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Abstract

Mycotoxins are ubiquitous occurring food contaminants, which are considered to be harmful to
humans. Some mycotoxins even have carcinogenic properties, calling for exposures of such to
be as low as possible, since even miniscule amounts could be potentially harmful to humans and
animals alike. In order to generate exposure data human biomonitoring (HBM) is used. In HBM
studies biological samples such as urine are screened for the compounds of interest.
Sarkanj et al. (2018, Analytica Chimica Acta 1019, pp. 84-92) developed a sensitive liquid
chromatography tandem mass spectrometry (LC-MS/MS) method for the detection of multiple
mycotoxins in urine. This was achieved through the combination of a general sample cleanup
procedure, the use of isotopically labeled internal standards, enzymatic hydrolysis of conjugated
toxins, and an optimized chromatographic separation. The aims of this master’s thesis were the
transfer of the aforementioned method to an in-house LC-MS/MS instrument, further optimization
of the method, including the addition of various other analytes, the evaluation of the method’s
performance based on an in-house validation, and to test the method for a different biological
matrix (serum). The results showed that a total of 22 mycotoxins and key metabolites were
successfully validated in-house, which means that ten more mycotoxins and key metabolites were
added to the previously published method. However, the optimized method was less sensitive
compared to the method established by Sarkanj et al. (2018). In addition, some mycotoxins did
not pass all in-house validation criteria, which had been validated previously (e.g. ochratoxin A).
On the other hand, analysis of real-life urine samples showed that the optimized method is still
sensitive enough to detect multiple mycotoxins, as shown in a proof-of-principle experiment
including 15 unknown urine samples. Another aim of this thesis was to apply the optimized and
validated LC-MS/MS method to serum. This preliminary screening revealed that the detection of
analytes in the range of 15-500 ng/L is feasible. Although the optimized method is not as sensitive
as the previously published method, it might still be valuable for the assessment of human

mycotoxin exposure.



Zusammenfassung

Mykotoxine sind ubiquitdr vorkommende Lebensmittelkontaminanten, welche als schadlich fur
den menschlichen Organismus eingestuft werden. Manche Mykotoxine besitzen karzinogene
Eigenschaften, was bedingt, dass die Aufnahme derartiger Substanzen so gering wie mdglich
gehalten werden sollte, da bereits kleinste Mengen negative Auswirkungen auf Menschen und
Tiere haben kénnen. Zur Schaffung von Expositionsdaten wird Human-Biomonitoring (HBM)
verwendet. Im Zuge von HBM-Studien werden biologische Proben, wie etwa Urin, auf
unterschiedlichste Substanzen Uberpriift. Sarkanj et al. (2018, Analytica Chimica Acta 1019,
SS. 84-92) haben eine sensitive Flissigchromatographie-Tandem-Massenspektrometrie
(LC-MS/MS)-Methode zur Bestimmung mehrerer Mykotoxine in menschlichem Urin entwickelt.
Die hohe Sensitivitat  wurde durch die Kombination einer  allgemeinen
Probenaufreinigungsprozedur mit der Verwendung von mit Stabilisotopen markierten internen
Standards, einer enzymatischen Aufspaltung von konjugierten Mykotoxinen und optimierten
Chromatographie-Bedingungen erreicht. Die Ziele dieser Masterarbeit waren der Transfer dieser
Methode auf ein laborinternes LC-MS/MS-Instrument, die weitere Optimierung der Methode, die
Erweiterung der Methode um weitere Analyten, die kritische Evaluierung der Methode anhand
einer In-House-Validierung und der Versuch die Methode auf eine andere biologische Matrix
(Blutserum) zu ubertragen. Die Ergebnisse zeigten, dass insgesamt 22 Mykotoxine und
Schlissel-Metaboliten die In-House-Validierung erfolgreich Uberstanden haben, was bedeutet,
dass die bereits publizierte Methode um zehn weitere Mykotoxine und Schlissel-Metaboliten
erweitert wurde. Jedoch erwies sich die optimierte Methode, verglichen mit der bereits etablierten
Methode von Sarkanj et al. (2018) als weniger sensitiv. Zudem erfiillten manche Mykotoxine, die
einer Validierung durch Sarkanj et al. (2018) standhielten, nicht alle In-House-
Validierungskriterien (z.B. Ochratoxin A). Andererseits zeigte sich in einem Proof-of-Principle-
Experiment, mit 15 unbekannten Urinproben, dass die optimierte Methode sensitiv genug ist, um
damit verschiedenste Mykotoxine in, aus dem wirklichen Leben stammenden, Proben zu
detektieren. Ein weiteres Ziel dieser Arbeit war die Anwendung der optimierten und validierten
LC-MS/MS-Methode auf Blutserum. Dieses vorlaufige Screening zeigte, dass die Analyten in
einem Bereich von 15-500 ng/L detektiert werden kénnen. Obwohl die optimierte Methode nicht
so sensitiv ist wie die bereits publizierte Methode, kdnnte sie sich dennoch als wertvoll zur

Abschatzung der humanen Mykotoxin-Exposition erweisen.






Introduction

1 Introduction

The following subchapters provide an overview of the background of this thesis. First of all,
various regulated and non-regulated mycotoxins, including their implications for human health,
are discussed. In the succeeding subchapter the importance of human biomonitoring (HBM) is
explained. The third subchapter deals with the possibilities and practical aspects of determining
mycotoxin-exposure through the analysis of human samples. This subchapter is subsequently
followed by the fourth and final subchapter, which highlights important method validation

parameters.

1.1 Mycotoxins

Mycotoxins are toxic secondary metabolites produced by filamentous microfungi (molds) of the
phylum Ascomycota (Alshannaq and Yu, 2017). They are a group of chemically and structurally
very diverse compounds and can lead to various adverse health effects in humans and animals
alike (Slobodchikova et al., 2019). So far over 300 different mycotoxins have been identified
(Bellio et al., 2016). These toxins can occur as a result of fungal growth and are frequently
detected in contaminated foods and feeds, such as barley, maize, peanuts, rye, and
wheat (Alshannaq and Yu, 2017; Sweeney and Dobson, 1998). Moreover, due to possible
carry-overs from contaminated feed, they can also be detected in animal products, such as eggs,
meat, and milk (Sweeney and Dobson, 1998). Most fungi, which cause frequent problematic
contamination of comestible goods, belong to the fungal genera Aspergillus, Fusarium, and
Penicillium (Marin et al., 2013; Sweeney and Dobson, 1998). While Aspergillus and Penicillium
species predominantly grow on food and feed during storage, Fusarium species more commonly
infect crops during the plant’s growth (Bennett and Klich, 2003). Recent studies have shown that
72-79 % of global feed samples and about 60-80 % of global food crops are contaminated with
mycotoxins (Eskola et al., 2019; Kovalsky et al., 2016; Streit et al., 2013). Furthermore, in over
20 % of analyzed food crops the detected concentrations were above the lower limits of the
European Union’s (EU’s) guidance values for mycotoxins in food and feed. With continuously
increasing global temperature, and therefore better growth conditions for certain fungi, these

figures are expected to rise even higher (Eskola et al., 2019).

When discussing diseases, which are caused by fungi, a distinction between the terms mycoses
and mycotoxicoses has to be established. Direct growth of fungi on animal hosts leads to
mycoses, whereas dermal, dietary, respiratory, and other forms of mycotoxin exposure lead to
diseases, which are collectively referred to as mycotoxicoses. Symptoms of either can range from
rather mild up to life-threatening (Bennett and Klich, 2003). The following subchapters of this
thesis will depict the regulated and certain non-regulated mycotoxins, which, under certain

circumstances, might cause mycotoxicoses.
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1.1.1 Regulated mycotoxins

Even if many might pose a threat to human health, to date, only the following mycotoxins are
actually regulated in the EU under Commission Regulation (EC) 1881/2006 and Commission
Recommendation 2013/165/EU:

Table 1: Regulated and recommended maximum levels of mycotoxins for selected foodstuffs in the

European Union based on Commission Regulation (EC) 1881/2006 and Commission Recommendation
2013/165/EU

Mycotoxins Foodstuffs Maximum levels (ug/kg)
Groundnuts  (peanuts),  other
oilseeds, and processed products 4
Aflatoxins (sum of Bi, Bz, Gi | thereof
and Gz) Maize and rice to be subjected to
sorting or other physical treatment 10
prior to human consumption
Raw milk, heat-treated milk, and 0.05
milk for milk-based products '
Aflatoxin M1
Infant formula and follow-up
0.025
formula
Unprocessed cereals 5
Ochratoxin A
Processed cereal-based foods 0.5
Fruit juices 50
Patulin Apple juice and solid apple 10
products for infants
Unprocessed cereals 1,250
Deoxynivalenol
Processed cereal-based foods 200
Unprocessed cereals 100
Zearalenone
Processed cereal-based foods 20
Unprocessed maize 4,000
Fumonisins (sum of B1 and Bz)
Processed maize-based foods 200
T-2 and HT-2 toxin Unprocessed cereals 2002
Food supplements based on rice
Citrinin fermented with red yeast 2,000
(Monascus purpureus)

a guidance level, not recognized by law
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Out of all regulated mycotoxins aflatoxins (AFs) present the highest risk to animal and human
health. AFs are difuranocoumarins and produced by fungi of the genus Aspergillus, namely
Aspergillus flavus, Aspergillus parasiticus, and Aspergillus nominus. The four main AFs are
aflatoxin B1 (AFB,), aflatoxin Bz (AFB,), aflatoxin G4 (AFG41), and aflatoxin G2 (AFG;) (Richard,
2007). They can commonly be detected in cereals (e.g. maize), nuts (e.g. Brazil nuts, pistachios),
peanuts, and figs (Marin et al., 2013). Although a carry-over might be possible, they are seldom
found in meat and poultry (Armorini et al., 2016). However, aflatoxin Ms; (AFM4) and
aflatoxin M, (AFM;) can be detected in milk and milk products derived from animals, which were
fed with AF-contaminated feed during lactation. Across all AFs AFB; is the most toxic one. The
International Agency for Research on Cancer (IARC) has classified it as a group 1 carcinogen,
meaning that the compound is considered as carcinogenic to humans (IARC, 2012). This is due
to the fact that AFs can be converted into their respective 8,9-epoxide forms, which are suspected
to be responsible for the mutagenic properties of these toxins. The ultimately resulting
8,9-exoepoxides can bind to the N7-guanine of the deoxyribonucleic acid (DNA). AFB; is
especially prone to form such DNA-adducts. The liver is the predominant site of metabolism,
which is why elevated exposure leads to hepatocellular carcinoma (Al-Jaal et al., 2019; McMillan
et al., 2018). AFM+’s carcinogenic potential, on the other hand, is estimated to be about ten times
lower than that of AFB+. However, AFM; is classified as a group 2B carcinogen, meaning it is

considered as possibly carcinogenic to humans (IARC, 2012).
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Aflatoxin B1 CH, Aflatoxin G1 CH, Aflatoxin M1 CH,
Molecular Weight: 312.27 g/mol Molecular Weight: 328.27 g/mol Molecular Weight: 328.27 g/mol

Aflatoxin B, CHy Aflatoxin G, CH, Aflatoxin M, CHs
Molecular Weight: 314.29 g/mol Molecular Weight: 330.29 g/mol Molecular Weight: 330.29 g/mol

Figure 1: Regulated mycotoxins aflatoxin B+, aflatoxin Bz, aflatoxin G4, aflatoxin Gz, aflatoxin M1, and
non-regulated mycotoxin aflatoxin M2
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Ochratoxins (OTs) are toxic secondary metabolites produced by certain Aspergillus species, such
as Aspergillus ochraceus and Aspergillus niger, and some Penicillium species, primarily by
Penicillium verrucosum. There are three main types of OTs: ochratoxin A (OTA),
ochratoxin B (OTB), and ochratoxin C (OTC). While OTB and OTC are generally considered to
be of lesser importance, OTA is said to be the most prominent one (Heussner and Bingle, 2015).
It can commonly be detected in all kinds of cereals (e.g. barley, rye, wheat), making it a prominent
contaminant in food and feed (Heussner and Bingle, 2015; Malir et al., 2016). Different studies
have shown that OTA might elicit various adverse health effects in vitro and in vivo alike. The key
adverse health effect of an elevated exposure is believed to be carcinogenicity, which
predominantly affects the kidneys (Dietrich et al., 2005; Gekle et al., 1998; Mally and Dekant,
2009). Various recent studies support the hypothesis that carcinogenesis is mediated via a
non-DNA-reactive mode of action, involving mechanisms, which are primarily related to oxidative
stress (Haighton et al., 2012; Mally, 2012; Vettorazzi et al., 2013). However, because of sufficient
evidence suggesting the carcinogenicity of OTA in animal studies, but inadequate evidence
supporting a carcinogenicity in humans, the IARC has categorized the compound as a group 2B
carcinogen (IARC, 1993).

cl

CH,

H

0
\\\\N
0 OH o]
HO 0
Ochratoxin A

Molecular Weight: 403.81 g/mol

Figure 2: Regulated mycotoxin ochratoxin A

The mycotoxin patulin (PAT) is produced by over 60 different species of molds, from which
Penicillium expansum is considered to be its main producer (Moake et al., 2006). It can commonly
be detected in apple and apple-based products (e.g. juice, jam). However, other fruits, such as
pears and oranges, can also display various levels of contamination (Moukas et al., 2008;
Spadaro et al., 2007; Torovi¢ et al., 2017). Research has shown that over 20 % of the analyzed
fruits and fruit products from European countries were tested positive for PAT. Although the
detected concentrations were mostly below the maximum level for PAT and were, therefore,
generally considered as safe, this means that the European population is frequently exposed to
low doses of this toxin (Vidal et al., 2019). Studies have shown that an elevated PAT exposure
might lead to symptoms, such as intestinal inflammation and edema (Selmanoglu and Kogkaya,

2004; Singh et al., 2018). Moreover, a chronic exposure was proven to be genotoxic,
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immunotoxic, and teratogenic in various in vitro and in vivo studies (Alves et al., 2000; Ciegler et
al., 1976; Llewellyn et al., 1998). Yet, due to a lack of toxicological data regarding the adverse
health effects of PAT in humans, the IARC has categorized the compound as a group 3

carcinogen, meaning that it is considered as not carcinogenic to humans (IARC, 1987).

Patulin
Molecular Weight: 154.12 g/mol

Figure 3: Regulated mycotoxin patulin

Trichothecenes are a big group of structurally related mycotoxins. Over 180 trichothecenes are
known to date, which, depending on their functional groups, are divided into four types (A-D).
However, only type A and B trichothecenes are relevant in feed and food. T-2 toxin (T-2) and
HT-2 toxin (HT-2) are type A trichothecenes and produced by fungi of to the genus Fusarium.
Major T-2- and HT-2-producing species are Fusarium acuminatum, Fusarium nivale, Fusarium
oxysporum, Fusarium poae, Fusarium solani, and Fusarium sporotrichioides. T-2 and HT-2 are
commonly detected in cereals, such as corn, rice, and wheat (Ok et al., 2013). T-2 is one of the
most toxic members of the trichothecene family, while also being the only compound, which can
be absorbed directly through the skin (Adhikari et al., 2017). Research suggests that it elicits
cytotoxic and genotoxic properties (Horvatovich et al., 2013; Shinozuka et al., 1998). The modes
of action are mainly related to inhibition of protein synthesis and oxidative stress. Moreover, it is
also suspected to impair other enzymes such as the DNA polymerases (Adhikari et al., 2017). In
humans T-2-poisoning can lead to alimentary toxic aleukia, which is characterized by diarrhea,
hemorrhagic inflammation, leukopenia, nausea, vomiting, and, in severe cases, even death
(Lutsky and Mor, 1981). However, due to a lack of evidence regarding the carcinogenicity of T-2,

the IARC has categorized the compound as a group 3 carcinogen (IARC, 1993).
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HO YCHa
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CH, CHy

T-2 Toxin HT-2 Toxin
Molecular Weight: 466.52 g/mol Molecular Weight: 424.48 g/mol

Figure 4: For regulation recommended, but not yet regulated, mycotoxins T-2 toxin and HT-2 toxin

Nivalenol (NIV), deoxynivalenol (DON), and fusarenon-X (FX) are all classified as type B
trichothecenes (Aupanun et al., 2017). DON is mainly produced by fungi of the genus Fusarium,
especially Fusarium graminearum and Fusarium culmorum (Zheng et al., 2017). It is the key
representative for type B trichothecenes and can commonly be detected in food and feed, such
as barley, corn, and wheat (Creppy, 2002; Malachova et al., 2011; Zheng et al., 2017). Research
has shown that alongside DON and NIV contamination of crops, FX frequently occurs (IARC,
1993). Acute DON exposure is associated with two characteristic adverse health effects, which
are anorexia and vomiting. Therefore, DON is also known as vomitoxin (Creppy, 2002). In
extremely high doses, which are unlikely of ever being found in food and feed, however, it can
even lead to a shock-like death (Sobrova et al., 2010). Although it is one of the most well-studied
trichothecenes, it is also among the least toxic ones. Due to the lack of evidence on the
carcinogenicity of DON, the IARC has categorized the compound as a group 3 carcinogen (IARC,
1993).
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Deoxynivalenol
Molecular Weight: 296.31 g/mol

Figure 5: Regulated mycotoxin deoxynivalenol

Another major Fusarium mycotoxin is the resorcyclic acid lactone (RAL)
zearalenone (ZEN) (D'Mello et al., 1999; Danicke and Winkler, 2015). It is mainly produced by
Fusarium cerealis, Fusarium culmorum, Fusarium equiseti, Fusarium graminearum, and
Fusarium semitectum and can commonly be detected in cereals, such as barley, corn, oats,
sorghum, rice, and wheat (Zinedine et al., 2007). Although ZEN is the most abundant RAL in food
and feed, others might be present as well. This includes key metabolites of ZEN, which are
a-zearalenol (a-ZEL), B-zearalenol (B-ZEL), a-zearalanol (a-ZAL), B-zearalanol (B-ZAL), and
zearalanone (ZAN). Since ZEN is the most prominent RAL, its toxicity has been extensively
studied (Danicke and Winkler, 2015). It shares structural similarities with the human sex hormone
17B-estradiol (E2). Therefore, it can bind to the estrogen receptors and is suspected to induce
receptor-mediated gene expression (Vejdovszky et al., 2017b). Following high chronic exposures
E> was proven to lead to tumors in vivo (Andrade et al., 2015). Although the estrogenic potential
of ZEN is about 100-fold lower than that of E», it might still play an important role in the
development of various estrogen-dependent cancers (e.g. breast cancer, prostate cancer) in
humans (Ahamed et al., 2001; Kowalska et al., 2018; Vejdovszky et al., 2017a). ZEN is also
suspected to lead to abnormal growth rates and precocious puberty in girls (Massart et al., 2008).
Moreover, recently ZEN was proven to cross the human placental barrier, after which it can cause
hormonal imbalances, that negatively affect the fetus during critical stages of development (Warth
et al., 2019). However, due to inadequate evidence regarding its carcinogenicity, the IARC has

categorized it as a group 3 carcinogen (IARC, 1993).
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Figure 6: Human sex hormone 17B-estradiol and regulated mycotoxin zearalenone

Fumonisins are mycotoxins, which are also predominantly produced by fungi of the genus
Fusarium. Main fumonisin-producing species are considered to be Fusarium moniliforme and
Fusarium proliferatum (EFSA, 2005). Today there exist about 30 known fumonisin-analogues,
which are divided into four groups: fumonisins A, B, C, and P (Ponce-Garcia et al., 2018). Out of
all fumonisin analogues fumonisin B1 (FB1), fumonisin B2 (FB2), and fumonisin B3z (FB3) are the
most abundant ones (Rheeder et al., 2002). They are frequently detected in crops, especially in
corn and wheat, with FB1 being the most prevalent one, and accounting for 70-80 % of total
fumonisin B contamination (Marin et al., 2013; Rheeder et al., 2002). FB1 is also presumed to be
the most toxicologically relevant one. The main mode of action of fumonisins is suggested to be
the disruption of the sphingolipid metabolism. Due to structural similarities with the sphingoid
bases sphinganine and sphingosine they can inhibit the enzyme ceramide synthase, which
disrupts the de novo biosynthesis of ceramide, and leads to an accumulation of sphinganine and
sphingosine in the organism (Merrill et al., 2001; Riley and Voss, 2006). These excess
sphingolipids can subsequently induce cytotoxic, growth inhibitory, and proapoptotic effects
(Merrill et al., 2001). FB1 was proven toxic to various organs of different animals, including kidney
and liver (Voss et al., 2007). Furthermore, fumonisins are suspected risk factors for liver and
esophageal tumors in highly exposed individuals (Marasas, 2001). Therefore, the IARC has
categorized both, FB1 and FBy, as group 2B carcinogens (IARC, 2002).
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The polyketide mycotoxin citrinin (CIT) is produced by fungi of the genera Aspergillus, Monascus,
and Penicillium (EFSA, 2012). Main CIT-producing fungal species are considered to be
Aspergillus oryzae, Penicillium citrinum, and Monascus purpureus (Li et al., 2017; Liang et al.,
2017; Sakai et al., 2008). It can frequently be detected in cereals, such as barley, corn, rice, and
wheat, but also in other food commodities, like fruits, vegetables, herbs, and spices (EFSA, 2012).
CIT is a cytotoxic compound and can cause severe changes in normal mitochondria, ultimately
leading to swelling and cell death (Chagas et al., 1994). In animal studies it was shown to evoke
cardiotoxic, hepatotoxic, and nephrotoxic effects (Krejci et al., 1996; Rasi¢ et al., 2018; Wu et al.,
2013). There are numerous studies, which demonstrate its genotoxic effects in vitro. In one of
these studies, for instance, CIT-treatment lead to increased chromosomal abnormalities,
chromosome aberrations, and DNA-fragmentation (Bouslimi et al., 2008; Knasmiuiller et al., 2004;
Liu et al., 2003). However, due to a lack of evidence supporting its carcinogenic effects, the IARC

has categorized the compound as a group 3 carcinogen (IARC, 1987).

Citrinin
Molecular Weight: 250.25 g/mol

Figure 8: Regulated mycotoxin citrinin
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1.1.2 Emerging and non-regulated mycotoxins

Although the aforementioned mycotoxins are regulated in the EU, there are many so-called
emerging mycotoxins, which currently lack regulation. One of these unregulated mycotoxins is
ochratoxin a (OTa). It is a major metabolite of OTA and formed after enzymatic hydrolysis of OTA
through gut microorganisms. While OTa is less toxicologically potent than its parent compound,
its monitoring might still be required in order to enable analysts to reach a conclusion regarding
the total OTA-exposure of subjects (Kupski et al., 2016). Although contamination levels are
usually considered to be low, OTB and OTC can co-occur alongside OTA in food and feed.
Research suggests that OTC is toxicologically more potent than OTB, but neither seems to be as
potent as OTA. However, their contribution to OTA'’s toxicity is still unclear (Heussner and Bingle,
2015).

Cl

CHy
HO 0

0 OH 0

Ochratoxin o
Molecular Weight: 256.64 g/mol

et mm

Ochratoxin B
Molecular Weight: 369.37 g/mol HyC OCh ratoxin C
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Figure 9: Non-regulated mycotoxins ochratoxin a, ochratoxin B, and ochratoxin C

Many AFs are currently regulated in the EU, however, others are not. One of these not yet
regulated AFs is AFM,, which is the hydroxy-metabolite of AFB-. It can commonly be detected
alongside AFM1 in dairy products, such as milk and cheese (Bellio et al., 2016; Pietri et al., 2003).
Moreover, AFM, was shown to be converted into AFM4, making it a mycotoxin of toxicological
concern (Dutton et al., 1985). Like AFM;, aflatoxin P1 (AFP+) and aflatoxin Q1 (AFQ) are also
hydroxylated metabolites of AFB+. While AFM1 and AFQ are structural isomers, AFP4 can be
seen as demethylated form of AFB1 (Franco et al., 1998). AFQ; is significantly less mutagenic
than AFBs and other AFB;i-metabolites, making it an important detoxification biomarker
(Coulombe et al., 1982). Moreover, research suggests that the presence of urinary AFBy, its
metabolites AFM+ or AFP4, or the AFB1-DNA-adduct aflatoxin-N’-guanine (AFB-N’-gua) can lead
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to a four times higher risk of hepatocellular carcinoma, in comparison to individuals where these
urinary mycotoxins are not detected (Qian et al., 1994). Formation of AFB-N’-gua is the most
important step of AF-induced liver carcinogenesis, which makes it a powerful human biomarker
(Groopman et al., 1994). Another major AFBs metabolite is aflatoxicol (AFL). Although AFL was
shown to be 18 times less toxic than AFB+1, AFL formation does hardly decrease its mutagenic
potential, since AFB4 and AFL can build the same DNA adduct (Bailey et al., 1994; Coulombe et
al., 1982; Karabulut et al., 2014; Theumer et al., 2018). Furthermore, due to the fact that AFL can
be reconverted into AFBy, it can also act as an AFB1 reservoir in the organism (Carvajal et al.,
2003). AFL was also shown to be the only AFBi-metabolite capable of permeating the human
placenta barrier (Partanen et al., 2010). All of these circumstances make AFL a compound of

strong analytic interest.

Aflatoxin P, Aflatoxin Q, CHs Aflatoxicol
Molecular Weight: 298.25 g/mol Molecular Weight: 328.27 g/mol Molecular Weight: 314.29 g/mol
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Figure 10: Non-regulated mycotoxins aflatoxin P4, aflatoxin Qi, aflatoxicol, and DNA-adduct
aflatoxin-N7-guanine

When discussing AFs one should not fail to mention the mycotoxin sterigmatocystin (STC), which
is an AF precursor, and structurally closely related to AFB (Gruber-Dorninger et al., 2017). STC
also possesses toxic properties. Various in vitro studies have shown that it elicits cytotoxic and
genotoxic effects (Gao et al., 2015; Liu et al., 2014; Zouaoui et al., 2016). One study has shown
a significant increase in DNA strand breaks and intracellular markers for oxidative stress after
STC exposure (Gao et al., 2015). Moreover, several in vivo studies have demonstrated its toxic
properties in various animals, which are similar to those of AFB1. However, the compound’s acute
toxicity is considerably lower than that of AFB1 (Abdel-Wahhab et al., 2005; Kovalenko et al.,
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2011; Sreemannarayana et al., 1986). Based on the previously available data, the IARC has
classified STC as a group 2B carcinogen (IARC, 1987). Considering that there are mycotoxins,
which seem to be less carcinogenic than STC, but still regulated in the EU (e.g. CIT), this makes

the compound worth monitoring (Ostry et al., 2017).

Sterigmatocystin CH,
Molecular Weight: 324.28 g/mol

Figure 11: Non-regulated mycotoxin sterigmatocystin

Another prominent non-regulated mycotoxin is NIV. Although NIV does not occur as frequently in
food and feed as DON, its toxic properties are about twice as high (IARC, 1993). Studies also
suggest that NIV, like other trichothecenes, induces inhibitory effects on the immune system,
protein synthesis, and DNA synthesis (Choi et al., 2000; Sundstgl Eriksen et al., 2004; Ueno et
al., 1968). However, data regarding the toxicity of NIV is still scarce (Bryta et al., 2018). Another
important emerging trichothecene is deepoxy-deoxynivalenol (DOM-1), which is a metabolite of
DON. A recent study has suggested that the toxicity of DOM-1 is significantly lower than that of
DON. This is partly attributed to the molecule’s loss of its epoxide moiety. Yet, it was also shown
that DOM-1 still retains some of DON’s immune-modulatory effects (Pierron et al., 2018). With
the usage of certain bacteria of the Coriobacteriaceae family as feed additives, which can

transform DON into DOM-1, the compound has recently gained relevance in feed (EFSA, 2013).

Nivalenol Deepoxy-deoxynivalenol
Molecular Weight: 312.31 g/mol Molecular Weight: 280.32 g/mol

Figure 12: Non-regulated mycotoxins nivalenol and deepoxy-deoxynivalenol
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Dihydrocitrinone (DHC) is a putative mycotoxin degradation product, which is formed after
hydroxylation of CIT. It can be commonly detected in human blood and urine (Ali et al., 2015;
Degen et al., 2018; Osteresch et al., 2017). The genotoxic potential of DHC is about ten times
lower than that of CIT, which is the reason why the metabolization is generally considered as a
detoxification step (Féllmann et al., 2014). However, in order to fully determine a subject’'s CIT

exposure, individual DHC concentrations should be recorded as well (Degen et al., 2018).

CHy EH3

0 OH (o}

Dihydrocitrinone
Molecular Weight: 266.25 g/mol

Figure 13: Non-regulated mycotoxin dihydrocitrinone

As it was already discussed previously ZAN, o-ZAL, B-ZAL, a-ZEL, and B-ZEL are major
metabolites of ZEN. Studies have shown that, like ZEN, these compounds might elicit estrogenic
properties as well (Frizzell et al., 2011; Shier et al., 2001; Vejdovszky et al., 2017a). Out of all of
these metabolites a-ZEL is suspected to be the most potent one, possessing an estrogenic effect,
which is about 70 times higher than that its parent compound ZEN, and only slightly less potent
than that of E; itself (Frizzell et al., 2011; Vejdovszky et al., 2017a). Apart from that, synthetic
a-ZAL is marketed as an anabolic agent in livestock. While the EU has banned the use of such
substances in food-producing animals since 1988, a-ZAL'’s application is still permitted in some

countries around the world (e.g. United States of America (USA)) (Lega et al., 2017).
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Figure 14: Non-regulated mycotoxins zearalanone, a-zearalanol, [B-zearalanol, a-zearalenol, and
[B-zearalenol

There are also many non-regulated mycotoxins, which belong to the fungal genus Alternaria.
Examples of such are alternariol (AOH), alternariol monomethyl ether (AME), and tentoxin (TEN),
which are mainly produced by Alternaria alternata (EFSA, 2011). To date, still little is known about
the toxicity of these compounds. However, recent studies have shown that AOH and AME elicit
DNA-damaging effects, and might therefore induce tumors (Pahlke et al., 2016; Tiessen et al.,
2017). Another study has shown that AOH and, to a lesser extent, AME potentially evoke
immunotoxic effects as well (Grover and Lawrence, 2017). The chemical structure of TEN, on the
other hand, differs greatly from the AOH and AME, which results in vastly different toxicological
effects. In arecent in vitro study with HepaRG cells, TEN treatment led to an increased expression

of several genes, that play a role in the induction of necrosis (Hessel-Pras et al., 2019).
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Figure 15: Non-regulated mycotoxins alternariol, alternariol monomethyl ether, and tentoxin

A big group of mycotoxins, which are not regulated to date, are the cyclic hexadepsipeptides.
Members of this group are the enniatins (ENNs) and beauvericin (BEA) (Gruber-Dorninger et al.,
2017). BEA and the ENNSs, especially enniatin A (ENNA), enniatin A1 (ENNA1), enniatin B (ENNB),
and enniatin B1 (ENNB1) can frequently be detected in food and feed (EFSA, 2014b; Tolosa et
al., 2019). The toxicity of these compounds is related to their ionophoric properties. Although they
are toxic in vitro most in vivo data suggests low or no acute toxicity at all. Chronic toxicity data,
however, is still lacking (Gruber-Dorninger et al., 2017). A recent study has shown that these
compounds can be frequently detected in breast milk (Braun et al., 2020a). The follow-up study
confirmed the first study’s findings and also found little variation in concentration over an
elongated time period. This suggests a low constant background exposure of individuals to these

mycotoxins, beginning with birth (Braun et al., 2020b).
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1.2 Human biomonitoring

1.2.1 General aspects

The aims of HBM are to determine human exposure to certain compounds by monitoring said
compounds and/or their metabolites in human biological samples, mainly blood, breast milk, hair,
saliva, and/or urine. HBM is a helpful tool in the assessment of total individual exposure to
potentially toxic compounds. The thereby acquired data can be used to investigate how exposure
to certain substances might ultimately affect human health, or assist in identifying risk groups for

various diseases (Ali and Degen, 2019).

1.2.2 Human biomonitoring of mycotoxins

Humans mainly take up mycotoxins through oral ingestion. The total mycotoxin exposure of
individuals, however, can be more diverse. One of the non-dietary mycotoxin exposure routes
represents the inhalation of dust particles at the workplace, which might oftentimes be the case
for mill workers. Therefore, mycotoxin exposure of occupationally exposed individuals can
significantly differ from non-occupationally exposed individuals, resulting in a higher risk for
certain mycotoxin-associated diseases (Ferri et al., 2017; Viegas et al., 2013; Viegas et al., 2012).
HBM of mycotoxins is a helpful tool in identifying these so-called high risk groups and HBM data
is building an important foundation for the implementation of mycotoxin mitigation strategies (Ali
and Degen, 2019).

The preferred matrix for HBM is urine, which is mainly due to the quick, easy, and non-invasive
nature of the sampling procedure. Recent innovations in liquid chromatography tandem mass
spectrometry (LC-MS/MS)-based analytical methods have made the simultaneous biomonitoring
of multiple mycotoxins in urine more accessible (Ali and Degen, 2019; Braun et al., 2020a; éarkanj
et al., 2018).

1.3 Analytical determination of mycotoxins in urine

The ultra-sensitive analytical determination of multiple mycotoxins in biological matrices can be
very challenging. Especially matrix interferences make ultra-trace analyses difficult. Here,
sophisticated cleanup strategies were proven essential in order to create LC-MS/MS methods
with best sensitivities (Braun et al., 2020a; éarkanj et al., 2018). There are various sample
treatment methods, which can be used in order to get rid of interfering matrix components and
enable a more sensitive determination of mycotoxins in difficult biological matrices. The analytes
of interest can, for instance, be extracted by means of salting-out assisted liquid-liquid extraction
(SALLE). With SALLE analyte extraction is based on the compounds solubility in two different
immiscible solvents, assisted by salting out, which allows efficient analyte extraction from

aqueous samples (Marifio-Repizo et al., 2018). Another important pretreatment procedure is the
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mycotoxin extraction via immunoaffinity columns (IAC). IACs are packed with immobilized
antibodies, which can selectively trap the target analytes. After matrix components are removed,
the target analytes are eluted, and therefore, a clean extract, containing the compounds of
interest, is obtained (Uchigashima et al., 2012). In recent years, the so-called “dilute and shoot”
approach was frequently applied, in which the sample is diluted with an extraction solvent, in order
to decrease matrix effects (da Silva et al., 2019). However, this method is usually lacking the

sensitivity required for HBM studies (Escriva et al., 2017).

1.3.1 Solid phase extraction

Another cleanup method, called solid phase extraction (SPE), was proven as particularly useful
for the extraction of multiple mycotoxins in HBM studies (Braun et al., 2020a; Sarkanj et al., 2018).
SPE is based on chromatographic principles and involves the use of a sorbent material (stationary
phase), which is usually packed into a column or supported by disks, the sample extract, and an
elution solvent. There are two different strategies, which can be applied for SPE. The most
common one is the “bind and elute” cleanup, where the sample extract is loaded onto the
stationary phase, in order to trap the analytes of interest. These analytes are later eluted with the
help of a strong solvent. The other method is based on the “trapping” strategy. Here, matrix
contaminants are trapped by the sorbent material, while analytes of interest are not retained.
Therefore, SPE can be used for two main purposes in order to ultimately enhance sensitivity. On
the one hand for sample cleanup and, on the other hand, for preconcentration of the analytes of

interest (Huertas-Pérez et al., 2017).
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The main steps involved in a SPE procedure are:

1. Conditioning/Equilibration of the cartridge

2. Loading of the sample

3. Washing step

4. Elution of the fractions (Waters, 2019)
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Figure 17: lllustration of a “bind and elute” solid phase extraction cleanup procedure

The classical SPE is usually performed in cartridges. Here the stationary phase is supported by
disks. There are many different sorbents one can choose from (Huertas-Pérez et al., 2017). One
of the most widely used sorbent materials are hydrophilic lipophilic balance (HLB) polymers, which
contain polar (e.g. pyrrolidone) as well as non-polar (e.g. benzene and aliphatic chains) groups.
The sorbent can therefore interact with both, non-polar and polar, organic molecules (Brousmiche
et al., 2008). HLB polymers are commonly used for the analysis of environmental contaminants
(Jeong et al.,, 2017). Recently, SPE was proven effective in getting rid of unwanted matrix
molecules prior to chromatographic separation and subsequent mass spectrometric
determination of multiple mycotoxins in human biological samples (Braun et al., 2020a; Sarkan;
et al., 2018).
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1.3.2 High-performance liquid chromatography

High-performance liquid chromatography (HPLC) is one of the many chromatographic techniques
for the separation and analysis of chemical mixtures. Almost universal applicability, incredible
assay precision, and a wide range of commercially available columns and other equipment are

the main reasons for HPLC oftentimes being superior to other separation techniques (Snyder et

al., 2010).
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Figure 18: General schematic of a high-performance liquid chromatography system

The chromatographic process starts with the solvent (usually referred to as mobile phase or
eluent) being pumped from the solvent reservoir in the direction of the detector. At the injection
valve the sample is injected into the solvent flow. The eluent transports the sample to the column,
where the chromatographic separation takes place. It is based on the affinity of the different
analytes to the functional groups of the solid phase (usually referred to as stationary phase) and
the interaction between the analytes with the mobile phase. Depending on that the analytes are
separated and gradually reach the detector. The stronger the intermolecular interactions between
an analyte and the stationary phase of the column the later that analyte arrives at the detector.
Thereby resulting detector signals are then digitally plotted against time in order to generate the

chromatogram (Snyder et al., 2010).

There are many different experimental conditions, such as the stationary phase, flow rate, solvent,
and temperature, which affect the chromatographic separation. The fundamental nature of the
separation is mainly determined by the choice of stationary phase. It is a cylindrical tube, which
is usually filled with small spherical particles (generally 1.5 to 5 um in diameter) of porous silica.
The inside of the pores is covered with the stationary phase. Reversed-phase chromatography
(RPC) is the most widely used mode for sample analysis. It utilizes a nonpolar column in

combination with a polar mobile phase (Snyder et al., 2010).
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Table 2: Different important high-performance liquid chromatography separation techniques according to
Snyder et al. (2010)

Chromatographic Mode Comment

Nonpolar column (e.g. C1s) and polar mixture of water and organic solvent
Reversed-phase o )
(e.g. acetonitrile or methanol) as mobile phase;

chromatography (RPC) ) ) )
RPC is the most widely used mode, especially for water-soluble analytes.
Polar column (e.g. unbonded silica) and mixture of less polar
Normal-phase solvents (e.g. hexane with dichloromethane) as mobile phase;
chromatography (NPC) NPC is mainly used for water-insoluble samples and the separation of

isomers.

Non-aqueous reversed- | Nonpolar column (e.g. C1s) and mixture of organic solvents (e.g. acetonitrile
phase chromatography | with dichloromethane) as mobile phase;

(NARP) NARP is used for very non-polar analytes.

- ] ) Polar column (e.g. amide-bonded phase) and mixture of water with organic
Hydrophilic interaction o )
solvent (e.g. acetonitrile) as mobile phase;
chromatography (HILIC) ) .
HILIC is used for highly polar analytes.

Column contains charged groups, which can bind analyte ions of the

opposite charge and usually an aqueous solution of salt with buffer as
lon-exchange i
mobile phase;
chromatography (IEC) ) ] o ]
IEC is used in order to separate ionizable analytes (e.g. acids, bases,

peptides, proteins).

) RPC conditions, except that ion-pair reagent is added to mobile phase for
lon-pair chromatography

(IPC) interaction with sample ions of opposite charge;

IPC is used for acids or bases, which are weakly retained in RPC.

. ) Inert column and either aqueous or organic mobile phase;
Size-exclusion ) . .
SEC allows to separate analytes on the basis of molecular weight and is
chromatography (SEC)

mainly used for large biomolecules or synthetic polymers.

Further factors, which play an important role for the chromatographic separation, are choice of
solvent and temperature. In RPC the mobile phase usually is a mixture of water (H.O) or aqueous
buffer (eluent A) and an organic solvent (eluent B), such as acetonitrile (ACN) or
methanol (MeOH). The composition of the mobile phase affects peak height, run time, and
selectivity. An increase in column temperature often leads to a worse separation, while peak

heights typically increase (Snyder et al., 2010).

For the chromatographic process it is of further importance if the mobile phase composition

remains unchanged (isocratic elution) or is deliberately changed over the duration of the
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separation (gradient elution) (Snyder et al., 2010). Generally speaking, isocratic elution is the
preferred technique when the sample consists of less than ten analytes, which differ greatly in
their affinity to the stationary phase, whereas gradient elution is used for chemical mixtures of ten

or more analytes, since it provides a higher selectivity (Schellinger and Carr, 2006).

Due to the above mentioned benefits, HPLC is one of the most widely used analytical techniques
today. This is especially due to the fact that it complements mass spectrometry in many ways,
which makes a combination of these two analytical techniques essential for chemical

analyses (Snyder et al., 2010).

1.3.3 Mass spectrometry

Mass spectrometry is an important analytical tool with a wide range of scientific applications,
which encompass the sequencing of biomolecules, cell research, material research, structural
analyses of unknown substances, but also the quantification of known analytes in forensics, the
environment or for the quality control of pharmaceutical drugs, food, and biological or synthetic

polymers (Gross, 2011).

The basic principle behind mass spectrometry rests upon the ionization of inorganic or organic
compounds, which are subsequently separated according to their respective
mass-to-charge-ratio (m/z), and finally, measured by qualitative and quantitative detection of that
specific m/z. Compounds can either be ionized thermally, through electric fields or by collision
with high-energy electrons, ions, photons, high-energy neutral atoms, electronically excited
atoms, cluster ions or electrostatically charged microdroplets. lon separation can be achieved
through the utilization of static or dynamic electric fields or magnetic fields. However, so-called

“time-of-flight” mass analyzers also enable ion separation in a field-free region (Gross, 2011).
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The basic setup of a mass spectrometer (MS) consists of an ion source, a mass analyzer, and a

detector, which are all operated under high vacuum (Gross, 2011).

[ [

Sample inlet lon source Mass analyzer Detector

Atmospheric pressure/ High vacuum
Vacuum

Figure 19: General schematic of a mass spectrometer

The unknown sample enters the MS through the sample inlet, which’s essential function is to
transfer the sample from atmospheric conditions to the high vacuum of the ion source. High
vacuum is needed to prevent analytes from colliding with residual gas (e.g. air). However, there
are ionization techniques, where the ion source is operated at atmospheric
pressure (e.g. atmospheric-pressure chemical ionization (APCI), electrospray ionization (ESI)).
After entering the ion source, the analytes are ionized and subsequently transported to the mass
analyzer, where they are separated on the basis of their respective m/z. Finally, the analytes are

registered by a detector and the mass spectra are recorded (Gross, 2011).

1.3.3.1 Setup of a triple-quadrupole mass spectrometer

A frequently used type of mass analyzer in mass spectrometry is the linear quadrupole. It consists
of four cylindrically or hyperbolically shaped rod electrodes, which are arranged in a square
structure. Each pair of opposing electrodes is electrically connected, and equal voltage is applied
to either of the opposing electrodes. The voltage applied consists of a direct current and an
alternating current. lons, which enter the quadrupole and travel in the z-direction, are attracted to
the oppositely charged electrodes. A periodical voltage is then applied to the rod electrodes, which
results in a two-dimensional alternation of electrostatic attraction and repulsion of the ions. At a
certain voltage ratio between the neighboring electrodes only ions of a certain m/z can travel
through the quadrupole on a stable trajectory. lons with unstable trajectories collide with the rod

electrodes and are neutralized. This enables the selection of ions based on m/z (Gross, 2011).
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Figure 20: Schematic of a linear quadrupole mass analyzer
U = direct current, V = alternating current (radio frequency), w = frequency

The quadrupole is commonly used in tandem mass spectrometry (MS/MS), with a popular MS/MS
instrument being the triple-quadrupole mass spectrometer (QqQ). It is one of the most widely
used analytical instruments and especially useful in routine analytics for the quantification of lower
mass analytes. The instrument basically consists of an ion source, three different quadrupole
mass analyzers (Q1, g2, Q3), and a detector. After ionization, the sample analytes are transported
to the Q1, where only ions of a certain mass range can pass through. The preselected ions arrive
in the gz, which is most commonly used as a collision cell. In this “field-free region” the accelerated
ions collide with a chemically inert collision gas (e.g. nitrogen gas), and are consequently
fragmented. In newer instruments the q2is commonly replaced by a hexapole or octupole, leading
to steeper potential wells, and as a result improving the ion current. The fragment ions ultimately

reach the Qz, where they are scanned (Gross, 2011).

a;
collision cell
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Figure 21: General schematic of a triple-quadrupole mass spectrometer
APCI = atmospheric-pressure chemical ionization, ESI = electrospray ionization
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The QqQ can either be coupled with gas chromatography or liquid chromatography. In these
assemblies it has become a standard analytical tool, which can be operated in various scan
modes (Gross, 2011).

1.3.3.2 Scan modes of tandem mass spectrometry
There are various scan modes in which QqQs can be operated. The figure below shows the most

relevant scan modes for when analyte quantification is required.
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Figure 22: Different scan modes in tandem mass spectrometry
Q1 = first quadrupole, g2 = second quadrupole/collision cell, Qs = third quadrupole,
m/z = mass-to-charge-ratio
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Product lon Scan: The precursor ion is selected in the first quadrupole (Q1), fragmented in the
second quadrupole (collision cell, gz2), and transferred into the third quadrupole (Qs), where the

fragments are subsequently scanned in order to generate a mass spectrum (Lin et al., 2014).

Selected Reaction Monitoring (SRM): The precursor ion is selected in the Q1, fragmented in

the g2, and, out of all fragment ions, a specific one is selected in the Qs (Lin et al., 2014).

Multiple Reaction Monitoring (MRM): This mode is according to the same principle as SRM,
with the distinction that two or more fragmentations take place during one cycle in order to further

enhance the analyte selectivity of this scan mode (Gross, 2011).

Precursor lon Scan: The Q; is scanned across a certain m/z range, the ions are fragmented in
the g2, and the Qs is held at a certain m/z in order to scan for a specific product ion (Lin et al.,
2014).

Neutral Loss Scan: The Q; is scanned across a certain m/z range. lons, which enter the q, are
fragmented and the resulting fragments are, once again, scanned across a certain m/z range in
order to detect precursor ions, which underwent a specific neutral loss during fragmentation (Lin
et al., 2014).

1.3.3.3 Important parameters for compound optimization

The following subsections describe various critical parameters, which are commonly derived by
using the automated compound optimization tool available in the software or by manual
adjustment to achieve highest sensitivity. Terminologies used below are in accordance with the

instrument vendor (AB Sciex) and might differ between MS providers.

Gas flows: There are various gas parameters that require optimization. First of all, there are the
ion source gas 1 (GS1) and the ion source gas 2 (GS2). While the GS1 controls the nebulizer
gas, which helps generating small spray droplets the GS2 controls the heater gas, which helps
evaporating these spray droplets. Another important gas parameter is the curtain gas (CUR),
which is needed in order to prevent contamination of the ion optics with sample molecules. For
the CUR the highest possible value, where no loss of analyte sensitivity was observed, should be
chosen. Finally, there is the collision gas (CAD) parameter. The CAD controls the pressure of the

inert gas, which assists with the fragmentation of the precursor ions (AB SCIEX, 2017).

Temperature: The temperature parameter controls the temperature, which is transferred through
the ceramic heaters of the ion source. This ion source- and gas-dependent parameter helps with

the rapid evaporation of the ionspray droplets (AB SCIEX, 2017).

lonspray voltage (ISV): The ISV is a source- and gas-dependent parameter, which means that

it is influenced by the ion source used. It controls the voltage applied to the tip of the ionspray
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needle, that ionizes the sample in the ion source. This parameter affects the ionspray stability and
the sensitivity. The ISV can also be compound-dependent, which is why it should be optimized
for each compound. (AB SCIEX, 2017). However, since the ISV is usually not changed during an

analysis, a compromise for all analytes has to be found.

Declustering potential (DP): The DP is a pre-collision cell voltage. This compound-dependent
parameter is the electrical potential difference between the ion injection orifice and the electrical
grounding of the source and typically ranges from 20 V to 150 V in positive mode and from -20 V
to -150 V in negative mode. A too low DP value can result in reduced ion intensities and potential
interferences from solvent clusters, which might pile onto the analyte ions after entering the
vacuum chamber. On the other hand, a too high DP value might cause direct analyte
fragmentation in the ionization source of the MS (AB SCIEX, 2017).

Entrance potential (EP): The EP is another pre-collision cell voltage. This compound-dependent
parameter is the electrical potential, which focuses and guides the ions through the high-pressure
region, located prior to the Q. It is usually set to 10 V for positive ions and to -10 V for negative
ions and has a negligible effect on compound optimization, which is the reason why it can be
generally kept at the default values (AB SCIEX, 2017).

Collision energy (CE): The CE is the amount of energy, that the precursor ions receive during
their acceleration into the g2 and assists with fragmentation. This compound-dependent
parameter controls the electrical potential difference between the region prior to the Q1 and the
gz2. The higher the CE, the greater the fragmentation. On the one hand, a too low CE entails
inefficient fragmentation, on the other hand, a too high CE can cause excessive fragmentation.

Both of these circumstances can lead to a significant reduction in sensitivity (AB SCIEX, 2017).

Cell exit potential (CXP): After fragmentation the fragment ions need to be transferred into the
Qs. This is achieved by the CXP, which focuses and accelerates the ions out of the g2 and into
the Qs. The CXP is a compound-dependent parameter and controls the electrical potential

difference between the focusing lenses and filter, positioned at the g2 (AB SCIEX, 2017).

1.4 Method validation

Before an analytical method can be used in routine analysis, various validation parameters have
to be fulfiled according to international requirements (EC, 2002). The relevant validation
parameters for this thesis, regarding quantitative analytical methods, are depicted in the following

subsections.
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1.4.1 Specificity

The term specificity describes the ability to discriminate between the analyte and closely related
compounds (e.g. degradation products, matrix constituents, isomers). It is assessed through the
analysis of blank samples and blank samples fortified with substances, which are likely to interfere
with the analyte. Detected interferences are further investigated whether they lead to false or
hindered identification or significantly influence quantification. An appropriate specificity can be
achieved through combination of an adequate cleanup procedure with a suitable chromatographic
separation and mass spectrometric detection. However, possible interferences, which might arise

from matrix components, have to be investigated (EC, 2002).

1.4.2 Signal suppression/enhancement
Effects of an analytical method, which are caused by all other components in a sample, except
for the target analyte, are called matrix effects (Zhou et al., 2017). They can be determined by

calculating the signal suppression/enhancement (SSE):

area/slope (matrix-matched standard)
area/slope (eluent-diluted standard)

SSE (%) = 100 x

A value below 100 % indicates signal suppression, while a value above 100 % indicates signal

enhancement (Sarkanj et al., 2018).

1.4.3 Trueness

This parameter describes the closeness of agreement between an average value and an
accepted reference value, obtained from a big series of test results. The trueness can exclusively
be determined with the use of a certified reference material (CRM). However, if there is no CRM
available, the recovery must be determined instead (EC, 2002).

Table 3: Ranges of acceptance for the deviation of the experimentally determined recovery-corrected mass

fraction from the certified value, depending on concentration, according to European Commission Decision
2002/657/EC

Mass fraction Range
<1 ug/kg -50 % - +20 %
>1 pg/kg - 10 pg/kg -30 % - +10 %
210 ug/kg -20 % - +10 %

1.4.4 Recovery
The term recovery describes the percentage of the true concentration recovered from a substance

during an analysis. This can be achieved by spiking numerous matrix-matched blank samples
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around the minimum required performance limit or the permitted limit and analyzing them. The

recovery is then calculated as follows:

measured content
fortification level

Recovery (%) = 100 x

Validation results are only acceptable as long as the recovery is within the limits depicted in Table
3. When the recovery falls within these limits, a fixed correction factor can be applied to all
samples, but, if the recovery lies outside of these bounds, the specific recovery factor for that
batch must be used instead (EC, 2002).

1.4.5 Stability

Insufficient analyte stability or matrix constituent stabilities can lead to major deviations in the
outcomes of analytical results. Analyte stability is usually well characterized for various storage
conditions. However, if it is not known, it should be established in solution as well as in matrix (EC,
2002).

1.4.6 Calibration curve

One possibility of determining a substance in an unknown sample is by means of calibration
curves. The calibration curve helps with the comparison of an unknown sample to a set of
standard samples, whose concentrations are known. According to European Commission
Decision 2002/657/EC the calibration curve should consist of at least five concentration levels
(including zero), its working range, mathematical formula, and the goodness-of-fit (GOF) of the
data to the curve should be specified. The GOF can be quantified via the calculation of the

correlation coefficient (R?) of the concentrations to their respective signal outputs (EC, 2002).

1.4.7 Repeatability

Repeatability conditions are usually considered, when independent test results are obtained by
the same operator, using the same method, on identical test items, on the same equipment, in
the same laboratory. Hence, the term ‘precision’ would not be entirely true and is therefore
adjusted to the term ‘repeatability’. Intraday repeatability is determined by identically spiking
numerous matrix-matched samples near the minimum required performance limit or the permitted
limit, analyzing them, and calculating the analyte concentration, as well as the mean
concentration, standard deviation, and coefficient of variation (relative standard deviation, RSD)
of these fortified samples. To calculate the interday precision, the validation procedure must be
repeated on at least three distinct days and the overall mean concentrations and RSDs for the
fortified samples must be determined (EC, 2002).
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1.4.8 Limit of detection and limit of quantification

Limit of detection (LOD) and limit of quantification (LOQ) are two very important terms and
definitions to distinguish analyte detection and quantification. The LOD is defined as the smallest
quantity of an analyte that can be detected with reasonable certainty for an analytical procedure
(IUPAC, 1997). This means that an analyte can be detected, but not quantified. However, the
LOQ is defined as the smallest quantity of an analyte that can be determined with acceptable
repeatability and trueness (Eurachem, 2014). It allows for the detection and quantification of an
analyte. LOD and LOQ are analyte- and matrix-dependent (EURL, 2016). There are various
approaches on how these parameters can be determined. In this thesis, LOD and LOQ were

calculated based on the signal-to-noise-ratio (S/N) of the chromatogram.
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Figure 23: Estimation of signal-to-noise-ratio (S/N): S = 10,500 cps, N = 3,000 cps > SIN=7
cps = ion counts per second, N = noise height, S = signal height

First, as shown in Figure 23, the baseline noise (N), close to the retention time of the analyte, is
estimated. Thereafter the S/N is calculated by dividing the height of the signal (S) by half of the
previously determined noise height (N/2). Based on the estimated S/N, LOD and LOQ are
calculated. For LOD estimation a S/N of three and for LOQ estimation a S/N of six to ten is

generally viewed as acceptable (EURL, 2016).
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2 Thesis aims

The precise aims for this thesis were:

Transfer, optimization, and expansion of an
ultra-sensitive, stable isotope assisted LC-MS/MS

method for the quantification of multiple mycotoxins
in urine

In-house validation of the optimized method

Proof-of-principle experiment in urine

Method transferability to serum

The original method was developed by Sarkanj et al. (2018, Analytica Chimica Acta 1019,
pp. 84-92).
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3 Materials and methods

3.1 Reagents, solvents, and chemicals

All chemicals used for the production of the buffer solution (potassium chloride (KCI, 299 %),
potassium dihydrogen phosphate (KH2PO4, 299 %), sodium chloride (NaCl, 299.8 %), and
di-sodium hydrogen phosphate dihydrate (Na:POs*H.O, 299.5 %)) were purchased from
Carl Roth (Karlsruhe, Germany). Acetic acid (HAc), ACN, isopropanol, and MeOH, all LC-MS
grade, were purchased from Honeywell (Seelze, Germany). H20O, also LC-MS grade, was
purchased from VWR (Darmstadt, Germany). For the de-glucuronidation of analytes
B-glucuronidase (GUS, activity: 1,000,000-5,000,000 U/g protein) from Escherichia coli
Type IX-A (G7396) was utilized, which was obtained from Sigma-Aldrich (Vienna, Austria). The
isotopically  labelled internal standards (ISs) '3Css-aflatoxin = My (3C47-AFMy),
13Cqs-citrinin (13C+43.CIT),  3Cis-deoxynivalenol  ('®C4s-DON),  '3Cis-nivalenol  ('3C4s-NIV),
13Css-fumonisin B1 (13Cs4-FB1), 3 Czo-ochratoxin A (13C0-OTA), and '3C1g-zearalenone ('3C1s-ZEN)
were purchased from Romer Labs (Tulln, Austria), while deuterated AOH (°Hs-AOH) was
synthetized at the Technical University of Munich, as described by Asam et al. (2009) and
dissolved in neat ACN. Reference standards for AFB4, AFB,, AFG4, AFG,, STC, DON, DOM-1,
NIV, FB1, OTA, T-2, a-ZEL, B-ZEL, and ZEN were also supplied by Romer Labs (Tulln, Austria),
AOH, ENNA, ENNA, ENNB, ENNBy, tenuazonic acid (TeA), TEN, a-ZAL, and p-ZAL, and ZAN
by Sigma-Aldrich (Vienna, Austria), and AFB-N"-gua, AFM1, AFM., AFP4, AFQ:, AFL, AME, BEA,
CIT, OTa, and OTB by Toronto Research Chemicals (Ontario, Canada). Moreover, a DHC stock
solution was kindly provided by Michael Sulyok (IFA-Tulln, Austria). Individual mycotoxin stock
solutions were prepared in either neat ACN or MeOH, except for AFB-N7-gua (ACN/H20, 1/1, v/v)
and FB1 (ACN/H2O/HAc, 75/24/1, viviv) as described by Braun et al. (2018), Puntscher et al.
(2018), and Preindl| et al. (2019) and stored at -20 °C. These stock solutions were then either
further diluted with neat ACN or directly used for the preparation of two multi-mycotoxin stock

solutions:

- Stock solution A (15 mycotoxins and key metabolites): AME (75.0 ng/mL),
AOH (1250 ng/mL), CIT (3750 ng/mL), DHC (1500 ng/mL), DON (5000 ng/mL),
DOM-1 (2500 ng/mL), NIV (1250 ng/mL), FB: (500 ng/mL), TEN (250 ng/mL),
ao-ZEL (250 ng/mL), B-ZEL (250 ng/mL), ZEN (500 ng/mL), a-ZAL (1500 ng/mL),
B-ZAL (1500 ng/mL), and ZAN (750 ng/mL)

- Stock solution B (15 mycotoxins and key metabolites): AFBs (150 ng/mL),
AFB; (250 ng/mL), AFG:; (175ng/mL), AFG: (250 ng/mL), AFM; (175 ng/mL),
AFM; (750 ng/mL), AFP; (750 ng/mL), AFQ; (750 ng/mL), AFL (1000 ng/mL),
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AFB-N’-gua (50.0 ng/mL), STC (12.5 ng/mL), OTA (50.0 ng/mL), OTB (50.0 ng/mL),
OTa (250 ng/mL), and T-2 (7500 ng/mL)

For each of the stock solutions to amount to a final volume of 1 mL, missing volumes were
compensated through the addition of dilution solvent (ACN/H2O/HAc, 49.5/49.5/1, viviv). Both
multi-mycotoxin stock solutions were utilized in order to create the highest working solution
concentration level, which was subsequently used to prepare the five remaining working

solutions, which were needed for the calibration curves and the spiking experiments.

3.2 Biological sampling

Since there is no CRM for mycotoxins in urine available, and in order to create adequate matrix-
matched calibration curves and conduct the spiking experiments with smallest possible
confounders, a blank urine needed to be generated. For this purpose, a 26-year-old, healthy,
physically active, male volunteer from Austria was instructed to adhere to a special diet for three
consecutive days. During this time period the study participant had to avoid the consumption of
food, which is especially prone to mycotoxin contamination. The study participant’s dietary

protocols for each individual day are listed in Tables 4-6 on the following pages.
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Table 4: Study participant’s meal plan for day one of the dietary intervention

Meal Meal components Energy (kcal/100g) Calculated energy intake (kcal/portion)
extra native olive oil 8281 83
1 white onion 272 24
3 eggs 1552 225
Breakfast
1 sweet pepper 192 24
% cucumber 122 19
salt - -
yogurt (3.6 % fat) 65' 402
Lunch 2 bananas 88?2 203
honey 3021 51
extra native olive oil 828! 66
salmon 2022 794
white rice 3541 538
Dinner
butter 7441 119
2 carrots 262 54
salt and pepper - -
Sum (kcal/day) 2,602

" energy according to information provided on product label

2 energy according to “Food Composition and Nutrition Tables” by Souci et al. (2008)

Since mycotoxins can be frequently detected in cereals and cereal products the study participant

had to abstain from consuming any of these foodstuffs. This included day-to-day products, such

as bread or cornflakes, but also beverages, such as beer or wine (Malachova et al., 2011; Marifio-

Repizo et al., 2018; Ok et al., 2013). However, since rice is considered to be the crop least

susceptible to mycotoxin contamination, its consumption was permitted (Chulze, 2010). The study

participant was also prohibited from consuming nuts, because of their commonly occurring

contamination with AFs (Marin et al., 2013). Although a carry-over of mycotoxins from animal feed

to animal products can occur, carry-over rates for eggs are estimated to be insignificant (Ebrahem

et al., 2014; Tangni et al., 2009). Moreover, mostly negligible amounts of mycotoxins can be

detected in certain animal products, such as yogurt (Becker-Algeri et al., 2016). Therefore, these

and other animal products were introduced into the study participant’s diet. The vegetable ail,
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which was permitted for cooking, was extra native olive oil. Previous studies have found fewer
rates of contamination when comparing olive oil to other vegetable oils (Cavaliere et al., 2007;
Zhao et al., 2017). Although, due to the high content of unsaturated fatty acids present in extra
native olive oil, under high frying temperatures it might undergo chemical changes, which can be
detrimental to human health in the long term, it might not be the ideal choice for a cooking oil, a
recent study found less mycotoxin contamination when comparing extra native olive oil to refined
olive oil (Blasi et al., 2018; Hidalgo-Ruiz et al., 2019). Furthermore, most spices are especially
prone to fungal infestation. Therefore, the study participant was allowed to solely season his food

with black pepper and salt (Kabak and Dobson, 2017).

Table 5: Study participant’s meal plan for day two of the dietary intervention

Meal Meal components Energy (kcal/100g) | Calculated energy intake (kcal/portion)
extra native olive oil 8281 41
1 onion 272 19
3 eggs 1552 226
Breakfast
1 sweet pepper 192 21
2 cucumber 122 27
salt - -
yogurt (3.6 % fat) 65" 398
Lunch | 2 oranges 422 123
honey 3021 60
extra native olive oil 828! 66
pork tenderloin 1062 470
8 potatoes 68’ 278
Dinner
kidney beans 113! 175
créme fraiche 309! 269
salt and pepper - -
Sum (kcal/day) 2,173

" energy according to information provided on product label
2 energy according to “Food Composition and Nutrition Tables” by Souci et al. (2008)

Important for a well-balanced diet is the inclusion of a variety of fruits and vegetables. Mycotoxins,

however, can frequently be detected in apples, but less so in bananas and oranges (Moake et
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al.,, 2006). Vegetables, which the study participant was allowed to eat, included carrots,
cucumbers, onions, and sweet peppers. Since tomatoes are especially prone to Alternaria
contamination, tomatoes and tomato products were excluded from the diet (Puntscher et al.,
2018). Legumes, on the other hand, typically show low levels of mycotoxin contamination, which
is why chickpeas and kidney beans were added to the diet (Carballo et al., 2018). Moreover, in
order to introduce even more variation into the diet, fish and two different kinds of meat were

consumed as well.

Table 6: Study participant’s meal plan for day three of the dietary intervention (day of sampling)

Meal Meal components | Energy (kcal/100g) | Calculated energy intake (kcal/portion)
extra native olive oil 828" 41
1 onion 272 26
3 eggs 1552 222
Breakfast | 2 sweet peppers 192 46
2 cucumber 122 23
2 carrots 262 22
salt - -
yogurt (3.6 % fat) 651 400
Lunch 3 bananas 882 387
honey 3021 72
extra native olive oil 828" 108
chicken filet 1452 532
Dinner | chickpeas 1317 318
créme fraiche 309' 241
salt and pepper - -
Sum (kcal/day) 2,438

" energy according to information provided on product label
2 energy according to “Food Composition and Nutrition Tables” by Souci et al. (2008)

Additionally, in order to ensure a representative state of hydration, and, as a result of that, a
realistic urine excretion, the study participant was instructed to drink two liters of Austrian tap

water per day, for the duration of the dietary intervention.
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On the third day of the dietary intervention the urine collection was conducted. The urine was
gathered in a 2.5 L brown stained-glass bottle, which was flushed with midstream urine on the
evening prior to urine collection. Urine collection started in the morning at 06:30 am and ended
after a total collection period of 24 h. Exclusively midstream urine was collected, since it is
deemed as adequate for urine analyses, because it is less contaminated with bacteria and,
therefore, of higher validity (Massart et al., 2008). After each individual urine sampling on that
particular day the bottle, in which all daily samples were combined, was stored at 4 °C and, after
the sampling period had ended, the bottle was stored at -21 °C overnight. On the next day the
urine was aliquoted. The “non-spiked urine” aliquots, which were considered as a ‘potential blank’

sample, were stored at -21 °C until further usage.

3.3 Sample preparation

The sample preparation was mostly performed as described by Sarkanj et al. (2018). Urine
samples were first thawed and allowed to reach room temperature. Then 1 mL aliquots were
prepared, which were subsequently centrifuged at 5,600 rpm (2,940 x g) at room temperature for
2 min in a Universal Centrifuge Z326 (Hermle, Wehingen, Germany). Thereafter 500 pL
supernatant was transferred into new micro-reaction tubes and 500 yL phosphate-buffered
saline (PBS; 200 mM, pH =7.4), containing 3000 U GUS, were added and samples were
incubated on a Thriller® Thermoshaker-incubator (PEQLAB, Erlangen, Germany), which was set
to 1000 rpm at 37 °C for 16 h, in order to cleave any mycotoxin glucuronides. The following day
the SPE was performed using Oasis PRIME HLB® SPE columns (1 mL, 30 mg, Waters, Milford,
Massachusetts, USA). The columns were conditioned with 1000 yL MeOH and equilibrated with
1000 pL H20. Thereafter the samples were loaded onto the columns and vacuum was applied,
allowing the liquid to pass through the solid phase. The micro-reaction tubes were subsequently
flushed with 500 uL H2O, two times, in order to get out any analytes, that were potentially left in
the tubes, and bring them onto the columns. This step simultaneously functioned as a washing
step. Thereafter, mycotoxins were eluted into new micro-reaction tubes by adding 200 uL ACN
thrice. The micro-reaction tubes, containing the eluates, were put into a CentriVap™ Benchtop
Vacuum Concentrator (LABCONCO, Kansas City, Missouri, USA), which was set to 4 °C and
linked to a CentriVap™ Cold Trap System (LABCONCO, Kansas City, Missouri, USA), and the
ACN was evaporated at minimal pressure, overnight. The next day the samples were
reconstituted in 490 pyL dilution solvent (H,O/ACN/HAc, 89.95/9.95/0.1, v/viv), spiked with

10 pL isotopically labelled 1S-mixture, and subsequently analyzed.
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3.4 Equipment

Method optimization and validation, as well as, sample analysis experiments were performed with
a QTrap® 6500+ LC-MS/MS system (AB SCIEX, Darmstadt, Germany), which was equipped with
a Turbo V™ ESI source. The MS was coupled to an Agilent Technologies 1290 Infinity Il UHPLC
system (AB SCIEX, Darmstadt, Germany). Chromatographic separation was achieved with an
Acquity UPLC HSS T3 column (1.8 um, 2.1 x 100 mm, Waters, Vienna, Austria) preceded by a

VanGuard pre-column (1.8 um, 2.1 x 5 mm, Waters, Vienna, Austria).

3.5 Method development and optimization

The first aim of the method transfer was to figure out the sensitivity of the analytes without
changing any major parameters reported, and by simply measuring the matrix-matched and
solvent standards provided, by Sarkanj et al. In the next step matrix-matched standards and
solvent standards were prepared containing 21 mycotoxins and key metabolites
(AFB1(30.0 ng/mL), AFM; (30.0 ng/mL), AME (30.0 ng/mL), AOH (300 ng/mL), CIT (300 ng/mL),
DHC (300 ng/mL), DON (1500 ng/mL), DOM-1 (1500 ng/mL), NIV (1500 ng/mL),
EnnA (15.0 ng/mL), EnnA; (15.0 ng/mL), EnnB (15.0 ng/mL), EnnB; (15.0 ng/mL),
BEA (15.0 ng/mL), FB4 (300 ng/mL), OTA (30.0 ng/mL), OTa (1500 ng/mL), TeA (1500 ng/mL),
ZEN (300 ng/mL), a-ZEL (300 ng/mL), and B-ZEL (300 ng/mL)). The first set of matrix-matched
standards was prepared without GUS treatment, but measured with different injection

volumes (5 uL and 10 L) and at different source temperatures (450 °C and 550 °C).

Due to issues during the chromatographic separation, a new column of the same type was tested
and the matrix-matched standards and solvent standards were remeasured, using that column
with ACN + 0.1 % HAc and MeOH + 0.1 % HAc as eluent B, respectively. Moreover, different
eluent flow rates were tested: 0.1 mL/min, 0.3 mL/min, and 0.6 mL/min with ACN + 0.1 % HAc
and 0.1 mL/min and 0.2 mL/min with MeOH + 0.1 % HAc as eluent B. Moreover, certain
analytes (CIT, DON, DOM-1, NIV, ENNA, ENNB, ENNB1, BEA, and FB1) were tuned. Tuning was

performed via direct infusion of reference standards.

Upon further investigations into the method established by Sarkanj et al. (2018) it was discovered,
that the time, the needle would be washed after injection, was set to 20 sec. However,
éarkanj et al. used a different HPLC system, and, when this was attempted with the in-house
instrument, most analytes, which were detected previously, could not be detected any longer.

Therefore, the needle washing time was changed back to its default value (3 sec).

During later periods of method optimization, a stock solution containing 15 more mycotoxins and
key metabolites (AFB2 (30.0 ng/mL), AFG+ (30.0 ng/mL), AFG; (30.0 ng/mL), AFM; (300 ng/mL),
AFP; (300 ng/mL), AFQ; (300 ng/mL), AFL (300 ng/mL), AFB-N’-gua (300 ng/mL),
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STC (30.0 ng/mL), OTB (30.0 ng/mL), T-2 (1500 ng/mL), TEN (300 ng/mL), ZAN (1500 ng/mL),
a-ZAL (1500 ng/mL), and B-ZAL (1500 ng/mL)), which were added to the final method as well,
was prepared. Therefore, new matrix-matched and solvent standards were prepared.
Matrix-matched standards were additionally subjected to GUS from Escherichia coli. In order to
find out, if a different enzyme-mixture might be better suited for purpose, an analysis comparing
GUS from Escherichia coliin a PBS buffer (pH = 7.4) to GUS and arylsulfatase from Helix pomatia

in a sodium acetate buffer (pH = 5.0) was performed.

Furthermore, Sarkan] et al. (2018) reported both gas parameters, GS1 and GS2, at 80 psi. During
method optimization, however, the method’s performance was critically assessed by testing
different gas settings and 60 psi for GS1 and 40 psi for GS2 were deemed more suitable. Different
needle heights (0 mm, 5 mm, and 10 mm) were tested as well in order to assess the impact on
analyte sensitivity. Yet, in the end, needle height was adjusted to 2 mm, in order to introduce less

matrix into the MS.

Before the start of the validation experiments, new stock solutions, with adjusted concentrations,
which were in accordance with the newly estimated LOQs, were prepared. These stock solutions
are described in subchapter 3.1. of this thesis. Since, with the use of the optimized LC-MS/MS
method, certain analytes (ENNA, ENNA1, ENNB, ENNB+, BEA, TeA) could not be sufficiently

detected previously, these compounds were not included in the newly prepared stock solutions.

3.6 LC-MS/MS parameters and analysis
The final HPLC and MS parameters, that resulted from method development and optimization,

are reported below and on the following pages.

3.6.1 HPLC parameters

In order to achieve optimal chromatographic separation, the same gradient was applied as
reported by Sarkanj et al. (2018). For the aqueous eluent (eluent A) H,O + 0.1 % HAc was used,
while ACN + 0.1 % HAc was used for the organic eluent (eluent B), and the flow rate was set to
0.1 mL/min. Gradient elution began with an initial period of 2 min at 10 % eluent B, followed by a
13 min time span, in which the percentage of eluent B was linearly raised to 50 %. From minute
15.0 to minute 18.0 the eluent B content was, once again, linearly raised to 95 %. The gradient
was held at this A/B for another 4 min, and, at minute 22.1, eluent B was rapidly decreased to
10 % and held there until minute 25.0, in order to allow column re-equilibration in the wake of the

next injection.
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Figure 24: Gradient used for chromatographic separation in liquid chromatography tandem mass
spectrometry experiments

All further important HPLC parameters are depicted in Table 7 on the following page.
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compartment)
Binary Pump Multisampler Column compartment
Draw Speed 100 pL/min Enable Analysis Temperature On -
Automatic Stroke . Yes
Yes Eject Speed 400 pL/min Left/Right
Calculation A
Wait Time After Drawing 1.2 sec Enable Analysis when Temperature is 0.8 °C
+0.8 °
Stoptime Mode No limit ACN/H20/HAC within - Left/Right
Needle Wash
Posttime Mode Off (49.95/49.95/0.1, viviv) | Temperature  Equilibration Time - 0.0 mi
.0 min
Stroke Mode Synchronized | Needle Wash Mode Flush Port Left/Right
Expected Mixer No check Duration 3 sec Temperature Control Mode - Left/Right Temperature set
Injection volume 10 yL Temperature - Left/Right 35.0°C
Overlap Injection Enabled No Enforce Column for Run Enabled No
Injection Valve to Bypass for N Stoptime Mode As pump/injector
o}
Delay Volume Reduction Posttime Mode Off
Sample Flush-Out Factor 5.0 Enable Analysis when front door open No
Draw Position Offset 0.0 Position Switch After Run Do not switch
Use Vial/Well  Bottom
. Yes
Sensing
Thermostat On Yes
Temperature 7°C
Stoptime Mode No limit
Posttime Mode Off
H20/isopropanol

Rear Seal Wash

(80/20, v/v)

ACN = acetonitrile, H2O = water, HAc = acetic acid
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3.6.2 MS parameters

MS parameters were generally in accordance with Sarkanj et al. (2018), except for some minor
adjustments. For the first 2 min of the analysis eluent flow was directed to the waste container.
From minute 2.0 to 24.0 the diverter valve was switched to the MS, which allowed the eluent flow
to reach the ionization source. The eluent was redirected to the waste after 24.1 min and the
overall chromatographic runtime was 25 min. The needle height of the Turbo V™ ESI source was
adjusted to 2 mm, which positioned the needle further away from the orifice, as compared to
default conditions (5 mm). Analytes were detected in basic scheduled MRM (sMRM) mode, with
120 sec MRM detection windows, and at least two different transitions were monitored for each
analyte. Positive as well as negative ionization modes were run simultaneously with the
application of fast polarity switching. The ISV was set to 4500 V for positive and to -4500 V for
negative ionization mode, and the source temperature was set to 450 °C. Furthermore, the
nitrogen gas parameters were adjusted as follows: CUR to 30 psi, CAD to high, GS1 to 60 psi,
and GS2 to 40 psi. Additional important analyte-independent MS parameters are shown in Table
8 below.

Table 8: Important analyte-independent mass spectrometry parameters, including scheduled multiple
reaction monitoring (sMRM) parameters, differential mobility spectrometry (DMS)

Target Scan Time (per sMRM experiment) 0.5 sec

DMS Off Yes

Period Summary

Duration 25.0 min
Delay Time 0 sec
Cycles 1500

Cycle Time 1.0 sec
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Table 9: Optimized analyte-specific multiple reaction monitoring parameters, including retention time (RT),
mass-to-charge-ratios (m/z) of precursor ion and product ions, declustering potential (DP), collision
energy (CE), and collision cell exit potential (CXP)

Analyte RT Precursor ion lon species Product ion? DP? CE® CXP?
(min) (m/z) (m/z) (\] (V) (V)

Aflatoxicol® 18.1 297.0 [M-H,O+H]* 269.1/115.1 71 29/83 12114
Aflatoxin B4® 17.6 313.0 [M+H]* 241.0/213.0 106 49/61 14/16
Aflatoxin B,° 16.7 315.0 [M+H]* 243.0/203.0 125 53/49 16/12
Aflatoxin G,° 16.7 329.1 [M+H]* 200.0/243.1 86 59/39 12114
Aflatoxin G,° 15.8 331.1 [M+H]* 313.2/245.2 111 35/43 18/14
Aflatoxin M4° 14.7 329.1 [M+H]* 273.2/229.1 91 35/59 16/12
3C,7-Aflatoxin M4° 14.7 346.0 [M+H]* 288.2 91 35 16
Aflatoxin M,° 13.8 331.0 [M+H]* 259.0/241.0 96 33/57 16/14
Aflatoxin P4® 14.6 2991 [M+H]* 270.7/215.1 126 35/38 18/11
Aflatoxin Q;° 14.9 328.7 [M+H]* 206.0/177.0 121 33/47 14/12
Aflatoxin-N’-guanine® 11.0 480.0 [M+H]* 152.1/135.0 46 23/60 10/14
Alternariol® 18.4 257.0 [M-HJ 215.0/212.1 -110 -34/-38 -13/-12
2H,-Alternariol°® 18.4 261.0 [M-HJ 150.0 -110 -46 -5
Alternariol monomethyl
ether® 20.7 2711 [M-HJ 256.0/227.0 -95 -32/-50 -13/-9
Citrinin® 19.0 251.0 [M+H]* 233.1/205.1 36 23/37 14/18
3C43-Citrinin® 19.0 264.0 [M+H]* 217.2 56 37 10
Dihydrocitrinone®® 16.0 265.0 [M-HJ 176.9/246.9 -30/-45 -34/-26 -13/-15
Deoxynivalenol® 8.5 354.9 [M+CH3COOJ 265.0/59.0 -30 -20/-58 -21/1-27
3C,5-Deoxynivalenol® 8.5 370.1 [M+CH;COOT 278.8 -20 -22 -15
Deepoxy-deoxynivalenol® 10.2 280.9 [M+HT* 109.1/137 1 36 21/19 12/10
Nivalenol® 5.7 371.0 [M+CH;COO]  281.1/59.1/203.0 -20 -20/-40/-30  -19/-9/-13
3C,s-Nivalenol® 5.7 386.0 [M+CH3COOJ 295.0 -75 -22 -15
Fumonisin B,° 14.9 7225 [M+H]* 334.4/352.3 121 57/55 4/12
3C34-Fumonisin B+° 14.9 756.3 [M+H]* 356.3 130 46 10
Ochratoxin A® 20.6 404.0 [M+H]* 239.0/102.0 91 37/105 16/14
13C,e-Ochratoxin A° 20.6 424.0 [M+H]* 250.0 51 33 12
Ochratoxin B® 19.5 370.1 [M+H]* 205.0/103.1 86 33/77 12/16
Ochratoxin a® 15.0 254.9 [M-HJ 166.9/123.0/110.9 -90 -36/-40/-44  -11/-17/-21
Sterigmatocystin® 211 3251 [M+H]* 281.1/310.2 96 51/35 16/18
T-2 toxinf 20.3 467.3 [M+H]* 215.2/185.1 56 29/31 18/11
Tentoxin® 18.2 413.3 [M-HJ 141.0/271.1 -105 -30/-24 -11/-15
Zearalanone® 20.7 319.1 [M-HJ 107.0/161.0 -125 -40/-38 -13/-15
a-Zearalanol® 19.6 321.1 [M-H] 277.1/161.0 -120 -30/-38 -18/-9
B-Zearalanol® 18.8 321.2 [M-HJ 277.1/303.1 -120 -30/-30 -18/-20
Zearalenone® 20.8 317.1 [M-HJ 131.0/175.0 -110 -42/-34 -8/-13
3C,g-Zearalenone® 20.8 335.2 [M-HJ 185.1 -110 -34 -13
a-Zearalenol® 19.8 319.2 [M-HJ 160.0/130.1 -115 -44/-50 -13/-20
B-Zearalenol® 19.0 319.1 [M-HJ 160.0/130.1 -115 -44/-50 -13/-20

2 values reported in following order: quantifying ion/qualifying ion/confirming ion

b values for precursor ion, product ions, DP, CE, and CXP adopted according to Braun et al. (2020a)

¢ values for precursor ion, product ions, DP, CE, and CXP adopted according to Sarkanj et al. (2018)

d values for precursor ion, product ions, DP, CE, and CXP adopted from old in-house tuning procedure

¢ values for precursor ion, product ions, DP, CE, and CXP acquired, while tuning, during method
optimization

f values for product ions, DP, CE, and CXP adopted from ammonium-adduct according to Braun et al.
(2020a) and mass downscaled to proton-adduct

3.7 Validation experiments

In-house validation was performed according to the European Commission Decision

2002/657/EC with minor modifications. During validation the following parameters were
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determined: LOD, LOQ, linearity, repeatability (intraday precision, RSD;), within-laboratory
repeatability (interday precision, RSDR), specificity, selectivity and recovery. Since there was no
CRM for urine available the “non-spiked urine”, obtained as described in subchapter 3.2, was
used for all validation experiments. Selectivity and trueness were estimated through calculation
of the analyte extraction recoveries (Res), which were determined after spiking the ‘blank’ urine
on two different levels (2x and 33x LOQ) with reference standards. LOD and LOQ were
determined on the basis of these spikes as well, while LOD was identified on a S/N of three and
LOQ on a S/N of six. Calibration curves for external calibration of each analyte consisted of at
least five concentration levels (including zero; x/y = 0). In order to ensure sufficient linearity a R?
20.99 was deemed as acceptable. RSD; and RSDr were determined after analysis of samples on
three days, within three different months, with three replicates per concentration level. Since,
according to European Commission Decision 2002/657/EC, there are no fixed values for RSD;,
when analyte concentrations are lower than 10 ug/kg and for RSDr when analyte concentrations
are below 100 pg/kg, RSDs <20 % were deemed acceptable for both RSD: and RSDk,

respectively. Matrix effects were estimated through calculation of SSE.

Analytes were identified based on four criteria as described in European Commission Decision
2002/657/EC: retention time (RT), one precursor ion with two product ions, and their respective
ion ratio. Moreover, in order to correct analyte concentrations for fluctuations during ionization,
analytes, where specific isotopically labelled ISs were available (e.g. AFM1 = '3C47,-AFM;), were
area corrected. For this purpose, an I|S-mixture, that contained 8 isotopically labelled
ISs (3C47-AFM4, 2Hs-AOH, '3C43-CIT, '3C15-DON, ™"3C4s-NIV, ™3Css-FB4, '3C2-OTA, and
3C1s-ZEN), was added to all analyzed samples. IS-spiking was performed at previously
determined LOQs, except for '3C-ZEN, which was mistakenly spiked at the 2.7-fold amount. The
2C-peak areas were then divided by the '*C-peak areas and the resulting area ratios were
subsequently used for all further calculations. Furthermore, other analytes, with close structural
similarities (e.g. degradation products) to any of the ISs, were also area corrected with that IS
(e.g. AFB1 > 3C47-AFMy). Here, area ratios were used for most of the further calculations, except
calculation of the respective SSEs. Certain analytes, however, which did not bear any close
structural similarity to any of the I1Ss (T-2 and TEN), or could not be area corrected due to the
estimated '3C43-CIT-spiking level being too low (CIT and DHC), could not be corrected for any
effects, that occurred during ionization. For these analytes, all calculations were conducted with

the respective peak areas instead.

Moreover, a screening attempt was conducted, where the optimized LC-MS/MS method was
applied to already extracted serum samples, which involved a matrix blank, matrix
spikes (triplicates of each at a lower medium level and an upper medium level), matrix-matched

calibration standards, and solvent calibration standards. The matrix-matched samples were
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extracted in late 2018 by a staff member of the University of Vienna in accordance with the sample
cleanup protocol developed by Preindl et al. (2019), with the exception, that samples were
reconstituted in 100 % organic solvent (ACN/MeOH, 1/1, v/v) as opposed to 10 %. Solvent
calibrants were prepared simultaneously, by the same person and with the same solvent, but
were not subjected to the cleanup procedure. With the exception of DOM-1, the serum samples
contained all mycotoxins, which were used for the method validation in urine and even a couple
more (e.g. ENNs, BEA). Similar to the validation experiments in urine, parameters such as RT,
ion ratio, R?, Rg, RSD, SSE, LOD, and LOQ were assessed.

3.8 Data evaluation

For data acquisition and instrument control Analyst® software (version 1.7, AB SCIEX, Darmstadt,
Germany) was used. Data evaluation was conducted with the SCIEX OS software
package (version 1.6, AB SCIEX, Darmstadt, Germany). After the data evaluation in SCIEX OS
was finished, results were transferred into Microsoft Excel (Redmond, Washington, USA), in
which R?, Rg, RSD,, RSDgr, LOD, LOQ, and SSE were calculated. Moreover, for suspected

outliers, Dixon’s Q test (p=0.05) was performed.
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4 Results and discussion

4.1 Method optimization

Since, during preliminary analyses, the sensitivities reported by Sarkanj et al. (2018) were not
achieved, extensive method optimization was performed. Except for the centrifugation step being
performed at 2,940 x g as opposed to 5,600 x g and the evaporation of ACN in a CentriVap™
Benchtop Vacuum Concentrator at 4 °C instead of under a nitrogen stream at room temperature,
no further changes to the sample cleanup procedure, established by Sarkanj et al. (2018), were
implemented. However, since, after a set of extracted samples was stored at -21 °C over the
weekend, precipitation was observed, one attempt was conducted to further enhance sensitivity
of the analytes. Therefore, the extracted samples were centrifuged at 13,500 rpm (17,110 rcf) at
room temperature for 5 min. But, given that no significant improvements in sensitivity could be
observed, no further changes to the cleanup protocol were implemented. Therefore, the method

optimization mostly concerned the HPLC and MS parameters.

Others noticed a reduction in interfering signals and increase in analyte sensitivity after enzyme
treatment (Cummings et al., 2018; Qiao et al., 2020), however, during this thesis, the opposite
was observed. GUS treatment mostly lead to a major decrease in sensitivity. Enzymatic treatment
mostly led to a major decrease in analyte sensitivity. Compared to Escherichia coli, the use of the
enzyme-mixture from Helix pomatia did not seem to lead to significant sensitivity improvements,
while the yield of cleaved mycotoxin conjugates was reduced to only about a third. Therefore, the

Escherichia coli enzyme was used for sample treatment.
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Figure 25: lllustration of key analytes aflatoxin B+, deoxynivalenol, and zearalenone in matrix-matched
samples before 3-glucuronidase treatment a) and afterward b)
cps = ion counts per second

An injection volume of 5 L was used in the early phase of method optimization in order to reduce
the stress, which is put onto the column, and because recent studies have reported better results
in different matrices when using lower injection volumes (Braun et al., 2018; Fan et al., 2019).
However, since sensitivities were typically lacking by up to 10-fold and other analytes, such as
CIT and DON, could not be detected at all, several parameters of the LC-MS/MS method were
changed and thereafter tested. Although mycotoxins are generally stable compounds, matrix
compounds might not be as stable. It was hypothesized that, since the samples provided by

Sarkanj et al. were kept under storage conditions for a couple of years, they might be too old in

order to achieve sufficient sensitivities with them.

When the needle washing time was set to 20 sec, as reported by Sarkanj et al. (2018), most
analytes, which were detected previously, could not be detected anymore. However,
Sarkanj et al. used a different LC system, which might execute the needle-washing step
differently. In the in-house instrument the needle is flushed from below. It was hypothesized that
such a long needle-washing step with needle-washing solution might act like a liquid-liquid
extraction and flush most of the analytes out of the needle. This hypothesis was further proven,
due to the fact, that, when the needle-washing time was changed back to its default value, the

analytes could be detected again.

The column used for the first parts of method optimization was previously also used for breast

milk analyses. A possible interference between a matrix with a higher fat content, such as breast
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milk and a matrix with a higher water and salt content, such as urine that might lead to a decrease
in sensitivity during urine analyses was suspected. Therefore, the old column was exchanged for
a new one. With the use of the brand-new column and the data acquired from tuning CIT could

finally be detected.

Sensitivity of some analytes (e.g. CIT, DON, NIV) was higher when MeOH + 0.1 % HAc was used.
However, performance and sensitivity of most analytes, were better using ACN + 0.1 % HAc.
Therefore, during another optimization attempt, 1 % of MeOH was added, as an additive, to
ACN + 0.1 % HAc. However, compared to ACN + 0.1 % HAc, this did not improve the sensitivity
for any of the analytes. Hence, in the final method ACN + 0.1 % HAc was used as eluent B.
Different gradients and flow rates were also tested, but compared to the method used by Sarkanj
et al. (2018) chromatographic separation and performance was reduced. Moreover, different flow
rates with different gradients did not seem to greatly impact analyte sensitivities, but at high flow
rates very polar compounds, such as NIV and even DON could no longer be detected, likely due
to the possibility that these analytes were eluted together with the injection peak or directly eluted
into the waste. On these grounds the gradient reported by Sarkanj et al. (2018) was used and the

flow rate was changed back to 0.1 mL/min.

It was observed that analyte sensitivities were generally better when samples were measured at
a source temperature of 450 °C. Consequently, for almost all subsequent measurements, the
source temperature was adjusted to this value. Nevertheless, still troubles with the detection of
some analytes, including CIT and FB4, occurred. In order to find out if CIT can be detected in
urine eluents were prepared and samples analyzed according to the LC-MS/MS method, that was
developed in-house by Braun et al. (2018). With the help of this method CIT was finally detected
in negative ionization mode as MeOH-adduct as well as in positive ionization mode. However, the
MeOH-adduct was far more sensitive. Another important method parameter, regarding the needle
of the MS, is needle height. After it was adjusted to 10 mm (needle closer to the orifice) many
analytes could not be detected any longer. This was probably due to the fact that the needle

position was too low and the gas flow too weak to carry the analytes into the orifice of the MS.

Other analytes, like the ENNs and BEA, were included during method development. However,
they could not be detected. The reason the ENNs and BEA were not detected might be due to
the fact, that these very apolar compounds need a LC gradient with a very high organic content
over a long time period, as described by Braun et al. (2018), in order to elute from the column.
These analytes might also bind to glass vials or micro-reaction tubes if organic content in the
sample is too low, which, in such small concentrations, as used for the respective calibration
curves, might greatly affect the observed results. All in all, it has to be noted that reconstitution is

a critical factor for these analytes.
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Some analytes, which could be detected, were prone to carry-over (e.g. AME, CIT), especially
after analysis of higher concentrated standards. In order to minimize carry-over for these
compounds, five solvent blanks were measured, in between the highest calibration standard and

the next sample.

Another curious observation, which was made, was that, after columns had been used for
measuring urine samples for the first time, the initial pressure at the begin of further analyses had
increased by about 30 bar. This was witnessed with the new column as well as the old one, which
suggests that, this phenomenon is urine-specific. The pressure increase might be due to the
transfer of salts (mainly calcium salts) onto the column (Hanai, 1991). Although most salts were
likely removed during the centrifugation and transfer step of the sample cleanup procedure, it is

possible that there were still some salts left.

4.2 Method validation

During in-house method validation the following parameters were investigated in detail: R?, Rg,
RSD;, RSDg, SSE, LOD, LOQ, and ion ratio. Out of the 30 mycotoxins and key metabolites, which
were included in the final method validation, eight (AFG, AFB-N7-gua, AOH, CIT, FB4, OTA, OTB,
and OTa) were not successfully validated, including four analytes (AOH, CIT, FB4, and OTA),
which completed the validation according to Sarkanj et al. (2018). For most of these analytes the
lowest spiking level was too optimistically estimated in the initial assessment. Moreover, CIT and
FB1 showed very low Res and for other analytes matrix interferences were observed, which were
less pronounced in the initial assessment (AFB-N’-gua, OTB, OTa). In the matrix-matched
samples AFG; had two interfering peaks in both MRM-chromatograms (quantifying ion and
qualifying ion), which hindered proper quantification. Res for AFB-N’-gua, OTA, OTB, OTa were
acceptable, however, RSD;s and RSDrs did not meet the validation criteria in full. For OTA, OTB,
and OTa differences in analyte extraction were observed. Here, two of the three replicated spike
samples per quantifiable spiking level were typically within a certain concentration range, while
the third spike was merely at about half of that. These fluctuations did not seem to fit any pattern,
but were repeatable within the specific validation run, and occurred across all validation runs.
They even persisted after area correction. Moreover, the qualifier transitions of AFB-N’-gua, OTB,
and OTa could not be evaluated on the three lowest matrix-matched calibration levels due to
matrix interferences. For AOH there was also an interference in both transitions observed, which
was at a RT close to the actual analyte peak. In addition, validation was not successful due to
insufficient Res, which were estimated below 10 % at both, low and high, spiking levels. It appears
as though AOH was lost during the sample cleanup. Something similar was observed by Braun
et al. (2020a), who reported a Re of <6 %. Furthermore, CIT peaks were unusually broad and the

noise observed for the respective chromatograms was rather high. However, since Res of low
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and high spikes were not sufficient, it is unlikely that this noise superimposed the actual peak
shapes to such a high degree. It seems like both, CIT and FB+4, were lost over the sample cleanup
instead, which contradicts the findings by Sarkanj et al. (2018). However, due to the high

interference in the CIT chromatograms there is no chance in verifying this hypothesis.

However, in total 22 mycotoxins and some of their key metabolites (AFL, AFB4, AFB;, AFGy,
AFM;, AFM,, AFP1, AFQ4, AME, DHC, DON, DOM-1, NIV, STC, T-2, TEN, ZAN, a-ZAL, B-ZAL,
ZEN, a-ZEL, and B-ZEL) were successfully validated in-house. During the first validation run,
however, an unexplained NIV contamination occurred in the second of the low matrix-matched
spikes. Since the phenomenon did not repeat itself for any of the other analytes and the peak
intensity for that particular spike was significantly higher than the peak intensity of the highest
matrix-matched calibration standard it is unlikely that a sample mix-up had occurred. Moreover,
the contamination was so prominent that it led to a carry-over during the analysis of the third
spike, which is why these two spikes were excluded from the calculations of the method validation
parameters. The analytes’ RSD;s were typically determined during the second validation run,

except for the RSD; of a-ZEL, which was obtained during the first validation run.

Previous LOQ estimations for AFQ1 and T-2 were too low, which subsequently lead to the low
spiking levels for these analytes being immeasurable. Therefore, these analytes were only
successfully validated on the upper spiking level. STC was also only successfully validated on
the upper spiking level, which was because of a lack in sensitivity during the first validation run,
and probably occurred due to inefficient ionization. Although STC sensitivities during the other
two method validation runs were significantly better, data from one validation run was missing,

rendering the validation on the lower spiking level as unsuccessful.

Moreover, during comparison of matrix-matched samples to solvent samples and even during
comparison of matrix-matched samples across different validation runs, for DHC a RT shift of up
to £0.4 min and for OTa a RT shift of up to £0.2 min was observed. This phenomenon might have
ensued due to minor variations in the pH values of the respective samples, that certain analytes
are more susceptible to (Snyder et al., 2010). Therefore, it is not recommended to set a narrower

sMRM detection window.
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Table 10: Performance characteristics for analytes that were not successfully validated in-house, including
correlation coefficient (R?), extraction recovery (Re), interday precision (RSDR), intraday precision (RSDy),
signal suppression/enhancement (SSE), limit of detection (LOD), and limit of quantification (LOQ)

R? Re + RSDg RSD, SSE* LOD LoQ
Analyte spiking levels® level1 level2 level1 level 2 lon ratio®
(nglL) (%) (%) (%) (%) (%)  (nglL) (nglL)
Aflatoxin G, - 200/3333 - - - - - - - -
Aflatoxin-N’-guanine  0.9993 40/667 - 51+ 32 - 23 49 30 60 0.15
Alternariol 0.9977 1000/16667 - - - 79 1904 380¢ 1.66
Citrinin 0.9975 3000/50000 36+25 32+53 8 34 68 700 1400 0.11
Fumonisin B4 0.9996 400/6667 35+17 15+ 36 - 24 88 70 140 0.98
Ochratoxin A 0.9980 40/667 58 +21 68+ 36 20 52 96 20 40 0.33
Ochratoxin B 0.9977 40/667 - 7335 - 19 87 30 60 0.32
Ochratoxin a 0.9975 200/3333 - 90 £ 40 - 22 82 150 300 0.16

a spiking levels reported in following order: level 1/level 2
b calculated as the ratio of matrix-matched calibration slope and solvent calibration slope and expressed as

percent

¢ calculated as the ratio of qualifying ion and quantifying ion
d calculated based on matrix-matched calibration standards

Table 11: Performance characteristics for analytes that were successfully validated in-house, including
correlation coefficient (R?), extraction recovery (Re), interday precision (RSDR), intraday precision (RSDy),
signal suppression/enhancement (SSE), limit of detection (LOD), and limit of quantification (LOQ)

R? Re * RSDr RSD; SSE* LOD LOQ
Analyte spiking levels® level 1 level 2 level 1 level 2 lon ratio®
(nglL) (%) (%) (%) (%) (%) (ng/L) (ng/L)

Aflatoxicol 0.9988 800/13333 87 +20 94 + 11 14 6 69 170 340 0.81
Aflatoxin B, 0.9995 120/2000 100 + 18 97 +8 5 5 81 30 60 0.66
Aflatoxin B, 0.9988 200/3333 79 +12 98+8 10 6 92 45 90 0.52
Aflatoxin Gy 0.9993 140/2333 87 +13 97 £10 9 6 99 40 80 1.61
Aflatoxin M4 0.9994 140/2333 96 + 19 97 +6 2 4 97 30 60 0.55
Aflatoxin M, 0.9995 600/10000 84+ 11 979 3 5 81 115 230 0.59
Aflatoxin P4 0.9993 600/10000 74 +£13 90+8 4 5 66 110 220 0.32
Aflatoxin Q¢ 0.9995 600/10000 - 79+8 - 5 100 1800 3600 0.69
Alternariol monomethyl

ether 0.9989 60/1000 60+14 66+17° 8 18° 27 12 25 0.17
Dihydrocitrinone 0.9994 1200/20000 77 +14°  92+11° 16 12 99 300 600 0.70
Deoxynivalenol 0.9998 4000/66667 8617 105+13 6 7 92 950 1900 2.94
Deepoxy-deoxynivalenol ~ 0.9993 2000/30000 71118 97 £ 13 20 9 37 470 940 0.96
Nivalenol 0.9999 1000/16667 103 £ 14 94+8 5 7 85 300 600 0.86
Sterigmatocystin® 0.9987 10/167 - 77+ 11 - 14 95 5 10 0.85
T-2 toxin? 0.9991 6000/100000 - 92+9 - 7 58 4600 9200 0.78
Tentoxin 0.9988 200/3333 89+7 937 3 4 42 45 90 0.56
Zearalanone 0.9996 600/10000 94+14 10311 4 9 26 195 390 1.32
a-Zearalanol 0.9994 1200/20000 90+17 85+18° 20 144 37 265 530 0.08
-Zearalanol 0.9997 1200/20000 73+18 98+ 14° 15 19¢ 49 190 380 0.27
Zearalenone 0.9997 400/6667 80+ 18 93 + 11 8 12 101 65 130 1.20
a-Zearalenol 0.9993 200/3333 86 + 19 88 + 14 15 8 31 100 200 0.63
B-Zearalenol 0.9997 200/3333 82+17 101+19 18 13 56 65 130 0.65

a spiking levels reported in following order: level 1/level 2
b calculated as the ratio of matrix-matched calibration slope and solvent calibration slope and expressed as

percent

¢ calculated as the ratio of qualifying ion and quantifying ion
d spiking level 1 was not successfully validated
¢ statistical outliers were removed

foutliers were removed due to supposed contamination

(For further information regarding the calibration ranges, calibration curves, and isotopically labelled internal
standards used for area correction see Appendix pp. 92, 94.)
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Out of all of the analytes that successfully completed the in-house validation AFP1, AME, DOM-1,
T-2, TEN, ZAN, a-ZAL, B-ZAL, ao-ZEL and B-ZEL exhibited significant signal suppressions.
Compared to solvent signals, in matrix, signals were suppressed by more than a third. The
RALs (e.g. ZAN) seem to be especially affected. Signal suppressions occur due to the presence
of undesired components (e.g. matrix compounds), which co-elute during the chromatographic
separation and suppress the ionization process. Although SSE is not solely determined by matrix
effects, it can be reasoned, that matrix greatly affects the ionization of these compounds (Gosetti
et al., 2010). None of the analytes, that successfully completed in-house validation, exhibited

significant signal enhancements.

LOQs ranged from 10 ng/L (STC) to 9200 ng/L (T-2). However, the sensitivity of the original
method could not be reproduced. On average analyte LOQ values were 28 times higher
compared to the published method. This might be due to the fact that Sarkanj et al. used a
different “non-spiked urine”. Besides exhibiting very strong matrix effects, urine can also be very
variable, which might also affect analyte sensitivities (Schlittenbauer et al., 2015). In addition to
that, a mistake during later runs of method optimization, stretching over the duration of the
validation experiments, regarding the first step of sample cleanup, happened where samples were
centrifuged at 5,600 rpm (2,940 x g) instead of 5,600 x g. The error was only discovered at a later
time, after method validation was already completed. However, given that an additional
centrifugation step at 13,500 rpm (17,110 rcf) for 5 min did not improve the analyte sensitivities,
this circumstance might not have a big impact on the method’s overall sensitivity. Moreover, the
single-analyte stock solutions, which were used for the preparation of the multi-analyte stock
solutions, were not prepared freshly. Instead, they were prepared about two years ago. However,
since mycotoxins were proven to be rather stable compounds and because these stock solutions
were opened once or twice in total, and otherwise stored at -21 °C, only a minor impact on analyte

sensitivities is to be expected (Kiseleva et al., 2020).

However, as already mentioned previously, during comparison of untreated urine to GUS-treated
urine, there was a big sensitivity difference observed (up to 20-fold). Based on the observed
differences, it may be likely that Sarkanj et al. did not treat their samples matrix-matched samples
with GUS. These variations are indicated by e.g. interfering peaks in the MRM-chromatogram of
AFM;. Sarkanj et al. (2018) reported that in matrix-matched samples two prominent peaks were
observed, which are eluting close to this analyte. Therefore, the authors subsequently had to
optimize the HPLC gradient in such a way, that AFM, elutes in between of the two interfering
peaks. In the results presented in this thesis, interfering peaks were only observed in untreated
urine. However, when urine samples were subjected to GUS treatment, the first interfering peak

disappeared and the intensity of the second one was reduced (Figure 26).

53



Results and discussion

s
a) non-spiked (in-house) b) non-spiked and enzyme treatment (in-house)

)

o
2| e e =

>

o

2

9 | c)matrix-matched (3arkanj et al.) d) spiked and enzyme treatment (in-house)

c

*

time (min)

Figure 26: Demonstration of interfering peaks in a non-spiked urine sample without a) and with
B-glucuronidase treatmentb), in a remeasured matrix-matched sample provided by
Sarkanj et al. (100 ng/L) c), and a matrix-matched sample using the non-spiked urine collected in this thesis
spiked at a similar concentration (70 ng/L). The quantifying ion is given in blue, qualifying ion is depicted in
pink, and analyte aflatoxin M1 is tagged (*).

Similar results, as shown in Figure 26, were observed in a proof-of-principle experiment (see
subchapter 4.3). These findings indicate that the interfering molecules are prone to GUS
treatment and may, therefore, be glucuronides too. But, since the enzyme is extracted from a
rather crude mixture, other enzymes might be present as well, which could potentially cleave the

interfering molecules. However, no attempts were made to identify these unknown compounds.

Comparing the matrix-matched standard set, provided by Sarkanj et al., with matrix-matched
samples prepared in-house, the estimated LOQs were different. After the evaluation of the
sensitivities in both calibration sets, several LOQ values in samples provided by
Sarkanj et al. (e.g. DON, DOM-1, NIV) matched with the results reported by Sarkan;j et al. (2018).

This suggests GUS treatment and sample properties have a major influence on sensitivity.

During method optimization it was observed that, although the subject, who provided the ‘blank’
urine, adhered to a special diet, the “non-spiked urine” was still contaminated. Results of the
validation experiments showed that the urine was contaminated with AME (43+18 ng/L),
OTA (<LOQ), a-ZAL (850480 ng/L), and B-ZAL (420+110 ng/L).
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The standard deviations for AME and -ZAL were rather high, which is likely due to the fact that contamination, for both of these analytes, was

close to their respective LOQs and, therefore, it might have happened that more noise or less of the peak area was integrated during the evaluation
of the different validation runs.
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Figure 27: Mycotoxins detected in “non-spiked urine”

AME = alternariol monomethyl ether, OTA = ochratoxin A, a-ZAL = a-zearalanol, B-ZEL = 3-zearalenol;
cps = ion counts per second, m/z = mass-to-charge-ratio
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The occurrence of AME in this urine sample was potentially due to the consumption of potatoes
during day two of the dietary protocol (Sun et al., 2019). Potatoes were cooked, but since AME
appears to be stable under high temperatures and is almost fully excreted after 24 h of ingestion,
a contamination, through this source of exposure, seems plausible (Estiarte et al., 2018;
Puntscher et al., 2019a). Moreover, similar levels of AME contamination in urine have been
reported recently (Liu et al., 2020). OTA is typically found in cereals, which is why most, except
for rice, were excluded from the diet (Heussner and Bingle, 2015). However, OTA contamination
still occurred, but since rice is the crop least susceptible to fungal growth, an exposure through
rice seems unlikely (Chulze, 2010). The occurrence in urine is likely due to OTA’s strong affinity
to serum albumin, which it can bind to after absorption and results in a very long half-life. It can
take a few days to up to one month for the absorbed OTA to be fully excreted again (Készegi and
Podr, 2016). Therefore, it is entirely possible that exposure took place before the dietary

intervention had even begun.

Although rice might be relatively resistant to mycotoxin contamination, ZEN can sometimes be
detected (Palumbo et al., 2020). It is possible that the consumed rice was contaminated with ZEN,
which subsequently lead to its degradation products being excreted, due to the fact, that ZEN is
metabolized after absorption. It is primarily degraded to a-ZEL and B-ZEL, which are subjected to
further reductions to a-ZAL and B-ZAL, and finally partially conjugated and excreted with urine
(Zinedine et al., 2007). Belhassen et al. (2014) detected similar concentrations of a-ZAL in the
urine of Tunisian women, but only found one positive sample for B-ZAL, below the LOQ
value (1000 ng/L). Compared to the calculated LOQ value in this thesis their reported LOQ was
2.6 times higher, which might explain these differences in occurrence. Due to contamination of
the “non-spiked urine”, method validation parameters for the affected compounds were calculated

by means of standard addition.
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4.3 Proof-of-principle exposure experiments

First morning urine samples were provided by three female volunteers from Austria over a time
period of five consecutive days and were analyzed using the established and validated LC-MS/MS
method. Socio-demographic data for all mothers was recorded. The women were between 25
and 32 years old and had a normal body mass index. While all mothers earned a medium wage,
two women had a higher level of education (university degree) and none of the women adhered
to a special diet (e.g. vegetarian). Over the course of the study the women maintained their
regular, mixed European, diets. The study was approved by the Ethics Committee of Lower
Austria. In order to minimize bias and maximize the validity of the results, the samples were
blinded prior to analysis. The final results for the unblinded samples are shown in Table 12.

Table 12: Recovery-corrected results for mycotoxins and key metabolites detected in urine obtained from
three Austrian nursing mothers on five consecutive days

Analyte (ng/L)
Day

AME CIT DON OTA a-ZAL ZEN o-ZEL  B-ZEL

1 132 n.d. 45200 <LOQ 1850 642 <LOQ <LOQ

- 2 73 <LOQ 87600 <LOQ 1120 575 <LOQ <LOQ
E 3 49 n.d. 9000 <LOQ 600 242 <LOQ n.d.
§ 4 33 <LOQ 11700 <LOQ 1130 229 <LOQ n.d.
5 n.d. n.d. 12800 <LOQ n.d. <LOQ n.d. n.d.
1 77 n.d. 8500 n.d. 2470 <LOQ n.d. n.d.
~ 2 37 n.d. 4100 n.d. 2330 <LOQ n.d. n.d.
E 3 100 n.d. 12900 <LOQ 2590 <LOQ n.d. n.d.
§ 4 <LOQ n.d. 16500 n.d. 4760 165 n.d. n.d.
5 89 n.d. 21600 <LOQ 5230 169 n.d. n.d.

1 <LOQ <LOQ 21300 n.d. n.d. n.d. n.d. <LOQ
- 2 n.d. n.d. 11800 <LOQ n.d. n.d. n.d. n.d.
E 3 n.d. n.d. 35300 <LOQ n.d. n.d. n.d. n.d.
§ 4 44 <LOQ 11000 n.d. n.d. <LOQ n.d. n.d.
5 59 n.d. 10000 <LOQ n.d. n.d. n.d. n.d.

AME = alternariol monomethyl ether, CIT = citrinin, DON = deoxynivalenol, OTA = ochratoxin A,
a-ZAL = a-zearalanol, ZEN = zearalenone, a-ZEL = a-zearalenol, B-ZEL = B-zearalenol;
LOQ = limit of quantification, n.d. = not detected
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The results above show that, despite the sensitivities reported by Sarkanj et al. (2018) were
generally not achieved, the method was still sensitive enough for the determination of various
mycotoxins in urine. Mycotoxins detected were DON (100 %), AME (80 %), ZEN (73 %), OTA
(67 %), a-ZAL (60 %), CIT (27 %), a-ZEL (27 %), and B-ZEL (20 %). Although some of the
samples, contaminated with CIT or OTA, were at concentration levels above the previously
estimated LOQs, results were still reported as “<LOQ”, since these analytes failed the in-house
validation experiments and a Re correction of these results was not performed. At least two
co-occurring mycotoxins were detected across all samples. The study cohort, however, was far
too small in order to perform any statistical tests. Especially interesting was the frequent
occurrence of the, currently unregulated, mycotoxin AME, which is in accordance with the findings
in breast milk and suggests a frequent background exposure (Braun et al., 2020b). The high
abundancies of DON, OTA, and ZEN are probably due to frequent consumption of cereals and
cereal products, which reflect the typical characteristics of the Central European Diet (Dus-
Zuchowska et al., 201 8). Moreover, urine, which was contaminated with ZEN, was also commonly
contaminated with its degradation products a-ZEL, B-ZEL, and a-ZAL. No B-ZAL and ZAN were
detected, which is probably due to low conversion rates of a-ZAL to B-ZAL and ZAN (Belhassen
et al., 2014).

Results for ZEN were in a similar concentration range as the mean value (750 ng/L) reported in
a cohort from northern Nigeria (n = 120). In that group ZEN was detected in 81 % of urine
samples, which is similar to the findings of the proof-of-principle experiment. Values obtained for
DON, however, differed greatly. In the cohort from northern Nigeria DON was reported less
frequently (19 %) and concentrations were significantly lower (maximum value = 6220 ng/L)
(Sarkanj et al., 2018). Results obtained for DON closely reflect the findings reported in a cohort
of pregnant women from Croatia (n = 40). Here, free DON was reported almost as often (76%)
and in similarly high concentrations as in this study (Sarkanj et al., 2013). However, due to the
dilution through liquid intake, urinary mycotoxin concentrations alone have an uncertain meaning
for human health. In order to make the results, reported in Table 12, more comparable to different
studies, one would also need to account for different levels of hydration through creatinine
correction of these values. Furthermore, other factors, such as age, gender, and race, also affect

the urinary creatinine excretion and should be taken into account as well (Jain, 2016).

For two of the mycotoxins, which were detected and quantified in the urine samples, tolerable
daily intakes (TDIs) are established (DON and its modified forms = 1 ug/kg bodyweight (bw)/d
and ZEN = 0.25 ug/kg bw/d) (EFSA, 2014a, 2017). TDIs are the estimated amounts of a
compound in food or drinking water, which can be taken in by humans for a lifetime, without an

elevated risk for adverse health effects (EFSA, n.d.).
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In order to be able to relate the results to the respective TDIs, the total DON and ZEN intakes of
the participants were calculated. For this estimation the urinary excretion rates for DON (68 %)
and ZEN (9 %), as reported by Warth et al. (2013), were chosen and the bw of the study subjects
was fixed at 60 kg.

Daily DON intakes values from 0.1 ug/kg bw/d to 2.1 ug/kg bw/d. Although, according to these
estimations, Mother #1 exceeded the group TDI during two separate days of this five-day-trial this
is no cause for concern, yet. Since daily DON intakes, for the remaining three days, were
significantly below the group TDI, the woman is not expected to suffer from any adverse health

effects in relation to the substance.

Total daily ZEN intakes ranged from 0.01 pg/kg bw/d (LOQ/2) to 0.12 ug/kg bw/d, which means
that none of the women exceeded the TDI at any time point during the five-day-trial. However, it
is unclear if the ZEN metabolites, that were present in the urine samples, resulted from ZEN

exposure.

Moreover, a comparison of the urinary mycotoxin patterns of the different women showed that,
compared to Mother #1 and #2, the urine of Mother #3 seemed to be a lot less contaminated with
ZEN and its metabolites. However, investigation of dietary habits and respective food analysis to

examine a potential association to excretion patterns would be necessary in the future.
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Figure 28: MRM-chromatograms for mycotoxins (citrinin (CIT), deoxynivalenol (DON), ochratoxin A (OTA), zearalenone (ZEN)) and mycotoxin
metabolites (alternariol monomethyl ether (AME), a-zearalanol (a-ZAL), a-zearalenol (o-ZEL), B-zearalenol (B-ZEL)) detected in unknown urine
samples (n = 15) obtained from three study subjects.

cps = ion counts per second, RT = retention time, m/z = mass-to-charge-ratio
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4.4 Screening in serum

Certain mycotoxins (e.g. OTA) are not as quickly excreted as others. In order to determine
real-time mycotoxin exposure other matrices, such as serum, have to be analyzed. Almost all
analytes could be detected in matrix-matched serum samples, except for CIT, DHC, and T-2.
However, many analytes could not be quantified due to insufficient peak shapes (AFB+, AFB.,
AFG1, AFGz, AFM1, AFM,, AFP4, AFQ4, DON, NIV, OTa). For these analytes either very broad
peaks or double peaks were observed. The unusual peak shapes probably resulted from the fact
that samples were reconstituted in 100 % organic solvent (ACN/MeOH, 1/1, v/v), however, LC
starting conditions of the mixed eluents were in 10 % organic content. The difference between
the organic content of the eluent until minute 19 of the chromatographic separation and the
sample, combined with a relatively high injection volume (10 uL), likely resulted in peak
broadening and disturbed separation efficiency (Snyder et al., 2010). This is further indicated by
the observation that peak shapes improved over the duration of the respective analyses and,
therefore, with higher organic content. Regular peak shapes were observed starting from

minute 19 (95 % mixed-eluent organic content).

However, this issue can easily be resolved through evaporation and reconstitution of the samples
in 10 % organic solvent. Samples were originally reconstituted in exclusively organic solvent,
because it was observed previously that Res for the ENNs and BEA were lacking if samples were

reconstituted in less than 75 % organic solvent.
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Figure 29: lllustration of peak shape improvement over the duration of sample analysis, depending on the content of acetonitrile (ACN) in the eluent-mixture.
The quantifying ion is shown in blue, while qualifying ion is depicted in pink.
cps = ion counts per second

Overall, three analytes (AFL, AFB-N’-gua and FB+) did not fulfill typical validation criteria in this first screening attempt. For example, FB4 showed
insufficient linearity (R? <0.99) and highly variable peak areas between solvent and matrix-matched calibrants, which lead to an abnormally high

SSE. The Res of the lower spiking level for AFL slightly exceeded the permitted deviation of +10 % and the Res for both spiking levels of
AFB-N’-gua exceeded the permitted deviation of -30 %.
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However, besides differences in sample reconstitution, twelve mycotoxins and key metabolites
met all validation criteria in this screening attempt. Since spiking levels for most isotopically
labelled ISs were either too low or showed insufficient peak shapes, they could not be used for
area correction of three of these mycotoxins and key metabolites (OTA, OTB, and STC).
However, 2Hs-AOH and 3C+s-ZEN met the required criteria and were used for area correction of
the eight remaining mycotoxins and key metabolites (AOH, AME, ZAN, a-ZAL, B-ZAL, ZEN,
ao-ZEL, and B-ZEL). Additionally, since the ‘blank’ serum, which was used for the matrix-matched
calibration and spiking experiments, was contaminated with OTA (192 ng/L) and p-ZAL (<LOQ)
method validation parameters for these analytes were calculated by means of standard addition.
The OTA concentration of contaminated “non-spiked serum” was significantly higher in
comparison with contaminated “non-spiked urine”. However, due to OTA’s albumin-binding
capabilities, this is not surprising (K6szegi and Poér, 2016). Moreover, “non-spiked serum” was
obtained by pooling samples, which were collected from different study participants from the USA.
The results for analytes, which successfully completed the screening attempt in serum, are shown

in Table 14 on the next page.

63



Results and discussion

Table 13: Performance characteristics for analytes that did not successfully complete the screening attempt
in serum including retention time (RT), correlation coefficient (R?), extraction recovery (Re), relative
standard deviation (RSD), signal suppression/enhancement (SSE), limit of detection (LOD), and limit of
quantification (LOQ)

RT R? Re £ RSD SSE® LOD LoOQ
Analyte spiking levels® level 1 level 2 lon ratio®
(min) (nglL) (%) (%) (%) (ng/lL) (ng/L)
Aflatoxicol 18.0  0.9999 1200/3000 112+ 11 96+6 54 150 300 0.82
Aflatoxin B¢ - - 240/600 - - - - - -
Aflatoxin B,® - - 240/600 - - - - - -
Aflatoxin G,¢ - - 240/600 - - - - - -
Aflatoxin G,° - - 240/600 - - - - - -
Aflatoxin M,¢ - - 240/600 - - - - - -
Aflatoxin M,¢ - - 240/600 - - - - - -
Aflatoxin P¢ - - 240/600 - - - - - -
Aflatoxin Q¢ - - 240/600 - - - - - -
Aflatoxin-N"-guanine 11.0 0.9996 1200/3000 68+4 65+9 42 15 30 0.15
Citrinin® - - 240/600 - - - - - -
Dihydrocitrinone® - - 480/1200 - - - - - -
Deoxynivalenol® - - 3600/9000 - - - - - -
Nivalenol? - - 6400/16000 - - - - - -
Fumonisin B4 14.9 0.9845 6000/15000 34 +13 34 +£13 4979 25 50 0.98
Ochratoxin a® - - 799/2000 - - - - - -
T-2 toxin® - - 480/1200 - - - - - -

a spiking levels reported in following order: level 1/level 2

b calculated as the ratio of matrix-matched calibration slope and solvent calibration slope and expressed as
percent

¢ calculated as the ratio of qualifying ion and quantifying ion

4 screening attempt not successfully completed due to insufficient peak shapes

¢ analyte not detected

Table 14: Performance characteristics for analytes that successfully completed the screening attempt in
serum including retention time (RT), correlation coefficient (R?), extraction recovery (Re), relative standard
deviation (RSD), signal suppression/fenhancement (SSE), limit of detection (LOD), and limit of
quantification (LOQ)

RT R? Re * RSD SSEP LOD LoQ
Analyte spiking levels® level 1 level 2 lon ratio®
(min) (ng/L) (%) (%) (%) (ng/L) (ng/L)
Alternariol 18.3 0.9997 480/1200 1037 109+4 98 30 60 1.75
Alternariol
monomethyl ether 20.7 0.9998 480/1200 98 +12 1027 22 10 20 0.17
Ochratoxin A 20.5 0.9997 480/1200 989 8118 26 10 20 0.34
Ochratoxin B 19.5 0.9997 480/1200 114 £ 10 9317 34 30 60 0.28
Sterigmatocystin 21.1 0.9983 120/300 87 + 3¢ 737 14 8 15 0.85
Tentoxin 18.2 0.9999 480/1200 8912 98+ 3 62 15 30 0.60
Zearalanone 20.6 0.9995 480/1200 90+9 102+8 20 90 180 1.36
a-Zearalanol 19.6 0.9992 640/1600 96+ 6 104 + 2 24 150 300 0.09
3-Zearalanol 18.8 0.9994 640/1600 112+9 106 + 1 31 250 500 0.24
Zearalenone 20.7 0.9995 480/1200 95+ 6 94 +5 82 100 200 1.34
a-Zearalenol 19.7 0.9993 640/1600 94 +13 95+ 3 22 80 160 0.63
3-Zearalenol 19.0 0.9989 640/1600 94 +10 89+4 26 80 160 0.63

a spiking levels reported in following order: level 1/level 2

b calculated as the ratio of matrix-matched calibration slope and solvent calibration slope and expressed as
percent

¢ calculated as the ratio of qualifying ion and quantifying ion

d statistical outlier was removed

(For further information regarding the calibration ranges, calibration curves, and isotopically labelled internal
standards used for area correction see Appendix pp. 93-94.)
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LODs and LOQs were estimated based on the lower spiking levels. However, since spiking levels
for many of the analytes were rather high the above listed LODs and LOQs should generally be
regarded as an initial approximation. Nevertheless, the results indicate that the optimized

LC-MS/MS method can also be used for the sensitive multi-mycotoxin determination in serum.

4.5 Limitations and challenges

Urine is a very diverse matrix and several matrix interferences make the sensitive detection of
multiple analytes very challenging (Schlittenbauer et al., 2015). Although the established method
was proven sensitive enough for the quantification of multiple mycotoxins in unknown samples,
its analyte sensitivities are still lacking compared to those reported by Sarkanj et al. (2018). This
might mostly be due to the enzymatic treatment, which cannot simply be left out. Depending on
the compound, rather large amounts of the initially ingested mycotoxin may be excreted as
glucuronides (Mufioz et al., 2017; Puntscher et al., 2019b; Warth et al., 2013). A major limitation
was the lack of a CRM for mycotoxins in urine, which would have enabled the exclusion of sample
variability. Some of the analytes, which were sufficiently recovered in the study of Sarkan;j et al.
(2018) (AOH, CIT, FB1, and OTA), were not efficiently extracted in this work. Moreover, other
mycotoxins, like the very apolar ENNs and BEA could not be detected, which might be due to the
low organic solvent content in the reconstituted samples. All in all, the method transfer and
optimization was successful, however, sensitivity was 28 times lower compared to the published
method of Sarkanj et al. In contrast, several new analytes were added and, on average, the
method was proven to be about seven times more sensitive than a previously developed “dilute
and shoot” approach (Warth et al., 2012).

4.6 Recommendations to further enhance sensitivity of the analytes

There are various approaches of how certain analytes’ sensitivities can be increased and many
analytes, which might be added to method in the future. Even if the impact of centrifugation on
analyte sensitivities at 2,940 x g instead of 5,600 x g might be minimal, samples should still be
centrifuged at 5,600 x g in order to make sure that as many, potentially interfering, matrix
components as possible are removed. Moreover, there is a possibility that the method might
perform better at injection volumes below 5 pL. On one hand, lower injection volumes entail lower
analyte amounts on the column, but also fewer interfering matrix. While most analytes were
detected more sensitively at a source temperature of 450 °C, a source temperature of 550 °C was
shown to be better suited for AFG1 and AFQ4. Certain analytes could be detected more sensitively
when MeOH + 0.1 % HAc as eluent B was used. This included AME, DON, DOM-1, and,
especially, CIT. For CIT the use of this particular eluent allowed for its MeOH-adduct being
measured, which seemed to be almost 100-fold more sensitive compared to the proton-adduct.

Moreover, if properly tuned, the sensitivity of T-2 should increase as well. However, like the ENNs
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and BEA, T-2 can be detected much more sensitively as ammonium-adduct. In order to
considerably increase the sensitivity of T-2, ammonium acetate could be added to the eluents,
allowing for the detection of its ammonium-adduct. However, this will most likely negatively affect
the sensitivities of other analytes. Moreover, since T-2 can be detected it should be rather

unproblematic to add the structurally closely related HT-2 to the method as well.

While going through old quantitation files it was discovered that TeA could actually be detected
previously and even on similar levels as reported by Puntscher et al. (2018). However, this was
only after the method validation experiments were already finished. TeA was included in the first
reference standard mixture, but because it was initially believed, that it cannot be detected, the
compound was excluded from the final set of reference standard mixtures, which were used for
the method validation. Its peaks were overlooked, while screening for the RTs of the analytes, in
a broad MRM-chromatogram, due its very polar character, which lead to a low RT (3.4 min) and
the compound’s comparatively low sensitivity. Peak shape seemed sufficient, which does not
confirm the requirements stated by Puntscher et al. (2018) that TeA needs a more alkaline pH or
derivatization prior to analysis in order to achieve sufficient peak shapes. It appears like this

analyte can be added to the method as well.

5000 ng/L 15000 ng/L

N

time (min)

intensity (cps)

Figure 30: Tenuazonic acid peaks in matrix-matched calibration standards at two different concentration
levels. The quantifying ion is given in blue (m/z 196.0 [M-H] > 112.0), the qualifying ion is depicted in
pink (m/z 196.0 [M-H] > 138.9).

cps = ion counts per second, m/z = mass-to-charge-ratio

AOH and the OTs were significantly impacted by the sample cleanup for urine, which contradicts
the results published by (Sarkanj et al., 2018). However, this could be due to minor differences in
the packing material of the SPE cartridges. With the sample cleanup for serum samples these
mycotoxins and key metabolites were sufficiently recovered. Since OTA is an important regulated
mycotoxin, which can be frequently detected in human bodily fluids (Braun et al., 2020b; Sarkan;
et al., 2018), it might be reasonable to use a separate cleanup method, based on Preindl et al.
(2019), for the determination of this and other mycotoxins in urine instead. It might also be
sensible to spike the samples with isotopically labelled OTA prior to the sample cleanup

procedure. This would account for the analyte loss, since the isotopically labelled ISs should
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behave like the naturally occurring compound during sample cleanup. However, this would

consume more resources and would therefore also be more expensive.

Moreover, possibilities to further enhance the sensitivities of the analytes include sample
concentration, which is achieved after evaporation and reconstitution in a smaller volume, and
direct analysis of the mycotoxin glucuronides instead of measuring the mycotoxins after
enzymatic hydrolysis. However, this would require reference standards for all mycotoxin

glucuronides, which are oftentimes not easily obtained.
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5 Conclusion and outlook
Within this thesis, the LC-MS/MS method published by Sarkanj et al. (2018) for the quantification

of multiple mycotoxins was modified and optimized. Several mycotoxins and key
metabolites (n = 14) were added to the optimized method. However, the sensitivities as reported
by Sarkanj et al. could not be achieved, due to rather high differences in individual matrix
composition. Moreover, certain analytes (e.g. OTA) did not fulfill all in-house validation criteria.
Although the optimized method did not reach the sensitivity of the earlier published method, it still
enabled the detection of multiple mycotoxins in a proof-of-principle experiment. Furthermore,

results of a screening attempt in serum showed that the method has excellent transferability.

Further research should be dedicated to the enhancement of the sensitivity of the optimized
method and to the addition of important mycotoxins, which were not successfully validated in this
thesis. Moreover, the optimized LC-MS/MS method should be validated in serum as well. Once
validated, this method, as well as the method for urine, can be used for human mycotoxin
exposure assessment. The acquired data can subsequently be related to data obtained through
high-resolution mass spectrometry, revealing the link between mycotoxin exposure and its impact

on the metabolome.
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Appendix

Table A1: Performance characteristics for the first validation run including retention time (RT), correlation coefficient (R?), extraction recovery (Re), relative

standard deviation (RSD), intraday precision (RSDr), signal suppression/enhancement (SSE), limit of detection (LOD), and limit of quantification (LOQ)

RT R? lon ratio? Re + RSD RSD: SSE° LOD LoQ
Analyte spiking levels® level 1 level 2 level 1 level 2
(min) (ng/L) (%) (%) (%) (%) (%) (ng/lL)  (nglL)
Aflatoxicol 18.1 0.9991 0.78 800/13333 7814 104 +5 - - 65 225 450
Aflatoxin B+ 17.6 0.9998 0.65 120/2000 77+3 106 + 8 - - 85 30 60
Aflatoxin B2 16.7 0.9993 0.52 200/3333 73+8 1036 - - 9 60 121
Aflatoxin G+ 16.7 0.9998 1.66 140/2333 74+ 4 104 7 - - 98 34 68
Aflatoxin G2 - - - 200/3333 - - - - - - -
Aflatoxin M+ 14.7 0.9994 0.55 140/2333 7612 101+ 4 - - 94 27 55
Aflatoxin M2 13.8 0.9999 0.59 600/10000 75+ 6 105+ 4 - - 75 99 198
Aflatoxin P4 14.6 0.9999 0.32 600/10000 624 97 +4 - - 63 105 210
Aflatoxin Q1 14.9 1.0000 0.65 600/10000 - 80 £ 11 - - 77 2243 4487
Aflatoxin-N7-guanine 11.0 0.9999 0.15 40/667 - 68 + 22 - - 43 29 58
Alternariol 18.4 0.9988 1.68 1000/16667 - - - - 28% 250 500
Alternariol monomethyl ether 20.7 0.9992 0.17 60/1000 70+9 5216 - - 20 15 30
Citrinin 19.0 0.9972 0.11 3000/50000 43 + 21 41 +17 - - 64 1076 2152
Dihydrocitrinone 16.2 0.9989 0.71 1200/20000 82+1 98 +1 - - 106 333 666
Deoxynivalenol 8.5 1.0000 2.94 4000/66667 65+7 872 - - 94 998 1997
Deepoxy-deoxynivalenol 10.2 0.9997 0.94 2000/30000 699 82+7 - - 28 584 1167
Nivalenol 5.7 1.0000 0.88 1000/16667 99 £ - 92+4 - - 86 411 821
Fumonisin B+ 14.9 0.9998 0.97 400/6667 24 + 41 19 + 37 - - 96 92 184
Ochratoxin A 20.6 0.9997 0.33 40/667 6144 76 + 26 - - 98 24 48
Ochratoxin B 19.5 0.9989 0.31 40/667 54 +7 92+ 15 - - 88 38 75
Ochratoxin a 15.1 0.9979 0.16 200/3333 - 128 + 4 - - 81 108 216
Sterigmatocystin 21.1 1.0000 0.86 10/167 - 77+8 - - 99 13 26
T-2 toxin 20.3 0.9993 0.77 6000/100000 - 84+5 - - 66 8054 16108
Tentoxin 18.2 0.9995 0.57 200/3333 816 93+4 - - 42 46 91
Zearalanone 20.7 0.9996 1.32 600/10000 7415 105+3 - - 18 268 537
a-Zearalanol 19.6 0.9996 0.082 1200/20000 93+12 106 + 2 - - 53 406 811
B-Zearalanol 18.8 0.9995 0.26 1200/20000 8410 112+ 4 - - 45 190 380
Zearalenone 20.8 0.9999 1.22 400/6667 806 89+3 - - 99 75 150
a-Zearalenol 19.8 0.9996 0.61 200/3333 93+ 14 917 15 8 43 100 201
-Zearalenol 19.0 0.9996 0.65 200/3333 75+ 14 109 + 4 - - 59 83 166

a calculated as the ratio of qualifying ion and quantifying ion
b spiking levels reported in following order: level 1/level 2
¢ calculated as the ratio of matrix-matched calibration slope and solvent calibration slope and expressed as percent
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Table A2: Performance characteristics for the second validation run including retention time (RT), correlation coefficient (R?), extraction recovery (Re), relative
standard deviation (RSD), intraday precision (RSDr), signal suppression/enhancement (SSE), limit of detection (LOD), and limit of quantification (LOQ)

RT R? lon ratio® Re+ RSD RSD: SSE* LOD LoQ
Analyte spiking levels® level 1 level 2 level 1 level 2
(min) (ng/L) (%) (%) (%) (%) (%) (ng/L)  (nglL)
Aflatoxicol 18.2 0.9998 0.82 800/13333 872 94 +3 14 6 78 168 336
Aflatoxin B+ 17.6 0.9991 0.66 120/2000 1125 91+2 5 5 82 36 72
Aflatoxin B2 16.7 0.9994 0.51 200/3333 79+5 94 +3 10 6 103 50 100
Aflatoxin G1 16.8 0.9999 1.59 140/2333 917 95+3 9 6 109 36 72
Aflatoxin G2 - - - 200/3333 - - - - - - -
Aflatoxin M+ 14.7 0.9993 0.54 140/2333 1131 95+2 2 4 102 29 58
Aflatoxin M2 13.8 0.9992 0.60 600/10000 1134 94+6 3 5 89 118 235
Aflatoxin P+ 14.7 0.9998 0.30 600/10000 855 896 4 5 73 96 193
Aflatoxin Q1 14.9 0.9995 0.75 600/10000 - 756 - 5 138 1881 3762
Aflatoxin-N"-guanine 11.0 0.9995 0.15 40/667 - 42 + 29 - 23 54 40 81
Alternariol 18.4 0.9972 1.66 1000/16667 - - - - 108 232 464
Alternariol monomethyl ether 20.7 0.9987 0.17 60/1000 64 +2 74 £12 8 18 30 12 24
Citrinin 19.0 0.9957 0.1 3000/50000 37 £ 11 3742 8 34 71 359 719
Dihydrocitrinone 16.0 0.9994 0.69 1200/20000 72+19 85+ 14 16 12 99 286 572
Deoxynivalenol 8.5 1.0000 2.79 4000/66667 94 +3 1118 6 7 90 1046 2093
Deepoxy-deoxynivalenol 10.2 0.9989 0.96 2000/30000 64 +8 97 +6 20 9 50 549 1099
Nivalenol 5.7 0.9999 0.85 1000/16667 1155 96 + 10 5 7 84 255 510
Fumonisin B+ 14.9 0.9993 0.99 400/6667 55+5 14 £ 23 8 24 80 56 112
Ochratoxin A 20.6 0.9992 0.34 40/667 46 +13 47 + 51 20 52 89 15 30
Ochratoxin B 19.6 0.9997 0.33 40/667 - 60 +48 - 39 95 21 42
Ochratoxin a 15.0 0.9999 0.16 200/3333 - 91+28 - 22 86 152 303
Sterigmatocystin 211 0.9980 0.84 10/167 53+10 66 +1 14 14 111 2 4
T-2 toxin 20.3 0.9999 0.81 6000/100000 93 + 11 969 9 7 63 2477 4954
Tentoxin 18.2 0.9970 0.55 200/3333 94 +4 99 +5 3 4 41 51 101
Zearalanone 20.7 1.0000 1.30 600/10000 100 + 4 104 + 10 4 9 29 134 268
a-Zearalanol 19.6 0.9996 0.08 1200/20000 77+ 20 693 20 14 29 127 253
B-Zearalanol 18.8 0.9999 0.27 1200/20000 677 882 15 19 46 140 281
Zearalenone 20.8 0.9998 1.20 400/6667 973 100 = 11 8 12 100 67 134
a-Zearalenol 19.8 0.9994 0.62 200/3333 92+2 7317 - 6 21 143 286
B-Zearalenol 19.0 0.9997 0.66 200/3333 887 94 + 2 18 20 51 56 111

2 calculated as the ratio of qualifying ion and quantifying ion
b spiking levels reported in following order: level 1/level 2
¢ calculated as the ratio of matrix-matched calibration slope and solvent calibration slope and expressed as percent
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Table A3: Performance characteristics for the third validation run including retention time (RT), correlation coefficient (R?), extraction recovery (Re), relative
standard deviation (RSD), intraday precision (RSDr), signal suppression/enhancement (SSE), limit of detection (LOD), and limit of quantification (LOQ)

RT R? lon ratio® Re+ RSD RSD: SSE* LOD LoQ
Analyte spiking levels® level 1 level 2 level 1 level 2
(min) (ng/L) (%) (%) (%) (%) (%) (ng/L)  (nglL)
Aflatoxicol 18.1 0.9976 0.84 800/13333 7116 81+4 - - 64 112 224
Aflatoxin B+ 17.6 0.9997 0.69 120/2000 93+6 94 + 4 - - 77 29 58
Aflatoxin B2 16.7 0.9977 0.53 200/3333 72+3 894 - - 82 21 42
Aflatoxin G+ 16.7 0.9981 1.59 140/2333 82+3 847 - - 88 52 104
Aflatoxin G2 - - - 200/3333 - - - - - - -
Aflatoxin M+ 14.7 0.9995 0.57 140/2333 835 93+8 - - 95 28 55
Aflatoxin M2 13.8 0.9993 0.57 600/10000 93+3 86+ 10 - - 78 132 265
Aflatoxin P+ 14.6 0.9981 0.36 600/10000 697 84 +10 - - 62 135 270
Aflatoxin Q1 14.9 0.9989 0.67 600/10000 - 82+3 - - 85 1216 2432
Aflatoxin-N"-guanine 11.0 0.9986 0.14 40/667 - 50 + 25 - - 50 28 56
Alternariol 18.4 0.9970 1.64 1000/16667 - - - - 101 83 166
Alternariol monomethyl ether 20.7 0.9988 0.17 60/1000 51+£3 62+ 13 - - 31 9 19
Citrinin 19.0 0.9995 0.1 3000/50000 25+ 22 10 + 68 - - 68 574 1148
Dihydrocitrinone 15.8 0.9999 0.69 1200/20000 8012 96 + - - - 93 267 534
Deoxynivalenol 8.5 0.9994 3.10 4000/66667 85+5 1027 - - 91 800 1600
Deepoxy-deoxynivalenol 10.2 0.9993 0.99 2000/30000 72+14 101+ 10 - - 32 271 542
Nivalenol 5.7 0.9998 0.85 1000/16667 84 +2 90 + 11 - - 85 260 520
Fumonisin B+ 14.9 0.9997 1.00 400/6667 27 +4 12+ 49 - - 88 55 109
Ochratoxin A 20.6 0.9951 0.33 40/667 67 6 80 + 38 - - 103 21 42
Ochratoxin B 19.5 0.9944 0.33 40/667 - 78 £ 29 - - 78 30 60
Ochratoxin a 14.9 0.9946 0.15 200/3333 - 53+75 - - 78 188 377
Sterigmatocystin 211 0.9980 0.85 10/167 632 79+5 - - 76 1 3
T-2 toxin 20.2 0.9982 0.76 6000/100000 - 937 - - 46 3240 6481
Tentoxin 18.2 0.9999 0.56 200/3333 874 85+7 - - 43 32 65
Zearalanone 20.7 0.9991 1.33 600/10000 96 + 10 96 + 18 - - 32 180 360
a-Zearalanol 19.6 0.9991 0.08 1200/20000 866 95+8 - - 29 261 523
B-Zearalanol 18.8 0.9998 0.27 1200/20000 77+2 97 £ 13 - - 54 235 470
Zearalenone 20.8 0.9994 1.18 400/6667 59+5 100+ 7 - - 105 53 106
a-Zearalenol 19.8 0.9990 0.66 200/3333 65+ 11 98+8 - - 29 52 104
B-Zearalenol 19.0 0.9998 0.65 200/3333 74+5 111+ 10 - - 57 54 109

2 calculated as the ratio of qualifying ion and quantifying ion
b spiking levels reported in following order: level 1/level 2
¢ calculated as the ratio of matrix-matched calibration slope and solvent calibration slope and expressed as percent
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Table A4: Calibration ranges (excluding zero) and calibration curves for analytes during in-house validation experiments in urine

Analyte Internal standard® | Calibration range (ng/L) Calibration curves®
Aflatoxicol 3C47-Aflatoxin M1 400 - 40000 y =0.0029x + 0.2743 / y = 0.0030x + 0.2496 / y = 0.0032x + 0.5741
Aflatoxin B+ 3C47-Aflatoxin M1 30 - 6000 y =0.0023x + 0.0036 / y = 0.0022x - 0.0906 / y = 0.0022x - 0.0098
Aflatoxin B2 3C47-Aflatoxin M1 100 - 10000 y = 0.0009x + 0.0077 / y = 0.0009x + 0.0238 / y = 0.0009x + 0.0651
Aflatoxin G+ 3C47-Aflatoxin M1 35 - 7000 y = 0.0020x + 0.0020 / y = 0.0020x + 0.0001 / y = 0.0020x + 0.0004
Aflatoxin G2 - - -
Aflatoxin M1 3C47-Aflatoxin M1 35 - 7000 y =0.0036x + 0.0196 / y = 0.0034x - 0.1069 / y = 0.0035x + 0.0577
Aflatoxin M2 3C47-Aflatoxin M1 150 - 30000 y =0.0013x + 0.0302 /y = 0.0013x - 0.2033 / y = 0.0014x + 0.0986
Aflatoxin P+ 3C47-Aflatoxin M1 150 - 30000 y = 0.0024x + 0.0894 / y = 0.0020x + 0.0432 / y = 0.0020x + 0.5988
Aflatoxin Q1 3C17-Aflatoxin M1 1000 - 30000 y = 0.00003x - 0.0009 / y = 0.00003x - 0.0039 / y = 0.00003x + 0.0129
Aflatoxin-N’-guanine 3C-Aflatoxin M1 67 - 2000 y =0.0015x + 0.0035/y = 0.0015x - 0.0176 / y = 0.0014x + 0.0432
Alternariol °Hs-Alternariol 500 - 50000 y=131.5x+ 1706 / y = 127.5x + 6169 / y = 0.0205x + 18.5540
Alternariol monomethyl ether °Hs-Alternariol 15 - 3000 y =0.2020x - 5.3252 / y = 0.1515x + 0.0005 / y = 0.2186x + 0.0009
Citrinin - 1500 - 150000 y =3213x - 0.000002 / y = 4843x - 0.0001 / y = 3739x - 0.000004
Dihydrocitrinone - 600 - 60000 y =458.6x - 24111 /y =407.0x - 4.742 | y = 462.1x - 28854

Deoxynivalenol

3C45-Deoxynivalenol

2000 - 200000

y = 0.0005x + 0.4342 / y = 0.0004x + 0.4607 / y = 0.0005x + 0.4561

Deepoxy-deoxynivalenol

3C45-Deoxynivalenol

1000 - 100000

y =0.0012x - 0.0721 /y = 0.0009x + 0.6789 /y = 0.0011x + 0.3100

Nivalenol 3C1s-Nivalenol 500 - 50000 y =0.0029x - 0.3470 / y = 0.0027x - 0.1839 / y = 0.0029x + 0.7776
Fumonisin B+ 3Ca4-Fumonisin B+ 200 - 2000 y =0.0068x - 0.3402 / y = 0.0080x - 1.3703 / y = 0.0087x - 0.6684
Ochratoxin A 3C20-Ochratoxin A 67 - 2000 y = 0.0035x - 0.0003 / y = 0.0034x - 0.0001 /y = 0.0032x + 0.1143
Ochratoxin B 3C20-Ochratoxin A 67 - 2000 y =0.0177x + 0.5644 / y = 0.0121x - 0.0018 / y = 0.0121x + 0.5577
Ochratoxin a 3C20-Ochratoxin A 333 - 10000 y =0.0016x + 0.2510 /y = 0.0008x - 0.0287 / y = 0.0008x + 0.1643
Sterigmatocystin 3C47-Aflatoxin M1 5-500 y =0.0009x + 0.0015/y = 0.0076x - 0.0524 / y = 0.0065x + 0.0063
T-2 toxin - 10000 - 300000 y =4.856x + 14453 /| y = 5.4x + 272.3 | y = 4.928x + 26145
Tentoxin - 100 - 10000 y =215.6x - 1232 /y = 220.7x + 2812 / y = 295.9x + 5867
Zearalanone '3C1g-Zearalenone 300 - 30000 y = 0.0003x + 0.0033 /y = 0.0003x + 0.0165 / y = 0.0003x + 0.0194
a-Zearalanol 3C+g-Zearalenone 300 - 60000 y =0.0021x - 0.0821 /y = 0.0014x + 0.0279 /y = 0.0012x + 0.0106
3-Zearalanol 3C+g-Zearalenone 300 - 60000 y = 0.0022x - 0.0044 / y = 0.0020x + 0.0055/y = 0.0017x + 0.0128
Zearalenone 3C+g-Zearalenone 100 - 20000 y = 0.0007x - 0.0299 /y = 0.0007x - 0.0018 / y = 0.0006x + 0.0738
a-Zearalenol '3C1g-Zearalenone 100 - 10000 y = 0.0006x - 0.0258 / y = 0.0003x - 0.0164 / y = 0.0003x + 0.0121
B-Zearalenol 3C1g-Zearalenone 100 - 10000 y = 0.0005x + 0.0049 / y = 0.0005x - 0.0098 / y = 0.0004x + 0.0246

2 isotopically labelled internal standard used for area correction
b calibration curves reported in following order: first validation run / second validation run / third validation run
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Table A5: Calibration ranges (excluding zero) and calibration curves for analytes during screening attempt in serum

Analyte Internal standard? Calibration range (ng/L) Calibration curve
Aflatoxicol - 500 - 15000 y =2219x - 103860
Aflatoxin B - 10 - 3000 -

Aflatoxin B2 - 10 - 3000 -

Aflatoxin G1 - 10 - 3000 -

Aflatoxin G2 - 10 - 3000 -

Aflatoxin M1 - 10 - 3000 -

Aflatoxin M2 - 10 - 3000 -

Aflatoxin P4 - 10 - 3000 -

Aflatoxin Q1 - 10 - 3000 -
Aflatoxin-N’-guanine - 50 - 15000 y = 405.3x + 4995
Alternariol °Hs-Alternariol 60 - 6000 y = 0.0068x - 0.1484
Alternariol monomethyl ether °Hgs-Alternariol 20 - 6000 y =0.0179x + 0.4031
Citrinin - 10 - 3000 -
Dihydrocitrinone - 20 - 6000 -
Deoxynivalenol - 150 - 45000 -

Nivalenol - 267 - 80000 -
Fumonisin B+ - 250 - 75000 y = 163.5x - 114533
Ochratoxin A - 20 - 6000 y = 609.7x - 0.2910
Ochratoxin B - 60 - 6000 y = 2571x - 50051
Ochratoxin a - 333 - 10000 y = 328.0x - 18726
Sterigmatocystin - 15 - 1500 y =411.4x + 9914
T-2 toxin - 20 - 6000 -

Tentoxin - 20 - 6000 y = 569.2x + 5055
Zearalanone 3C4g-Zearalenone 200 - 6000 y = 0.0010x - 0.0038
a-Zearalanol 3C4g-Zearalenone 267 - 8000 y = 0.0048x - 0.2694
B-Zearalanol 3C+g-Zearalenone 267 - 8000 y = 414.0x - 0.3207
Zearalenone 3C+g-Zearalenone 200 - 6000 y = 0.0029x - 0.0554
o-Zearalenol 3C+g-Zearalenone 80 - 8000 y = 0.0015x - 0.0245
B-Zearalenol 13C1g-Zearalenone 80 - 8000 y =0.0015x - 0.0648

@ jsotopically labelled internal standard used for area correction
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Table A6: Isotopically labelled internal standard spiking levels in urine

Internal Standard Spiking concentration (ng/L) Detected
13C47-Aflatoxin M1 250 yes
Hs-Alternariol 200 yes
13C43-Citrinin 250 no
3C45-Deoxynivalenol 2000 yes
3C+5-Nivalenol 400 yes
13Ca4-Fumonisin B+ 1000 yes
13C20-Ochratoxin A 100 yes
3C1g-Zearalenone 662 yes

Table A7: Isotopically labelled internal standard spiking levels in serum

Internal Standard Spiking concentration (ng/L) Detected
13C17-Aflatoxin M1 100 yes?
2Ha-Alternariol 700 yes
13C13-Citrinin 50 no
3C45-Deoxynivalenol 1500 yes?
3C45-Nivalenol 500 yes?
13Ca4-Fumonisin B+ 1500 no
3C20-Ochratoxin A 100 yesP
3C4g-Zearalenone 200 yes

2 insufficient peak shapes

b only detected at the first half of the sequence

Table A8: Nursing mother urine samples analyzed during second validation run blinded and unblinded

Blinded Unblinded (in-thesis classification)
MaU 1 Mother #2 day 5
MaU 2 Mother #1 day 1
MaU 3 Mother #3 day 2
MaU 4 Mother #1 day 4
MaU 5 Mother #3 day 3
MaU 6 Mother #2 day 1
MaU 7 Mother #3 day 4
MaU 8 Mother #1 day 5
MaU 9 Mother #2 day 3
MaU 10 Mother #3 day 5
MaU_11 Mother #1 day 3
MaU 12 Mother #2 day 4
MaU 13 Mother #3 day 1
MaU 14 Mother #1 day 2
MaU 15 Mother #2 day 2
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Table A9: Sequences submitted during method optimization and validation

Sequence File name ) Description File path
1 190917 MycoU BS Test Seq1 | test with standards provided by Sarkanj et al.
first analysis with own set of matrix-matched and solvent calibrants with 5 L injection volume,
2 191007_MycoU_Seq2 source temperatures at 450 °C and 550 °C
various analytes added (e.g. aflatoxin B1, beauvericin, ochratoxin q, ...) |
. . . . ° ~
191010_MycoU_Seq3 mpctlon volume adjusted to 10 pL, source temperature.a_djusted to 450 C S
various recently added analytes removed (e.g. beauvericin, tenuazonic acid, ...) 5
4 191014 MycoU Seq4 analysis with eluents according to Braun et al. (2018) é
5 191015 MycoU Seq5 screening for citrinin with regular eluents .~
new column: L2
- test run with eluent B: ACN + 0.1 % HAc ©
6 191028_Mycol)_Seqb - test run with eluent B: MeOH + 0.1 % HAc 2;' %
Needle Flush Port adjusted to 20 sec % Q
collision energies for various analytes adjusted 23
! 191030_MycoU_Seq7 Needle Flush Port still at 20 sec T g
8 191031 MycoU Seq8 Needle Flush Port changed back to default § =
9 191031 MycoU Seq9 determination of unknown retention times % 8
test sequence in order to figure out retention times of analytes when MeOH + 0.1 % HAc is T <
10 191104_MycoU_Seq10 used as eluent B at flow rate of 0.1 mL/min and 0.2 mL/min i %J
comparison of different eluents: S0
11 191105_MycoU_Seq11 - B:ACN + 0.1 % HAc ;i%
- B:MeOH + 0.1 % HAc T Q9
12 191107_MycoU_Seq12 matrlx-mgtched stgndard 5 + 6 spiked with high concentrations of beauvericin and enniatins in <=
order to figure out if these analytes can be detected at all 5
various analytes added (e.g. aflatoxin G+, ochratoxin B, tentoxin, ...) N
13 191113_MycoU_Seq13 different eluent B used: ACN + 1 % MeOH + 0.1 % HAc ﬁ
short sequence in order to figure out the retention times of the newly added analytes S
new set of matrix-matched and solvent calibrants prepared =
14 191114_MycoU_Seq14 analysis at source temperatures of 450 °C and 550 °C ®
short sequence in order to figure out retention times for analytes with eluent B MeOH =
15 | 191120_MycoU_Seq15 + 0.1 % HAC at flow rate of 0.2 mL/min
new analysis with ACN + 0.1 % HAc (eluent B) at two different flow rates (0.3 mL/min and
16 191120_MycoU_Seq16 0.6 mL/min) and new gradient (number 2)
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Sequence

File name

Description

File path

new gradient (number 3); short analysis in order to figure out retention

17 191121_MycoU_Seq17 times of analytes at two different flow rates (0.3 mL/min and
0.6 mL/min)
analysis with eluent B ACN + 0.1 % HAc at two different flow
18 191121_MycoU_Seq18 rates (0.3 mL/min and 0.6 mL/min) and with gradient number 3 at
source temperature of 550 °C
19 191122_MycoU_Seq19 analysis with ACN + 0.1 % HAco(eIuent B) at flow rate of 0.1 mL/min
and source temperature of 550 °C
comparison analysis of different parameters:
- all analytes + source temperature 450 °C
- all analytes, source temperature 450 °C + cycle time adjusted
20 191127_MycoU_Seq20 - selected analytes, source temperature 450 °C + cycle time
adjusted
- all analytes, source temperature 450 °C, cycle time + ion
source gas 1 and 2 adjusted
21 191129 MycoU Seq21 analysis with needle height adjusted to 10 mm
analysis with needle height adjusted to 0 mm at source temperature of
22 191202_MycoU_Seq22 450 °C and 550 °C
23 191205_MycoU_Seq23 quality control run after cleaning and calibration of the mass
spectrometer
short sequence with solvent calibrants and quality control samples with
24 191205 _MycoU_Seq24 source temperature at 450 °C, Gas 1: 60 psi, Gas 2: 40 psi + cycle
time: 0.5 sec
comparison analysis of self-produced set of matrix-matched and
25 191206_MycoU_Seq25 solvent calibrants and matrix-matched calibrants provided by
Sarkanj et al.
analysis of matrix-matched calibrants, spiked with isotopically labelled
26 191211_MycoU_Seq26 internal standard-mixture, in order to figure out concentration levels at
which matrix-matched calibrants have to be spiked
27 191217 _MycoU_Seq27 VALIDATION 1 first validation run
28 200116_MycoU Seq28 VALIDATION 2 second validation run + proof-of-principle experiment
29 200220 MycoU Seq29 VALIDATION 3 Serum MV1 third validation run + screening in serum

\131.130.23.237\Analytik\06. Masterarbeiten\03.Patrick Windisch —
MycoU\SCIEX OS\MycoU\Data
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Table A10: Sciex OS quantitation results files

File name

Description

File path

200110 Results Seq27 Urine VALIDATION 1 FINAL | first validation run

200205 Results Seq28 Urine VALIDATION 2 FINAL | second validation run + proof-of-principle experiment

200304 Results Seq29 Urine VALIDATION 3 FINAL | third validation run

200309 Results Seq29 Serum SCREENING FINAL | screening in serum

\\131.130.23.237\Analytik\06.
Masterarbeiten\03.Patrick
Windisch — MycoU\SCIEX OS
\MycoU\Quantitation Results

Table A11: Excel files containing raw data from method validation and method validation performance characteristics

File name

Description

File path

191217_MycoU_Seq27 VALIDATION 1

first validation run

200116_MycoU_Seq28_VALIDATION_2

second validation run + proof-of-principle experiment

200220 _MycoU_Seq29 VALIDATION_3

third validation run + screening in serum

200311_VALIDATION_FINAL

calculation of validation parameters across all three sequences

\\131.130.23.237\Analytik\06.
Masterarbeiten\03.Patrick
Windisch — MycoU\Excel
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