 2,4-D - - - 
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Table 12. Mixture injection in negative mode with Bromide as reagent 

 

 

 

 

    DBrMe 

PESTICIDES   Avg of max.s std of max.s Avg ofavg.s std of avgs 

1. Glyphosate 

Deprotonated - - - - 

Br79 - - - - 

Br81 - - - - 

2. Thiabendazole 

Deprotonated 147 28 62 21 

Br79 44 3 17 3 

Br81 49 8 20 6 

3. 2-Phenylphenol 

Deprotonated 23762 1604 1711 40 

Br79 - - - - 

Br81 - - - - 

4. Chlorpyrifos 

Deprotonated - - - - 

Br79 - - - - 

Br81 - - - - 

5. Fludioxonil 

Deprotonated 178 59 92 46 

Br79 384 141 206 100 

Br81 356 131 193 91 

6. Chlormequat 

Deprotonated - - - - 

Br79 - - - - 

Br81 - - - - 

7. Bupirimate 

Deprotonated 13 0.02 1.02 0.08 

Br79 153 31 50 33 

Br81 153 33 79 29 

8. Diflubenzuron 

Deprotonated 27 3 7 5 

Br79 44 9 17 10 

Br81 41 11 18 11 

9. Fenpyrazamine 

Deprotonated 10 1.05 0.03 0.05 

Br79 - - - - 

Br81 - - - - 

10. 2,4-D  

Deprotonated - - - - 

Br79 - - - - 

Br81 - - - - 
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III.1.5 Positive mode with Acetonylacetone as reagent 

Table 13. Individual injection in positive mode with Acetonylacetone as reagent 

 Protonated Acetonylacetone adduct 

Pesticide Max intensity Avg intensity(0-3,25min) Max intensity Avg intensity(0-3,25min) 

1. Glyphosate 10 0.2 - 

2. Thiabendazole 2213 1396 - 

3. 2-Phenylphenol - - 

4. Chlorpyrifos 979 118 - 

5. Fludioxonil - - 

6. Chlormequat - - 

7. Bupirimate 7752 4821 - 

8. Diflubenzuron 21 2 - 

9. Fenpyrazamine 173 68 - 

10. 2,4-D  12(one scan) 0.2 - 

Table 14. Mixture injection in positive mode with Acetonylacetone as reagent 

  Acetonylacetone 

PESTICIDES   Avg of max.s std of max.s Avg of avgs std of avgs 

1. Glyphosate 
Protonated         

adduct - - - - 

2. Thiabendazole 
Protonated 4151 380 2784 192 

adduct - - - - 

3. 2-Phenylphenol 
Protonated - - - - 

adduct 12 - 0.02 - 

4. Chlorpyrifos 
Protonated 1083 169 139 32 

adduct - - - - 

5. Fludioxonil 
Protonated - - - - 

adduct - - - - 

6. Chlormequat 
Protonated - - - - 

adduct - - - - 

7. Bupirimate 
Protonated 12260 710 8206 677 

adduct - - - - 

8. Diflubenzuron 
Protonated 54 4 19 0.01 

adduct - - - - 

9. Fenpyrazamine 
Protonated 131 11 61 2 

adduct - - - - 

10. 2,4-D  
Protonated 0.02 - 13 - 

adduct - - - - 
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III.1.6 Positive mode with Acetone as reagent 

Table 15. Individual injection in positive mode with Acetone as reagent 

  Protonated Acetone adduct 

Pesticide Max intensity Avg intensity(0-3,25min) Max intensity Avg intensity (0-3.25) 

1. Glyphosate - - 

2. Thiabendazole 2629 1591 - 

3. 2-Phenylphenol - - 

4. Chlorpyrifos 17(one scan) 0.3 - 

5. Fludioxonil - - 

6. Chlormequat - - 

7. Bupirimate 18031 11967 - 

8. Diflubenzuron - - 

9. Fenpyrazamine 236 63 - 

10. 2,4-D  - - 

Table 16. Mixture injection in positive mode with acetone as reagent 

  

    Acetone 
PESTICIDES   Avg of max.s std of max.s Avg of avgs std of avgs 

1. Glyphosate 
Protonated - - - - 

adduct - - - - 

2. Thiabendazole 
Protonated 4144 460 2615 460 

adduct - - - - 

3. 2-Phenylphenol 
Protonated - - - - 

adduct - - 0.35 - 

4. Chlorpyrifos 
Protonated - 127 90 127 

adduct - - 0.35 - 

5. Fludioxonil 
Protonated - - - - 

adduct - - - - 

6. Chlormequat 
Protonated - - - - 

adduct     0.03 - 

7. Bupirimate 
Protonated 13837 1027 9210 1027 

adduct - - - - 

8. Diflubenzuron 
Protonated 48 - 2 - 

adduct - - - - 

9. Fenpyrazamine 
Protonated 228 44 107 44 

adduct - - - - 

10. 2,4-D 
Protonated - - - - 

adduct - - - - 
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III.2 TCM filter 
 

The pesticides mixture sample was also analyzed using TCM filter on the same SRCI inlet 

coupling to the Orbitrap mass spectrometer. 

Applying TCM filter was used as a method for providing the sample into the system via 

desorber. Details on how exactly the sample introduction performed can be found in chapter 

“II.1.4”. 

Apart the different way of introducing the sample, the other setup parameters were the same as 

the syringe injection. A blank was measured before each target measurement. 

The Obtained results from TCM filters show that it is a more convenient method compared to 

the syringe injection. 

The measurements were done without reagent in positive and negative modes and also with 

DBrMe as regent. Altogether, nine pesticides out of ten were detected using TCM filters. 

The detected pesticides in all cases are shown in Table 17. 

 

Table 17. The summary of results with TCM filter 

Pesticides Detected with 

Glyphosate - 

Thiabendazole Negative and positive modes, Bromide reagent 

2-Phenylphenol Negative mode  

Chlorpyrifos Positive mode 

Fludioxonil Negative and positive modes, Bromide reagent 

Chlormequat Negative mode (in few scans) 

Bupirimate Negative and positive modes, Bromide reagent 

Diflubenzuron Negative and positive modes, Bromide reagent 

Fenpyrazamine Negative and positive modes 

2,4-dichlrorophenoxyacetic acid 
Negative mode, Bromide reagent (only from 5ng/µl mix of 

pesticides) 
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Glyphosate 
NL: 0                          
 
 
 
Thiabendazole 
NL: 3.14E4 
 
 
2-phenylphenol 
NL:3.55E1 
 
 
Chlorpyrifos 
NL:7.98E4 
 
 
Fludioxonil 
NL:3.65E3 
 
 
Chlormequat 
NL:1.04E1 
 
 
Bupirimate 
NL:2.11E5 
 
 
Diflubenzuron 
NL:4.71E4 
 
 
Fenpyrazamine 
NL:8.4E4 
 
 
2,4-D 
NL: 0                                           

 

TIC 

NL: 8.4E4 

 

Figure 8. Example of analyzed data of Pesticides mix on TCM filter with no reagent in 

positive mode 
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IV. Glyphosate 

Glyphosate is a common and effective herbicide. It is highly soluble in water and relatively 

volatile compare to other pesticides used in this study. This pesticide is toxic to humans and a 

skin and eye irritant16. This pesticide was the only target that we could not detect. Therefore, a 

literature research was done for predicting the possible reactions occurring inside the setup.  

The Glyphosate, and its metabolite AMPA can be thermally decomposed rapidly in the gas 

phase through the chemical mechanism presented in Figure 5. It should be considered that 

thermal decomposition chemistry of glyphosate remains poorly understood.17 Compounds 

numbered in the Figure 8 have been studied during data analysis of glyphosate. None of the 

fragments were surly detected.  

 

 

 

 

 

 

 

 

      Figure 9. GP and AMPA decomposition pathway (Adapted from”17”) 
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V.  Conclusion 

This thesis manifests an overview on detection of 10 specific pesticides that have very different 

chemical structures. During this study, it has been clarified that the setup conditions, such as 

flow rates of inlet and SRCI, mass range interval and temperature of inlet and capillary can 

have a considerable impact on the results . Interference of solvent with targets is another issue 

which could increase or decrease the intensity of the peaks in spectrum. The influence of the 

possible fragmentation of each target adduct in different cases (e.g. different modes of 

detection) is another important aspect which is not included into this study and is therefore an 

interesting topic for further investigations. 

In the first part of experiment, doing hand injection for each measurement possibly led to some 

unwanted human source errors and an autosampler would most likely lead to better results. As 

we wanted to avoid any sample decomposition, we chose 150°C as the inlet temperature which 

seemed to be too low for achieving effective desorption of target molecules. 

The second part of experiment with TCM filters was performed only with the mixture of the 

pesticides. It is evident that individual measurement of pesticides needs to be done, and it could 

bring us to interesting results. As the target molecules desorb from TCM filters over a few 

minutes when doing the desorption,, combination of KARSA’s SRCI and MION inlets can 

enable changing the detection chemistry when measuring an individual sample. This will be a 

subject of further investigations. 

Glyphosate is the only pesticide which could not be detected with any of  the methods tried. It 

is a compound which possibly fragments and participates in varying reactions in its pathway to 

the detector. We should not lose side of the fact that the decomposition of glyphosate is not 

well understood.  Moreover, not finding this pesticide can also be due to the limitations of the 

methods used. 

Finally, this experiment reveals that combination of SRCI inlet and Orbitrap mass spectrometry 

by using TCM filter as sample provider is a reliable method for detection of pesticides in 

question. It enabled the detection of 9 pesticides out of 10, using different modes and only one 

reagent which was DBrMe in this study.  
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Appendix 

Table I. Protonated and deprotonated masses of pesticides 

Pesticide Monoisotopic mass Protonated Deprotonated 

1. Glyphosate 169,014008 170,021833 168,006183 

2. Thiabendazole 201,036068 202,043893 200,028243 

3. 2-Phenylphenol 170,073165 171,08099 169,06534 

4. Chlorpyrifos 348,92627 349,934095 347,918445 

5. Fludioxonil 248,039734 249,047559 247,031909 

6. Chlormequat 122,073652 123,081477 121,065827 

7. Bupirimate 316,156912 317,164737 315,149087 

8. Diflubenzuron 310,032074 311,039899 309,024249 

9. Fenpyrazamine 331,135448 332,143273 330,127623 

10. 2,4-D  219,969399 220,977224 218,961574 

 

Pesticide Monoisotopic mass Br-(78,92) adduct Br-(80,92) adduct 

1. Glyphosate 169,014008 247,932335 249,930298 

2. Thiabendazole 201,036068 279,954395 281,952358 

3. 2-Phenylphenol 170,073165 248,991492 250,989455 

4. Chlorpyrifos 348,92627 427,844597 429,84256 

5. Fludioxonil 248,039734 326,958061 328,956024 

6. Chlormequat 122,073652 200,991979 202,989942 

7. Bupirimate 316,156912 395,075239 397,073202 

8. Diflubenzuron 310,032074 388,950401 390,948364 

9. Fenpyrazamine 331,135448 410,053775 412,051738 

10. 2,4-D  219,969399 298,887726 300,885689 
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Table III. Adduct masses of pesticides with Nitrate  

Pesticide Monoisotopic mass Nitrate adduct 

1. Glyphosate 169,014008 231,001826 

2. Thiabendazole 201,036068 263,023886 

3. 2-Phenylphenol 170,073165 232,060983 

4. Chlorpyrifos 348,92627 410,914088 

5. Fludioxonil 248,039734 310,027552 

6. Chlormequat 122,073652 184,06147 

7. Bupirimate 316,156912 378,14473 

8. Diflubenzuron 310,032074 372,019892 

9. Fenpyrazamine 331,135448 393,123266 

10. 2,4-D  219,969399 281,957217 

 

Pesticides Monoisotopic mass Acetone Adduct 

1. Glyphosate 169,014008 227,055873 

2. Thiabendazole 201,036068 259,077933 

3. 2-Phenylphenol 170,073165 228,11503 

4. Chlorpyrifos 348,92627 406,968135 

5. Fludioxonil 248,039734 306,081599 

6. Chlormequat 122,073652 180,115517 

7. Bupirimate 316,156912 374,198777 

8. Diflubenzuron 310,032074 368,073939 

9. Fenpyrazamine 331,135448 389,177313 

10. 2,4-D  219,969399 278,011264 
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Table V. Adduct masses of pesticides with Acetonylacetone 

Pesticides Monoisotopic mass Acetonylacetone adduct 

1. Glyphosate 169,014008 283,082085 

2. Thiabendazole 201,036068 315,104145 

3. 2-Phenylphenol 170,073165 284,141242 

4. Chlorpyrifos 348,92627 462,994347 

5. Fludioxonil 248,039734 362,107811 

6. Chlormequat 122,073652 236,141729 

7. Bupirimate 316,156912 430,224989 

8. Diflubenzuron 310,032074 424,100151 

9. Fenpyrazamine 331,135448 445,203525 

10. 2,4-D  219,969399 334,037476 

 

 

 

 


