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Abstract

Development of LC-QTOF method for analysis of
extracts from urinary catheters

Kajsa Ekvall

Urinary catheters are made of polymers which in some cases contain a number of
additives in order to get certain properties such as mechanical flexibility and
prolonged shelf-life. To prove costumer safety, a manufacturer need to extract and
analyse  these additives by a number of different methods. 

This master thesis presents the method development of a liquid
chromatography-quadrupole time-of-flight instrument (LC-QTOF). The aim of the
study was to produce a method that could separate and characterize five known
additives in extracts from urinary catheters. The extraction of catheters was
performed with 2-propanol according to International Organization of Standards, ISO
10993-12:2007. 

Starting with an already established liquid chromatography method with UV detection
(LC-UV), known to separate the additives, two different columns were tested with a
water-acetonitrile gradient. Early in the study, two different ion sources, the
Electrospray (ESI) and Atmospheric pressure chemical ionization (APCI) were
evaluated based on their ability to ionize the five additives. APCI turned out to be the
superior ion source which also was supported by the literature. Therefore the
method development was performed with APCI in positive mode. A study on how
acid addition to the mobile phase affected the ionization was also conducted. The
evaluation however indicated no improvement in ion signal for any of the additives.
When evaluating the flow rate, it showed that the APCI ion source perform better at
flow rates greater than or equal to 0.5 ml/min. 

To optimize the ion source six different parameters were varied in an experimental
design using the software MODDE. The results showed that in order to increase the
ionization of all five additives the method needed to be divided into two time
segments with different parameter settings. 

The final method proved successful when analysing extracts from three different types
of catheters. The aimed additives could be identified along with a number of unknown
peaks. Some of the unknown peaks were later identified as Erucamide fragments by
their masses and isotopic pattern.
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Populärvetenskaplig sammanfattning  
 

Urinkatetrar är gjorda av olika typer av polymerer som ofta innehåller tillsatsämnen. 

Tillsatsämnena kan ha olika syfte, till exempel att göra plasten mjukare eller att skydda mot 

nedbrytning. För att säkerställa att dessa ämnen inte påverkar patienten vid användande så 

görs omfattande analyser av katetrarna. Genom att laka katetrarna i organiska lösningsmedel 

extraheras tillsatsämnena ut i lösning och kan på så sätt analyseras med olika tekniker. Denna 

lakning görs enligt en standardiserad metod skriven av internationella organisationen för 

standarder med nummer ISO 10993-12:2007. 

 

Syftet med detta examensarbete har varit att utveckla en metod för att analysera dessa extrakt 

med hjälp av vätskekromatografi kopplad till en masspektrometer. Vätskekromatografin 

separerar extraktet innehållande tillsatsämnena beroende på polaritet. Masspektrometern, som 

är av typen ”quadrupole time-of-flight” (Q-TOF), gör sedan om tillsatsämnena till laddade 

joner och skjuter dessa genom ett magnetiskt fält där flygtiden för varje jon mäts. Tyngre 

joner har längre flygtid än lätta joner vilket gör att jonerna når detektorn olika snabbt. 

Detektorn summerar antalet joner av samma massa och konstruerar ett masspektrum.  

 

I metodutvecklingen bedömdes det viktigt att metoden skulle kunna separera och bestämma 

fem kända tillsatsämnen. Därför testades två kolonner i vätskekromatografin med olika 

polaritet, det vill säga olika förmåga att binda tillsatsämnena och få dessa att vandra olika 

snabbt genom kolonnen. Lösningsmedlen som användes i metoden påverkar både 

separationen i kromatografin men även jonbildningen i masspektrometern. Därför testades 

tillsats av syra till ett av lösningsmedlen i ett försök att förbättra joniseringen. Detta gav dock 

inga större effekter och plockades därför bort ur metoden. Vidare utvärderades även flödet på 

lösningsmedlen som visade sig påverka joniseringen. Högre flöden visade sig ge bättre 

jonisering men avvägdes mot förbrukning av lösningsmedel. För att optimera joniseringen av 

alla tillsatsämnena varierades ett antal parametrar i jonkällan. Exempel på parametrar var 

gastemperatur, gasflöde, nebuliseringstryck och applicerad strömstyrka. Eftersom målet var 

att höja joniseringen för fem olika tillsatsämnen med olika egenskaper krävdes olika 

parameterinställningar för i stort sätt varje ämne. Kompromissen blev att metoden delades in i 

två olika tidsintervall med olika parameterinställningar. Detta visade sig höja jonbildningen 

för alla tillsatsämnen.  

 

Den slutgiltiga metoden testades på tre olika sorters katetrar och visade sig kunna separera 

och bestämma de önskade tillsatsämnena. Dessutom kunde metoden urskilja ett antal okända 

toppar som ger möjlighet till ytterligare karaktärisering och förståelse om katetrarnas 

egenskaper.  
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Abstract 
 

Urinary catheters are made of polymers which in some cases contain a number of additives in 

order to get certain properties such as mechanical flexibility and prolonged shelf-life. To 

prove costumer safety, a manufacturer need to extract and analyse  these additives by a 

number of different methods.  

 

This master thesis presents the method development of a liquid chromatography-quadrupole 

time-of-flight instrument (LC-QTOF). The aim of the study was to produce a method that 

could separate and characterize five known additives in extracts from urinary catheters. The 

extraction of catheters was performed with 2-propanol according to International 

Organization of Standards, ISO 10993-12:2007.  

 

Starting with an already established liquid chromatography method with UV detection (LC-

UV), known to separate the additives, two different columns were tested with a water-

acetonitrile gradient. Early in the study, two different ion sources, the Electrospray (ESI) and 

Atmospheric pressure chemical ionization (APCI) were evaluated based on their ability to 

ionize the five additives. APCI turned out to be the superior ion source which also was 

supported by the literature. Therefore the method development was performed with APCI in 

positive mode. A study on how acid addition to the mobile phase affected the ionization was 

also conducted. The evaluation however indicated no improvement in ion signal for any of the 

additives. When evaluating the flow rate, it showed that the APCI ion source perform better at 

flow rates greater than or equal to 0.5 ml/min.  

 

To optimize the ion source six different parameters were varied in an experimental design 

using the software MODDE. The results showed that in order to increase the ionization of all 

five additives the method needed to be divided into two time segments with different 

parameter settings.  

 

The final method proved successful when analysing extracts from three different types of 

catheters. The aimed additives could be identified along with a number of unknown peaks. 

Some of the unknown peaks were later identified as Erucamide fragments by their masses and 

isotopic pattern.  
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List of abbreviations 
 
ACN  Acetonitrile 

APCI  Atmospheric pressure chemical ionization 

DAD  Diode array detector 

DEHP  di(2-ethylhexyl)phthalate 

DTBB  1,3-di-tert-butylbenzene 

EIC  Extracted ion chromatogram 

ESI  Electrospray ionization 

GC  Gas chromatography 

LC-UV  Liquid chromatography with UV detection 

m/z  Mass over charge 

MCP  Micro channel plate detector 

MLR  Multiple linear regression 

MQ  Milli-Q water 

MS  Mass spectrometry 

MS-MS  Tandem mass spectrometry 

MW  Molecular weight 

POBE  Polyolefin-based elastomer 

PVC  Polyvinylchloride 

PVP  Polyvinylpyrrolidone 

Q-TOF  Quadrupole-time of flight 

RT  Retention time 

SNR  Signal to noise ration 

TIC  Total ion chromatogram 

TOF  Time of flight 
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Background 
 

Urinary catheters manufactured by Astra Tech are made of plastic tubing of polyvinylchloride 

(PVC) or polyolefin-based elastomers (POBE). These catheters all have a hydrophilic coating 

of polyvinylpyrrolidone (PVP). The coating turns into a slippery surface when in contact with 

water to facilitate catheterisation. The users of urinary catheters are typically patients 

suffering from medical conditions that include urinary retention [1]. 

 

By regulation, a catheter manufacturer must show what substances the user might be exposed 

to during catheterization and regulatory authorities from around the world require extensive 

documentation of the released substances to ensure patient safety. In order to get approval 

from these authorities there are several standards and directives to follow. By extracting the 

catheters under extreme conditions possible extractables can be investigated. The extraction 

procedures are found in the standard ISO 10993-12:2007, which describes sample preparation 

and reference materials. To cover the whole polarity spectra additional extractions in low and 

high polarity solvents are also performed. LC-UV analysis of the extracts gives quantitative 

results about a number of known substances. By analysing the extracts with gas 

chromatography-mass spectrometry (GC-MS), qualitative data over volatile and low 

molecular weight compounds are acquired. To get further understanding of the extracted 

chemical compounds Astra Tech AB wants to identify high molecular weight substances in 

the extract. There is therefore a need for developing a method suitable for characterization of 

molecular species in the range 190-2000 Da extracted from the catheters.  

 

Aim of study 
The aim of this master thesis work was to cover the need for a qualitative method that could 

separate and characterize extracts from urinary catheters. This resulted in a LC-QTOF method 

development. The method should be able to separate and detect five known additives, DTBB, 

DEHP, Erucamide, Irganox 1010 and Irgafos 168 in the mass range of 35-150 µg/g for DTBB 

and 70-300 µg/g for all other additives. The signal to noise ratio must be larger than 3, which 

is the limit of detection. The extracts were obtained from exhaustive extractions of catheters 

in 2-propanol solvent, according to ISO 10993-12:2007.  
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1.0 Technical background 
 

1.1 Catheter material 

Initially all catheters that Astra Tech manufactured were made of polyvinylchloride (PVC). 

PVC is a thermoplastic polymer, which means that it softens when heated and solidifies when 

cooled. Its structure is entirely random which puts it in the category of amorphous plastics. 

PVC often needs to contain additives to obtain wanted properties, such as easy handling, 

flexibility and prolonged shelf-time. These additives are in some cases discussed as hazardous 

[2] and therefore the material has been replaced by a polyolefin-based elastomer. 

 

Polyolefin-based elastomer (POBE) 

POBE is an ordered block copolymer containing two monomers. The monomers styrene (a) 

and butadiene (b) are connected in three blocks, e.g. A10-B52-A10. This gives the polymer both 

the thermoplastic properties of polystyrene and the elastic properties of butadiene [3]. The big 

advantage with this polymer over PVC is that it does not need as many additives to get the 

necessary flexibility [4]. The structure of polystyrene and polybutadiene are displayed in 

Figure 1.1. 

 

 
Figure 1.1a) Structure of polystyrene monomer b) Structure of polybutadiene monomers 

 

Polyvinylpyrrolidone (PVP) 

In order to get a slippery surface the catheters have a PVP coating. The purpose of the coating 

is to provide a low friction surface when in contact with water, which makes catheterization 

easier [1]. The structure of the monomer is displayed in Figure 1.2. 

 

 
Figure 1.2 Structure of Polyvinylpyrrolidone monomers 

 

a)

) 
b) 
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1.2 Additives 

Additives are a group of chemicals used in the polymer industry to enhance the properties of 

the polymer. By adding for example antioxidants, stabilizers or plasticisers the polymer can 

be given the properties suited for the application [5]. 

 

Pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate (Irganox 1010)  

To protect the polymer from oxidation and increase its shelf time, an antioxidant is often 

added. Irganox 1010 works as a chain-breaking substance in the radical reaction cycle that can 

take place when the polymer is exposed to light or oxygen. By reacting with the radical and 

letting one of the three hydroxyl groups carry the unpaired electron, the reaction cycle is 

interrupted. The structure with the sterically hindered phenols is typical for this type of 

antioxidant and can be found in the structure of vitamin E, a natural antioxidant [5]. The 

structure of Irganox 1010 is displayed in Figure 1.3. 

 

 
Figure 1.3 Structure of antioxidant Irganox 1010, Pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-

hydroxyphenyl)propionate 

 

Tris(2,4-di-tert-butylphenyl)phosphite (Irgafos 168)  

Irgafos 168 is a preventing antioxidant, meaning that it prevents radicals from being formed. 

Unlike Irganox 1010, it is active outside the radical reaction cycle preventing it from starting. 

When in contact with a radical the phosphorus becomes oxidized. This means that when 

characterizing Irgafos 168 with a UV-spectrum or mass spectrum, the oxidized form will also 

be present. When both Irgafos 168 and Irganox 1010 are added to a polymer they give a 

synergistic effect. Meaning that they together produce a stronger effect then they do 

separately [5]. When sterilising a polymer containing Irgafos 168, the antioxidant can 

fragment into 1,3-di-tert-butylbenzene (DTBB) [6]. The structures of Irgafos 168 and DTBB 

are displayed in Figure 1.4. 
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Figure 1.4 Structure of a) Irgafos 168, Tris(2,4-di-tert-butylphenyl)phosphite and b) DTBB, 1,3-di-tert-

butylbenzene 

 

13-Docosenamide (Erucamide) 

Erucamide is a slip agent which is added to the polymer to make it easier to handle in the 

manufacturing process. It has the structure of a long carbon chain with an amide at the end 

and is produced from rapeseed oil [5]. When a polymer contains this slip agent it also contains 

the smaller analog Oleamide. They differ with four carbons in the chain but have more or less 

the same properties
 
[5]. The structures of Erucamide and Oleamide are displayed in Figure 

1.5. 

 

 
Figure 1.5 Structure of  a) Erucamide, 13-Docosenamide, (13Z) and b) Oleamide, 9-Octadecenamide, (9Z) 

 

di(2-ethylhexyl)phthalate (DEHP) 

DEHP belongs to the group of additives called plasticizers. They are used to increase the 

flexibility and the viscosity of PVC [5]. By increasing the viscosity the polymer will be easier 

to process in the manufacturing process. Furthermore is the enhanced flexibility suitable for 

PVC used in healthcare applications. It also works as a lubricant within the polymer, 

decreasing the friction between PVC chains
 
[5]. The structure of DEHP is displayed in Figure 

1.6. 

 
Figure 1.6 Structure of plasticizer DEHP, di(2-ethylhexyl)phthalate  

a)

) 
b) 

b) 

a) 
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1.3 Liquid chromatography 

The separation of the compounds is performed with high-performance liquid chromatography 

(HPLC) on a silica based column. The HPLC system is set to a reversed phase mode. This 

means that a non-polar column will be flushed with a mixture of polar solvent. To get a 

complete separation a gradient was used. Two eluents with different polarities, in this case 

water and acetonitrile, was mixed in a gradually changing concentration. Compounds with 

different polarities will take different times to go through the column because they are 

solvated differently in the gradient along with different affinity to the stationary phase. The 

used columns were of type C8 and C18 which indicate the length of the carbon chains 

connected to the silica. After passing through the column and before entering the mass 

spectrometer the sample will go through an UV detector. In the detector the sample is exposed 

to light of different wavelengths. By measuring how much light is absorbed at a specific 

wavelength a chromatogram is reproduced. Compounds will absorb different quantities of 

light depending on their structure, e.g. the possibilities to conjugation between double bonds 

[7].  

 

1.4 Mass spectrometry 

The identification of the separated analytes were done with a quadrupole-Time-of-Flight mass 

spectrometer (Q-TOF MS) which detects the mass over charge (m/z) of ions, see Figure 1.7. 

Two different ion sources were used in this work in order to evaluate which one gives the best 

ion formation of the analytes. Each ion source could be operated in positive or negative mode 

resulting in detection of either only positive or negative ions.  

 

 
Figure 1.7 Schematic picture of a Q-TOF system  
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Ion sources 

The basic function of the ion source is to vaporize and ionize incoming solution. This can be 

achieved in many different ways but this study will focus on two specific techniques, the 

electrospray (ESI)- and the atmospheric pressure chemical ionization (APCI). The ion 

formation is one of the main parameters that need to be optimized in a LC-QTOF method 

development. The parameters which controls ionization are; gas temperature, vaporizer 

temperature (only in APCI), the drying gas flow, the pressure of the nebulizer gas, the 

capillary voltage and the applied current to the corona needle (only in APCI). Furthermore, 

the chemical properties of the compounds will influence the ion formation, such as the 

number of ionisable groups. This can be utilized by adding acids or bases to the mobile 

phases, making the compounds easier to ionize. The flow rate of incoming solution to the ion 

source will also influence the ion formation. Higher flow rates require higher temperatures, 

since larger volumes of solutions needs to be vaporized. [8] 

 

Electrospray 

Electrospray ionization (ESI) sprays out droplets of solution in an electric field. After that the 

droplets are dried by a hot nitrogen gas stream, decreasing in size until they reach a stage 

where the opposite charges get too close to each other. This is called the Raylight limit and 

makes the droplets explode to form molecular ions. In Figure 1.8 the ion formation is 

explained in more detail. After formation, the ions start to migrate towards the inlet of the MS 

due to an electrical field [9]. In Figure 1.9 an electrospray ionization source is displayed. The 

ESI is preferably used to ionize molecules in the mass range 100-100000 Da with medium to 

high polarity [10].  

 

 
Figure 1.8 Ionization process in ESI ion source 

 
Figure 1.9 Schematic picture of electrospray ionization source  

 

- 

- 
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Atmospheric Pressure Chemical Ionization 

Another way to ionize the sample is by Atmospheric pressure chemical ionization (APCI). 

This method also utilizes a nebulizer that sprays out solvent droplets, which are vaporized 

quickly by a high temperature vaporizer. Thereafter they gain their charge from a high voltage 

needle, the corona needle, which captures electrons from the solvent droplets. Then, the 

charged solvent ions react with the solvated analytes which turn into ions, see Figure 1.10. 

The solvent droplets are then dried in a hot nitrogen gas flow and the analytes gets directed 

towards the MS inlet by an electrical field [11][12]. A schematic picture of the APCI source is 

displayed in Figure 1.11. APCI is preferably used to ionize molecules in the mass range 100-

1500 Da with medium to low polarity. A disadvantage with this ionizing method is that the 

analytes needs to be thermally stable compounds due to the high temperature in the vaporizer 

[10]. 

 

 
Figure 1.10 Ionization process in APCI ion source 

 
Figure 1.11 Schematic picture of APCI ion source 

 

Quadrupole and collision cell 

The quadrupole is the next component after the MS inlet and works as a mass filter, only 

letting ions within a specified mass range pass through. This is done by four magnetic rods 

which produce an electric field where only the target ions are fixed in an ion beam and 

directed forward into the instrument. The next instrument component is the collision cell 

which is only active during MS-MS acquisition. By introducing nitrogen gas, the ions are 

fragmented into product ions which are directed into the TOF mass analyser [13].  

Evaporation 

Corona needle 

Charged solvent 

gas formed 

Charge transferred to 

analytes 
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Time-of-Flight  

When the ions enter the TOF mass analyser they are accelerated orthogonally up in the flight 

tube by a pulser. The pulser contains magnetic fields that send away packages of ions in 

pulses. The ions then fly towards an electrostatic mirror which has two functions. Primarily it 

prolongs the flight distance without intervening with instrument size. Secondly it compensates 

for the different velocities of the ions. When the ions enter the mass analyser they will be 

focused in an ion beam. Yet the ions in the beam will be closer or further away from the 

pulser which means that the closest ions will get a higher acceleration. Ions with higher 

velocity will fly longer into the mirror before returning down the flight tube toward the 

detector
 
[13]. 

 

In order for the detector to distinguish the different flight times of the accelerated ions, 

packages of ions are sent away up the flight tube. A new package will not be accelerated until 

all previous ions have hit the Micro Channel Plate Detector (MCP). When ions hit the 

detector a cascade of photons is accelerated towards another detector plate which in turn 

releases a number of electrons from each photon. The signal is in this way amplified which 

makes it easier to detect and quantify. Since the ions will be separated based on different 

flight times the detector only needs to add up the final electron pulses to create the mass 

spectrum [14]. 

 

The separation of ions with different masses is based on their different flight time. Lighter 

ions will fly faster according to equation 3 [15]. Equation 3 is in turn a combination of the 

equation for kinetic energy, Ek (Eq. 1), where m is mass over charge and v is velocity, and the 

velocity equation (Eq. 2), where d is length and t is time. The energy and length is constant 

during analysis. The instrument software creates a six number polynomial based on the flight 

time of ions in a tuning mix. The ions in the tune mix are evenly spread over the mass range 

100-2000 m/z and have a well-known mass. This polynomial then works as a calibration 

curve to calculate the masses of the incoming ions. 

 

Eq. 1 and 2 gives Eq. 3 

 
 

(1) 

 
 

(2) 

 
 

(3) 

 

   

Tandem mass spectrometry acquisition 

In ordinary MS acquisition all ions within a decided mass range is passing through the 

quadrupole. They are also passing though the collision cell but without fragmenting. In 

tandem mass spectrometry (MS-MS) ions with a specific mass is passed through the 

quadrupole and into the collision cell. The ion is then fragmented by nitrogen gas and the 

fragments are accelerated up the flight tube. By running in this mode the fragments of a 

specific ion are displayed in a mass spectrum, giving important information for identification 

and characterization [13]. 
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2.0 Experimental  

2.1 Materials 

The extracted catheters were of two different polymer materials with PVP coating and 

sterilized with either electron beam irradiation or EtO. Uncoated raw catheters were also 

extracted. 

 

The additives di(2-ethylhexyl)phthalate (99.5%), 1,3-di-tert-butylbenzene (97%), 13-

Docosenamide (> 85%), Pentaerythritol tetrakis[3-(3,5-di-tert-butyl-4-

hydroxyphenyl)propionate ( 98%) and Tris(2,4-di-tert-butylphenyl)phosphite ( 98%) along 

with gradient grade 2-propanol for HPLC, gradient grade acetonitrile for HPLC and Formic 

acid (94.5%) where all purchased from Sigma Aldrich (Germany). Water was obtained from a 

Milli-Q grade system from Millipore (France).  

 

Titan 2, nylon filters 0.45µm was purchased from Sun Sri (USA, Tennessee) 

Syringe 5 ml, luer lock was purchased from BD Plastipak (Spain) 

Dosatest pH indicator, pH 1.0-12.0 from VWR (France)  

 

2.2 Stock solutions and extracts 

The stock solutions were all prepared in 2-propanol with the mass fraction 500 µg/g of DTBB 

and 1000 µg/g for all other analytes. Analyses were performed on samples where 100 µl of 

each stock solution were transferred to LC-vials and diluted with 2-propanol to the mass 

fractions shown Table 2.1.  

 
Table 2.1 Mass fractions of samples 

Analytes Mass fraction in 

analysed samples 

(µg/g) 

Irganox 1010 70 

Erucamide 70 

Irgafos 168 70 

DTBB 35 

DEHP 70 

 

The extracts were prepared by cutting catheters in 0.5 cm pieces, putting them in storage 

bottles with caps and adding 2-propanol extraction solvent. They were extracted at 70
o
C for 

24 hours, in the extraction ratio 3 cm
2
/ml solvent according to ISO 10993-12:2007. All 

extracts were filtered through a 0.45 µm nylon filter before transferred to LC-vials.  

 

2.3 Liquid chromatography methods 

The liquid chromatography system was from Agilent, type 1260 Infinity series with an 

Infinity diode array detector, with 80 Hz data acquisition (California, USA). The used 

columns were of type Zorbax Extend-C18, 2.1x50mm with particle size 1.8 µm, Zorbax 

XDB-C8, 2.1x50mm with particle size 3.5 µm and Guard column Zorbax XDB-C8, 

2.1x12.5mm with particle size 5 µm, all from Agilent (California, USA). Mobile phase A 
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consisted of 90 % MQ, 10% acetonitrile (ACN) and, when acid addition was tested, 0.01% 

acetic acid. Mobile phase B consisted of 100 % ACN. 

 

The original method parameter settings can be seen in Table 2.2. If nothing else is stated these 

are the LC-UV parameters used.  

 
Table 2.2 LC-UV method parameters 

Parameter Setting 

Mobile phase Gradient:   

Time  %A %B 

min  (90%MQ;10%ACN) (ACN) 

0  55 45 

10   0 100 

18   0 100 

20  55 45 

23  55 45 
 

Flow rate 0.3 ml/min 

Column compartment 40 °C 

Injection volume 5 μl 

UV detection 210 nm 

 

2.4 Mass spectrometry methods 

The used mass spectrometer was from Agilent of type Accurate-Mass 6530, Q-TOF LC/MS 

(California, USA) with dual ESI and APCI ion sources. 

 

Before each run a Check tune was performed to validate the instruments ability to detect the 

mass of ten different compounds with well-known masses. Different tune mixes were used for 

the two ion sources, both with reference ions in the mass range 100-2100 m/z. Tuning and 

sample acquisition was performed with 2 GHz extended dynamic range. Acquisition rate was 

1 spectra/s.  

 

The starting parameters for the MS acquisition are displayed in Table 2.3. If nothing else is 

stated these are the parameters used for the MS acquisition. 

 
Table 2.3 MS parameters  

Parameter ESI APCI 

Gas temp (
o
C) 300 300 

Vaporizer (
o
C) (not used in ESI) 400 

Drying gas (l/min) 6 6 

Nebulizer (psig) 35 35 

VCap (V) 3500 3500 

Corona+ (uA) (not used in ESI) 10 

Fragmentor (V) 175 175 

Skimmer (V) 65 65 

OCT 1 RF Vpp (V) 750 750 

 

2.5 Qualitative data analysis 

The software MassHunter was used for the data processing. An Extracted Ion Chromatogram 

(EIC) with corresponding mass spectra was extracted from each compound in the different 
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runs. The UV signal was also derived at 210 nm. An analysis report was printed to Excel 2010 

from each run containing Total Ion Chromatogram (TIC), EIC, calculated signal-to-noise ratio 

(SNR), peak integrations data and mass spectra of the extracted ions. The SNR is calculated 

by taking the difference of the peak abundance of interest and the highest peak signal in a 

noise region.  

 

All ion chromatograms (TIC, EIC) are displayed as counts versus retention time (min). Mass 

spectra are displayed as counts versus mass over charge (m/z). UV chromatograms are 

displayed as absorption units (Au) versus retention time (min).  

 

2.6 Screening study with MODDE 

The software MODDE 9.0 was used for optimization of the ion source parameters. A 

screening study with a fractional factorial design looking at linear interactions was made and 

six parameters were selected for the study. The parameters and their low and high values are 

displayed in Table 2.4. The parameters were set as qualitative, controlled factors with 

orthogonal scaling.  

 
Table 2.4 Parameter values used in optimization study 

Level 

Gas temp 

 (
o
C)  

Vaporizer 

(
o
C) 

Drying gas 

(l/min) 

Nebulizer 

(psig) 

Vcap 

 (V) 

Corona+ 

(uA) 

High 350 500 8 50 4000 15 

Middle 300 400 6 35 3500 10 

Low 250 300 4 20 3000 5 

 

The used responses were the integrated areas of the DTBB, Erucamide, DEHP, Irganox 1010 

and Irgafos 168. All areas were normalized with the mean area from three runs acquired with 

middle point parameters.  

 

The fitted models were processed by removing the non-significant model terms in the aim to 

optimize Q2, which describes how well the model predicts new data. 
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3.0 Results and Discussion 
 

3.1 Evaluation of separation in LC-UV 

The already established LC-UV method was the first to be tested on the C18 column. The 

analysed sample was a stock solution containing DTBB, Erucamide, DEHP and Irganox 1010. 

The extracted UV-signal is displayed in Figure 3.1a and show only three peaks since 

Erucamide and DEHP co-elutes at retention time 12.1 min. By changing to a less hydrophobic 

column, C8, a total separation of Erucamide and DEHP was achieved. To illustrate the 

improvement the UV signal is displayed in Figure 3.1b. The structures of the additives 

indicates that they will stay longer in the more hydrophobic C18 column. Stronger 

interactions with the hydrophobic stationary phase in the C18 column result in longer 

retention times for the additives in this column. 

 

 

 

 
Figure 3.1 UV signals from stock solution containing DTBB, Erucamide, DEHP and Irganox 1010 in the 

concentrations 30 µg/g of DTBB and 70 µg/g of all other additives. Acetonitrile and MQ with addition of acetic 

acid was used as mobile phases. Chromatogram a) acquired using a Zorbax C18 column. Chromatogram b) 

acquired using a Zorbax C8 column.  

  

a)

) 

b)

) 

b)

) 
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Mobile phases 

0.01% formic acid was added to the mobile water phase in an attempt to ionize the analytes 

already in solution [10]. Although this was not anticipated to greatly affect the ionization, it 

was tried in an educational purpose. To evaluate if the formic acid had any effect on the ion 

formation,  two analyses where made with and without the addition using the APCI ion source 

in positive polarity. In Figure 3.2 the TIC from the two runs are displayed. According to the 

peak area, the ion formation of the analytes does not appear to change when adding acetic 

acid. Furthermore, the apparent pH, measured with pH indicator, of the acidified mobile phase 

was about pH 3 while about pH 6 without acetic acid. The pKa values of the conjugated acids 

of amides and esters (pKa -5 and -0.5 respectively) indicate that the change in pH will not 

affect the protonation. [16]  

 

 
 

 
Figure 3.2 TIC from stock solution containing DTBB, Erucamide, DEHP, Irganox 1010 and Irgafos 168 in the 

concentrations 30 µg/g of DTBB and 70 µg/g of all other additives. Acetonitrile and MQ was used as mobile 

phases. Chromatogram a) acquired with addition of formic acid, b) acquired without formic acid.  

  

a)

) 

b)

) 

TIC 

+APCI 

With formic acid 

n=1 

TIC 

+APCI 

Without formic acid 

n=1 
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3.2 Identification of additives  

Each ion source and polarity was used to analyze a stock solution containing the known 

additives in order to decide which source and mode to develop the desired method with. TIC 

from the four different runs are displayed in Figure 3.3. The TIC from the positive APCI ion 

source (Figure 3.3d) was much easier to interpret compared to the other sources and 

polarities. All added analytes could easily be extracted and identified by their masses and 

retention time in the positive polarity. Furthermore, this chromatogram also gave good 

possibilities to relate the UV signal to the TIC. Still, the ion formation from ESI needs to be 

further studied, but based on the ability of APCI to ionize nonpolar molecules in the mass 

range 100-1500 Da, it was selected for further method development. It is also supported in 

reference literature that the APCI source can ionize Erucamide, Irganox 1010 and Irgafos 168. 

[17][18].  

 

 

 

 

 

 
Figure 3.3 TIC from stock solution containing DTBB, Erucamide, DEHP, Irganox 1010 and Irgafos 168 in the 

concentrations 30 µg/g of DTBB and 70 µg/g of all other additives. Gradient stop time was 25 min at ESI 

acquisition and 23 minutes at APCI acquisition. Chromatogram a) acquired with positive ESI, b) acquired with 

negative ESI, c) acquired with negative APCI, d) acquired with positive APCI 

a)

) 

b)

) 

c) 

d) 

TIC  

+ESI 

n=1 

TIC  

-ESI 

n=1 

TIC  

-APCI 

n=1 

TIC  

+APCI 

n=1 
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3.3 Characterization of additives 

Stock solutions containing each additive separately were analysed with the flow rate 0.5 

ml/min. The EICs are displayed in Figure 3.4. The mass spectra from Irganox 1010 differed 

from the rest with mainly fragments from the precursor ion. Looking at the TIC from negative 

APCI (Figure 3.3c) the only clearly visible ion is the one belonging to Irganox 1010. The 

reason for this is probably that the molecule is fragmented during ionization and the 

fragments get positively charged while the precursor ion becomes negatively charged. A mass 

spectrum of Irganox fragments, acquired with positive APCI, is displayed in Figure 3.5. 

Another aspect of the mass spectra from Irganox is that it tends to form adducts with 

ammonia forming the ion 1194 m/z. One theory of its origin is that nitrogen gets involved in 

an radical reaction at the corona needle, forming ammonia an adduct with Irganox. However 

the mechanism is not clearly understood [19]. There was no visible ion trace from DTBB in 

the TIC, but by extracting at its accurate mass this analyte could also be identified. If the 

structure of this analyte is taken under consideration one can see that it will not easily ionize. 

Furthermore, DTBB is detected in the traces from Irganox and Irgafos which goes in line with 

the molecule being a degradation fragment from both additives [6]. Moving on to Irgafos one 

can see that its oxidized species forms when Irgafos is ionized resulting in two different 

retention times.  

 

 
Figure 3.4 EIC from stock solutions containing DTBB, Erucamide, DEHP, Irganox 1010 and Irgafos 168 

respectively in the concentrations 30 µg/g of DTBB and 70 µg/g of all other additives, acquired with positive 

APCI. 

 

 

EIC +APCI 

DTBB 

EIC +APCI 

Erucamide 

EIC +APCI 

DEHP 

EIC +APCI 

Irganox 1010 

EIC +APCI 

Ox. Irgafos 

168 

EIC +APCI 

Irgafos 168 
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Figure 3.5 Mass spectrum of Irganox acquired with positive APCI 

 

MS-MS acquisition of additives  

For further characterization Erucamide, DEHP, Irganox and Irgafos were analyzed using MS-

MS acquisition. The fragments of each peak are displayed in Figure 3.6. The diamonds mark 

the fragmented precursor ion in the mass spectra. According to Figure 3.6a Erucamide loses 

the amide group followed by loss of water. The lighter ions have a mass spacing of 14 m/z 

between them indicating loss of CH2. The mass spectra from DEHP (Figure 3.6b) clearly 

show one product ion at 149 m/z. This is a typical fragment from phthalates which is 

frequently seen in the background due to plastic tubing and contamination. The mass 

spectrum from Irganox in Figure 3.6c is dominated of tert-butyl losses with 56 m/z difference 

between ions. Mass spectra from Irgafos in Figure 3.6d indicate cleavage of bond between 

phosphor and oxygen resulting in loss of di-tert-butylbenzene branch with the mass 206 m/z. 

Lastly, the MS-MS acquisition indicated that all additives required different fragmentation 

energy due to their different stabilities. 

 

 

 

b) 

Mass Spectrum 

+APCI 

Irganox 1010 

-H2O 

-NH3 

-CH2 
-CH2 

-CH2 

a) MS/MS Spectrum 

Erucamide 

eV = 15 V 

MS/MS Spectrum 

DEHP 

eV = 25 V 

m/z 149 
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Figure 3.6 MS/MS Spectrum from a) Erucamide  b) DEHP c) Irganox 1010 ammonium adduct (1194 m/z), d) 

Irgafos 168 

 

  

c) 

d) 

MS/MS Spectrum  
Irganox 1010 (ammonium adduct) 

eV = 40 V 

-56 m/z 

-56 m/z 
56 m/z = tert-butyl 

MS/MS Spectrum 

Irgafos 168 

eV = 30 V 

-206 m/z 
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3.4 Optimization of ion formation 

The optimization of the ionization was performed in two steps, starting with an evaluation of 

the mobile phase flow rate. In the second step the ion source parameters were altered and 

evaluated according to an experimental design created by the software MODDE.  

 

Flow rate  

The flow rate is an important parameter in the ion formation. The original setting 0.3 ml/min 

is below the recommendations for APCI ion sources [14], higher flows of 0.5 and 0.7 ml/min 

were therefore tested. The TICs from analysis, acquired at the different flow rates, are 

displayed in Figure 3.7. From the total ion chromatograms it can be seen that more 

background ions are present when acquisition is performed at flow rate 0.3 ml/min. When the 

peaks were integrated the areas were the highest for the 0.5 ml/min acquisition. At 0.7 ml/min 

less background noise was seen but the peak area did not differ that much from 0.5 ml/min. 

For practical reasons the 0.5 ml /min flow rate was chosen for further method development.  

 

 

 

 
Figure 3.7 TIC from stock solution containing DTBB, Erucamide, DEHP, Irganox 1010 and Irgafos 168 in the 

concentrations 30 µg/g of DTBB and 70 µg/g of all other additives. Chromatogram a) acquired with flow rate 

0.3 ml/min, b) acquired with flow rate 0.5 ml/min, c) acquired with flow rate 0.7 ml/min  

a)

) 

b)

) 

c)

) 

TIC 
+APCI 

Flow rate: 0.3 ml/min 

TIC 

+APCI 

Flow rate: 0.5 ml/min 

TIC 
+APCI 

Flow rate: 0.7 ml/min 
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Ion source optimization with MODDE 

The sampling matrix created by MODDE and on which the sampling was conducted is 

displayed in Appendix 1. The normalized areas from the five ions DTBB, Erucamide, DEHP, 

Irganox 1010 and Irgafos 168 were put into MODDE. In turn the program calculated a 

multiple linear regression model (MLR) and the model parameters for each ion are displayed 

in Appendix 1. The models are not perfect according to the “model validity” bars, indicating 

that there are probably more parameters that need to be taken into account. Looking at the 

biggest effects interesting variations can still be seen and therefore the coefficient plots were 

extracted and displayed in Figure 3.9. From these plots the major effects came from the 

nebulizer pressure and vaporizer temperature. An increase of pressure and decrease of 

temperature seem to gain most ions. This goes in line with the reasoning that high 

temperatures will cause fragmentation of thermally unstable compounds [11]. The behaviour 

of Irganox 1010 separates it from the other ions, probably due to its higher molecular weight 

and the number of heterobonds in its structure. When evaluating the final method parameters 

a higher nebulizer pressure did not result in higher ion signals for Irganox 1010 and Irgafos 

168, see Appendix 2. Decreasing the vaporizer temperature did not increase ion formation 

either. To be able to both increase ion formation of Irganox 1019 and Irgafos 168 along with 

the other additives, different time segments were programmed in the method. In the first 

segment, between 4 and 10 minutes, the optimal parameters form DEHP and Erucamide were 

used and in the second time segment, between 10 and 16 minutes, the gas temperature, 

vaporizer temperature and drying gas flow was decreased, see Table 3.1 for final method 

parameters. This resulted in a reduction of noise in the later part of the chromatogram, where 

acetonitrile is the main solvent. In addition this reduction of temperature gave larger areas, 

which mean better ionization, of Irganox 1010 and Irgafos 168 and at the same time it reduced 

Irganox 1010 fragmentation.  

 
Figure 3.9 Coefficient plots for studied ions. Some parameters have been excluded in the aim to optimize Q2, 

which describes how well the model predicts new data. R2 describes how well the data fit the model. RSD is 



24 

 

residual standard deviation and the confidence level was 0,95. N defines the number of runs and DF defines the 

degrees of freedom.  

 

Table 3.1 Final method parameters 

Parameters 

 

+APCI 

Time segment 1,2 and 4  

0-10 min and 16-20 min 

+APCI 

Time segment 3  

10-16 min 

Gas temp (
o
C) 300 200 

Vaporizer (
o
C) 400 300 

Drying gas (l/min) 6 4 

Nebulizer (psig) 35 35 

VCap (V) 3500 3500 

Corona+ (uA) 5 5 

Fragmentor (V) 175 175 

Skimmer (V) 65 65 

OCT 1 RF Vpp (V) 750 750 

 

3.5 Injection volume 

In order to decide the injection volume, extracts from uncoated raw catheters were injected in 

the volumes 1 µl, 2 µl and 5 µl and analysed with the positive APCI. The known additives 

were extracted from the three analyses and compared by their SNR, see Table 3.2. From the 

calculated SNR the conclusion to use 1 µl injections when looking for Erucamide, DEHP, 

Irganox 1010 or Irgafos 168 were drawn based on the fact that all these additives that could be 

detected with 5 µl injections as well as with 1 µl injections. The exception was DTBB, which 

will need an injection of 5 µl to be determined. However, the limit of detection was not 

studied and will be considered in future works. Until then the theoretical requirement of SNR 

over 3 will be used and that was in all cases fulfilled. Regarding using a smaller injection 

volume, it will most probably reduce carryover effects between analyses and avoid overload 

of the detector. The blank sample was a 5 µl injection of 2-propanol, Figure 3.10 illustrate the 

possibility of carry-over effects. Since Erucamide easily ionize, even low concentrations will 

probably show in the blank samples. This problem may be solved by programming a needle 

wash between injections. Further studies looking at these contaminations will be considered in 

future works.  

 
Table 3.2 Signal to noise ratios of additives from different injection volumes

 
 

  1 µl  2 µl  5 µl Blank 
Additives SNR SNR SNR SNR 

DTBB - - 16,9 - 
Erucamide 23965,8 12739,2 4851,6 47,7 

DEHP 96,4 129,6 923,6 50 
Irganox 1581,3 501,4 781,4 - 

Ox. Irgafos 11130,4 34828,5 85342,3 100,8 
Irgafos 266,7 345 630,6 - 
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Figure 3.10 EIC of 2-propanol blank sample acquired with +APCI, with the mobile phases ACN and MQ. 

Chromatogram a) Erucamide contamination, b) DEHP contamination, c) Ox. Irgafos 168 contamination. 

   

EIC 
+APCI 

Erucamide 

EIC 

+APCI 

DEHP 

EIC 
+APCI 

Ox. Irgafos 168 

c) 

b) 

a) 
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3.6 Analysis of 2-propanol extracts 

The final method parameters (see Appendix 3) were tested on two different types of catheters. 

In order to protect the detector from unnecessary PVP contamination, the first and last 4 

minutes of the LC gradient were excluded from MS analysis. This was done because of the 

dominating PVP trace during the first minutes and the lack of additives being eluted during 

the last minutes. The last additive to elute is Irgafos 168 at 13.8 min. The resulting TICs are 

displayed in Figure 3.11. Ion traces indicated both the anticipated additives along with a 

number of unknown peaks. Blank samples with 2-propanol contained significant levels of 

DEHP indicating a possible contamination in the samples, see Appendix 4 for further data. A 

possible source for the contamination could be the used auto pipettes and containers. 

Alternatively the 2-propanol may have been contaminated during sample preparation.     

 

 

 
Figure 3.11 TIC from catheter extracts acquired with positive APCI, ACN  and MQ was used as mobile phases 

and 1µl injections were made. Chromatogram a) Catheter 1 CH08 b) Catheter 2 CH08 

  

a) 

b) 

TIC 
+APCI 

Catheter 1 

TIC 
+APCI 

Catheter 2 
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3.7 Identification of unknown peaks 

When analysing stock solution of Erucamide there was a number of unknown peaks appearing 

in the TIC, see Figure 3.12. Possible identities of these peaks may be degradation products 

and the similar analog Oleamid. Therefore a more thorough investigation was done in order to 

identify the peaks. A number of probable fragments from Erucamide were found and EICs 

were extracted. Furthermore, probable formulas were generated by the MassHunter software 

for each extracted ion giving further indication of their identity. The formulas which can be 

seen in Table 3.3 all have an apparent amide group along with a carbon chain of varying 

length. Erucamide signal is displayed in bold style. The calculated mass difference, between 

suggested formula and detected mass, is also displayed in the Table in delta mDa. The 

difference in retention time between fragments indicate that fragmentation have occurred 

before ionization. A possible explanation to their occurrence is that some of these fragments 

are difficult to separate during manufacture (e.g. Oleamide, 281 m/z) while some of the 

fragments might be degradation products of Erucamide formed when in solution.  

 

 
Figure 3.12 TIC from stock solution of Erucamide 70 µg/g acquired with positive APCI, ACN and MQ was used 

as mobile phases.  

 

Table 3.3 Ion traces in Erucamide stock solution 

Retention time SNR m/z Formula [M+H]+ diff. (mDa) 

1,3 406 172.1687 C10 H22 N O 0,87 

7,5 1607 280.2627 C18 H34 N O 0,84 

8,5 80 256.2626 C16 H34 N O 0,88 

9,0 2306 282.2782 C18 H36 N O 0,91 

10,6 6096 284.2941 C18 H38 N O 0,73 

10,8 2840 310.3096 C20 H40 N O 0,80 

11,1 1883 336.3255 C22 H42 N O 0,64 

12,3 2198 312.325 C20 H42 N O 1,10 

12,3 3462 338.3427 C22 H44 N O -0,85 

13,7 2863 366.3725 C24 H48 N O 0,51 

13,8 9739 340.3566 C22 H46 N O 0,80 

  

TIC 
+APCI 

Erucamide stock solution 

70 µg/g 
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4.0 Conclusions 
 

A method has been developed with the APCI ion source in positive polarity that could serve 

as a good starting point for further method development within the area of low polarity 

compounds below 1500 Da. One conclusion drawn from this work is that the majority of 

substances require their own optimization, since molecular properties along with all 

parameters mentioned in this work will affect the ionization. By creating different time 

segments within the method it became possible to optimize the ionization of all the additives, 

despite their different properties. It also helped reducing the noise in the part of the gradient 

where acetonitrile was the dominating solvent.  

 

When the injection volume was tested it could be concluded that the 1 μl injection still 

produced sufficiently large signals for DEHP, Erucamide, Irganox 1010 and Irgafos 168. The 

instrument is sensitive enough to be able to detect lower concentrations then the ones tested of 

all additives besides DTBB. However, the risk of contamination when diluting samples 

weighed heavier as some of the additives easily contaminate samples and instrument. 

 

In order to validate the method a number of studies must still be conducted looking at 

detection limit, selectivity, repeatability, reproducibility, intermediate precision and accuracy. 

 

The developed method proved successful when three different kinds of catheters were 

analysed. The method also detected a number of unknown peaks which are still to be 

identified, although probable Erucamide fragments were evaluated to be the cause to some of 

the signals. Furthermore, the 2-propanol blank exhibited traces of Erucamide and oxidized 

Irgafos along with a large signal from DEHP. The occurrence of Erucamide and oxidized 

Irgafos is probably due to carry-over effects. The large trace from DEHP is probably from 

sample preparation and is a contamination difficult to control since it tends to stick to 

glassware and plastic tubing. However improved routines and restrictions to not use glassware 

that have been containing DEHP might solve these issues.  
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4.1 Future Work 

When the ESI ion source was used to analyse stock solutions of additives a large background 

made characterization difficult. The cause to this might be the mobile phases. As gradient 

grade acetonitrile was used, a solvent with higher purity level, such as LC-MS grade, might 

give better results. In the case of ESI one should also take into account that all polar species 

will be ionized in electrospray giving rise to possible ion suppression. However, all this needs 

to be further investigated. Furthermore, the ESI ion source gives possibilities to look at large 

polar molecules like polymers and sugars. Method development focused on these kinds of 

analytes will be necessary as the method from this work will not suite large polar compounds.  

 

When extracting urinary catheters, signals have been deriving from the PVP coating in the 

samples, smaller traces in the APCI and larger in the ESI. Further studies looking at sample 

preparation will be needed to both get rid of the matrix and to be able to characterize the PVP. 

 

Since this study only focused on qualitative analysis the next step would be quantitative 

method development. The LC-QTOF provides opportunities to quantify compounds that lack 

the properties to be detected by LC-UV or GC-MS. An additional software specifically for 

quantitative analysis is provided within MassHunter and the developed method in this study 

could serve as a good starting point for further quantitative method development with the 

APCI ion source.  

 

As a result of the high sensitivity of the Q-TOF instrument the problem with contamination 

will always be a subject of improvement. The most common sources of contamination are the 

samples and solvents. Therefore better routines need to be developed to minimize 

contamination.  
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Appendix 1  
 

Sampling matrix for screening study made in MODDE.  

Exp 

No 

Run 

Order 

Gas temp 

(
o
C) 

Vaporizer 

(
o
C) 

Drying gas 

(l/min) 

Nebulizer 

(psig) 

Vcap 

(V) 

Corona+ 

(uA) 

1 4 250 300 4 20 3000 5 

2 14 350 300 4 20 4000 5 

3 8 250 500 4 20 4000 15 

4 10 350 500 4 20 3000 15 

5 5 250 300 8 20 4000 15 

6 6 350 300 8 20 3000 15 

7 13 250 500 8 20 3000 5 

8 11 350 500 8 20 4000 5 

9 19 250 300 4 50 3000 15 

10 9 350 300 4 50 4000 15 

11 12 250 500 4 50 4000 5 

12 17 350 500 4 50 3000 5 

13 1 250 300 8 50 4000 5 

14 15 350 300 8 50 3000 5 

15 7 250 500 8 50 3000 15 

16 3 350 500 8 50 4000 15 

17 18 300 400 6 35 3500 10 

18 16 300 400 6 35 3500 10 

19 2 300 400 6 35 3500 10 

 

Model parameters 

R2 represent how well data fit the model, Q2 represent how well the model will be able to 

predict new data. 

 

 
  

0,0

0,2

0,4

0,6

0,8

1,0

DTBB Erucamide DEHP Irganox 1010 Irgafos 168

Investigation: MSoptimization (MLR)
Summary of Fit

N=19         Cond. no.=1,09  

R2
Q2
Model Validity
Reproducibility

MODDE 9.1 - 2012-03-22 08:53:57 (UTC+1) 
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Appendix 2 
Tested method parameters and sample results from MS optimization.  

 

Method parameters  

 
Parameters 

 

+APCI 

“Tempgrad” 

Time segment 1,2 and 4 

+APCI 

“Tempgrad” 

Time segment 3 

+APCI 

“40neb300vap” 

+APCI 

“40neb5cor” 

+APCI 

N17-N19 

Gas temp (oC) 300 200 300 300 300 

Vaporizer (oC) 400 300 300 400 400 

Drying gas (l/min) 6 4 6 6 6 

Nebulizer (psig) 35 35 40 40 35 

VCap (V) 3500 3500 3500 3500 3500 

Corona+ (uA) 5 5 10 5 10 

Fragmentor (V) 175 175 175 175 175 

Skimmer (V) 65 65 65 65 65 

OCT 1 RF Vpp (V) 750 750 750 750 750 

 

Sample results 

All samples have been a level 2 calibration solution (see Table 2.1) with DTBB, Erucamide, 

DEHP, Irganox and Irgafos. Areas have been normalized against mean area of midpoint 

samples N17, N18 and N19.  

 
Sample Name   cal_level2_tempgrad   

Start RT Area Norm Area % change SNR 

DTBB 6,0 21930 1,072 7,2 16 

Erucamide 8,6 163895256 1,092 9,2 7473 

DEHP 9,3 83840694 1,306 30,6 43735 

Irganox 11,9 1422928 1,640 64,1 4010 

Irgafos 14,0 105327670 1,454 45,4 211916 

      Sample Name  

 

cal_level2_40neb300vap 

  
Start RT Area Norm Area % change SNR 

DTBB 6,0 27530 1,346 34,6 13 

Erucamide 8,6 146194160 0,974 -2,6 7560 

DEHP 9,3 78272416 1,219 21,9 29676 

Irganox 11,9 637510 0,735 -26,5 786 

Irgafos 13,8 4833558 0,067 -93,3 4731 

      Sample Name 

 
cal_level2_40neb5cor 

  
Start RT Area norm Area % change SNR 

DTBB 6,0 23365 1,142 14,2 10 

Erucamide 8,6 157209623 1,047 4,7 45868 

DEHP 9,3 73691790 1,148 14,8 13799 

Irganox 11,9 710751 0,819 -18,1 Infinity 

Irgafos 13,8 26761259 0,369 -63,1 6116 

      Sample Name  N17   

 
Additive RT Area Norm area SNR 

 
DTBB 6,0 22213 1,086 13 
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Erucamide 8,7 158164679 1,053 28040 

 
DEHP 9,3 68921368 1,073 39024 

 
Irganox 11,9 889868 1,026 3563 

 
Irgafos 13,8 79005867 1,091 102054 

 

      Sample Name  N18   

 
Start RT Area Norm area SNR 

 
DTBB 6,1 16972 0,830 13 

 
Erucamide 8,6 145065143 0,966 14316 

 
DEHP 9,3 62731022 0,977 28887 

 
Irganox 11,9 821955 0,948 Infinity 

 
Irgafos 13,8 83721049 1,156 72171 

 

      Sample Name  N19   

 
Start RT Area Norm area SNR 

 

Mean area  

N17-N19 StDev 

DTBB 6,0 22183 1,084 14,8 

 
20456 2464 

Erucamide 8,6 147227924 0,981 19722,6 

 
150152582 5733799 

DEHP 9,3 61000432 0,950 35191 

 
64217607 3400271 

Irganox 11,9 890329 1,026 4051 

 
867384 32124 

Irgafos 13,8 54569144 0,753 100032,1 

 
72432020 12776802 

       

 
Overlaid TIC from midpoint samples N17-N19.  
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Appendix 3 
Final method parameters 

 
LC method parameters 

Parameter Setting 

Mobile phase Gradient:   

Time  %A %B 

min  (90%MQ;10%ACN) (ACN) 

0  55 45 

5   0 100 

15   0 100 

18  55 45 

20 55 45 
 

Flow rate 0.5 ml/min 

Column compartment 40 °C 

Injection volume 1 μl 

UV detection 210 nm 

 

MS method parameters 

Parameters 

 

+APCI 

Time segment 1,2 and 4 

+APCI 

Time segment 3 

Gas temp (
o
C) 300 200 

Vaporizer (
o
C) 400 300 

Drying gas (l/min) 6 4 

Nebulizer (psig) 35 35 

VCap (V) 3500 3500 

Corona+ (uA) 5 5 

Fragmentor (V) 175 175 

Skimmer (V) 65 65 

OCT 1 RF Vpp (V) 750 750 
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Appendix 4 
Blank sample of 2-propanol 

 
TIC of 2-propanol blank 

 
UV of 2-propanol blank 

 
EIC of Erucamide m/z 338 

 
EIC of DEHP m/z 391 

 
EIC of oxidized Irgafos m/z 663 

 


